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Abstract

:

Technological innovation fundamentally drives sustainable economic development, and green finance provides an institutional guarantee for technological innovation. In this study, we obtained the data from 31 provinces of China during 2010–2019 to set up a green finance indicator system following the entropy method. The focal points in this paper are investigating the relationship regarding green finance and corporate technological innovation, and whether corporate social responsibility (CSR) strengthens such relationship. To do so, we matched the data of non-financial listed companies. The results are as follows: (1) Green finance can significantly enhance corporate technological innovation, and CSR has a positive moderating effect on this relationship between green finance and corporate technological innovation. (2) Based on the results of heterogeneity analysis, the positive impacts regarding green finance over technological innovation are more significant in larger companies, and companies in more economically developed eastern regions. More notably, green finance played a more significant role before 2016 than after. This study offers insights to future references for analyzing the green finance over economic sustainable development characterized by technological innovation.
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1. Introduction


Sustainable economic and environmental development is gradually becoming a trend with the arrival of the stage of high-quality development. Green finance is any financial activity or decision-making procedure that connects the economy with the environment. Attention is often given to cost–revenue and risk factors related to the environment in the capital configuration decision process, promoting the coordinated development between economy and environment [1]. Over the past decades, green finance has attracted a wide span of attention. The United States published the Comprehensive Environmental Response Compensation and Liability Act in 1980, followed by increasing lending support provided to companies in green industries. It gradually built a green finance system, formulated green finance laws, and established national environmental finance centers, environmental advisory committees, and environmental finance center networks. In June 2019, the EU released the EU Classification Scheme for Sustainable Finance and EU Green Bonds Standard. The former has laid the groundwork for the sustainable finance development in the EU. The UK government announced the Green Finance Strategy in 2019. It proposed three core elements—greening finance, greening financing, and grasping opportunities—highlighting how the UK government should actively promote the green financial system. China also realized the critical role of green finance, by issuing of the Guidance on Building a Green Financial System in 2016. This marks China becoming the first country to formulate the highest-level policy design of the green finance development. Furthermore, green finance was listed in the agenda of the G20 summit under the initiative of China in 2016, which accelerated the progress regarding green finance globally. China’s 14th Five-Year Plan (2021) clearly stated the aim to “build a green development policy system and vigorously develop green finance”. At the end of 2021, the green loans balance of China has achieved about 15.9 trillion RMB, which was the largest stock globally, indicating a rapid green finance development.



If green finance was regarded as an effective institutional means, then technological innovation has always been considered as the fundamental method achieving green development in a sustainable manner [2,3]. At the national policy level, the Chinese government has also strongly supported technological innovation within enterprises. For example, in 2021, the Chinese government proposed to “transfer towards innovation-driven development and enhance enterprises’ technological innovation capabilities” in its 14th Five-Year Plan. Meanwhile, the Central Economic Work Conference also pointed out the need to “strengthen the key position of enterprise innovation, and increase support for the real economy, the scientific and technological innovation, along with the green development” in same year. The important role that technological innovation plays in enterprises in sustainable economic development has also been confirmed at the academic level. Companies will bear a certain trade-off cost between technological innovation and environmental protection activities. Once a company reaches a sufficient innovation level, it will reduce the trade-off cost and focus more on environmental issues, forming a virtuous circle [4]. At present, various environmental regulations, preferential subsidy policies, and continuous development of digital technologies have promoted corporate technological innovation [5,6,7,8].



Innovative technology requires elaborate research and development (R&D) and high preliminary costs [9]. From a business perspective, technological innovation is characterized by a long cycle and unpredictable investment return [10]. Funding the development of new technologies faces large inherent risks, which pose an enormous obstacle to the commercialization of new technologies [11]. Financing has become the key factor restricting corporate technological innovation. In particular, the capital market in China is not mature. Its market effectiveness is insufficient, and the development level of finance is still backward [12]. Constrained by financing cost and technological development, traditional finance cannot offer strong support to technological innovation. Financing difficulty is still a prominent problem for corporate technological innovation in China [13].



Financial reform has become key to promoting corporate technological innovation [14]. Being a new type of financial system, green finance promotes high-qualified development by adhering to the basic principles of green environmental protection and the low-carbon levels. It greatly facilitates the effective resources allocation, as well as encourages financial resources to invest in green and low-carbon projects, which can inspire companies to innovate and adopt a green and low carbon approach [15]. The Fifth Plenary Session of the 19th CPC Central Committee, which was held in 2020, emphasized the “support for the green finance development and the green technological innovation”. By definition, green finance refers to credit distributions according to environmental regulations [16]. Credits are generally allocated to innovative companies, especially those with strong green innovation capability, providing the possibility of innovation to companies with financing constraints [17]. Research has shown that the interacting of environmental information disclosure and green innovation plays a role in alleviating financing constraints [18]. Therefore, green finance injects “blood” into corporate technological innovation [19]. Hence, it is profoundly needed for a further investigation on how practically important the green finance is over the corporate technological innovation.



Recently, some papers have emphasized the impacts of green finance over the macro economy (such as economic growth [20], sustainable economic development [21,22], and high-quality development [23]), industrial structure upgrading at the middle level [24,25], and enterprise development at the micro level (such as enterprise performance [26] and enterprise innovation [27,28,29,30,31,32]). As far as we know, existing studies regarding green finance and enterprise innovation either focused on green credit, a sub-factor of green finance, and its effects over enterprises’ green innovation [27,28,29,30], or emphasized the association between green finance and green innovation [31,32]. Consequently, the focal study makes contribution to the extant literature by analyzing the impacts of green finance over corporate technological innovation.



