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In recent years, natural disasters and public health events caused by global warming have occurred frequently around the world. It
has become a global consensus to actively respond to climate change. Firms are the main source of greenhouse gas emissions. )e
disclosure of carbon information is one of the most important ways for firms to respond to climate change. )e effect of female
directors on carbon information disclosure is still unclear. Considering that China is the largest country in greenhouse gas
emissions and the social status of females in China is different from western countries, this paper explores the effect of female
directors on carbon information disclosure by firms in China. Based on the sample of listed Chinese firms in high carbon
industries during the period of 2012–2017, our empirical results show that female directors have a positive association with carbon
information disclosure. In addition, we find that the power, educational level, and financial background of female directors have
positive impacts on firms’ carbon information disclosure. Our findings make a significant contribution to the ongoing debate on
the role of female directors and provide new insights and policy implications for firms, regulators, and other stakeholders.

1. Introduction

In recent years, natural disasters and public health events
caused by global warming such as floods, hurricanes, heat
waves, forest fires, and outbreaks of infectious diseases have
occurred frequently. Actively responding to climate change
has become a global consensus. Greenhouse gases (GHG)
emissions are the main causes of global warming, and firms,
especially those in high carbon industries, are the main
source of GHG emissions. Carbon information disclosure
(CID), as an important way to reflect the behavior of firms in
responding to climate change, has attracted increasing at-
tention from researchers and practitioners. China, as the
world’s second largest economy, has become the largest
carbon emitter, with its emissions of CO2 accounting for
28% of the total amount [1]. To reverse the situation, China
made a significant US-China Joint Statement on Climate
Change on 12 November 2014. In the statement, China plans
to peak its carbon emissions no later than 2030, which leads

Chinese firms to a tremendous pressure of energy saving and
emission reduction. )erefore, shareholders and other
stakeholders intend to monitor and supervise firms’ carbon
emissions better, which is one of the biggest motivators of
the steady growth of firms’ CID in China in both quality and
quantity in recent years [2].

Previous studies usually use a virtual variable or the
index to measure firms’ CID behavior. )e virtual variable
represents whether the firms disclose carbon information or
whether they respond to the CDP questionnaire [3, 4]. )e
index based on the content analysis method or the scores of
CDP questionnaires represents the quality of firms’ CID
[2, 5]. Unlike several countries such as France, Australia,
Japan, the United States, and Canada that have implemented
mandatory schemes that require disclosure of GHG emis-
sions, China has not formulated mandatory CID require-
ments yet. )e carbon information disclosed by firms in
China can be regarded as voluntary [6]. Additionally,
Chinese firms have a low rate of response to the CDP survey
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[7]. Based on the above, we adopt the content analysis to
measure the CID behavior of firms. )e research on the
influencing factors of CID mainly focuses on the following
aspects: (1) the firm characteristic factors, such as firm size
[8–11], liability [12], and profitability [5]; (2) the corporate
governance factors, such as board effectiveness [12], board
independence [13], environmental committee [14–16], and
ownership structure [2]; and (3) other factors, such as
country [8], industry [2], regulations [17], and culture [18].

Previous studies have shown that the presence of female
directors can increase firm’s attention to social responsibility
and environmental issues [19]. Moreover, it is generally
recognized that the gender diversity of the board of directors
plays an important role in promoting the environmentally
friendly activities of firms [20]. Nevertheless, there are few
studies on the effect of female directors on CID, and there
are no unanimous conclusions [16, 21]. Agency theory
emphasizes that board members require managers to act in
accordance with the interests of shareholders to reduce
agency costs, and resource dependence theory suggests that
board members need to bring resources to the organization.
)ese two theories explain the necessity of female directors
participating in corporate governance. Moreover, upper
echelons theory considers that characteristics have an im-
pact on human behavior which can help firms select board
members.)e following four characteristics of women make
female directors excellent candidates to improve the level of
firms’ CID: interpersonal relationship, self-awareness, atti-
tude to law and regulation, and attitude to work. )e mo-
tivation of this study arises from the fact that so few research
works focus on the role of women in CID. Considering that
the culture and social status of women in China are different
from those of western developed countries, it is necessary to
investigate the influence of female directors on CID of firms
in China. Our study also analyzes the influences of power,
educational level, financial background, and legal back-
ground of female directors on firms’ CID.

)is study makes the following contributions to the
existing literature. First, to the best of our knowledge, this
study is the first to empirically investigate the impact of
female directors’ heterogeneous characteristics on firms’
CID. Existing research on the determinants of the firm’s CID
usually regards female directors as homogeneous, which
leads to inconsistent conclusions to a certain extent. )is
study finds that female directors on boards have a signifi-
cantly positive effect on firms’ CID, and the power, edu-
cational level, and financial background of female directors
have positive impacts on firms’ CID.

Second, this study uses text analysis based on annual and
social responsibility reports of Chinese firms to analyze CID
quality. Existing research has explored the relationship
between female director ratio and CID of firms based on
CDP data. Considering that CID is voluntary in China and
Chinese firms have a low rate of response to the CDP survey
[7], annual and social responsibility reports are the main and
important accessible source of carbon information for
stakeholders of Chinese firms. )is study calculates an index
using text analysis based on carbon-related information in
Chinese firms’ annual and social responsibility reports.

)ird, focusing on the Chinese context, this study can
provide empirical evidence on female directors’ role in firms’
CID behavior in eastern developing countries. European
countries such as Norway, Netherlands, and Italy have
mandated quotas for women on board. Even in western
countries where there are no mandatory requirements, the
proportion of female directors is relatively high [16].
However, in eastern countries such as China, there are no
mandated quotas for women on board, and women’s social
status is relatively low. In ancient Chinese feudal society,
women are only “family persons” with very low social society
[22]. In modern Chinese society, women’s social status has
been relatively improved, and there is a loud slogan that
“women can hold up half the sky.” However, Chinese tra-
ditional culture such as Confucianism still has a negative
influence on the board gender diversity of firms in China
[23]. In the context of China, this study can better investigate
the influence of female directors on firms’ CID behavior in
eastern countries. Furthermore, the findings based on the
context of China can add value to the theoretical com-
pleteness of previous research on female directors and CID
based on western developed countries.

)e remainder of this paper is structured as follows:
Section 2 reviews the existing relevant literature. Section 3
presents the theoretical analysis and research assumptions.
Section 4 describes the selection of samples and data and the
research methods used in this paper. Section 5 shows our
empirical results and conducts the robustness tests. Section 6
discusses the research conclusions.

