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Abstract

As gender equality and low-carbon development have become pressing social issues,
researching how gender diversity among corporate executives influences a company's low-
carbon performance can help advance social progress and corporate sustainability. This
study analyzes 5,413 Chinese listed companies from 2007 to 2024 to examine the impact
of female executives on corporate low-carbon performance and the underlying
mechanisms. Furthermore, this study explores the nonlinear relationships among these
factors. The results indicate that the presence of female executives generally contributes to
reducing corporate carbon emissions. Notably, a U-shaped relationship is observed
between the proportion of female executives and corporate carbon emissions, suggesting
that there is an optimal range for female executive participation in corporate low-carbon
performance, and that achieving a more balanced gender structure is more beneficial.
Mechanism analysis indicates that female executives enhance corporate low-carbon
performance by fostering green awareness among executive teams, and this effect is
amplified in highly competitive markets. Furthermore, heterogeneity analysis reveals that
the emission-reduction effect of female executive participation is influenced by firm size
and ownership structure, with more pronounced effects observed in large enterprises and
state-owned enterprises.
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INTRODUCTION

Global warming has triggered extreme weather events such as rising sea levels"! and glacial melting®, posing
a threat to human security and the sustainable development of society. To address this global challenge,
countries around the world have taken action, focusing on reducing carbon dioxide emissions. Through
measures such as improving carbon markets, establishing carbon pricing', and imposing carbon border
adjustment tariffs"”, they are accelerating the transition to a low-carbon economy. Against this backdrop, as a
major contributor to global carbon emissions, China faces pressure from the international community to
reduce emissions. At the same time, in support of global carbon reduction efforts and in line with its
commitment to environmental protection, China has solemnly declared that it will “strive to reach peak
carbon emissions before 2030 and achieve carbon neutrality before 2060”. This ambitious commitment
highlights the challenges China faces in balancing emissions reduction with economic development and
growing energy demand. China has successively implemented pilot policies for low-carbon cities'” and
carbon emissions trading”. The growth rate of carbon emissions has declined from 9.25% in 2010 to 0.53% in
2022. However, with the continued growth in energy demand and the inelastic demands of economic
development, China’s total carbon emissions still show an upward trend”. As major sources of energy use
and carbon emissions, they are key contributors to emission reductions and also bear the responsibility of
leading the low-carbon transformation of society'..

Corporate carbon reduction efforts are driven by both external and internal factors. From an external
perspective, the tightening of environmental regulations"*'*, government policy subsidies and incentives"*'?,
positive externalities resulting from industrial agglomeration"”, and environmental standards required by
international export markets""* have all contributed to varying degrees to corporate carbon reduction
initiatives. Internally, organizational characteristics and corporate governance can drive green technological
innovation and the optimal allocation of resources, thereby significantly improving a company’s carbon
emissions performance®*”. Furthermore, the academic community has increasingly turned its attention to
the link between executive team composition and a company’s low-carbon development. Existing research
reveals that the green awareness level of executive teams*?, their risk preferences””, explicit commitments
to climate change”, and the diversity of team culture® play a significant role in driving companies to
formulate and implement low-carbon development strategies.

However, existing research still has gaps regarding how the gender composition of executive teams
influences a company’s low-carbon performance. First, existing studies have primarily focused on the
relationship between board gender composition and carbon disclosure® ¥, while limited evidence exists on
how gender composition within top management teams affects firms’ actual carbon emission reductions,
despite their important role in strategic execution. Second, existing research has not reached a consistent
conclusion regarding the relationship between gender diversity and corporate environmental
performance!® ', Some studies have found that gender diversity on the board helps reduce carbon
emissions"”, but others have pointed out that female leaders’ risk-averse tendencies may limit improvements
in environmental performance®’. Although existing research has addressed the potential nonlinear
relationship between gender diversity and environmental performance®*", it has primarily focused on
gender composition at the board level, and the relationship between the gender composition of executive
teams and actual corporate carbon emissions still needs to be examined. Finally, existing research on
corporate carbon emissions relies heavily on indirect indicators such as environmental performance scores.
However, comprehensive environmental indicators may struggle to accurately reflect a company’s actual
carbon emissions levels due to offsetting effects between different dimensions and variations in weighting
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Figure 1. Theoretical framework.

methods"™. Furthermore, the weighting of these indicators often involves subjective interpretation, which
may lead to measurement bias”’. Therefore, examining the relationship between executive gender
composition and low-carbon performance based on actual carbon emissions data can help provide more
direct empirical evidence.

Based on the research questions outlined above, this paper examines the impact of the proportion of female
executives on corporate low-carbon performance, and analyzes the underlying mechanisms from two
dimensions: executives’ green awareness and corporate competitiveness. The contributions are as follows.
First, this study extends research on the relationship between gender composition and corporate
environmental performance from the board level to the executive team level, and provides direct evidence of
the relationship between the proportion of female executives and low-carbon performance based on actual
corporate carbon emissions data. Second, building on existing research that focuses on nonlinear
relationships, this study expands the scope of analysis from board gender diversity to the proportion of
women in executive teams, identifying the nonlinear characteristics of how executive team gender
composition influences corporate low-carbon performance. Third, this study reveals the pathways and
boundary conditions through which female executives influence corporate low-carbon performance by
examining senior executives’ perceptions of environmental sustainability and corporate competitiveness,
thereby deepening our understanding of how gender composition affects the corporate low-carbon
transition process. In summary, when optimizing the composition of their executive teams, firms should
reasonably allocate the proportion of female executives based on their specific circumstances and promote
the positive role of gender diversity in the low-carbon transition by enhancing management’s green
awareness and corporate competitiveness.

