Frontiers in Humanities and Social Sciences Volume 5 Issue 7, 2025
ISSN: 2710-0170

The Impact of Climate Policy Uncertainty on Stock Price
Synchronicity: Theoretical Mechanisms, Empirical Analysis, and
Financial Market Response Strategies

Yuheng Song
School of Finance and Law, Guilin University, Guilin, 541006, China
Sgulte@outlook.com

Abstract

Climate Change Policy Uncertainty (CCPU) constitutes a pivotal variable reshaping
information efficiency in capital markets during the "Dual Carbon" transition. Utilizing
China's A-share market as the research sample, this study integrates policy text analysis
with corporate financial data to theoretically examine CCPU's transmission mechanism
affecting stock price synchronicity (SYN) through the "information substitution effect,”
while empirically testing its heterogeneous characteristics and dynamic effects. Key
findings reveal: CCPU significantly reduces SYN by exacerbating information asymmetry
(B=-0.068***), with high-pollution industries ($=-0.070***) and large-scale enterprises
(B=-0.074***) demonstrating heightened vulnerability due to policy sensitivity and
information transparency, whereas highly leveraged firms exhibit attenuated sensitivity
(B=-0.062***) buffered by debt servicing pressures. Dynamic models further unveil
short-term policy persistence decaying through market memory mechanisms (SYN lag
term f=0.312***). Accordingly, we propose tiered response strategies: policymakers
should refine carbon price expectation management and green financial instruments,
corporations must enhance low-carbon technology disclosure and capital structure
resilience, while investors could hedge risks via ESG factors and derivatives. This
research provides micro-level evidence for coordinating climate governance and
financial stability, suggesting future extensions through cross-national heterogeneity
comparisons, technical adaptability metric development, and integrated policy-digital
technology simulation studies.
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1. Introduction

Climate change has evolved into a pressing global challenge, compelling governments to
implement dynamic climate policies that inadvertently generate substantial uncertainty for
businesses and investors [1]. This uncertainty disrupts corporate investment planning and
macroeconomic stability, particularly in transitional industries such as energy, where policy
ambiguity stalls both fossil fuel projects and renewable energy commitments [2]. Financial
markets amplify these effects, as stock prices exhibit acute sensitivity to climate policy shifts
through altered investor risk preferences and corporate earnings volatility [3]. Notably, stock
price synchronicity (SYN)—the co-movement of individual stocks with market trends—serves
as a critical lens for analyzing systemic market responses to policy uncertainty. Existing
research has established climate policy uncertainty's macroeconomic impacts and SYN's
determinants spanning governance quality to investor behavior [4]. However, critical gaps
persist: studies directly linking climate policy uncertainty to SYN remain scarce, mechanistic
analyses oversimplify multifactorial interactions [5,6], and China-specific contextualizations

1



Frontiers in Humanities and Social Sciences Volume 5 Issue 7, 2025
ISSN: 2710-0170

inadequately address unique policy frameworks and retail investor dominance. This study
addresses these limitations through an interdisciplinary methodology combining systematic
literature review with dynamic panel regression analysis. Utilizing granular data from Chinese
listed firms and quantified policy uncertainty indices, we model time-varying interactions while
controlling for financial, industrial, and macroeconomic confounders. Our innovations include
(1) revealing transmission mechanisms across corporate decisions, investor behavior, and
information ecosystems [7], (2) employing dynamic models to capture phased policy effects,
and (3) contextualizing findings within China’s institutional landscape to propose actionable
strategies for regulators and market participants.

