

  sustainability-14-15020




sustainability-14-15020







Sustainability 2022, 14(22), 15020; doi:10.3390/su142215020




Article



Board Gender Diversity and Corporate Green Innovation: Evidence from China



Xin Lin 1, Lina Yu 1, Jinhong Zhang 1, Suxu Lin 2,* and Qiming Zhong 3,*





1



School of Economics and Finance, Guangdong Polytechnic Normal University, Guangzhou 510665, China






2



School of Management, Guangdong Polytechnic Normal University, Guangzhou 510665, China






3



School of Finance, Zhongnan University of Economics and Law, Wuhan 430073, China









*



Correspondence: linsuxu@gpnu.edu.cn (S.L.); qiming_zhong@outlook.com (Q.Z.)







Citation: Lin, X.; Yu, L.; Zhang, J.; Lin, S.; Zhong, Q. Board Gender Diversity and Corporate Green Innovation: Evidence from China. Sustainability 2022, 14, 15020. https://doi.org/10.3390/su142215020



Academic Editor: Luigi Aldieri



Received: 13 October 2022 / Accepted: 11 November 2022 / Published: 14 November 2022



Abstract


A green economy is the current trend of sustainable development for the global economy. Using Chinese A-share listed enterprises from 2010 to 2020, this study examines how board gender diversity affects green innovation. Results show that board gender diversity significantly promotes the number and quality of green innovations and that R&D and governments support, as essential intermediary mechanisms have positive effects on the relationship between female directors and green innovation. Moreover, heterogeneous analyses show that high levels of ESG, gender diversity of directorial boards of state-owned enterprises, and large enterprises have a more significant role in promoting green innovation. The study provides empirical evidence for the development of green innovation and theoretical support for the transformation of corporate strategic thinking with more women participating in executive decision-making.
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1. Introduction


Green innovation is defined by Driessen and Hillebrand as “a rather pragmatic definition” of trading decisions, stating that “it does not have to be developed with the goal of reducing the environmental burden” [1]. Others have defined green innovation as a competitive resource for business strategy because it takes a sustainable approach to new markets and applications [2]. Green innovation is also an important way for enterprises to achieve long-term economic benefits and environmental protection [3].



The research on green innovation was first active in European countries [4]. China’s green transition started relatively late, and there is little research on green innovation in China, but China’s green innovation ability is very strong, and the future of China’s economy is moving towards a “carbon peaking and carbon neutrality” target [5]. In the future, China could play a key role in the global transition to a low-carbon economy. Therefore, it is of practical and theoretical significance to study the impact of board diversity on China’s green innovation and global low-carbon economic transformation and green transition.



With China’s recent high-quality economic growth and green innovation being in a prominent position in the development strategy, green development has become an inevitable trend. China actively responded to the global call for green and low-carbon by establishing a unified carbon emission system in 2014 [6]. Government policies also actively promote industrial upgrading to sustainable development [7,8]. However, China’s current overall innovation level is still characterized by having a large quantity but low quality, and the proportion of green innovation remains low. Environmental pollution is a salient problem that cannot be ignored in China’s sustainable development [9]. Figure 1 shows the expanding of the overall trend of the number of green patent applications in China from 2008 to 2020. However, there was a slight decline in 2019. This is probably due to China’s inclusion of innovation-driven strategy in one of its national development strategies in 2018. Therefore, the total number of innovation patents in China increased sharply in 2019. Compared with the total number of patents, the growth rate of green patents is slightly slower.



While pursuing economic benefits, enterprises should also consider ecological benefits—studies found that the gender of leaders, their governance style [8,9,10], and their personal education background also have an impact on environmental investment. Accordingly, this study focuses on women’s contribution to environmental decision-making in enterprises, contributing to the larger gender equality movement and the global improvement of women’s social status.



According to CS Gender 3000 (2019), women make up 20.6% of board members worldwide, compared with 11.0% in China, up from 0.9% in 2010. This set of data clearly shows that Chinese women’s voice in the enterprise still has a lot of room for improvement. We are heartened by the growing “Her power” of women in business around the world, and research has confirmed that female chief technology officers (CTOS) have a positive impact on corporate innovation [11]; a study of 472 transnational corporations demonstrated a positive correlation between gender diversity and firm innovation [12]. But in China, the question of whether board diversity has a positive impact on companies’ green innovation has yet to be proven. Studying the impact of board diversity on green innovation in China can improve the voice of Chinese women in business and, to a large extent, positively encourage female directors in existing companies to play to their strengths; increasing the “Her power” of Chinese women in business will have a positive impact on both the environment and the economy.



Sustainable development is China’s long-term goal—economic stimulus measures in the wake of the pandemic likely spur further development of green innovation, channeling economic stimulus funds into green projects [13,14,15]. The United Nations Intergovernmental Panel on Climate Change (IPCC) proposed in 2018 following the Paris Agreement that limiting global warming to 1.5 °C has apparent ecological benefits. Various governments and communities increasingly hope that enterprises follow the green agenda when carrying out innovation, thereby unleashing the vitality of the global economy, promoting a comprehensive green socio-economic transformation, providing wide social impact, and enabling the joint creation of a better post-pandemic global community [16,17].



It is necessary to understand the importance of reflecting the green innovation decisions of enterprises since these inevitably achieve sustainable development of companies. Simultaneously, these decisions also garner favorable regard from national policy [17,18]. Green innovation is closely related to the international strategy of “emission reduction and carbon reduction” and maintains the implementation of sustainable strategies within enterprises. The size of the board of directors and the level of board governance both influence the green innovation strategy of the enterprise, with the board of directors playing an influential role in promoting the enterprise’s green innovation decisions [19,20,21]. As an important aspect of the board, the gender diversity of the board of directors is deeply discussed in the relationship between gender diversity of the board of directors and green innovation, exploring its capacity to improve the enterprise’s green innovation and other environment related decisions.



The 2020 policy brief on COVID-19 issued by UN secretary-general António Guterres also highlighted the value of green innovation in the sustainable development of human societies. Green innovation and sustainable development are the foundations of the global economic recovery from the pandemic. He also mentioned that the pursuit of gender equality and green economic recovery was an essential aspect of achieving sustainable development goals.



The fourth World Conference on Women emphasized that “Unless women’s contributions to environmental management are recognized and noted, sustainable development will be an elusive goal”. Companies with gender-diverse boards are more environmentally friendly. Even the academic community widely recognizes the strategic benefit of women directors: McCright et al. found that after controlling for gender socialization and social role variables, women indeed pay more attention to the natural environment than their male counterparts [22]. Gender also significantly modulates environmental concerns and green buying behavior. Socialization theory proposes that the new social role of women and how gender affects green buying behavior should be studied in the future [23]. Women may also have a positive impact on the decision-making of environmental preference for green innovation—women on the board of directors have the right to speak in decision-making and effectively affect green innovation.



Unlike existing literature [24,25,26], this study provides a more comprehensive perspective on the link between green innovation and the gender diversity of a board of directors. It uses the data of listed companies from the Shanghai and Shenzhen sectors from 2010 to 2020. Using the OLS and fixed effects models, the number of green patents and quality of green innovation were used to define green innovation, while the proportion of female directors in board members were used to define the reflections of board gender diversity. After replacing the industry-wide sample with manufacturing (a result that is also tested), results show that board gender diversity promotes green innovation. It also used the bootstrap method to test the intermediary effect of R&D and found the mechanism between board gender diversity and green innovation, which remains effective for board gender diversity in driving the number and quality of green innovation.



Furthermore, the positive intermediary mechanism of government support was reflected in the number of green innovations. Further research explored the heterogeneity of this study and found that in large enterprises, gender diversity on the board of directors jointly played a positive role in the quantity and quality of green innovation. In state-owned enterprises and enterprises with high ESG level, the gender diversity of the board of directors has a greater effect on both the quantity and quality of green innovation.



The possible contributions of this study include the following: (1) Enrichment on the research on corporate green innovation and female executives participation in corporate governance and provide empirical evidence for the future development strategies of female executives in emerging green markets; (2) emphasis on R&D and the degree of government support as important mechanisms between both by discussing the impact of the inherent mechanisms of board gender diversity on the green innovation of enterprises. Specifically, the intermediary mechanism’s active role in the level of R&D and government support; and (3) Given the heterogeneity of female directors on green innovation under different corporate governance environments and different corporate characteristics, incentivize governments to strengthen policy concerns and disseminate ecological ideas to achieve green economic development.



The following parts of this paper are organized as follows: Section 2 provides a literature review and presents the hypotheses development. Section 3 presents the data samples and variables. Section 4 discusses the main empirical results, robustness analysis, and potential mechanisms. Last, Section 5 summarizes the research and discusses its theoretical contributions.