2. Literature Review

2.1.(e Influencing Factors of Carbon InformationDisclosure.
Over the decades, global warming has aroused widespread
concern all over the world, and the GHG emissions are
mainly attributed to firms. In this context, the external
pressure on firms to disclose carbon information is in-
creasing, especially for firms in carbon-intensive industries
[24], in which the carbon information transparency is en-
hanced compared to less carbon-intensive industries
[25, 26]. Additionally, environmental NGOs, governments,
and investors claim that firms should disclose information
related to their GHG emissions [27]. Matsumura et al.
believe that the cost of not disclosing carbon information is
very high, which will have a negative impact on the value of
firms [28]. )erefore, most firms tend to voluntarily disclose
carbon information to enhance their environmentally
friendly image in the eyes of the stakeholders [29]. Some
firms are gradually developing sectors and systems for the
assessment, accounting, reporting, and management of
GHG emissions and their related impacts [30].

)e existing research on the influencing factors of CID
mainly focuses on three aspects: )e first aspect is firm
characteristics. Prior studies suggest that the firm with a
larger size is more likely to disclose high quality carbon
information [8–11]. Ben-Amar and Mcilkenny find a neg-
ative association between the firm’s liability level and vol-
untary disclosure [12]. Faisal et al. report a positive
association between the profitability of the firm and CID
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quality [5]. )e second aspect is corporate governance.
Board effectiveness is an important factor affecting the
tendency and quality of CID [12]. Liao et al. argue that the
level of CID is higher for firms, of which the board is more
independent [13]. Recent empirical evidence shows that the
establishment of an environmental committee under the
board of directors contributes to the disclosure of carbon
information [14–16]. Peng et al. perform an empirical
analysis of Chinese firms and show that the more decen-
tralized the ownership is, the more likely the firm is to
disclose carbon information [2]. )e third aspect includes
other factors. )ere is evidence showing that country, in-
dustry, regulations, and culture also affect firms’ CID.
Freeman and Jaggi find that firms registered in countries that
ratified the Kyoto Protocol are more likely to disclose GHG
emissions information [8]. Firms in high-emission indus-
tries are more likely to disclose more carbon information [2].
Environmental regulations and legal sources are essential to
firms’ CID behavior [17]. He et al. find that traditional
Chinese culture such as Confucianism can also have a
positive effect on the quality of firms’ CID in China [18].

Existing literature on CID shows that the board of di-
rectors plays an important role. )erefore, the effectiveness
of boards will still be the core of research on corporate
governance [31]. On the basis of principal-agent theory and
the theory of resource dependence, the board of directors
mainly has the two functions of supervision and suggestion
in the firm [32]; that is, the board not only supervises the
behavior of management on behalf of shareholders [33], but
also relies on its own professional knowledge to provide
advice and consulting services for the company [34].
According to the existing literature, several board charac-
teristics that affect the effectiveness of corporate governance
and CID include board size and independence, board di-
versity, and CEO duality. )ese studies suggest that the
board that is larger, independent [13], and diverse
[12, 13, 35] can positively influence firms’ CID.)e diversity
of the board of directors plays an important part in im-
proving corporate governance [36], and the impact of
gender diversity on corporate governance and CID is re-
ceiving increasing attention in recent years.

2.2. (e Outcomes of Board Gender Diversity. Previous re-
search has explored the outcomes of board gender diversity.
)e research mainly covers three aspects. )e first aspect is
the effect of board gender diversity on firm performance.
Existing studies have inconsistent evidence on the effect of
female directors on firm performance. Post and Byron find
that female directors have a positive association with firms’
accounting returns, especially in countries where share-
holder protections are strong [37]. )e results of other
studies also show that board gender diversity could improve
firm value or financial performance [38–40]. However,
Joecks et al. find that the link between gender diversity and
firm performance follows a U-shape [41]. Abdullah et al. find
that female directors can create value for some firms and
decrease it for others [42]. )e absence of a significant re-
lationship between gender diversity and firm financial
performance is also supported by empirical evidence [43].

)e second aspect is the effect of board gender diversity
on corporate social responsibility (CSR). Most studies’ re-
sults show that board gender diversity has a positive effect on
CSR. For example, firms with a higher percentage of women
in boardrooms have better CSR disclosure [44, 45], higher
CSR ratings [19], and stronger CSR performance [46, 47].
Women on the board of directors could increase the firm’s
sense of responsibility to society [48], and they care about
human rights and contribute to the improvement of cor-
porate governance [49]. However, Manita et al. find that
there is no significant relationship between board gender
diversity and ESG disclosure [20]. Studies have also shown
that CSR is a diverse and complex concept, and female
directors are only related to some specific CSR dimensions,
such as environmental aspects [50].

)e third aspect is the effect of board gender diversity on
environmental issues. Environmental concerns are also a
nonignorable part of gender diversity research. Studies have
shown that female directors can improve environmental
corporate social responsibility [51]. Empirical research
shows that female directors help reduce firms’ environ-
mental violations [52]. As an integral part of corporate
environmental social responsibility disclosure, GHG related
disclosure has walked onto the stage. )ere are few studies
separately investigating the association between GHG re-
lated disclosure and female board representation [16], and
the existing studies show inconclusive results. For example,
the research result of Kilic and Kuzey shows that there is an
insignificant association between board gender diversity and
carbon emission disclosure in Turkey [21]. However, Hol-
lindale et al. find that firms with multiple female directors in
Australia make higher quality GHG emissions related dis-
closures [16]. Liao et al. find a significant positive association
between gender diversity and GHG information disclosure
of firms in the United Kingdom [13]. More precisely, Ben-
Amar et al. find that female boardroom participation in
Canadian firms is positively related to the voluntary dis-
closure of carbon information and further find that gender
diversity on boards of directors can only have an impact on
the disclosure of carbon information when there are more
than two women on board [53].

