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This study investigates the impact of the green finance pilot reform on corporate green innovation using the formation of the China Green Finance Pilot Reform in 2017 as a quasi-natural experiment. It shows that the green finance pilot reform increases corporate green innovation. Furthermore, by highlighting the differences between green enterprises and heavily polluting enterprises, it also shows that the positive relationship between the green finance pilot reform and corporate green innovation is more pronounced in green enterprises than in heavily polluting enterprises. The mechanism analysis shows that the green finance pilot reform mainly affects corporate green innovation by easing financing constraints and reducing financing costs. The heterogeneity analysis indicates that the positive relationship between the green finance pilot reform and corporate green innovation is more pronounced in non-state-owned enterprises and large-scale enterprises. As a result, the effect of the green finance pilot reform on corporate green innovation gives rise to certain green innovation incentives. It is thus necessary to optimise the external corporate governance environment by promoting the green finance pilot reform and further offers practical implications for corporate green innovation decision-making.
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1 INTRODUCTION
This study examines the relationship between green finance pilot reform on corporate green innovation. It is particularly relevant in China, where green finance pilot reform has been implemented because of serious environmental protection problems (Cheng et al., 2022). For instance, in order to maintain its rapid economic growth, China, the world’s second-largest economy, needs to tackle numerous major environmental protection issues, such as carbon emissions (Tolliver et al., 2021; Xu et al., 2023). By creating green finances, the Chinese government has fortunately made some strides in environmental governance (Han et al., 2022). That is, the Chinese government has employed green financing to encourage businesses to increase green innovation and further safeguard the environment while also reducing carbon emissions. Furthermore, China’s experience with green finance may have some ramifications for other countries, particularly for developing countries that struggle with challenging environmental protection issues as their economies develop.
According to theory, sustainable development is the ultimate goal of green finance, which also incorporates the idea of environmental protection. Prior studies show that green finance can guide financial system funding to flow from polluting fields to green fields and attract a large amount of social funding to green fields (Zhou et al., 2020; Chen et al., 2021). Additionally, green finance can also help promote green development and achieve high-quality economic development (Lee and Lee, 2022). However, fewer studies focus on the effect of green finance on corporate green innovation based on a quasi-natural experiment from Green Finance Pilot Reform in order to overcome the endogeneity effect, especially by differentiating green enterprises and polluting enterprises. In fact, as one of the main bodies of the micro-economy, enterprises not only play a vital role in high-quality economic development but also have a great impact on the ecological environment. Innovation is the primary driving force. It is necessary to continuously improve corporate independent technological innovation capabilities and gradually cultivate their competitiveness with technological innovation as the core (Du et al., 2022).
In view of the current lack of green innovation in corporate development, which leads to low-quality corporate development, green financial policy can force enterprises to adopt environmental protection technology and engage in environmental management innovation activities by restricting the flow of funds to enterprises. In addition, innovation activities have a value-added effect, and technological innovation leads to the emergence of new production processes and production tools. Among them, green innovation can help accelerate energy conservation and emissions reduction, promote green transformation, and become an important driving force for enterprises to improve their own competitive advantages. At the same time, the literature has shown that corporate green innovation can promote high-quality economic development by reducing environmental pollution (Lee and Lee, 2022).
Moreover, although some prior studies has explored the relationship between the green finance and corporate green innovation, there are still some drawbacks as follows. Firstly, some prior studies mainly focus on the different effect of green finance on green innovation from the notion that whether the firms are heavily polluting enterprises or not (e.g., Han et al., 2022; Dong et al., 2022; Yan et al., 2022; Zhao et al., 2022; Zhang and Li, 2022; Liu and Wang, 2023; Xu et al., 2023). For example, Han et al. (2022) show that green finance can positively increase green innovation in heavily polluting enterprises. Furthermore, other prior studies simply consider the overall effect of green finance on green innovation in all enterprises (Dai et al., 2022; Yu et al., 2021; Huang et al., 2022a; Zhang et al., 2023; Gao et al., 2023; Xu, 2023) and neglect that green finance may be suitable for specific enterprises so that the research results may be biased. As a result, fewer studies focus on the effect of green finance on green innovation from green enterprises. In fact, green finance policy strictly recognize that whether the firms are green enterprises1 or not and further are more beneficial to green enterprises’ financing and high-quality development while heavily polluting enterprises may not meet the requirements of green finance policy because of their heavily polluting nature. And it is also necessary to clarify the different effect of green finance on green innovation between green enterprises and heavily polluting enterprises.
Secondly, other prior studies mainly show that green finance can impact green innovation. (e.g., Wang, 2022; Dai et al., 2022; Yu et al., 2021; Huang et al., 2022a; Wang K. H. et al., 2022; Huang et al., 2022a; Irfan et al., 2022; Wang et al., 2022b; Yang et al., 2022; Huang et al., 2022b; Zhang et al., 2023; Gao et al., 2023; Xu, 2023; Tian et al., 2023). For example, Yang et al. (2022) show that external environmental regulation can impact the relationship between green finance and green innovation. Irfan et al. (2022) find that external regional policy intervention can moderate the effect of green finance on green innovation. Tian et al. (2023) show that fintech can strengthen the relationship between green finance and green innovation. In total, these studies fail to show that how green finance impact green innovation based on corporate governance mechanisms. In fact, green finance may also impact green innovation through internal corporate governance mechanisms.
