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Abstract: Corporate debt financing capacity is a critical factor for a firm’s survival and de-
velopment. As climate change intensifies, examining the impact of climate risk on corporate
debt financing is crucial for addressing climate change challenges. This study integrates
data from the China Climate Risk Index (2007–2021) and A-share-listed companies on the
Shanghai and Shenzhen stock exchanges, providing an in-depth analysis of the effects of
climate risk on corporate debt financing and its underlying mechanisms. The research finds
that climate risk significantly inhibits corporate debt financing, with a notable suppressive
effect on both long-term and short-term debt financing. Mechanism tests indicate that
climate risk suppresses corporate debt financing by weakening firm profitability, reducing
asset turnover rates, increasing earnings uncertainty, and raising external financing costs.
The moderating effect indicates that national climate risk responses mitigate the impact of
climate risk on short-term debt financing while significantly suppressing long-term debt
financing. Furthermore, corporate environmental information disclosure demonstrates
a stronger inhibitory effect on short-term debt financing when climate risk is elevated.
The study provides practical insights for firms and policymakers to address financing
constraints under climate risks.

Keywords: climate risk; corporate financing; debt financing; climate change performance;
environmental information disclosure

1. Introduction
The “Global Risks Report 2025”, released by the World Economic Forum, highlights

climate change as the most significant risk impacting global economic development and
social stability. Climate risk is generally categorized into physical risks and transition risks.
Physical risks refer to the direct economic losses caused by climate change, while transition
risks are associated with asset stranding due to policy adjustments and technological
advancements. Climate risks, including climate change, greenhouse gas emissions, and
extreme weather events, have caused substantial economic losses worldwide. The “2024
Natural Disaster Loss Report”, released by Munich Re, states that the global economic
losses caused by natural disasters and severe weather in 2024 amounted to approximately
USD 320 billion. The intensifying impacts of climate risks on industries worldwide have
led to declines in agricultural productivity, reduced labor efficiency, tangible asset losses,
and significant disruptions to corporate infrastructure, production processes, and operating
costs [1–3]. Climate disasters have increased global supply chain costs, which, in turn,
exacerbate the economic burden of future extreme heat risks. This impact is particularly
pronounced in major manufacturing countries such as China and the United States [4].
These escalating climate risks pose severe survival challenges for small businesses, many
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of which struggle to quickly restore supply chains or adjust production lines, leading to
financial distress and even bankruptcy. Therefore, against the backdrop of global climate
change, it is crucial to closely examine the impact of climate risk on businesses.

With the intensification of climate change, extreme weather events in China have become
more frequent and widespread, highlighting the growing risks associated with climate change.
These risks pose severe challenges to the stable operation of China’s real economy and the busi-
ness activities of enterprises. According to statistics from the China Meteorological Yearbook,
since the beginning of this century, China has suffered annual economic losses exceeding CNY
300 billion due to climate change and meteorological disasters. The “China Corporate Climate
Risk Report 2023” further indicates that the increase in extreme weather events has become a
major challenge for approximately 40% to 50% of enterprises. As the world’s second-largest
economy and largest carbon emitter, China is advancing climate strategies through policies
like carbon trading, green finance, and corporate emission disclosures. This institutional
transition, while guiding the economy toward low-carbon development, has also introduced
new frictions in corporate financing—carbon-intensive industries are facing the dual pressures
of surging financing costs and declining credit availability.

Against this backdrop, this study aims to systematically examine how climate risk
affects corporate debt financing capacity and explore the underlying mechanisms. By
identifying how corporate financing capacity changes under climate risk shocks, we seek
to reveal how firm-specific characteristics—such as size, ownership structure, and industry
type—moderate the financing effects of climate risk, thereby providing theoretical support
for the development of a more resilient climate finance policy framework.

This research carries significant theoretical and practical implications. Currently,
studies on the impact of climate change on corporate financial behavior remain relatively
scarce, particularly in emerging markets, where the mechanisms linking climate risk to
debt financing have not been systematically analyzed. By focusing on the overall impact
of climate risk on financing capacity and its mechanisms, this paper extends the existing
literature, which primarily centers on financing costs. Moreover, the study sheds light on the
pathways through which climate risk influences corporate debt financing, offering policy-
relevant insights for governments and firms in advancing green finance, and improving
climate risk governance. This study focuses on China—a representative emerging economy
and the world’s largest carbon emitter—which offers valuable insights for other developing
countries undergoing climate transition.

As global climate change intensifies, climate risk has emerged as a critical external
factor affecting corporate sustainability [2]. Existing studies generally classify climate risk
into the following two categories: physical risks, which refer to direct economic losses
caused by extreme climate events such as floods, droughts, and typhoons, and transition
risks, which involve asset stranding and valuation fluctuations arising from stricter carbon
emission policies, changes in market expectations, or technological substitution during the
low-carbon transition [1]. Research shows that extreme weather events increase production
costs, reduce asset utilization efficiency, and expose traditional energy assets to stranding
risks [5,6]. Production disruptions, supply chain breakdowns, and asset damage caused by
extreme weather weaken corporate debt repayment capacity and cash flow stability, thereby
increasing default risks [7]. Additionally, transition risk aggravates financing constraints
and reduces profitability, significantly raising corporate cost of debt financing [8–13]. The
transition pressures brought about by China’s low-carbon policies compel firms to bear
high compliance costs and capital expenditures during their green transformation, resulting
in asset revaluation and increasing financing pressure [14]. Huang et al. [15] pointed out
that environmental regulations intensify pressure on corporate balance sheets and may
trigger financial risk contagion. Wang et al. [16] discovered that green finance can foster a
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synergistic governance mechanism between carbon reduction and pollution control, thus
alleviating firms’ financing pressure during the transition process to some extent.

Building on this, the literature has further explored how external financing markets
perceive and respond to the business uncertainty driven by climate risk, thereby affect-
ing corporate financing abilities [17–22]. As financial markets’ awareness of climate risk
becomes more explicit, banks and financial institutions are incorporating corporate environ-
mental performance into credit assessments. For example, Chava [12] found that firms with
high carbon emissions face significantly higher financing costs in capital markets. Javadi
and Masum [23] further confirmed that in regions frequently affected by natural disasters,
banks impose a “risk premium” by raising interest rates, requiring collateral, or tightening
covenants in response to climate risk. This risk pricing mechanism puts firms in high-
carbon industries or climate-vulnerable regions at a disadvantage in debt financing [24].
On this basis, Huang et al. [25] found that regional carbon emission differences and local
governance indirectly influence corporate financing through banks’ risk assessments.

Furthermore, Some studies focus on the impact of corporate environmental disclosure
and climate governance on corporate debt financing capacity. Environmental information
disclosure serves as a key communication channel through which firms convey their climate-
related risks and response capabilities to external markets, and the quality of such disclosure
directly impacts financing outcomes. Prior studies have suggested that high-quality disclosure
helps mitigate information asymmetry between firms and investors or creditors, thereby
reducing financing costs [26,27]. However, in the context of elevated climate risk, opaque
or unverifiable disclosures may be misinterpreted as negative signals, exacerbating credit
tightening and raising financing costs [28–30]. Meanwhile, some research has begun to focus
on the role of proactive corporate climate actions in financing. Jiang et al. [31] found that firms
actively engaged in climate action are able to send signals of operational stability to creditors,
thus obtaining lower financing costs and higher debt ratios.

In summary, although the current literature has made preliminary progress in exam-
ining the financing implications of climate risk, several research gaps remain, as follows:
(1) There is a lack of systematic investigation into the overall changes in corporate debt
financing capacity. Existing studies mainly focus on financing costs (e.g., loan interest rates
or credit spreads), while comprehensive analysis of debt financing volume and accessibility
is still insufficient. (2) There is a lack of in-depth analysis of firm-level heterogeneity factors,
such as ownership structure, firm size, and industry type. (3) Empirical findings on how
environmental information disclosure mediates the relationship between climate risk and
financing are still highly divergent.

Therefore, this paper empirically examines the impact of climate risk on corporate debt
financing using data from China’s A-share-listed companies (2007–2021). The results show
that climate risk significantly reduces total debt financing, as well as both long-term and
short-term debt. The mechanism analysis reveals that return on assets, earnings volatility,
asset turnover, and debt financing costs are potential channels through which climate risk
affects financing. Heterogeneity analysis indicates that climate risk has no significant effect
based on firm size or climate-sensitive industry, but state-owned enterprises are more
effectively withstand the impact of climate risk on debt financing. Moderating effects
reveal that the climate performance index strengthens the suppression of long-term debt
financing, while environmental information disclosure exacerbates the suppression of
short-term debt financing.

Compared to the existing literature, this paper makes the following key contributions:
First, it extends the theoretical framework by linking climate risk and corporate financing,
providing direct evidence that climate risk suppresses corporate debt financing. Previous
studies have focused on the impact of climate risk on financing costs. Second, it reveals the
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multiple mechanisms through which climate risk affects corporate debt financing. Based on
data from Chinese listed companies, the paper identifies how climate risk impacts financing
channels and internal operations, including profitability, asset turnover, uncertainty, and
financing costs. Third, it identifies the moderating effects of national climate responses
and corporate environmental disclosures on the relationship between climate risk and debt
financing. These findings provide important policy insights and offering practical guidance
for businesses.

The remaining structure of this paper is as follows: Section 2 presents the theoretical
analysis and hypothesis development; Section 3 outlines the research design, including
sample selection, data sources, variable selection and explanation, and model construction.
Section 4 provides an empirical results analysis. Section 5 presents a heterogeneity analysis.
Section 6 examines the impact pathways of climate risk on corporate financing, along
with the effects of climate change performance and environmental information disclosure.
Section 7 concludes with findings and policy implications.

2. Theoretical Analysis and Research Hypothesis
2.1. Climate Risk and Corporate Debt Financing

Climate risk typically impacts corporate assets and operations through physical risks
and transition risks, weakening banks’ willingness to lend, increasing the difficulty of
corporate debt financing, and ultimately affecting corporate debt financing decisions and
behaviors. On the one hand, extreme climate events—such as floods, hurricanes, and
droughts—directly damage fixed assets and disrupt supply chains [23,24], while long-
term physical risks—such as rising temperatures and abnormal precipitation—undermine
corporate operational efficiency by increasing equipment wear and labor costs [32]. Ex-
treme climate events can reduce labor availability, increase production costs, lower asset
utilization efficiency, and render some traditional energy assets stranded [33,34]. The
production disruptions, supply chain breakdowns, and asset damages caused by extreme
weather events weaken corporate debt repayment capacity and cash flow stability, thereby
increasing their default risk [2].