2. Literature Review and Hypotheses Development


As the world’s largest coal producer and emitter of greenhouse gases, China’s energy sector faces many challenges in dealing with climate change as it becomes an issue of global concern. The development of green technologies for practical renewable energy has been incorporated into China’s national economic plan, and green innovation has been widely supported by policies, leading to rapid-scale development of green innovation [27].



There are different dimensions in the selection of green innovation variables in the existing literature, including management innovation and technology innovation aiming at environmental protection [28,29]; enterprises can only realize green management innovation by reorganizing or adopting a new management system. The scope of green technology innovation should start from the characteristics of green technology; studies have also been conducted through green product innovation and green process innovation [30], developmental green innovation and exploratory green innovation [31], and green patent intensity [32]. On this basis, this paper explores the quantity and quality of green innovation from a new perspective to observe whether the quality of green innovation will be affected under the background of rapid green transition in China.



Previous studies have shown green innovation from various perspectives. From the perspective of internal enterprises mainly concerned with corporate performance management [33], corporate social responsibility [34], and from the perspective of society, the existing research is mainly concerned with eco-environmental governance and renewable energy [27]. However, there is little literature on how to influence the implementation effect of enterprise green innovation. The existing literatures show that green innovation is influenced by knowledge level, government support, and green finance [35,36].



Broom et al. (2009) revealed the intersection of gender and environment [37]. In social and cultural rights, developed countries have more literature on feminist environmentalism, mainly conceptualizing the link between gender and the environment from an ideological perspective. Various studies have recognized the strategic nature of women directors [38]. The current status of women’s representation on the board of directors explains why the company’s board of directors needs women and describes the characteristics of women who become board members from an international perspective [39]. Gender-diverse boards are more flexible, better able to process information, and are more willing to innovate [40].



According to upper echelons theory [41], the demographic characteristics of the board of directors greatly affect the strategic decisions of the enterprise, such as the environmental performance of the enterprise. Female board members with unique values can provide different perspectives for decision-making [42], and women’s unique sensitivity to nature is conducive to promoting sustainable corporate decision-making [43,44]. According to the ecofeminism theory, women have stronger environmental preferences [45,46], and women directors also minimize negative environmental problems. However, this theory often applies to the fields of sociology and psychology, and our study tests this theory in the framework of economics. Research in Italy found that female directors can strengthen environmental sustainability orientation and have a positive impact on green innovation, which supports this view. For the same reason, this paper also argues that board diversity is more likely to promote green innovation decisions [31]. This study therefore provides a more comprehensive perspective on the link between green innovation and female directors of the board. Based on the above literature review, the following hypothesis is presented:



H1. 

Gender diversity in boards of directors is more likely to promote the quantity and quality of green innovation in enterprises.





Female directors both promote and inhibit corporate R&D. Essentially, this is because female directors have their own unique and stable psychology [44]. Therefore, investment risks supervise the innovation of enterprises [47,48]. Gender diversity’s positive impact on R&D is also undermined if female directors have family ties to male directors [49], but nonetheless provides information and social benefits throughout the innovation process [50].



Female directors likewise improve the efficiency of the board of directors in the risk management of R&D investment, therein explaining why female directors weaken the role of R&D investment in promoting the future performance of enterprises [51]. Studies on the mechanism of R&D and gender diversity in R&D teams contribute to the efficiency of corporate innovation by providing the same information and social benefits throughout the innovation process as green innovation [50,51]. Hence, the following hypothesis is also forwarded:



H2. 

R&D can be used as an intermediary mechanism to promote the quantity and quality of green innovation through board diversification.





Considerable gender differences in personal characteristics of people’s preferences exist [42]. Women tend to support the implementation of government policies due to their environmental preferences [52] and are likelier to receive government support [53]. Board gender diversity also significantly boosts corporate reputation [54] as female directors may pay more attention to the company’s environmental reputation and thus gain more corporate support. Government support is often reflected in government subsidies, which provide important opportunities for the green transformation of enterprises [55]. A U-shaped relationship also exists between government subsidies and corporate green innovation in China’s new-energy vehicle firms [56]. Following this stream of literature, the following hypothesis is forwarded:



H3. 

Government support can be used as an intermediary mechanism to promote the quantity and quality of green innovation through board diversification.






3. Data and Methodology


3.1. Data


This paper explores the data on green innovation and business operation of Chinese A-share listed companies in Shanghai and Shenzhen from 2010 to 2020. The company’s green innovation data comes from the State Intellectual Property Office. The green patent classification system refers to the list of green patents launched by the IPC Expert Committee of the World Intellectual Property Organization (WIPO) in September 2010, including seven green patented technologies for alternative energy production, transportation, energy conservation, waste management, agriculture or forestry, administration, regulation or design, and nuclear power generation according to IPC classification of listed companies of green invention patents and utility model patent data.



Business information was extracted from the CSMAR, RESSET, and CNRDS databases. To ensure that the selected sample has no errors in the model, the data was processed in turn. First, this paper excluded the financial industry and real estate enterprises from the industry classification of listed companies. Hence, the industries herein have financial attribute preference in enterprise investment. The paper also excludes the samples of enterprises with missing data and enterprises processed by special treatment and delisted enterprises. This is because the abnormal management status of these enterprises cannot correctly reflect the green innovation status of enterprises. Moreover, the data are extreme in the total sample. Then, continuous variables were winsorized at the 1% and 99% levels to mitigate concerns of extreme values.




3.2. Main Variables


Explanatory variable: board gender diversity (  B o a r d G e n d e r  ) is the proportion of female board members in a public company. In robustness tests, the chairwoman of the board (  B o a r d C h a i r  ) is the dummy variable of chairwoman, the value allocated was 1 when the chairman of the board was a woman, otherwise it was 0.



Explained variable: green innovation or   G I  , is the logarithm of adding 1 to the number of green utility model patent applications (  G I A p p  ), the logarithm of adding 1 to the number of green utility model patents granted (  G I G r a  ) and the quality of green utility model patents (  G I Q u a  ) of the enterprise in the current year. The natural logarithms of the variables were used to obtain decentralized and smooth continuous sample data. In addition, samples with zero number of green utility model patent applications and grants remained zero and unchanged after processing. It would take months or even more than a year for a company to get an inspector’s authorization for a green utility model patent applied for in the current year, and the application could also be rejected; this causes the number of authorizations to be lower than the number of applications. To measure the impact of green patents, we focused on the number of citations of green patents as a key indicator to measure the quality of green patents. Since the impact of green patents is long-lasting, we considered the impact of time and the cumulative number of applications and the cumulative number of citations. Following Wu & You (2022) for variables on the quality of green innovation [57], we calculated the numerator in the formula as the cumulative number of green patents cited from 2000 to t years, and the denominator as the cumulative number of green patent applications from 2000 to t years. If the cumulative number of green patent applications of the enterprise was zero, then we assigned the quality of green utility model patents a value of zero. We then set the indicator as follows:


  G I Q u  a  i , t   =     ∑   2000  t  N u m b e r   o f   g r e e n   p a t e n t s   c i t e  d i      ∑   2000  t  N u m b e r   o f   g r e e n   p a t e n t s   a p p l i c a t i o n  s i     











We used innovation investment to describe the R&D intensity of enterprises (  R & D  ), and innovation investment is expressed by the proportion of R&D personnel to the total number of employees.



Compared with financial indicators, government support (  G o v  ) for enterprises was exogenous, indicating that it comes from external support for green innovation to help enterprises perform better in green innovation using the amount of government subsidies obtained by enterprises.



In the control variables, we referred to the practices of Wu et al. (2021) and Zhao (2022) to select control variables that reflected the characteristics of enterprises, because the development of green innovation of enterprises is based on a good business environment and the importance of non-financial performance. The size of the company (  S i z e  ) is expressed as a logarithm of the company’s total assets, the level of leverage (  L e v  ) is expressed as the company’s ratio of assets to liabilities, and corporate cash holding ratio (  C a s h  ); fixed assets (  F i x r t  ) are expressed as the ratio of a company’s net fixed assets to its total assets; and Tobin’s Q (  T o b i n Q  ) is expressed as the ratio of the market value of the enterprise to the total assets. Meanwhile, shareholding concentration (  S h r  ) is expressed as the share held by the largest shareholder, enterprise growth ability (  G r o w t h  ) is expressed as the ratio of current revenue to last revenue, and age of the enterprise (Age) is expressed as the current year minus the year in which the company was founded. Controlled variables can help us get more accurate and robust regression coefficients, although some of the variables and the relationship between green innovation is not intuitive enough, but because these variables together can represent the characteristics of the enterprise, they should not be discarded wherever possible. The variable definitions shows in Table 1.