Therefore, this study examines the effect of green finance pilot reform on corporate green innovation in China. Especially, this study clarify the different effect of green finance on green innovation between green enterprises and heavily polluting enterprises. Specifically, to promote the development of green finance, the Chinese government has introduced a series of policies and measures. Among them, in August 2016, seven ministries and commissions, including the People’s Bank of China and the Ministry of Finance, issued the ‘Guiding Opinions on Building a Green Financial System’, which is a programmatic document for the development of green finance in China. In addition, at the executive meeting of the State Council in June 2017, certain areas of Guangzhou, Zhejiang, Jiangxi, Xinjiang, and Guizhou were selected as green financial reform and innovation pilot areas with their own characteristics and emphases. This is known as the Green Finance Reform and Innovation Pilot Zone programme. In these areas, innovative models and mechanisms of green finance are explored to promote the development of green innovation. In 2019, Gansu was approved to join the second batch of green finance pilot reforms, and in August 2022, the Chongqing Green Finance Pilot Reform was officially launched.
As a result, this study takes the establishment of China Green Finance Pilot Reform in 2017 as a quasi-natural experiment to empirically test whether the reform significantly affects the green innovation of enterprises. It finds that the green finance pilot reform significantly promotes the green innovation of enterprises in the pilot area, and it identifies an industry differentiation effect. In total, it shows that the positive relationship between the green finance pilot reform and corporate green innovation is more pronounced in green enterprises than in polluting enterprises. A mechanism analysis shows that the green finance pilot reform mainly affects the green innovation of enterprises by alleviating financing constraints and reducing financing costs. In addition, the positive impact of the green finance pilot reform on corporate green innovation is greatest for non-state-owned and large-scale enterprises. This shows that there is an innovation incentive effect on the impact of the green finance pilot reform on the green innovation of enterprises.
This paper makes the following contributions. Firstly, although some prior studies has explored the relationship between the green finance and corporate green innovation (e.g., Han et al., 2022; Dong et al., 2022; Yan et al., 2022), fewer studies focus on the effect of green finance on green innovation from green enterprises. Moreover, these studies fail to show that how green finance impact green innovation based on corporate governance mechanisms. Therefore, this study further examines the different effect of green finance pilot policies on corporate green innovation between green enterprises and heavily polluting enterprises. In total, it supplements and improves the literature on the resource reallocation effects of green finance pilot reform policies and further provides recommendations for green finance policy evaluation and improvement.
Secondly, prior studies mainly focus on the effect of corporate governance on green innovation (e.g., Amore and Bennedsen, 2016; Asni and Agustia, 2022; Yu et al., 2022). However, fewer studies consider the effect of external green finance pilot policies on green innovation. Therefore, this study explores the effect of external green finance pilot policies on green innovation and further examines the different effect between green enterprises and heavily polluting enterprises. In total, this study expands the research perspective of corporate green innovation and enriches the literature on corporate green innovation.
Third, the findings offer meaningful and valuable implications about the effect of green finance on green innovation around the world, especially for emerging markets. Specifically, this study shows that green finance pilot reform can increase green innovation and further finds that the positive relationship between the green finance pilot reform and corporate green innovation is more pronounced in green enterprises than in polluting enterprises. As a result, it is necessary to optimise the external governance environment of enterprises and promote the green innovation decisions of enterprises by deepening the green finance pilot reform. Specifically, this study reveals that the effect of the green finance pilot reform on corporate green innovation gives rise to certain innovation incentives when we encounter troublesome environmental protection problems in the economic development especially for emerging markets.
2 INSTITUTIONAL BACKGROUND, LITERATURE REVIEW, AND RESEARCH HYPOTHESIS
2.1 Institutional background
The national Green Finance Pilot Reform programme is an important measure that organically combines the ‘top-down’ policy promotion of China’s green financial reform with ‘bottom-up’ reform and innovation. In August 2016, seven ministries and commissions, including the People’s Bank of China, issued the ‘Guiding Opinions on Building a Green Financial System’, establishing an overall strategic framework for the development of green finance. Based on this, considering the stage of economic development, the characteristics of the spatial layout, and previous green financial practices, in June 2017, the State Council approved the first batch of green financial reform and innovation pilot zones in eight locations across five provinces, namely, Huzhou City and Quzhou City in Zhejiang Province; Guangzhou City in Guangdong Province; Ganjiang New District in Jiangxi Province; Gui’an New District in Guizhou Province; and Karamay City, Hami City, and Changji Prefecture in Xinjiang. In December 2019, the Green Finance Reform and Innovation Pilot Zone initiative was expanded for the first time, to Lanzhou New District in Gansu Province. In August 2022, the Chongqing Green Finance Reform and Innovation Pilot Zone was officially launched. Green finance reform and innovation test zones have been approved, and the systems implemented in each test zone have been targeted based on commonalities and are closely integrated with local development conditions.
The reform and innovation provided by the green finance pilot programme have led to remarkable results. As of September 2022, 231 green specialised institutions had been established in the green finance pilot reform zones, and intermediary services have been gradually improved. From a practical point of view, it is manifested in the following aspects. The first is the development of green financial instruments in a diversified direction. In the pilot zones, a green product system with green credit and bonds as the mainstay and diversified development of other green financial instruments will be gradually established. As of the end of 2021, the green loan balance of the province (region) in which a pilot zone is located was 4.7 trillion yuan, accounting for 29% of the national green loan balance, and the number of green bonds issued was 1,134, accounting for 26% of the national green bond issuance. The second is the innovation of the loan issuance model and the promotion of the green transformation of enterprises. For example, in Huzhou, a ‘Continued Loan Link’ system and a loan interest discount mechanism have been established to reduce corporate financing costs and financial pressure. Since its launch in May 2018, the ‘Green Loan Link’ has helped 30,400 companies obtain bank credit of over 300 billion yuan. As of April 2020, the Huzhou branch has newly approved 5.647 billion yuan of credit through the ‘Green Enterprise Loan’ product, reducing interest expenses by more than 20 million yuan for more than 250 enterprises. The third is the improvement of fiscal and taxation incentive policies and supervision mechanisms. The proportion of special guidance documents, such as green financial risk guarantee and compensation mechanisms, is 40 percentage points higher in test areas than in non-test areas.
