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Abstract. Amid intensifying global climate challenges, governments have intro-
duced various climate policies. However, considerable uncertainty often emerges
during the transition from policy formulation to implementation, potentially ex-
erting adverse effects on corporate behavior. Using panel data from China's pub-
licly listed A-share enterprises, this study examines the relationship between cli-
mate policy uncertainty (CPU) and corporate risk-taking. The findings indicate
higher CPU significantly curbs firms’ risk-taking behavior by tightening finan-
cial constraints, delaying investment, and discouraging engagement in high-risk
projects. Further analysis shows financial flexibility and strong ESG performance
can partially offset these negative effects. According to heterogeneity testing,
non-state-owned businesses, companies in highly competitive industries, and
companies with a dual CEO are more likely to experience the dampening effect
of CPU. These results contribute to the understanding of how CPU shapes cor-
porate behavior and highlight the importance of improving policy predictability
and promoting internal resilience mechanisms to support firms in navigating the
risks associated with climate transitions.
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1 Introduction

In recent decades, climate change has emerged as a major worldwide concern, repre-
senting a shared challenge for humanity. NASA reports that Earth’s average tempera-
ture in 2024 was 1.47°C higher than the mid-19th century—the highest on record. Hu-
man-driven climate change has worsened extreme weather events, with further warm-
ing expected to intensify risks to ecosystems and societies. Governments worldwide are
now implementing climate policies to transition toward low-carbon and sustainable de-
velopment. As a major carbon emitter, China has actively pursued global climate goals
since announcing its 'carbon peaking' and 'carbon neutrality’ targets. The government
has implemented numerous carbon reduction measures to establish a low-carbon, cir-
cular economy. According to China’s 2023 climate policy report, the strategy focuses
on seven key areas: industrial restructuring, energy optimization, transport reforms, en-
ergy efficiency, emissions control, carbon sink enhancement, and pollution-carbon syn-
ergy. The 2024 report confirms steady progress in these initiatives.
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Climate policies aim to reduce emissions, promote sustainable development, and
strengthen societal resilience to climate shocks. However, implementation uncertainties
may increase firms' operational risks, affecting their decisions on investments, innova-
tion, and expansion. Key questions arise: Does climate policy uncertainty significantly
curb corporate risk-taking? What mechanisms drive this effect? Addressing these issues
is critical—both for shaping corporate risk strategies and improving policy design and
enforcement. While existing studies have explored the impact of policy uncertainty on
corporate risk-taking, most have centered on economic policy [1,2]. In recent years, the
emergence of the "green swan" concept has brought climate risks to the forefront of
academic inquiry. However, research on climate policy uncertainty remain nascent, and
firm-level studies continue to focus primarily on green innovation, CSR, emissions, and
investments—leaving a gap in empirical analysis of corporate risk-taking as the ex-
plained variable. This study bridges this gap by investigating A-listed firms across
China (2004-2023) through an investment lens. Theoretically, it advances climate pol-
icy-corporate behavior literature; practically, it provides actionable insights for policy-
making. To address potential endogeneity concerns, the paper further introduces city-
level carbon emission as a novel instrumental variable and establishes its validity
through both theoretical reasoning and empirical testing.

2 Theoretical Analysis

Climate policy formulation is inherently complex and uncertain, with unpredictability
around enactment, timing, enforcement, and targets. Climate policy have become even
more volatile as a result of the growing occurrence of extreme weather brought on by
climate change, "black swan" incidents like pandemic-related disruptions, and geopo-
litical tensions that have unsettled global energy structures [3]. As a result, both the
public and firms struggle to form stable expectations, which in turn intensifies uncer-
tainty and adversely affects businesses' operational and investment choices.

In finance, risk refers to the uncertainty of future outcomes, including both potential
losses and excess returns. CAPM states that expected returns are determined solely by
systematic risk, justifying excess returns as compensation for bearing additional risk
[4]. Under efficient market and rational investor assumptions, risk and return are posi-
tively correlated. Risk-taking reflects a firm’s active pursuit of higher returns through
high-risk activities such as major investments, R&D, or market expansion. These deci-
sions are often costly and irreversible, reflecting concentrated risk exposure [5]. Risk-
taking influences both resource allocation efficiency and long-term competitiveness
[6]. Building on this theoretical foundation, this study adopts an investment-based ap-
proach to explore how CPU affects corporate risk-taking.