Corporate Green Innovation (GI) Regression Model


To test the regression results of Hypothesis 1, we controlled the annual fixed effect, the industry fixed effect, and individual fixed effect, and the OLS regression model was established as follows:


      G I A p  p  i , t    (  G I G r  a  i , t   / G I Q u  a  i , t    )  =  α 0  +  α 1  B o a r d G e n d e  r  i , t   +  α 2    Control   i , t       +   Year  t  +   Industry   i , t   +   Company  i  +  ε  i , t      



(1)







To test the intermediary effect of corporate innovation investment on female director and green innovation in Hypothesis 2, the following model was established:


      G I A p  p  i , t    (  G I G r  a  i , t   / G I Q u  a  i , t    )  =  γ 0  +  γ 1  B o a r d C h a i  r  i , t   +  γ 2  R &  D  i , t   +  γ 3    Control   i , t       +   Year  t  +   Industry   i , t   +  ε  i , t      



(2)







To test the intermediary effect of government support on female director and green innovation in Hypothesis 3, the following model was established:


      G I A p  p  i , t    (  G I G r  a  i , t   / G I Q u  a  i , t    )  =  β 0  +  β 1  B o a r d C h a i  r  i , t   +  β 2  G o  v  i , t   +  β 3    Control   i , t         & +   Year  t  +   Industry   i , t   +  ε  i , t      



(3)









3.3. Summary Statistics


Following Table 2, The maximum numbers of green utility model patents applied for and authorized by enterprises during that year are 2.833 and 2.89, respectively. Dummy variables show that the level of green innovation is generally low, the probability of green innovation is 17.4% and 18%, and the observation standard deviation shows that there are large differences between enterprises. The proportion of female directors is only at 13.5%, and the proportion of boards with a chairwoman is as low as 4.8%.





4. Empirical Results


4.1. Effect of Board Gender Diversity and Corporate Green Innovation


The explanatory variable is represented by proportion of female directors in board members (  B o a r d G e n d e r  ), and the explained variables are represented by green innovations (  G I A p p  ), (  G I G r a  ), and (  G I Q u a  ). We also replaced the explained variables with a sample of the forward green innovation to test the impact of board gender diversity on next year’s green innovation (  L . G I A p p  ), (  L . G I G r a  ), and (  L . G I Q u a  ). Subsequently, we reported the regression results of the current and future green innovation variables while controlling individual, industry, and annual fixed effects.



There was a gradual regression between board gender diversity and enterprise green innovation. First, we only introduced board gender diversity and controlled the fixed effect, showing that the statistical coefficient was positive, but only in the quality of green innovation. Since then, all the control variables have been introduced without board gender diversity, and the value of VIF has averaged 2.15 with a maximum of 5.52, showing no significant multicollinearity problems. Because when the value of VIF is less than 10, it can be considered that the results are not disturbed by the serious multicollinearity problem. Furthermore, after the introduction of board gender diversity and all the control variables, the average VIF value was 2.03 and the maximum value was 5.53. In a further study, VIF averaged 2.03 and peaked at 5.57 after the explanatory variable was replaced with the next year’s green innovation, with no significant change.



Following Table 3, the gender diversity of the board of directors has a significantly positive return on the number of green innovations of enterprises. This promotion effect will increase in the future, and the promotion effect will be enhanced. The gender diversity of the board of directors has a positive effect on green patents. The coefficients of the number of applications and the number of obtained patents were 0.057 and 0.068, respectively. The number of green patents obtained is not significant in the current period, but it will be at the 1% level in the next period. When using the number of green patents in the next period, this coefficient rises to 0.107 and 0.121, where the gender diversity of the board of directors continues to promote the number of green innovations in enterprises.



Because the process of forming green patents takes time, the number of green patents can only be increased after female directors influence it for a certain period. The role of female directors in promoting the number of green utility model patents indicates that female directors have played an active role in green innovation activities due to their unique preferences for non-financial performance. The role of female directors in promoting the quality of corporate green innovation is significantly positive in both current and the future periods with coefficients of 0.175 and 0.139, respectively. Female directors improve the quality of corporate green innovation and will continue to play an active role in the future. Thus, results illustrated in Table 3 above verify H1.




4.2. Robustness Tests


After benchmark regression, the robustness test was carried out by replacing explained variables, replacing explanatory variables, replacing samples, replacing control variables and replacing research models. First, we replaced the research sample, set the industry as manufacturing, and performed fixed-effect regression. Second, we used dummy variables to replace the number of green utility model patents applied for and obtained by enterprises in the current year. Third, we replaced some of the control variables, replaced the variable describing financial performance from Tobin’s Q to ROE (  R O E  ), replaced the variable describing the growth ability of the enterprise from the growth rate of operating income to the growth rate of total assets (  A s s e t G r t  ), and replaced the variable describing the level of enterprise debt from the debt to assets ratio to the ratio of interest-bearing debt to total investment capital (IntDbCap). Last, the probit model was used for the regression test.



Following Table 4, Columns (1)–(3) show the OLS regression using manufacturing as a sample. Female directors continue to promote the number of green innovations: the coefficients of gender diversity of the board of directors on the number of green patent applications and the number of green patent applications in the current period are 0.1 and 0.092, respectively, both remaining significant. Female directors also maintain the quality of promoting green innovation, with a coefficient of 0.242. Paralleling the full sample, the manufacturing sample likewise showed that the gender diversity of the board of directors does increase the promoting of green innovation.



Columns (4) and (5) were regressed using the probit model, where board gender diversity maintained a positive effect on the number of green innovations. Since innovation quality is not suitable for binary variables, there is no probability regression for green innovation quality. Robustness tests likewise show that female directors play a unique role in driving green innovation activities, therein increasing the number of green innovations. Yearly regressions illustrate that female directors clearly play a role in the green innovation of enterprises from scratch. Regression results remain robust by changing explained variables, explanatory variables, research samples, and research models.



Columns (6)–(8) present the result of replacing some of the control variables to alleviate the problem of sample selection bias. It can be seen from the empirical results that the impact of total asset growth rate on green innovation is significantly negative, which is consistent with the benchmark regression results, but the significance of ROE and interest-bearing debt ratio has decreased. Further, the coefficient of gender diversity of the board of directors is significantly positive, with coefficients of 0.077, 0.09, and 0.161, respectively, which may indicate that the results of the benchmark regression are not affected by the selective error of control variables, and the regression results are robust.



Chairwomen enrich the gender diversity of the board of directors and the position is a key role in the board of directors [58], which often has an obvious impact on decision-making dynamics [59]. In Columns (9)–(11) of Table 4, the use of a chairwoman as an explanatory variable considering the position of a board chair may be more important in the presentation of resolutions and quality control, full sample regression, lag one-stage green quality regression, and manufacturing sample regression were carried out. Results show that chairwomen play a positive role in promoting green innovation, although this role is lower than the result of gender diversity on boards, with a coefficient of 0.102 in Column (9), the coefficient of green quality in the future phase is 0.087, while the coefficient in the manufacturing industry rises to 0.161, positively affecting overall performance. China’s green wave is becoming more and more intense. Faced with the pressure of environmental reputation, some enterprises may exhibit “Greenwash” behavior to obtain environmental benefits and win the favor of environmental preference investors. The stronger influence of chairwomen on the quality of green innovation suggests that when women have a stronger voice on boards, they may reduce the incidence of unethical “Greenwash” events.



Using the average board gender diversity in the industry as an instrumental variable mitigates endogenous problems. Average board gender diversity in the industry is not directly related to enterprise green innovation, so the selection of instrumental variables is exogenous.



Using the IV-GMM model for regression, the Anderson canon statistic in the instrumental unidentifiable test was at 18.52, significantly rejecting the hypothesis that the instrumental variable was unidentifiable at the 1% level. The Anderson–Rubin Wald statistic was 22.88 in the weak instrumental variable test, which is significant at the 1% level. From Table 5, the gender diversity of the board of directors is significantly positive for the number of green utility model patent applications, authorizations, and quality of green innovation with coefficients of 4.999, 5.277, and 7.976, respectively.




4.3. Further Analysis


A group regression test of different ownership attributes of enterprises found heterogeneity in green innovations between state-owned enterprises and non-state-owned enterprises. Following Table 6, Female directors of state-owned enterprises had a more significant effect on the quantity of green innovation, while female directors of non-state-owned enterprises had a significantly increased regression coefficients on the quality of green innovation. This is because of the different functions given by the board of different shareholding companies; existing studies have found that state-owned enterprises (SOEs) play a stronger role in promoting green innovation in China’s institutional environment, possibly because of the closer relationship between SOEs and the government [60,61]. In this paper, we obtained consistent empirical results. State-owned enterprises prioritize and demonstrate in the implementation of green plans by government departments, the governance structure of state-owned enterprises is better, and non-state-owned enterprises prefer operating performance, hence the significance of female directors in green innovation in non-state-owned enterprises has declined.