3. Theory and Hypotheses Development

3.1. Female Directors and Carbon Information Disclosure.
When studying gender diversity and environmental con-
cerns, there are two questions worth considering. First, why
do female directors need to do this? Agency theory provides
an internal motivation to explain this problem, caused by the
agency conflict between managers and shareholders [54].
Managers usually focus on increasing self-interest, which in
turn damages the interests of shareholders [47]. )erefore, it
is a reasonable demand for board members to be supervisory
and ask managers to behave on behalf of the shareholders’
best interests, which is protected by law [12]. Hence, the
supervisory function of female directors is one of the ef-
fective means to resolve agency conflicts and improve
corporate governance efficiency [13, 43, 49, 55, 56]. Resource
dependence theory provides an external motivation to
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answer this question. It advocates that board members need
to bring resources to their organizations [57]. )ese re-
sources can be knowledge, skills and experiences [58], hu-
man resources [49], and interpersonal relationships and
values [45]. )erefore, female directors can play an advisory
role in the firm, providing suggestions and resources that
enable the firm to develop steadily.

)e second question is, why can female directors do this?
Upper echelons theory suggests that top executives’
knowledge, experience, values, and personalities have an
influence on their process of decision-making [59]. )is
theory gives a better understanding of what kind of board
members should be chosen and can help firms solve envi-
ronmental problems. Compared to men, there are several
aspects that affect female directors’ decision-making: (1)
interpersonal communication: they are democratic, coop-
erative, caring (willing to help, getting along well, kind,
sympathetic, responding to the needs of others, not self-
centered) [53, 60]; (2) self-awareness: they have high moral
standards and value quality of life rather than material
success (full of social responsibility, caring about the en-
vironment, caring about health, having environmental
sensitivity) [50, 61, 62]; (3) attitude to law and regulation:
they are cautious (risk aversion, abiding by the law)
[12, 56, 63, 64]); (4) attitude towards work: they are dedi-
cated and possess high skills (hardworking, industrious)
[65, 66]. )us, female directors have a different cognitive
frame to a board on account of different experiences and
value orientation, and gender diverse boards may tend to
consider, discuss, and integrate information more deeply
and carefully than homogeneous groups [37]. Female di-
rectors could enhance communication with key stakeholders
who care about environmental issues [67]. Female directors’
high sensitivity to people and surroundings makes them care
more about environmental issues. Since female directors are
more likely to be more concerned about loss of reputation
and litigation [68], they have a nature of abiding by laws and
regulations. Most importantly, they are dedicated to what
they are doing. Finally, due to the above characteristics of
female directors, they have a propensity to make environ-
ment-friendly decisions, which will affect the firm’s CID
decisions. )eir supervisory and advisory functions and the
resources they can bring to the organization improve the
firm’s governance quality and thus affect the firm’s CID
quality. )erefore, we formulate the following hypothesis.

Hypothesis 1. Female directors are positively associated with
firms’ carbon information disclosure.

3.2. (e Characteristics of Female Directors and Carbon In-
formation Disclosure. Women face complex and various
challenges in the process of accessing power [60]. It is
feasible that women who can conquer so many obstacles and
break through a mass of barriers must obtain outstanding
abilities to find their way out in the male-dominated ter-
ritory [69]. In China, female directors account for only
around 11% of seats in recent years [47, 70]. In addition,
there are nomandated quotas for women on board in China.

Based on the above, we can conclude that, in this male-
dominated board structure, when female directors are
presidents or CEOs, female directors can be treated as a
symbol of competency and power to the board. Van Staveren
suggests that more women at the top position can effectively
avoid the occurrence of banking crisis [63]. Female directors
can also improve the efficiency of risk management in R&D
investments [71]. Based on the above analysis, when female
directors have power, it is reasonable to presume that they
will use this power to make firms pay attention to envi-
ronmental issues such as CID. )erefore, we formulate the
following hypothesis.

Hypothesis 2. )e power of female directors is positively
associated with firms’ carbon information disclosure.

According to Hitt and Tyler, the manager’s view of the
world, philosophy, values, and even ability of cognizance can
be influenced by educational level [72]. Vives and Gadenne
et al. propose that having a higher level of education gen-
erates a greater level of commitment to CSR activities
[73, 74]. Managers with high level education usually care
more about environmental issues and may apply their
knowledge to put pressure on firms to deal with environ-
mental violation and take action to correct bad behavior
[75]. Beji et al. find that the educational level of directors is
positively and significantly associated with CSR and envi-
ronmental performance of firms [49]. As China’s carbon
emission policy becomes stricter, carbon management and
CID will be one of the most important environmental issues
for Chinese firms. Based on the above analysis, we argue that
female directors with higher educational level will have more
environmental consciousness and are more likely to make
requests to disclose more carbon information. )erefore, we
formulate the following hypothesis.

Hypothesis 3. )e educational level of female directors is
positively associated with firms’ carbon information
disclosure.

According to the studies of Hambrick and Mason [59]
and O’Fallon and Butterfield [76], it is difficult for people’s
decision-making not to be influenced by vocational edu-
cation. Previous research shows that there is a positive re-
lationship between business education and CSR [77].
Panapanaan et al. propose that business studies have a link
with ethics, CSR, sustainability, and, consequently, boost
ethics in a firm [78]. Most directors with financial back-
ground have received business education and they would
care more about CSR and sustainability issues than directors
with other expertise. Moreover, directors with financial
background can better understand the consequences of fi-
nancial reporting decisions. As an important part of fi-
nancial reporting, carbon information is concerned by
shareholders and CID is related to firms’ value [79], capital
cost [80], and financial performance [81]. Directors with
financial background would make firms disclose more
carbon information, and female directors with financial
background are expected to have more influence on CID
than male directors with financial background. From recent
literatures, we can discover that female directors can affect
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many aspects of the firm’s financial status. For example,
research shows that female board representation with
business expertise and audit committee membership can
strongly improve earnings management [82]. Based on the
above analysis, we propose that female directors with fi-
nancial expertise are an important factor for ensuring the
quality of corporate governance. It is also sensible that fe-
male directors pay more attention to the boundary between
corporate performance and environmental protection, and
those with financial background can better balance them.
)erefore, we formulate the following hypothesis.

Hypothesis 4. )e financial background of female directors
is positively associated with carbon information disclosure.

In addition to the financial background, what cannot be
ignored is that legal awareness can also exert an influence on
human’s behavior. Most directors and managers with a legal
background have received legal degrees. Prior research has
demonstrated that individuals with legal degrees exhibit
distinctive decision-making patterns compared to those
without legal degrees [83]. Barker and Mueller argue that an
executive with legal degrees tends to be more conservative in
business activities [84]. Previous research finds that man-
agers with legal background tend to spend less on R&D [84]
and guide down earnings forecasts due to a greater sensi-
tivity to litigation risk [85]. Considering that they usually
prefer risk mitigation, we expect that directors with a legal
background will care more about the potential costs of CID.
Firms tend to disclose less carbon information because
directors with legal background exhibit greater risk aversion.
However, female directors will have a positive impact on the
firms’ CID based on the analysis of Hypothesis 1. We predict
that the positive impact of female directors on CID may be
offset by their own legal background. )erefore, we for-
mulate the following hypothesis.