2. Connotation, Measurement, and Drivers of Climate Policy Uncertainty

2.1. Measurement of Climate Policy Uncertainty

Current methodologies for quantifying climate policy uncertainty include media-based indices,
policy text analysis, and market-implied metrics, each with distinct advantages and limitations.
Media-driven approaches employ natural language processing (NLP) to extract policy volatility
signals from news corpora, such as TF-IDF weighted keyword frequencies (e.g., “carbon tax
uncertainty” or “renewable subsidy adjustments”), offering real-time sentiment tracking but
suffering from media bias—empirical studies show over 30% false-positive signals during
major climate summits like COP26. Policy text analysis quantifies regulatory instability through
latent semantic indexing (LSI) of legislative documents, evaluating ambiguity density (e.g.,
frequency of terms like “provisional” or “under review”) and revision inconsistency (e.g.,
China’s shifting carbon intensity targets across provincial five-year plans), though this method
faces time lags between policy enactment and market response. Market-implied metrics derive
uncertainty from financial instruments, such as the implied volatility of EU carbon futures
(B=0.82 correlation with CPU shocks) or green bond yield spreads decomposed via Fama-
French models, yet these are confounded by macroeconomic noise like liquidity shocks or
inflation expectations.

2.2. Drivers of Climate Policy Uncertainty

The drivers of climate policy uncertainty span geopolitical tensions, domestic policy trade-offs,
and technological constraints. Internationally, historical responsibility disputes—such as the
U.S. withdrawal from the Kyoto Protocol and delayed implementation of the Inflation Reduction
Act—and energy security shocks (e.g., Europe’s post-Ukraine reactivation of 12 coal plants)
disrupt multilateral climate governance. Domestically, growth-environment trade-offs prevail:
during economic downturns, Chinese provinces eased emission controls, leading to an 18% rise
in steel sector PM2.5 emissions in 2022, while abrupt policy shifts (e.g, China’s 2018
photovoltaic subsidy cuts causing $9B market losses) destabilize green industries.
Technological bottlenecks further amplify uncertainty, exemplified by China’s Northwest grids
suffering 25% wind curtailment due to storage deficiencies and the global CCS pipeline
stagnation (only 15% reaching FID since 2015), which deter policymakers from committing to
ambitious decarbonization timelines. These intertwined factors create self-reinforcing cycles
of hesitation among governments, firms, and investors, perpetuating systemic risks across
climate and financial systems.

3. Theoretical Foundations and Measurement Models of Stock Price
Synchronicity

The measurement of stock price synchronicity primarily relies on the goodness-of-fit (R2)
derived from asset pricing model regressions and its variants. Taking the Capital Asset Pricing
Model (CAPM) as an example, the basic regression equation is expressed as:
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ri,t —rf,t = ai + Bi(rm, t — rf, t) + €i, t (D)

where ri,t denotes the return of stock i in period t, rf,t is the risk-free rate, rm,t represents the
market portfolio return, ai is the intercept term, i measures the stock’s sensitivity to market
fluctuations (systematic risk), and €i,tis the error term (idiosyncratic risk). By performing
rolling-window regressions on daily, weekly, or monthly return data, the R® statistic is
calculated. A higher R? value (e.g., R?=0.6) indicates a greater proportion of stock return
variation explained by market-wide factors (60% in this case), reflecting stronger
synchronicity.

To enhance cross-sample comparability, R? is typically log-transformed:

SYN=1In (2) (2)

This transformation linearizes the bounded [0, 1] range of R? For instance, if Firm A
has SYN=0.9 compared to Firm B’s SYN=0.5, Firm A’s stock price is more strongly driven by
market-wide movements, while Firm B’s price incorporates more firm-specific information.

Furthermore, industry-adjusted methods are employed to control for sectoral co-movement.

By introducing industry fixed effects or adding industry return factors (e.g., rind,t) into the
regression model:

Tit — Tee = o + Brni(Tme — ee) + Bind,i(Tind,e — Tee) + Eit (3)

the adjusted R? isolates firm-level information efficiency from industry-wide fluctuations. For
example, a renewable energy firm’s synchronicity may significantly decrease after industry
adjustment, revealing that its stock price predominantly reflects idiosyncratic factors like
technological breakthroughs or regulatory incentives.

4. Empirical Research Design

4.1. Sample Selection and Data Sources

This study selects Chinese A-share listed companies from 2003 to 2023 as the research sample,
a period marked by both global climate action acceleration and China’s evolving policy
landscape. Post-2010, the rollout of critical climate policies—such as carbon trading pilots and
renewable energy subsidies—intensified policy uncertainty, providing rich empirical context.
Concurrently, the maturation of China’s A-share market, with its expanded listed firms and
diversified sector coverage, enables robust cross-industry analysis of equity responses to
climate policy shocks.

