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Abstract:



Taking Chinese listed companies in 2008–2015 as the sample, in this paper we test in detail the impact of female directors on corporate environmental investments. Furthermore, we study the impact of female directors on environmental investment in enterprises with different types of ownership and industry attributes. Empirical studies show that when there are only 1 or 2 female directors on the board, no significant impact on the scale of corporate environmental investment can be seen. However, when the number reaches at least 3, female directors have a significantly positive impact on the scale of corporate environmental investment. This confirms critical-mass theory; meanwhile, we find that the empirical results do not indicate any significant correlation when the variable of female directors is measured by the proportion of female directors and the Blau index of gender balance. Further analysis suggests that in state-owned enterprises and enterprises from heavily-polluting industries, the above findings remain true, while in non-state-owned enterprises and enterprises from non-heavily-polluting industries, the above findings prove false, i.e., that the impact of female directors on corporate environmental investment is not significant. The conclusion demonstrates that the impact of female directors on environmental investment varies in enterprises with different types of ownership and industry attributes.
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1. Introduction


Since the reform and opening up, great progress has been made in both social and economic development in China for more than 30 years, but the ensuing environmental problems have become increasingly serious. The World Bank’s study (2001) shows that China occupies 16 of the 20 most polluted cities in the world and is the world’s largest emitter of sulfur dioxide (SO2) and carbon dioxide (CO2) [1]; environmental pollution causes about 3.5–8% loss in the GDP each year [2]. In 2016, the air quality of 84 cities in 338 prefecture-level and above cities was up to standard, accounting for 24.9%, while 75.1% of cities are still not up to standard (The 2016 National Air Quality Status released by the Ministry of Environmental Protection on January 23, 2017). According to statistics, more than 80% of environmental pollutants (wastewater, waste gas, etc.) are produced in enterprises and enterprises have become resource and energy consumers and environmental pollution producers [3]. On 18 October 2017, Chairman Xi Jinping put forward that “There is still a long way to go in protecting the ecological environment” at the 19th National Congress of the Communist Party of China, and pointed out that great efforts should be made to solve the outstanding environmental problems, indicating that we should establish an environmental governance system in which the government gives the direction, enterprises work as the main body, and social organizations and the public are widely involved. As the main body of economic operation, enterprises on the one hand gain productive resources from the environment, and on the other hand generate emissions to the environment, which is an important cause of environmental pollution, so enterprises should fulfill the responsibility of environmental protection in the pursuit of economic efficiency. In response, relevant government departments have paid great attention. On 14 September 2010, Ministry of Environmental Protection released the Guide for Environmental Information Disclosure of Listed companies, which for the first time specifically requires listed companies to issue environmental reports on a regular basis. Meanwhile, the Ministry of Environmental Protection urged enterprises to strengthen their supervision over the discharge of pollutants during production and operation, and disclose relevant information to the public and government departments. In 2011, excessive blood lead levels were found in hundreds of children, along with the disclosure of the long-term violation of emissions by Harbin Pharmaceutical Group Pharmaceutical Factory, which once again drew great attention of the government and the public on the environmental problems. In November 2013, the decision of the Central Committee of the Communist Party of China on some major issues concerning comprehensively deepening the reform was adopted at the Third Plenary Session of the 18th Central Committee of the Communist Party of China, calling for the establishment of a sound ecological environmental protection system in order to regulate the environmental protection behaviors systematically. The implementation of these policies promotes enterprises to raise awareness of environmental protection and strengthen environmental governance.



In order to fulfill environmental protection obligations and undertake social responsibilities, enterprises need to continuously invest capital, purchase facilities and develop advanced technologies [4]. The motivation of enterprises to actively undertake social responsibility and carry out environmental investment activities is obvious. Having good corporate social responsibility helps to improve corporate transparency and reduce the information asymmetry between business and stakeholders [5] and to improve long-term corporate value [6]. According to the quaternity indicator system in Research Report on Corporate Social Responsibility of China, social responsibility includes four aspects: management responsibility, market responsibility, public welfare responsibility and environmental responsibility. This paper mainly studies the corporate social responsibility from environmental investment perspective. In addition to the government’s policies, corporate environmental investment is affected by many other factors. Through reviewing previous academic achievements, we find the following factors affecting corporate environmental investment: External factors, mainly including government regulation [7], economic development and legislation [8], and internal factors, including board structure [9], management behavior [10] and ownership structure [11]. At present, there are not many researches on internal factors in China, because many researches pay more attention to external factors [7,12]. This results in a lack of basis for guiding the corporate environmental investment. Therefore, in this paper we focus on internal factors in order to study the impact of female directors on corporate environmental investment.



Many countries pay more and more attention to the gender composition of the board of directors. In February 2002, the Norwegian government promulgated a legislative proposal aiming at achieving 40% of female directors on the board, which officially entered into force in 2005 [13]. Subsequently, other countries successively enacted quota laws and clearly stipulated related sanctions laws such as Finland, Iceland, Italy and France. In addition, many countries proposed that the qualified corporate governance structure should consider the gender composition of the board of directors, which include Denmark, Germany, Ireland and so on [14]. In China, with the improvement of the female status and their comprehensive quality, an increasing number of female directors emerged, who have become the indispensable and key factor in corporate governance [15]. The research on director gender has been extended to many aspects of corporate governance in the academic world. From many aspects, the role of female directors in board decision-making was studied, such as charity expenditure [16,17,18], corporate innovation [13], and corporate performance [19,20,21]. It can be found from the previous literature that female directors can influence the board of directors in some aspects of decision-making, but the impact of female directors on corporate environmental investment has not been studied at home and abroad. However, there is more research on corporate social responsibility related to corporate environmental investment. Based on a sample of more than 500 listed companies in the United States, Zhang et al. [22] found that a higher proportion of female directors will result in a higher performance level of corporate social responsibility. Having reviewed the literature on the relationship between board diversity and corporate social responsibility, Rao and Tilt [23] highlight the importance of linking the gender diversity on the board to the decision-making process of corporate social responsibility. Hyun et al. [6] considered the inherent mechanism of female directors and obtained positive correlation between the number of female independent directors and corporate social responsibility, which is a further promotion of prio studies. Taking the sample of 91 listed companies in France in 2001–2011, Nekhili et al. [24] find that board diversity has an impact on corporate social responsibility. Through researching, Jizi [25] finds that the participation of female directors on the board is conducive to improving corporate social responsibility and developing ethical policies. The dimensions of social responsibility are relatively broad. Environmental investment is the environmental responsibility of enterprises in fulfilling their social responsibility, but the research on the direct impact of female directors on environmental investment has not been done at home and abroad. Therefore, in this paper three common measurement methods for female directors are used to fully verify the impact of female directors on environmental investment.



Taking the listed companies in Shanghai and Shenzhen stock markets in China in 2008–2015 as samples and using the fixed effect method of unbalanced panel data, we mainly study the impact of female directors on the scale of corporate environmental investment. It is found that female directors have a significantly positive impact on corporate environmental investment when at least three female directors appear on the board. This conclusion passes the robustness test. Meanwhile, the following two aspects are considered in this paper: First, enterprises with different types of ownership have different characteristics, and management’s awareness of environmental protection is different, and there are some differences in decision-making [26]. Private-owned enterprises pay more attention to the realization of the best interest of their own shareholders and pursue higher economic benefits than state-owned enterprises. State-owned enterprises tend to shoulder more social responsibilities and public expectations [27], and state authorities impose more interventions on state-owned enterprises [28], so the board needs to think more about environmental benefits when making decisions. Second, enterprises with different industry attributes have different scales of environmental investment [29]. Compared with non-heavily-polluting industries, heavily-polluting industries are the major contributors to environmental pollution and therefore are more susceptible to legal punishment and government regulation. Therefore, this paper further analyzes the impact of female directors on corporate environmental investment in enterprises with different types of ownership and industry attributes, and finds that the above-mentioned impact is significant in state-owned enterprises and heavily-polluting industries. The research in this paper enriches theories about gender structure of the board of directors, and finds a great breakthrough for the increasingly concerned environmental issues in China as well.



