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Abstract

:

Green credit is regarded as an important means to promote sustainable growth. Based on the provincial panel dataset of China from 2007 to 2017, this paper investigates the dual impacts of green credit on the economy and environment, and it establishes mediating effect models to analyze the Porter hypothesis. The results show that the green credit policy significantly improves economic performance and reduces pollutant emissions. The above results are robust to employing methods with alternative variables and instrumental variables. Second, the green credit policy contributes to innovation; that is, the green credit increases the innovation scale and improves innovation efficiency. The results of mediating effect models suggest that the Porter effect of green credit can be achieved by improving innovation efficiency. The findings of the current study indicate that the green credit policy helps achieve the win–win situation for economic goals and environmental targets.
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1. Introduction


In recent years, increasingly serious environmental problems have not only threatened human beings’ health [1] but also hindered the sustainable development [2]. To build a greener, more sustainable and inclusive world, countries all over the world should put in place policies and practices to deal with environmental challenges [3]. As the world’s second largest economy, China has made significant contributions to the global economy while accounting for a large share of energy consumption and carbon dioxide (CO2) emissions [4]. To battle air pollution and mitigate carbon dioxide (CO2) emissions, China has introduced a series of environmental policies [5]. Green finance has become one of the most important policies for pollution abatement in recent years [6]. The term green finance originated from the Equator Principles (EPs) proposed by the International Finance Corporation (IFC) in 2003, which called for financial institutions to consider environmental and social factors in their investment and financing activities [7]. However, the definition of green finance is yet to reach a common agreement [8]. According to the G20 Green Finance Study Group (GFSG) [9], the green finance refers to investment and financing activities that can produce environmental benefits to support sustainable development. The green finance aims to reduce capital inflow from pollution and energy-intensive projects and put more funds into green and low-carbon industries [10]. Therefore, it is necessary for industrial sectors to take on sustainable production practices, which can effectively solve environmental problems from the source. Unlike the command-and-control environmental policies, green finance not only emphasizes the goal of environmental protection but also the better financial services to economy [11]. Consequently, the green finance may be conducive to achieving the win–win situation between economy and environment advocated by Tobin [12].



The green credit policy, one of the earliest and fastest-growing green financial instruments in China [13], incorporates environment-related risks into credit management frameworks and strictly prevents credit funds from flowing into energy-intensive and high-pollution industries [14]. As early as 1995, China has made relevant provisions on the implementation of environmental policies in the credit management of financial institutions. At that time, China had not formed a green financial system; the green credit policy was not been widely implemented. It was not until 2007 that China began to actively promote green credit. With the promulgation of the Guidance on Crediting for Energy Conservation and Emission Reduction, a series of documents on green credit policy were introduced. In 2012, the China Banking Regulatory Commission (CBRC) issued the Green Credit Guidelines, which is the first special document on green credit policy in China. The document comprehensively and systematically set out requirements for banks to carry out green credit, which greatly promotes the progress of green credit policy. Subsequently, China continued to improve the system construction of green credit, successively issuing relevant documents to improve green standards, performance evaluation, and risk management of green credit. The green credit in China has developed rapidly. By the end of June 2020, the balance of green credit in China has exceeded 11 trillion yuan, which is one of the highest in the world [15].



However, China’s green credit policy is still in its infancy, with few theoretical and empirical studies [16]. The existing literature studied the impacts of green credit on enterprise performance [17], industrial structure [18], environmental pollution [19,20], and economic growth [21], but the results were mixed. Although some studies have found that green credit played important roles in environmental governance and economic development [20], its financial constraints hindered enterprises’ performance [22,23,24,25]. In addition, most of the literature investigated the economic or environmental benefits of green credit from a single perspective without considering the dual impacts of green credit on economy and environment. Moreover, the prior research on the mechanisms of green credit is insufficient. On the basis of the Porter effect, a few papers studied the effect of green credit policy on innovation. Some scholars have found that green credit generated the Porter effect [26,27], but others have found that green credit did not generate the Porter effect [28]. Most of the literature focused on energy-intensive industries or enterprises, and to the best of our knowledge, there are few studies that explore the Porter effect of green credit policy from the macro level. Therefore, this motivates us to study the following questions. First, what are the dual impacts of green credit policy on the economy and environment? Second, can green credit policy generate the Porter effect?