In order to study whether and how green finance development provides incentives for corporate technological innovation, this focal study constructed a green finance indicator system by using the entropy method. We obtained data from 31 provinces in China, and the sample covers a period of 2010 to 2019. We matched non-financial listed firm data to examine the relationship regarding green finance and corporate technological innovation, and identified whether CSR reinforces their relationship. Our research led to two main findings: First, green finance can significantly improve an enterprise’s technological innovation level, and corporate social responsibility has a positive regulatory effect on this role. Second, heterogeneity analysis suggests that the positive effects regarding green finance over technological innovation is stronger in larger enterprises and in more economically developed eastern regions. More notably, green finance played a more prominent role before 2016.



The main contributions of this paper include three aspects: (1) We construct a green finance indicator system including green credits by using provincial level data. We discuss the influences of green finance development over corporate technological innovation. (2) Regarding heterogeneity analysis, this focal study examines the influences of green finance on corporate technological innovation from distinct perspectives, including company size, regions, and the time node of policy making. (3) We innovatively match the macro-level green finance development data with the micro-level corporate technological innovation and CSR data, which appropriately alleviates the endogeneity concern.



The rest of paper is organized as follows. In Section 2, we provide a literature review and propose research hypotheses; we present the data collection, variable construction, and model specification in Section 3; we provide an empirical analysis in Section 4; then in Section 5, we present the results of the robustness tests; and in Section 6, we draw on our conclusions, and discuss the limitations of this paper as well as the future research.




2. Literature Review and Hypotheses


2.1. Green Finance and Corporate Technological Innovation


Historically, green finance derives from the world’s first environmental bank, called the “Ecological Bank”, established in Germany in 1974. This presented a new beginning for connecting resource configuration and environmental protection. Globally, the green financial system needs to be developed and improved further [33]; therefore, there is currently no unified definition of it. Based on our research objectives as well as the definition of Jeucken and Bouma [34], green finance means that the financial sector includes environmental governance and protection in investment and financing activities. It can not only increase financing for clean projects but also reduce capital for pollution-heavy projects, thus achieving the green configuration of capital. Generally, green finance can be categorized into financial services and financial products. The former refers to financial services supporting the investments, financing, operations, and risk management of green projects, and the latter refers to financial products, such as green credits, green bonds, and stock indexes. The level of green finance development varies significantly per country [35,36]; additionally, there are critical variations between regions in each country [37,38]. However, we cannot ignore the critical role of green finance in alleviating waste and exhaust emissions [39] and mitigating climate change [40,41].



Green finance can not only improve corporate financial performance, environmental performance, and promote the internalization of pollution costs for companies with high pollution to a certain extent [42], but also solve the financing problems of eco-friendly companies. Indirect financing is dominant in China, whereby companies mainly conduct investment and financing through financial institutions. Thus, their financial decisions directly determine whether the financing of a company is smooth. A long-lasting cycle, high risks, and unpredictable investor returns are typical features of corporate technological innovation. If companies want to carry out innovation activities, they will face strict financing constraints in China. Green finance is an innovative financial system based on environmental protection principles [43]. Therefore, green finance provides financing convenience for technological innovation for companies facing financing difficulties. Owen et al. [44] examined the role of the public sector in grants, equities, debts, and new forms of crowdfunding. They suggested that a financial ecosystem should be built to ensure low-carbon investment at different levels—local, national, and international—to facilitate corporate innovation.



With social supervision and environmental regulations becoming more and more strict, green innovative projects, which have often difficulty in obtaining credit and funding support under the traditional financial system, can quickly obtain financing support through green finance [45]. In the traditional financial system, the financial sector mostly focuses on risk–revenue and profit maximization while ignoring the negative effects of environmental damage. However, in essence, green finance is a tool for adjusting credit ratios in consideration of environmental constraints, and it is inclined to allocate credit funds to innovative companies, especially those with strong green innovation [30]. Therefore, green finance can keep financial institutions from paying too much attention to economic benefits while ignoring the environment and provide investment and financing support for corporate green innovation. Sinha et al. [46] showed that if companies can actively disclose environmental information and engage in green innovation activities, their financing status can be improved. Owing to the phenomenon of “greenwashing”, Xing et al. [47] suggested that green innovation companies with higher environmental information disclosure will obtain more loans. Meanwhile, the development of green finance will guide financial institutions to fully consider environmental laws and regulations when making investment decisions [48]. As the environmental supervision and regulation become more and more strict, the influence of green finance driving technological innovation is increasing.



From what has been discussed above, green finance has greatly made up for the shortcomings of traditional finance, which does not consider environmental effects. And it is committed to serving companies with innovative requirements. Therefore, we hypothesize the following:



Hypothesis H1.

Green finance promotes corporate technological innovation.