The innovations of this paper are as follows: First, we empirically test the positive impact of female directors on the scale of corporate environmental investment from the perspective of gender diversity on the board of directors, in order to promote enterprises to better fulfill their social responsibility. At present, research on environmental investment both at home and abroad is mainly embodied in the macro level, focusing on the current situation of environmental investment and its influencing factors [30]. In addition, most of the research on corporate governance and corporate environmental problems focuses on environmental information disclosure [31,32,33], while there is little literature on corporate environmental investment. Therefore, this paper studies the impact of female directors on environmental investment from a micro perspective. Second, by further categorizing listed companies according to different types of ownership and attributes, we find that there is a significantly positive impact of at least three female directors in state-owned enterprises and heavily-polluting industries on corporate environmental investment. In the existing literature, the impact is studied either by classifying in accordance with different types of ownership [34] or only focusing on the status of heavily-polluting industries [35]. Few literatures have tested the impact from these two perspectives in unison. Third, the conclusion drawn in this paper further verifies the importance of critical–mass theory of female directors, proving once again that “3” is a fantastic number [36], which is equivalent to verify the conclusion of the original literature at a new dimension, and this theory will be further extended in the future, in order to solve more problems in various fields.



The structure of the paper is as follows: The second part shows theoretical analysis and research hypothesis; the third part presents research design; the fourth part is an empirical test; the fifth part is a research conclusion and policy suggestions.




2. Theoretical Analysis and Research Hypothesis


The following theoretical explanations are popular in the existing literature on the impact of female directors on the board’s decision on corporate environmental investment. The first is critical-mass theory proposed by Kanter [37], arguing that the performance of the entire group will improve once the number of women reaches a certain size in the group and a relatively gender balance is achieved. Rosener [38] and Shrader et al. [39] find the importance of three female directors in strengthening the work of the board of directors. Through interviewing directors, Kramer et al. [40] find that once at least three female directors appear on the board, they no longer merely represent a “female point of view”, so board members will pay attention to female directors’ opinions rather than their gender. Through analyzing the board meetings of some listed companies in Israel, Miriam [41] finds that when there are at least three female directors, they perform more actively at the meeting, which verifies the important of critical-mass theory. According to the information asymmetry theory, female directors are easily marginalized and tend to keep silent when the number of female directors on the board is one or two, while female directors prefer to express themselves [36] in the decision-making process when the number of female directors reaches at least three, which finally realizes the information symmetry theory.



The second is social role theory. Social role theory holds that men are personal-oriented (aggressive, ambitious, strong, dominant) and women are public-oriented (loving, helpful, concerned about the well-being of others) [42]. In order to be consistent with the “gender role” [43], female directors tend to behave in ways that meet the expectations of the community. When making decisions, they will take kindness and compassion as the principle. The challenges that enterprises are facing can be better addressed when the board achieves gender diversity [25]. For example, female directors help enterprises understand the needs of stakeholders and address them well [44]. Female directors are more likely to provide some different points of view for the board, such as social charitable donation [16] and community environment [45,46], so as to improve the social image of enterprises. Besides, female care ethics considers that there are moral differences between male and female. Men tend to regard themselves as independent existence, while women regard morality as the responsibility to others and pursue a kind of care ethic that values responsibility and relationship.



The last is group dynamics theory. Group dynamics theory emphasizes how rights are given to group decisions in the context of gender balance [47]. In the group, personal thoughts and behaviors are influenced by others. Byron and Post [48] argue that the presence of both women and men on the board can bring different knowledge, experience and value, which is helpful to improve the quality of business decisions. Female directors take a more active part than male directors because of their cautious and responsible attitude [49]. The more people attending the meeting will make the group decision-making more reliable. As a result, when the number of female directors on the board reaches a certain number, the group decision-making process of the board of directors can be substantially changed. In addition, the typical characteristics of female directors will make group decisions more effective. For example, female directors tend to be risk-averse [50,51]. Therefore, when a certain number of women is present, some risky decisions may be stopped and corporate performance will be enhanced.



Based on the above theories, we study the main body of this paper, i.e., corporate environmental investment. First, critical mass theory and group dynamics theory show that female directors play a more prominent role on the board of directors when there are at least three female directors. Second, the social role theory holds that women have the characteristics of caring for others and being very responsible. Therefore, when the board of directors intends to fulfill social responsibility and make decisions on corporate environmental investment, it can get strong support from female directors and thereby enhancing the possibility to approve the decisions. In addition, since female directors are risk-averse, they will pay more attention to the fulfillment of corporate environmental responsibility in order to avoid the risk of legal penalty cost due to environmental pollution and the possible decline of business performance in the long run. Based on a study of 865 listed companies in the United States, Li et al. [52] find that gender diversity on the board has a significantly positive impact on the development of environmental policies. So how is the impact of female directors on environmental investment? Through the above analysis, we predict that female directors have a significantly positive impact on the scale of corporate environmental investment. Therefore, this paper proposes the following hypothesis:

Hypothesis H1.

The Blau index is positively correlated with the scale of corporate environmental investment.





Hypothesis H2.

The proportion of female directors is positively correlated with the scale of corporate environmental investment.





Hypothesis H3.

The critical mass of female directors (at least three) is positively correlated with the size of corporate environmental investment.








3. Research Design


3.1. Sample Selection and Data Sources


In this paper, the listed companies in Shanghai and Shenzhen stock markets in 2008–2015 are taken as samples. In order to ensure the integrity and reliability of the data, the following samples are excluded: 1. The samples that have not disclosed their environmental investment for more than three consecutive years; 2. Financial companies, security companies and insurance companies because of their special industry attributes and operational characteristics; 3. B shares, H shares (Hong Kong-listed stocks) and N shares (New York-listed stocks) enterprises; 4. The samples with missing data, such as financial data, board data and so on. In the end, we obtained 199 sample enterprises and 910 observations in 2008–2015. The distribution of sample enterprises in each year is shown in Table 1. The reason why sample selection begins in 2008 is that listed companies have been gradually disclosing relevant environmental information since the release of Guidelines for Environmental Information Disclosure of Listed Companies by Shanghai Stock Exchange in 2008.



Table 1. Sample company annual distribution.







	
Year

	
2008

	
2009

	
2010

	
2011

	
2012

	
2013

	
2014

	
2015






	
Number of companies

	
26

	
38

	
74

	
112

	
139

	
154

	
168

	
199










The main sources of data in this paper are: 1. Most of the financial data and the structure of the board of directors come from CSMAR. A few missing data are obtained by consulting the annual reports of listed companies or through the website of Stock Star and the official website of Money163; 2. Environmental investment data are collected and sorted by hand from independent social responsibility reports, sustainability reports and environmental reports disclosed on Cninfo, the official website of CSRC; 3. Macro-level data come from statistical yearbooks. For example, regional economic development and regional sewage discharge are from China Statistical Yearbook, while financial development is from China Financial Statistical Yearbook; 4. In order to ensure the integrity of the samples, missing environmental investment data of some enterprises in a few years will be processed with interpolation method through the stata14 command. In order to eliminate the influence of outliers, we use winsorize to process the major continuous variables at 1% and 99% quantiles in the regression test so as to ensure the authenticity and reliability of the results. Stata14 software is used for empirical analysis.




3.2. Variable Design and Definition


3.2.1. Dependent Variables


The dependent variable is the scale of corporate environmental investment Environmental Protection Investment (EPI). After referring to the research on corporate environmental investment by Tang and Li [29], we divide corporate environmental investment into the following seven categories based on the disclosure of actual corporate social responsibility reports: Expenditure on environmental technology research and development and reconstruction, expenditure on environmental facilities and systems and reconstruction, expenditure on pollution control, expenditure on clean production, environmental taxes, expenditure on ecological protection and other environmental investments. In the collection of environmental investment data, we are in strict accordance with this classification method. In this paper, we use the common definition method of studying corporate environmental investment literature to reflect the scale of corporate environmental investment, which is calculated as EPI = [image: ], where “average total assets” refers to the arithmetic average of the total assets at the beginning of the year and the total assets at the end of the year.