To deal with the above questions, we investigate the dual impacts of green credit policy on economic development and environmental pollution, using China’s provincial panel dataset from 2007 to 2017 as the research sample. First, we take the real gross domestic product per capita (PGDP) as the proxy variable for economic development and the sulfur dioxide (SO2) emissions as an indicator for environmental pollution. Then, the econometric models are set to investigate the dual impacts of green credit policy on economy and environment. Second, with reference to the theory of Porter’s hypothesis, we take innovation as mediation variable to clarify the influencing mechanism of green credit. Furthermore, we distinguish the scale and efficiency effect of innovation, respectively.



Our study may contribute to the existing literature in two ways. First, unlike other papers that study green credit policy from the single perspective of economy or environment, this paper clarifies the dual impacts of green credit policy on economy and environment. The results show that the green credit policy can reduce environmental pollution and improve economic development, which supports the significant role of green credit policy in achieving the win–win situation between economy and environment. Second, in the present study, we extend the application of the Porter hypothesis to the practice of green credit policy. From a macro perspective, green credit can generate the Porter effect; that is, the green credit contributes to innovation and thus reduces environmental pollution while promoting economic development. We further find that the Porter effect can only be triggered when green credit enhances the innovation efficiency. Therefore, the findings of this paper enlighten us on the need to improve efficiency when using green credit for innovation.



The remainder of this paper is organized as follows: Section 2 presents relevant literature review and develops research hypotheses. Section 3 introduces the research method. Section 4 describes and discusses the empirical results, and Section 5 draws conclusions and makes policy implications.




2. Literature Review and Hypotheses Development


2.1. Green Credit Policy, Economy and Environment


As White [29] pointed out in his paper, although the financial sectors have led to the deterioration of the natural environment in the past, they may be the key to environment protection in the future. In recent years, the rise of green finance provides opportunities to promote sustainability in financial systems and green the economy [30]. A large body of literature has focused on summarizing the concept of green finance and stressing its importance in sustainable development [31,32], laying a solid theoretical foundation for subsequent studies on green finance. For example, Montes [33] analyzed the definition and characteristics of green banking and took Mexico as a research sample to reveal the role of green lending in achieving environmental and social goals. Linnenluecke et al. [34] summarized the status quo of emerging interdisciplinary research on environmental finance and discussed the need for it in the context of sustainable economic transformation. Pan et al. [35] showed the significant roles of green finance in the green recovery after the COVID-19 pandemic. By analyzing the extensive literature on green finance, Zhang et al. [36] argued that green finance was essentially a financial issue; there was an urgent need to study green finance from financial perspectives. This motivates a lot of quantitative research on green finance.



In particular, as the fast-growing green financial instrument, green credit has received widespread attention in recent literature. Green credit is one kind of financial innovation that in contrast to traditional lending activities allocates more credit resources to green and low-carbon fields and thus promotes sustainable development [37]. However, the green projects are typically characterized by higher risk and lower rate of return than fossil fuel projects [38]. This may result in financial institutions not having sufficient economic incentives to grant green loans. As a result, some scholars argued that the implementation of green credit was less effective [39]. Worse yet, the green credit can harm economic performance. Su and Lian [22] used a quasi-natural experiment to conclude that the financial constraint of green credit was significant and reduced the economic performance of high-pollution firms. He et al. [23] also found that green credit reduced the corporate investment efficiency of renewable energy companies. Taking energy-intensive industries as a research sample, Wen et al. [24] found that the green credit policy in China has reduced the allocation efficiency of bank credit and posed negative impacts on a firm’s innovation and total factor productivity. Ding [40] constructed a dynamic analysis and found that firms responded to green credit policy by simply reducing the investment scale rather than increasing the total factor productivity. Liu et al. [41] demonstrated that the punitive interest rate of green credit policy was ineffective in the upgrading of industrial structure.