The compensation and incentive measures implemented in the two reform zone cities in Zhejiang are the most comprehensive and detailed; other provinces are gradually introducing incentive policies that can quantify the performance of enterprises. For example, Zhejiang divide green enterprises into ‘dark green’, ‘medium green’, and ‘light green’ grades. Huzhou provides loan discounts at 12%, 9%, and 6% of the benchmark interest rate, while Quzhou provides 15% and 6% of the LPR at the end of the previous year loan discount. In general, the promulgation and implementation of these green finance systems provide a more realistic research scenario for exploring the impact of green finance on the financial behaviour of micro-enterprises.
2.2 Literature review
Green finance has the dual characteristics of financial resource allocation and environmental regulation (Tolliver et al., 2021). Many studies have discussed the environmental governance function and effect of green finance (e.g., Dai et al., 2022; Umar and Safi, 2023; Gao et al., 2023; Tian et al., 2023). Among them, the economic effects of green financial policies related to this paper on the micro-enterprise level have mostly been reflected in research on green credit policies. Some scholars have taken environmental protection enterprises as research objects and have found that the development of environmental protection industries cannot be separated from the support of green finance (Cui and Huang, 2018; Huang, 2022), with such support mainly involving long-term capital investment. Green credit policy improves the financing convenience of green enterprises and the market-oriented credit interest rate and its fluctuations can enhance green enterprise financing (Jin et al., 2021). Furthermore, green enterprises bear lower debt financing costs (Li et al., 2022; Shi et al., 2022). Other scholars, taking the perspective of polluting enterprises, have found that the interest-bearing debt financing and long-term liabilities of heavily polluting enterprises decrease significantly after green credit policy implementation, and the increase in debt financing costs lead to a decline in their operating performance (Wang et al., 2022a). That is, polluting enterprises have financing penalty effects and investment inhibition effects. However, some scholars have found that green credit policy can reduce agency costs and improve investment efficiency (He et al., 2019).
The above literature indicates that green finance pilot reform policy plays a positive role in improving corporate governance, influencing corporate financing behaviour, enhancing the green carbon reduction mission of enterprises and their regions, and protecting the environment. Research on green finance must pay more attention to how to effectively guide the flow of funds to resource saving and ecological and environmental protection to further accelerate the transformation of economic development and better promote the construction of ecological civilization.
Furthermore, green innovation is an important way for enterprises to reduce pollution and achieve high-quality development. Many studies have analysed the influencing factors of corporate green innovation. At the level of internal enterprise characteristics, enterprises with rich green innovation experience, green dynamic capabilities, and strong green transformation leadership can significantly improve their green creativity and green product development performance (Chen and Chang, 2013; Amore and Bennedsen, 2016). In addition, executive characteristics, firm size, profitability, and R&D investment all have an impact on corporate innovation (Claessens and Yurtoglu, 2013; Fang et al., 2021).
In terms of the external environment of enterprises, reasonable environmental regulations can stimulate enterprise innovation and improve the market competitiveness of enterprises. Environmental regulations such as low-carbon pilot city policies and pilot emissions trading policies can significantly improve the green innovation of heavily polluting enterprises, thus verifying the Porter hypothesis (Porter and Linde, 1995). However, some scholars have reached the opposite conclusion, specifically that environmental regulatory tools such as green finance significantly inhibit the green innovation of heavily polluting enterprises (Ramanathan et al., 2010). According to such scholars, the additional costs paid by such enterprises under the pressure of environmental regulations put pressure on their production and operations, thereby weakening their market competitiveness and inhibiting their R&D (Levinson and Taylor, 2008; Van Leeuwen and Mohnen, 2017).
Moreover, some prior studies focus on the effect of green finance on green innovation in heavily polluting enterprises (e.g., Han et al., 2022; Dong et al., 2022; Yan et al., 2022; Zhao et al., 2022; Zhang and Li, 2022; Liu and Wang, 2023; Xu et al., 2023). And other prior studies simply consider the overall effect of green finance on green innovation in all enterprises (Dai et al., 2022; Yu et al., 2021; Huang et al., 2022a; Yang et al., 2022; Irfan et al., 2022; Tian et al., 2023; Zhang et al., 2023; Gao et al., 2023; Xu, 2023). For example, Yang et al. (2022) show that external environmental regulation can impact the relationship between green finance and green innovation. Irfan et al. (2022) find that external regional policy intervention can moderate the effect of green finance on green innovation. Tian et al. (2023) show that fintech can strengthen the relationship between green finance and green innovation. However, the above studies neglect that green finance may be suitable for specific enterprises so that the research results may be biased. That is, fewer studies focus on the effect of green finance on green innovation from green enterprises. In fact, green finance policy strictly recognize that whether the firms are green enterprises or not and further are more beneficial to green enterprises’ financing and high-quality development while heavily polluting enterprises may not meet the requirements of green finance policy because of their heavily polluting nature. And it is necessary to clarify the different effect of green finance on green innovation between green enterprises and heavily polluting enterprises.
In summary, based on this review of the two streams of research on the micro-effects of green finance and the influencing factors of corporate green innovation, previous studies have paid relatively little attention to the impact of green finance on corporate green innovation especially from green enterprises. Few studies have separated enterprises of different types (i.e., green enterprises vs. heavily polluting enterprises) to observe the differential impact of green finance on their respective green innovation. Therefore, based on the green finance pilot reform implemented by the State Council in 2017, this study explores the different impact of green finance on corporate green innovation between green enterprises and heavily polluting enterprises, seeking to determine how to optimise enterprises’ external governance environment by extending the green finance pilot reform and ultimately promoting enterprises’ green innovation decision-making.