Simultaneously, women directors of non-state-owned enterprises play an important role in promoting the quality of green innovation. Most non-state-owned enterprises actively respond to the government’s environmental policies, which reduce the cost of communication between enterprises and the government and attract government attention. Most importantly, enterprises pay more attention to the intrinsic value of green patents and efforts to improve the quality of green innovation, which is crucial to their development.



The concept of environmental social and governance (ESG) forwards requirements for corporate strategic objectives from three aspects: environmental responsibility, social responsibility, and corporate governance. ESG has become an important indicator generally recognized by various countries to measure the sustainable development of enterprises. Positive ESG performance promotes green innovation, and ESG performance and green innovation output have short-term and long-term causal relationships [51,52]. To reduce environmental costs from a long-term perspective and achieve green and sustainable development, many companies actively disclose their ESG information to increase the trust of institutional investors and ease financing constraints. Enterprises actively undertake environmental responsibilities, leading to a significant increase in the level of investment in green innovation, ESG plays a significant role in promoting green technology innovation [62], but less research has focused on the impact on the quality of green innovation. This paper focused on the quality of green innovation, and in the green innovation quantity research consistent promotion function results were obtained. Enterprises actively fulfilling their social responsibilities help enterprises transform into sustainable development and promote enterprises to pay attention to green innovation. Female directors are notably more stable in corporate governance and more active in pollution control and social responsibility issues. Therefore, these directors bring a higher level of ESG to enterprises, helping companies perform better in green innovation.



Results in Table 7 show that at high ESG levels and the gender diversity of the board of directors had a greater effect on the promotion of green innovation: the promotion effect on green patent application was at 0.124 and the promotion effect on obtaining greens patent was at 0.142. However, female directors did not play a significant role in the impact on the quality of green innovation. At low levels of ESG, the gender diversity of the board of directors had a negative effect on the number of green patent applications (−0.158) but had no significant effect on the number of green patents obtained (0.138). Meanwhile, female directors played a significant role in promoting the quality of green innovation and the regression coefficient rose to 0.644. Based on the ecofeminism theory, female directors have a greater preference for ESG in terms of environment, social responsibility, and corporate governance; the gender diversity of boards is a good confirmation of the literature, which argues that at high ESG levels and the role of gender diversity of boards in driving green innovation is higher than the effect of the entire sample. The current study further found that women directors improve the quality of green innovation at lower levels of ESG, possibly because green innovation is generally smaller at lower levels of ESG, and the low number of green innovations leads women directors to focus on improving quality to help businesses perform better on green innovations.



Table 8 reports the gender diversity of boards of directors by company sales size and the heterogeneity of female directors in corporate green innovation. The sample covered the manufacturing sector and large-scale enterprises with annual sales of over USD 400 million, with small and medium enterprises below this level. In the sample of large-scale enterprises, the gender diversity of the board of directors significantly promoted the quantity of green innovation, with coefficients of 0.072 and 0.092, respectively, while the promotion coefficient of board gender diversity to green innovation quality was 0.158. In the sample on SMEs however, gender diversity on the board of directors no longer played a significant role in green innovation.



Notably, large enterprises have abundant green resources in green innovation, including investment in green innovation, personnel dedicated to R&D, green technology, and the necessary conditions to buy green enterprises and obtain the needed green resources; large enterprises perform better in green organization identification, environmental organization legitimacy, and green innovation performance, so they have greater enthusiasm in green innovation [63]. Our study obtained consistent results from the heterogeneity test. The board of directors can also actively use the advantages of large enterprises to promote the process of green innovation.



Meanwhile, large enterprises likewise have strong demands for green innovation, and green patents can create high green performance for enterprises with large annual sales. Among small and medium-sized enterprises however, this effect is greatly reduced. This makes it difficult for small and medium-sized enterprises to obtain financing, contend with poor economic performance, as well as introducing other development difficulties. This hinders them from devoting energy to participating in green innovation.




4.4. Potential Mechanism


This section extends the preceding results to clarify the potential mechanisms of why the mechanism of female directors affect corporate green innovation. The gender diversity of the board of directors positively influences an enterprise’s innovation decision-making and brings lower financial risk and more effective innovation processes to the enterprise [42,64]; the results of this paper on board gender diversity and corporate green innovation are consistent with this. To avoid bias of the main variables on the regression results due to the endogeneity problem, we refer to the research of Al-Shammari in the mechanism test [65], this study used the causal analysis method to conduct the regression step by step. It then used the lag variables of innovation input and green innovation to finally carry out the regression. Among these, R&D used a variable with a lag of one period (  L . R & D  ), while green innovation used a variable with a lag of two periods (  L 2 . G I A p p  ,   L 2 . G I G r a   and   L 2 . G I Q u a  ).



Following Table 9, Columns (1)–(3) are direct effects and the results of the regression are similar to those of the baseline regression. The gender diversity of boards positively affects the number of green patent applications by increasing the proportion of R&D personnel. In Column (4), gender diversity in the board of directors played a role in stimulating input from enterprise R&D with a positive effect of 1.9%. After introducing the gender diversity of the board of directors and R&D input, Column (5) shows that the impact coefficient of the gender diversity of the board of directors on the number of green utility model patent applications is 0.168; the impact coefficient of innovation input on green innovation is 0.409. Given these abovementioned regression methods, bootstrap was subsequently used to carry out sampling regression for 500 samples. The regression coefficient of indirect effect was 0.008, and the effective range of the 95% level was 0.001~0.163. Gender diversity in boards is also achieved through human resources development, which has a positive impact on enterprise green innovation.



The explanatory variable in Column (6) was changed to the number of patents granted for green utility models. After the introduction of gender diversity and R&D, the gender diversity coefficient of the board of directors was at 0.129, and the innovation investment coefficient was at 0.39. These coefficients are slightly lower than the number of green patent applications, but are nonetheless significant, thus confirming H2. A regression analysis of 500 samples was performed using bootstrap with a regression coefficient of 0.007 for indirect effects on the 95% confidence level with a valid range of 0.002–0.016, which was similar to previous regression results.



In Column (7), the explanatory variable was changed to the quality of green innovation with a lag of two periods, and the intermediary variable was the lag of one period of R&D staff input to the board of gender diversity pair. The results of this bootstrap sampling showed that the indirect effect coefficient was 0.03 (which is significant at the 1% level), the 95% level confidence interval was 0.015~0.047, and the direct effect coefficient was 0.407, (which is significant at 5% level). In promoting the development of green innovation, female directors mainly achieve green innovation by recruiting more R&D personnel, thereby increasing investment in R&D. Board diversity therefore promotes the quality of green innovation through R&D, thus verifying H2.



The environmental preference of female directors tends to support the environmental protection policies carried out by the government, which makes enterprises likelier to obtain government support and promotes the increase of the level of government subsidies, funds provided by government subsidies can provide important impetus for green innovation of enterprises [66,67,68], therein playing a positive role in the continuous improvement of enterprises’ green innovation output. Using future government subsidy (  L . G o v  ) as an intermediary variable between board gender diversity (  B o a r d g e n d e r  ) and a lag of period green innovation (  L . G I A p p  ,   L . G I G r a  , and   L . G I Q u a  ) may prove to be useful in the future.



From Table 10 below, Columns (1)–(3) show the direct impact of board gender diversity on the number of green utility model patent applications through government support, paralleling the baseline regression. In Column (4), the gender diversity of the board of directors played an important role in enhancing the degree of government support, with a statistical coefficient of 0.189 and played a positive economic role in the decision-making process. This is because women are more responsive to the government’s green policies and have a better chance of getting high levels of government support.



Columns (5)–(7) introduced board gender diversity and government support to observe the indirect and total effects. When the explained variable is the application number of enterprise green utility, the regression coefficient of government support is 0.015 in the total effect, which plays the part of intermediary role. Results obtained through the three-step causal inference method are therefore robust. Column (6) shows the impact of board gender diversity on the number of government-supported green utility model patents, with a regression coefficient of 0.017 for the overall effect of government support. The gender diversity coefficient of the board of directors also rose to 0.094. Column (7) shows that government support has a complete intermediary effect, with the coefficient of government support rising to 0.044, indicating that enterprises produce high-quality green innovation to obtain government support. Government support can be used as an intermediary mechanism to promote the quantity of green innovation through board diversification but plays a completely intermediary role in the quality of green innovation. This may suggest that in the government departments, in an economic sense, the quality of green innovation of enterprises is deeply affected by green policies and government subsidies. A good policy has a strong incentive effect on the quality of green innovation, and policymakers can achieve the effect of continuously promoting green innovation by adjusting government subsidies.