On the other hand, during the transition to a low-carbon economy, transition risks—
such as carbon pricing, emission regulations, and shifts in market preferences—may lead to
asset stranding and valuation fluctuations for firms [8–10]. Do et al. [7] find that transition
risks accelerate the stranding of assets in carbon-intensive industries through policy regula-
tions (e.g., carbon trading) and technological iteration, resulting in revenue declines for
high-emission firms. In China, transition risks brought about by low-carbon policies force
firms to bear higher compliance costs and capital expenditures during the green transition,
leading to asset revaluation and increased financing pressure [14]. Huang et al. [15] point
out that environmental regulations intensify pressure on corporate balance sheets and may
trigger the spread of financial risks. He and Zhang [35] find that China’s carbon-trading pol-
icy imposes relatively limited fiscal constraints on high-emission state-owned enterprises.
Wang et al. [36] find that green finance can foster a coordinated governance mechanism
between carbon reduction and pollution control, thereby alleviating, to some extent, the
financing pressure faced by firms during the transition. In addition, the shift in consumer
preferences toward low-energy products and the adoption of new technologies increase
the obsolescence of existing resources and equipment, causing high-carbon enterprises to
face revenue declines, rising costs, and deteriorating business performance. Therefore, in
the long run, climate risk will impact corporate asset value and operational performance
through multiple channels, ultimately affecting firms’ debt repayment capabilities.

Bank loans are a primary source of external financing for enterprises. As businesses that
manage operational risks, banks remain highly sensitive to various risk factors. Climate risk,
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which causes damage to corporate assets and declines in operational performance, reduces
a company’s willingness and ability to repay loans [17], thereby amplifying the default risk
in the bank’s loan portfolio [18]. This leads to banks exhibiting loan reluctance behavior,
severely inhibiting companies’ ability to secure external financing. As climate risk intensifies,
governments and financial regulators worldwide have gradually placed significant emphasis
on financial risks arising from climate issues [37]. Financial institutions, particularly in the
banking sector, have incorporated climate risk into their lending decision-making process,
reducing their climate risk exposure by increasing loan interest rates, tightening loan contract
terms, lowering loan amounts, and decreasing approval rates [20–22].

Thus, climate risk causes multiple negative impacts on corporate assets and opera-
tional performance, significantly affecting corporate debt repayment capacity. Financial
institutions, such as banks, may choose to reduce loan disbursements to avoid potential
non-performing loans, which in turn suppresses corporate debt financing. Based on the
analysis above, the following hypothesis is proposed.

Hypothesis 1. Climate risk suppresses corporate debt financing.

2.2. Mechanisms of Climate Risk on Corporate Debt Financing

Climate risk will affect corporate debt financing willingness and ability through
various channels, thereby inhibiting corporate debt financing.

Firstly, climate risks may curb corporate debt financing by eroding profitability. Ex-
treme weather or prolonged climatic shifts can damage infrastructure, reduce productivity,
and weaken firms’ repayment capacity, prompting lenders like commercial banks to restrict
credit to mitigate default risks. Declining profitability also tarnishes corporate reputation,
indirectly impairing external financing access. These dual mechanisms—direct credit con-
straints and indirect reputational harm—underscore climate risks’ threat to sustainable
corporate borrowing.

Secondly, climate risk may increase the uncertainty of corporate revenue and, thus,
affects debt financing ability. In the long term, the uncertainty of future revenue increases,
since enterprises cannot accurately predict future climate risk or natural disasters. Addi-
tionally, under the impact of climate risk, resource price fluctuations and supply instability
may create significant uncertainties in production costs and resource acquisition [15]. The
increase in revenue volatility caused by climate change raises corporate operational difficul-
ties, making capital markets more cautious about investing in related enterprises, meaning
corporations will face greater financing difficulties.

Thirdly, climate risks may escalate corporate financing costs, thereby impairing debt fi-
nancing capacity. Heightened climate uncertainties have shifted investor preferences
toward firms with robust environmental, social, and governance (ESG) performance,
constraining financing access for enterprises exposed to significant climate risks with
inadequate mitigation strategies. Concurrently, financial institutions adopt risk-pricing
mechanisms—including elevated interest rates, stringent collateral requirements, and
restrictive debt covenants [20]—to hedge against climate-induced default risks. These com-
pensatory measures substantially inflate debt financing costs. Within a cost–benefit analysis
framework, the increased financial burdens from higher borrowing costs, and contractual
constraints reduce firms’ debt financing incentives, ultimately disrupting corporate debt
financing activities.

Extreme climate events can directly devastate production facilities, triggering opera-
tional paralysis, supply chain disruptions, and logistical bottlenecks that amplify produc-
tion and operational costs. Additionally, firms may face forced retrofitting or replacement
of carbon-intensive assets (e.g., high-emission facilities and equipment), resulting in as-
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set redundancy, underutilization, and diminished efficiency in asset deployment. These
dynamics collectively erode asset utilization efficiency and turnover rates, prolonging the
conversion of assets into cash flows. Insufficient cash flow exacerbates liquidity constraints,
undermining debt repayment capacity. Consequently, investors and financial institutions
increasingly question firms’ operational resilience and asset management competence,
heightening barriers to securing debt financing.

Therefore, climate risk may inhibit corporate debt financing through multiple channels,
including impacting profitability, revenue uncertainty, external financing costs, and asset
turnover speed. Based on the above analysis, the following hypotheses are proposed:

Hypothesis 2. Climate risk inhibits corporate debt financing by reducing profitability.

Hypothesis 3. Climate risk inhibits corporate debt financing by increasing revenue uncertainty.

Hypothesis 4. Climate risk inhibits corporate debt financing by increasing external financing costs.

Hypothesis 5. Climate risk inhibits corporate debt financing by reducing asset turnover speed.

2.3. Impact of Climate Risk Response and Environmental Information Disclosure

To mitigate the long-term effects of climate change, more and more countries and
governments are implementing various policies and measures to address climate change.
As the largest developing country and carbon emitter, China has actively participated in
global climate governance and implemented a series of climate policies, such as carbon
emission trading, carbon pricing, and green finance to alleviate the impact of climate
risk, and the enterprises financing environment has undergone profound changes. First,
under the carbon peak emission requirements and the carbon-trading market mechanism,
enterprises face stricter environmental compliance requirements, and high-carbon emission
enterprises bear higher operational costs, which may further exacerbate the negative impact
of climate risk on corporate debt financing. In addition, frequent changes and uncertainty
in climate policies may lead to new compliance costs or adjustments in operational models
for enterprises. Financial institutions may require higher risk premiums to offset potential
losses caused by climate policy changes. On the other hand, with the implementation of
national green finance policies, enterprises may alleviate financing pressure by issuing green
bonds or obtaining green loans. Therefore, climate risk response may play a moderating
role in the impact of climate risk on corporate debt financing.

To achieve climate and environmental governance goals, regulatory authorities have
clearly established environmental information disclosure requirements for listed companies.
Environmental information disclosure is an essential means for enterprises to communicate
with external investors and is a strategic behavior to reduce external financing costs and im-
prove stock liquidity [26,27]. First, environmental information disclosure covers the climate
risk faced by enterprises and their mitigation measures, which can partially alleviate the
inhibiting effect of climate risk on corporate debt financing. For example, by disclosing risk
conditions, emission reduction strategies, and response measures, enterprises provide fi-
nancial institutions with information about their climate risk exposure, effectively reducing
internal and external information asymmetry, which helps companies secure bank loans in
a climate-risk environment. However, the process of environmental information disclosure
itself may incur costs. Disclosing climate risk conditions may expose potential environmen-
tal liabilities, intensifying public concerns about corporate risk-bearing capacity, which can
negatively impact debt financing. In addition, environmental information disclosure may
affect corporate reputation and market image, which in turn influences debt financing chan-
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nels and conditions. Enterprises with comprehensive disclosures and operations aligned
with green development are more likely to obtain financing from financial institutions. In
contrast, companies facing severe climate risk may expose their climate risk conditions
more fully through disclosure, leading financial institutions to reduce their credit supply.

Based on the above analysis, the following hypotheses are proposed:

Hypothesis 6. Climate risk response has a moderating effect on the relationship between climate
risk and corporate debt financing.

Hypothesis 7. Environmental information disclosure has a moderating effect on the relationship
between climate risk and corporate debt financing.

3. Research Design
3.1. Variable Selection and Description
3.1.1. Dependent Variables

The dependent variables in this study are selected from the following three perspec-
tives: overall debt financing, long-term debt financing, and short-term debt financing.
Specifically, the variables are defined as follows. Debt Financing means the ratio of the sum
of short-term borrowings, current portion of long-term borrowings, long-term borrowings,
bonds payable, and long-term payables to total assets. Long-term debt financing means the
ratio of the sum of long-term borrowings, bonds payable, and long-term payables to total
assets. Short-term debt financing means the ratio of the sum of short-term borrowings and
the current portion of long-term borrowings to total assets.

3.1.2. Core Independent Variable

Climate risk is the key independent variable in this study. We employ the Climate
Risk Index (CRI), published by the environmental organization Germanwatch, serves as a
proxy for climate risk. The CRI is constructed based on the actual occurrence of weather-
related disasters (e.g., number of deaths and economic losses), long-term trends, and
vulnerability indicators. It provides measurements and rankings of climate risk for over
130 countries and regions worldwide, offering a high degree of objectivity and international
comparability. The CRI not only quantifies the impacts of extreme weather events—such
as fatalities and economic losses—but also captures both the absolute and relative effects
of these events. It ranks countries based on the following four key indicators: (1) total
number of deaths, (2) deaths per 100,000 inhabitants, (3) total economic losses (in US dollars,
adjusted for purchasing power parity), and (4) losses as a percentage of GDP. The index
reflects the actual impacts of extreme climate events over time, rather than being based on
subjective evaluations or indirect estimations, thus offering a strong empirical foundation.
Accordingly, this study uses the annual CRI values for China as a national-level proxy for
climate risk.

3.1.3. Control Variables

To accurately identify the impact of climate risk on corporate debt financing, this paper
selects a series of control variables. The scale of an enterprise (LOGSIZ) is closely related
to corporate goodwill and directly affects corporate financing outcomes, with larger firms
typically possessing higher credit ratings and more collateral assets [38], as measured by
the natural logarithm of total assets. Firm growth (PB) influences its future development
prospects and profitability. High-growth firms tend to have more stable future cash flows
and lower default risks, making it easier for them to gain the trust of banks and other
financial institutions. Firm growth (PB) is measured by the price-to-book ratio, which



Sustainability 2025, 17, 3870 8 of 27

reflects the corporate growth potential. Tobin Q (TOBINQ), the ratio of a firm’s market
value to its replacement cost, is often used to assess whether a firm is overvalued and
plays a key role in corporate financing decisions [39]. A firm’s profitability is an important
indicator of its debt repayment capacity and directly influences the lending willingness
of banks. Profitability is measured by the return on assets (ROA), which is calculated
as net income divided by total assets. Revenue volatility (VOL) reflects the uncertainty
of a firm’s operations, and creditors generally prefer firms with more stable business
performance. Free cash flow (FC) reflects corporate ability to meet its debt obligations,
calculated as the operating cash flow minus capital expenditures, divided by total assets.
Intangible asset ratio (INTANGL) measures the proportion of intangible assets to total
assets, indicating the corporate asset structure and impact of intangible assets on financial
health. The shareholding ratio of the largest shareholder (FIRST) reflects the concentration
of corporate ownership, measured by the ratio of the number of shares held by the largest
shareholder to the total number of shares of the enterprise [40].