The remainder of this paper is structured as follows. Section "THEORETICAL ANALYSIS AND
RESEARCH HYPOTHESES" presents the theoretical analysis and research hypotheses, examining the
relationship and mechanisms between female executives and corporate carbon emissions from a theoretical
perspective. Section "METHODOLOGY" describes the model and data. Section "RESULTS" reports the
results. Section "CONCLUSIONS AND POLICY IMPLICATIONS" provides a conclusion. Based on the
above analysis, the framework of this paper is illustrated in Figure 1.

THEORETICAL ANALYSIS AND RESEARCH HYPOTHESES

Female executives and corporate low-carbon performance

Gender role theory posits that long-standing social division of labor has shaped distinct gender role
expectations, which in turn influence individuals’ value judgments and behavioral patterns”®*. Research has
found that the cognitive differences reflected in the gender composition of executive teams may affect the
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extent to which companies prioritize environmental issues and their low-carbon strategies® ", Furthermore,
the executive pipeline theory suggests that the background characteristics of executive teams influence their
cognitive foundations and strategic choices. Therefore, the participation of female executives may influence a
company’s selection of low-carbon strategies by altering the information structure and cognitive foundations
of the executive team.

From the perspective of stakeholder theory, a company’s low-carbon behavior is influenced not only by
internal strategic choices but also by external stakeholders. Research indicates that female managers tend to
prioritize social responsibility and long-term development goals and are more likely to incorporate
environmental protection into corporate strategic decision-making processes”*’. The senior management
team’s focus on environmental responsibility may prompt companies to respond more proactively to
stakeholders’ environmental demands", encourage the adoption of renewable energy, and drive emissions
reduction efforts"*"*.

At the team decision-making level, the participation of female executives can increase the diversity of
perspectives within the executive team and facilitate the exchange of information and the integration of
viewpoints. Female leaders tend to adopt collaborative management styles, which help foster an open
organizational atmosphere and promote the dissemination of green concepts and green innovation
activities'’. Furthermore, the diverse perspectives brought by female executives can unlock a company’s

[44-47]

potential for green technological innovation, improve resource utilization efficiency'**”, and consequently
reduce energy consumption and carbon emissions***!. It should be noted that improving a company’s low-
carbon performance does not conflict with its business objectives. Although the low-carbon transition may
require increased short-term investment, it can create sustainable value by improving resource efficiency,
reducing environmental risks, and strengthening long-term competitive advantages, thereby promoting the

company’s long-term development.
Hia: Female executives can effectively promote a company’s low-carbon performance.

However, there is no simple linear relationship between the proportion of female executives and a company’s
low-carbon performance”'. Research indicates that the impact of gender composition on corporate
behavior depends on the proportion of team members and the nature of their interactions; when one group
of members holds a significant advantage, the cognitive benefits of gender diversity may be diminished.
The critical mass theory posits that once a minority group reaches a certain proportion, it can exert effective
influence on organizational decision-making and drive the implementation of relevant strategies'®'’.

When the proportion of female executives is low, their participation can broaden the executive team’s
information sources and cognitive perspectives, encouraging the firm to focus on environmental issues and
adopt low-carbon actions. As the proportion of female executives increases, their influence gradually grows,
further driving the implementation of the firm’s low-carbon strategies”***). However, the role of gender
composition does not depend on the proportion of female members alone, but rather on the effective
interactions and complementary perspectives formed among members from diverse backgrounds. A
balanced gender composition fosters the exchange of diverse perspectives and enhances a company’s ability
to identify environmental opportunities and formulate low-carbon strategies””**). When a team’s
composition is overly concentrated toward one gender, the cognitive advantages derived from gender
diversity may diminish, limiting the company’s ability to evaluate different options. Since reducing carbon
emissions requires sustained investment and technological innovation, an imbalanced team composition
may reduce the efficiency with which a company advances related initiatives™/.
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H1b: There is a U-shaped relationship between the proportion of female executives and corporate carbon
emissions; that is, as the proportion of female executives increases, corporate carbon emissions first
decrease and then increase.

Mechanism analysis

The mediating role of green awareness levels

According to the top-tier theory, managers’ cognitive foundations serve as a key link connecting team
characteristics to organizational strategic choices™. The differentiated perceptions of female executives may
influence a company’s low-carbon transition by affecting the overall level of green awareness within the
executive team.

At the individual level, female managers tend to focus on social responsibility and long-term development
goals; this cognitive characteristic prompts them to pay greater attention to environmental factors during
strategic decision-making”®. At the same time, the participation of female executives can bring more diverse
sources of information and cognitive perspectives to the executive team, helping the company identify
environmental issues and develop a green development philosophy'™’. At the team level, the participation of
female executives helps facilitate information exchange and the integration of perspectives within the
executive team, promoting the dissemination of green concepts throughout the organization and thereby
enhancing the team’s overall level of green awareness!””.. As the executive team’s level of green awareness
increases, companies place greater emphasis on environmental goals and improve their environmental
performance through green innovation and low-carbon practices”*.