5. Conclusions


Studies on the relationship between gender diversity of the board of directors and green innovation is an emerging and growing area of research that has yielded some exciting results. Our study enriches the research on green innovation through diversity of the board of directors, and also provides theoretical experience for the global green transformation. Our results are similar to Ciasullo’s study, but Ciasullo et al. (2022) are more concerned with environmental sustainability [31], and we are more interested in the economic and ecological benefits of green innovation. The board of directors has an extraordinary impact on the company’s strategy. As an essential part of the company’s strategy, green innovation will be affected to a considerable extent. Our research mainly found that the gender diversity of the board of directors promotes the quantity and quality of enterprise green innovation and that R&D and government support as an intermediary mechanism positively influences this relationship. Additionally, the study found that state-owned and large enterprises play an exemplary role in responding to green policies and transitions, and that ESG levels are greatly important to green innovation, providing practical implications for green policy pilots. The policy suggestions of this paper include the following:



This study highlights the importance of adding women to the senior management team for a proactive environmental strategy. Consistent with other research, empirical tests support the upper echelons and ecofeminism theories that women have stronger attributes of environmental concern than men. Following the upper echelons theory, due to the significant differences between women and men in terms of social background, market experience, family role division, and club experience, women bring different perspectives and information in corporate governance. This brings more discussion to the decision-making process and makes the decision more scientific. The research results pay more attention to the green orientation of the diversity of the board of directors and encourage enterprises to include women’s career plans in the strategic dimension. This shows that listed companies in China should break the “gender barrier” and incorporate women’s career planning into the strategic agenda of enterprises. Listed companies should also encourage women to participate in decision-making and let women assist in the construction of emerging green markets.



Empirical tests further revealed the positive intermediary mechanism of R&D investment and government support. Under this mechanism, the performance of green innovation is better, thereby enriching the theoretical basis of international market practice. The gender diversity of the board of directors has a relatively weak effect on the quality of green innovation due to policy subsidies and the need for a national green development strategy, which makes enterprises pursue the number of green innovations but ignore the quality of green innovation in rapid development. This shows that the government needs to strengthen the supervision from the policy and system to avoid the “Greenwash” behavior of enterprises exhibit in order to obtain government subsidies. This paper recommends enhancing the voice of Chinese women in business, enhancing Chinese women’s “Her power” in business, as the chairwoman of the board of directors pays more attention to the quality of green innovation in the green orientation. The delicacy and responsibility of women’s roles often make them pay more attention to the follow-up process of green patents rather than focusing on appearance. This also reduces the occurrence of “Greenwash” from another level.



Companies with high ESG provide the possibility of diversified development for green innovation and corporate environmental performance. Female directors play a supervisory and governance role in non-financial performance, which requires companies to actively pay attention to environmental protection, assume social responsibilities, and strengthen internal governance. Enterprises need to create a smooth governance environment, empower female directors and equal workplace environment, and exert greater influence on innovation.



With high-speed economic development in China’s background, R&D investment and government support are shown to be two positive intermediary mechanisms, which have been closely related to the policy of encouraging innovation and environmental construction in China in recent years. By making use of these findings, we are also able to provide recommendations to the government and enterprises. For one, enterprises should take R&D innovation as the anchor and green development strategy as a part of their programs. For another, it is suggested that the government should increase the scale of green innovation subsidy, reduce the risk of enterprise innovation, improve the ability of enterprise green innovation, and implement the decision-making practice of enterprise under the “carbon peaking and carbon neutrality goals” to further promote the vigorous development of a green ecological economy.



Our study has its potential limitations. On the one hand, our dataset only covers listed companies on the Chinese A-share market. Domestic unlisted companies and companies that are not listed on the A-share market but produce and sell in China were not subject to investigation. Since we used panel data from 2010 to 2020, our analysis did not include some companies, especially emerging SMEs since 2016. On the other hand, since the dataset is missing some important interaction variables associated with female directors, this article may have missed a good economic story in research design. Future studies should consider these overlooked factors, the selection of data can be considered to take samples of SMEs to explore the results provided by these data samples.



Owing to women’s unique risk preference, non-financial performance preference, social responsibility, and corporate governance, Future studies adjacent to this can investigate from more dimensions to explore the value of women to enterprises. Moreover, further research on women’s participation in corporate governance and gender diversity affecting green innovation may also provide much theoretical significance for the global green economy and low-carbon strategy development.
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Figure 1. The number of green patent applications and the proportion of green patents in patents in China between 2008 and 2020. Source: FINDs financial database. 
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Table 1. Variable definitions.





	
Variable Name

	
Variable

Symbols

	
Measurement Method

	
Sources






	
Number of green innovations

	
   G I A p p   

	
The logarithm of adding 1 to the number of green utility model patent applications

	
CNRDS, From 2000 to 2020




	
   G I G r a   

	
The logarithm of adding 1 to the number of green utility model patent granted

	
CNRDS, From 2000 to 2020




	
Quality of green innovations

	
   G I Q u a   

	
The ratio of the cumulative number of green utility model patents cited to the cumulative number of green utility model patents applications since 2000

	
CNRDS, From 2000 to 2020




	
Dummy variables of green innovations

	
   G I A p p D   

	
When the number of green utility model patents applications is greater than 0, the value is 1, otherwise it is 0

	
CNRDS, From 2000 to 2020




	
   G I G r a D   

	
When the number of green utility model patents granted is greater than 0, the value is 1, otherwise it is 0

	
CNRDS, From 2000 to 2020




	
Gender diversity of directors

	
   B o a r d G e n d e r   

	
Proportion of female directors as board members

	
RESSET, From 2010 to 2020




	
Chairwoman

	
   B o a r d C h a i r   

	
When the chairman of the board of directors is a female, the value is 1, otherwise, it is 0

	
RESSET, From 2010 to 2020




	
R&D investment

	
   R & D   

	
Proportion of R&D personnel

	
CSMAR, From 2010 to 2020




	
Government support

	
   G o v   

	
Amount of government subsidies received in the current year

	
CSMAR, From 2010 to 2020




	
Size of enterprise assets

	
   S i z e   

	
The logarithm of the total assets (in millions) of the enterprise

	
CSMAR, From 2010 to 2020




	
Asset liability ratio

	
Lev

	
The asset-liability ratio of an enterprise

	
CSMAR, From 2010 to 2020




	
Cash ratio

	
   C a s h   

	
Ratio of cash assets to total assets

	
CSMAR, From 2010 to 2020




	
Size of fixed assets

	
   F i x r t   

	
The ratio of the net fixed assets of an enterprise to its total

	
CSMAR, From 2010 to 2020




	
Tobin’s Q

	
   T o b i n Q   

	
Ratio between a physical asset’s market value and its total assets

	
CSMAR, From 2010 to 2020




	
Ownership concentration

	
   S h r   

	
The proportion of shares held by the largest shareholder

	
CSMAR, From 2010 to 2020




	
Growth ability

	
   G r o w t h   

	
The ratio of the current operating income of an enterprise to its previous operating income

	
CSMAR, From 2010 to 2020




	
Business age

	
   A g e   

	
The current year minus the year of establishment of the enterprise

	
CSMAR, From 2010 to 2020











 





Table 2. Descriptive statistics.
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	     V a r i a b l e s     
	    N    
	     M e a n     
	     S t d     
	     M i n     
	Max





	   G I A p p   
	15,615
	0.222
	0.563
	0
	2.833



	GIGra
	15,615
	0.231
	0.575
	0
	2.890



	   G I Q u a   
	15,615
	0.405
	1.357
	0
	10



	   G I A p p D   
	15,675
	0.174
	0.379
	0
	1



	   G I G r a D   
	15,675
	0.180
	0.385
	0
	1



	   B o a r d G e n d e r   
	15,675
	0.135
	0.124
	0
	0.500



	   B o a r d C h a i r   
	15,590
	0.048
	0.214
	0
	1



	   R & D   
	12,585
	0.087
	0.121
	0
	0.601



	   G o v   
	12,677
	15.880
	2.014
	9.616
	20.429



	   S h r   
	15,675
	0.347
	0.150
	0.087
	0.748



	   T o b i n Q   
	15,325
	1.977
	1.214
	0.843
	7.848



	   L e v   
	15,598
	0.428
	0.197
	0.050
	0.842



	   G r o w t h   
	15,598
	0.132
	0.268
	−0.489
	1.265



	Fixrt
	15,598
	0.232
	0.166
	0.006
	0.722



	   S i z e   
	15,675
	8.566
	1.298
	6.232
	12.511



	   C a s h   
	15,675
	6.641
	1.307
	3.785
	10.454



	   A g e   
	15,675
	18.236
	5.637
	6
	35







Notes: All variables are winsorized at the 1st and 99th percentiles.













 





Table 3. Baseline results.






Table 3. Baseline results.





