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Abstract. This study investigates how corporate Environmental, Social, and
Governance (ESG) performance reduces operating leverage by enhancing dy-
namic capability. Using data from Chinese A-share listed firms, we find that ESG
practices mitigate fixed-cost rigidity through green innovation, supply chains re-
silience, and governance transparency. The stabilizing effect of ESG is particu-
larly pronounced during the COVID-19 pandemic, particularly among non-state-
owned enterprises, where market-driven incentives promote greater operational
adaptability. In contrast, state-owned enterprises exhibit weaker ESG effective-
ness due to institutional misalignments between sustainability goals and admin-
istrative mandates. Robustness checks using alternative specifications and en-
dogeneity controls confirm the reliability of our findings. By embedding ESG
within the framework of dynamic capability, this research extends theoretical in-
sights into how sustainability operates in transitional economies. The research
highlights differentiated policy frameworks that will reward more than just su-
perficial ESG compliance, especially in post-crisis restoration and state-owned
enterprise reform.

Keywords: ESG performance; Operating leverage; Dynamic capabilities the-
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1 Introduction

Much of the existing literature oversimplifies corporate responses to ESG investments,
ignoring the non-linear nature of costs and benefits, especially under regulatory pres-
sure and market shocks. It also overlooks heterogeneity between state-owned and mar-
ket-oriented firms in integrating ESG into operations and strategy.Operating leverage
(OL), as a measure of the sensitivity of a firm's operating income to changes in revenue,
plays a pivotal role in determining financial stability and adaptability—particularly dur-
ing times of uncertainty and transformation. Firms with high OL face greater earnings
volatility due to rigid fixed costs, making them more vulnerable to external shocks such
as regulatory change, demand shifts, or economic crises. As businesses increasingly
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embed ESG principles into their strategies, understanding how these sustainability in-
vestments influence OL becomes critical. ESG practices can fundamentally reshape
cost structures by promoting energy-efficient operations, enhancing stakeholder trust,
and reducing dependency on high fixed cost systems. In addition, ESG ratings have
been shown to influence capital market preferences and northbound capital flows in
China, suggesting broader financial implications beyond internal cost structures [1].
Therefore, clarifying the interplay between ESG and OL is essential to assess the finan-
cial prudence and long-term viability of sustainability-oriented corporate strategies, es-
pecially in transitional economies like China.

2 Literature Review

2.1 ESG Performance and Operating Leverage: Non-linear
Relationship and Mechanism Controversies

This perspective highlights the need to consider both temporal and contextual factors
when assessing ESG’s impact on operating leverage. Early ESG adoption often in-
creases financial pressure due to high upfront investments in infrastructure and compli-
ance, raising the Degree of Operating Leverage (DOL) and exposure to market volatil-
ity. ESG’s effects are time-sensitive and complex; balancing short-term costs and long-
term resilience is essential.

2.2 Evolution of Operating Leverage Measurement Methods

In addition, the recognition of audit quality as a mediator in ESG-leverage dynamics,
as highlighted by Li, underscores the interplay between governance strength and finan-
cial prudence. Strong ESG performers, supported by rigorous auditing, are better posi-
tioned to optimize their leverage structures, reducing exposure to financial distress and
enhancing long-term sustainability.

ESG-based measurement tools help stakeholders better manage leverage-related
risks

2.3  Heterogeneity Tests Across Pandemic Phases: Mechanism
Conversion and Policy Responses

The COVID-19 pandemic, as a global shock, reshaped the landscape of corporate op-
erating leverage and highlighted ESG’s regulatory role. Before the pandemic (2013—
2018), China’s high-growth phase saw firms boosting leverage via scale effects, with
green investments raising fixed costs but enabling long-term optimization through tech
upgrades.
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2.4  Moderating Effects of Ownership Heterogeneity

The impact of ESG on operating leverage differs notably between state-owned and non-
state-owned enterprises, shaped by dynamic capabilities and institutional contexts.
Non-state-owned firms, without policy backing, see a direct link between ESG and fi-
nancing. Liu [9] found that green tech innovation, driven by industry-academia part-
nerships, boosts ESG performance more in these firms. Wang et al. [3] also showed
ESG reduces leverage and rent-seeking, especially in non-state firms.