3.2. Sample Selection and Data Sources

The core explanatory variable, climate risk, is sourced from Germanwatch, which has
published climate risk data for over 130 countries and regions from 2007 to 2021. Therefore,
this study selected the annual data of listed companies in the Shanghai and Shenzhen
A-share markets from 2007 to 2021 as the initial sample. The data were then processed
according to the following criteria: (1) samples with missing data for key variables were
excluded and (2) samples with fewer than five years of observation were excluded. The
final datasets included data from 4952 listed companies from 2007 to 2021, yielding a
total of 43,830 observations. Data on corporate debt financing capacity and other control
variables were sourced from CSMAR, while macroeconomic variables were obtained from
the National Bureau of Statistics.

3.3. Model Construction

To test the proposed research hypotheses, this study examines the impact of climate
risk on corporate debt financing, long-term debt financing, and short-term debt financing.
Three regression models were established as follows:

DEBTi,t = β0 + β1LCRIt−1 + β2TOBINQi,t + β3FCi,t + β4LOGSIZEi,t + β5PBi,t

+β6VOLi,t + β7ROAi,t + β8 INTANGIi,t + β9FIRST + CompanyE f f ect + εi,t
(1)

LONGDEBTi,t = χ0 + χ1LCRIt−1 + χ2TOBINQi,t + χ3FCi,t + χ4LOGSIZEi,t + χ5PBi,t

+χ6VOLi,t + χ7ROAi,t + χ8 INTANGIi,t + χ9FIRST + CompanyE f f ect + εi,t
(2)

SHORTDEBTi,t = δ0 + δ1LCRIt−1 + δ2TOBINQi,t + δ3FCi,t + δ4LOGSIZEi,t + δ5PBi,t

+δ6VOLi,t + δ7ROAi,t + δ8 INTANGIi,t + δ9FIRST + CompanyE f f ect + εi,t
(3)

The dependent variables in models (1) to (3) are corporate debt financing, long-term debt
financing, and short-term debt financing, respectively. The core explanatory variable is the lagged
climate risk. The control variables include LOGSIZEi,t (the logarithm of firm size), TOBINQi,t

(Tobin’s Q), FCi,t (firm free cash flow), PBi,t (book-to-market ratio), VOLi,t (annual earnings volatility),
ROAi,t (return on total assets), INTANGLi,t (intangible assets ratio), and FIRST (proportion of shares
held by the largest shareholder). A detailed explanation of these variables can be found in the earlier
section on variable selection and description. CompanyEe f f ct represents the firm-specific effects,
and εi,t denotes the error term.

3.4. Descriptive Statistics of Variables

Table 1 reports the descriptive statistics of the variables selected for this study, including the
mean, standard deviation, minimum, and maximum, as well as the 25th, 50th, and 75th percentiles
for each variable. In Table 1, the mean value of corporate debt financing is 0.151, and the mean value
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of CRI (Climate Risk Index) is 0.325. The mean value of LONGDEBT is 0.075, while the mean value
of SHORTDEBT is 0.106, indicating that the proportion of short-term financing is higher than that of
long-term financing for the sample firms.

Table 1. Descriptive statistics of variables.

VARIABLE OBSERVATIONS MEAN STD. DEV. MIN. P25 P50 P75 MAX.

DEBT 42,437 0.151 0.143 0 0.0187 0.120 0.245 0.576
LONGDEBT 36,603 0.075 0.0987 0 0.00100 0.0324 0.115 0.451
SHORTDEBT 37,474 0.106 0.106 0 0.0178 0.0775 0.163 0.471
CRI 42,440 0.325 0.0963 0.122 0.238 0.363 0.423 0.452
CCPI 40,977 0.480 0.0211 0.446 0.466 0.482 0.490 0.524
LOGSIZE 42,437 22.05 1.485 18.92 21.04 21.84 22.82 27.10
PB 41,492 3.482 521.698 −1.00994 1.888 3.022 4.967 21,788.02
FIRST 42,753 0.3444 0.1533 0.0029 0.2257 0.3205 0.4472 1
FC 42,437 0.0462 0.0757 −0.199 0.00610 0.0457 0.0889 0.263
VOL 41,266 0.497 0.233 0.170 0.348 0.444 0.580 1.626
TOBINQ 40,127 2.062 1.391 0.866 1.240 1.612 2.320 9.324
ROA 42,358 0.0444 0.0720 −0.267 0.0145 0.0416 0.0784 0.255
INTANGI 42,271 0.0446 0.0507 0 0.0143 0.0315 0.0557 0.318
TURNOVER 41,339 3.350 3.436 0.0719 1.195 2.246 4.197 19.44
FINANCINGEXP 8943 0.0533 1.110 −0.00150 0 0 0 71.95

4. Empirical Analysis
4.1. Results of the Regression: Impact of Climate Risk on Corporate Debt Financing

Table 2 reports the estimated results of the impact of climate risk on corporate debt financing.
The dependent variable, in column (1), is corporate debt financing, while the dependent variables,
in columns (2) and (3), are long-term debt financing and short-term debt financing, respectively.
All regressions include control variables, account for a firm’s fixed effects, and employ firm-level
clustered robust standard errors. The estimated results in column (1) show that the regression
coefficient for climate risk is −0.1299 and is significant at the 1% level. This implies that when
the climate risk increases by one unit (e.g., from 0.3 to 0.4), the corporate debt financing capacity
decreases by approximately 1.3 percentage points on average. The results in columns (2) and (3) show
that the regression coefficients for climate risk are −0.0322 and −0.0662, respectively, and both are
significant at the 1% level, suggesting that long-term debt financing declines by 0.0322 and short-term
debt financing decreases by 0.0662. This indicates that in the face of climate risks, corporate long-
and short-term financing capabilities decline, which may weaken their liquidity management and
emergency response abilities. Hypothesis 1 is validated for total debt, long-term debt, and short-term
debt. These findings indicate that climate risk has a significant negative impact on corporate debt
financing, which is reflected in both long-term and short-term debt financing.

4.2. Endogenous Problem

Although the benchmark regression in the previous section demonstrates that climate risk has a
significant impact on corporate debt financing, a potential endogenous problem in the experimental
design may lead to biased regression estimates. Climate risk is a composite index that may be
influenced by environmental pressures. To address this potential endogenous problem, this study
selects regional carbon emission intensity (arearisk), defined as the ratio of regional carbon emissions
to regional GDP, and population density (population) as instrumental variables and estimates the
main regression using the 2SLS (two-stage least squares) method. Since the carbon emission intensity
in the region where a firm is located is highly correlated with climate risk, and higher carbon emission
intensity increases the likelihood of climate risk. While the regional carbon emission intensity is not
directly related to local corporate financing, it serves as a valid instrument. Additionally, population
density is highly correlated with climate risk [41], but it is unlikely to directly affect corporate debt
financing. The original data on regional carbon emission intensity were sourced from the China
Environmental Statistics Yearbook, while population density data were sourced from the National
Bureau of Statistics.
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Table 2. The impacts of climate risk on corporate debt financing.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

VARIABLE DEBT DEBT DEBT DEBT LONGDEBT LONGDEBT LONGDEBT LONGDEBT SHORTDEBT SHORTDEBT SHORTDEBT SHORTDEBT

LCRI −0.1194 *** −0.1226 *** −0.1388 *** −0.1299 *** −0.0284 *** −0.0286 *** −0.0359 *** −0.0322 *** −0.0529 *** −0.0541 *** −0.0666 *** −0.0662 ***
(−14.8745) (−14.8761) (−18.0445) (−17.4005) (−5.1439) (−5.0328) (−6.6060) (−6.0944) (−8.3636) (−8.3808) (−11.1297) (−11.2085)

LOGSIZE 0.0242 *** 0.0257 *** 0.0241 *** 0.0242 *** 0.0287 *** 0.0288 *** 0.0286 *** 0.0289 *** −0.0017 −0.0011 −0.0027 −0.0025
(11.1025) (11.4193) (11.3364) (11.1743) (20.5711) (19.4493) (20.2269) (19.9865) (−1.0138) (−0.6141) (−1.6185) (−1.4758)

FC −0.2095 *** −0.2188 *** −0.1610 *** −0.1681 *** −0.0814 *** −0.0842 *** −0.0657 *** −0.0669 *** −0.1481 *** −0.1551 *** −0.1107 *** −0.1133 ***
(−19.6033) (−20.5546) (−15.4141) (−16.2466) (−10.1097) (−10.4446) (−8.1956) (−8.3727) (−16.9009) (−17.8072) (−12.9081) (−13.2641)

PB −0.0000 0.0000 0.0000 −0.0000 0.0000 0.0000 0.0000 0.0000 * 0.0000
(−0.3027) (0.7866) (0.7348) (−0.1327) (0.0756) (0.0226) (0.6353) (1.7131) (1.5961)

VOL 0.0247 *** 0.0339 *** 0.0312 *** 0.0025 0.0033 0.0024 0.0145 *** 0.0214 *** 0.0216 ***
(8.0742) (9.4851) (8.9628) (1.0838) (1.2150) (0.8719) (5.6175) (7.4414) (7.4835)

TOBINQ −0.0042 *** −0.0034 *** −0.0003 −0.0000 −0.0037 *** −0.0038 ***
(−4.8850) (−4.1551) (−0.5331) (−0.0406) (−5.0132) (−5.1021)

ROA −0.3346 *** −0.3375 *** −0.1288 *** −0.1317 *** −0.2643 *** −0.2634 ***
(−20.9480) (−21.3404) (−11.3638) (−11.4614) (−19.6339) (−19.4554)

INTANGI 0.1378 *** 0.1136 *** 0.0479
(3.5460) (3.9359) (1.4769)

FIRST 0.0592 *** 0.0385 *** 0.0080
(3.1764) (3.2151) (0.5923)

Constant −0.3340 *** −0.3763 *** −0.3216 *** −0.3533 *** −0.5478 *** −0.5528 *** −0.5405 *** −0.5686 *** 0.1677 *** 0.1473 *** 0.1984 *** 0.1891 ***
(−7.0684) (−7.6651) (−6.9032) (−7.0405) (−18.0797) (−16.9546) (−17.4002) (−16.9131) (4.5695) (3.8675) (5.4651) (4.9432)

Observations 37,623 37,347 36,200 35,864 32,640 32,443 31,606 31,388 33,389 33,150 32,158 31,938
R-squared 0.053 0.057 0.110 0.113 0.095 0.092 0.104 0.108 0.024 0.027 0.079 0.080

Number of id 4372 4368 4282 4266 4216 4209 4132 4116 3939 3932 3848 3832
Cluster firm Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

The numbers in parentheses represent the t-values for significance, where *** indicates p < 0.01, ** indicates p < 0.05, and * indicates p < 0.1.
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Panel A of Table 3 reports the first-stage regression results of the 2SLS method. The estimation

results show that the instrumental variables arearisk and population are significantly positively

correlated with CRI. Panel B of Table 3 reports the second-stage regression results of the 2SLS

method. The Kleibergen–Paap rk LM statistic result suggests that the instrumental variables pass

the under-identification test, while the Hansen J statistic result indicates that they pass the over-

identification test, with the regressions of corporate debt financing, long-term debt financing, and

short-term debt financing, in columns (1) to (3), verifying the significant negative correlation between

climate risk and corporate debt financing.