3.2.2. Independent Variables


This paper mainly analyzes the impact of female directors on corporate environmental investment. There are many ways in which academics can measure the variable of female directors. In order to comprehensively understand the impact of female directors on corporate environmental investment, several common measurement methods for female directors are used for research and analysis (the proportion of female director (FDP), Blau index (Blau) and critical-mass). In order to prove the validity of critical-mass theory, we set up three comparative variables: Only one female director, only two female directors and three and above female directors, respectively. Table 2 shows selection and definition of explanatory variables.



Table 2. Variable selection and definition.







	
Variable Name

	
Variable Symbol

	
Variable Description






	
Dependent variables

	
Scale of corporate environmental investment

	
EPI

	
Environmental investment/average total assets




	
Independent variables

	
Blau index

	
Blau

	
1-FDP^2-(1-FDP)^2




	
Female director proportion

	
FDP

	
Number of female directors/total number of directors




	
1 female director

	
Onlyone

	
When there is 1 female director on the board of directors the assignment is 1. Otherwise, the assignment is 0.




	
2 female directors

	
Onlytwo

	
When there are 2 female directors on the board of directors the assignment is 1. Otherwise, the assignment is 0.




	
at least 3 female directors

	
Leastthree

	
When there are at least 3 female directors on the board of directors the assignment is 1. Otherwise, the assignment is 0.




	
Control variables

	
Financial variable

	
Asset size

	
Size

	
The natural logarithm of total assets




	
Financial leverage

	
LEV

	
Total liabilities/total assets




	
Business performance

	
ROA

	
Net profit/total average assets




	
Sustainable development capacity

	
SDC

	
Ending shareholder equity/beginning shareholder equity




	
Corporate governance variable

	
Different types of ownership

	
SOE

	
The assignment is 1 when state-owned. Otherwise, the assignment is 0




	
Ownership concentration

	
OC

	
The proportion of the largest shareholder




	
Board independence

	
BI

	
The proportion of independent directors




	
Board size

	
BS

	
The natural logarithm of the number of board members




	
Chairman and CEO concurrently

	
CEOdual

	
0 The assignment is 1 when not chairman and CEO concurrently, while the assignment is 0 when chairman and CEO concurrently.




	
Board ownership

	
BO

	
Directors’ equity/total share capital of the enterprise




	
External influencing factors

	
Local control intensity

	
CI

	
The assignment of ecologically fragile areas (According to the document [2008] No. 92 of Ministry of Environmental Protection, ecologically fragile areas include Heilongjiang, Inner Mongolia, Jilin, Liaoning, Hebei, Shanxi, Shaanxi, Ningxia, Gansu, Qinghai, Xinjiang, Tibet, Sichuan, Yunnan, Guizhou, Guangxi, Chongqing, Hubei, Jiangxi and Anhui, a total of 21 provinces (autonomous regions and municipalities directly under the Central Government)) is 1. Otherwise, the assignment is 0.




	
Local sewage discharge level

	
SDL

	
Local sewage discharge/national sewage discharge




	
Local economic development

	
LED

	
The natural logarithm of real per GDP in the headquarter area where the company is located




	
Local financial development

	
LFD

	
(Deposit + loan amount)/regional GDP











3.2.3. Control Variables


Draw lessons from the existing research results, this paper selects the variables that have an important impact on the scale of corporate environmental investment as control variables, which are mainly divided into three categories: 1. Corporate financial variables: Asset size (Size), financial leverage (Leverage, LEV), business performance (Return on Assets, ROA), and sustainable development capacity (SDC); 2. Corporate governance variables: ownership (state-owned Enterprise, SOE), ownership concentration (OC) [53], board independence (BI) [9], board size (BS) [25], chairman and CEO concurrently (CEO dual), and board ownership (BO) [50]; 3. External influence factors of environmental investment: Local control intensity (Control Intensity, CI) [12], local sewage discharge level (SDL), local economic development (LED) and local financial development LFD) [54]. In addition, annual dummy variables are also introduced in this paper to control the impact of annual effects.



The specific definition of the abovementioned variables, explanatory variables and control variables is shown in Table 2.





3.3. Model Building


In order to test the impact of female directors of listed companies on the scale of corporate environmental investment, this paper designs the following empirical regression model:


[image: ]











Among which, [image: ] is the participation index of female directors, including 5 variables, i.e., Blau, FDP, Onlyone, Onlytwo, Leastthree.





4. Empirical Analysis


4.1. Descriptive Statistics and Analysis


The descriptive statistics of all variables are shown in Table 3. The mean and median of EPI are 0.0071 and 0.0020, respectively, indicating that the average proportion of corporate environmental investment to the total assets is about 0.71%. The vast majority of environmental investment is below the average of the total samples, to a certain extent indicating that there is currently insufficient investment in environmental protection in the sample enterprises [29]. The standard deviation of EPI is large, and the difference between the maximum value and the minimum value is also very large, suggesting that there are prominent individual differences in environmental investment and the scale of environmental investment of the samples is not stable. The mean value of SOE is 0.753, implying that most of the social responsibility reports on environmental investment disclosure are released by state-owned enterprises. It can be preliminarily found that environmental investment of non-state-owned enterprises needs to be improved. The change in explanatory variable means that the proportion of female directors on the board is still low, and that there are fewer sample enterprises with more than three female directors, suggesting that gender imbalance on the board of enterprises in China and the number of female directors needs to be improved [55].



Table 3. Descriptive statistics.







	
Variable

	
Obs

	
Mean

	
Std.Dev.