On the contrary, some literature supported the effectiveness of green credit policy. In the context of the ecological civilization construction, the practice of green credit in China is characterized by the combination of a flexible market mechanism and stringent government supervision. The rising environmental risks and the promulgation of China’s green regulation policies can force Chinese banks to implement green credit. It’s found that the green credit had positive impacts on banks’ risk management and financial performance. Cui et al. [42] found that green loans were less risky than no-green loans and thus reduced a bank’s non-performing loan ratio. Yin et al. [43] showed that green lending increased the non-state-owned banks’ profitability and reduced their risk. The green principles improve the level of banks’ risk management, safeguard the safety of bank funds [44], and enhance the banks’ capacity to seize opportunities for differentiated competition. With the continuous improvement of green credit system, financial innovation such as green guarantee and order financing will reduce the uncertainty of green credit [45,46]. Additionally, the green credit imposes high interest rates for high-pollution and energy-intensive enterprises and increases their financial constraints [47]. Given that China’s financing market is dominated by banks and bank credit is the most important source of corporate financing, green credit will reduce investment in high-pollution and energy-intensive areas by reducing the scale of bank credit [48], while increasing financial support for green low carbon projects. The credit allocation of green credit helps to reduce pollution at the source to improve environmental quality [49]. At the same time, the green credit policy improves the quality of financial service to the real economy by reallocation of financial resources, adjusting industrial structure [50]. Based on above analysis, we propose the following hypothesis:

Hypothesis 1 (H1).

The green credit policy contributes to economic development while reducing environmental pollution.








2.2. Green Credit Policy and Porter Hypothesis: The Role of Innovation


Another topic of interest is the mechanisms through which green credit works. Some emerging studies draw on the Porter hypothesis to explore the effects of green credit policy. The Porter effect posits that well-crafted environmental regulation policies can stimulate innovation and compensate for environmental costs [51]. However, there is no agreement on the existence of the Porter effect. Luo et al. [52] analyzed the effects of different environmental regulations on green innovation and found that command-and-control regulation and informal regulation improved green innovation, while market-based policies negatively affected green innovation. With regard to green credit policy, Hu et al. [26] showed that the green credit policy significantly promoted the green innovation of Chinese heavily polluting enterprises, justifying the existence of a weak version of the Porter effect. Zhang [27] arrived at a similar result and further found that the environmentally induced innovation improved the green total factor productivity. The above results support the strong version of the Porter effect. However, some scholars found that the effects of green credit policy on firm innovation were not significant. For example, Lu et al. [28] argued that the green credit played an important role in the reallocation of credit resources, but the realization of the Porter effect still needs improvement of the green credit system. Similarly, Xie and Zhang [53] found that the Green Credit Guidelines of China failed to promote the innovation of high-pollution enterprises. Taken together, it is evident that prior studies test the Porter effect of green credit from the level of enterprise. Due to the limitation of data availability, the research samples of these studies include only a small fraction of Chinese firms, such as heavy polluting enterprises or listed firms. For different types of enterprises, green credit policy may have heterogeneous impacts on innovation and economic performance. Therefore, it seems necessary to study the Porter effect of green credit policy from a more macro perspective, e.g., at the provincial level in China. Additionally, most of the literature ignores the existence of innovation failures. According to Schumpeter [54], innovation does not always lead to improved economic performance. The inappropriate increase of investment scale in innovation may lead to resource waste or crowd out funds for other profitable projects, resulting in an underutilization of capital. Therefore, it cannot improve green productivity and generate the Porter effect. As a consequence, the key to achieve the Porter effect lies in improving innovation efficiency. It requires the rational allocation of credit resources for innovation and thus promotes the green transition of enterprises while improving economic performance. On this basis, we propose the following two hypotheses:

Hypothesis 2a (H2a).

The green credit policy cannot generate the Porter effect by increasing the scale of innovation.





Hypothesis 2b (H2b).

The green credit policy can generate the Porter effect by improving the innovation efficiency.









3. Research Method


3.1. Models


Although the existing literature has developed constructive research on green finance, it is still necessary to make quantitative analysis on green credit policy [44]. Accordingly, in order to study the dual impacts of green credit policy on the economy and environment, the econometric models are set as follows:


  E C  O  i t   =  α 0  +  α 1  G  C  i t   +  α 2  C o n t r o l  s  i t   + ε  



(1)






  P O  L  i t   =  β 0  +  β 1  G  C  i t   +  β 2  C o n t r o l  s  i t   + ε  



(2)




where   i   is province,   t   represents year,      E C O    i t     denotes the region economic growth,      P O L    i t     represents environmental pollution emissions,     G C   i t     is the proxy of green credit,      C o n t r o l s    i t     represents control variables, and   ε   represents random disturbance term. In Equation (1), the effect of green credit on the economy is tested; if the estimated coefficient    α 1    is significantly positive, it indicates that green credit can promote the regional economic growth of China. Similarly, in Equation (2), we investigate the impacts of green credit on China’s environmental quality, and if the estimated coefficient    β 1    is significantly negative, it can be concluded that green credit contributes to reducing the pollutant emissions.