In contrast, state-owned enterprises face institutional constraints that dilute ESG’s
impact. Wu highlighted how leverage manipulation offsets ESG benefits, while Sulastri
found weaker ESG-profitability links, with SOEs relying more on policy than market
forces.

These differences reflect dynamic capabilities: non-state firms adapt ESG more
swiftly, while SOEs balance economic and social goals, limiting ESG gains. However,
governance reforms are narrowing this gap, improving ESG effectiveness across own-
ership types.

3 Theoretical Foundation: ESG and Operating Leverage
Regulation Mechanisms from a Dynamic Capabilities
Theory Perspective

3.1 Core Connotations and Theoretical Evolution of Dynamic
Capabilities Theory

Teece developed dynamic capabilities theory, highlighting firms' ability to sense, seize,
and reconfigure resources in response to changing environments. This extends beyond
static strategies, focusing on market sensing, agile innovation, and asset reconfigura-
tion. Embedding ESG as a dynamic capability—such as adopting green tech or
strengthening governance—helps firms translate sustainability into resilience, aligning
with capital structure optimization under uncertainty. This perspective is echoed by
Mazar et al. [8], who demonstrated that dynamic capability theory enhances strategic
supply chain adaptability in humanitarian contexts, further supporting ESG’s role in
operational resilience.Dynamic capabilities emphasize firm adaptability and resource
reconfiguration

3.2  Compatibility Analysis Between Dynamic Capabilities Theory and
This Research

Dynamic capabilities theory provides a structured lens to examine the ESG—operating
leverage link. Fu et al. ound ESG performance lowers debt costs, especially in non-
state firms, showing how ESG signals enhance financing through proactive resource
integration. Ye noted that while green investments raise initial costs, long-term savings
arise after surpassing a "capability accumulation threshold."
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In governance, Li showed ESG improves audit quality, indirectly optimizing lever-
age by curbing inefficient investments—reflecting how transparency aids resource re-
configuration. For example, more independent directors cut redundant asset invest-
ments [10].

Ai also found that ESG combined with green patent conversion reduces fixed cost
pressures, reinforcing the connection between innovation and organizational transfor-
mation in dynamic capabilities theory.

3.3  Applicability Test of Dynamic Capabilities Theory in Realistic
Contexts

Prior studies confirm that ESG enhances cost efficiency, reduces leverage manipula-
tion, and boosts innovation, especially in flexible, market-driven firms.

4 Research Hypotheses

Operating leverage (OL) reflects a firm's fixed cost reliance, with higher ratios increas-
ing operational risk. ESG performance, as a long-term strategy, influences OL through
key channels. First, ESG optimizes resource use—reducing fixed costs via green inno-
vation and streamlining supply chains. Second, strong ESG builds stakeholder trust,
easing financing constraints which lowers the need for high fixed cost structures. Third,
good governance reduces inefficiencies that create cost rigidities.

ESG also improves the financing environment. Fu et al. showed high ESG-rated
firms secure lower debt costs, boosting cost flexibility. This finding is consistent with
global evidence that high ESG performance reduces firms’ cost of capital [7], reinforc-
ing its strategic value in leverage management. Raimo et al. [2] found quality ESG
disclosure strengthens creditor confidence by reducing information asymmetry.

In sum, stronger ESG performance generally correlates with lower OL, even after
controlling for liquidity, growth, and profitability.

Hypothesis 1 (Baseline Effect): Enhanced Enterprise ESG Performance Can
Significantly Reduce Operating Leverage Levels

ESG benefits typically build over time—environmental tech takes years to mature,
and governance cultures need sustained effort. If ESG’s impact on operating leverage
(OL) is immediate, it may reflect short-term shifts; persistent effects from lagged ESG
indicate long-term resilience. This “sedimentation effect” suggests that lasting ESG in-
vestments strengthen supply chains and brand value, reducing fixed cost reliance over
time. Lagged effects also help rule out reverse causality, where OL might influence
ESG efforts.