CPU often leads firms to adopt more conservative investment strategies. Based on a
real options framework, Fuss et al. found that while market volatility can promote early
investment in carbon-reduction technologies, CPU reinforces “wait-and-see” behavior,
delaying investment until policies become clearer [7]. Gulen and Lon further showed
that CPU particularly hinders capital investment in firms with irreversible projects or
dependence on government support [8]. Faced with policy uncertainty, firms delay
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decisions to retain flexibility. Additionally, drawing on Amin’s findings on tax avoid-
ance as a precaution, rising CPU heightens managerial risk aversion, leading to a pref-
erence for stable returns over riskier, high-reward investments [9]. The discussion leads
to the proposal of H1: CPU negatively impacts corporate risk-taking.

Firms finance operations through internal sources (e.g., retained earnings, asset
sales) or external channels, such as bank loans (indirect financing) and capital markets
(direct financing). In China, indirect financing dominates, with a 7:3 ratio over direct
financing; bonds comprise 90% of the latter, reflecting a bank-centric system and un-
derdeveloped capital markets. CPU exacerbates information asymmetry between banks
and firms, complicating risk assessment and leading banks to raise interest rates or re-
strict credit—especially for high-risk firms—thus increasing financing costs. Addition-
ally, compared to equities, corporate bonds are more sensitive to downside market
risks—especially under climate-related stress—where carbon-intensive firms often ex-
hibit significantly lower bond yields [10]. In times of market deterioration or economic
downturn, investor confidence may decline, further elevating bond financing costs [11].
The tightening of financing constraints forces firms to adjust their capital allocation.
Management is likely to exhibit increased risk aversion, leading to reduced investments
in long-term, high-uncertainty projects like green innovation, while favoring more lig-
uid, lower-risk conventional projects to ensure financial stability [12]. This adjustment
often results in the "crowding-out" effect on both corporate physical investment and
green innovation [13], reducing firms’ willingness and ability to undertake higher risk.
Therefore, this study puts forward H2: CPU inhibits corporate risk-taking by increasing
financial constraints.

The capability of a firm to quickly mobilize financial resources in order to manage
uncertainty and optimize profit is known as financial flexibility (FF). It mainly in-
cludes: (i) cash flexibility, which ensures liquidity through adequate cash or cash-equiv-
alent holdings; (ii) debt flexibility, which involves adjusting debt structure to optimize
costs and mitigate risk. FF enables firms to sustain stable investment and financing
activities under uncertain conditions. For instance, Zeng et al. found that firms with
higher FF experienced fewer constraints and expanded investment more rapidly during
the global financial crisis [14]. Likewise, Fahlenbrach et al. showed that financially
flexible firms were better able to absorb revenue losses amid the coronavirus crisis [15].
These findings suggest that maintaining FF helps firms navigate tightened credit con-
ditions and sustain valuable investments.

H3: FF negatively moderates the relationship between CPU and risk-taking.

ESG provides a framework for assessing corporate performance in environmental,
social, and governance areas. Integrating ESG into investment decisions supports sus-
tainable development, aids the low-carbon transition, and promotes high-quality
growth. The transition to ESG practices can yield multiple benefits for firms. On the
one hand, Zhang and Lucey found that higher ESG scores send positive signals to credit
markets, enhancing firms’ reputations and credibility. This improved perception re-
duces financial constraints and ultimately contributes to better firm performance [16].
ESG disclosure requirements enhance transparency, allowing investors to effectively
assess a firm’s operations and risk profile. They also improve internal governance and
help mitigate agency problems. Greater disclosure strengthens external oversight,
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encouraging managers to balance short-term performance with long-term stability and
to adopt more robust risk management practices. By embracing ESG strategies, firms
can enhance their resilience to policy uncertainty, promote sustainable risk-taking, and
create long-term value.

H4: ESG performance negatively moderates the relationship between CPU and cor-
porate risk-taking.

3 Research Design

3.1 Model Setting
Using the OLS regression model, the following equation is constructed:
Risk;; = ag + a;CPUp; + ap Y. Control;, + p; + 8, + &;¢ (1

Where Risk;, indicates the degree of risk-taking by firm i in year #; CPU,, ; , denotes
the climate policy uncertainty index of city p, where firm i is situated, in year ¢.
Control;, is the group of control variables; y; is the corporate fixed effect, &, is the
time fixed effect and ¢; , is the random error term. Robust standard errors are used, and
all regressions are clustered at the corporate level.