Hypothesis 5. )e legal background of female directors is
not associated with carbon information disclosure.

4. Research Design

4.1. Samples. Firms’ CID started relatively late in China
compared with firms in developed countries. At present,
Chinese government has not issued a mandatory CID policy
yet; Chinese firms’ CID is voluntary. Firms in high carbon
industries are more sensitive to climate change risks than
other firms, and they are more likely to report more carbon
information to reduce compliance costs at an early stage.
Many studies conclude that firms in high carbon industries
disclose more carbon information than firms in low carbon
industries [2, 12, 53]. )e Ministry of Environmental Pro-
tection of China has identified 16 industries as heavily pol-
luting industries, namely, thermal power generation, steel,
cement, electrolytic aluminium, coal, metallurgy, chemicals,
petrochemicals, building material, paper, brewing, pharma-
ceuticals, fermentation, textile, leather, and mining. )e
heavily polluting industries mostly overlap with the top 13
GHG emissions industries [2]. We could find that most of the
heavily polluting industries are also high carbon industries.

Based on the above, the initial samples of our study
include all A-share listed firms in high carbon industries,
which include heavily polluting industries and the top 13
GHG emissions industries in China between the years 2012
and 2017. Firms with missing data and marked with ST and
∗ST are excluded from samples. To better investigate the
trends in the CID quality of firms in high carbon industries
in China between the years 2012 and 2017, balanced panel
data were used in this study. )e final samples include 541
A-share listed firms in high carbon industries in China. )e
distribution of industries for sample firms is shown in Ta-
ble 1. )e carbon information is derived from firms’ annual
reports, social responsibility reports, and sustainable de-
velopment reports. )e other data are from the CSMAR
database and the RESSET database.

4.2. Measures

4.2.1. Carbon Information Disclosure. In this research, we
adopt two variables as the dependent variables to measure
the firms’ CID. One is a dummy variable (CID_DUM) that is
equal to 1 if the firm discloses carbon information and 0
otherwise. )e other is the quality of the firm’s CID
(CID_QUALITY), measured by content analysis. Content
analysis was adopted in the same way as Peng et al.; it was
used in their research for evaluating the quality of CID [2].
Carbon information disclosed by firms is identified by eight
items (I1 to I8) which strictly refer to CDP’s questionnaire.
)e detailed information of the eight items is shown in
Table 2. )e specific scoring rules are shown in Table 3.

Each firm is assigned a score of CID quality based on the
following equation:

Score(CID)j � 
8

i�1
Score I

i
j . (1)

In equation (1), Score(CID)j is the total score of CID for
firm j, representing the quality of CID of firm j, and
Score (Ii

j) refers to firm j’s score on item i.

4.2.2. Female Directors. )e independent variable is female
directors. Based on the previous research, the proportion of
female directors (FEM_RAT) is utilized in our research
[13, 53]. Besides, according to Hollindale et al.’s study, we
also adopt a dummy variable (FEM_DUM) that is coded 1 if
the firms have at least one female director and 0 otherwise
[16]. To further explore themechanism of the effect of female
directors on CID, four variables representing different
characteristics of female directors were selected, namely,
whether the female directors are presidents or CEOs
(POWER) and female directors’ educational background
(EDUC), financial background (FINAN), and legal back-
ground (LEGAL).

4.2.3. Controls. To control for the firm characteristics that
may drive the examined relationship, we introduce ten
control variables into our regression model.
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(1) Size. Larger firms are more vulnerable to public attention
than smaller ones. Investors have higher information quality
requirements for larger firms. Large firms will disclose
carbon information to improve their image. Prior research
indicates that a larger size of the firm is associated with a
better CID quality [8, 13]. Accordingly, we control for firm
size, as measured by the natural logarithm of the total assets.

(2) Leverage. Financial leverage is an important indicator
that not only reflects the degree of use of firms’ external
funds, but also reflects the firms’ financial risk. Highly
leveraged firms are under greater financial pressure and may
disclose less high quality carbon information. Previous
studies have shown a negative effect of financial leverage on
firms’ CID [2, 7, 12]. However, some studies have also shown
that financial leverage has no significant impact on the
disclosure of firms’ environmental information [86].

(3) Profitability. Firms with high profitability have sufficient
funds to ensure that they could bear the costs associated with
CID. On the contrary, the disclosure of carbon information
is beneficial to the establishment of a good corporate image
and, in turn, attracts more investors. Less profitable firms are
limited by the lack of their own resources and are unlikely to
take the initiative to disclose relevant information. Some
studies have found a positive correlation between profit-
ability and CID quality [5, 12, 87, 88]. Consequently,
profitability in our study measured by return on assets
(ROA) was controlled. However, some studies have also
shown that there is no significant correlation between firm
profitability and CID [8, 24].

(4) Ownership Concentration. Previous studies have shown
that ownership concentration may have an influence on
firms’ CID, but the relationship between ownership

Table 1: Industry distribution of the sample firms.

Industries N Percentage
Production and supply of electric power, heat, gas, and water 66 12.20
Steel, electrolytic aluminium, metallurgy 48 8.87
Cement, building material 45 8.32
Coal, mining 54 9.98
Chemicals, petrochemicals 117 21.63
Papermaking and paper products 14 2.59
Brewing, fermentation 40 7.39
Pharmaceuticals 102 18.85
Textile 22 4.07
Leather, furs, and related products 5 0.92
Agro-food processing 25 4.62
Special equipment, transportation equipment, communications, and related equipment manufacturing 3 0.56
Total 541 100

Table 2: Eight items of CID.

Item Detailed information
I1 Targets and results of emission reduction
I2 Method of measuring carbon emission
I3 Scope 1 emission data: direct greenhouse gas emissions
I4 Scope 2 emission data: indirect greenhouse gas emissions of energy
I5 Scope 3 emission data: other indirect greenhouse gas emissions
I6 Energy consumption of total operation in the reporting year
I7 Emissions trading
I8 Other carbon-related information
)e items of CID are adopted from Peng et al. [2].