	
Median

	
Min

	
Max






	
EPI

	
910

	
0.0071

	
0.0190

	
0.0020

	
0

	
0.285




	
Only one

	
910

	
0.357

	
0.479

	
0

	
0

	
1




	
Only two

	
910

	
0.197

	
0.398

	
0

	
0

	
1




	
At least three

	
910

	
0.0989

	
0.299

	
0

	
0

	
1




	
Blau

	
910

	
0.176

	
0.153

	
0.1975

	
0

	
0.500




	
FDP

	
910

	
0.115

	
0.116

	
0.1111

	
0

	
0.667




	
Lev

	
910

	
0.508

	
0.194

	
0.5248

	
0.0415

	
0.952




	
Size

	
910

	
23.34

	
1.627

	
23.1856

	
−0.0077

	
27.32




	
ROA

	
910

	
0.0472

	
0.0626

	
0.0349

	
−0.249

	
0.477




	
SDC

	
910

	
1.140

	
0.301

	
1.0728

	
0.160

	
4.465




	
OC

	
910

	
0.429

	
0.167

	
0.4310

	
0

	
0.885




	
BI

	
910

	
0.372

	
0.0633

	
0.3333

	
0.231

	
0.714




	
BS

	
910

	
2.257

	
0.206

	
2.1972

	
1.609

	
2.890




	
BO

	
910

	
2.552

	
9.043

	
0.0010

	
0

	
57.52




	
SDL

	
910

	
0.0498

	
0.0355

	
0.0374

	
0.0007

	
0.126




	
LED

	
910

	
10.88

	
0.458

	
10.9825

	
9.196

	
11.59




	
LFD

	
910

	
1.712

	
0.795

	
1.5364

	
0.154

	
3.793




	
CEO dual

	
910

	
0.903

	
0.296

	
1

	
0

	
1




	
CI

	
910

	
0.301

	
0.459

	
0

	
0

	
1




	
SOE

	
910

	
0.753

	
0.432

	
1

	
0

	
1










Panel A and Panel B in Table 4 describe the samples of state-owned enterprises and non-state-owned enterprises, as well as the samples of heavily-polluting (On 14 September 2010, in order to urge listed companies to actively fulfill their environmental responsibilities and satisfy the public’s right to know about the environment, Ministry of Environmental Protection promulgated Guidelines for Environmental Information Disclosure of Listed companies (Draft), in which heavily-polluting industries include thermal power, steel, cement, electrolytic aluminum, coal, metallurgy, chemical engineering, petrochemical engineering, building materials, papermaking, brewing, pharmacy, fermentation, textile, leather and mining industries. See Classification Management List of Listed Companies on Environmental Inspection (MEP. Doc. [2008] No. 373) that) and non-heavily-polluting industries, respectively. By contrast, we find that the observed value of the samples of state-owned enterprises and heavily-polluting industries is higher than that of non-state-owned enterprises and non-heavily-polluting industries, indicating that non-state-owned enterprises and non-heavily-polluting industries in China need to pay more attention to environmental investment [29]. In terms of ownership, the lower standard deviation of state-owned enterprises shows that the scale of environmental investment in state-owned enterprises is relatively stable. The mean of environmental investment of non-state-owned enterprises is much larger than the median, implying that the majority of non-state-owned enterprises have smaller investment scale. From the perspective of industry attributes, heavily-polluting industries pay more attention to environmental investment. The average size of their environmental investment is much larger than that of non-heavily-polluting industries, and also greater than the overall average of 0.0071, which is consistent with the conclusion of Tang et al. [29].



Table 4. Descriptive statistics according to different levels.







	
Panel A Property Rights Group




	
Variable

	
State-Owned Enterprises

	
Non-State-Owned Enterprises




	
Obs

	
Mean

	
Std.Dev.

	
Obs

	
Mean

	
Std.Dev.




	
EPI

	
685

	
0.0060

	
0.0156

	
225

	
0.0105

	
0.0266




	
Only one

	
685

	
0.352

	
0.478

	
225

	
0.373

	
0.485




	
Only two

	
685

	
0.190

	
0.392

	
225

	
0.218

	
0.414




	
At least three

	
685

	
0.0993

	
0.299

	
225

	
0.0978

	
0.298




	
Blau

	
685

	
0.170

	
0.152

	
225

	
0.194

	
0.154




	
FDP

	
685

	
0.110

	
0.113

	
225

	
0.130

	
0.125




	
Lev

	
685

	
0.536

	
0.188

	
225

	
0.425

	
0.187




	
Size

	
685

	
23.63

	
1.705

	
225

	
22.48

	
0.941




	
ROA

	
685

	
0.0416

	
0.0587

	
225

	
0.0644

	
0.0705




	
SDC

	
685

	
1.121

	
0.253

	
225

	
1.197

	
0.410




	
OC

	
685

	
0.451

	
0.159

	
225

	
0.363

	
0.172




	
BI

	
685

	
0.373

	
0.0658

	
225

	
0.367

	
0.0547




	
BS

	
685

	
2.281

	
0.206

	
225

	
2.185

	
0.187




	
BO

	
685

	
0.112

	
1.713

	
225

	
9.980

	
15.79




	
SDL

	
685

	
0.0463

	
0.0347

	
225

	
0.0605

	
0.0361




	
LED

	
685

	
10.88

	
0.478

	
225

	
10.89

	
0.390




	
LFD

	
685

	
1.637

	
0.764

	
225

	
1.940

	
0.846




	
CEO dual

	
685

	
0.930

	
0.255

	
225

	
0.822

	
0.383




	
CI

	
685

	
0.336

	
0.473

	
225

	
0.196

	
0.398




	
Panel B Industry Attributes Group




	
Variable

	
Heavily-Polluting Industries

	
Non-Heavily-Polluting Industries




	
Obs

	
Mean

	
Std.Dev.

	
Obs

	
Mean

	
Std.Dev.




	
EPI

	
569

	
0.0084

	
0.0186

	
341

	
0.0050

	
0.0197




	
Only one

	
569

	
0.376

	
0.485

	
341

	
0.326

	
0.469




	
Only two

	
569

	
0.160

	
0.367

	
341

	
0.258

	
0.438




	
At least three

	
569

	
0.0721

	
0.259

	
341

	
0.144

	
0.351




	
Blau

	
569

	
0.156

	
0.146

	
341

	
0.210

	
0.158




	
FDP

	
569

	
0.0985

	
0.104

	
341

	
0.142

	
0.130




	
Lev

	
569

	
0.546

	
0.201

	
341

	
0.445

	
0.163




	
Size

	
569

	
23.47

	
1.783

	
341

	
23.14

	
1.305




	
ROA

	
569

	
0.0404

	
0.0637

	
341

	
0.0586

	
0.0590




	
SDC

	
569

	
1.122

	
0.282

	
341

	
1.170

	
0.329




	
OC

	
569

	
0.446

	
0.164

	
341

	
0.400

	
0.167




	
BI

	
569

	
0.374

	
0.0618

	
341

	
0.369

	
0.0656




	
BS

	
569

	
9.815

	
2.110

	
341

	
9.692

	
2.197




	
BO

	
569

	
2.931

	
9.942

	
341

	
1.918

	
7.269




	
SDL

	
569

	
0.0490

	
0.0353

	
341

	
0.0512

	
0.0359




	
LED

	
569

	
10.81

	
0.463

	
341

	
11.00

	
0.423




	
LFD

	
569

	
1.672

	
0.794

	
341

	
1.780

	
0.794




	
CEO dual

	
569

	
0.923

	
0.267

	
341

	
0.871

	
0.336




	
CI

	
569

	
0.327

	
0.469

	
341

	
0.258

	
0.438











4.2. Correlation Test and Analysis


We tested the correlation of the variables involved in regression and the results are shown in Table 5. From the perspective of correlation matrix, there is a positive correlation between female directors and corporate environmental investment when the number of female directors on the board is three or at least two. The coefficient increases, while there is no significant correlation, preliminarily indicating that female directors have an impact on environmental investment. In addition, most of the independent variables and control variables are significantly correlated with each other at the level of 10% or above, but the correlation coefficients between the major variables are relatively low, suggesting that there is no serious multiple colinearity in the model.



Table 5. Correlation test.







	

	
EPI

	
Blau

	
FDP

	
Only one

	
Only two

	
At least three

	
LEV

	
Size

	
SDC

	
OC

	
BI

	
BS

	
BO

	
SDL

	
LED

	
LFD

	
CEOdual

	
CI

	
SOE






	
EPI

	
1.000

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Blau

	
−0.046

	
1.000

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
FDP

	
−0.038

	
0.973 ***

	
1.000

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Only one

	
−0.066 *

	
0.065 *

	
−0.045

	
1.000

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Only two

	
0.008

	
0.528 ***

	
0.451 ***

	
−0.391 ***

	
1.000

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
At least three

	
0.057

	
0.262 ***

	
0.327 ***

	
−0.174 ***

	
−0.044

	
1.000

	

	

	

	

	

	

	

	

	

	

	

	

	




	
LEV

	
0.063 *

	
−0.073 *

	
−0.06

	
−0.065 *

	
−0.033

	
−0.097 ***

	
1.000

	

	

	

	

	

	

	

	

	

	

	

	




	
Size

	
−0.096 **

	
−0.193 ***

	
−0.172 ***

	
−0.038

	
−0.111 ***

	
−0.125 ***

	
0.476 ***

	
1.000

	

	

	

	

	

	

	

	

	

	

	




	
SDC

	
−0.025

	
−0.027

	
−0.026

	
−0.048

	
0.008

	
0.009

	
−0.124 ***

	
−0.018

	
1.000

	

	

	

	

	

	

	

	

	

	




	
OC

	
−0.063 *

	
−0.134 ***

	
−0.132 ***

	
0.059

	
−0.115 ***

	
−0.149 ***

	
0.106 ***

	
0.378 ***

	
−0.079 **

	
1.000

	