To test this, the study applies lagged variables. Following Zhan et al., if lagged ESG
remains significantly negative with growing explanatory power, it confirms persis-
tence, echoing Malik et al. [4]’s system GMM results. Panagiotis et al. [S] noted ESG’s
stabilizing effect is stronger during external shocks, supporting this study’s heteroge-
neity tests.
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Overall, lagged ESG is expected to negatively impact OL, showing durable govern-
ance effects and minimal endogeneity concerns.

Hypothesis 2 (Endogeneity Test): ESG's Inhibitory Effect on Operating Lever-
age Has Cross-Period Persistence

The COVID-19 pandemic offers a unique lens to test ESG’s dynamic impact on op-
erating leverage (OL). Dynamic capabilities theory suggests high ESG firms adapted
better during the crisis.

In disclosure, Raimo et al. [2] showed that transparent ESG firms secured better debt
terms, critical during the pandemic’s credit squeeze. Malik et al. [4] found ESG disclo-
sure reduced information asymmetry, boosting leverage, especially in crises. Huang et
al. noted ESG eased financing and curbed agency issues, vital amid pandemic-induced
disruptions. Mo et al. confirmed ESG strengthened firms’ crisis resilience.

The pandemic exposed supply chain fragility, emphasizing ESG’s strategic role.
High ESG firms showed greater resilience through proactive supply chain rebuilding
and digital transformation, enabling smarter, real-time decisions. ESG-driven supplier
management—focusing on environmental and social compliance—cut long-term risks,
despite higher short-term costs, requiring ongoing capability development.

Thus, ESG’s negative effect on OL is expected to intensify post-pandemic, aligning
with Chu on ESG’s productivity boost and Dash et al. on improved firm returns.

Hypothesis 3 (Pandemic Shock Heterogeneity): Under Pandemic Shock, ESG
Performance Strengthens Its Inhibitory Effect on Operating Leverage by Enhanc-
ing Supply Chain Resilience

Ownership influences ESG effectiveness due to underlying institutional factors. In
non-state-owned enterprises, ESG efficiency reflects market-driven characteristics.

From a financing perspective, ESG performance directly impacts financing costs in
non-state-owned firms . This effect follows a "signal reinforcement" pattern: once ESG
performance surpasses a threshold, market recognition increases significantly. Cheng
et al. further emphasized that continuous ESG disclosure strengthens its financing im-
pact.

For managerial mechanisms, state-owned enterprises (SOEs) tend to have more mar-
ket-oriented ESG systems, aligning ESG goals with operational performance and pro-
moting efficiency. Similar ownership-based performance divergence has been docu-
mented in other sectors, such as listed tourism companies affected by high-speed rail
development and ESG integration [6], which informs our hypothesis on ownership het-
erogeneity. However, SOEs face institutional constraints, such as multi-goals in policy
and soft budget limits, which can weaken cost control. Qu et al. found that ESG’s
effectiveness in SOEs is stronger in market-oriented or mixed-ownership firms.

These ownership differences show contrasting paths in building capabilities across
institutional environments. Non-state-owned firms benefit more from market pressure
and continuous capability building. This insight is vital for understanding firm behavior
in China’s transitional economy.

Thus, ESG’s inhibitory effect on operating leverage is expected to be stronger in
non-state-owned enterprises, with ownership playing a significant role in ESG effec-
tiveness.
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Hypothesis 4 (Ownership Heterogeneity): The Inhibitory Effect of ESG Perfor-
mance on Operating Leverage Is Stronger in Non-State-Owned Enterprises Due
to Their More Sensitive Market-Oriented Response Mechanisms

5 Variable Definitions and Data Sources

5.1 Variable Definitions and Measurement Methods

Following the theoretical framework of dynamic capabilities, in this research we choose
key variables for testing the effect of ESG performance on enterprise operating lever-
age. The specific definitions and measurements of these variables are summarized in
Table 1. The following are specific variable definitions:

Table 1. Variable Definitions

Type Symbol Name Definition Description
. . Estimated using 1 minus the regression coef-
Explained Var- Operating Lever- . . . .
. OL ficient B in model (2) to estimate enterprise
iable age .
operating leverage OL
Explanatory ESG Comprehen- . .
. ESG . CSI ESG rating comprehensive score
Variable sive Score
LIQUIDITY Current Ratio Current assets/current liabilities
Revenue Growth Current year revenue growth/previous year
GROWTH
Rate revenue
ROA Return on Assets Net profit/average total assetsx100%
(Capital contribution/registered capital)
. Management .
Control Varia- . xfund share percentage + (management im-
MHOLD Shareholding Ra-
bles i portance percentage/100) xmanagement
i0
share percentage
FIRMAGE Company Age Listed company establishment age
Total Asset Turno-
TAT Sales revenue + average total assets
ver
TOBINQ Tobin's Q Market value/total assets

Explained Variable: Operating Leverage (OL). This study uses the rolling regres-
sion approach of Aboody et al. [12] to calculate enterprise operating leverage, capturing
the dynamic relationship between operating costs and revenue. The log-linear model
for sales revenue (REV) and operating costs (OC) is: In(OC) = a + B In(REV), where
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operating leverage (OL) is defined as OL = 1 - B. The key innovation is that as 3 de-
creases, OL increases, reflecting higher fixed costs and greater sensitivity of profits to
revenue changes. This approach more effectively captures the dynamic cost structures
of businesses, aligning with the adaptability emphasized in dynamic capabilities theory.

Explanatory Variable: ESG Comprehensive Score (ESG).

This study uses the CSI ESG comprehensive score (0—100) as the explanatory vari-
able, reflecting performance in environmental (E), social (S), and governance (G) areas,
such as carbon emissions, labor rights, and board independence. The rating accounts
for industry differences to ensure comparability and is considered authoritative.

Control Variables.

To control for other factors, the model includes:

Liquidity (LIQUIDITY): Current assets/current liabilities, indicating short-term sol-
vency.

Growth (GROWTH): Revenue growth rate year-over-year.

Return on Assets (ROA): Net profit/average total assets, showing profitability.

Management Shareholding (MHOLD): Reflects incentive strength from equity and
role importance.

Firm Age (FIRMAGE): Log of years since establishment, controls life cycle effects.

Total Asset Turnover (TAT): Revenue/average total assets, measures efficiency.

Tobin’s Q (TOBINQ): Market value/total assets, indicates market valuation.

5.2 Data Sources and Processing

This study uses panel data from Chinese A-share listed companies (2013-2022), cov-
ering multiple economic cycles. ESG data comes from CSI ESG ratings, and financial
data from the CSMAR database.

Sample Screening:

Excluded are financial firms, ST/*ST companies, and records with missing key var-
iables to ensure data consistency and validity. This strict processing ensures data quality
and aligns with international research norms. The resulting dataset supports dynamic
analysis of ESG performance and operating leverage.

6 Research Results

6.1 Baseline Regression: ESG Significantly Inhibits Operating
Leverage

Descriptive statistics show that the mean operating leverage (OL) of sample enterprises
is 0.0759, with a standard deviation of 0.2714, indicating significant variation in OL
across firms. The average ESG score is 73.91 (standard deviation 5.02), with a right-
skewed distribution, reflecting generally strong but internally varied ESG performance
among Chinese listed companies. Control variables align with prior research, such as
liquidity (mean: 2.396, standard deviation: 3.468) and return on assets (ROA) (mean:
4.294%, standard deviation: 6.218%).
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Correlation analysis reveals a negative relationship between ESG score and OL (r =
-0.0461, p < 0.01). Additionally, the negative correlation between OL and total asset
turnover (TAT) (r=-0.1273, p < 0.01) and the positive correlation with Tobin's Q (r =
0.0332, p<0.01) are consistent with theoretical expectations, supporting further regres-
sion analysis. Multicollinearity tests show that the variance inflation factor (VIF) for
all variables is below 2, with a mean VIF of 1.08, indicating no serious multicollinearity
issues.