	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)

	
(7)

	
(8)

	
(9)

	
(10)

	
(11)

	
(12)




	
Variables

	
    G I A p p    

	
    G I G r a    

	
    G I Q u a    

	
    G I A p p    

	
    G I G r a    

	
    G I Q u a    

	
    G I A p p    

	
    G I G r a    

	
    G I Q u a    

	
    L . G I A p p    

	
    L . G I G r a    

	
    L . G I Q u a    






	
   BoardGender   

	
0.038

	
0.050

	
0.154 *

	

	

	

	
0.057

	
0.068 *

	
0.175 **

	
0.107 ***

	
0.121 ***

	
0.139 *




	
(0.038)

	
(0.039)

	
(0.080)

	

	

	

	
(0.039)

	
(0.039)

	
(0.081)

	
(0.041)

	
(0.040)

	
(0.083)




	
   Shr   

	

	

	

	
−0.073

	
−0.112 **

	
0.125

	
−0.072

	
−0.112 **

	
0.126

	
−0.105 *

	
−0.109 *

	
0.134




	

	

	

	
(0.056)

	
(0.056)

	
(0.117)

	
(0.056)

	
(0.056)

	
(0.117)

	
(0.060)

	
(0.059)

	
(0.122)




	
   TobinQ   

	

	

	

	
0.005

	
0.004

	
−0.026 ***

	
0.005

	
0.004

	
−0.026 ***

	
0.004

	
0.003

	
−0.026 ***




	

	

	

	
(0.004)

	
(0.004)

	
(0.009)

	
(0.004)

	
(0.004)

	
(0.009)

	
(0.005)

	
(0.005)

	
(0.009)




	
   Lev   

	

	

	

	
−0.009

	
0.000

	
0.270 ***

	
−0.009

	
0.000

	
0.269 ***

	
−0.021

	
0.028

	
0.223 ***




	

	

	

	
(0.037)

	
(0.037)

	
(0.077)

	
(0.037)

	
(0.037)

	
(0.077)

	
(0.039)

	
(0.039)

	
(0.080)




	
   Growth   

	

	

	

	
−0.041 ***

	
−0.037 ***

	
−0.032

	
−0.041 ***

	
−0.037 ***

	
−0.032

	
−0.029 **

	
−0.028 **

	
−0.040




	

	

	

	
(0.013)

	
(0.013)

	
(0.027)

	
(0.013)

	
(0.013)

	
(0.027)

	
(0.014)

	
(0.013)

	
(0.028)




	
   Fixrt   

	

	

	

	
−0.009

	
0.053

	
−0.170 *

	
−0.009

	
0.052

	
−0.171 *

	
0.094*

	
0.074

	
−0.041




	

	

	

	
(0.048)

	
(0.048)

	
(0.101)

	
(0.048)

	
(0.048)

	
(0.101)

	
(0.052)

	
(0.051)

	
(0.105)




	
   Size   

	

	

	

	
0.044 ***

	
0.058 ***

	
0.052 **

	
0.044 ***

	
0.059 ***

	
0.053 **

	
0.063 ***

	
0.062 ***

	
0.043




	

	

	

	
(0.012)

	
(0.012)

	
(0.025)

	
(0.012)

	
(0.012)

	
(0.025)

	
(0.013)

	
(0.013)

	
(0.026)




	
Cash

	

	

	

	
0.002

	
−0.004

	
−0.001

	
0.003

	
−0.003

	
−0.000

	
−0.003

	
−0.008

	
−0.001




	

	

	

	
(0.007)

	
(0.007)

	
(0.015)

	
(0.007)

	
(0.007)

	
(0.015)

	
(0.008)

	
(0.008)

	
(0.015)




	
Age

	

	

	

	
−0.006

	
0.003

	
0.023

	
−0.006

	
0.003

	
0.023

	
0.007

	
0.016

	
0.010




	

	

	

	
(0.010)

	
(0.010)

	
(0.022)

	
(0.010)

	
(0.010)

	
(0.022)

	
(0.012)

	
(0.012)

	
(0.024)




	
   Cons   

	
0.217 ***

	
0.225 ***

	
0.388 ***

	
−0.031

	
−0.274

	
−0.508

	
−0.046

	
−0.293

	
−0.555

	
−0.424 *

	
−0.569 **

	
−0.278




	
(0.006)

	
(0.006)

	
(0.013)

	
(0.207)

	
(0.208)

	
(0.434)

	
(0.207)

	
(0.208)

	
(0.435)

	
(0.239)

	
(0.235)

	
(0.480)




	
   FE   

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
  N  

	
15,325

	
15,325

	
15,325

	
15,249

	
15,249

	
15,249

	
15,249

	
15,249

	
15,249

	
13,836

	
13,836

	
13,895




	
    Number   of   firms    

	
1425

	
1425

	
1425

	
1418

	
1418

	
1418

	
1418

	
1418

	
1418

	
1418

	
1418

	
1418




	
    Mean   VIF    

	

	

	

	
2.15

	
2.15

	
2.15

	
2.02

	
2.02

	
2.02

	
2.03

	
2.03

	
2.03




	
    Maximum   VIF    

	

	

	

	
5.52

	
5.52

	
5.52

	
5.53

	
5.53

	
5.53

	
5.57

	
5.57

	
5.57




	
Adj R—square

	
0.571

	
0.585

	
0.679

	
0.572

	
0.587

	
0.680

	
0.572

	
0.588

	
0.680

	
0.599

	
0.595

	
0.677








Notes: *, **, and *** denote significance at the 10%, 5%, and 1% level, respectively. Standard errors are reported under coefficient estimation.













 





Table 4. Results of robustness tests.






Table 4. Results of robustness tests.





	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)

	
(7)

	
(8)

	
(9)

	
(10)

	
(11)




	
Variables

	
    G I A p p    

	
    G I G r a    

	
    G I Q u a    

	
    G I A p p    

	
    G I G r a    

	
    G I A p p    

	
    G I G r a    

	
    G I Q u a    

	
    G I Q u a    

	
    L . G I Q u a    

	
    G I Q u a    






	
   BoardGender   

	
0.100 *

	
0.092 *

	
0.242 **

	
0.236 **

	
0.252 **

	
0.077 **

	
0.090 **

	
0.161 **

	

	

	




	
(0.054)

	
(0.054)

	
(0.105)

	
(0.115)

	
(0.114)

	
(0.039)

	
(0.039)

	
(0.081)

	

	

	




	
   Boardchair   

	

	

	

	

	

	

	

	

	
0.102 **

	
0.087 *

	
0.161 **




	

	

	

	

	

	

	

	

	
(0.051)

	
(0.052)

	
(0.066)




	
   Shr   

	
−0.005

	
−0.058

	
0.211

	
−0.057

	
−0.093

	
−0.082

	
−0.126 **

	
0.159

	
0.139

	
0.147

	
0.214




	
(0.077)

	
(0.078)

	
(0.151)

	
(0.100)

	
(0.099)

	
(0.056)

	
(0.056)

	
(0.117)

	
(0.118)

	
(0.123)

	
(0.151)




	
   TobinQ   

	
0.008

	
0.009 *

	
−0.022 **

	
−0.007

	
−0.013

	

	

	

	
−0.026 ***

	
−0.026 ***

	
−0.022 **




	
(0.006)

	
(0.006)

	
(0.011)

	
(0.015)

	
(0.015)

	

	

	

	
(0.009)

	
(0.009)

	
(0.011)




	
Lev

	
−0.010

	
−0.050

	
0.230 **

	
0.077

	
0.151

	

	

	

	
0.270 ***

	
0.223 ***

	
0.231 **




	
(0.052)

	
(0.052)

	
(0.101)

	
(0.093)

	
(0.092)

	

	

	

	
(0.077)

	
(0.080)

	
(0.101)




	
   Growth   

	
−0.050 ***

	
−0.047 **

	
−0.045

	
0.003

	
0.021

	

	

	

	
−0.033

	
−0.041

	
−0.048




	
(0.018)

	
(0.019)

	
(0.036)

	
(0.054)

	
(0.054)

	

	

	

	
(0.027)

	
(0.028)

	
(0.036)




	
   Fixrt   

	
−0.002

	
0.131 *

	
−0.382 ***

	
0.280 **

	
0.349 ***

	
−0.030

	
0.014

	
−0.237 **

	
−0.166

	
−0.032

	
−0.380 ***




	
(0.070)

	
(0.071)

	
(0.137)

	
(0.121)

	
(0.120)

	
(0.049)

	
(0.049)

	
(0.101)

	
(0.101)

	
(0.106)

	
(0.138)




	
   Size   

	
0.058 ***

	
0.079 ***

	
0.079 **

	
0.114 ***

	
0.130 ***

	
0.034 ***

	
0.053 ***

	
0.089 ***

	
0.053 **

	
0.042

	
0.079 **




	
(0.017)

	
(0.017)

	
(0.033)

	
(0.028)