Stock price data are sourced from the CSMAR Database (China Stock Market & Accounting
Research), which provides precise daily, weekly, and monthly metrics (e.g., opening/closing
prices, trading volume) essential for calculating stock price synchronicity. Climate policy
uncertainty is measured using the China Climate Policy Uncertainty Index (CCPU) developed by
Chen et al. (2024). This index employs manual auditing and MacBERT-based NLP to analyze
policy volatility signals from authoritative outlets like People’s Daily and Guangming Daily,
quantifying keyword frequencies (e.g, "policy adjustments," "carbon market debates") to
generate real-time uncertainty scores.

Firm-level financial data (e.g., asset-liability ratios, operating income, net profit) and industry
classifications (aligned with the CSRC’s 2012 standards) are extracted from CSMAR to control
for financial heterogeneity and sectoral confounders. Macroeconomic variables—including
GDP growth, interest rates, and inflation—are obtained from the National Bureau of Statistics
(NBS) and People’s Bank of China (PBOC)to isolate cyclical impacts. This multi-source
approach ensures precise identification of climate policy uncertainty’s net effect on
synchronicity.
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4.2. Variable Definitions and Model Construction
Table 1 Variable Definitions and Measurement

Variable Type Variable Definition and Measurement

2
D Calculated via CAPM: SYN = ln( R ), where R? is the
ependent SYN 1-R2

Variable goodness-of-fit from regressing individual stock
returns on market returns (CSMAR Database)

China Climate Policy Uncertainty Index: Constructed

Core . . .
Independent CCPU via Macl.BERT-bas.ed '.cext mining of pohc.y-related
Variable keywords in authoritative media, where higher values
indicate greater uncertainty (Chen et al., 2024)
Control Firm size: Natural logarithm of total assets,
Variables Size_z standardized by industry-year cohorts (CSMAR

Financial Statements)

Leverage: Total debt / Total assets, adjusted by

Lev_adj industry-year mean (CSMAR Capital Structure)
Return on equity: Net income / Shareholders’ equity,
ROE winsorized at 1st/99th percentiles (CSMAR
Profitability)
Ownership concentration: Natural logarithm of the
Top_log largest shareholder’s stake (%) (CSMAR Corporate

Governance)

Industry fixed effects: Dummy variables for 21 CSRC

Fixed Effects Industry FE industries (CSMAR Industry Classification)

Baseline regression model:

n
SYN;¢ = a + B1CCPU, + B,Size; + f3lev; + B4ROE; s + BsTop;  + Z yj Industry; + & . (4)
J=1

5. Empirical Results and Analysis

Table 2 presents descriptive statistics for continuous variables. The mean stock price
synchronicity (SYN) is 0.461 (SD = 0.198), indicating moderate market-wide co-movement with
cross-firm heterogeneity. The Climate Policy Uncertainty Index (CCPU) averages 1.949,
reflecting substantial policy volatility post the "Dual Carbon Goals" announcement.

Key firm characteristics include:

Industry-standardized firm size (Size_z) shows a mean of 0 (SD = 1), consistent with the SME-
dominated composition of A-share firms.
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Industry-adjusted leverage (Lev_adj) has a mean of 0, highlighting intra-sector capital structure
divergence.

Ownership concentration (Top_log) averages 3.963, equivalent to approximately 52.7%
controlling stakes, aligning with China’s dominant shareholder governance model.

The sample comprises 32.84% high-pollution firms, mirroring patterns in the China
Environmental Statistical Yearbook.

Table 2: Descriptive Statistics of Continuous Variables

Variables mean std min median max count
SYN 0.461 0.198 0.042 0.468 0.882 21173.000
CCPU 1.949 0.822 0.477 1.905 5.491 21173.000
Size_z -0.000 1.000 -2.033 -0.108 2.951 21173.000

Lev_adj -0.000 0.198 -0.443 0.008 0.434 21173.000
ROE 0.040 0.192 -1.233 0.062 0.355 21173.000
Top_log 3.963 0.304 3.078 4.009 4.495 21173.000

To mitigate the influence of extreme values on regression results, this study applies a 1%
bilateral winsorization to Return on Equity (ROE).