2.2. Role of CSR in Corporate Technological Innovation and Green Finance


The concept of CSR originates from the charitable donation behavior of enterprise [49]. CSR now usually includes shareholder responsibility, supplier responsibility, employee responsibility, the rights and interests of consumer responsibility, and environmental responsibility. On the one hand, CSR can help companies build reputations in society and gain support from local governments and consumers, which will be converted into intangible and scarce assets, thus improving their market competitiveness [50,51]. On the other hand, to a certain extent, by fulfilling social responsibility, companies can gain attention and trust from financial institutions to obtain financing support [52].



In particular, good CSR performance has become a competitive advantage in corporate technological innovation. The greater the employee-related social responsibility, the stronger the company’s innovation ability [53], which in turn affects their value creation and financial performance [54]. Forcadell et al. [55] further showed that CSR improves the innovation ability of innovative companies and strengthens the innovation concept of noninnovative companies. Kraus et al. [56] found that environmental strategy and green innovation play a significant mediating role between CSR and environmental performance. Tsang et al. [57] showed that CSR contracts can coordinate stakeholders’ high requirements for CSR, thus promoting corporate technological innovation. Javeed et al. [58] suggested that environmental regulation, CSR, and corporate innovation are positively associated. Therefore, we hypothesize the following:



Hypothesis H2.

CSR promotes corporate technological innovation.





“Environmental responsibility” is a critical aspect of CSR. It breaks the traditional concept of “economic benefits only” [59]. From this dimension, the fulfillment of CSR can help green finance play a greater role in corporate performance. Chuang and Huang [60] found that CSR positively impacts green information technology (IT) and improves companies’ environmental performance and competitiveness.



Corporate technological innovation is a type of behavior with high investment, high risk, and strong periodicity. Financing constraint is the key hindrance to corporate technological innovation. The fulfillment of social responsibility can alleviate the financing constraints to a certain extent and promote corporate technological innovation. Examining the food industry, Deng and Lu [61] found that CSR and environmental performance are promoted mutually, and green finance can effectively improve the environmental performance. In addition, the more companies fulfill their social responsibility, the higher the “responsibility scores” they will obtain, which can further enhance their financing ability and in turn promote corporate technological innovation and the enhancement of CSR. Li et al. [62] investigated the effect of green bonds’ credit rating, CSR, and green certification on companies’ interest rates. They found that the interest rates are lower in the companies whose green bonds have green certificates. Moreover, according to stakeholder theory, the fulfillment of CSR can build a strong sense of trust and bonds between the government, financial institutions, companies, and consumers, and help companies obtain relevant information and knowledge from stakeholders, reduce company risk, and encourage companies to achieve innovation as soon as possible [63,64]. Therefore, we hypothesize the following:



Hypothesis H3.

CSR positively moderates the association between green finance and corporate technological innovation.







3. Research Design


3.1. Sample Selection and Data Sources


We chose all of the A-share nonfinancial listed companies in the Shanghai and Shenzhen Stock markets during 2010 and 2019 as our sample. We obtained data of green financial development from the China Statistical Yearbook, China Insurance Yearbook, and Statistical Yearbooks of provinces. We verified the positive influences regarding green financial development over corporate technological innovation by matching the green financial development level at the macro level with corporate technological innovation at the micro level. The indicator data measuring CSR were taken from the Chinese financial website HeXun (https://www.hexun.com/ (accessed on 20 January 2022)). Patent data measuring corporate technological innovation come from CSMAR, and data on property rights come from the CCER database. Referring to the industry and category codes are from the Guidelines for Industry Classification of Listed Companies (2012 revision), which was enacted by the China Securities Regulatory Commission (CSRC); we obtained the industry type that a company belongs to. Some endogeneity problems can be partially alleviated by integrating the data for listed companies and development of green finance both at the micro and macro levels.



The original samples were processed as follows: (1) Companies in the finance and insurance sectors were excluded owing to the great differences between those industries and other industries in terms of their corporate regulatory systems and reporting structures. (2) Companies that are marked *ST or ST were excluded owing to abnormal financial situations and trading mechanisms. (3) Companies missing key variables such as corporate technological innovation, green finance, or CSR were excluded. (4) Companies with an asset–liability ratio greater than 100% (i.e., insolvent companies) were excluded. (5) To exclude the impacts of abnormal values in the regression model, all continuous variables were winsorized at the 1% level. Therefore, our regression analysis was carried out based on 8852 companies using Stata15.




3.2. Variable Selection


3.2.1. Explained Variable: Corporate Technological Innovation


There are mainly two methods used in the existing literature to measure corporate technological innovation: input [65,66] and output [67,68]. With reference to the output perspective, this paper measures the technological innovation level with the patent applications numbers [10,69]. We collected the lists and annual reports of listed firms, and obtained the numbers of their invention, utility model, and design patents applied per year from the patent query system. The variable Apply was measured by the natural logarithm of patent applications number plus 1, and the variable RD was proxied by the natural logarithm of the number of R&D investments plus 1. These two variables were taken as proxies of the technological innovation.




3.2.2. Explanatory Variable: Green Finance


The explanatory variable of our research is green financial development, and is recorded as Green. The key to calculating the green financial development index lies in the weight setting of the indicators. Currently, the main methods involving the weight setting for measuring the green financial development level include entropy assessment, expert consultation, analytic hierarchy process, etc. It is believed that the objective weighting methods are superior to the subjective ones. Hence, this focal study abandoned the subjective weighting evaluation methods, and instead adopted entropy weighting evaluation, which is an objective method [70]. Based on Shao et al. [70], we established an index system that includes green credits, green insurance, green investment, and government support for green financial development at the provincial level. Table 1 presents the descriptions, measurements, and the properties of these indicators.