2.3 Theoretical analysis and hypothesis development
In practice, green finance optimises the allocation of financial resources under the sustainable development goals by reducing the adverse impact on ecological environment pollution (Zhou et al., 2020). For example, green finance can resolve the problems of financing constraints for green enterprises (Yu et al., 2021) and further offer more free cash flow for corporate innovation (Umar and Safi, 2023), which is beneficial for ecological environment protection. Therefore, in view of prior literature review, China’s Green Finance Reform and Innovation Pilot Zone policy is an important way to promote green financial reform. The pilot area initiative focuses on innovation and development in the following three directions. The first direction is building a green product system with diversified development and broadening the financing channels and scale of green development among enterprises. This can be done by developing innovative loan issuance models, issuing green bonds, and securitising assets to solve corporate financing difficulties and promote enterprises’ green transformation. The second direction is providing services for the green transformation of enterprises by accelerating the gathering of specialised green finance institutions and building a comprehensive green finance service platform. The establishment of the service platform not only alleviates the problem of green financial information asymmetry but also improves the efficiency of multi-party cooperation between the government, enterprises, and banks and promotes the operation of green investment and financing. The third direction is improving fiscal and taxation incentive policies and supervision mechanisms. The establishment of each pilot zone has reduced the burden on market players, such as through interest discounts, incentives and subsidies, landing subsidies, and preferential tax policies for enterprises. In summary, the establishment of the pilot zones has had a positive resource reallocation effect and promoted the innovation and development of enterprises through the debt financing mechanism. The pilot zone initiative provides convenient financing channels for the green development of enterprises, increases the scale of financing, and promotes the provision of green services by financial institutions to enterprises. It has also strengthened the government’s fiscal and taxation incentive policies and supervision mechanisms, increased the cost of corporate pollution emissions, and prevented green financial risks.
Theoretically, by guiding the allocation of financial resources, green finance allows funds within the financial system to flow from polluting areas to green areas, producing a positive market selection effect and a significant market share reconfiguration effect (Lee et al., 2023), fundamentally eliminating environmental pollution and achieving the goal of ecological environment governance (Lee and Lee, 2022). The green finance pilot policy emphasises interest discounts on loans to green enterprises, improving the availability of financing for green enterprises to better expand production scale and improve the level of green innovation, while increasing financing costs and credit constraints on heavily polluting enterprises to force their green transition (Li et al., 2022; Shi et al., 2022). Studies have shown that the environmental regulation provided by green finance also has ‘innovation compensation effects’ on enterprises (Porter and Linde, 1995). That is, when the innovation compensation effect produced by the environmental regulation of green finance is greater than the cost effect of institutional constraints, the environmental regulation of green finance will generate excess returns for enterprises (Alpay et al., 2002). Therefore, the green finance pilot reform is likely to guide the flow of financial resources to enterprises with green technology transformation through the ‘capital allocation mechanism’, thereby generating innovation incentives for the green technology transformation of enterprises.
Overall, green finance pilot reform areas have not only formed a policy system with full coverage but also implemented special policy incentives. The implementation of these policies compensates for the shortcomings of large initial investments in green innovation funds, long profit cycles, and unpredictable risks, and provides financial support for the development of enterprises’ green innovation (Du et al., 2022). At the same time, the green innovation of enterprises can improve local environmental and social performance as well as enterprises’ own financial performance (Lee and Lee, 2022). While fulfilling their social responsibilities, enterprises can gain a ‘reputation effect’ and simultaneously enhance their own market competitiveness, which is beneficial for their sustainable development. Based on the debt financing mechanism and capital allocation mechanism perspectives, the green finance pilot reform can be expected to promote enterprises’ green innovation and development. Therefore, the following hypothesis is proposed:
H1:. The green finance pilot reform significantly promotes enterprises’ green innovation.
3 RESEARCH DESIGN AND DATA DESCRIPTION
3.1 Data sources and variable selection
This paper takes A-share listed companies from 2013 to 2019 as the research object. With reference to previous literature, observations are removed from the overall sample if they pertain to 1) listed companies in the financial and insurance industries, as their report structure differs from those of other industries; 2) the observed value of a company’s IPO in the year and companies listed in 2017 and later; 3) listed companies with asset-liability ratios less than 0 and greater than 1; and 4) ST and *ST listed companies with abnormal transactions and listed companies missing relevant data.
This study includes two main types of data: enterprise innovation data and green patent data. The green patent data come from the Chinese Research Data Services database (CNRDS). The paper further distinguishes between green invention patents and green utility model patents, as they differ in innovation and application value. It is generally believed that green invention patents have higher innovation value than green utility model patents; that is, a company with more invention patents is believed to have higher innovation quality. The paper also includes data on the characteristics of other companies. The main financial data come from the China Stock Market & Accounting Research database. The main continuous variables are processed at the 1% and 99% quantile levels.
3.2 Model specifications
This paper examines the impact of green finance pilot reform on corporate green innovation under different industry characteristics. To reduce the interference of different factors, such as enterprise characteristics, industry characteristics, and the economic environment, on the analysis results, double difference and triple difference models are used in the analysis. The following double difference model is constructed to test the impact of the green financial reform and innovation pilot areas on green innovation:
[image: image]
where the dependent variable LnGpatentit measures the green innovation of enterprise i in year t. Green patents can directly reflect the output of enterprises’ green innovation activities. The patent index construction method uses the number of green patent applications of listed companies to measure innovation output. To avoid the influence of zero values and the right-skewed distribution of green patent application data, the number of green patents applied by listed companies in year t + 1 is used for logarithmic processing. The indicators of the number of green patent applications include green patents as a whole (LnGPatent), green invention patents (LnGInva), and green utility model patents (LnGUma). Xit denotes a series of enterprise-level control variables, defined in detail in Table 1 μi is the individual fixed effect, νt is the time fixed effect, and ξit is the random disturbance term. This paper focuses on the coefficient β1 of the interaction term between Treati and Postt, which measures the net impact of pilot policies on corporate green innovation.