6.2  Robustness Tests: Structural Specificity of ESG Effects

To verify the reliability of the findings, this research conducts robustness tests by re-
placing variables. When the explanatory variable is replaced with the Environmental
Development Index (EDI), the coefficient remains significantly negative (B =-0.00088,
t =-2.41, p <0.05), though the effect size is only 37% of ESG, indicating that while
environmental responsibility is key in reducing operating leverage, the social and gov-
ernance dimensions also play crucial roles. Pure environmental performance alone can-
not fully replace the comprehensive ESG effect.

Additionally, when the dependent variable is replaced with financial leverage
(LEV), the ESG coefficient reverses (B = 0.00067, t = 2.24, p < 0.05), highlighting
ESG's specific effect on operating leverage: ESG reduces fixed cost proportions by
optimizing asset structure, rather than simply "deleveraging."

This reinforces the robustness of hypothesis H1 and distinguishes ESG from tradi-
tional financial leverage: while green bonds and similar instruments may increase debt,
ESG fundamentally reduces fixed cost rigidity through technology and process optimi-
zation. Policymakers should recognize the differing impacts of ESG on operating and
financial leverage, avoiding "one-size-fits-all" regulation.

6.3 Endogeneity Tests: Cross-Period Persistence of ESG Effects

To address reverse causality, this study uses lagged models to test the dynamic accu-
mulation of ESG effects. Results show that both one-period (L1 _ESG) and three-period
(L3_ESG) lagged ESG coefficients are significantly negative, as detailed in Table 2,
confirming ESG's long-term influence on OL, with model explanatory power increas-
ing over time. This confirms that ESG's impact on operating leverage persists across
periods, driven by dynamic capability accumulation and institutional response lag.

The use of lagged models reflects the gradual nature of ESG practices.

This persistence aligns with dynamic capabilities theory, which asserts that capabil-
ities develop over time, not immediately [11]. For example, green tech R&D and gov-
ernance improvements require time, reinforcing the delayed effects of ESG.
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Table 2. Main Explanatory Variable Lag
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ey @)
Variable Main explanatory \fariable Main explanatory Ve‘lria-
lagged one period ble lagged three periods
OL OL
Control Yes Yes
Year Yes Yes
Industry Yes Yes
cons 27183 18%** .2589594%**
(6.44) (5.43)
N 9621 7483
Adj R-squared 0.0221 0.0250

Note: *** ** * represent significance levels of 1%, 5%, and 10% respectively. Values in
parentheses are t-values. Same for tables below.

These findings support hypothesis H2 (cross-period persistence) and highlight the
long-term value of ESG practices in optimizing cost structures through gradual capa-
bility reconstruction. This emphasizes that enterprises should balance short-term pres-
sures with the need for long-term capability building. Policymakers should also con-
sider the time lag in institutional responses to avoid misallocating resources in pursuit
of quick results.In the post-pandemic period (2020-2022), ESG's effect on operating
leverage strengthened, as shown in Table 3, validating ESG’s stabilizing role in times

of external crisis.

Table 3. Heterogeneity Analysis (I)
OL
Variable
pre_covid post_covid
-0.0023056*** -.0023442%**

ESG (-3.68) (-2.87)
Control Yes Yes

Year Yes Yes
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Industry Yes Yes
cons 0.2863652%*** 273674TF**
(5.75) (4.13)
N 6414 4276
Adj R-squared 0.0200 0.0303

Note: *** ** * represent significance levels of 1%, 5%, and 10% respectively. Values in
parentheses are t-values. Same for tables below.