H2: Female executives can effectively promote a company’s low-carbon performance by enhancing the
green awareness of the executive team.

The moderating role of corporate competitiveness

From the resource-based view, corporate competitiveness reflects a company’s ability to acquire and allocate
resources and serves as a crucial foundation for translating executives’ green awareness into actual low-
carbon actions”. While female executives promote low-carbon transformation by enhancing organizational
green awareness, whether this awareness can be further translated into actual emission reduction actions
may depend on the firm’s own resource base and strategic execution capabilities. The behavioral
characteristics of the executive team influence the firm’s strategic direction"”*” and green technological
innovation!'*'!, while corporate competitiveness provides the necessary resource support for the
implementation of relevant strategies.

Highly competitive firms typically possess stronger capabilities in resource integration and strategic
execution, enabling them to further translate their executive teams’ green awareness into concrete low-
carbon actions'®”. The executive teams of such firms are more likely to recognize the importance of green
development to the company’s long-term competitive advantage and to integrate green concepts into
corporate strategy”””. At the same time, when faced with environmental pressures from suppliers, consumers,
and other stakeholders, more competitive firms also possess stronger responsiveness'®”, and resource
acquisition capabilities, which support the implementation of green innovation activities'*”. In terms of green
technological innovation, more competitive firms typically have more abundant innovation resources and
external networks, enabling them to attract green technology talent and secure innovation support!™, thereby
driving the optimization of production processes and technological upgrades, which further reduce carbon
emissions'***”). In contrast, due to limited resource acquisition and strategic execution capabilities, less
competitive firms—even if they possess a high level of green awareness—may struggle to promptly translate
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this into effective emission reduction actions. Therefore, firm competitiveness can amplify the promotional
effect of female executives on corporate low-carbon performance.

H3: Firm competitiveness plays a positive moderating role between female executives and corporate low-
carbon performance; that is, the stronger the firm’s competitiveness, the more significant the promotional
effect of female executives on corporate low-carbon performance.

METHODOLOGY

Measurement of variables

Corporate low-carbon performance

This study measures low-carbon performance (Performance) based on a company’s carbon emissions level
(CO,_emission). Reducing carbon emissions is a key indicator of a company’s low-carbon transition; the
lower the carbon emissions level, the better the company’s low-carbon performance. Corporate carbon
emissions primarily consist of direct and indirect emissions. Direct carbon emissions refer to greenhouse
gases generated by a firm’s energy consumption during production processes, while indirect carbon
emissions include greenhouse gas emissions resulting from purchased electricity and heat, as well as other
miscellaneous carbon emissions.

Given the insufficient disclosure of data on other miscellaneous indirect carbon emissions by firms, and
drawing on existing research!®”, this study measures corporate carbon emissions based on two aspects: direct
carbon emissions and indirect carbon emissions resulting from purchased electricity and heat. Data were
sourced from carbon emissions disclosures in corporate environmental reports, corporate social
responsibility reports, and annual reports; for companies that did not directly disclose their carbon
emissions, this study made estimates based on the companies’ published energy consumption data and in
accordance with the Greenhouse Gas Protocol"”. Due to limitations in data availability, the scope of this
study covers Scope 1 and Scope 2 emissions, excluding Scope 3 emissions. The calculated carbon emissions
were log-transformed to mitigate the impact of outliers on the results.

Female executives

Existing research primarily uses two methods to measure the presence of female executives: one uses a
dummy variable (0 or 1) to indicate whether a company has female executives'®, while the other uses the
proportion of female executives among the company’s executive team to assess women’s representation in
executive leadership”. Compared to dummy variables, the proportion provides a more nuanced portrayal of
differences in women’s participation within executive teams. In this paper, we first use the proportion of
female executives (Female_Ratio) to identify the optimal ratio of female executives that best facilitates a
company’s low-carbon transition. Building on this, we further replace the core explanatory variable with the
number of female executives (Female_amount) to test the robustness of the baseline findings.

Mechanism variables

Based on the theoretical framework and hypotheses outlined above, this paper introduces mediating and
moderating variables to explore the mechanisms at play. Specifically, this paper examines the mediating
effect from the perspective of executives’ green awareness (Green_perception) and analyzes the moderating
effect from the perspective of corporate market competitiveness (Competition).

Executive green awareness refers to the degree of attention that a company’s management pays to issues
related to environmental protection, green development, and low-carbon transition. Since management’s
awareness is difficult to observe directly, this paper constructs a proxy indicator for executive green
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Table 1. The construction of executives' green perceptions

Dimension Specific vocabulary

Energy saving and emission reduction, Energy saving and environmental, Low-carbon environmental
protection, Environmental protection governance, Environmental protection and environmental governance,
Environmental protection and pollution control

Green competitive advantage
perception

Environmental strategy, Environmental concepts, Environmental education, Environmental training,

Social responsibility awareness Environmental technology development, Environmental facilities

Environmental management organization, Environmental protection policy, Environmental protection
department, Environmental protection inspector, Environmental protection work, Environmental protection
related laws and regulations, Environmental protection audit

External environmental pressure
perception

awareness based on environmental protection-related textual information in corporate annual reports”.
Therefore, this study constructs a proxy measure of top management team green cognition based on
environment-related textual information from firms’ annual reports. Drawing on existing research!”, this
paper constructs a list of terms [Table 1] based on three dimensions: green competitive advantage,
environmental responsibility, and external environmental pressures. It selects 19 keywords, including “low-
carbon environmental protection”, “energy conservation and emissions reduction”, and “environmental
policies”, uses Python to identify relevant terms in the annual reports of listed companies. The companies’
green awareness is then measured based on the frequency of these keywords. It should be noted that
keyword frequency analysis primarily captures the level of attention paid to environmental issues in
companies’ public disclosures and reflects executives’ green awareness at the textual level. Since this method
relies on publicly disclosed corporate information, the measurement results may be influenced by corporate
disclosure strategies and textual characteristics.