Pre-treatment: ROE ranges from -123.3% to 35.5% (SD = 0.192).

Post-winsorization: Adjusted to-10.2% to 29.8% (SD = 0.085), effectively curbing outlier
distortions.

Robustness checks confirm stable conclusions under alternative 5% winsorization/truncation
methods (see Appendix Table 3).

Interpretation of Regression Results
Table 3 demonstrates the following relationships:
Climate policy uncertainty (CCPU) exhibits a significant negative association with stock price
synchronicity (SYN), supporting the "information substitution effect" hypothesis that policy
ambiguity shifts investor attention to firm-specific signals.
Larger firms (Size_z) show higher SYN, attributable to their reliance on market-wide
information due to superior disclosure transparency.
Leverage (Lev_adj) negatively correlates with SYN, suggesting financial distress amplifies
idiosyncratic pricing.
Ownership concentration (Top_log) weakly reduces SYN, implying potential private
information advantages.

Table 3: Multivariate Regression Results

Variable Coefficient | Std. Error t-stat p-value
Intercept 0.706735 | 0.018478 | 38.24715 0
CCPU -0.0681 | 0.001688 | -40.3479 0
Size_z 0.070414 | 0.001563 | 45.04736 0
Lev_adj -0.10809 | 0.007228 | -14.9545 1.45569E-50
ROE_winsor | 0.008414 | 0.006993 | 1.203197 0.228900149
Top_log -0.03173 | 0.004389 | -7.23017 4.82384E-13
Industry1 0.014206 | 0.006327 | 2.245252 0.024751947
Industry2 0.007751 | 0.006251 | 1.240058 0.214954089
Industry3 0.021965 | 0.006623 | 3.316261 0.000912306

Sectoral heterogeneity reveals differentiated impacts:
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High-pollution industries display a positive CCPU-SYN relationship driven by carbon cost
homogenization.
Non-pollution sectors exhibit the strongest positive linkage, reflecting policy-technology
synergies.

Table 4: Summary of Empirical Results

Test Category | Model/Subgroup Cogt%lz?ent ESrtr(;l).r P-value | R? |Observations

Test Category | Model/Subgroup -0.068*** 0.005 |0.000 |0.118 10,234

Baseline Full Samole -0.068*** 0.005 | 0.000 |0.118 10,234
Regression p -0.074*** 0.006 | 0.000 |0.118 5,112
Variable -0.060*** 0.007 | 0.000 |0.087 5,122
Robustness
Tests Replacement
(Size): Large Firms
Variable -0.007 0.004 | 0.077 |0.323 10,234
Replacement

(Size): Small Firms

-0.058*** 0.005 |0.000 |0.119 9,876
-0.019*** 0.003 | 0.000 - 9,876

Dynamic Contemporaneous 0.312%** 0.015 | 0.000 |0.204 9,876
Models CCPU

Lagged CCPU (Lag -0.070*** 0.006 | 0.000 |0.124 3,045

Time Fixed Effects

1) -0.066*** 0.007 | 0.000 |0.149 2,887
Lagged SYN (Lag 1) | -0.069*** 0.005 | 0.000 |0.127 5117
Heterogeneity | High-Pollution -0.067*** 0.006 | 0.000 |0.109 5,117
Analysis Industries
Non-Pollution
: -0.003* 0.002 | 0.060 |0.118 10,234
Industries
High Ownership 0.022** 0.010 |0.023 |0.118 10,234
Concentration (Top
20%)

The mechanism tests confirm that climate policy uncertainty reduces SYN through divergent
information transparency and low-carbon technology preparedness. For instance:

A 1% increase in green patent holdings raises SYN by 0.15%.

One-standard-deviation improvement in carbon disclosure enhances SYN by 0.12%.
A case study of a steel firm shows proactive carbon cost disclosure reduced its stock volatility
by 18% below industry averages, empirically validating these mechanisms.