3.2  Variable Explanation

3.2.1 Core Variable. Ma et al.'s CCPU index serves as the core explanatory variable in
this study [17]. Constructed from six major Chinese newspapers, the index uses Mac-
BERT for text mining and uncertainty extraction. This deep learning model outper-
forms traditional NLP methods in handling Chinese semantics and syntax, while its
data-driven pretraining minimizes subjective bias.

3.2.2 Explained Variable. Greater fluctuations in earnings indicate a higher risk appe-
tite and a stronger preference for risky investment. Following Yu et al., this study
measures risk-taking using the standard deviation of return on assets [18]. ROA is first
standardized using the industry average for each year. The standard deviation and range
of ROA are then computed for the duration of the observation.

EBITDA; , EBITDAgn

_Lyx
AD] ROAy, = ASSETS;,  Xn Li=1 ASSETSkn 2)
, 1 1
Risk; = \/EZL(ADJ_ROAi,n —LyN  ADJ RO IN =5 3)

ADJ_ROA; ,, refers to the total assets of firm 7 in year n. X,, represents the number of
firms within the same industry in year n. N means the time window. Risk/ 5 is the ROA
standard deviation over a five-year rolling window times 100; Risk2 5 is the ROA
range over the same five-year window, also multiplied by 100. Rolling three-year ver-
sions, Risk! 3 and Risk2 3, are constructed using the same methodology.
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3.2.3 Control Variables. The variables stated in Table 1 are included as control varia-
bles, considering both features that may impact corporate risk-taking and data accessi-

bility.

Table 1. Control variable measurement.

Name Definition Explanation/Data Source

CPU Climate policy uncertainty index ~ Ma et al. (2023)

Riskl 5 Corporate risk-taking Yu et al. (2013)

Size Company size In(total assets)

Lev Leverage total debt / total assets

Growth Revenue growth rate g‘;gg:s r;t:;ii - previous revenue) /
Fixed Fixed asset proportion net fixed assets / total assets

PE PE Ratio In(PE ratio)

Age Listing Age In(current year - year of listing + 1)
Mfee Management fee ratio management fees / operating revenue

3.3 Data and Samples

CPU data is sourced from the ISETS Energy Finance Network, and firm-level data from
CSMAR. Financial firms, abnormal observations, and entries with missing key
variables are excluded, yielding 37,338 valid observations (Table 2). The CPU index
ranges from 0.18 to 3.83 with a median of 1.68, indicating notable variation in climate
policy uncertainty across cities. The risk-taking variable (Risk1 5) ranges from 0.5 to
18.87, with a median of 2.68, reflecting a right-skewed distribution driven by a few
firms with exceptionally high-risk levels.

Table 2. Descriptive statistics.

Var Obs Mean SD Min Median Max
Riskl 5 37338 3.669 3.138 0.50 2.68 18.87
CPU 37338 1.656 0.735 0.18 1.68 3.83
Size 37338 22.157 1.312 19.02 21.96 26.06
Lev 37338 0.411 0.199 0.05 0.41 0.96
Growth 37338 0.191 0.387 -0.59 0.12 2.64
Fixed 37338 0.213 0.162 0.00 0.18 0.72
Age 37338 1.997 0919 0.00 2.20 3.37
Mfee 37338 0.081 0.062 0.01 0.07 0.56

PE 37338 3.713 0.984 1.71 3.61 6.84
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4 Empirical Results

4.1 Baseline Regression Result

In Table 3, the baseline regression results are displayed. The coefficient of CPU re-
mains significantly negative across all specifications, suggesting that CPU significantly
suppresses corporate risk-taking. In the empirical studies that follow, all regressions
include control variables as well as year and individual fixed effects, although these are
not reported in the tables.

Table 3. Baseline regression.

Variables Riskl 5 Riskl 5 Riskl 5 Riskl 5

CPU -0.127%** -0.090%** -0.095%** -0.09 1 #**
(0.032) (0.034) (0.036) (0.032)

Constant 3.880%** 3.818%** 10.324%** 26.702%**
(0.061) (0.056) (0.732) (1.757)