	

	

	

	

	

	

	

	




	
BI

	
−0.022

	
−0.160 ***

	
−0.147 ***

	
−0.042

	
−0.077 **

	
−0.047

	
−0.005

	
0.220 ***

	
−0.057

	
0.166 ***

	
1.000

	

	

	

	

	

	

	

	




	
BS

	
0.058

	
−0.056

	
−0.053

	
−0.023

	
−0.033

	
0.132 ***

	
0.049

	
0.134 ***

	
0.080 **

	
0.007

	
−0.306 ***

	
1.000

	

	

	

	

	

	

	




	
BO

	
0.035

	
0.174 ***

	
0.205 ***

	
0.013

	
0.013

	
0.031

	
−0.207 ***

	
−0.244 ***

	
0.041

	
−0.230 ***

	
−0.033

	
−0.111 ***

	
1.000

	

	

	

	

	

	




	
SDL

	
−0.072 *

	
0.105 ***

	
0.083 **

	
0.167 ***

	
0.006

	
0.003

	
−0.086 **

	
−0.175 ***

	
0.058

	
−0.213 ***

	
−0.051

	
−0.144 ***

	
0.161 ***

	
1.000

	

	

	

	

	




	
LED

	
−0.208 ***

	
0.01

	
0.013

	
0.075 **

	
−0.057

	
0.001

	
−0.127 ***

	
0.160 ***

	
−0.106 ***

	
0.139 ***

	
0.070 *

	
−0.105 ***

	
0.026

	
0.071 *

	
1.000

	

	

	

	




	
LFD

	
−0.123 ***

	
0.128 ***

	
0.114 ***

	
0.206 ***

	
−0.009

	
0.025

	
−0.098 ***

	
−0.076 **

	
0.045

	
−0.182 ***

	
−0.011

	
−0.114 ***

	
0.221 ***

	
0.874 ***

	
0.159 ***

	
1.000

	

	

	




	
CEO dual

	
−0.011

	
0.011

	
0.016

	
−0.032

	
0.025

	
−0.044

	
0.107 ***

	
0.063 *

	
−0.054

	
0.073 *

	
−0.129 ***

	
0.107 ***

	
−0.014

	
−0.126 ***

	
−0.100 ***

	
−0.093 **

	
1.000

	

	




	
CI

	
0.122 ***

	
−0.002

	
0.013

	
−0.128 ***

	
0.022

	
0.022

	
0.125 ***

	
−0.011

	
0.055

	
−0.107 ***

	
−0.016

	
0.205 ***

	
−0.083 **

	
−0.437 ***

	
−0.689 ***

	
−0.425 ***

	
0.122 ***

	
1.000

	




	
SOE

	
−0.147 ***

	
−0.033

	
−0.033

	
−0.024

	
−0.017

	
0.001

	
0.257 ***

	
0.347 ***

	
−0.098 ***

	
0.216 ***

	
0.035

	
0.193 ***

	
−0.456 ***

	
−0.174 ***

	
0.022

	
−0.167 ***

	
0.102 ***

	
0.129 ***

	
1.000








Note: *, **, and *** indicate significance levels of 10%, 5% and 1%, respectively.









4.3. Multiple Regression Test and Analysis


Taking the listed companies from 2008–2015 as the sample, this paper finally obtains a non-balanced panel data. When choosing regression method, we used Hausman Test and found that the fixed effect method should be used for the static panel. Therefore, the regression results of the fixed effect model are used in this paper. The results of multiple regression test in this paper are shown in Table 6. It should be noted that, in order to better avoid the impact of endogeneity on the model regression results, this paper considers the lagged one time interval for all the independent variables in the model. The regression results in column 1 show that the regression results are positive but not significant when female directors are measured by the index of gender diversity i.e., Blau index, so that Hypothesis H1 is false. This may be due to the fact that a larger Blau index represents a more balanced gender distribution, which will not serve to further enhance the board’s activity [41] and therefore cannot affect the decision-making of corporate environmental investment. The regression results in column 2 show that there is no significantly positive impact of the proportion of female directors on corporate environmental investment, so that H2 is false. The regression results in columns 3, 4, and 5 show a negative impact of only one female director and only two female directors on corporate environmental investment, but there is not sufficient evidence. Therefore, we consider that one or two female directors have no impact on the scale of corporate environmental investment. There is a significantly positive impact (significant at the level of 5%) of at least three female directors (critical-mass) on corporate environmental investment, so that H3 is true. We can explain the negative correlation coefficient from the following aspects. First, since there are only one or two female directors, male directors occupy an overwhelming proportion and become “dominant” on the board. In this case, female directors are often only regarded as a symbol of gender diversity. The board will not consider or even seek advice from female directors when making investment decisions. Meanwhile, due to the disproportionation, female directors fear that their opinions are not supported in making decisions. Therefore, female directors tend to pretend to hide their points of view so as to be in accordance with male directors. These will not be conducive to exert unique advantages of female directors, and play no decisive role in promoting environmental investment. When at least three female directors are present on the board, they feel more comfortable, supported and will be freer to ask questions and actively participate in the decision-making process. This fully embodies the magic power of the critical mass of female directors. The presence of at least three female directors is likely to have a significant impact on corporate social responsibility, which is consistent with the conclusion of Miriam [41] on female directors.



Table 6. Multiple regression results.







	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)






	
Blau

	
0.0019

	

	

	

	




	

	
(0.0048)

	

	

	

	




	
FDP

	

	
0.0045

	

	

	




	

	

	
(0.0061)

	

	

	




	
Only one

	

	

	
−0.0006

	

	




	

	

	

	
(0.0012)

	

	




	
Only two

	

	

	

	
−0.0007

	




	

	

	

	

	
(0.0014)

	




	
At least three

	

	

	

	

	
0.0053 **




	

	

	

	

	

	
(0.0024)




	
LEV

	
−0.0121 *

	
−0.0122 *

	
−0.0121 *

	
−0.0120 *

	
−0.0111




	

	
(0.0068)

	
(0.0068)

	
(0.0068)

	
(0.0068)

	
(0.0068)




	
Size

	
−0.0043 **

	
−0.0043 **

	
−0.0043 **

	
−0.0043 **

	
−0.0047 **




	

	
(0.0020)

	
(0.0020)

	
(0.0020)

	
(0.0020)

	
(0.0020)




	
SDC

	
−0.0049 **

	
−0.0048 **

	
−0.0050 **

	
−0.0051 **

	
−0.0048 **




	

	
(0.0020)

	
(0.0020)

	
(0.0020)

	
(0.0020)

	
(0.0020)




	
ROA

	
−0.0095

	
−0.0095

	
−0.0093

	
−0.0099

	
−0.0096




	

	
(0.0120)

	
(0.0120)

	
(0.0120)

	
(0.0120)

	
(0.0120)




	
OC

	
0.0170 *

	
0.0170 *

	
0.0166 *

	
0.0169 *

	
0.0181 *




	

	
(0.0093)

	
(0.0093)

	
(0.0093)

	
(0.0093)

	
(0.0093)




	
BI

	
0.0030

	
0.0032

	
0.0027

	
0.0026

	
0.0023




	

	
(0.0148)

	
(0.0148)

	
(0.0148)

	
(0.0148)

	
(0.0148)




	
BS

	
0.0041

	
0.0042

	
0.0040

	
0.0037

	
0.0034




	

	
(0.0058)

	
(0.0058)

	
(0.0058)

	
(0.0058)

	
(0.0058)




	
BO

	
0.0012 ***

	
0.0012 ***

	
0.0012 ***

	
0.0012 ***

	
0.0012 ***




	

	
(0.0002)

	
(0.0002)

	
(0.0002)

	
(0.0002)

	
(0.0002)