Furthermore, referring to Wen and Ye [55], we construct the mediating effect models to study the mechanism of green credit, examining whether green credit can generate the innovation-driven effect to achieve the Porter effect. Specifically, the models are set as follows:


  I N N  O  i t   =  γ 0  +  γ 1  G  C  i t   +  γ 2  C o n t r o l  s  i t   + ε  



(3)






  E C  O  i t   =  η 0  +  η 1  G  C  i t   +  η 2  I N N  O  i t   +  η 3  C o n t r o l  s  i t   + ε  



(4)






  P O  L  i t   =  θ 0  +  θ 1  G  C  i t   +  θ 2  I N N  O  i t   +  θ 3  C o n t r o l  s  i t   + ε  



(5)




where   I N N  O  i t     represents the innovation capacity, and the definitions of other variables are consistent with the benchmark model. In Equation (3), if the regression coefficient    γ 1    is significantly positive, it indicates that green credit policy can improve innovation to some extent. Equation (4) is established to test the impacts of green credit on regional economic growth under the given level of innovation capacity, and the coefficient    η 1    implies the direct effect of green credit on economic development, while the multiplier of coefficient    γ 1    and    η 2    measures the intermediary effect of innovation. In Equation (5), similarly, the mediating effect of innovation between green credit and environmental pollution is validated by the multiplier of coefficients    γ 1    and    θ 2   .



Take the mediating effect of innovation to the economic benefit of green credit as an example; the test process can be applied with reference to Wen and Ye [55]. First, the estimated coefficient    α 1    of Equation (1) is tested. If the coefficient is significantly positive, it indicates that the green credit can promote economic development, and then the next series of tests are needed. Otherwise, the mediation test should be stopped. Second, we test the estimated coefficients of Equations (3) and (4), respectively. If the estimated coefficients    γ 1   ,    η 1   , and    η 2    are statistically significant, it indicates that there exits a partial mediating effect. The full mediating effect exists when    γ 1    and    η 2    are significant, but    η 1    is insignificant. Instead, if at least one of the coefficients between    γ 1    and    η 2    is not significant, the bootstrap method should be applied. Additionally, the above steps can be repeated to analyze the mediating effect of innovation between green credit policy and environmental pollution by the regression coefficients in Equations (2), (3) and (5).




3.2. Definition of Variables


3.2.1. Explained Variable


On the one hand, the impact of green credit on economic development deserves attention. This study takes real gross domestic production per capita (PGDP) as the proxy to evaluate the economic benefits of green credit    (  E C  O  i t    )   . On the other hand, the contribution of green credit to environmental protection can be reflected through the emissions volume of pollutants. With reference to Lin and Wu [56], the volume of sulfur dioxide (SO2) emissions, a representative pollutant in China [57], is selected as the proxy variable for environmental pollution    (  P O  L  i t    )   .




3.2.2. Explanatory Variable


The main explanatory variable is green credit    (  G  C  i t    )   . The statistical criterion of green credit in China varies, making it difficult to obtain accurate data of green credit. According to the prior study, the scale of green credit is mainly measured in three ways: dummy variables of green credit policy [19,24], the share of credit in energy-intensive and high-pollution industries [58], and the bank loan aiming at conserving energy and protecting the environment [21]. Considering that the bank credit supporting green and clean projects accounts for more than 70% of the total green credit, we set the scale of bank credit in energy-saving and environmental protection areas as the proxy variable for green credit.