Controls NO NO YES YES

Year FE NO YES YES YES

Id FE NO YES NO YES

Observations 37,338 37,338 37,338 37,338

R-squared 0.001 0.453 0.120 0.484

4.2  Endogeneity Discussion

The baseline regression results may potentially suffer from endogeneity concerns, pri-
marily due to the issue of reverse causality. To mitigate this concern, the 2SLS method
is applied, using city-level carbon emissions as an instrumental variable (IV). The se-
lection is grounded in two considerations. First, regions characterized by higher carbon
emissions typically face heightened levels of climate policy uncertainty [3], as local
policymakers in such areas must navigate the complex trade-offs between promoting
industrial restructuring, achieving energy transition goals, and sustaining economic
growth. This complexity makes the trajectory of future climate-related policies more
difficult to predict, thereby suggesting a positive correlation between carbon emissions
and CPU. Second, urban carbon emissions are unlikely to have a direct influence on
individual firms’ investment behavior or risk-taking activities. Instead, their effect is
expected to be mediated exclusively through CPU, satisfying the exogeneity condition.
Taken together, these arguments support the theoretical validity of using city-level car-
bon emissions as an appropriate instrument. Table 4 reports the 2SLS estimation results.
The first column presents a significantly positive association between the IV (Emi_city)
and CPU at the 1% level, confirming the IV’s relevance. The second column displays
that the coefficient of CPU remains significantly negative, in line with the prior results.
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Table 4. 2SLS.

Variables CPU Riskl 5
Emi_city 0.010%**
(19.11)
CPU -0.681**
(-2.02)
Observations 37,338 37,338
R-squared 0.042

4.3 Robustness Checks

The main risk-taking indicator is replaced with alternative proxies, including Risk2 5,
Riskl 3, and Risk2 3. The results (Table 5, Columns 1-3) remain significant. Further
robustness checks involve clustering standard errors at different levels—industry (4),
city (5), and province (6). Across all these specifications, the estimated coefficients
remain stable and significant. Moreover, to mitigate the potential influence of the global
financial crisis and the pandemic, observations from 2008-2009 and 2020-2022 are
excluded [19], and regressions are performed on the adjusted sample. Evidence from

Table 6 supports the robustness of the results.

Table 5. Robustness checks with Risk Measures and Clustering Methods.

) 2 3) “ (%) (6)
Variables Risk2 5 Riskl 3 Risk2 3 Riskl 5 Riskl 5 Riskl 5
CPU -0.207***  -0.071%* -0.128%** -0.091%** -0.091%** -0.091*
(0.078) (0.030) (0.057) (0.039) (0.044) (0.051)
Constant 64.471%%%  21.562%**  40.262%**  26.702*%**  26.702%**  26.702%**
(4.197) (1.401) (2.601) (1.824) (2.006) (2.215)
S:j:wa' 37,338 37,338 37,338 37,338 37,338 37,338
R-squared  0.483 0.356 0.359 0.484 0.484 0.484
Table 6. Robustness check with excluding certain observations.
Variables Riskl 5 Riskl 5
CPU -0.096%*** -0.110%%*
(0.033) (0.038)
Constant 27.505%** 24.257**
(1.813) (1.799)
Observations 35,378 26,749
R-squared 0.492 0.449
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5 Further Analysis

5.1 Mechanism Analysis

This study adopts a two-step approach by replacing the dependent variable with the KZ
and FC financing constraint indices. According to Table 7, the CPU coefficient is no-
tably positive for KZ at the 5% level and for FC at the 10% level, indicating that CPU
increases firms’ financial constraints, in line with H2. When firms face tighter financing
conditions—reflected in reduced financing capacity and higher costs—their financial
flexibility diminishes. This lowers the expected returns of fixed asset investments, re-
ducing the option value of real investment. Under climate policy uncertainty, the value
of waiting increases, making it optimal for firms to delay investment decisions [20].
Green innovation investments, characterized by both environmental and technological
externalities, typically have longer cycles and are more exposed to asset stranding risks
[13]. With limited adjustment flexibility, their option value declines more sharply than
traditional investments under climate policy uncertainty. Moreover, greater uncertainty
blurs the availability of subsidies and government support, weakening managerial in-
centives. As a result, firms constrained by financing pressures and lacking clear policy
guidance are less inclined to engage in green investments, ultimately lowering their
overall risk-taking.

Table 7. Mechanism analysis.

Variables KZ FC

CPU 0.036** 0.003*
(0.017) (0.001)

Constant 3.226%** 4.312%%%*
(0.691) (0.070)