Table 3. Mitigating the endogenous problem: 2SLS method. Panel A: first-stage results of the 2sls
method; Panel B: second-stage results of the 2SLS method.

Panel A (1)

VARIABLE CRI

arearisk 0.0000 ***
(7.8947)

population 0.0000 ***
(7.7816)

LOGSIZE 0.0039 ***
(9.9148)

FC −0.0016
(−0.2218)

PB 0.0000
(0.5236)

VOL −0.0812 ***
(−35.4228)

TOBINQ 0.0030 ***
(7.4400)

ROA 0.0000
(0.0018)

INTANGI −0.0205 **
(−2.0894)

FIRST −0.0286 ***
(−8.5377)

Constant 0.2435 ***
(26.1086)

Observations 27,208
R-squared 0.060
Cluster firm Yes
Firm FE Yes

Panel B (1) (2) (3)

VARIABLE DEBT LONGDEBT SHORTDEBT

LCRI −8.5694 *** −1.3725 * −2.8620 **
(−3.1849) (−1.9402) (−2.4788)

LOGSIZE 0.0875 *** 0.0404 *** 0.0226 **
(4.4855) (5.7023) (2.2148)

FC −0.2772 *** −0.0466 ** −0.1428 ***
(−3.6456) (−2.3681) (−3.9994)

PB −0.0000 −0.0000 −0.0000
(−0.5490) (−0.1315) (−0.4120)

VOL 0.3407 *** 0.0535 ** 0.1302 ***
(3.6143) (2.1251) (3.1072)

TOBINQ 0.0099 0.0021 0.0004
(1.2860) (0.6333) (0.0954)

ROA −0.6415 *** −0.2609 *** −0.4843 ***
(−9.0357) (−10.2957) (−13.0896)

INTANGI 0.2934 *** 0.1779 *** 0.1202 ***
(3.8611) (4.9795) (2.9497)

FIRST −0.1835 *** −0.0124 −0.0840 ***
(−2.7978) (−0.6392) (−2.6640)

Constant 0.4942 −0.4697 *** 0.3750 ***
(1.6434) (−9.9317) (4.2924)
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Table 3. Cont.

Panel B (1) (2) (3)

VARIABLE DEBT LONGDEBT SHORTDEBT

Kleibergen–Paap rk LM statistic 13.403 *** 17.077 *** 14.862 ***
Hansen J statistic (p-value) 0.051 * 0.003 *** 0.027 **
Observations 25,713 23,222 23,989
Cluster firm Yes Yes Yes
Firm FE Yes Yes Yes

The numbers in parentheses represent the t-values for significance, where *** indicates p < 0.01, ** indicates
p < 0.05, and * indicates p < 0.1.

4.3. Robustness Test

To assess the robustness of the estimation results of models (1) to (3), we tested it by controlling

for the macroeconomic environment, replacing the dependent variable and excluding the effect of the

COVID-19 Pandemic.

4.3.1. Robustness Test: Controlling for the Macroeconomic Environment

Macroeconomic conditions may influence corporate financing levels [42]. To control for the

impact of the macroeconomic environment, this study follows the approach in [6] and uses the real

GDP growth rate (GDPGROWTH) as the macroeconomic variable, with the national-level real GDP

growth rate serving as a proxy. After controlling for both firm-level and macroeconomic factors, the

regression of models (1) to (3) are re-estimated. Table 4 reports the regression results. In the regression

of corporate debt financing, long-term debt financing, and short-term debt financing in columns (1)

to (3), the climate risk variables remain significantly negative, and the results are consistent with

those from the benchmark regression.

4.3.2. Robustness Test: The Effects of Climate Risk with Varying Lag Structures on
Corporate Debt Financing

In the benchmark regression, the climate risk variable is represented by the lagged climate

risk (t − 1 period). In examining the impact of climate risk on corporate debt financing, this study

employs contemporaneous, one-period lagged, two-period lagged, and three-period lagged climate

risk variables. Tables 5–7 report the regression results, respectively. The results show that all

coefficients are negative and statistically significant, with the effect peaking at the two-period lag.

This finding suggests that climate risk has significant lagged and cumulative effects on corporate

debt financing behavior. One possible explanation is that climate risks—particularly transition risks

such as new regulatory policies, carbon pricing mechanisms, and shifts in investor preferences—

often require time to be fully reflected in corporate credit ratings, investor sentiment, and financial

institutions’ risk assessments. In the early stages, due to rigid internal adjustment mechanisms

or overly optimistic short-term expectations, firms may not immediately modify their financing

strategies. However, as the adverse effects of climate risks gradually emerge—such as tightening

regulations, rising environmental compliance costs, or changing stakeholder expectations—firms

tend to face increasing financing constraints in subsequent periods.

The stronger effect observed for the second-period lag may reflect a delayed response from

financial institutions to climate-related risks. Banks and other creditors typically reassess a firm’s

credit risk based on recent financial performance and industry trends, which often take time to reflect

the impact of climate shocks. Meanwhile, it also takes time for investors to internalize environmental

risks into their pricing models, especially in emerging markets where environmental information

disclosure mechanisms and climate governance frameworks are still in development.

4.3.3. Robustness Test Excluding the Impact of the COVID-19 Pandemic (2019–2021)

Given the widespread impact of the COVID-19 pandemic on corporate operations, which may

interfere with the validity of the empirical conclusions in this study, the samples from 2020 onward
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are excluded, and models (1) to (3) are re-estimated. The results are shown in Table 8. The estimation

results show that the coefficients for climate risk exhibit only minor changes, and they remain

significant at the 1% level, indicating that the main conclusions of this study remain unchanged.

Table 4. Robustness test controlling for the GDP’s growth rate.

(1) (2) (3)

VARIABLE DEBT LONGDEBT SHORTDEBT

LCRI −0.1075 *** −0.0212 *** −0.0574 ***
(−17.2489) (−4.5591) (−11.5548)

LOGSIZE 0.0274 *** 0.0307 *** −0.0012
(12.3200) (20.4706) (−0.7030)

FC −0.1599 *** −0.0633 *** −0.1103 ***
(−15.5242) (−7.9201) (−12.9180)

PB 0.0000 0.0000 0.0000
(0.7230) (0.0227) (1.6386)

VOL 0.0304 *** 0.0020 0.0213 ***
(8.8411) (0.7360) (7.4295)

TOBINQ −0.0032 *** 0.0001 −0.0037 ***
(−3.9212) (0.1715) (−5.0089)

ROA −0.3467 *** −0.1366 *** −0.2671 ***
(−21.9256) (−11.8322) (−19.6720)

INTANGI 0.1379 *** 0.1155 *** 0.0483
(3.5709) (4.0052) (1.4907)

FIRST 0.0531 *** 0.0359 *** 0.0056
(2.8687) (3.0019) (0.4132)

GDPGROWTH 0.3487 *** 0.1898 *** 0.1352 ***
(11.5457) (7.3239) (5.1357)

Constant −0.4540 *** −0.6246 *** 0.1494 ***
(−8.7513) (−17.7082) (3.7670)

Observations 35,864 31,388 31,938
R-squared 0.118 0.110 0.081
Number of id 4266 4116 3832
Cluster firm Yes Yes Yes
Firm FE Yes Yes Yes

The numbers in parentheses represent the t-values for significance, where *** indicates p < 0.01, ** indicates
p < 0.05, and * indicates p < 0.1.

Table 5. The current impact of climate risk on corporate debt financing.

(1) (2) (3)
VARIABLE DEBT LONGDEBT SHORTDEBT

CRI −0.1331 *** −0.0316 *** −0.0683 ***
(−16.6614) (−5.6605) (−10.5328)

LOGSIZE 0.0244 *** 0.0291 *** −0.0025
(12.0155) (21.6225) (−1.5740)

FC −0.1505 *** −0.0643 *** −0.1012 ***
(−15.3828) (−8.4213) (−12.5120)

PB 0.0000 0.0000 0.0000 **
(1.6164) (0.1252) (2.0191)

VOL 0.0005 −0.0083 *** 0.0045 **
(0.2116) (−3.9150) (1.9843)

TOBINQ −0.0017 ** 0.0002 −0.0023 ***
(−2.1007) (0.3017) (−3.2329)

ROA −0.3648 *** −0.1387 *** −0.2890 ***
(−23.4315) (−12.9510) (−21.9168)

INTANGI 0.1449 *** 0.1191 *** 0.0473
(4.0373) (4.4413) (1.5883)

FIRST 0.0489 *** 0.0369 *** −0.0012
(2.6697) (3.1562) (−0.0874)

Constant −0.3420 *** −0.5669 *** 0.1990 ***
(−7.3048) (−18.1655) (5.5715)

Observations 39,571 34,473 35,082
R-squared 0.117 0.124 0.081
Number of id 4607 4418 4097
Cluster firm Yes Yes Yes
Firm FE Yes Yes Yes

The numbers in parentheses represent the t-values for significance, where *** indicates p < 0.01, ** indicates
p < 0.05, and * indicates p < 0.1.
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Table 6. The impact of climate risk with a two-period lag on corporate debt financing.