3.2.3. Mediation Variables


In order to test the Porter effect of green credit policy, we take innovation as the mediator variable. On this basis, we employ a deeper analysis on the role of innovation from the perspectives of scale    (  I S  C  i t    )    and efficiency    (  I T  E  i t    )   , respectively. With reference to Battese and Coelli [59], we adopt the stochastic frontier analysis (SFA) to calculate the technological efficiency of innovation, and the production function is set as follows:


      L n  Y  i t   =  λ 0  +  λ 1  L n  K  i t   +  λ 2  L n  L  i t   +  λ 3  t +  λ 4  L n  K  i t   × L n  L  i t   +  λ 5  L n  K  i t   × t                                 +  λ 6  L n  L  i t   × t +  1 2   λ 7     (  L n  K  i t    )   2  +  1 2   λ 8     (  L n  L  i t    )   2  +  1 2   λ 9   t 2  +  ν  i t   −  μ  i t        



(6)




where   i = 1 ,   ⋯ n   represents the province and   t = 1 , ⋯ T   denotes the time period.    Y  i t     is the number of patents applied in the current year [60].    K  i t     and    L  i t     are R&D expenditure and R&D personnel, respectively.    ν  i t     is the random disturbance term, and the inefficiency item    μ  i t     is set as follows:


   μ  i t   =  μ i  e x p  (  − θ  (  t − T  )   )   



(7)







In Equation (7),    μ i  ~  N +   (  0 ,    σ μ    2   )    and   θ   is the parameter to be estimated by the maximum likelihood estimation method. Ultimately, the technological efficiency of innovation    (  I T  E  i t    )    can be obtained by Equation (8):


  I T  E  i t   = e x p  (  −  μ  i t    )  .  



(8)








3.2.4. Control Variables


In order to alleviate the deviation caused by missing variables, we incorporate the following control variables    (  C o n t r o l  s  i t    )    into the study. Specifically, in Equation (1), the financial development    (  F I N  )   , employment rate    (  E M P  )   , opening degree    (  O P E N  )   , infrastructure condition    (  I N F  )   , and industrial structure    (  S T R  )    are included as control variables. In Equation (2), referring to the STIRPAT model [61], we set the degree of economic prosperity    (  E P R  )   , regional population density    (  P O P  )   , energy efficiency    (  E F F  )   , energy consumption structure    (  E N E  )   , urbanization    (  U R B  )   , and stringency of environmental regulation    (  E R E  )    as control variables. In Equation (3), the control variables are financial development    (  F I N  )   , infrastructure condition    (  I N F  )   , opening degree    (  O P E N  )   , and the level of education    (  E D U  )   .





3.3. Sample and Data Sources


As early as 2007, China has issued the Opinions on the Implementation of Environmental Protection Policies and Regulations to Prevent Credit Risks, which for the first time stressed the importance of green credit policy in environmental abatement [62]. The document encouraged the banking industry to pay attention to environmental risks, marking the milestone in the development of green credit policy in China. Considering the availability of data, we utilize the provincial database of China with the period from 2007 to 2017. The balanced panel data contains 30 provinces, excluding Tibet, Hong Kong, Macao, and Taiwan due to data availability. The data used in this study are mainly from the China Banking Industry Social Responsibility Report, China Statistical Yearbook, China Environmental Statistics Yearbook, China Urban Statistics Yearbook, China Science and Technology Statistics Yearbook, and China Financial Statistics Yearbook. To avoid the influence of outliers, we winsorize all continuous variables at the 1st and 99th percentiles, respectively. Table 1 shows the calculation method as well as the statistical description of main variables.





4. Empirical Results and Discussion


4.1. The Dual Impacts of Green Credit on Economy and Environment


Table 2 reports the regression results of green credit on the economy and environment. Columns (1)–(3) examine the contribution of green credit to China’s economic development. Specifically, Column (1) shows the regression results of ordinary least square method (OLS), and columns (2)–(3) show the results of random effect model (RE) and fixed effect model (FE), respectively. According to the robust Hausman test (  S a r g a n – H a n s e n    (  χ 2  )  = 561.586 ,   p - value = 0.000  ), the latter model is determined to be more efficient. Furthermore, we employ the two-way fixed effect method to estimate the model. The estimated coefficient of green credit on economic development is significant and positive (  G C = 0.392 ,   t = 20.739  ), indicating that the green credit positively correlates with the economic development. Similarly, we repeat the above estimation strategy to investigate how green credit affects China’s environmental quality. The results of the robust Hausman test show that the fixed effect model should be accepted (  S a r g a n – H a n s e n    (  χ 2  )  = 175.338 ,   p - value = 0.000  ). Therefore, we adopt the two-way fixed effect model. The estimated coefficient of green credit on pollutant emissions in column (8) is significant and negative (  G C = − 0.567 ,   t = − 5.027  ), which implies that the green credit can pose negative impacts on the environmental pollution. Taken together, the above findings strongly support Hypothesis 1.