	
(0.028)

	
(0.012)

	
(0.012)

	
(0.024)

	
(0.025)

	
(0.026)

	
(0.033)




	
   Cash   

	
0.004

	
−0.000

	
0.013

	
0.089 ***

	
0.067 ***

	
0.005

	
−0.002

	
0.002

	
−0.000

	
−0.000

	
0.014




	
(0.010)

	
(0.010)

	
(0.019)

	
(0.024)

	
(0.023)

	
(0.007)

	
(0.007)

	
(0.015)

	
(0.015)

	
(0.016)

	
(0.019)




	
   Age   

	
−0.011

	
0.003

	
0.014

	
−0.009 ***

	
−0.009 ***

	
−0.007

	
0.001

	
0.041 *

	
0.022

	
0.009

	
0.010




	
(0.015)

	
(0.015)

	
(0.029)

	
(0.003)

	
(0.003)

	
(0.010)

	
(0.010)

	
(0.021)

	
(0.022)

	
(0.024)

	
(0.029)




	
   ROE   

	

	

	

	

	

	
0.021

	
0.025

	
0.029

	

	

	




	

	

	

	

	

	
(0.017)

	
(0.017)

	
(0.035)

	

	

	




	
   IntDbCap   

	

	

	

	

	

	
0.028

	
0.025

	
0.048

	

	

	




	

	

	

	

	

	
(0.033)

	
(0.033)

	
(0.069)

	

	

	




	
   AssetGrt   

	

	

	

	

	

	
−0.019 *

	
−0.033 ***

	
−0.051 **

	

	

	




	

	

	

	

	

	
(0.011)

	
(0.011)

	
(0.023)

	

	

	




	
   Cons   

	
−0.060

	
−0.446

	
−0.608

	
−3.776 ***

	
−4.086 ***

	
0.046

	
−0.225

	
−1.155 ***

	
−0.511

	
−0.237

	
−0.520




	
(0.292)

	
(0.295)

	
(0.571)

	
(0.401)

	
(0.382)

	
(0.206)

	
(0.207)

	
(0.427)

	
(0.439)

	
(0.487)

	
(0.581)




	
   FE   

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
  N  

	
9858

	
9858

	
9816

	
14,573

	
14,653

	
14,997

	
14,997

	
14,997

	
15,164

	
13,817

	
9816




	
   R − square   

	
0.626

	
0.634

	
0.719

	
0.168

	
0.170

	
0.612

	
0.626

	
0.719

	
0.712

	
0.712

	
0.691








Notes: *, **, and *** denote significance at the 10%, 5%, and 1% level, respectively. Standard errors are reported under coefficient estimation.













 





Table 5. Results of instrumental variable test.






Table 5. Results of instrumental variable test.





	
Variables

	
IV-GMM




	
(1)

	
(2)

	
(3)




	
    G I A p p    

	
    G I G r a    

	
GIQua






	
   BoardGender   

	
4.999 ***

	
5.277 ***

	
7.976 **




	
(1.576)

	
(1.638)

	
(3.187)




	
   Shr   

	
−0.058

	
−0.065

	
−0.329 ***




	
(0.048)

	
(0.050)

	
(0.096)




	
   TobinQ   

	
0.016 **

	
0.016 **

	
0.041 ***




	
(0.008)

	
(0.008)

	
(0.015)




	
   Lev   

	
0.163 ***

	
0.178 ***

	
−0.038




	
(0.045)

	
(0.047)

	
(0.092)




	
   Growth   

	
0.002

	
0.004

	
0.015




	
(0.026)

	
(0.027)

	
(0.053)




	
   Fixrt   

	
−0.143 ***

	
−0.145 ***

	
−0.263 ***




	
(0.046)

	
(0.048)

	
(0.094)




	
   Size   

	
0.125 ***

	
0.134 ***

	
0.234 ***




	
(0.024)

	
(0.025)

	
(0.049)




	
   Cash   

	
0.055 ***

	
0.054 ***

	
0.065 ***




	
(0.012)

	
(0.013)

	
(0.025)




	
   Age   

	
−0.012 ***

	
−0.013 ***

	
−0.007 *




	
(0.002)

	
(0.002)

	
(0.004)




	
   Cons   

	
−1.936 ***

	
−1.839 ***

	
−2.820 ***




	
(0.460)

	
(0.478)

	
(0.929)




	
   FE   

	
YES

	
YES

	
YES




	
  N  

	
15,249

	
15,249

	
15,249




	
   R − square   

	
−1.138

	
−1.212

	
−0.487








Notes: *, **, and *** denote significance at the 10%, 5%, and 1% level, respectively. Standard errors are reported under coefficient estimation.













 





Table 6. Results of different ownership heterogeneity test.






Table 6. Results of different ownership heterogeneity test.





	
Variables

	
State-Owned Enterprise

	
Non-State-Owned Enterprise




	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	
    G I A p p    

	
    G I G r a    

	
    G I Q u a    

	
    G I A p p    

	
    G I G r a    

	
    G I Q u a    






	
   BoardGender   

	
0.115 **

	
0.138 **

	
0.062

	
0.072

	
0.083 *

	
0.218 *




	
(0.058)

	
(0.059)

	
(0.150)

	
(0.047)

	
(0.047)

	
(0.111)




	
   Shr   

	
−0.159 ***

	
−0.174 ***

	
−0.157

	
0.078 *

	
0.076

	
−0.476 ***




	
(0.046)

	
(0.047)

	
(0.121)

	
(0.046)

	
(0.046)

	
(0.109)




	
   TobinQ   

	
0.008

	
0.011

	
0.026

	
0.015 ***

	
0.013 **

	
−0.007




	
(0.007)

	
(0.007)

	
(0.019)

	
(0.006)

	
(0.006)

	
(0.013)




	
   Lev   

	
−0.085 **

	
−0.061

	
−0.590 ***

	
0.116***

	
0.114 ***

	
0.248 **




	
(0.043)

	
(0.044)

	
(0.111)

	
(0.041)

	
(0.041)

	
(0.098)




	
   Growth   

	
−0.041

	
−0.064 **

	
0.018

	
−0.015

	
−0.001

	
−0.018




	
(0.028)

	
(0.029)

	
(0.073)

	
(0.021)

	
(0.021)

	
(0.050)




	
   Fixrt   

	
0.096 *

	
0.099 **

	
−0.111

	
0.014

	
0.033

	
−0.200




	
(0.049)

	
(0.050)

	
(0.128)

	
(0.056)

	
(0.056)

	
(0.133)




	
   Size   

	
0.088 ***

	
0.095 ***

	
0.242 ***

	
0.041 ***

	
0.051 ***

	
0.015




	
(0.012)

	
(0.012)

	
(0.030)

	
(0.013)

	
(0.013)

	
(0.031)




	
   Cash   

	
0.032 ***

	
0.031 ***

	
−0.025

	
0.034 ***

	
0.027 ***

	
0.047 *




	
(0.010)

	
(0.010)

	
(0.027)

	
(0.010)

	
(0.010)

	
(0.025)




	
   Age   

	
−0.000

	
−0.000

	
0.003

	
−0.006 ***

	
−0.006 ***

	
0.018 ***




	
(0.001)

	
(0.001)

	
(0.004)

	
(0.001)

	
(0.001)

	
(0.003)




	
   Cons   

	
−0.739 ***

	
−0.786 ***

	
−1.284 ***

	
−0.351 ***

	
−0.386 ***

	
−0.306 *




	
(0.070)

	
(0.072)

	
(0.183)

	
(0.069)

	
(0.070)

	
(0.166)




	
   FE   

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
  N  

	
7314

	
7314

	
7314

	
7149

	
7149

	
7149




	
   R − square   

	
0.239

	
0.246

	
0.183

	
0.155

	
0.153

	
0.104








Notes: *, **, and *** denote significance at the 10%, 5%, and 1% level, respectively. Standard errors are reported under coefficient estimation.













 





Table 7. Results of different ESG level heterogeneity test.






Table 7. Results of different ESG level heterogeneity test.