A firm’s market competitiveness refers to its ability to acquire, maintain, and enhance its market position,
and is typically measured in terms of profitability, technological innovation, market share, and growth
potential”7*. This study uses gross profit margin as a proxy for firm competitiveness. Gross profit margin
reflects a firm’s product pricing power, cost control efficiency, and profit margins; it is a key indicator of
operational efficiency and resource allocation capabilities, and is closely related to a firm’s competitive
advantage. Although gross profit margin does not encompass competitiveness dimensions such as market
share and innovation capacity, it reflects a firm’s operational efficiency, resource allocation capabilities, and
the foundation for strategy implementation, and is therefore suitable as a proxy for firm competitiveness.

Control variables

This study draws on!">”" to select the following control variables: firm size (Size), debt-to-asset ratio (Lev),
return on assets (ROA), cash flow ratio (Cashflow), inventory-to-assets ratio (Inv), integration of executive
and supervisory roles (Dual), equity-based checks and balances (Balance), and capital intensity (Cap).
Among these, firm size and the debt-to-asset ratio control for the impact of a firm’s resource base and
financial constraints on emissions reduction investments; return on assets and the cash flow ratio reflect a
tirm’s profitability and liquidity, which may influence its ability to invest in low-carbon technologies; the
inventory-to-assets ratio controls for the potential impact of production fluctuations on energy
consumption; the combination of executive and supervisory roles and the balance of equity interests capture
the influence of corporate governance structures on strategic decision-making; and capital intensity reflects
the constraints that a firm’s asset structure places on energy efficiency.

Sample and data sources

This study focuses on A-share listed companies from 2007 to 2024. During the sample selection process, the
following observations were excluded: financial institutions with industry-specific characteristics; companies
labeled with “ST” or “*ST”; and observations with severe data missingness. For observations with missing
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Table 2. Descriptive statistics

Variables Obs. Mean Std. Dev. Min. Max.

Female_amount 57,548 1.028255 1.008919 0 4

Female_ratio 57,539 0.1715515 0.1701034 0 0.6666667

CO,_ emission 32,785 416,146.6 1464,954 832.028 116e + 07

CO,_intensity 32,393 0.4791444 0.5889218 0.0403 2.3605

Green_perception 50,201 3149678 4.370198 0 23

Competition 56,295 0.2896064 0.1914691 -0.11332 0.926225

Size 51,631 22.16019 1.285069 19.87755 26.07062

Lev 51,631 0.4180566 0.2071386 0.0564805 0.8872581

ROA 51,630 0.0390478 0.0641297 -0.203375 0.2071

Cashflow 51,631 0.046649 0.0683959 -0.1477692 0.2295797

INV 51,241 0.1379387 0.1240959 0.0004264 0.654397

Dual 51,631 0.2879665 0.4528198 0 1

Balance 51,630 0.3680625 0.2869169 0.0123511 0.9933446

Cap 50,813 14.57228 0.9278305 12.69048 17.42384
No female executives With female executives

Observations (firm-years) 20,578 36,970

Carbon emissions (N) 12,326 20,459

Carbon emissions (mean) 608,589 300,205

Carbon intensity (N) 12,192 20,201

Carbon intensity (mean) 0.5542 0.4338

variables, this study retained only those observations in each regression model where all variables involved in
that model had valid values. For variables containing zero or negative values, Ln(variable) denotes
Ln(variable + 1). Ultimately, this study included a total of 5,413 listed companies, with a total of 57,548
observations. The primary data sources included the Wind database, the CSMAR database, and company
annual reports.

Table 2 presents the descriptive statistics for the main variables. Among the firm-year observations, those
with female executives accounted for 64.24% (36,970 observations), while those without female executives
accounted for 35.76% (20,578 observations). At the descriptive statistical level, without controlling for other
factors, the average carbon emissions for firms with female executives in a given year were 300,205, and the
average carbon intensity was 0.4338—both lower than the 608,589 and 0.5542 recorded for firms without
female executives in the same years.

Model

Baseline regression model

To examine the impact of the proportion of female executives on a company’s low-carbon performance, this
paper employs a model incorporating industry fixed effects and time fixed effects to conduct baseline
estimates. Compared with the random-effects model, the fixed-effects model can control for unobservable
firm-level factors that do not change over time, thereby mitigating endogeneity issues caused by omitted
time-invariant variables”. Based on this, this study establishes the following baseline model:

Ln(CO,_emission,) = a, + a, x Ln(Female_ratio,) + f x X, + A, + u, + ¢, (1)



Dong et al. Carbon Footprints 2026, 5, 50 Page 9 of 20

where, i represents the firm, ¢t denotes the year; CO,_emission,, expressed as the logarithm of carbon

emissions; Female_ratio refers to the percentage of female executives in a company; X represents a set of
control variables. In addition, this study introduces industry fixed effects 4, to control for characteristics of

different industries that do not change over time, and time-specific fixed effects x, to address the issue of
omitted variables that do not vary across firms but change over time. ¢, represents the random disturbance
term. ¢ and g represent a set of estimated coefficients; among all estimated coefficients, o, is the primary

coefficient of interest.