Table 3: Scoring rules of eight items of CID.

Score Scoring rules
I1

0, 1, 2, 3

No information scores 0, general nonquantitative information scores 1, and some quantitative information scores 2. For I1,
detailed quantitative information scores 3 (e.g., the time, quantitative targets, completeness of targets). For I2, detailed
measuring process scores 3 (e.g., the method used, the formula used, and the parameter applied). For I3, I4, and I5, detailed
quantitative information scores 3 (e.g., the boundaries used for scope 1, 2, or 3 greenhouse gas inventory and emissions
figures in metric tons of CO2). For I6, detailed quantitative information scores 3 (e.g., fuel consumption data in tons and per

value).

I2
I3
I4
I5
I6
I7 0, 1, 2, 3 No information scores 0, general nonmonetary information scores 1, other concrete nonmonetary information scores 2, and

monetary information records 3.I8

)e scoring rules of eight items of CID are adopted from Peng et al. [2].
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concentration and CID quality is unclear. Berthelot and
Robert find that firms with widely held ownership volun-
tarily disclose more climate change information [14].
However, Li et al. found that there is no significant rela-
tionship between the proportion of first shareholders and
CID [7]. In our study, ownership concentration (OC) was
measured by the shareholding ratio of the top 10
shareholders.

(5) Independence of the Board. )e independence of the
board of directors is an important guarantee for it to per-
form its supervisory functions. More independent directors
can urge firms to better fulfill the obligation of environ-
mental information disclosure. Previous studies have indi-
cated that firms with a larger proportion of independent
directors in the board are more likely to make compre-
hensive financial information disclosure [89] and to disclose
carbon information [13]. )erefore, the independence of the
board may have a positive impact on CID.)e percentage of
independent directors on the board (IND) measures the
independence of the board in our study.

(6) Duality. )e president has decision-making powers and
supervision powers, and CEO is the executor of board de-
cisions and is supervised by the board. )e presence of the
same person holding the position of president and CEO
could positively affect corporate social responsibility [19].
Alternatively, the decision-making, oversight, and executive
functions being concentrated on a single individual will
weaken the supervision power. Prior research has shown
that there exists a negative association between duality and
CID [7]. We use a dummy variable (DUAL) to measure the
duality.

(7) Firm Value. Tobin’s q measured by the ratio of market
value to asset replacement cost could represent the firm
value. Firms with low firm value have a stronger willingness
to disclose environmental information to gain the favor of
investors and the government. Previous studies indicated
that there is a significant negative correlation between firm
value and CID [15]. We use Tobin’s q (TOBINQ) as the
proxy of firm value.

(8) Nature. Previous studies have found that the state-owned
nature of firms has a significant positive impact on CID [7].
In China, firms are mainly divided into state-owned en-
terprises (SOEs) and non-state-owned enterprises, with the
former having a strong executive power in responding to
national policies. At present, the Chinese government has
been advocating a low carbon economy. )erefore, state-
owned enterprises are more active than non-state-owned
enterprises in energy conservation, emission reduction, and
CID. However, some studies found that the influence of the
state-owned nature of the firm on CID is not significant
[4, 5]. A dummy variable (NATURE) was introduced in our
study: 1 for SOEs, 0 for others.

(9) Listing Age. )e listing age of a firm has a significant
positive influence on a firm’s environmental performance
[9]. )e number of years a firm has been publicly traded is
positively associated with the quality of firms’ CID [2].
However, there are studies finding that a firm’s listing age is
not significantly related to the quality of CID [7]. Accord-
ingly, the listing age of the firm (AGE) is introduced in our
study as a control variable.

(10) Audit Firm. According to Dunn and Mayhew [90], a
more professional accounting firm will provide more pro-
fessional knowledge and advice to the clients in handling the
disclosure related issues [90]. In addition, firms are willing to
hire highly specialized audit firms, which is an obvious signal
of the firms to disclosure high quality information. Based on
the above, we expect that listed firms that hire the big four
accounting firms are more likely to disclose carbon infor-
mation and the quality of CID is higher. A dummy variable
(AUDF) was introduced in our study: it equals 1 if a firm
hires the big four accounting firms and 0 otherwise. )e
summary of the variable definitions is shown in Table 4.

4.3. Model. To test the hypotheses of this study, the fol-
lowing multiple regression models were constructed:

CID_DUM � α + βFemalei,t + cControlsi,t + εi,t, (2)

CID_QUALITY � α + βFemalei,t + cControlsi,t + εi,t, (3)

CID_DUM � α + β1Poweri,t + β2Educi,t + β3Finani,t + β4Legali,t + cControlsi,t + εi,t, (4)

CID_QUALITY � α + β1Poweri,t + β2Educi,t + β3Finani,t + β4Legali,t + cControlsi,t + εi,t, (5)

where Female was measured by two alternative variables: the
dichotomous indicator variable (FEM_DUM) and the
percentage of female directors (FEM_RAT). )e hypotheses
were tested using multiple regression, with each of the two

independent variables regressed on the dependent variable,
respectively. In models (2) and (4), CID_DUM is a di-
chotomous variable, which represents the firm’s decision on
whether to disclose carbon information. Hence, we
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performed probit model regression to examine the effect of
female directors and their characteristics on the firms’ CID.
Inmodels (3) and (5), CID_QUALITY represents the quality
of firms’ CID. We utilized ordinary least squares (OLS)
analysis to examine the influence of female directors and
their different characteristics on the quality of CID. )e
characteristics of female directors selected for this study
include female directors’ power, educational background,
financial background, and legal background.

5. Results

5.1. Descriptive Statistics and Correlation Analysis.
Table 5 provides the distribution of the number and per-
centage of sample firms that disclosed carbon information
and had female directors by year. )e number of sample
firms disclosing carbon information and having female
directors showed an overall growth trend between 2012 and
2017. On average, 49.60% of the sample firms voluntarily
disclosed carbon information. In addition, 70.79% of the
sample firms have female directors.