4.2. Robustness Test


To enhance the robustness of the above empirical results, the following two methods are adopted. First, we replace the explained variables to eliminate the deviation caused by the contingency. Specifically, the economic development is measured by the natural logarithm of sales revenue per capita (  I N C O  ), and environmental pollution is expressed by the natural logarithm of smog emissions (  S M O G  ). The regression results are shown in columns (1)–(2) of Table 3, where the estimated coefficient of green credit on economy is significantly positive and the environmental pollution is negative. The results are consistent with previous findings, indicating that green credit is beneficial for the win–win between environmental quality and economic performance.



Second, in order to deal with the potential endogenous problems, we apply the two-stage least square (2SLS) method with one-lagged dependent variable (  L _ G C  ) as the instrumental variable (IV). The F-statistics of the first stage regression are far more than 10 (   F  E C O   = 458.454 ,    F  P O L   = 217.587 )  , which indicates no evidence for weak instruments problems. According to the results of the second stage in column (4) and column (6), the regression coefficient of green credit on economic development is significantly positive at the 1% level, and the regression coefficient of environmental pollution is significantly negative at the 1% level. Once again, the regression results validate the robustness of aforementioned findings.




4.3. The Mediating Effect of Innovation


Furthermore, it is necessary to clarify the influencing mechanism of green credit on economy and environment. In this section, we focus on the mediating role of innovation in the framework of the Porter effect. First, we examine whether scaling up innovation input can trigger the Porter effect. From the results in column (2) of Table 4, it can be seen that the regression coefficient of green credit on the scale of innovation is significant and positive, indicating that green credit contributes to the increase of innovation scale (  G C = 0.774 ,    t  = 18.675  ). From the results in columns (1)–(6), the mediating effect of the innovation scale is not significant at the 5% level. It indicates that green credit cannot achieve the so-called Porter effect by simply increasing the scale of innovation, and thus, Hypothesis 2a holds.



Next, we turn to test whether improving the technological efficiency of innovation can achieve the Porter effect. Table 5 reports the regression results. In column (2), the results present a significant positive relationship between green credit and innovation efficiency (  G C = 0.012 ,   t = 12.087  ), suggesting that green credit can improve innovation technological efficiency at the level of province. Similarly, the mediating analysis based on the results in columns (1)–(6) reveals that the mediating effect of innovation efficiency is significant. Specifically, according to the coefficients in column (3), the mediating effect of the innovation efficiency in boosting economic development approximately accounts for 4% of the total effect. According to the results in column (6), the mediating effect of innovation efficiency in reducing environmental pollution is about 30% of the total effect. The above results show that the strong version of the Porter effect can be realized through the green credit policy, supporting Hypothesis 2b. The green credit plays a role in optimizing the economy and reducing environmental pollution through the mediation of innovation efficiency. The findings suggest that under the green credit principles, achieving economic and environmental benefits rests not on the increase of innovation scale but on the capacity to promote the efficiency of innovation.





5. Conclusions and Implications


Environmental challenges have called increasing attention and demanded immediate reactions from all over the world. The green credit policy has become one of the key solutions to cope with environmental problems in China. On the basis of panel data of 30 Chinese provinces, this study investigates the dual effects of green credit on economic development and environmental pollution, and it constructs the mediating effect model to examine the Porter hypothesis. The results are as follows. First, green credit is positively correlated with regional economic development and negatively correlated with environmental pollution. The conclusion holds after robustness tests by alternative variables and the instrumental variable method. Second, the green credit contributes to regional innovation, either in terms of innovative scale or innovation efficiency. Moreover, results of mediating effect models reveal that the Porter effect of green credit can be generated by promoting innovation efficiency, thereby achieving the win–win situation between economic goals and environmental targets.