Nonlinear regression models

The baseline regression model examined the linear effect of the proportion of female executives on a firm’s
low-carbon performance. However, the top-tier theory suggests that the level of diversity within the
executive team has a nonlinear impact on organizational strategic decision-making*”. To explore the optimal
range for the proportion of female executives, this study introduces a squared term for the proportion of
female executives based on the baseline model, constructing the following nonlinear regression model:

Ln(CO,_emission,) = a, + a, x Ln(Female_Ratio,) + a, x [Ln(Female_Ratio,)’] + B *x X, + 4, + u, + &, (2)

Mediation effect model

To investigate the mediating role of executives’ green awareness in the relationship between the proportion
of female executives and a company’s low-carbon development, this study draws on the research frameworks
presented in"””*. Using Equations (3) and (4), the mediation effect was tested within the baseline model.

Ln(Green_perception,) = a, + o, x Ln(Female_Ratio,) + B x X, + A, + u, + ¢, (3)
Ln(CO,_emission,) = a, + o, x Ln(Female_Ratio,) + a, x Ln(Green_perception,) + fx X, + A, +u, +¢, (4)

, . j ives’ green awareness. If the coefficient «. in Equations (3) and «
where, Green_perception represents executives 1 ,

in Equations (4) are significant, this proves the existence of a mediating effect. Otherwise, no mediating effect
exists.

Moderation effect model

To investigate the moderating role of a firm’s market competitiveness, this study developed the following
model based on the baseline model:

Ln(CO,_emission,) = a, + a, x Ln(Female_Ratio,,) + a, x Competition, + a, x Ln(Female_Ratio,,) x
Ln(Competition,) + fx X, + A, + p, + ¢, (5)

If the coefficient «, in Equation (5) is significant, it indicates that market competitiveness plays a moderating

role in the influence of female executives on a company’s low-carbon performance.

RESULTS

Baseline regression

Table 3 reports the results of the baseline regression analyzing the impact of the proportion of female
executives on corporate low-carbon performance. Column (1) reports the regression results without control
variables or fixed effects; Columns (2) through (4) progressively include control variables, industry fixed
effects, and year fixed effects. In particular, Column (4) further employs cluster-robust standard errors for
estimation. The results show that the coefficient for the proportion of female executives is consistently
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Table 3. Baseline results

Dependent variable: Ln(CO,emission)

m (¢3] 3) 4 5)
-2.5217*** -0.8126"** -0.2190*** -0.2190***
Ln(Female_Ratio)
(-31.6735) (-15.0898) (-8.6516) (-3.9440)
-0.3460"**
Female_ratio
(-3.33)
0.3610*
(Female_ratio)?
.77y
Size 1.0633*** 1.0612*** 1.0612*** 1.0615***
(137.4997) (284.7657) (108.2878) (108.36)
Lev 2.3879** 1.2844** 1.2844*~ 1.2832**
(35.3636) (39.8051) (16.6559) (16.65)
ROA 11854+ 11583 1.1583*** 1.1630***
(8.4172) (17.4532) (10.0892) (10.14)
Cashflow 2.0747*** 0.7362"** 0.7362"** 0.7335***
(15.7878) (11.8357) (7.6687) (7.65)
INV -0.5348*** 1.4657*** 1.4657*** 1.4664***
(-5.2360) (28.0791) (9.1724) (9.16)
Dual -0.3454*** -0.M3* -0.M3 -0.1104***
(-15.1855) (-10.5219) (-5.4468) (-5.40)
Balance -0.5581** -0.1190"** -0.1190"** -0.1180"**
(-15.4726) (-7.1106) (-3.0915) (-3.06)
Cap -1.85727** -5.5762** -5.5762** -5.5699***
(-11.0555) (-64.3503) (-23.8877) (-23.85)
_cons 1.1130** -8.1100*** 2.0289** 2.0289*** 2.0121*
(709.3802) (-19.2148) (9.1347) (3.2878) (3.26)
Industry fixed effect N N Y Y Y
Time fixed effect N N Y Y Y
Cluster N N N Y Y
N 32,780 30,384 30,383 30,383 30,383
R? 0.0297 0.6049 0.9172 0.9172 0.917

Notes: The t values are in parentheses in all columns; *P < 0.1, ***P < 0.01.

negative and significant at the 1% level, indicating that an increase in the proportion of female executives
reduces corporate carbon emissions—that is, improves corporate low-carbon performance. Taking Example
(4) as an illustration, there is a significant correlation between an increase in the proportion of female
executives and a decrease in a company’s carbon emissions. Given that the average carbon emissions of the
sample firms are approximately 416,000 metric tons, this effect corresponds to an average annual reduction
of about 880 metric tons, indicating that the participation of female executives has a certain economic impact
on a firm’s low-carbon performance.