	
Variables

	
High ESG

	
Low ESG




	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	
    G I A p p    

	
    G I G r a    

	
    G I Q u a    

	
    G I A p p    

	
    G I G r a    

	
    G I Q u a    






	
   BoardGender   

	
0.124 ***

	
0.142 ***

	
−0.005

	
−0.158 *

	
−0.138

	
0.644 ***




	
(0.039)

	
(0.040)

	
(0.086)

	
(0.084)

	
(0.084)

	
(0.239)




	
   Shr   

	
−0.006

	
−0.012

	
−0.059

	
−0.210 ***

	
−0.197 ***

	
0.676 **




	
(0.035)

	
(0.036)

	
(0.126)

	
(0.067)

	
(0.067)

	
(0.329)




	
   TobinQ   

	
0.013 ***

	
0.013 ***

	
−0.022 **

	
0.011

	
0.010

	
−0.017




	
(0.005)

	
(0.005)

	
(0.010)

	
(0.009)

	
(0.009)

	
(0.022)




	
   Lev   

	
0.085 ***

	
0.100 ***

	
0.240 ***

	
−0.131 **

	
−0.108

	
0.313




	
(0.031)

	
(0.032)

	
(0.082)

	
(0.067)

	
(0.067)

	
(0.219)




	
   Growth   

	
−0.030

	
−0.022

	
0.002

	
−0.035

	
−0.062 *

	
−0.048




	
(0.019)

	
(0.019)

	
(0.028)

	
(0.037)

	
(0.037)

	
(0.071)




	
   Fixrt   

	
0.103 ***

	
0.095 **

	
−0.150

	
−0.136 *

	
−0.059

	
−0.572 **




	
(0.039)

	
(0.040)

	
(0.107)

	
(0.082)

	
(0.082)

	
(0.288)




	
   Size   

	
0.057 ***

	
0.065 ***

	
0.023

	
0.121 ***

	
0.124 ***

	
0.127 *




	
(0.009)

	
(0.010)

	
(0.027)

	
(0.019)

	
(0.019)

	
(0.068)




	
   Cash   

	
0.044 ***

	
0.039 ***

	
0.007

	
−0.002

	
0.005

	
−0.053




	
(0.008)

	
(0.008)

	
(0.016)

	
(0.016)

	
(0.016)

	
(0.042)




	
Age

	
−0.001

	
−0.001

	
0.021

	
−0.006 **

	
−0.005 **

	
−0.113




	
(0.001)

	
(0.001)

	
(0.023)

	
(0.002)

	
(0.002)

	
(0.080)




	
   Cons   

	
−0.625 ***

	
−0.651 ***

	
−0.232

	
−0.557 ***

	
−0.657 ***

	
1.352




	
(0.051)

	
(0.053)

	
(0.477)

	
(0.104)

	
(0.104)

	
(1.466)




	
FE

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
N

	
12,023

	
12,023

	
12,001

	
3222

	
3222

	
3117




	
   R − square   

	
0.188

	
0.188

	
0.758

	
0.199

	
0.212

	
0.734








Notes: *, **, and *** denote significance at the 10%, 5%, and 1% level, respectively. Standard errors are reported under Coefficient Estimation.













 





Table 8. Results of different size level heterogeneity test.






Table 8. Results of different size level heterogeneity test.





	
Variables

	
Large Enterprises

	
Small and Medium-Sized Enterprises




	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	
    G I A p p    

	
    G I G r a    

	
    G I Q u a    

	
    G I A p p    

	
    G I G r a    

	
    G I Q u a    






	
   BoardGender   

	
0.072 *

	
0.092 **

	
0.158 *

	
0.100

	
0.111

	
0.284




	
(0.038)

	
(0.038)

	
(0.088)

	
(0.089)

	
(0.087)

	
(0.223)




	
Shr

	
−0.036

	
−0.035

	
0.075

	
−0.028

	
−0.081

	
0.725




	
(0.033)

	
(0.033)

	
(0.128)

	
(0.090)

	
(0.088)

	
(0.441)




	
   TobinQ   

	
0.014 ***

	
0.012 **

	
−0.031 ***

	
−0.005

	
−0.005

	
−0.026




	
(0.005)

	
(0.005)

	
(0.010)

	
(0.010)

	
(0.009)

	
(0.021)




	
   Lev   

	
0.060 **

	
0.076 **

	
0.318 ***

	
−0.036

	
−0.025

	
−0.501 *




	
(0.030)

	
(0.031)

	
(0.084)

	
(0.090)

	
(0.088)

	
(0.261)




	
   Growth   

	
−0.035 *

	
−0.034 *

	
−0.012

	
0.024

	
0.003

	
−0.042




	
(0.018)

	
(0.018)

	
(0.030)

	
(0.037)

	
(0.036)

	
(0.059)




	
   Fixrt   

	
0.066 *

	
0.080 **

	
−0.291 ***

	
−0.138

	
−0.140

	
0.436 *




	
(0.037)

	
(0.038)

	
(0.112)

	
(0.106)

	
(0.103)

	
(0.251)




	
   Size   

	
0.070 ***

	
0.077 ***

	
0.068 **

	
0.056

	
0.025

	
0.378 ***




	
(0.009)

	
(0.009)

	
(0.028)

	
(0.035)

	
(0.034)

	
(0.106)




	
Cash

	
0.038 ***

	
0.034 ***

	
−0.010

	
−0.026

	
−0.006

	
−0.013




	
(0.007)

	
(0.008)

	
(0.016)

	
(0.020)

	
(0.020)

	
(0.043)




	
   Age   

	
−0.002 **

	
−0.002 **

	
0.024

	
−0.003

	
−0.002

	
0.050




	
(0.001)

	
(0.001)

	
(0.023)

	
(0.003)

	
(0.003)

	
(0.168)




	
   Cons   

	
−0.657 ***

	
−0.684 ***

	
−0.594

	
−0.041

	
0.041

	
−3.260




	
(0.049)

	
(0.050)

	
(0.465)

	
(0.221)

	
(0.216)

	
(2.801)




	
   FE   

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
  N  

	
14,119

	
14,119

	
14,112

	
1126

	
1126

	
1044




	
   R − square   

	
0.185

	
0.188

	
0.708

	
0.126

	
0.115

	
0.888








Notes: *, **, and *** denote significance at the 10%, 5%, and 1% level, respectively. Standard errors are reported under coefficient estimation.













 





Table 9. Results of R&D mediation effect test.






Table 9. Results of R&D mediation effect test.





	
Variables

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)

	
(7)




	
    L 2 . G I A p p    

	
    L 2 . G I G r a    

	
    L 2 . G I Q u a    

	
    L . R & D    

	
    L 2 . G I A p p    

	
    L 2 . G I G r a    

	
    L 2 . G I Q u a    






	
   BoardGender   

	
0.160 ***

	
0.130 ***

	
0.324 ***

	
0.019 *

	
0.168 ***

	
0.129 **

	
0.407 ***




	
(0.048)

	
(0.046)

	
(0.115)

	
(0.010)

	
(0.063)

	
(0.061)

	
(0.158)




	
   L . R & D   

	

	

	

	

	
0.409 ***

	
0.390 ***

	
1.697 ***




	

	

	

	

	
(0.086)

	
(0.084)

	
(0.215)




	
   Cons   

	
−0.707 ***

	
−0.681 ***

	
−1.120 ***

	
0.273 ***

	
−0.887 ***

	
−0.830 ***

	
−1.893 ***




	
(0.066)

	
(0.064)

	
(0.159)

	
(0.013)

	
(0.091)

	
(0.089)

	
(0.228)




	
   Control   

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
   FE   

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
  N  

	
8163

	
8163

	
8174

	
5949

	
5861

	
5861

	
5863




	
   R − square   

	
0.204

	
0.198

	
0.113

	
0.490

	
0.186

	
0.178

	
0.113








Notes: *, **, and *** denote significance at the 10%, 5%, and 1% level, respectively. Standard errors are reported under coefficient estimation.













 





Table 10. Results of government support mediation effect test.






Table 10. Results of government support mediation effect test.





	
Variables

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)

	
(7)




	
    L . G I A p p    

	
    L . G I G r a    

	
    L . G I Q u a    

	
    L . G o v    

	
    L . G I A p p    

	
    L . G I G r a    

	
    L . G I Q u a    






	
   BoardGender   

	
0.097 ***

	
0.120 ***

	
0.139 *

	
0.189 *

	
0.085 **

	
0.094 **

	
0.075




	
(0.037)

	
(0.037)

	
(0.083)

	
(0.114)

	
(0.041)

	
(0.040)

	
(0.096)




	
   L . Gov   

	

	

	

	

	
0.015 ***

	
0.017 ***

	
0.044 ***




	

	

	

	

	
(0.003)

	
(0.003)

	
(0.008)




	
   Cons   

	
−0.666 ***

	
−0.689 ***

	
−0.278

	
8.295 ***

	
−0.747 ***

	
−0.789 ***

	
−1.388 ***




	
(0.049)

	
(0.048)

	
(0.480)

	
(0.150)

	
(0.060)

	
(0.059)

	
(0.142)




	
   Control   

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
   FE   

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
  N  

	
13,836

	
13,836

	
13,895

	
11,721

	
11,665

	
11,665

	
11,721




	
   R − square   

	
0.187

	
0.186

	
0.712

	
0.450

	
0.186

	
0.185

	
0.120








Notes: *, **, and *** denote significance at the 10%, 5%, and 1% level, respectively. Standard errors are reported under coefficient estimation.
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