Figure 1 shows three geographical regions (east, central, and west) and their average green financial development trends from 2010 to 2019. The figure demonstrates a rapid expansion of green finance during the past decade. Specifically, the average level of green finance increased from 0.131 in 2010 to 0.227 in 2019. The average growth rate for each year was 7.328%. Growth rates were also high in all three regions. The eastern regions ranked the highest average growth rate per year of 2%, the central regions ranked the second with 1%, and the western regions ranked the third with 0.9%. The green finance development rate in these three regions varied unevenly. We could observe the highest and lowest increase in the east and west regions, respectively. Whilst there was little difference between the central and the western regions, they did not show signs of narrowing trends.




3.2.3. Moderating Variable


In this study, the moderator is CSR and it is recorded as CSR. In existing literature, CSR is mainly measured on the dimensions of stakeholders, social responsibility performance, social responsibility content, and the amount of corporate charitable donations. Listed companies are scored on HeXun according to the rights and interests of shareholders, suppliers, employees, consumers, and the environment. Professional evaluation results are published in the form of social responsibility reports. Additionally, we assumed that companies with higher scores have greater social responsibility. Therefore, with reference to Pan et al. [71], we measured CSR with the natural logarithm of the total score of the CSR rating published by HeXun.




3.2.4. Control Variables


Following Jiang et al. [72], we selected focal control variables that influence technological innovation in the regression analysis in the following: (1) The variable Age represents the operating years of the company, reflecting the company characteristics. We measured it by using the natural logarithm form of the company’s operating years. (2) We measured the variable Growth with the growth rate of business revenue. The variable Tobin represents Tobin’s Q value. These two variables reflect the debt-paying ability of the company. (3) The variable Own_con represents ownership concentration. We measured it with the shares ratio holding by the biggest majority shareholder, reflecting company’s governance situation. (4) The binary variable Gov_con reflects corporate nature. If the company is state owned, Gov_con = 1; otherwise, Gov_con = 0. (5) The variable Pergdp represents the level of regional development and is measured by the natural logarithm form of GDP per capita. In reference to Weike et al. [45], not limited to including the year and industry fixed effect, we also added the enterprise fixed effects. We summarize the variable definitions, including descriptions, measurements, and attributes, in Table 2.





3.3. Model Specification


First, we examined the relationship of green financial development and corporate technological innovation with the following benchmark model:


  I n n o  v  i t   =  α 0  +  α 1  G r e e  n  i t   +  ∑   α j    C o n t r o  l  i t   +  ∑  y e a r +    ∑  i n d   +  ∑  f i r m   +  ε  i t    



(1)







Second, we empirically tested the moderation effects of CSR over the relationship of green finance and corporate technological innovation with the following moderation model:


  I n n o  v  i t   =  β 0  +  β 1  C S  R  i t   +  β 2  G r e e  n  i t   +  β 3  G r e e  n  i t   × C S  R  i t   +  ∑   γ j  C o n t r o  l  i t     +  ∑  y e a r +  ∑  i n d +  ∑  f i r m   +  ε  i t        



(2)




where i is the ordering number of the company, and t refers to the ordering number of the year. The explained variable Innov represents the corporate technological innovation level. Green financial development (Green) presents the core explanatory variable, and CSR is the moderator. Control integrates the control variables, including operating years of the company (Age), growth rate of company business revenue (Growth), ownership concentration (Own_con), Tobin’s Q value (Tobin), company nature (Gov_con), and regional development level (Pergdp). The variables ind, year, and firm indicate the industry, year, and enterprise fixed effects, respectively. α0 and β0 are the intercept terms. ε presents the stochastic disturbance term.





4. Empirical Results


4.1. Descriptive Statistics


We present our descriptive statistics of the key variables in Table 3. On average, the average innovation level (Apply) of Chinese nonfinancial listed firms was 3.7188, and the median was 4.0604. Simultaneously, the standard deviation of enterprise innovation was 2.1374, and the maximum number was 8.4167 while the minimum number was 0, which indicates that the enterprise innovation (Apply) differed among different enterprises. On average, the green financial development level (Green) was 0.2503, the minimized number was 0.0890, and the maximized number was 0.6272, which shows that the green financial development level varies between regions. Regarding the average level of CSR, the standard deviation was 2.6722, the minimized number was 0.4000, and the maximized number was 15.0000, reflecting that the fulfillment of social responsibility between companies was also different. Statistical results for other related variables in this article are detailed in the following table.




4.2. Benchmark Test


We present the benchmark regression results for green financial development and corporate technological innovation in Table 4. The first column only controls the variable Green. The regression coefficient of Green (green financial development) is 0.7474, which is positively significant at the 1% level, with other variables not controlled, indicating that an improved green financial development level can greatly increase the likelihood of companies participating in technical innovation. In other words, green financial development incentivizes technological innovation. These findings support Hypothesis H1. After we controlled for company property nature, year, enterprise, and industry fixed effect, we obtained the regression coefficient of green financial development (Green) of 0.7080 in Model (2), which remains positively significant at the 1% level, indicating that green financial development still significantly promotes corporate technological innovation. Green financial development helps companies with good environmental effects but insufficient economic benefits under traditional finance to obtain financial support, thus promoting corporate technological innovation. To obtain more robust results, we conducted regression tests by adding control variables step by step. The results suggest that the regression coefficient of green financial development (Green) remains positive and significant after the sequential addition of operating years of the company (Age), growth rate of business revenue (Growth), Tobin’s Q value (Tobin), ownership concentration (Own_con), corporate nature (Gov_con), and regional development level (Pergdp). Models (3)–(7) of Table 4 present the results.