TABLE 1 | Variables.
[image: Table 1]In the presence of heterogeneous treatment effects, triple differences are more informative than double differences and may produce more convincing results than traditional DID analysis (Gruber, 1994; Angrist and Pischke, 2008; Frolich and Sperlich, 2019; Olden and Møen, 2022). The green finance pilot policy may pay more attention to green enterprises and heavily polluting enterprises during the implementation process, and it has different impacts on green enterprises and heavily polluting enterprises. Thus, on the basis of using the double difference model to measure the impact of external shocks on the green innovation of enterprises, this paper constructs a triple difference model to test whether the green innovation of enterprises in different industries in the pilot provinces differs after the implementation of the policy. Furthermore, this study explores the green innovation development effect of green enterprises by taking environmental protection concept stocks as samples. According to the conceptual classification of Chinese listed companies in the Wind database, companies in 35 conceptual sectors, such as energy conservation and environmental protection, photovoltaics, beautiful China, wind power generation, nuclear energy nuclear power, green energy-saving lighting, and building energy conservation, are defined as green enterprises (Gcj = 1). This paper takes whether an enterprise belongs to this type of industry as the third difference to construct the triple difference item Treati×Postt×Gcj to test the impact of green finance policy on green energy in the pilot areas. The estimation equation for the promotion effect of the green innovation of enterprises is set as follows:
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Moreover, it is mainly based on the ‘Guidelines for the Industry Classification of Listed Companies’, revised by the China Securities Regulatory Commission in 2012, the ‘List of Listed Companies’ Environmental Protection Verification Industry Classification Management List’, formulated by the Ministry of Environmental Protection in 2008 (Environmental Protection Office Letter [2008] No.373), and the ‘Guidelines for Environmental Information Disclosure of Listed Companies’ (Environmental Information Disclosure [2010] No. 78), mainly including thermal power, steel, cement, electrolytic aluminium, coal, metallurgy, chemical industry, petrochemicals, building materials, papermaking, brewing, pharmaceuticals, and fermentation. Sixteen types of industries, such as textiles, leather, and mining, are identified as having heavily polluting enterprises (Hcj = 1). Therefore, this paper takes whether an enterprise belongs to this type of industry enterprise as the third difference and examines the promotion of green innovation of heavily polluting enterprises in the pilot areas after the implementation of the green financial policy. The estimation equation is set as follows:
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4 REGRESSION RESULTS AND ANALYSIS
4.1 Descriptive statistics
Table 2 shows the descriptive statistics of the main study variables. The average value of LnGPatent is 0.520, the maximum value is 7.342, the minimum value is 0, and the standard deviation is 0.966, indicating large differences in the level of green innovation among different enterprises. The mean value of Post is 0.5205, indicating that the sample size before and after the pilot is relatively balanced. The mean value of Treat is 0.307, indicating that the proportion of samples in the pilot areas is 30.7%.
TABLE 2 | Descriptive statistics.
[image: Table 2]4.2 Impact of the green finance pilot reform on enterprise green innovation
In this section, the double difference method is used to evaluate the impact of the green finance pilot reform on the green innovation of the full sample of enterprises. Table 3 presents the estimated results. Columns 1) and 2) report the regression results for total green innovation, columns 3) and 4) report the regression results for green invention patents, and columns 5) and 6) report the regression results for the green utility model patents. Among them, models 2), 4), and 6) include control variables on the basis of models 1), 3), and 5), respectively. The results show that regardless of whether the control variables are included, the implementation of the green finance pilot reform can promote green innovation in regional enterprises. In columns 1) and 2), the coefficients of the interaction item Treat×Post are both positive and significant at the 1% level, indicating that the green finance pilot reform has significantly increased the green innovation output of enterprises in the pilot areas. In columns 3) and 4), the coefficients of the cross-product item Treat×Post are both positive and significant at the 1% level, indicating that the green finance pilot reform has significantly improved the green innovation quality of enterprises in the pilot areas. In columns 5) and 6), the coefficients of the cross-product item Treat×Post are both positive and significant at the 1% level, indicating that the green finance pilot reform has significantly increased the green innovation output of enterprises in the pilot areas. In summary, H1 is supported. The empirical results show that the green finance pilot reform has significantly promoted the green innovation of enterprises in the green finance pilot provinces.
TABLE 3 | Green finance pilot policy and green innovation at the overall enterprise level.
[image: Table 3]4.3 Impact of the green finance pilot reform on the green innovation between green enterprises and heavily polluting enterprises
In this section, the triple difference method is used to evaluate the impact of the green finance pilot reform on the green innovation between green enterprises and heavily polluting enterprises. Table 4 presents the estimated results in green enterprises. Column 1) shows the results of the regression of the green finance pilot reform on the total number of green patent applications and indicates that the green finance pilot reform can significantly positively increase the total number of green patent applications in green enterprises. Column 3) shows the results of the regression of the green finance pilot reform on the total number of green utility model patents and indicates that the green finance pilot reform can significantly positively increase the total number of green utility model patents in green enterprises. Furthermore, although Column 2) shows the insignificantly positive results of the regression of the green finance pilot reform on the total number of green invention patents in green enterprises, the above results indicates the green finance pilot reform can increase corporate green innovation in green enterprises.