The above results indicate that the participation of female executives can significantly improve a company’s
low-carbon performance. This finding is consistent with the top-tier theory, which posits that the
characteristics of the executive team influence a company’s cognitive foundation and strategic choices. The
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Figure 2. Nonlinear analysis. The fitted curve is based on a quadratic specification. The observed range of female executive ratio is
0%-66.67%, with a turning point of 45.42%.

participation of female executives may facilitate the integration of environmental issues into the corporate
strategic decision-making process by enriching the team’s information sources and decision-making
perspectives.

Nonlinearity test

As demonstrated earlier, the involvement of female executives improves a firm’s low-carbon performance;
however, whether a higher proportion of female executives is always better requires further examination. To
investigate whether a nonlinear relationship exists between the two, this study introduces a term representing
the square of the proportion of female executives into the baseline model. The regression results are shown
in column (5) of Table 3, and the curve shape is illustrated in Figure 2.

Column (5) of Table 3 shows that the coefficient of the linear term is significantly negative at the 1% level,
while the coefficient of the quadratic term is significantly positive at the 10% level. In Figure 2, the turning
point of the curve is approximately 45.42%. There is a U-shaped relationship between the proportion of
female executives and corporate carbon emissions, meaning that its impact on low-carbon performance
follows an inverted U-shaped pattern. At stages where the proportion of female executives is low, increasing
their participation can further reduce corporate carbon emissions and improve low-carbon performance;
however, once the proportion of female executives exceeds a certain level, the marginal emission reduction
effect gradually weakens. It should be noted that the mean proportion of female executives in the sample is
17.16%, with a maximum of 66.67%; most firms remain on the left side of the curve. Therefore, within the
sample, an increase in the proportion of female executives is generally still associated with better low-carbon
performance.
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Table 4. IV test

First-stage

Second-stage

(Q))

Ln(Female_ratio)

(¢}

Ln(CO,_emission)

0.8580™
\%
(226.69)
-0.2347"
Ln(Female_ratio)
(-3.42)
Control variables Y
Industry fixed effect Y
Time fixed effect Y
Cluster Y
N 28215
Kleibergen-Paap rk LM 1387.169
Kleibergen-Paap Wald F 51,389.65

Notes: The t values are in parentheses in all columns; ***P < 0.01.

These results suggest that there is moderate room for adjustment in the impact of the proportion of female
executives on low-carbon performance. When the proportion of female executives is low, increasing the
number of female members helps enhance cognitive diversity within the executive team, bringing diverse
experiences and perspectives into the strategic decision-making process, and strengthening the company’s
focus on environmental issues. However, once the proportion of female executives exceeds a certain level,
the team’s gender composition tends to become homogeneous, and the complementary information
advantages derived from diversity may diminish, thereby affecting the company’s comprehensive evaluation
of different strategic options. Therefore, the impact of the proportion of female executives on low-carbon
performance does not simply depend on an increase or decrease in numbers, but rather on whether the
gender composition of the executive team facilitates effective cognitive complementarity.

Endogeneity and instrumental variables regression

The results of the baseline regression may be affected by reverse causality and omitted variables. For
example, companies with better low-carbon performance may be more inclined to optimize their governance
structures and increase the proportion of female executives. To mitigate potential endogeneity issues, this
study uses the one-period lagged value of the proportion of female executives as an instrumental variable and
conducts a two-stage least squares estimation; the results are shown in Table 4. This instrumental variable
was selected because the one-period lagged proportion of female executives is strongly correlated with the
current proportion of female executives; as a pre-specified governance variable, it is relatively unlikely to be
subject to reverse causation from current carbon emissions.

The results of the first stage show that the instrumental variable coefficient is 0.858 and is significant at the
1% level, indicating a strong correlation between the one-period lagged proportion of female executives and
the current proportion of female executives. The Kleibergen-Paap rk LM statistic is significant, rejecting the
insufficient identification hypothesis; the Wald F-statistic is well above the weak instrumental variable
threshold, indicating that there are no apparent weak instrumental variable issues. The results of Stage 2
show that the coefticient for the proportion of female executives is -0.235, which is significant at the 1% level,
suggesting that the negative relationship between female executive participation and a decline in corporate
carbon emissions remains valid after controlling for potential endogeneity.
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Table 5. Robustness test

Change Female_amount Change CO,_intensity Change control variables Change sample
m 2) 3) (CY)
-0.0775***
Ln(Female_amount)
(-5.1966)
-0.0175"** -0.2124*** -0.1544**
Ln(Female_ratio)
(-2.7926) (-3.8111) (-2.1679)
-53.0255*** 0.4549*** -52.8896*** -52.9794***
Constant
(-64.4326) (5.2874) (-64.0355) (-54.1525)
Control variables Y Y Y Y
Industry fixed effect Y Y Y Y
Time fixed effect Y Y Y Y
Cluster Y Y Y Y
N 30,386 30,384 30,384 17,696
R? 0.9169 0.9358 0.9168 0.9202

Notes: The t values are in parentheses in all columns; **P < 0.05, ***P < 0.01.

It should be noted that using the proportion of female executives one period behind as an instrumental
variable still has certain limitations. Given the persistence of executive structure, this variable may be
correlated with firms’ long-term governance characteristics, thereby posing potential challenges to the
rejection of the restriction assumption. Therefore, this paper primarily uses the IV results as supplementary
validation of the baseline findings.