6.4  Heterogeneity Analysis: Moderating Effects of External Shocks and

Institutional Constraints

This research reveals how external environmental shocks and institutional constraints
moderate the ESG-operating leverage relationship through heterogeneity tests. In the
post-pandemic period (2020-2022), ESG's effect on operating leverage strengthened,
with the coefficient slightly increasing, confirming that pandemic shocks enhanced
ESG's stabilizing role. This supports hypothesis H3 ("Pandemic shock strengthens
ESG's inhibitory effect on operating leverage").

ESG-driven supply chain resilience and green credit access helped firms reduce cost
rigidity during the pandemic.

Table 4. Heterogeneity Analysis (II)

OL
Variable . Non-state-owned enter-
State-owned enterprises .
prises
-.0016236%* -.0031405%**
ESG (-2.00) (-4.50)
Control Yes Yes
Year Yes Yes
Industry Yes Yes
cons 25901 *** 306185 1%**
(4.10) (5.70)
N 4641 6049
Adj R-squared 0.0218 0.0331

Note: *** ** * represent significance levels of 1%, 5%, and 10% respectively. Values in

parentheses are t-values.
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Grouped regression results, presented in Table 4, show ESG’s effect on operating
leverage is stronger in non-state-owned enterprises, supporting our ownership hetero-
geneity hypothesis (= -0.00314 vs. -0.00162). Management shareholding (MHOLD)
amplifies ESG’s impact in non-state firms (f = 0.00033, p <0.1). Although the coeffi-
cient difference between groups was not statistically significant, its economic im-
portance is clear: non-state enterprises link ESG performance directly to financing costs
and customer trust, driving cost optimization. In contrast, state-owned enterprises face
social objectives, which dilute ESG efforts due to administrative tasks and soft budget
constraints. This supports hypothesis H4 and suggests market-driven ESG management
could unlock cost optimization in state-owned enterprises.

These results suggest post-pandemic ESG policies should be tailored to ownership
structures to enhance cost efficiency.

7 Research Conclusions and Implications

7.1  Structured Conclusion and Practical Implications

This study reveals that ESG performance significantly reduces operating leverage (OL)
by enhancing cost flexibility and reducing fixed costs, especially through green inno-
vation, transparent governance, and resilient supply chains.

The impact is stronger in non-state-owned enterprises due to higher adaptability and
market incentives. ESG’s influence is long-lasting, with lagged effects still reducing
OL. High-ESG firms also showed stronger financial resilience during COVID-19.

Policy Implications

Governments should promote ESG adoption via tax incentives, green finance, and
standardized disclosures. State-owned enterprise reforms should link ESG targets with
governance performance. ESG assessments should emphasize long-term strategic
value, not short-term compliance.

Managerial Recommendations

Firms should view ESG as a strategic investment to lower fixed costs, ease financing,
and build stakeholder trust. Key ESG investments include digital supply chains, green
R&D, and governance reforms. Establishing ESG—OL monitoring systems can support
better financial decision-making.

This research reframes ESG as a long-term driver of operational flexibility, offering
new directions for cost management and future academic exploration.

7.2 Research Limitations and Future Directions

This study, while offering valuable insights into ESG’s impact on operating leverage,
has several limitations.

First, it relies solely on CSI ESG ratings, which mainly cover large firms, limiting
applicability to SMEs. Future research could incorporate other ESG data sources or
surveys for broader coverage.
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Second, the time frame (2020-2022) coincides with the post-pandemic period,
which may distort long-term ESG effects. Extending the dataset to include more stable
years could improve result robustness.

Third, industry heterogeneity is underexplored. ESG effects likely vary across sec-
tors—e.g., heavy industries face high sunk costs, while tech firms may gain synergy.
More granular industry analysis is needed.

Fourth, the study does not fully examine ESG’s internal mechanisms, such as green
innovation or digital supply chain upgrades. Future research could build mediation
models to quantify these transmission paths.

Lastly, integrating additional theories (e.g., institutional theory, resource depend-
ence) may enrich understanding of ESG’s role in different markets, especially in emerg-
ing economies like China.

These limitations may affect the generalizability and depth of findings, highlighting
the need for broader data, extended time horizons, and deeper mechanism analysis in
future studies.
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