Descriptive statistics of the variables are shown in Ta-
ble 6. )e results show that there exists a big gap in the
quality of CID among firms.)emean of FEM_RATis 0.137,
revealing that women only account for about 14% of the
boards of sample firms, which is a relatively low level. )e
mean of FEM_DUM is 0.708, which shows that about 71% of
the sample firms have women on the board. Around half of
the female directors in sample firms have a master’s degree
or higher degrees, and about 41% of female directors have
financial background. )e proportion of female directors
having power or legal background is relatively low, only
20.4% and 10.9%, respectively. )e mean of ROA is 4.78%,
and the maximum and minimum values of ROA are 51.66%
and −39.92%, respectively, which illustrates that the rate of
return on total assets among firms has a great difference.)e
minimum and maximum of OC are 1.3% and 98.6%, re-
spectively, which means that the ownership concentration of

sample firms has an obvious difference. )e mean value of
DUAL is 0.222, which means that the same person holds the
position of president and CEO in 22.2% of the sample firms.
)e mean of NATURE is 0.473, which indicates that there is
no significant difference between the proportion of state-
owned enterprises and non-state-owned enterprises in the
sample. )e mean of AUDF is 0.065, which implies that
merely 6.5% of the sample firms employed the big four
accounting firms.

Table 7 shows the Pearson correlation and variance
inflation factor (VIF) for dependent, independent, and
control variables. )e correlation coefficients for CID_-
DUM, FEM_DUM, and FEM_RAT are positive and sig-
nificant, supporting Hypothesis 1. )e correlation
coefficients for CID_DUM, EDUC, and FINAN are positive
and significant, supporting Hypotheses 3 and 4. )e rela-
tively low correlation coefficients between independent and
control variables and their VIF suggest that there is no
multicollinearity problem in the four models of this study.

5.2. Multiple Regression Results. We tested the relation be-
tween female directors and firms’ CID decisions utilizing
probit regression. )e results in columns 1 and 2 of Table 8
(model (2)) show that the coefficients of FEM_DUM and
FEM_RATare positive and significant at the 1% level. )ese
results indicate that firms with female directors are more
likely to disclose carbon information, and the increasing of
the representation of women on board could promote firms’
CID decisions and attention to climate change issues. )ese
results support Hypothesis 1. Our findings are consistent
with prior research based on British and Canadian firms
which shows that there is a positive association between
board gender diversity and firm’s response to CDP ques-
tionnaire [13, 53]. As for the control variable, firm size and
hiring the big four accounting firms have a significant
positive effect on firms’ CID. Meanwhile, state-owned en-
terprises are more likely to disclose carbon information to

Table 4: Variable definitions.

Variables Measurement
CID_DUM A dummy variable that is equal to 1 if the firm makes carbon information disclosure and 0 otherwise
CID_QUALITY )e scores of carbon information disclosure quality determined by content analysis
FEM_DUM A dummy variable that is equal to 1 if there is at least one female director on board and 0 otherwise
FEM_ RAT )e ratio of the number of female directors to the total number of board members
POWER A dummy variable that is equal to 1 if there is a female director as president or CEO and 0 otherwise
EDUC A dummy variable that is equal to 1 if there is at least one female director with a master’s degree or above and 0 otherwise
FINAN A dummy variable that is equal to 1 if there is at least one female director with a financial background and 0 otherwise
LEGAL A dummy variable that is equal to 1 if there is at least one female director with a legal background and 0 otherwise
SIZE )e natural logarithm of total assets
LEV )e ratio of total debt to total assets
ROA Return divided by total assets
OC )e percentage of total ordinary shares owned by the top ten shareholders
IND )e percentage of independent directors on the board
DUAL A dummy variable that equals 1 if the positions of the president and CEO are held by the same person and 0 otherwise
TOBINQ )e ratio of the market value to the replacement cost of the total assets of the firm
NATURE A dummy variable that is equal to 1 if the nature of the firm is state-owned and 0 otherwise
AGE )e natural logarithm of the listing years of firms
AUDF A dummy variable that is equal to 1 if the audit firms hired by the firm are the big four accounting firms and 0 otherwise
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the public than non-state-owned enterprises because state-
owned enterprises have always been active responders to
government policies in China. We also find that both le-
verage and listing age are significantly negatively related to
voluntary disclosure of carbon information.

We also examine the relationship between female di-
rectors and CID quality using ordinary least squares (OLS)
regression, and the regression results are as shown in col-
umns (3) and (4) of Table 8 (model (3)). )e coefficient of
FEM_DUM is 0.337, which is significant at the 1% level.)is
result suggests that firms with women on board are more
likely to disclose high quality carbon information compared
with firms whose board members are all male. )e coeffi-
cient of FEM_RAT is 1.565, which is significant at the 1%
level, implying that the higher the proportion of female
directors in the firm, the higher the quality of the firm’s CID.
)erefore, Hypothesis 1 is supported. Meanwhile, state-
owned enterprises and firms with larger size, lower leverage,
more independent boards, separation of president and CEO
positions, higher firm value, and the big four accounting
firms hired are more likely to disclose higher quality carbon
information.

)e regression results of models (4) and (5) are shown in
columns (1) and (2) of Table 9, respectively.)e coefficient of
POWER is positive and statistically significant at the 1% level

for regressions in model 4 and model 5, meaning that female
directors who also hold the position of president or CEO can
promote the firms’ CID. )e finding supports Hypothesis 2.
)e coefficients for EDUC are positive and significant at the
1% level, which support Hypothesis 3 that highly educated
female directors are positively associated with firms’ CID
compared with female directors with lower levels of edu-
cation. )e regression result shows that female directors’
financial background has a positively impact on firms’ CID
decisions, which supports Hypothesis 4. However, we also
find that the effect of female directors’ financial background
on firms’ CID quality is limited. Moreover, female directors’
legal background has no significant impact on firms’ CID
decisions and CID quality. )us, Hypothesis 5 is supported.

5.3. Robustness Tests

5.3.1. Endogeneity. According to previous research, endo-
geneity problems could exist for board gender diversity. In
our study, the relationship between female directors and
firms’ CID may be driven by omitted unobserved factors or
by reverse causality. Some omitted unobservable firm
characteristics, such as firm culture, could be linked to both
female directors and firms’ CID. )e literature generally
deals with unobservable variables by using a fixed effect

Table 5: )e percentage of firms disclosing carbon information and having female directors.

Year Total
Firms disclosing carbon

information Firms with female directors

N % N %
2012 541 256 47.32 367 67.84
2013 541 257 47.50 375 69.32
2014 541 258 47.69 380 70.24
2015 541 267 49.35 387 71.53
2016 541 287 53.05 395 73.01
2017 541 285 52.68 394 72.83
Total 3246 1610 49.60 2298 70.79

Table 6: Descriptive statistics of variables.