(1) (2) (3)
VARIABLE DEBT LONGDEBT SHORTDEBT

L2.CRI −0.1339 *** −0.0429 *** −0.0704 ***
(−18.0509) (−7.8044) (−11.7961)

LOGSIZE 0.0207 *** 0.0274 *** −0.0032 *
(8.8871) (17.7942) (−1.8127)

FC −0.1783 *** −0.0719 *** −0.1193 ***
(−16.5599) (−8.3834) (−13.4315)

PB 0.0000 0.0000 0.0000 **
(1.3185) (0.0458) (1.9870)

VOL 0.0203 *** 0.0040 0.0087 ***
(5.3099) (1.2439) (2.8359)

TOBINQ −0.0035 *** −0.0004 −0.0031 ***
(−3.6595) (−0.5339) (−3.6840)

ROA −0.3012 *** −0.1269 *** −0.2359 ***
(−18.7588) (−10.6703) (−17.2355)

INTANGI 0.1348 *** 0.1085 *** 0.0421
(3.0968) (3.4268) (1.1939)

FIRST 0.0742 *** 0.0402 *** 0.0192
(3.7859) (3.1611) (1.3645)

Constant −0.2761 *** −0.5314 *** 0.2072 ***
(−5.0634) (−14.7257) (5.0537)

Observations 31,740 27,911 28,434
R-squared 0.104 0.092 0.073
Number of id 3796 3702 3532
Cluster firm Yes Yes Yes
Firm FE Yes Yes Yes
Year FE Yes Yes Yes

The numbers in parentheses represent the t-values for significance, where *** indicates p < 0.01, ** indicates
p < 0.05, and * indicates p < 0.1.

Table 7. The impact of climate risk with a three-period lag on corporate debt financing.

(1) (2) (3)

VARIABLE DEBT LONGDEBT SHORTDEBT

L3.CRI −0.1005 *** −0.0371 *** −0.0494 ***
(−12.3252) (−6.0997) (−7.7403)

LOGSIZE 0.0173 *** 0.0272 *** −0.0059 ***
(6.6546) (15.9802) (−2.9673)

FC −0.1777 *** −0.0744 *** −0.1196 ***
(−15.2747) (−7.8609) (−12.8505)

PB −0.0000 −0.0000 0.0000
(−0.5710) (−0.3774) (0.7544)

VOL 0.0036 −0.0045 0.0012
(0.8767) (−1.3260) (0.3875)

TOBINQ −0.0049 *** −0.0004 −0.0048 ***
(−4.8328) (−0.4195) (−5.5065)

ROA −0.2727 *** −0.1211 *** −0.2137 ***
(−16.9048) (−9.9664) (−15.3638)

INTANGI 0.1258 *** 0.0973 *** 0.0360
(2.5989) (2.7775) (0.9300)

FIRST 0.0976 *** 0.0453 *** 0.0353 **
(4.6943) (3.3849) (2.3701)

Constant −0.2090 *** −0.5273 *** 0.2620 ***
(−3.4168) (−13.1988) (5.6711)

Observations 28,087 24,746 25,183
R-squared 0.097 0.086 0.070
Number of id 3577 3485 3368
Cluster firm Yes Yes Yes
Firm FE Yes Yes Yes
Year FE Yes Yes Yes

The numbers in parentheses represent the t-values for significance, where *** indicates p < 0.01,** indicates p < 0.05,
and * indicates p < 0.1.
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Table 8. Robustness test, excluding the impact of the COVID-19 Pandemic.

(1) (2) (3)
VARIABLE DEBT LONGDEBT SHORTDEBT

LCRI −0.1070 *** −0.0338 *** −0.0584 ***
(−13.5500) (−5.9587) (−9.0833)

LOGSIZE 0.0221 *** 0.0291 *** −0.0029
(9.4793) (18.7324) (−1.6398)

FC −0.1658 *** −0.0608 *** −0.1110 ***
(−14.6665) (−7.2846) (−11.7461)

PB 0.0000 −0.0000 0.0000 *
(0.6985) (−0.0155) (1.7431)

VOL 0.0295 *** 0.0015 0.0200 ***
(7.6690) (0.4980) (6.3085)

TOBINQ −0.0043 *** −0.0002 −0.0042 ***
(−4.5455) (−0.2345) (−5.2206)

ROA −0.3541 *** −0.1318 *** −0.2694 ***
(−19.1573) (−9.9730) (−17.1167)

INTANGI 0.1145 *** 0.0945 *** 0.0547
(2.6744) (3.1922) (1.5657)

FIRST 0.0778 *** 0.0509 *** 0.0127
(3.6137) (3.7236) (0.8188)

Constant −0.3119 *** −0.5742 *** 0.1977 ***
(−5.6770) (−15.7418) (4.7348)

Observations 27,935 24,918 25,803
R-squared 0.112 0.109 0.075
Number of id 3499 3168 3287
Cluster firm Yes Yes Yes
Firm FE Yes Yes Yes

The numbers in parentheses represent the t-values for significance, where *** indicates p < 0.01, ** indicates
p < 0.05, and * indicates p < 0.1.

5. Heterogeneity Test
5.1. Climate Risk and Enterprise Scale

Banks mitigate loan risks by setting collateral thresholds, requiring borrowers to provide sufficient

assets. Large enterprises can lower financing costs by pledging fixed assets, whereas small enterprises,

often lacking such assets, face greater financing constraints [43]. Additionally, large enterprises benefit

from stronger reputations, giving them an advantage in securing financing, a benefit not shared by

smaller firms. To assess whether climate risk affects corporate debt financing differently by firm size,

this study categorized firms annually into the following two groups: the top 30% as large enterprises

and the rest as small enterprises. Grouped regressions were then conducted using models (1) to (3).

Table 9 reports the regression results. Columns (1) to (3) show the results for large enterprises, while

columns (4) to (6) present the results for small enterprises. In all regressions, the climate risk variables

are significantly negative, indicating that the negative impacts of climate risk on corporate debt

financing, long-term debt financing, and short-term debt financing are significant for both large and

small enterprises. These results suggest that enterprise scale does not significantly alter the negative

impact of climate risk on corporate debt financing.

5.2. Climate Risk and Ownership

State-owned enterprises (SOEs) typically have financing advantages over non-state-owned

enterprises (non-SOEs) [44], primarily due to government backing and a “soft budget constraint”. In

the face of deteriorating operational conditions or potential debt default caused by climate risk, the

government may provide subsidies and guarantees to SOEs, reducing bankruptcy risk and easing

creditors’ concerns [45]. To investigate the role of ownership in the impact of climate risk on corporate

debt financing, this study classified firms as state-owned or non-state-owned based on the ownership

of the actual controller. Grouped regressions were then performed using models (1) to (3).

Table 10 presents the regression results. Columns (1) to (3) report the results for SOEs, while

columns (4) to (6) show the results for non-SOEs. The coefficient for the SOEs was insignificant,

suggesting that SOEs demonstrate significant resilience to climate risk. In contrast, the coefficient for
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non-SOEs was significantly negative, indicating that climate risk significantly reduces both overall

and long-term debt financing, as well as short-term debt financing. This highlights that non-SOEs

face greater challenges in debt financing under climate risk.

Table 9. The heterogeneous impact from the perspective of enterprise scale.

(1) (2) (3) (4) (5) (6)

VARIABLE DEBT LONGDEBT SHORTDEBT DEBT LONGDEBT SHORTDEBT

LCRI −0.1069 *** −0.0490 *** −0.0379 *** −0.1175 *** −0.0191 *** −0.0666 ***
(−9.4207) (−5.5262) (−4.6233) (−13.7942) (−3.2714) (−9.1766)

LOGSIZE 0.0141 *** 0.0286 *** −0.0113 *** 0.0328 *** 0.0311 *** 0.0063 **
(3.7135) (9.3307) (−4.0803) (11.3062) (19.9732) (2.3707)

FC −0.2399 *** −0.1328 *** −0.1191 *** −0.1171 *** −0.0294 *** −0.0973 ***
(−14.4289) (−9.8911) (−9.6621) (−9.7903) (−3.3399) (−9.0958)

PB 0.0036 *** 0.0022 *** 0.0018 *** 0.0000 *** 0.0000 0.0000 ***
(4.7660) (3.6457) (2.8892) (5.6681) (1.3296) (5.2848)

VOL 0.0127 ** 0.0039 0.0087 ** 0.0309 *** −0.0013 0.0228 ***
(2.2201) (0.8316) (2.0517) (7.7817) (−0.4769) (6.4939)

TOBINQ −0.0092 *** −0.0022 −0.0071 *** −0.0028 *** −0.0004 −0.0030 ***
(−3.6589) (−1.0874) (−3.5124) (−3.4192) (−0.8850) (−4.0197)

ROA −0.4546 *** −0.1854 *** −0.3195 *** −0.3067 *** −0.1192 *** −0.2395 ***
(−14.5633) (−6.8869) (−13.4397) (−18.2620) (−10.7916) (−15.9293)

INTANGI 0.1186 ** 0.1394 ** 0.0114 0.1313 *** 0.0793 *** 0.0535
(2.1493) (2.2048) (0.3292) (3.0822) (2.8202) (1.4280)

FIRST 0.1184 *** 0.0846 *** 0.0414 ** 0.0675 *** 0.0257 ** 0.0230
(4.8054) (4.3994) (2.4207) (2.7620) (1.9878) (1.1024)

Constant −0.1045 −0.5657 *** 0.3937 *** −0.5600 *** −0.6166 *** −0.0110
(−1.1377) (−7.6184) (5.9114) (−8.6223) (−17.8267) (−0.1855)

Observations 11,808 11,424 11,064 24,056 19,964 20,874
R-squared 0.146 0.079 0.108 0.105 0.093 0.070
Number of id 1585 1578 1506 3645 3483 3244
Cluster firm Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes

The numbers in parentheses represent the t-values for significance, where *** indicates p < 0.01 ** indicates p < 0.05,
and * indicates p < 0.1.

Table 10. The heterogeneous impact from the perspective of enterprise ownership.