TABLE 4 | Impact of green innovation on enterprises in different industries.
[image: Table 4]In addition, columns 4) to 6) show the results of regressing the green finance pilot reform on the total number of green patent applications, green invention patents, and green utility model patents in heavily polluting enterprises. Column 4) shows the results of the regression of the green finance pilot reform on the total number of green patent applications and indicates that the green finance pilot reform insignificantly negatively decrease the total number of green patent applications in heavily polluting enterprises. Column 5) shows the results of the regression of the green finance pilot reform on the total number of green invention patents and indicates that the green finance pilot reform insignificantly negatively decrease the total number of green invention patents in heavily polluting enterprises. Furthermore, Column 6) shows the significantly negative results of the regression of the green finance pilot reform on the total number of green utility model patents. In total, the above results indicates the green finance pilot reform may decrease corporate green innovation in heavily polluting enterprises. As a result, the positive relationship between the green finance pilot reform and corporate green innovation is more pronounced in green enterprises than in heavily polluting enterprises.
4.4 Robustness tests
4.4.1 Parallel trend test
The implication of the parallel trend assumption is that before the implementation of the green finance pilot policy, the time trends of green patent applications in green finance pilot cities and non-green finance pilot cities are as consistent as possible. In Figure 1, the horizontal axis represents time and the vertical axis represents the number of green patent applications. Taking 2017 as the dividing line, before the green financial policy pilot, the green patent application curves of the experimental group and the control group are basically parallel. This shows that the change trend of green application patents is the same for the two groups of enterprises. After 2017, the number of green patent applications of enterprises in the experimental group increases significantly.
[image: Figure 1]FIGURE 1 | Parallel trend analysis.
The following model is used for parallel trend testing:
[image: image]
The method used by Beck et al. (2010) is adopted to decompose the dynamic trend of the overall impact of green finance pilot reforms on corporate green patent applications and the impact on green invention patents and green utility model patents between years through graphical methods. Specifically, this paper sets the year dummy variables year_2014, year_2015, year_2016, year_2017, year_2018, and year_2019, which equal 1 in 2014, 2015, 2016, 2017, 2018, and 2019, respectively, and 0 otherwise. Each dummy variable is then interacted with the grouping variable Treat. According to the results in Table 5, before the green finance pilot reform, the interaction coefficient between the experimental group and the control group is not significant, regardless of whether control variables are considered. However, after the green finance pilot reform, the coefficients of the interaction terms are all positive and significant. This indicates that the green finance pilot reform has significantly promoted green innovation. The empirical research in this paper supports the assumption of the difference model for parallel trends.
TABLE 5 | Parallel trend and dynamic effect tests.
[image: Table 5]4.4.2 DID based on propensity score matching
Each province and city independently apply for selection as green finance pilot reform test areas, and they are then considered by the National Development and Reform Commission. The initial conditions of pilot cities and non-pilot cities may differ. In addition, the treatment and control groups studied in this paper come from enterprises in different industries, and thus their individual characteristics may differ. To avoid selection bias when using the DID method, DID based on propensity score matching (PSM), or PSM-DID, is used for further testing. Specifically, a logit model is used to estimate the propensity score, taking the control variables, such as the size of the enterprise (Size), profitability (Tobin’s Q), the asset-liability ratio (Lev), and listing age (Lnage), as characteristic variables. In addition, the nearest neighbour one-to-one matching method is used to determine the weights to match the samples of the treatment and control groups. At the same time, the condition of ‘common support’ is imposed to regress model 1). As shown in column 1) of Table 6, the regression coefficient of the cross-product item Treat×Post is positive and significant at the 10% level. Thus, the green finance pilot has improved the green innovation of enterprises as a whole. However, the results in columns 2) and 3) of Table 6 show that this improvement is mainly reflected in the improvement of green invention patents, indicating that green financial policies can indeed improve the quality of enterprises’ green innovation. The baseline conclusion holds after excluding the differences in enterprise characteristics between the treatment and control groups and the differences in the pilot provinces, consistent with the results reported in Table 3.
TABLE 6 | PSM-DID regression.
[image: Table 6]As PSM makes the characteristics of individuals in the treatment and control groups as similar as possible, the selection bias of the experimental effect is well resolved. Table 7 shows the results of the PSM balance test. After processing, the absolute value of the standard deviations of variables such as company size (Size), profitability (Tobin’s Q), listing age (Lnage), top 10 shareholders’ ownership concentration (Top10), and job duality (Dual) demonstrates a large decrease. This indicates that after PSM, there is no significant difference between the variables in the treatment and control groups. In addition, the difference in the mean values ​​of the characteristic variables between the treatment and control group samples after matching become nonsignificant, with P > χ2 changing from 0.000 to 0.974. This confirms the appropriateness of the selected matching variables and matching methods.
TABLE 7 | PSM-balance test.
[image: Table 7]Figure 2 shows that the bias of all of the covariates is less than 10% before and after matching and is significantly smaller than their %bias before matching. The absolute value of %bias decreases by 45.7%–99.4% compared with before matching. The null hypothesis (i.e., that there is no systematic deviation in the values ​​of covariates between the two groups) is not rejected, indicating that the PSM results well balance the data. The bar graph in Figure 3 shows that all the treatment group samples are within the common value range, and most of the samples in the treatment and control groups (support) are within the common value range.
[image: Figure 2]FIGURE 2 | Test of covariate balance for standardized deviation measurement.
[image: Figure 3]FIGURE 3 | Propensity scores match the common value range.