4.3. Moderating Effect Test


The previous section discussed the promoting role of green financial development on corporate technological innovation. We now explore two important questions: First, will the subjective behavior of companies (e.g., social responsibility) affect the role of influence of green finance over corporate technological innovation? Second, if CSR does play a moderating role, will the impacts of green financial development over corporate technological innovation increase with the improvement of CSR?



We show the regression results regarding the moderating effects of CSR in Table 5. Column (1) shows that when it is separately added to Model (1), CSR has a positive and significant influence over corporate technological innovation, indicating that the fulfillment of CSR significantly promotes corporate technological innovation. Therefore, improving CSR can effectively promote the level of technological innovation within companies. This finding supports Hypothesis H2. According to Model (2), the cross term of Green and CSR is significantly positive, demonstrating that overall, CSR strengthens the positive impacts of green finance over corporate technological innovation. A higher level of CSR strengthens the positive impacts of green finance over technological innovation. This finding supports Hypothesis H3.





5. Robustness Tests


5.1. Replacement of Explained Variable


In the benchmark regression models, we used the “number of applied patents” to proxy corporate technological innovation. In the robustness test, we replace the focal explained variable using the measurement of the natural logarithm form of R&D investment plus 1. Table 6 presents the re-estimated regression analysis results. Column (1) only controls the variable green financial development (Green), and its regression coefficient is positively significant at the 1% level, indicating that green financial development does significantly improve corporate technological innovation. After controlling for company nature, regional effect, and year effect, the regression results in Model (2) show that green financial development still significantly promotes corporate technological innovation. In order to obtain more robust results, regression is carried out by sequentially adding control variables. It is found that after gradually controlling the variables of company characteristics (Age), company governance (Own_con), and regional development level (Pergdp), the coefficient of green finance development (Green) is always positively significant at the 1% level, which supports the above-mentioned conclusions again.




5.2. Heterogeneity Analysis


5.2.1. Subsample Regression on Companies of Different Sizes


The advantage of green finance over traditional finance is that its financial services are no longer simply measured by economic benefit but also by environmental performance. In traditional financial markets, small companies are often in an inferior position in terms of information acquisition owing to their size and attribute restrictions, and the imperfect information disclosure systems. This results in the “difficult and expensive financing” problem in their investment and financing behaviors. Green finance is a policy design based on environmental protection at high-quality development levels. At the current stage, there is still a long way to go regarding the innovation demands of small companies. By contrast, large companies face fewer financing restrictions because of sound systems and mechanisms, and they can seize the “golden opportunity” of green financial development to achieve technological innovation. According to the asset scale, listed nonfinancial companies are divided into four levels based on 1/4, 2/4, 3/4, and 1 quantile. Listed companies before the 1/4 quartile and those after the 3/4 quartile were selected as samples for regression. Table 7 presents the analysis results. We could notice that green financial development can significantly enhance innovation in large companies rather than small ones by comparing numbers of both Models (1) and (2). The focal regression coefficient is positively significant at the 1% level. Therefore, future green finance policies should gradually tilt towards smaller companies.




5.2.2. Subsample Regression of Companies in the Eastern, Western, and Central Regions


To further verify our regression results’ robustness, this focal research further examined whether the impacts regarding green financial development over corporate technological innovation are heterogeneous between different regions. All samples were separated into western, eastern, and central subsamples. Table 8′s Models (1) to (3) present the regression results showing that the effect regarding green finance over enterprise technological innovation is positively significant at the 1% level in the eastern region, whilst such effects are insignificant for both the central and western regions. The results imply that green financial development (Green) has significant heterogeneity between different regions. This is because the economic development level and competitive environment in the western region is low, and companies face stronger financing constraints. This may partly explain why the impact of green finance over corporate technological innovation is insignificant in the western regions. Therefore, differences in regions where the enterprises are located will directly affect the effect of green finance.




5.2.3. Subsample Regression with 2016 as the Cutoff Point


As aforementioned, China promulgated the 13th Five-Year Plan outline in March 2016, which clearly emphasizes the need to vigorously implement green finance tools such as green bonds, funds and credits, and also points out the need to construct green finance systems for facilitating the improvement of green finance. Furthermore, 2016 was the year in which green financial development started to be actively promoted at the strategic and practical levels in China. Seven ministries enhanced the Guidance on Building a Green Financial System jointly, proposing specific countermeasures, and precisely detailing how to construct green finance systems. Therefore, we chose the year of 2016 as a cutoff point to conduct subsample regression on companies. In columns (1) and (2) of Table 9, the results indicate that there still is a positive and significant influence of green financial development over corporate technological innovation. The coefficient was higher prior to 2016, which implies a stronger role of green financial development before 2016.