(1) (2) (3) (4) (5) (6)

VARIABLE DEBT LONGDEBT SHORTDEBT DEBT LONGDEBT SHORTDEBT

LCRI −0.0327 0.0064 −0.0231 −0.1302 *** −0.0316 *** −0.0673 ***
(−0.9634) (0.2783) (−0.8267) (−17.3685) (−5.9330) (−11.2690)

LOGSIZE −0.0032 0.0141 *** −0.0176 * 0.0257 *** 0.0297 *** −0.0019
(−0.2654) (2.7066) (−1.9635) (12.2684) (20.1381) (−1.1290)

FC −0.2565 *** −0.0723 ** −0.1759 *** −0.1662 *** −0.0658 *** −0.1135 ***
(−5.1693) (−1.9984) (−4.0498) (−15.7834) (−8.0065) (−13.1214)

PB −0.0000 0.0002 ** −0.0000 0.0000 −0.0000 0.0000 **
(−0.1148) (2.0182) (−0.2527) (0.8087) (−0.1426) (2.1658)

VOL 0.0016 0.0021 −0.0015 0.0302 *** 0.0010 0.0217 ***
(0.0986) (0.1482) (−0.1009) (8.5699) (0.3690) (7.3718)

TOBINQ −0.0037 −0.0061 ** −0.0019 −0.0031 *** 0.0003 −0.0037 ***
(−1.1861) (−2.3724) (−0.7211) (−3.8566) (0.5079) (−4.9200)

ROA −0.3633 *** −0.2662 *** −0.1591 *** −0.3307 *** −0.1280 *** −0.2602 ***
(−4.5642) (−4.0938) (−2.6416) (−20.5571) (−10.9992) (−18.8282)

INTANGI 0.0873 0.2142 * −0.0009 0.1389 *** 0.1073 *** 0.0509
(0.3161) (1.7235) (−0.0030) (3.5844) (3.6375) (1.6000)

FIRST −0.0091 0.0515 −0.0449 0.0702 *** 0.0441 *** 0.0097
(−0.0869) (1.2000) (−0.5127) (3.9463) (3.6202) (0.7244)

Constant 0.2728 −0.2484 ** 0.5439 ** −0.3894 *** −0.5874 *** 0.1758 ***
(0.9369) (−2.1075) (2.5341) (−8.1242) (−17.1694) (4.6034)

Observations 1160 1083 1013 34,704 30,305 30,925
R-squared 0.130 0.129 0.110 0.113 0.109 0.078
Number of id 276 269 262 4210 4061 3783
Cluster firm Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes

The numbers in parentheses represent the t-values for significance, where *** indicates p < 0.01 ** indicates p < 0.05,
and * indicates p < 0.1.

5.3. Climate Risk and Climate-Sensitive Industries

Climate risk is increasingly becoming a legal responsibility for many climate-sensitive en-

terprises [46]. Climate-sensitive industries have distinct characteristics, with their production

capacity and profit models significantly impacted by climate change. When climate risk is high,

climate-sensitive firms may face greater environmental risks and income volatility, raising con-

cerns among financial institutions [47,48]. This study refers to Battiston et al. [49] and other related
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research, and selected the following nine industries based on the CSRC (China Securities Regula-

tory Commission) industry classification: mining; electricity, heat, gas, and water production and

supply; real estate; construction; transportation, storage, and postal services; agriculture, forestry,

animal husbandry, and fishery; water conservancy, environment, and public facility management;

health and social work; and manufacturing. Within the manufacturing sector, six sub-industries

were selected: ferrous metal smelting and rolling processing; manufacture of alcoholic beverages,

soft drinks, and refined tea; automobile manufacturing; paper and paper products; petroleum

processing, coking, and nuclear fuel processing; and printing and reproduction of recorded media.

A total of 944 listed companies were included in the sample. These industries are carbon-intensive

and closely related to climate risk.

To examine whether climate risk has a heterogeneous impact on debt financing for climate-

sensitive enterprises, this study constructs the variable SENS to distinguish climate-sensitive en-

terprises from non-climate-sensitive ones. A firm is classified as climate-sensitive if it belongs to a

climate-sensitive industry, where SENS = 1 if the firm belongs to a climate-sensitive industry, and

SENS = 0 otherwise. Furthermore, the interaction term between climate risk and climate-sensitive

firms (LCRI_SENS) is added to the baseline regressions for re-estimation. Table 11 reports the regres-

sion results. In columns (1) to (3), the climate risk variables remain significantly negative, consistent

with the benchmark regression results. However, the interaction term between climate-sensitive firms

and climate risk (LCRI_SENS) is not significant in columns (1) to (3), indicating that the impact of

climate risk on financing for both climate-sensitive and non-climate-sensitive firms does not exhibit

significant heterogeneity.

Table 11. The heterogeneous impact from a climate-sensitive perspective.

(1) (2) (3)

VARIABLE DEBT LONGDEBT SHORTDEBT

LCRI −0.1236 *** −0.0312 *** −0.0620 ***
(−14.1315) (−5.1766) (−8.6332)

LCRI_SENS −0.0237 −0.0036 −0.0153
(−1.3892) (−0.2793) (−1.1060)

LOGSIZE 0.0242 *** 0.0289 *** −0.0024
(11.2013) (20.0155) (−1.4612)

FC −0.1681 *** −0.0669 *** −0.1134 ***
(−16.2530) (−8.3738) (−13.2738)

PB 0.0000 0.0000 0.0000
(0.7013) (0.0185) (1.5739)

VOL 0.0310 *** 0.0024 0.0215 ***
(8.9155) (0.8648) (7.4454)

TOBINQ −0.0034 *** −0.0000 −0.0038 ***
(−4.1613) (−0.0432) (−5.1178)

ROA −0.3378 *** −0.1317 *** −0.2636 ***
(−21.3377) (−11.4556) (−19.4627)

INTANGI 0.1385 *** 0.1137 *** 0.0485
(3.5611) (3.9382) (1.4952)

FIRST 0.0597 *** 0.0386 *** 0.0083
(3.2012) (3.2242) (0.6142)

Constant −0.3548 *** −0.5688 *** 0.1884 ***
(−7.0711) (−16.9473) (4.9262)

Observations 35,864 31,388 31,938
R-squared 0.113 0.108 0.080
Number of id 4266 4116 3832
Cluster firm Yes Yes Yes
Firm FE Yes Yes Yes

The numbers in parentheses represent the t-values for significance, where *** indicates p < 0.01 ** indicates p < 0.05,
and * indicates p < 0.1.

To further explore the heterogeneous responses of various industries to climate risk, we

classified firms into 11 sectors based on the CSRC Industry Classification Standard. These sectors

include the following: agriculture, forestry, animal husbandry and fishery; mining; manufac-

turing; production and supply of electricity, heat, gas, and water; construction; wholesale and
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retail trade; transportation, storage, and postal services; accommodation and catering services;

information transmission, software, and information technology services; financial industry; and

real estate. We then conducted industry-specific regressions to examine the differential effects

of climate risk across these sectors. Table 12 reports the regression results. The results of the

industry heterogeneity analysis indicate that climate risk significantly affects debt financing in the

manufacturing, electricity, retail, information services, and real estate sectors, while its impact on

the transportation sector is mainly reflected in short-term financing. High-carbon industries are

more constrained in debt financing due to increased carbon compliance costs and policy pressure,

whereas industries with better environmental information disclosure tend to have greater access

to financing.

Table 12. The impact of climate risk on Corporate debt financing across industries.

INDUSTRY DEBT SHORTDEBT LONGDEBT

Agriculture, Forestry, Animal Husbandry, and Fishery −0.0805 0.0089 0.0374
Manufacturing Industry −0.0632 −0.0046 −0.0309
Production and Supply of Electricity, Heat, Gas, and Water −0.1346 *** −0.0739 *** −0.0419 ***
Construction Industry −0.2342 *** −0.0621 ** −0.1307 ***
Construction Industry −0.0711 −0.047 −0.0195
Wholesale and Retail Trade −0.1684 *** −0.1111 *** 0.0350 **
Transportation, Storage, and Postal Services −0.1108 *** −0.0568 ** 0.0007
Transportation, Storage, and Postal Services −0.0693 0.0574 −0.0448
Information Transmission, Software, and Information Technology −0.0908 *** −0.0484 *** −0.0252 *
Financial Industry 0.0505 0.0369 0.0178
Real Estate Industry −0.1437 *** −0.0532 ** −0.0618 **

The numbers in parentheses represent the t-values for significance, where *** indicates p < 0.01 ** indicates p < 0.05,
and * indicates p < 0.1.

5.4. Implementation of the Carbon-Trading Policy

China launched its pilot carbon emissions trading policy in 2013, aiming to guide high-emission

enterprises in controlling carbon emissions and enhancing green governance through market-based

mechanisms. The implementation of the carbon-trading policy may influence corporate debt financ-

ing capacity through multiple channels. On the one hand, the policy increases carbon costs and

compliance pressure, especially for carbon-intensive industries, imposing financial burdens and

heightening financing uncertainty. On the other hand, as part of the green finance framework, carbon

trading may improve financing accessibility for firms with a strong environmental performance.

Based on the timeline for the implementation of China’s carbon emissions trading policy, this paper

divides the study period into the following two phases: pre-policy phase (2007–2012) and post-policy

phase (2013–2021). A segmented regression analysis is then conducted to examine the differences

in the impact of climate risk on corporate debt financing before and after the introduction of the

carbon-trading policy.

Table 13 reports the regression results. In columns (1)–(6), the coefficients of climate risk are

significantly negative, indicating that climate risk suppresses corporate financing ability, consistent

with the baseline regression results. However, in the post-policy implementation stage, the absolute

values of the regression coefficients for debt financing and short-term debt financing are larger, and the

significance is stronger. This suggests that after the carbon emission trading policy was implemented

(2013–2021), the suppressive effect of climate risk on corporate debt financing and short-term debt

financing was significantly strengthened. This change may be attributed to the carbon-trading

mechanism increasing the carbon compliance costs of enterprises, making their financial conditions

and risk exposures more easily identifiable by financial institutions. Additionally, compared to long-

term financing, short-term financing is more directly affected by market expectations, information

changes, and risk repricing. After the implementation of the carbon-trading policy, financial markets’

attention to climate risk increased, and financial institutions may respond more quickly to climate-

related information in short-term credit approvals, making short-term debt financing more sensitive

to climate risks.
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Table 13. The heterogeneous impact of the implementation of the carbon-trading policy.