4.4.3 Placebo test
To further reduce the influence of other factors on the empirical results, the research methods of Chetty et al. (2009) are adopted, and the results are revalidated by randomly generating a placebo method of reformed individuals. Specifically, the sampling number is 1,027; that is, 1,027 of the listed companies (from the five sampled provinces) selected in the main regression are used as the virtual treatment group; in each round, 1,027 listed companies are randomly selected from the full sample as the virtual treatment group and the remainder are the control group. Regression is performed according to model 1). To further randomise the grouping, the above steps are repeated 500 times. Figure 4 shows the distribution of the estimated value of the DID coefficient of the double-difference cross-product item in 500 estimates, where the vertical line represents the regression results corresponding to column 2) of Table 3. The probability that the absolute value of the estimated value of the coefficient obtained by virtual grouping is greater than the regression result of real grouping is very low, showing a normal distribution with 0 as the mean and thus further proving the robustness of the baseline conclusion.
[image: Figure 4]FIGURE 4 | Coefficient distribution plot of DID in random grouping.
4.4.4 Robustness checks at the city level
Due to a major lack of data from Changji Prefecture and Hami City in Xinjiang Uygur Autonomous Region and Jiujiang City in Jiangxi Province, only the cities of Quzhou, Huzhou, and Guangzhou are ultimately included in the treatment group. Seven cities, including Guiyang, Anshun, Nanchang, and Karamay, are selected as the treatment group, and the remaining 272 prefecture-level and above cities are used as the control group. In this paper, the interaction term between the city-level dummy variable and the time dummy variable between groups is used as the policy variable of the green finance pilot, a new core explanatory variable Treaty×Post is constructed, and the triple interaction of the enterprise nature Treaty×Post×gcw and Treaty×Post×ifhp is introduced, generating DID heterogeneity. As shown by the regression results in Table 8, the green finance pilot has significantly improved the green innovation of enterprises in the pilot regions, especially the green innovation of green enterprises, mainly reflected in the improvement of innovation quality. Thus, the baseline conclusion remains stable.
TABLE 8 | Robustness checks at the city level.
[image: Table 8]4.4.5 Robustness checks after controlling the effect of the regional sustainable development strategy
Prior studies show that the regional sustainable development strategy is an important factor in corporate green innovation (Irfan et al., 2022; Wen et al., 2022; Li and Wen, 2023). Therefore, the regional sustainable development strategy may disturb the above findings. So, we further examines the effect of green finance pilot reform on corporate green innovation. Specifically, we control the following variables of the regional sustainable development strategy: the regional environmental regulation intensity (Regulation), regional fiscal expenditure for environmental protection (envircost), regional SO2 emissions (so2) and regional investment in industrial pollution control (popinvest), which are from China national bureau of statistics website2. Table 9 presents the estimated results after controlling the effect of the regional sustainable development strategy. And the coefficients of Treat×Post in Colum 1) to 3) are both positive and significant at the 1% level, indicating that the green finance pilot reform has significantly increased corporate green innovation. That is, the findings are still supported after controlling the effect of the regional sustainable development strategy.
TABLE 9 | The results after controlling the effect of regional sustainable development strategy.
[image: Table 9]5 MECHANISM AND HETEROGENEITY ANALYSIS
5.1 Mechanism analysis
5.1.1 Financing constraint mechanism
Following the theoretical analysis, this paper further empirically tests the impact of differences in corporate financing constraints on the relationship between green finance pilot reform and corporate green innovation. Drawing on studies, such as those by Hadlock and Pierce (2010), an SA index without endogenous financing constraint variables is selected to measure financing constraints. The SA index of an enterprise in an observed year is calculated as follows: SA = −0.737×Size+0.043×Size2 -0.04×Age. The index is negative, and the larger the value, the lower the degree of financing constraints. First, the sample enterprises are divided into high and low groups according to their level of financing constraint and the dummy variable SA is established. When an enterprise belongs to the high (low) financing constraint group, SA equals 0 1). The regression results in Table 10 show that the impact of the green finance pilot reform on enterprises’ total number of green innovation and green invention patents is more significant in the group without financing constraints. In addition, an interaction item test of DID×SA is used to measure the degree of financing constraint. The regression coefficient is positive and significant, which also shows that in enterprises without financing constraints, the green finance pilot reform effect is more pronounced. The promotional effect of reform on enterprises’ green innovation is more obvious. This also proves that enterprises need a certain amount of financial support to carry out green innovation activities.
TABLE 10 | The results of financing constraint mechanism.
[image: Table 10]5.1.2 Financing costs
The cycle of innovation activities is long and difficult, and it is difficult for enterprises to stably support innovation activities when relying on internal financing alone. In addition, due to information asymmetry and a lack of high-quality collateral, innovative enterprises face certain discrimination when obtaining loans. To solve these problems, the document of supporting the issuance of green Debt financing instruments in the Green Finance Pilot Reform proposes policies by the People’s Bank of China to encourage and support enterprises in the pilot zone to register and issue green debt financing instruments. Generally, green debt financing instruments can broaden financing channels, reduce financing costs, and raise a large amount of funding for green innovation (Lee & Lee, 2022). Therefore, the ratio of the C-debt of financial expenses to interest-bearing liabilities is used as a proxy variable for financing costs to verify. As shown by the regression results in Table 11, the coefficient of the cross-product item Treat×Post×C-debt is significant at least at the 1% level, indicating that the green finance reform and innovation pilot zone policy indeed supports the development and growth of enterprises undertaking green projects through preferential policies that reduce debt financing costs. In summary, the green finance pilot promotes the green innovation of enterprises by increasing financing scale and reducing financing costs.
TABLE 11 | The results of financing cost mechanism.