6. Conclusions, Limitations, and Future Research


6.1. Conclusions


Using all the A-share listed non-financial companies in Shanghai and Shenzhen Stocks from 2010 to 2019, this focal study theoretically analyzed and empirically tested the promoting effect of green financial development on corporate technological innovation, as well as CSR as a moderator. There are four principal findings: First, green financial development critically promotes corporate technological innovation. Second, such a positive association of green finance and corporate technological innovation will be strengthened with more fulfillment of CSR. Third, the robustness tests further indicate that green financial development has played a greater role in large-scale companies and eastern companies compared to small-scale companies and those in the western and central regions. Fourth, green financial development played a more important role prior to 2016. This indicates that the current green finance index system still needs to be improved by introducing corporate resources and region factors with a moderate tilt toward small-scale companies and those in underdeveloped regions. In this way, green finance can benefit all regions and fulfill the role of promoting common prosperity and mass innovation.



The following implications can be drawn from the study conclusions: (1) We should vigorously develop green finance, since under information disclosure and environmental regulation constraints, it can significantly promote corporate technological innovation. Through the credit-screening mechanisms of financial institutions, we should dredge credit financing channels to relieve financing constraints and accelerate corporate technological innovation and transformation. (2) When providing financial services for companies, green financial institutions should select targeted groups and give full support to small-scale companies in underdeveloped areas to achieve accurate connection and services. They should also accomplish the search and collection of related information to ensure information accuracy and authenticity, and avoid financial risks. (3) Companies should take the initiative to disclose related information and seek services in the face of financing difficulties. They should also take a forward-looking view of technological innovation, and realize transformation and upgrading as soon as possible, striving to achieve technological innovation in step with high-quality development.




6.2. Limitations and Future Research


In the future, researchers may require to further investigate the association between green financial development and corporate technological innovation for three main reasons: (1) As it is difficult to clearly define and observe the inputs and outputs of a company’s green R&D, it is necessary to conduct case studies to test possible causal relationships. (2) This focal research only included the A-share listed nonfinancial companies in China as sample firms. Although generally, our sample data fit the requirements of this focal paper, since the impacts of green finance over heavy-polluting companies may be more significant, further research is necessary. (3) Green credit and green bond are two important components of the green finance system. The relationship between green credit or green bond and technological innovation is also worth exploring in the future.
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Figure 1. Green finance development trends in China. 
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Table 1. Indicator system for green financial development.






Table 1. Indicator system for green financial development.





	Indicators
	Descriptions
	Measurements
	Properties





	Green credit
	Percentages of interest

expenses in

energy-intensive

industries
	Interest expenses of six

energy-intensive industries divided by the total

industrial interest expenses
	−



	Green investment
	Percentages of

environmental pollution control investment in GDP
	Environmental pollution

control investment

divided by the GDP
	+



	Green insurance
	Agricultural insurance

penetration
	Income from agricultural insurance divided by the

total value of agricultural output
	+



	Government support
	Percentages of expenditure regarding financial

environmental protection
	Financial environmental protection

expenditure divided

by the general financial

budget expenditure
	−
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Table 2. Variable definitions.






Table 2. Variable definitions.





	
Variables

	
Descriptions

	
Measurements

	
Attributes






	
Apply

	
The number of

patent applications

	
Natural logarithm form

of the number

of patent applications + 1

	
Explained variables




	
RD

	
The number of

R&D investment

	
Natural logarithm form of

R&D investment + 1




	
Green

	
Green financial

development

	
Indicator for green financial

development at the provincial level

	
Explanatory variable




	
CSR

	
Corporate social

responsibility

	
Natural logarithm form of

the total score of CSR rating

published on HeXun

	
Moderating variable




	
Age

	
Operating years

of the company

	
Natural logarithm form of the

company’s operating years

	
Control variables




	
Growth

	
Business revenue

growth rate

	
Annual growth rate of

business revenue




	
Tobin

	
The value of Tobin’s Q

	
The value of Tobin’s Q




	
Own_con

	
Ownership concentration

	
Shareholding ratio of the

first majority shareholder




	
Gov_con

	
Company nature

	
If the company is state owned,

Gov_con = 1; otherwise, Gov_con = 0




	
Pergdp

	
Regional development level

	
Natural logarithm form

of GDP per capita
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Table 3. Descriptive statistical results for the key variables.






Table 3. Descriptive statistical results for the key variables.





	Variables
	Mean
	Std
	Min
	Median
	Max





	Apply
	3.7188
	2.1374
	0.0000
	4.0604
	8.4167



	RD
	17.8848
	1.2370
	14.9859
	17.7807
	21.6423



	Green
	0.2503
	0.1328
	0.0890
	0.2289
	0.6272



	CSR
	4.4661
	2.6722
	0.4000
	3.7300
	15.0000



	Age
	1.6234
	0.9370
	0.0000
	1.6094
	3.1781



	Growth
	0.3260
	0.4751
	0.0037
	0.1613
	2.8523



	Own_con
	0.3465
	0.1426
	0.0878
	0.3326
	0.7306



	Tobin
	2.0347
	1.1001
	0.9090
	1.6795
	6.9076



	Gov_con
	0.0923
	0.2894
	0.0000
	0.0000
	1.0000



	Pergdp
	11.1337
	0.4528
	10.0356
	11.1586
	12.0110
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Table 4. Regression results for green financial development and corporate technological innovation.
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	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)





	Green
	0.7474 ***
	0.7080 ***
	0.8381 ***
	0.8338 ***
	0.8462 ***
	0.8308 ***
	1.3483 ***