(1) (2) (3) (4) (5) (6)

VARIABLE DEBT LONGDEBT SHORTDEBT DEBT LONGDEBT SHORTDEBT

LCRI −0.0322 *** −0.0170 *** −0.0163 ** −0.0766 *** −0.0120 * −0.0307 ***
(−4.0371) (−2.7053) (−2.3882) (−10.1751) (−1.9063) (−4.6204)

LOGSIZE 0.0415 *** 0.0421 *** 0.0031 0.0308 *** 0.0297 *** 0.0029
(7.6450) (10.5077) (0.7111) (11.0760) (16.0645) (1.3575)

FC −0.1504 *** −0.0467 *** −0.0984 *** −0.1724 *** −0.0779 *** −0.1183 ***
(−9.8567) (−3.9548) (−7.2709) (−15.5914) (−8.2782) (−12.3438)

PB 0.0000 *** 0.0000 *** 0.0000 *** −0.0000 0.0000 −0.0000
(9.7717) (2.8508) (10.0944) (−0.1093) (0.9934) (−0.8036)

VOL 0.0398 *** 0.0095 * 0.0350 *** 0.0118 *** −0.0014 0.0042
(4.9177) (1.7134) (5.0076) (3.4331) (−0.4932) (1.4194)

TOBINQ 0.0002 0.0027 *** −0.0029 *** −0.0012 −0.0005 −0.0020 ***
(0.1851) (3.4487) (−2.5966) (−1.4849) (−0.7642) (−2.6512)

ROA −0.3645 *** −0.0992 *** −0.2544 *** −0.2848 *** −0.1230 *** −0.2262 ***
(−11.0386) (−4.8448) (−9.1132) (−19.3588) (−10.1563) (−17.4621)

INTANGI 0.0774 0.0944 * 0.0119 0.1599 *** 0.1515 *** 0.0243
(1.3328) (1.9040) (0.2445) (3.8618) (4.0438) (0.7386)

FIRST 0.0474 0.0164 0.0235 0.0639 *** 0.0263 ** 0.0285 *
(1.0419) (0.5382) (0.6860) (3.2196) (1.9718) (1.9086)

Constant −0.7284 *** −0.8554 *** 0.0520 −0.5294 *** −0.5902 *** 0.0505
(−6.0076) (−9.6233) (0.5333) (−8.2226) (−13.7201) (1.0160)

Observations 8652 8651 8652 27,212 22,737 23,286
R-squared 0.126 0.085 0.075 0.112 0.089 0.073
Number of id 2226 2226 2226 4266 4116 3832
Cluster firm Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes

The numbers in parentheses represent the t-values for significance, where *** indicates p < 0.01 ** indicates p < 0.05,
and * indicates p < 0.1.

Figure 1 demonstrates the differential impacts of climate risk on corporate debt financing before

and after the introduction of the carbon trading tax. Post-implementation, the effect of climate

risk becomes more pronounced for total and short-term debt financing, whereas a slight decline is

observed in its impact on long-term debt financing.
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6. Further Analysis
6.1. Mechanism Analysis

What is the mechanism through which climate risk affects corporate debt financing? Based on

the theoretical framework discussed earlier, factors such as corporate profitability, return uncertainty,

external financing costs, and capital turnover rate may be potential channels of influence. First, to

examine the impact of climate risk on corporate profitability, following the approach of Doan [50],

the return on assets (ROA) is used as the dependent variable, and the lagged climate risk variable is

taken as the core explanatory variable. The following regression model is established:

ROAi,t = α0 + α1LCRIt−1 + α2TOBINQi,t + α3FCi,t + α4LOGSIZEi,t + α5PBi,t

+α6VOLi,t + α7 INTANGIi,t + α8FIRSTi,t + CompanyE f f ect + εi,t
(4)

where, in this equation, ROA represents the return on assets. Based on the theoretical analysis

presented earlier, it is expected that α1 will be significantly negative, meaning that an increase in

climate risk will significantly reduce the firm’s return on assets.

Second, to examine the impact of climate risk on return uncertainty, following the approach of

Huang [10], the annual earnings volatility is used as the dependent variable, with the lagged climate

risk variable as the core explanatory variable. The following regression model is established:

VOLi,t = β0 + β1LCRIt−1 + β2TOBINQi,t + β3FCi,t + β4LOGSIZEi,t + β5PBi,t

+β6ROAi,t + β7 INTANGIi,t + β8FIRSTi,t + CompanyE f f ectεi,t + εi,t
(5)

where VOL represents the return volatility. Based on the theoretical analysis above, it is expected that

β1 will be significantly positive, meaning that an increase in climate risk will significantly exacerbate

the firm’s earnings uncertainty.
Third, to examine the impact of climate risk on external financing costs, following the approach

of Gomes [51], the cost of debt financing is used as the dependent variable, with the lagged climate
risk variable as the core explanatory variable. The following regression model is established:

FINANCINGEXPi,t = χ0 + χ1LCRIt−1 + χ2TOBINQi,t + χ3FCi,t + χ4LOGSIZEi,t + χ5PBi,t

+χ6VOLi,t + χ7ROAi,t + χ8 INTANGIi,t + χ9FIRSTi,t + CompanyE f f ect + εi,t
(6)

where FINANCINGEXP represents the cost of debt financing. Based on the theoretical analysis,

it is expected that χ1 will be significantly positive, meaning that an increase in climate risk will

significantly raise the cost of corporate debt financing.

Fourth, to examine the impact of climate risk on asset turnover, following the approach of

Cline et al. [52], the total asset turnover is used as the dependent variable, with the lagged climate

risk variable as the core explanatory variable. The following regression model is established:

TURNOVERi,t = δ0 + δ1LCRIt−1 + δ2TOBINQi,t + δ3FCi,t + δ4LOGSIZEi,t + δ5PBi,t

+δ6VOLi,t + δ7ROAi,t + δ8 INTANGIi,t + δ9FIRSTi,t + CompanyE f f ect + εi,t
(7)

In this equation, TURNOVER represents the asset turnover rate. Based on the theoretical

analysis presented earlier, it is expected that δ1 will be significantly negative, meaning that an increase

in climate risk will significantly reduce the firm’s asset turnover rate.

Table 14 presents the estimated effects of climate risk on corporate financial outcomes.

Column (1) shows that climate risk negatively impacts the return on assets, with a coefficient of

−0.0626 and significant at the 1% level. Column (2) indicates that climate risk increases earnings

volatility, with a coefficient of 0.1342, also significant at the 1% level. Column (3) reveals that climate

risk raises debt financing costs, with a coefficient of 0.1612 and significant at the 10% level, suggesting

reduced access to both long- and short-term financing. Column (4) demonstrates that climate risk

significantly lowers asset turnover, with a coefficient of −2.3830 and significant at the 1% level.

These findings suggest that heightened climate risk weakens sales performance, slows cash flow, and

damages corporate reputation, ultimately constraining debt financing. Thus, climate risk significantly
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impedes corporate debt financing, as evidenced by reductions in profitability, asset turnover, and

increases in financing costs.

Table 14. Mechanism test of the impact of climate risk on corporate debt financing.

(1) (2) (3) (4)

VARIABLE ROA VOL FINANCINGEXP TURNOVER

LCRI −0.0626 *** 0.1342 *** 0.1612 * −2.3830 ***
(−14.6666) (13.4584) (1.9517) (−24.4909)

LOGSIZE 0.0036 *** −0.0351 *** 0.0319 −0.2431 ***
(4.2304) (−16.7075) (1.4961) (−11.7351)

FC 0.1839 *** 0.1258 *** −0.0402 −0.0233
(20.9816) (7.3992) (−0.2515) (−0.1469)

PB 0.0000 *** 0.0000 0.0000 0.0000
(3.0734) (1.2755) (0.1577) (0.4903)

VOL −0.0063 *** −0.0648 6.4583 ***
(−2.8152) (−1.3988) (74.0142)

TOBINQ 0.0059 *** 0.0367 *** −0.0023 −0.0583 ***
(10.8207) (23.2536) (−0.5063) (−4.5549)

ROA −0.0549 *** −0.0123 1.9293 ***
(−2.8340) (−0.1900) (10.5422)

INTANGI −0.1618 *** 0.0300 −0.1208 −0.5443
(−8.0814) (0.7669) (−1.1527) (−1.3148)

FIRST 0.1262 *** 0.0871 *** −0.1557 1.4448 ***
(14.5005) (5.2082) (−1.6005) (8.4188)

Constant −0.0763 *** 1.0920 *** −0.6038 5.4599 ***
(−3.8853) (23.3855) (−1.3068) (11.6850)

Observations 35,864 35,864 7842 35,864
R-squared 0.087 0.084 0.002 0.376
Number of id 4266 4266 1818 4266
Cluster firm Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes

The numbers in parentheses represent the t-values for significance, where *** indicates p < 0.01** indicates p < 0.05,
and * indicates p < 0.1.

6.2. Climate Risk Response

To examine whether national-level climate risk responses alleviate or exacerbate the impact

of climate risk on corporate debt financing, this study employed the Climate Change Performance

Index (CCPI) and its interaction with climate risk variables in a regression analysis. To address the

potential endogenous problems between CCPI and CRI, this study regressed CCPI on CRI and used

the residual from this regression as a proxy variable (LCCPI) in the model. The specific regression

model is as follows:

DEBTi,t = β0 + β1LCRIt−1 + β2LCCPIt−1 + β3LCRI_LCCPIt−1 + ∑ Controls + CompanyE f f ect + εi,t (8)

LONGDEBTi,t = χ0 + χ1LCRIt−1 + χ2LCCPIt−1 + χ3LCRI_LCCPIt−1 + ∑ Controls + CompanyE f f ect + εi,t (9)

SHORTDEBTi,t = δ0 + δ1LCRIt−1 + δ2LCCPIt−1 + δ3LCRI_LCCPIt−1 + ∑ Controls + CompanyE f f ect + εi,t (10)

where LCRI denotes the climate change performance variable lagged by one period and LCRI_LCCPIt−1

denotes the interaction term between the climate change performance variable lagged by one period

and the climate risk variable lagged by one period.

Table 15 presents the results of the moderating effect of climate risk response. The coefficient of

the climate change performance is significantly negative in column (2) and positive in column (3) but

not significant in column (1), indicating that it suppresses long-term debt financing while promoting

short-term debt financing, supporting Hypothesis 6. An enhanced climate change performance

mitigates the adverse effects of climate risk on short-term financing through mechanisms such as

green credit. However, in the long run, it increases transition pressure and production costs, further

constraining long-term debt financing. Consequently, firms experience a rise in short-term debt

financing, a decline in long-term debt financing, and no significant impact on overall debt financing.



Sustainability 2025, 17, 3870 22 of 27

Table 15. The impact of climate change performance on corporate debt financing.

(1) (2) (3)

VARIABLE DEBT LONGDEBT SHORTDEBT

LCRI −0.1219 *** −0.0350 *** −0.0612 ***
(−16.1355) (−6.4041) (−10.1533)

LCCPI −0.3503 *** 0.0099 −0.4020 ***
(−4.3969) (0.1558) (−6.1837)

LCRI_LCCPI 0.3698 −0.3773 * 0.6528 ***
(1.3763) (−1.7874) (2.9359)

LOGSIZE 0.0277 *** 0.0294 *** 0.0020
(11.9767) (19.0446) (1.1207)

FC −0.1717 *** −0.0679 *** −0.1173 ***
(−16.6486) (−8.2744) (−13.8369)

PB 0.0000 0.0000 0.0000**
(1.0846) (0.0992) (2.0385)

VOL 0.0269 *** 0.0077 ** 0.0154 ***
(6.7394) (2.3099) (4.6603)

TOBINQ −0.0006 0.0005 −0.0006
(−0.6422) (0.6733) (−0.7206)

ROA −0.3231 *** −0.1349 *** −0.2513 ***
(−20.4506) (−11.5327) (−18.6261)

INTANGI 0.1503 *** 0.1176 *** 0.0527
(3.6383) (3.9123) (1.5628)

FIRST 0.0634 *** 0.0383 *** 0.0103
(3.3222) (3.1174) (0.7515)

Constant −0.4420 *** −0.5805 *** 0.0825 **
(−8.2086) (−16.1795) (2.0312)

Observations 34,457 29,981 30,531
R-squared 0.112 0.101 0.075
Number of id 4266 4116 3832
Cluster firm Yes Yes Yes
Firm FE Yes Yes Yes

The numbers in parentheses represent the t-values for significance, where *** indicates p < 0.01 ** indicates p < 0.05,
and * indicates p < 0.1.