Our empirical results have important implications for researchers, practitioners, and policy makers. First, we show that the green credit policy has dual positive impacts on economic development and environmental pollution. It contributes to better understanding the effects of green credit policy. Therefore, the government should pay more attention to green credit policy, increase investment in green financial infrastructure, and design a green incentive mechanism to support the development of green credit. In addition, the financial institutions should follow the Equator Principles (Eps), consider the environmental risks, and cultivate greener financial culture. Second, we posit that improving innovation efficiency can produce the Porter effect. In order to improve the innovation efficiency of enterprises, it is necessary to set up a special green credit fund. At the same time, the supervision and management of green credit should be strengthened to improve the efficiency of capital utilization and achieve the green and low-carbon transformation at a lower cost.



There are some limitations in the present study. First, due to the limitation of data availability, we only use data from China to explore the impacts of green credit. The applicability of our conclusions in other countries and regions still needs to be further verified. Therefore, future studies can expand research samples to the global level so that the effectiveness of green credit policies can be assessed more comprehensively. Second, although this paper validates the effectiveness of green credit policy at the macro level, more micro-level issues regarding green credit deserve in-depth study. For example, the corporate social responsibility (CSR) is closely related to green credit policy. On the one hand, CSR activities affect the risk and financial performance of enterprises [63,64], which in turn affect banks’ decision-making in green credit. On the other hand, the implementation of green credit policy stresses the importance of environmental risks, which can also have positive impacts on CSR. Future research can conduct more studies on the micro effects of green credit from the perspective of CSR. Moreover, the research framework of the Porter effect needs to be further enriched. The emergence of new environmental policies may challenge the prior findings on the Porter effect. In addition, the innovation activities of enterprises are increasingly complex and diverse. Therefore, future research should consider different forms of innovation activities, such as eco-innovation and collaborative innovation [65,66]. In addition, the heterogeneity of the Porter effect under different environmental policies can be of great value to be explored.
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Table 1. The definition and descriptive statistics of variables.






Table 1. The definition and descriptive statistics of variables.





	
Types

	
Variables

	
Symbols

	
Definition

	
Obs.

	
Mean

	
Std.Dev.

	
Min.

	
Max.






	
Explained variables

	
Economic development

	
ECO

	
Natural logarithm of PGDP

	
330

	
10.542

	
0.568

	
9.244

	
11.714




	
Pollutant emissions

	
POL

	
Natural logarithm of the volume of SO2

	
330

	
4.897

	
0.733

	
2.737

	
6.396




	
Explanatory variable

	
Green credit

	
GC

	
Natural logarithm of green credit balance

	
330

	
9.654

	
0.937

	
8.135

	
11.087




	
Mediation variables

	
Innovation

	
ISC

	
Natural logarithm of the number of invention patents

	
330

	
10.447

	
1.573

	
6.669

	
13.595




	
ITE

	
Measured according to models (6)–(8)

	
330

	
0.209

	
0.217

	
0.006

	
0.936




	
Control

variables

	
Financial development

	
FIN

	
Natural logarithm of gross market value of stocks

	
330

	
1.026

	
0.466

	
0.022

	
3.061




	
Employment rate

	
EMP

	
Urban unemployment rate

	
330

	
4.566

	
0.039

	
4.220

	
4.591




	
Opening degree

	
OPEN

	
Ratio of real FDI to real GDP

	
330

	
−4.312

	
1.227

	
−8.318

	
−2.512




	
Infrastructure condition

	
INF

	
Natural logarithm of route length per 10,000 people

	
330

	
2.582

	
0.358

	
1.413

	
3.234




	
Industrial structure

	
STR

	
Share of value added of the secondary sector to GDP

	
330

	
0.463

	
0.081

	
0.213

	
0.582




	
Economic prosperity

	
EPR

	
Natural logarithm of PGDP

	
330

	
10.542

	
0.568

	
9.244

	
11.714




	
Population density

	
POP

	
Natural logarithm of the ratio of urban population to urban area

	
330

	
7.837

	
0.443

	
6.733

	
8.669




	
Energy efficiency

	
EFF

	
Ratio of real GDP to energy consumption

	
330

	
0.932

	
0.490

	
0.303

	
2.590




	
Energy structure

	
ENE

	
Ratio of coal consumption to total primary energy consumption

	
330

	
0.428

	
0.174

	
0.114

	
0.872




	
Urbanization

	
URB

	
The proportion of urban population

	
330

	
3.963

	
0.235

	
3.453

	
4.492




	
Environmental regulation

	
ERE

	
Proportion of environmental investment in GDP

	
330

	
1.394

	
0.687

	
0.410

	
3.760




	
Education

	
EDU

	
Natural logarithm of the education resources per capita

	
330

	
0.753

	
0.511

	
−0.385

	
1.782
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Table 2. Regression results of green credit on economic development and environmental pollution.