	
	(2.5986)
	(2.5818)
	(3.0494)
	(3.0337)
	(3.0576)
	(3.0029)
	(3.5225)



	Gov_con
	
	0.3075 ***
	0.2721 ***
	0.2724 ***
	0.2728 ***
	0.2663 ***
	0.2594 ***



	
	
	(4.2915)
	(3.8001)
	(3.8053)
	(3.7406)
	(3.6453)
	(3.5471)



	Age
	
	
	0.2588 ***
	0.2808 ***
	0.2900 ***
	0.2985 ***
	0.2913 ***



	
	
	
	(8.5422)
	(8.8290)
	(8.9988)
	(9.1591)
	(8.8856)



	Growth
	
	
	
	0.0841 **
	0.0750 **
	0.0797 **
	0.0786 **



	
	
	
	
	(2.2799)
	(1.9873)
	(2.1039)
	(2.0754)



	Tobin
	
	
	
	
	−0.0469 **
	−0.0461 **
	−0.0452 **



	
	
	
	
	
	(−2.2883)
	(−2.2518)
	(−2.2054)



	Own_con
	
	
	
	
	
	0.3638 *
	0.3697 *



	
	
	
	
	
	
	(1.6873)
	(1.7151)



	Pergdp
	
	
	
	
	
	
	−0.2501 *



	
	
	
	
	
	
	
	(−1.9552)



	Constant
	3.4126 ***
	0.8032
	0.6007
	0.4965
	0.5921
	0.4504
	2.9584 **



	
	(42.0722)
	(1.4153)
	(1.0523)
	(0.8670)
	(1.0293)
	(0.7754)
	(2.1011)



	Year fixed effect
	NO
	YES
	YES
	YES
	YES
	YES
	YES



	Enterprise fixed effect
	NO
	YES
	YES
	YES
	YES
	YES
	YES



	Industry fixed effect
	NO
	YES
	YES
	YES
	YES
	YES
	YES



	Obs.
	8852
	8852
	8852
	8852
	8852
	8852
	8852



	Adj. R2
	0.0000
	0.0942
	0.0931
	0.0936
	0.0944
	0.0940
	0.0936







Note: *, **, and ***, represent significance at the 10%, 5%, and 1% levels, respectively.
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Table 5. Regression results regarding the moderating effects of CSR.
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	(1)
	(2)





	Green
	1.3501 ***
	0.7708 *



	
	(3.2518)
	(1.5096)



	CSR
	0.0043 **
	0.0349 *



	
	(0.4329)
	(1.8520)



	Green * CSR
	
	0.1147 **



	
	
	(2.0960)



	Gov_con
	0.2595 ***
	0.2577 ***



	
	(3.2617)
	(3.2460)



	Age
	0.2927 ***
	0.2926 ***



	
	(8.6478)
	(8.6391)



	Growth
	0.0785 **
	0.0779 **



	
	(2.1263)
	(2.1079)



	Tobin
	−0.0457 **
	−0.0458 **



	
	(−2.0969)
	(−2.1018)



	Own_con
	0.3712
	0.3736



	
	(1.4365)
	(1.4464)



	Pergdp
	−0.2495 **
	−0.2426 *



	
	(−1.9932)
	(−1.9353)



	Constant
	2.9720 **
	3.0503 **



	
	(2.2106)
	(2.2690)



	Year fixed effect
	YES
	YES



	Enterprise fixed effect
	YES
	YES



	Industry fixed effect
	YES
	YES



	Obs.
	8852
	8852



	Adj. R2
	0.0936
	0.0943







Note: *, **, and ***, represent significance at the 10%, 5%, and 1% levels, respectively.
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Table 6. Regression results with explained variables replaced.






Table 6. Regression results with explained variables replaced.















	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)





	Green
	1.2264 ***
	1.0287 ***
	1.1779 ***
	1.1770 ***
	1.2364 ***
	1.2258 ***
	1.0993 ***



	
	(6.8631)
	(5.9385)
	(7.1046)
	(7.1000)
	(7.5615)
	(7.5210)
	(5.0658)



	Gov_con
	
	0.2089 ***
	0.2030 ***
	0.2031 ***
	0.1808 ***
	0.1793 ***
	0.1800 ***



	
	
	(7.8598)
	(7.7122)
	(7.7174)
	(6.7593)
	(6.7003)
	(6.7223)



	Age
	
	
	0.2896 ***
	0.2975 ***
	0.3168 ***
	0.3239 ***
	0.3252 ***



	
	
	
	(20.4930)
	(19.9598)
	(21.0253)
	(21.3013)
	(21.3009)



	Growth
	
	
	
	0.0214 *
	0.0057
	0.0091
	0.0093



	
	
	
	
	(1.6581)
	(0.4306)
	(0.6898)
	(0.7058)



	Tobin
	
	
	
	
	−0.0553 ***
	−0.0550 ***
	−0.0552 ***



	
	
	
	
	
	(−7.4835)
	(−7.4338)
	(−7.4557)



	Own_con
	
	
	
	
	
	0.2865 ***
	0.2860 ***



	
	
	
	
	
	
	(2.9540)
	(2.9484)



	Pergdp
	
	
	
	
	
	
	0.0619



	
	
	
	
	
	