	
SDL

	
−0.1050 *

	
−0.1050 *

	
−0.1050 *

	
−0.1060 *

	
−0.0943 *




	

	
(0.0561)

	
(0.0561)

	
(0.0561)

	
(0.0561)

	
(0.0561)




	
LED

	
−0.0043

	
−0.0042

	
−0.0043

	
−0.0055

	
−0.0029




	

	
(0.0114)

	
(0.0114)

	
(0.0114)

	
(0.0115)

	
(0.0114)




	
LFD

	
0.0253 ***

	
0.0252 ***

	
0.0257 ***

	
0.0254 ***

	
0.0263 ***




	

	
(0.0069)

	
(0.0069)

	
(0.0069)

	
(0.0069)

	
(0.0069)




	
CEO dual

	
−0.0015

	
−0.0015

	
−0.0016

	
−0.0014

	
−0.0008




	

	
(0.0027)

	
(0.0027)

	
(0.0027)

	
(0.0027)

	
(0.0027)




	
CI

	
−0.0009

	
−0.0007

	
−0.0006

	
−0.0005

	
−0.0010




	

	
(0.0081)

	
(0.0081)

	
(0.0082)

	
(0.0082)

	
(0.0081)




	
SOE

	
0.0002

	
−0.0000

	
0.0002

	
0.0002

	
0.0002




	

	
(0.0124)

	
(0.0124)

	
(0.0124)

	
(0.0124)

	
(0.0124)




	
Year

	
control

	
control

	
control

	
control

	
control




	
_cons

	
0.1090

	
0.1070

	
0.1090

	
0.1240

	
0.0990




	

	
(0.1320)

	
(0.1320)

	
(0.1320)

	
(0.1330)

	
(0.1310)




	
N

	
711

	
711

	
711

	
711

	
711




	
R2

	
0.1340

	
0.1350

	
0.1340

	
0.1340

	
0.1420








Note: The brackets for the corresponding standard deviation; dependent variables and independent variables were 1% level of the winsorize processing; regression of all independent variables and control variables are lagging behind; *, **, and *** indicate significance levels of 10%, 5% and 1%, respectively; standard errors in parentheses.








As for control variables, we can see from the regression analysis that: among financial variables, there is a significantly negative correlation between LEV, Size and SDC and the scale of corporate environmental investment (significant level is 10%, 5%, 5%, respectively). Among corporate governance variables, there is a significantly positive correlation between OC and BS and the scale of corporate environmental investment (significant level is 10% and 1%, respectively). Among external factors, there is a significant correlation between SDL and LFD and corporate environmental investment. Among them, SDL is significantly negatively correlated with the corporate environmental investment at the 10% level, indicating that the cities with more serious pollution may be negligent in supervising enterprises, and environmental awareness of these enterprises may not be strong; LFD is significantly positive correlated with corporate environmental investment at the 1% level, suggesting that with higher financial development, local enterprises may be more likely to raise funds, such as to buy environmentally-friendly and energy-saving equipment.




4.4. Further Analysis


In order to further study the impact of female directors on the scale of corporate environmental investment, and to provide new policy guidance for Chinese enterprises to better fulfill their social environmental responsibility, we divided all samples into four groups according to different types of ownership and industry attributes. Here, we only seleted the proportion of female directors, Blau index and critical mass to measure independent variables.



First, through the regression analysis of the observations of state-owned enterprises and private-owned enterprises in the basic model, we found that there is a big difference between state-owned enterprises and private-owned enterprises. As shown in Table 7, of the three measurement indexes of female directors, the presence of at least three female directors on the board of state-owned enterprises has a significantly positive impact (at the level of 5%) on corporate environmental investment, whereas the three measurement indexes of female directors are positive but not significant in private enterprises. This may be mainly due to the nature of state-owned enterprises. In state-owned enterprises, directors are usually appointed administratively and state-owned assets can be the backup. Therefore, state-owned enterprises are not necessary to bear the excessive costs of fulfilling environmental responsibility and can better comply with national environmental policies, which may be conducive to job promotion [56]. Coupled with female inherent characteristics of caring and tendencies to avoid risks, the impact of female directors in state-owned enterprises on environmental investment is significant.



Table 7. Regression results under different property rights.







	

	
State-Owned Enterprises

	
Non-State-Owned Enterprises




	

	
(1)

	
(2)

	
(3)

	
(1)

	
(2)

	
(3)






	
Blau

	
0.0024

	

	

	
0.0165

	

	




	

	
(0.0050)

	

	

	
(0.0190)

	

	




	

	

	

	

	

	

	




	
FDP

	

	
0.0079

	

	

	
0.0251

	




	

	

	
(0.0067)

	

	

	
(0.0260)

	




	
At least three

	

	

	
0.0044 **

	

	

	
0.0141




	

	

	

	
(0.0021)

	

	

	
(0.0138)




	
LEV

	
−0.0277 ***

	
−0.0276 ***

	
−0.0265 ***

	
0.0107

	
0.0109

	
0.0042




	

	
(0.0069)

	
(0.0069)

	
(0.0069)

	
(0.0184)

	
(0.0184)

	
(0.0185)




	
Size

	
−0.0005

	
−0.0006

	
−0.0007

	
−0.0175 **

	
−0.0176 **

	
−0.0181 **




	

	
(0.0019)

	
(0.0019)

	
(0.0019)

	
(0.0069)

	
(0.0069)

	
(0.0070)




	
SDC

	
−0.0042 *

	
−0.0040 *

	
−0.0043 **

	
−0.0016

	
−0.0016

	
−0.0021




	

	
(0.0021)

	
(0.0021)

	
(0.0021)

	
(0.0047)

	
(0.0047)

	
(0.0047)




	
ROA

	
−0.0225 *

	
−0.0226 *

	
−0.0226 *

	
−0.0734 *

	
−0.0769 *

	
−0.0733 *




	

	
(0.0120)

	
(0.0119)

	
(0.0119)

	
(0.0409)

	
(0.0412)

	
(0.0408)




	
OC

	
0.0113

	
0.0118

	
0.0120

	
0.0382

	
0.0397

	
0.0350




	

	
(0.0087)

	
(0.0087)

	
(0.0086)

	
(0.0342)

	
(0.0343)

	
(0.0330)




	
BI

	
−0.0044

	
−0.0041

	
−0.0057

	
0.0073

	
0.0106

	
0.0035




	

	
(0.0145)

	
(0.0145)

	
(0.0144)

	
(0.0406)

	
(0.0410)

	
(0.0402)




	
BS

	
−0.0044

	
−0.0045

	
−0.0052

	
0.0256 *

	
0.0261 *

	
0.0227




	

	
(0.0059)

	
(0.0059)

	
(0.0059)

	
(0.0148)

	
(0.0148)

	
(0.0150)




	
BO

	
0.0015 ***

	
0.0015 ***

	
0.0016 ***

	
0.0007

	
0.0007

	
0.0007




	

	
(0.0002)

	
(0.0002)

	
(0.0002)

	
(0.0005)

	
(0.0005)

	
(0.0005)




	
SDL

	
−0.0431

	
−0.0414

	
−0.0264

	
−0.1120

	
−0.1020

	
−0.1090




	

	
(0.0585)

	
(0.0584)

	
(0.0587)

	
(0.1630)

	
(0.1630)

	
(0.1620)




	
LED

	
−0.0133

	
−0.0128

	
−0.0108

	
0.1020 *

	
0.0971

	
0.0781




	

	
(0.0105)

	
(0.0105)

	
(0.0105)

	
(0.0593)

	
(0.0595)

	
(0.0637)




	
LFD

	
0.0205 ***

	
0.0206 ***

	
0.0214 ***

	
0.0676 **

	
0.0649 **

	
0.0630 **




	

	
(0.0066)

	
(0.0066)

	
(0.0066)

	
(0.0260)

	
(0.0260)

	
(0.0261)




	
CEO dual

	
−0.0007

	
−0.0006

	
0.0002

	
−0.0078

	
−0.0077

	
−0.0084




	