[image: Table 11]5.2 Heterogeneity analysis
5.2.1 The effect of property rights
As shown by the regression results in Table 12, further examining the heterogeneity of enterprise ownership, whether for the full sample of enterprises or green enterprises, the green finance pilot reform has significantly promoted the green innovation of non-state-owned green enterprises in the pilot provinces and has had no significant impact on state-owned enterprises. This may be due to the agency problem in state-owned enterprises, such that enterprise managers lack incentives to invest in innovative projects. In addition, the green finance pilot reform has simultaneously promoted the invention patents and utility model patents of non-state-owned enterprises, whereas the policy has had no significant impact on the invention patents and utility model patents of state-owned enterprises.
TABLE 12 | The effect of property rights.
[image: Table 12]5.2.2 The effect of size
Green innovation requires sufficient financial, human, material, technical, and other resource support, and technological innovation activities are usually related to the scale of enterprises. There are certain differences in the availability and sensitivity of financial resources between enterprises of different sizes. According to the Schumpeter hypothesis, larger companies often have obvious advantages over smaller companies in terms of capital, platforms, and talent. This paper further investigates whether the promotion effect of the green finance pilot reform on the green innovation of enterprises is affected by enterprise size. The Size dummy variable is thus set. The interaction term of Size tests the heterogeneity of firm size.
Table 13 presents the regression results. As shown in columns 1) to 4), for the total number of green patents or green invention patents and green utility model patents, the coefficient of the interaction term is positive and significant. This indicates that compared with small-scale enterprises, large-scale enterprises have more obvious green innovation responses to policies, especially among green enterprises. Therefore, large-scale green enterprises are associated with a greater output of total innovation patents. In addition to having stronger demands for sustainable development, green transformation, and corporate social responsibility, large-scale enterprises are also significantly better than small-scale enterprises in terms of credit qualification and collateral. Therefore, green finance is more effective for large-scale enterprises in terms of resource support and R&D investment incentives.
TABLE 13 | The effect of size.
[image: Table 13]6 CONCLUSION
This study takes China’s Green Finance Reform and Innovation Pilot Zone policy as a quasi-natural experiment. It uses sample data on A-share listed companies in Shanghai and Shenzhen from 2013 to 2019 and the number of green patents applied by listed companies as a measurement standard to investigate whether green finance pilot reform can promote the green innovation of enterprises. The research results based on the total number of green patents, green inventions, and green utility model patent indicators show that the green finance pilot reform can stimulate enterprises’ overall green innovation activities. At the same time, the promotion effect on green utility model patents is slightly greater than that on green patents. This conclusion holds true after conducting robustness tests, such as parallel trend assumption and stabiliser tests.
As the green finance pilot reform may focus on green enterprises and heavily polluting enterprises during the implementation process, a triple difference model is further constructed to test whether the green innovation of enterprises in different industries in pilot provinces differs after the implementation of the policy. The green finance pilot reform is found to play a greater role in promoting green innovation among green enterprises than among heavily polluting enterprises. Further testing includes the analysis of the intermediary mechanism represented by financing constraints and financing costs, and the analysis and testing of the heterogeneity of enterprise characteristics, such as enterprise size and ownership attributes. The green finance pilot reform mainly affects the green innovation of enterprises by alleviating financing constraints and reducing financing costs. The positive impact of the green finance pilot reform on corporate green innovation is greatest for non-state-owned and large-scale enterprises. Overall, this paper reveals that there is an innovation incentive effect on the impact of the green finance pilot reform on corporate green innovation. This shows that optimising enterprises’ external governance environment by extending the green finance pilot reform can promote their green innovation decision-making.
The findings of this paper have the following policy implications especially for emerging markets. First, the government should continue to enhance the scope of green financial pilot reforms to further stimulate green innovation in enterprises. Furthermore, the government may set a series of beneficial green finance standards for enterprises. Especially, financial support for green innovation in green finance should also be increased for green enterprises. For example, the financing channels for green enterprises can be broadened and the convenience of financing for green enterprises can be enhanced, so that more funds in green enterprises can be allocated to green innovation investment.
Second, the implementation of green financial policies should be tailored according to enterprise type. The impact of green finance pilot reform on the green innovation of enterprises is limited to certain enterprises, especially in green enterprises. For example, such a reform has more significant impact on the green innovation of green enterprises. Therefore, the government and financial institutions should consider more beneficial financial support for green enterprises’ green innovation and high-quality development. Furthermore, the government and financial institutions should also consider the heterogeneity of regulated enterprises when formulating green financial policies. For example, it is necessary to guide financial institutions to increase green financial support for small-scale green enterprises and transition enterprises.
Finally, especially for green enterprises, more attention should be paid to the innovation incentive effect of green finance on enterprises’ green innovation. Specifically, enterprises should pay attention to the optimisation effect of green finance pilot reform on their external governance environment, focus more on their output of green invention patents and actively shift from high to low carbonisation. Certainly, there may be some limitations in view of our research is conducted in China’s institutional setting. For example, not all countries can conduct green finance plot reform to promote green innovation. However, we admit that this research is interesting and important and further encourages us to focus in environmental protection problems from green finance.
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Post, Equals 1 if the sample year is the year in which the Green Finance Reform and Innovation Pilot Zone was established or later, and 0 otherwise.
Specifically, excluding the impact of the new crown epidemic and the impact of the second batch of pilot policies, this paper selects listed
companies from 2013 to 2019 as the research object. The Green Finance Reform and Innovation Pilot Zone proposed a value of 1 for the current
year and subsequent years (2017-2019) and a value of 0 before the proposal (2013-2016)
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Q Tobin’s Q, which is the ratio of market value to total assets

Size Company size. It equals the decentralised value after taking the logarithm of the total assets
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BID Accounting minus tax differences. Referring to studies such as Desai and Dharmapala (2006) and Tang et al. (2022), the value is calculated as
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