Variable N Mean SD Min Max
CID_DUM 3246 0.496 0.500 0 1
CID_QUALITY 3246 1.380 2.158 0 16
FEM_DUM 3246 0.708 0.455 0 1
FEM_RAT 3246 0.137 0.126 0 0.857
POWER 3246 0.204 0.403 0 1
EDUC 3246 0.464 0.499 0 1
FINAN 3246 0.413 0.492 0 1
LEGAL 3246 0.109 0.312 0 1
SIZE 3246 22.41 1.294 19.08 28.51
LEV 3246 0.414 0.203 0.014 1.059
ROA 3246 4.782 5.820 −39.92 51.66
OC 3246 0.577 0.154 0.013 0.986
IND 3246 0.370 0.053 0.182 0.667
DUAL 3246 0.222 0.416 0 1
TOBINQ 3246 1.993 1.698 0.123 21.02
NATURE 3246 0.473 0.499 0 1
AGE 3246 2.308 0.667 0 3.296
AUDF 3246 0.065 0.247 0 1
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model. )e results based on fixed effect model are reported
in column (1) of Table 10, which shows that female directors
have a positive influence on firms’ CID quality.

)e endogenous relation may also exist when reverse
causality exists between firms’ CID and female directors.
Firms with high quality CID or caring more about envi-
ronmental issues may be more likely to employ women as
board members. Alternatively, female directors may also
self-select into environmentally friendly firms due to their
characteristics. In our study, this means that current female
boardroom representation may be influenced by firms’ past

CID quality. Our study controls for the possible reverse
causality using the system GMMmethod. )e system GMM
model shows the same results in column (2) of Table 10: the
effect of female directors on firms’ CID quality is signifi-
cantly positive. Our results are thus robust to controlling for
endogeneity.

5.3.2. Alternative Independent Variables. We use two other
measurements to estimate female directors, FEM_NUM and
INDFEM, respectively. )e explanatory variable

Table 8: Regression results of Hypothesis 1.

Variables
CID_DUM CID_QUALITY

(1) (2) (3) (4)
FEM_DUM 0.310∗∗∗ (5.76) 0.337∗∗∗ (4.53)
FEM_RAT 1.624∗∗∗ (7.99) 1.565∗∗∗ (5.53)
SIZE 0.380∗∗∗ (11.18) 0.385∗∗∗ (11.32) 0.708∗∗∗ (15.84) 0.712∗∗∗ (15.95)
LEV −0.556∗∗ (−3.16) −0.514∗∗∗ (−2.91) −1.041∗∗∗ (−4.29) −1.000∗∗∗ (−4.12)
ROA −0.003 (−0.55) −0.004 (−0.72) −0.018∗∗ (−2.18) −0.019∗∗ (−2.29)
OC −0.160 (−0.83) −0.100 (−0.51) −0.155 (−0.57) −0.094 (−0.34)
IND 0.931∗ (1.95) 0.644 (1.34) 1.570∗∗ (2.37) 1.300∗ (1.96)
DUAL −0.035 (−0.61) −0.038 (−0.64) −0.221∗∗∗ (−2.67) −0.225∗∗∗ (−2.73)
TOBINQ 0.006 (0.25) 0.010 (0.41) 0.098∗∗∗ (2.98) 0.102∗∗∗ (3.11)
NATURE 0.202∗∗∗ (3.33) 0.235∗∗∗ (3.84) 0.496∗∗∗ (5.81) 0.526∗∗∗ (6.15)
AGE −0.148∗∗∗ (−2.79) −0.146∗∗∗ (−2.74) 0.050 (0.68) 0.051 (0.70)
AUDF 0.402∗∗∗ (3.40) 0.382∗∗∗ (3.25) 1.119∗∗∗ (7.66) 1.107∗∗∗ (7.59)
Constant −8.727∗∗∗ (−11.62) −8.795∗∗∗ (−11.72) −15.056∗∗∗ (−15.21) −15.085∗∗∗ (−15.27)
Year Yes Yes Yes Yes
Industry Yes Yes Yes Yes
Observations 3,220 3,220 3,246 3,246
Pseudo-R2 0.130 0.137
R-squared 0.269 0.271
Note: z-statistics are in parentheses in columns (1) and (2). t-statistics are in parentheses in columns (3) and (4). ∗∗∗p< 0.01, ∗∗p< 0.05, ∗p< 0.1.

Table 9: )e impact of the characteristics of female directors on firms’ CID.

Variables CID_DUM CID_QUALITY
(1) (2)

POWER 0.172∗∗∗ (2.77) 0.365∗∗∗ (4.20)
EDUC 0.259∗∗∗ (4.74) 0.355∗∗∗ (4.70)
FINAN 0.185∗∗∗ (3.45) 0.025 (0.34)
LEGAL −0.010 (−0.13) −0.053 (−0.48)
SIZE 0.384∗∗∗ (11.22) 0.702∗∗∗ (15.73)
LEV −0.552∗∗∗ (−3.13) −1.027∗∗∗ (−4.25)
ROA −0.004 (−0.67) −0.018∗∗ (−2.24)
OC −0.183 (−0.94) −0.181 (−0.67)
IND 0.979∗∗ (2.04) 1.503∗∗ (2.27)
DUAL −0.025 (−0.43) −0.223∗∗∗ (−2.71)
TOBINQ 0.007 (0.28) 0.094∗∗∗ (2.87)
NATURE 0.220∗∗∗ (3.57) 0.507∗∗∗ (5.91)
AGE −0.161∗∗∗ (−3.01) 0.038 (0.51)
AUDF 0.376∗∗∗ (3.17) 1.094∗∗∗ (7.52)
Constant −8.746∗∗∗ (−11.59) −14.767∗∗∗ (−14.97)
Year Yes Yes
Industry Yes Yes
Observations 3220 3246
Pseudo-R2 0.139
R-squared 0.277
Note: z-statistics are in parentheses in column (1). t-statistics are in parentheses in column (2). ∗∗∗p< 0.01 and ∗∗p< 0.05.
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FEM_NUM is calculated as the number of women board
members, and INDFEM is calculated as the percentage of
female independent directors scaled by the total number of
board members. We rerun models (2) and (3) using
FEM_NUM and INDFEM as alternative key independent
variables. As reported in Table 11, the coefficients of both
FEM_NUM and INDFEM are consistently positive and
significant. )ese results indicate that the finding that there
is a positive correlation between female directors and firms’
CID is robust and credible.