	
(0.0026)

	
(0.0026)

	
(0.0027)

	
(0.0071)

	
(0.0071)

	
(0.0070)




	
CI

	
0.0060

	
0.0072

	
0.0057

	
−0.0006

	
−0.0006

	
0.0009




	

	
(0.0100)

	
(0.0100)

	
(0.0099)

	
(0.0155)

	
(0.0154)

	
(0.0151)




	
Year

	
control

	
control

	
control

	
control

	
control

	
control




	
_cons

	
0.1550

	
0.1500

	
0.1310

	
−0.9100

	
−0.8530

	
−0.6120




	

	
(0.1210)

	
(0.1210)

	
(0.1210)

	
(0.7170)

	
(0.7200)

	
(0.7780)




	
N

	
542

	
542

	
542

	
167

	
167

	
167




	
R2

	
0.2270

	
0.2290

	
0.2340

	
0.2750

	
0.2770

	
0.2770








Note: The brackets for the corresponding standard deviation; dependent variables and independent variables were 1% level of the winsorize processing; regression of all independent variables and control variables are lagging behind; *, **, and *** indicate significance levels of 10%, 5% and 1%, respectively; standard errors in parentheses. 








Second, through the regression analysis of the observations of heavily-polluting industries and those of non-heavily-polluting industries in the basic model (see Table 8 for the regression results ), we find that the presence of at least three female directors in heavily-polluting industries has a significantly positive impact on environmental investment at the 5% level. Besides, the influence coefficient of at least three female directors is much larger than the overall influence coefficient. However, there is no significant correlation among non-heavily-polluting enterprises. The reason may be that due to the increasingly prominent environmental problems in China mainly caused by heavily-polluting industries, on the one hand, the state and relevant departments of environmental protection will step up the supervision and punishment on heavily-polluting enterprises; on the other hand, “gender role” of female directors are risk-averse, so they actively perform their social responsibility towards others. Therefore, compared with those in non-heavily-polluting industries, female directors in heavily-polluting industries have a positive impact of on environmental investment.



Table 8. Regression results under different industry attributes.







	

	
Heavily-Polluting Industries

	
Non-Heavily-Polluting Industries




	

	
(1)

	
(2)

	
(3)

	
(1)

	
(2)

	
(3)






	
Blau

	
0.0048

	

	

	
0.0147 *

	

	




	

	
(0.0060)

	

	

	
(0.0081)

	

	




	
FDP

	

	
0.0038

	

	

	
0.0157

	




	

	

	
(0.0082)

	

	

	
(0.0106)

	




	
At least three

	

	

	
0.0094 **

	

	

	
−0.0004




	

	

	

	
(0.0042)

	

	

	
(0.0031)




	
LEV

	
−0.0099

	
−0.0098

	
−0.0085

	
−0.0131

	
−0.0128

	
−0.0135




	

	
(0.0093)

	
(0.0093)

	
(0.0092)

	
(0.0108)

	
(0.0108)

	
(0.0110)




	
Size

	
−0.0054 **

	
−0.0054 **

	
−0.0061 **

	
0.0001

	
−0.0002

	
−0.0005




	

	
(0.0027)

	
(0.0027)

	
(0.0026)

	
(0.0033)

	
(0.0033)

	
(0.0034)




	
SDC

	
−0.0047 *

	
−0.0047 *

	
−0.0044

	
−0.0071 **

	
−0.0068 **

	
−0.0066 **




	

	
(0.0028)

	
(0.0028)

	
(0.0028)

	
(0.0029)

	
(0.0029)

	
(0.0030)




	
ROA

	
0.0248 *

	
0.0248 *

	
0.0255 *

	
0.0280

	
0.0274

	
0.0241




	

	
(0.0146)

	
(0.0146)

	
(0.0145)

	
(0.0226)

	
(0.0227)

	
(0.0233)




	
OC

	
0.0250 *

	
0.0252 *

	
0.0253 *

	
0.0090

	
0.0075

	
0.0041




	

	
(0.0139)

	
(0.0139)

	
(0.0138)

	
(0.0146)

	
(0.0145)

	
(0.0145)




	
BI

	
0.0020

	
0.0021

	
0.0016

	
0.0067

	
0.0048

	
0.0010




	

	
(0.0208)

	
(0.0209)

	
(0.0207)

	
(0.0254)

	
(0.0254)

	
(0.0255)




	
BS

	
0.0014

	
0.0015

	
0.0020

	
0.0093

	
0.0094

	
0.0106




	

	
(0.0083)

	
(0.0083)

	
(0.0083)

	
(0.0084)

	
(0.0084)

	
(0.0085)




	
BO

	
0.0017 ***

	
0.0017 ***

	
0.0017 ***

	
0.0000

	
0.0000

	
0.0001




	

	
(0.0003)

	
(0.0003)

	
(0.0003)

	
(0.0003)

	
(0.0003)

	
(0.0003)




	
SDL

	
−0.0456

	
−0.0436

	
−0.0238

	
−0.1650 **

	
−0.1590 **

	
−0.1540 *




	

	
(0.0849)

	
(0.0850)

	
(0.0844)

	
(0.0793)

	
(0.0794)

	
(0.0798)




	
LED

	
0.0049

	
0.0044

	
0.0071

	
−0.0201

	
−0.0194

	
−0.0229




	

	
(0.0154)

	
(0.0155)

	
(0.0153)

	
(0.0191)

	
(0.0192)

	
(0.0192)




	
LFD

	
0.0286 ***

	
0.0285 ***

	
0.0282 ***

	
0.0127

	
0.0136

	
0.0158




	

	
(0.0098)

	
(0.0098)

	
(0.0097)

	
(0.0115)

	
(0.0115)

	
(0.0115)




	
CEO dual

	
−0.0009

	
−0.0009

	
0.0001

	
0.0070

	
0.0070

	
0.0070




	

	
(0.0034)

	
(0.0034)

	
(0.0034)

	
(0.0051)

	
(0.0051)

	
(0.0051)




	
CI

	
−0.0009

	
−0.0012

	
−0.0024

	

	

	




	

	
(0.0128)

	
(0.0128)

	
(0.0126)

	

	

	




	
SOE

	

	

	

	
0.0003

	
−0.0004

	
0.0001




	

	

	

	

	
(0.0100)

	
(0.0100)

	
(0.0101)




	
Year

	
control

	
control

	
control

	
control

	
control

	
control




	
_cons

	
0.0264

	
0.0327

	
0.0147

	
0.1860

	
0.1860

	
0.2310




	

	
(0.1800)

	
(0.1800)

	
(0.1780)

	
(0.2120)

	
(0.2130)

	
(0.2120)




	
N

	
421

	
421

	
421

	
260

	
260

	
260




	
R2

	
0.1940

	
0.1930

	
0.2050

	
0.1350

	
0.1300

	
0.1190








Note: The brackets for the corresponding standard deviation; dependent variables and independent variables were 1% level of the winsorize processing; regression of all independent variables and control variables are lagging behind; *, **, and *** indicate significance levels of 10%, 5% and 1%, respectively; standard errors in parentheses.









4.5. Robustness Test and Analysis


In order to test the robustness of the conclusion, this paper regresses the scale of environmental investment with different measurement methods and tests the impact of female directors on the scale of environmental investment of listed companies. The dependent variables are respectively measured through the natural logarithm of environmental amount invested (denoted as Lnei) and the result of the environmental amount invested dividing by the total operating income of enterprises (denoted as Ei1) and then regression of the fixed effect of the model is carried out. The regression results are shown in Table 9. From the regression results in Table 9, it can be concluded that when corporate environmental investment is measured in different ways, the presence of at least three female directors on the board has a significantly positive impact on corporate environmental investment and passes the significance test at 10% and 1% level. To sum up, we can conclude that the regression results of robustness test do not change the above conclusion. The results further support the hypotheses in this paper, so we can conclude that the conclusion in this paper is reliable.