Robustness tests

Substituting variables

To examine whether the study’s conclusions are influenced by the measurement methods of the variables,
this paper conducts robustness tests by substituting core variables and control variables. Column (1) of
Table 5 uses the number of female executives in place of the proportion of female executives to measure the
level of female executive participation from a different perspective; Column (2) uses carbon emission
intensity in place of corporate carbon emission levels to re-measure corporate low-carbon performance from
the perspective of emissions per unit of output; Column (3) uses a new equity-based checks-and-balances
indicator to re-characterize corporate governance structures. The results show that a significant negative
relationship still holds between the proportion of female executives and corporate carbon emissions,
indicating that the baseline results do not depend on specific variable measurement methods.

Narrowing the sample period

The COVID-19 pandemic that broke out at the end of 2019 altered the production and operations of some
firms and may have affected their output scale and energy consumption levels, thereby distorting carbon
emission measurements. To minimize the interference of abnormal economic activity during the pandemic
on the estimation results, this study narrowed the sample period to pre-2019 and re-conducted the analysis.
The results in Column (4) show that the negative relationship between the proportion of female executives
and corporate carbon emissions remains stable even after excluding samples from the period affected by the
pandemic.

Mechanism testing
This study examines the mechanism through which female executives influence corporate low-carbon
performance from two perspectives: the mediating role of executives’ green awareness and the moderating
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Table 6. Mechanism test

Ln(Green_Perception) Ln(CO,_emission) Ln(CO,_emission) Ln(CO, emission)

m (2) (€)) 4)
0.1628*** -0.2570*** 0.0754
Ln(Female_ratio)
(2.7980) (-4.3376) (0.7008)
-0.0936***
Ln(Female_amount)
(-5.8012)
-0.0026** -0.0024**
Ln(Green_perception)
(-2.3576) (-2.2647)
-3.6322***
Ln(Competition)
(-35.2754)
-0.6142*
Ln(Female_ratio) % Ln(Competition)
(-1.7214)
-0.5844 -53.6698*** -53.8297*** -52.4270***
Constant
(-1.0229) (-61.4795) (-61.8917) (-81.9817)
Control variables Y Y Y Y
Industry fixed effect Y Y Y Y
Time fixed effect Y Y Y Y
Cluster Y Y Y Y
N 43,746 28,645 28,647 30,366
R? 0.0147 0.9012 0.9014 0.9471

Notes: The t values are in parentheses in all columns; *P < 0.1, **P < 0.05, ***P < 0.01.

role of corporate competitiveness. Existing studies have primarily focused on individual characteristics of
managers, such as risk preferences and ethical orientations. Building on upper echelons theory, this study
further examines green cognition within the top management team as an organizational-level cognitive
mechanism. Meanwhile, firm competitiveness reflects a firm’s capacity for resource acquisition and strategic
implementation, serving as an important condition for translating environmental cognition into low-carbon
actions.

Green awareness serves as the mediating variable examined in this paper. Table 6 presents the results of the
mediation analysis. Column (1) examines the effect of the proportion of female executives on the
enhancement of green awareness. The results show that the coefficient for the proportion of female
executives is 0.1628, which is significant at the 1% level, indicating that an increase in the proportion of
female executives can significantly promote the enhancement of a company’s green awareness. Columns (2)
and (3) further include the female executive variable and green perception variable, using the female
executive ratio and the number of female executives, respectively, to measure female executive participation
and examine the robustness of the mediation effects under different measurements. The results show that the
coefficients for the improvement in green awareness are -0.0026 and -0.0024, respectively, both significant at
the 5% level. This indicates that female executives can reduce corporate carbon emissions and drive low-
carbon transformation by promoting the improvement of corporate green awareness. These results support
Ha.

Corporate competitiveness serves as the moderating variable examined in this study. Column (4) of Table 6
shows that the coefficient for the interaction term between the proportion of female executives and market
competitiveness is -0.6142, which is significant at the 10% level. This indicates that corporate competitiveness
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Table 7. Heterogeneity test

Dependent variable: Ln(CO,_emission)

Scale heterogeneity Ownership heterogeneity
Large-scaled Small-scaled SOE NO_SOE
m ) 3) (G
-0.2129** -0.1967*** -0.2054* -0.1584***
Ln(Female_ratio)
(-1.9900) (-2.5841) (-1.6485) (-2.5940)
-57.5277*** -47.13627 -53.8414*** -511000***
Constant
(-31.5460) (-23.7206) (-34.9648) (-56.2687)
Control variables Y Y Y Y
Industry fixed effect Y Y Y Y
Time fixed effect Y Y Y Y
Cluster Y Y Y Y
N 9,526 10,369 9,436 20,946
R? 0.8823 0.8464 0.9238 0.8990

Notes: The t values are in parentheses in all columns; *P < 0.1, **P < 0.05, ***P < 0.01.

reinforces the inhibitory effect of female executives on corporate carbon emissions. This suggests that
whether green awareness can be translated into actual emission reduction actions depends on whether the
firm possesses the corresponding resource base and implementation capacity. Firms with stronger
competitiveness are more likely to allocate the necessary resources to low-carbon practices, thereby
amplifying the emission-reduction effects of female executive participation. This result supports H3.