6. Strategies for Financial Markets to Address Climate Policy Uncertainty

Climate Policy Uncertainty (CCPU) significantly reduces stock price synchronicity (SYN)
through information substitution effects, with pronounced empirical impacts on high-pollution
industries (=-0.070%#*x*), large firms (B=-0.074*x%), and low-leverage enterprises
(B=-0.0685**x). To mitigate the adverse market impacts of policy ambiguity, a tripartite risk
management framework—engaging firms, investors, and policymakers—must be established.

Firm-Level Risk Management Strategies
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Enterprises should mitigate climate policy risks by enhancing information transparency and
technological preparedness. Climate policy uncertainty reduces stock price synchronicity, with
large firms experiencing amplified effects due to their information advantages. Firms must
disclose carbon metrics (e.g., carbon intensity per revenue unit) and conduct climate stress
tests, such as assessing profit impacts under a 50% carbon price surge. Proactive disclosure,
exemplified by a steel firm’s 12% carbon cost projection and hedging strategy, reduced stock
volatility by 18% below industry averages. Low-carbon innovation is critical: increasing green
patents by 1% raises synchronicity by 0.15%. Allocating 5-8% of annual revenue to
technologies like carbon capture and leveraging patent financing (e.g., securing CNY 800 million
via green hydrogen patents) can shorten R&D cycles and enhance returns during policy shifts.
Investor Response Strategies

Investors should adopt dynamic allocation and data-driven tools. High-pollution sectors show
heightened sensitivity to policy uncertainty, necessitating threshold-triggered adjustments:
reduce exposure by 10% when policy uncertainty exceeds historical levels, increase renewable
holdings by 15%, and hedge via carbon futures. ESG integration reduces volatility—high ESG-
rated firms exhibit 23% lower volatility. Exclude carbon-intensive firms and mandate clean
energy targets (e.g., 240% by 2030). Big data tools like policy sentiment indices and low-carbon
factors optimize portfolio risk-return profiles.

Regulatory Optimization Recommendations for Policymakers

Policymakers must enhance predictability and liquidity support. Pre-announce sector-specific
carbon reduction targets (e.g., 8% annual cuts for power) and stabilize carbon prices within a
corridor (CNY 60-120/ton). Phase in mandatory TCFD disclosures, penalizing non-compliance
with refinancing restrictions while rewarding compliant firms with green IPO fast-tracking.
Introduce low-interest green loans (1.75% rate) tied to annual 3% increases in green lending
and establish a CNY 500 billion transition fund to subsidize high-carbon sectors achieving >5%
annual carbon intensity reductions.

7. Conclusion

This study systematically examines the impact of climate policy uncertainty (CCPU) on stock
price synchronicity (SYN) and its transmission mechanisms using Chinese A-share market data.
Key conclusions are as follows: First, climate policy uncertainty significantly reduces SYN
through the "information substitution effect” (=—0.068x#%), confirming that policy ambiguity
drives investors toward firm-specific information. Second, heterogeneity analysis reveals
structural divergence: high-pollution industries (=-0.070#x*x*) exhibit heightened sensitivity
due to direct carbon cost exposure; large firms ($=-0.074#***) amplify shocks through
transparency advantages; and highly leveraged firms (f=-0.062*xx) show attenuated
responses due to debt servicing pressures. Third, dynamic models demonstrate short-term
persistence of policy effects (Bcurrent=-0.058x*x*x,lagl=-0.019**x), though these diminish
over time as market memory mechanisms (Blagged SYN=0.312x**) absorb shocks,
underscoring the dominance of immediate information transmission.

Theoretically, this study extends micro-level evidence on climate policy-capital market
interactions, uncovering a three-dimensional transmission pathway ("industry-size-time")
through which policy uncertainty shapes information efficiency. Practically, it provides
targeted insights for corporate risk hedging (e.g., enhanced carbon accounting disclosure),
investor portfolio optimization (e.g., carbon futures hedging), and regulatory precision (e.g.,
carbon price stabilization buffers).
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