Table 9. Robustness test.







	

	
Lnei

	
Ei1




	

	
(1)

	
(2)

	
(3)

	
(1)

	
(2)

	
(3)






	
Blau

	
−0.5530

	

	

	
0.0025

	

	




	

	
(0.6460)

	

	

	
(0.0092)

	

	




	
FDP

	

	
−0.8580

	

	

	
0.0043

	




	

	

	
(0.8320)

	

	

	
(0.0119)

	




	
At least three

	

	

	
0.5580 *

	

	

	
0.0159 ***




	

	

	

	
(0.3290)

	

	

	
(0.0047)




	
LEV

	
−4.6690 ***

	
−4.6620 ***

	
−4.5680 ***

	
−0.0431 ***

	
−0.0431 ***

	
−0.0400 ***




	

	
(0.9230)

	
(0.9230)

	
(0.9230)

	
(0.0132)

	
(0.0132)

	
(0.0130)




	
Size

	
−0.0567

	
−0.0546

	
−0.1040

	
−0.0033

	
−0.0033

	
−0.0044




	

	
(0.2660)

	
(0.2660)

	
(0.2670)

	
(0.0038)

	
(0.0038)

	
(0.0038)




	
SDC

	
0.0252

	
0.0186

	
0.0690

	
−0.0018

	
−0.0018

	
−0.0014




	

	
(0.2680)

	
(0.2680)

	
(0.2660)

	
(0.0038)

	
(0.0038)

	
(0.0038)




	
ROA

	
−2.2430

	
−2.2340

	
−2.2240

	
−0.0024

	
−0.0024

	
−0.0025




	

	
(1.6380)

	
(1.6370)

	
(1.6350)

	
(0.0233)

	
(0.0233)

	
(0.0231)




	
OC

	
−2.1320 *

	
−2.1150 *

	
−1.9460

	
−0.0140

	
−0.0140

	
−0.0105




	

	
(1.2680)

	
(1.2660)

	
(1.2660)

	
(0.0181)

	
(0.0180)

	
(0.0179)




	
BI

	
2.8690

	
2.8630

	
2.8650

	
−0.0158

	
−0.0158

	
−0.0178




	

	
(2.0180)

	
(2.0180)

	
(2.0140)

	
(0.0288)

	
(0.0288)

	
(0.0284)




	
BS

	
−0.1900

	
−0.1940

	
−0.2150

	
−0.0268 **

	
−0.0268 **

	
−0.0288 ***




	

	
(0.7880)

	
(0.7880)

	
(0.7860)

	
(0.0112)

	
(0.0112)

	
(0.0111)




	
BO

	
−0.0193

	
−0.0191

	
−0.0184

	
−0.0001

	
−0.0001

	
−0.0000




	

	
(0.0288)

	
(0.0288)

	
(0.0288)

	
(0.0004)

	
(0.0004)

	
(0.0004)




	
SDL

	
−14.5800 *

	
−14.6800 *

	
−13.4500 *

	
−0.0979

	
−0.0974

	
−0.0651




	

	
(7.6370)

	
(7.6350)

	
(7.6510)

	
(0.1090)

	
(0.1090)

	
(0.1080)




	
LED

	
−2.1500

	
−2.1490

	
−1.8580

	
−0.0482 **

	
−0.0482 **

	
−0.0432 **




	

	
(1.5530)

	
(1.5510)

	
(1.5500)

	
(0.0221)

	
(0.0221)

	
(0.0219)




	
LFD

	
0.0084

	
0.0185

	
0.0841

	
0.0049

	
0.0049

	
0.0078




	

	
(0.9400)

	
(0.9400)

	
(0.9390)

	
(0.0134)

	
(0.0134)

	
(0.0133)




	
CEO dual

	
−0.8390 **

	
−0.8430 **

	
−0.7660 **

	
−0.0152 ***

	
−0.0152 ***

	
−0.0130 **




	

	
(0.3620)

	
(0.3620)

	
(0.3640)

	
(0.0052)

	
(0.0052)

	
(0.0052)




	
CI

	
−0.4720

	
−0.5130

	
−0.5010

	
−0.0045

	
−0.0043

	
−0.0048




	

	
(1.1080)

	
(1.1070)

	
(1.1050)

	
(0.0158)

	
(0.0158)

	
(0.0156)




	
SOE

	
0.3330

	
0.3660

	
0.3340

	
0.0033

	
0.0031

	
0.0034




	

	
(1.6900)

	
(1.6900)

	
(1.6870)

	
(0.0241)

	
(0.0241)

	
(0.0238)




	
Year

	
control

	
control

	
control

	
control

	
control

	
control




	
_cons

	
36.8900 **

	
36.8100 **

	
34.2400 *

	
0.7230 ***

	
0.7230 ***

	
0.6870 ***




	

	
(17.9500)

	
(17.9300)

	
(17.8900)

	
(0.2560)

	
(0.2560)

	
(0.2530)




	
N

	
711

	
711

	
711

	
711

	
711

	
711




	
R2

	
0.1160

	
0.1160

	
0.1190

	
0.0880

	
0.0880

	
0.1080








Note: The brackets for the corresponding standard deviation; dependent variables and independent variables were 1% level of the winsorize processing; regression of all independent variables and control variables are lagging behind; *, **, and *** indicate significance levels of 10%, 5% and 1%, respectively; standard errors in parentheses.










5. Conclusions and Suggestions


Females play an increasingly important role in the development of modern economy. It deserves attention whether female directors has an impact on the decision-making behavior of listed companies in environmental investment? Based on the sample of listed companies in stock markets of Shanghai and Shenzhen in 2008–2015, this paper empirically tests the impact of the number of female directors on environmental investment, and further analyzes the impact of the number of female directors on the decision-making of environmental investment of enterprises with different types of ownership and industry attributes. The results show that the presence of at least three female directors plays a significant role in promoting environmental investment. However, when the number of female directors is too small (only one or two), their presence has no significant impact on the decision-making of environmental investment. That is to say, the role of female directors is not obvious. When female directors are also measured by the proportion or Blau index, the impact of female directors on environmental investment is not significant. This further proves the value of critical mass theory in the decision-making of environmental investment by the board of directors. Due to the special nature of state-owned enterprises, the presence of at least three female directors has a significantly positive impact on environmental investment when compared with non-state-owned enterprises. Likewise, compared with non-heavily-polluting industries, the above-mentioned impact is still significant in heavily-polluting industries in which listed companies are major contributors to pollution.



The following policy suggestions are obtained from the results in this paper: (1) Given the significantly positive impact of a certain number of (critical-mass) female directors on corporate environmental investment, enterprises should, in the course of selecting their directors in the future, employ a certain number of female directors based on their own operating conditions, in order to give full play to the gender advantages of female directors and actively shoulder social environmental responsibility; (2) Due to the special nature of state-owned enterprises, the presence of at least three female directors on the board has a significant impact on the scale of environmental investment. Therefore, the relevant departments should advocate a reasonable proportion of gender structure on the board so that state-owned enterprises can better fulfill their social environmental responsibility, and set an example for non-state-owned enterprises. For non-state-owned enterprises, they should first increase their awareness of environmental protection investment. Second, they should actively utilize the positive influence of female directors on corporate environmental investment; (3) Heavily-polluting industries should take an active responsibility for social environment and be responsible for their behavior. Meanwhile, heavily-polluting industries may consider starting from the structure of the board of directors, hiring an appropriate number of female directors, actively supporting relevant environmental decision-making and evading legal punishment, in order to improve the market recognition and establish a good corporate image. Although non-heavily polluting industries are not major contributors to environmental pollution, “environmental protection is everyone’s responsibility”. Therefore, non-heavily polluting industries should also hire an appropriate number of female directors to step up environmental investment and conscientiously fulfill their environmental investment obligations.
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