Observations 34,264 34,268

R-squared 0.790 0.862

5.2 Moderation Analysis

5.2.1 Financial Flexibility. Following Zeng et al. [14], this research calculates FF as
the total of debt and cash flexibility. Cash flexibility is calculated as the firm’s cash
ratio minus the industry average. Debt flexibility is defined as max (industry leverage
ratio - firm leverage ratio, 0). Both FF and CPU are demeaned before constructing the
interaction term. The first column in table 8 shows that the main effect remains pro-
nounced, and FF x CPU coefficient is significantly positive, supporting H3. The find-
ings imply that enterprises possessing greater financial flexibility are more capable of
adjusting and redistributing their financial resources in response to uncertain environ-
ments. This adaptability, in turn, helps to alleviate the adverse influence of CPU on
their willingness or capacity to undertake risk.
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5.2.2 ESG Performance. This study employs the Huazheng ESG score to assess firms’
performance, where higher scores reflect stronger overall ESG practices. As shown in
Table 8, the significantly positive coefficient on ESG x CPU suggests that firms with
higher ESG engagement are less susceptible to the adverse impact of CPU on risk-
taking, thereby supporting H4. This result may stem from the fact that ESG-oriented
transformation aligns with climate policy objectives, reducing firms’ regulatory uncer-
tainty and enabling them to maintain both investment capacity and risk appetite.

Table 8. Moderation analysis.

VARIABLES Riskl 5 Riskl 5
CPU -0.085%** -0.078*
(0.032) (0.044)
FF 2.310%**
(0.276)
FF x CPU 1.048%***
(0.209)
ESG -0.054%%*
(0.007)
ESG x CPU 0.023%%*
(0.008)
Constant 26.096%*** 29.708***
(1.734) (2.252)
Observations 37,314 29,024
R-squared 0.488 0.522

5.3  Heterogeneity Analysis

Columns (1) and (2) in Table 9 show that CPU significantly reduces risk-taking in non-
state-owned firms but has no significant effect on state-owned firms. This aligns with
expectations: state-owned enterprises benefit from government support and implicit
guarantees, making them less sensitive to climate policy uncertainty. In contrast, non-
state-owned firms face higher financing costs and rely more on external capital, becom-
ing more financially constrained under uncertainty and thus more likely to reduce risk-
taking.

Market concentration, measured by the HHI, is used to classify firms into high- and
low-competition groups based on the median value. Columns (3) and (4) indicate that
CPU significantly suppresses risk-taking in highly competitive markets but not in less
competitive ones. Firms in competitive markets must protect market share and are more
sensitive to policy shifts. Conversely, those in concentrated markets face fewer external
threats, making them less reactive to policy uncertainty.

The chairman oversees major corporate decisions and supervises management, while
the CEO handles daily operations and strategy execution. Columns (5) and (6) present
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results based on whether the CEO and chairman positions are held by the same person.
In firms with dual leadership, CPU significantly reduces risk-taking at the 1% level;
when the roles are separate, the effect is only significant at the 10% level. This suggests
power concentration increases the executive’s accountability for corporate outcomes,
prompting greater caution in decision-making and a stronger focus on risk avoidance.
In contrast, when the roles are split, the chairman’s oversight may drive the CEO to
focus on immediate performance over prolonged strategic adjustments to risk-taking.

Table 9. Heterogeneity analysis.

(M @ 3) “4) ®) (6)
Variables Riskl 5 Riskl 5 Riskl 5 Riskl 5 Riskl 5 Riskl 5
CPU 0.043 -0.140%**  -0.114***  -0.059 -0.184***  -0.071%*

(0.055) (0.050) (0.039) (0.037) (0.061) (0.038)
Constant  20.563%%% 29.718%%* 30 097+%* 24.974%%% )8 2Q5kk% D4 770k
(2.437) (2.874) (1.166) (1.002) (4.655) (1.927)

Observa- 4 ¢rg 20,091 18,410 18,414 9,671 26,227
tions
R-squared  0.433 0.519 0.539 0.522 0.627 0.499

6 Conclusion

This study demonstrates that CPU significantly suppresses corporate risk-taking by ex-
acerbating financing constraints, delaying investments, and deterring high-risk projects.
Financially flexible firms and those with robust ESG performance exhibit greater resil-
ience to CPU shocks, while non-state-owned, highly competitive, and CEO-duality
firms are more adversely affected.

Drawing from the empirical results, this study offers the following policy sugges-
tions. First, governments should enhance policy transparency and predictability to re-
duce climate policy uncertainty. Second, policymakers and financial regulators should
expedite green financial system development to alleviate financing constraints. This
includes expanding green credit channels, improving green bond markets, and promot-
ing inclusive access to sustainable financing mechanisms. Finally, firms must optimize
capital structures, strengthen risk management, and improve ESG disclosure to bolster
resilience in the face of uncertainty. These measures collectively support a smoother
transition to a sustainable low-carbon economy.
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permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	How Does Climate Policy Uncertainty Affect CorporateRisk-Taking