	
	(0.8837)



	Constant
	17.4994 ***
	16.0786 ***
	15.7922 ***
	15.7629 ***
	15.8720 ***
	15.7516 ***
	15.1294 ***



	
	(347.1124)
	(50.2322)
	(50.3617)
	(50.1930)
	(51.2347)
	(50.5546)
	(19.6573)



	Year fixed effect
	NO
	YES
	YES
	YES
	YES
	YES
	YES



	Enterprise fixed effect
	NO
	YES
	YES
	YES
	YES
	YES
	YES



	Industry fixed effect
	NO
	YES
	YES
	YES
	YES
	YES
	YES



	Obs.
	8852
	8852
	8852
	8852
	8852
	8852
	8852



	Adj. R2
	0.0002
	0.5141
	0.5109
	0.5109
	0.5133
	0.5127
	0.5127







Note: * and *** represent significance at the 10% and 1% levels, respectively.
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Table 7. Regression results for company size heterogeneity.
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(1)

	
(2)




	

	
Small Companies

	
Large Companies






	
Green

	
0.1548

	
2.6459 ***




	

	
(0.2875)

	
(4.2557)




	
Gov_con

	
0.3016

	
0.2105 *




	

	
(1.2993)

	
(1.9584)




	
Age

	
0.1279 **

	
0.1855 **




	

	
(2.1286)

	
(2.4373)




	
Growth

	
0.0322

	
−0.2287 **




	

	
(0.5988)

	
(−2.3201)




	
Tobin

	
0.0108

	
0.0591




	

	
(0.3101)

	
(1.0651)




	
Own_con

	
−0.3691

	
0.8847 **




	

	
(−0.9967)

	
(2.1801)




	
Pergdp

	
−0.1454

	
−0.3241 *




	

	
(−0.7965)

	
(−1.6579)




	
Constant

	
1.4611

	
3.2363




	

	
(0.8211)

	
(1.5485)




	
Year fixed effect

	
YES

	
YES




	
Enterprise fixed effect

	
YES

	
YES




	
Industry fixed effect

	
YES

	
YES




	
Obs.

	
2254

	
2407




	
Adj. R2

	
0.0646

	
0.0770








Note: *, **, and ***, represent significance at the 10%, 5%, and 1% levels, respectively.
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Table 8. Regression results for companies in eastern, central, and western regions.
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(1)

	
(2)

	
(3)




	

	
Eastern

	
Central

	
Western






	
Green

	
1.1969 ***

	
−4.0285

	
2.9369




	

	
(2.7334)

	
(−1.1811)

	
(0.9704)




	
Gov_con

	
0.2501 **

	
0.3686 **

	
0.0737




	

	
(2.4175)

	
(2.2670)

	
(0.3603)




	
Age

	
0.3147 ***

	
0.2500 ***

	
0.1494




	

	
(7.9170)

	
(2.9448)

	
(1.5705)




	
Growth

	
0.0819 **

	
0.0183

	
0.0910




	

	
(1.9726)

	
(0.1971)

	
(0.5788)




	
Tobin

	
−0.0169

	
−0.2068 ***

	
−0.0275




	

	
(−0.6988)

	
(−3.5081)

	
(−0.3820)




	
Own_con

	
0.1897

	
1.6214 **

	
0.1525




	

	
(0.6369)

	
(2.2374)

	
(0.2056)




	
Pergdp

	
−0.1742

	
1.5134 **

	
−0.5825




	

	
(−0.8979)

	
(2.1576)

	
(−0.9806)




	
Constant

	
3.0077

	
−15.0589 **

	
5.7087




	

	
(1.4496)

	
(−2.2285)

	
(0.9512)




	
Year fixed effect

	
YES

	
YES

	
YES




	
Enterprise fixed effect

	
YES

	
YES

	
YES




	
Industry fixed effect

	
YES

	
YES

	
YES




	
Obs.

	
6677

	
1299

	
876




	
Adj. R2

	
0.0978

	
0.1149

	
0.1370








Note: ** and *** represent significance at the 5% and 1% levels, respectively.
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Table 9. Subsample regression results with 2016 as the cutoff point.
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(1)

	
(2)




	

	
Before 2016

	
After 2016






	
Green

	
1.7121 ***

	
1.4667 ***




	

	
(5.6835)

	
(3.8839)




	
Gov_con

	
0.2405 **

	
0.5073 ***




	

	
(2.5209)

	
(3.8104)




	
Age

	
0.3579 ***

	
0.4449 ***




	

	
(9.9537)

	
(11.0026)




	
Growth

	
0.0865

	
0.0468




	

	
(1.4751)

	
(0.4835)




	
Tobin

	
−0.1143 ***

	
−0.0140




	

	
(−4.3082)

	
(−0.3543)




	
Own_con

	
0.7483 ***

	
0.7887 ***




	

	
(3.7872)

	
(3.0868)




	
Pergdp

	
−0.5503 ***

	
−0.1498




	

	
(−5.2844)

	
(−1.1866)




	
Constant

	
6.4014 ***

	
2.1847




	
Year fixed effect

	
YES

	
YES




	
Enterprise fixed effect

	
YES

	
YES




	
Industry fixed effect

	
YES

	
YES




	
Obs.

	
5026

	
3826








Note: ** and ***, represent significance at the 5% and 1% levels, respectively.
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