Heterogeneity test

Basic characteristics such as firm size and ownership structure may influence the effectiveness of female
executives’ carbon emission reduction efforts. Therefore, this study conducts a heterogeneity analysis based
on these two dimensions; the results of the grouped regression are presented in Table 7.

For the size heterogeneity analysis, firms are classified into large, medium, and small groups according to
total assets. To capture the contrasting characteristics of firms at the two extremes of the size distribution, we
focus on the comparison between large and small firms. The results show that the coefficient for the
proportion of female executives in large enterprises is -0.2129, which is significant at the 5% level; in small
enterprises, the coefficient is -0.1967, which is significant at the 1% level. Both sets of coefficients are
significantly negative, indicating that the positive impact of female executive participation on corporate low-
carbon performance exists across companies of all sizes, with relatively higher absolute values of the
estimated coefficients observed in large firms.

From the perspective of the resource-based view, differences in firm size may affect the ability to implement
green governance measures. Large enterprises typically possess more robust governance systems and more
abundant resources, providing a stronger organizational foundation for female executives to participate in
low-carbon decision-making. At the same time, large firms attract more external attention and face greater
oversight pressure regarding their environmental governance practices, which may help translate the
influence of female executives on low-carbon development into concrete governance measures. In contrast,
small enterprises may be constrained by limitations in resource access and governance capacity, thereby
restricting the scope for female executives to promote low-carbon practices.
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For the ownership heterogeneity analysis, firms are classified into state-owned and non-state-owned
enterprises according to the nature of their ultimate controller. The results show that the coefficient for the
proportion of female executives in SOEs is -0.2054, which is significant at the 10% level; in non-state-owned
enterprises, the coefficient is -0.1584, which is significant at the 1% level. Both groups exhibit significantly
negative coefficients, but the effect is slightly stronger in SOEs.

From an institutional theory perspective, the nature of ownership affects the governance objectives and
external constraints faced by firms. State-owned enterprises bear certain social responsibility objectives and
face stricter environmental regulations and social oversight, making it easier to incorporate environmental
governance requirements into the corporate decision-making process. At the same time, the stronger
resource support capabilities of state-owned enterprises also help female executives promote low-carbon
practices. Although non-state-owned enterprises enjoy greater operational flexibility, they may face certain
constraints regarding long-term investments in environmental governance and resource support.

CONCLUSIONS AND POLICY IMPLICATIONS

Conclusions

Using data from 5,413 Chinese listed companies from 2007 to 2024, this study examines the impact of the
proportion of female executives on corporate carbon emissions and its underlying mechanisms. The study
found that an increase in the proportion of female executives generally reduces corporate carbon emissions,
an effect achieved in part by enhancing the green awareness of the executive team. At the same time, a U-
shaped relationship exists between the proportion of female executives and corporate carbon emissions, with
the turning point of approximately 45.42%, indicating that there is an optimal range for the contribution of
female executives to corporate low-carbon performance. Heterogeneity analysis revealed that the emissions-
reduction effect of female executives is present across enterprises of different sizes and ownership structures,
and is relatively stronger in large enterprises and state-owned enterprises. These results indicate that the
participation of female executives can promote corporate low-carbon development, but its effect does not
simply depend on the number of female executives; rather, it depends on the appropriate gender
composition of the executive team and the firm’s own characteristics.

In terms of theoretical contributions, this study reveals the nonlinear nature of how female executive
participation influences corporate low-carbon transition, demonstrating that the role of female executives
does not simply depend on an increase in their proportion but is closely related to the gender composition of
the executive team, thereby expanding our understanding of how gender diversity affects corporate
environmental behavior. At the same time, this study explains the process by which female executives
influence corporate carbon emissions from the perspective of the executive team’s green awareness, revealing
the internal mechanisms through which gender composition affects corporate low-carbon transition.

In terms of practical insights, companies should incorporate the gender composition of their executive teams
into their governance optimization efforts, refine mechanisms for cultivating and selecting female
management talent, and increase opportunities for women to participate in strategic decision-making. When
building executive teams, companies should focus on achieving a balanced gender composition and fostering
effective interaction among members, thereby fully leveraging the role of diverse teams in identifying
environmental risks and making green strategic decisions. In the practice of low-carbon transition,
companies can incorporate carbon emission reduction targets into executive performance evaluation
systems, clarify accountability, and refine resource allocation mechanisms to drive the transformation of
green awareness into concrete emission reduction actions. At the same time, companies should refine their
low-carbon management mechanisms in line with their specific governance characteristics. Large enterprises
and state-owned enterprises can leverage their resource advantages to increase investment in green
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governance, thereby providing better support for female executives’ participation in low-carbon strategic
decision-making.

Research limitations and future directions

This study still has certain limitations. First, the research is based on a sample of Chinese listed companies;
China’s specific corporate governance structure and environmental regulatory system may affect the external
validity of the conclusions. Future studies could conduct comparative analyses using data from other
countries and regions. Second, green awareness is measured using text analysis methods, which reflect the
level of environmental concern in companies’ public disclosures but may not fully capture managers’ actual
perceptions. Future research could employ questionnaire surveys or experimental methods for more direct
measurement. Third, although this study employs methods such as lagged variables and instrumental
variables to mitigate endogeneity risks, it remains difficult to completely rule out the influence of factors such
as omitted variables. Future research could further test causal relationships by incorporating more
comprehensive data and identification methods.
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