6. Conclusions

)is study examined the potential effect of female directors
on firms’ CID based on a sample of listed firms in China’s
high carbon industries in the period between 2012 and 2017.
Two alternative variables were used in this paper to measure
female directors and firms’ CID. We find that female di-
rectors have a significant positive impact on firms’ CID.
Moreover, the result indicates that there is a trend for listed
firms in China to appoint women to the board of directors.

Table 11: Regression results of alternative independent variables.

Variables
CID_DUM CID_QUALITY

(1) (2) (3) (4)
FEM_NUM 0.183∗∗∗ (7.87) 0.193∗∗∗ (6.03)
INDFEM 2.544∗∗∗ (8.39) 1.680∗∗∗ (3.97)
SIZE 0.376∗∗∗ (11.05) 0.395∗∗∗ (11.57) 0.703∗∗∗ (15.76) 0.716∗∗∗ (15.97)
LEV −0.513∗∗∗ (−2.91) −0.564∗∗∗ (−3.19) −0.995∗∗∗ (−4.11) −1.047∗∗∗ (−4.31)
ROA −0.004 (−0.69) −0.005 (−0.86) −0.019∗∗ (−2.28) −0.019∗∗ (−2.29)
OC −0.095 (−0.49) −0.133 (−0.68) −0.084 (−0.31) −0.143 (−0.53)
IND 0.991∗∗ (2.07) 0.456 (0.95) 1.636∗∗ (2.47) 1.229∗ (1.84)
DUAL −0.037 (−0.62) −0.024 (−0.40) −0.224∗∗∗ (−2.72) −0.217∗∗∗ (−2.63)
TOBINQ 0.010 (0.41) 0.013 (0.53) 0.102∗∗∗ (3.12) 0.101∗∗∗ (3.08)
NATURE 0.222∗∗∗ (3.63) 0.198∗∗∗ (3.24) 0.516∗∗∗ (6.05) 0.489∗∗∗ (5.73)
AGE −0.143∗∗∗ (−2.70) −0.156∗∗∗ (−2.93) 0.054 (0.74) 0.040 (0.54)
AUDF 0.397∗∗∗ (3.36) 0.397∗∗∗ (3.38) 1.121∗∗∗ (7.69) 1.117∗∗∗ (7.64)
Constant −8.704∗∗∗ (−11.6) −8.855∗∗∗ (−11.79) −15.011∗∗∗ (−15.22) −15.002∗∗∗ (−15.15)
Year Yes Yes Yes Yes
Industry Yes Yes Yes Yes
Observations 3220 3220 3246 3246
Pseudo-R2 0.137 0.139
R-squared 0.273 0.268
Note: z-statistics are in parentheses in columns (1) and (2). t-statistics are in parentheses in columns (3) and (4). ∗∗∗p< 0.01, ∗∗p< 0.05, and ∗p< 0.1.

Table 10: Regression results of the fixed effect and system GMM models.

Variables
Fixed effect System GMM

CID_QUALITY CID_QUALITY
(1) (2)

Lag CID_QUALITY 0.514∗∗∗ (7.47)
FEM_RAT 1.072∗∗∗ (3.44) 2.192∗∗∗ (3.84)
SIZE 0.169∗ (1.92) 0.371∗∗∗ (6.06)
LEV 0.158 (0.54) −0.296 (−1.39)
ROA 0.006 (0.87) −0.005 (−0.78)
OC −0.438 (−1.13) 0.027 (0.10)
IND 1.255∗ (1.90) −0.135 (−0.23)
DUAL −0.112 (−1.38) −0.074 (−1.23)
TOBINQ 0.004 (0.14) 0.050∗∗ (2.38)
NATURE −0.123 (−0.42) 0.288∗∗∗ (3.32)
AGE −0.069 (−0.39) 0.035 (0.59)
AUDF −0.041 (−0.13) 0.596∗∗∗ (2.89)
Constant −2.644 (−1.42) 95.671∗∗∗ (2.69)
Year Yes Yes
Industry No Yes
Observations 3,246 2,705
R-squared 0.015
Arellano–Bond AR (1) (z, p value) −5.66 (p≤ 0.001)
Arellano–Bond AR (2) (z, p value) 1.63 (p � 0.104)
Sargan test (chi-square, p value) 122.15 (p≤ 0.001)
Hansen test (chi-square, p value) 20.59 (p � 0.151)
Note: t-statistics are in parentheses. ∗∗∗p< 0.01, ∗∗p< 0.05, and ∗p< 0.1.
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To some extent, the increase in board gender diversity proves
the effectiveness of corporate governance policies.

On the basis of the above research, we further explore the
effect of the characteristics of female directors on firms’ CID.
We find that the power and educational level of female
directors have a significant positive impact on firms’ CID
decisions and CID quality. )e financial background of
female directors has a significant positive impact on firms’
CID decisions, while the legal background of female di-
rectors has no significant impact on firms’ CID behavior.

Based on the empirical results, we could propose some
practical implications. First, the statistical results show that firms
that disclose carbon information account for less than half of the
total sample.)is provides a reference for the future mandatory
CID policy issued by the Chinese government. Second, since
female directors can promote firms’ CID decisions and CID
quality, Chinese firms can improve their level of information
disclosure related to climate change through appointing more
female directors. To achieve the target of peaking carbon
emissions before 2030 and reaching carbon neutrality before
2060, Chinese government might establish a mandatory quota
system of female directors to improve the climate change
governance of firms in China. )ird, this study finds that the
power, educational level, and financial background of female
directors in China have a positive impact on firms’ CID.
)erefore, Chinese firms should appoint more female directors
with high level education or financial background to promote
firms’ CID and appoint female directors as CEOunder the same
conditions to promote firms’ CID behavior.

As in all empirical studies, our study has several limi-
tations. First, the CID index used in our research may not
cover all the information that can fully reflect the quality of
CID. Second, our study considers only the association be-
tween female directors and CID. Future research would
benefit from exploring the black box of governance and
examining the channels through which female directors
positively affect CID.)ird, our study focuses on a sample of
high carbon industries in China. )erefore, our results may
not hold for firms in other industries or firms outside China.
)e role and influences of female directors may vary across
countries. However, our findings may be applied to other
Asian countries where the social status of females may be
relatively lower than that in western countries, which in-
spires further discussion and testing by scholars.
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