6.3. Environmental Information Disclosure

The existing literature has shown that environmental information disclosure can serve as a

strategic behavior to reduce corporate external financing costs and enhance stock liquidity [26,27].

Based on this logic, environmental information disclosure is expected to have a positive impact on

corporate financing. However, some studies have revealed that under conditions of heightened

climate risk, environmental information disclosure may expose firms to the climate-related risks.

Excessive disclosure or poor disclosure quality may heighten investor concerns, thereby leading to

short-term financing difficulties [28–30]. To examine the actual effect of environmental information

disclosure on the relationship between climate risk and corporate debt financing, this study introduces

the environmental information disclosure variable ENVREP, which indicates whether a company

discloses environmental information in its annual report (where disclosure is denoted by ENVREP
= 1 and non-disclosure by ENVREP = 0). Moreover, the interaction term between ENVREP and the

climate risk variable LCRI is created, denoted as LCRI_ENV. The regression model is as follows:

DEBTi,t = β0 + β1LCRIt−1 + β2ENVREPi,t + β3LCRI_ENVi,t + ∑ Controls + CompanyE f f ect + εi,t (11)

LONGDEBTi,t = χ0 + χ1LCRIt−1 + χ2ENVREPi,t + χ3LCRI_ENVi,t + ∑ Controls + CompanyE f f ect + εi,t (12)

SHORTDEBTi,t = δ0 + δ1LCRIt−1 + δ2ENVREPi,t + δ3LCRI_ENVi,t + ∑ Controls + CompanyE f f ect + εi,t (13)

Table 16 presents the regression results. The coefficients of LCRI_ENV are insignificant in

columns (1) and (2) but significantly positive in column (3), indicating that environmental information

disclosure significantly restrains short-term debt financing. In column (3), the coefficient of ENVREPP

is 0.0362, while that of LCRI_ENV is −0.1022, suggesting that under high climate risk, the negative

impact of environmental disclosure on short-term debt financing outweighs its positive effect. These

findings support Hypothesis 7 in the context of short-term debt financing. When climate risk is high,

corporate environmental disclosures may heighten public concerns, further restricting short-term debt
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financing. These counterintuitive results may be explained by the following: In China, environmental

information disclosure is primarily policy-driven and lacks unified, authoritative standards. As

a result, corporate disclosures are often vague and of low credibility, failing to effectively reduce

financing uncertainty and potentially heightening investor concerns. Under high climate risk, low-

quality disclosure—characterized by limited transparency or the absence of concrete mitigation

strategies—may be perceived as a risk signal, further constraining firms’ access to short-term debt

financing. In addition, corporate green transitions often require substantial short-term investment,

and China’s green finance market is still in a developmental stage, and both financial institutions and

investors have limited capacity to interpret and utilize environmental information effectively, which

further weakens firms’ short-term financing capacity.

Table 16. The impact of environmental information disclosure on corporate debt financing.

(1) (2) (3)

VARIABLE DEBT LONGDEBT SHORTDEBT

LCRI −0.1516 *** −0.0319 *** −0.0728 ***
(−28.6661) (−7.6399) (−15.8204)

ENVREP 0.0114 −0.0160 0.0362 **
(0.5826) (−1.0590) (2.2021)

LCRI_ENV −0.0567 0.0181 −0.1022 **
(−1.2082) (0.4991) (−2.5574)

LOGSIZE 0.0267 *** 0.0282 *** −0.0014 **
(40.1127) (56.6367) (−2.4255)

FC −0.1732 *** −0.0610 *** −0.1170 ***
(−23.3796) (−10.3601) (−18.4600)

PB 0.0000 0.0000 0.0000
(0.3860) (0.1838) (1.0080)

VOL 0.0359 *** 0.0039 * 0.0237 ***
(12.9458) (1.7605) (10.0229)

TOBINQ −0.0044 *** −0.0009 ** −0.0044 ***
(−9.6535) (−2.3740) (−10.9089)

ROA −0.3602 *** −0.1429 *** −0.2778 ***
(−44.5708) (−21.7855) (−39.9107)

INTANGI 0.1788 *** 0.1410 *** 0.0520 ***
(12.3195) (12.8493) (4.2175)

FIRST 0.0368 *** 0.0278 *** −0.0007
(6.3533) (6.3689) (−0.1408)

Constant −0.4044 *** −0.5511 *** 0.1635 ***
(−27.0803) (−49.2176) (12.8374)

Observations 35,864 31,388 31,938
Number of id 4266 4116 3832
Cluster firm Yes Yes Yes
Firm FE Yes Yes Yes

The numbers in parentheses represent the t-values for significance, where *** indicates p < 0.01 ** indicates p < 0.05,
and * indicates p < 0.1.

7. Conclusions and Policy Implications
7.1. Conclusions

Based on a sample of Chinese A-share-listed companies on the Shanghai and Shenzhen stock

exchanges from 2007 to 2021, this study empirically examines the impact of climate risk on corporate

debt financing and its underlying mechanisms, leading to the following conclusions: First, climate

risk significantly inhibits corporate debt financing, exerting a notable suppressive effect on both long-

term and short-term debt financing. Second, the impact of climate risk does not exhibit significant

differences concerning firm size or industry classification as climate-sensitive or non-climate-sensitive.

However, a notable disparity exists in terms of ownership structure. Compared with non-SOEs, SOEs

demonstrate a greater capacity to withstand the adverse effects of climate risk on debt financing,

potentially due to their stronger resource acquisition capabilities. Third, climate risk constrains cor-

porate debt financing through multiple channels, including weakening firms’ profitability, reducing

asset turnover rates, increasing earnings uncertainty, and raising external financing costs. Fourth,

national climate risk response policies mitigate the adverse effects of climate risk on short-term debt
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financing but concurrently suppress long-term debt financing. Additionally, corporate environmental

information disclosure intensifies the inhibitory effect of climate risk on short-term debt financing

during periods of heightened climate risk.

7.2. Policy Implications

Based on the study’s findings, both governments and enterprises should adopt targeted mea-

sures to address the challenges posed by climate risk. The specific recommendations are as follows:

For governments, first, integrate climate risk into corporate credit rating systems. Regulatory authori-

ties should collaborate with rating agencies to develop a climate resilience score, which evaluates a

firm’s creditworthiness under climate risk by considering factors such as climate risk exposure, histor-

ical disaster response capacity, and carbon emission intensity. This would enable financial institutions,

especially banks, to provide appropriate financing support under controlled risk conditions.

Second, develop differentiated green financial instruments to enhance the resilience of non-

state-owned enterprises. Since non-SOEs are generally more vulnerable to climate risk compared to

state-owned enterprises, targeted government support is essential. This may include establishing

green credit enhancement platforms and green loan guarantee funds aimed particularly at small and

non-SOEs. These initiatives would strengthen corporate capacity to invest in green technologies and

manage climate-related risks, thereby improving their creditworthiness and access to financing under

climate uncertainty.

Third, optimize the structure of green bonds and green credit by distinguishing between short-

term and long-term financing instruments. As national climate policies appear to positively moderate

short-term debt financing but potentially suppress long-term borrowing, financing tools should be

designed based on maturity. For short-term needs, instruments such as emergency disaster relief

funds, climate risk early warning systems, and green liquidity support programs can be utilized.

For long-term financing, mechanisms such as green insurance, carbon asset-backed collateral, and

re-guarantee frameworks can help enterprises diversify and manage long-term risk exposures.

Fourth, strengthen environmental information disclosure regulations and incentive mechanisms

to improve disclosure quality and relevance. Our findings suggest that under high climate risk,

poor-quality or low-transparency disclosures may increase short-term financing constraints due to

investor misinterpretation. To address this, regulatory agencies should guide firms in shifting from

merely compliant disclosure toward high-quality, decision-useful reporting. This includes clarifying

disclosure standards, introducing quantitative metrics (e.g., results of climate stress testing), and

encouraging disclosure of mitigation/adaptation strategies and risk buffering pathways, thereby

reducing market uncertainty regarding firms’ climate-related performance.

For enterprises, first, strengthen climate risk management and assessment. Firms should en-

hance climate risk management by conducting regular climate risk assessments, identifying and

evaluating potential physical and transition risks. Second, enhance climate risk adaptation capabil-

ities. Enterprises should adopt proactive measures to address climate risks, including improving

infrastructure resilience, optimizing supply chains, enhancing asset turnover rates and operational

efficiency, and refining asset allocation strategies. These measures can help mitigate the adverse

effects of climate risks and strengthen corporate profitability and financial stability. Third, improve

environmental information disclosure. Firms should actively disclose climate-related environmental

information to enhance their corporate social responsibility and public image. This transparency

can improve trust among external investors, banks, and financial institutions, ultimately facilitating

more favorable financing conditions. Fourth, align with national climate policies to drive green

transformation. Enterprises should actively respond to national climate policies by formulating

and implementing green transition and low-carbon development strategies. By leveraging tech-

nological innovation to upgrade production models, deepening energy conservation and emission

reduction practices, and building a competitive edge in the green economy, firms can establish a solid

foundation for long-term sustainable development.
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7.3. Limitations and Future Research Directions

Climate policies vary across countries and regions, leading to differences in corporate financing

costs, investment returns, and risk management requirements, which in turn affect firms’ financing

capacity. This study is based on data from A-share-listed companies in China, and the findings are

influenced by specific institutional settings and market structures. Caution should be taken when

generalizing the results to other contexts. Future research could further explore corporate financing

behavior under different climate conditions and financial systems, assess the heterogeneous impacts

of climate risk under varying environmental policy intensities (e.g., carbon tax, emissions trading,

and ESG regulation). In addition, the impact of climate risk may vary across firms with different

levels of technological maturity or innovation capacity. Technologically advanced firms may exhibit

greater flexibility in adapting to climate risks, which could make them less vulnerable to external

climate-related factors. Future research could further explore this aspect in greater depth.
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