Table 2. Regression results of green credit on economic development and environmental pollution.





	
Variables

	
ECO

	
POL




	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)

	
(7)

	
(8)




	
OLS

	
RE

	
FE

	
FE

	
OLS

	
RE

	
FE

	
FE






	
GC

	
0.374 ***

	
0.274 ***

	
0.259 ***

	
0.392 ***

	
−0.324 ***

	
−0.347 ***

	
−0.363 ***

	
−0.567 ***




	

	
(13.144)

	
(21.705)

	
(19.297)

	
(20.739)

	
(−9.098)

	
(−8.810)

	
(−7.661)

	
(−5.027)




	
Constant

	
4.875 *

	
6.839 ***

	
6.444 ***

	
5.095 ***

	
1.789 *

	
5.066 **

	
8.673 **

	
3.533




	

	
(1.768)

	
(11.759)

	
(14.645)

	
(15.120)

	
(1.851)

	
(2.350)

	
(2.070)

	
(0.884)




	
Controls

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Prov-FE

	
NO

	
YES

	
YES

	
YES

	
NO

	
YES

	
YES

	
YES




	
Year-FE

	
NO

	
NO

	
NO

	
YES

	
NO

	
NO

	
NO

	
YES




	
Obs.

	
330

	
330

	
330

	
330

	
330

	
330

	
330

	
330




	
R2

	
0.436

	
0.035

	
0.890

	
0.974

	
0.722

	
0.677

	
0.612

	
0.851








Notes: T-value in parentheses. *, **, and *** denote statistical significance levels at 10%, 5%, and 1%, respectively.
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Table 3. Regression results of robustness test.






Table 3. Regression results of robustness test.





	
Variables

	
Alter Variables

	
Instrumental Variable




	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	
INCO

	
SMOG

	
GC

	
ECO

	
GC

	
POL






	
GC

	
0.398 ***

	
−0.118 ***

	

	
0.419 ***

	

	
−1.252 ***




	

	
(13.646)

	
(−2.922)

	

	
(17.080)

	

	
(−6.739)




	
L_GC

	

	

	
0.567 ***

	

	
0.215 ***

	




	

	

	

	
(20.193)

	

	
(4.154)

	




	
Constant

	
−3.851 ***

	
5.184 ***

	
−0.456

	
7.217 ***

	
−22.662 ***

	
−15.030 **




	

	
(−5.701)

	
(2.679)

	
(−0.466)

	
(15.787)

	
(−4.442)

	
(−2.103)




	
Controls

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Prov-FE

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Year-FE

	
YES

	
YES

	
NO

	
NO

	
NO

	
NO




	
Obs.

	
330

	
330

	
300

	
300

	
300

	
300




	
R2

	
0.912

	
0.942

	
0.725

	
0.757

	
0.779

	
0.747








Notes: T-value in parentheses. **, and *** denote statistical significance levels at 5%, and 1%, respectively.
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Table 4. The mediating effect of innovation scale.
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Variables

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	
ECO

	
ISC

	
ECO

	
POL

	
ISC

	
POL




	
GC

	
0.392 ***

	
0.774 ***

	
0.351 ***

	
−0.567 ***

	
0.774 ***

	
−0.428 ***




	

	
(20.739)

	
(18.675)

	
(11.486)

	
(−5.027)

	
(18.675)

	
(−3.057)




	
ISC

	

	

	
0.051 *

	

	

	
−0.205 *




	

	

	

	
(1.807)

	

	

	
(−1.976)




	
Constant

	
5.095 ***

	
2.082 ***

	
4.978 ***

	
3.533

	
2.082 ***

	
1.933




	

	
(15.120)

	
(3.019)

	
(13.628)

	
(0.884)

	
(3.019)

	
(0.470)




	
Controls

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Prov-FE

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Year-FE

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Obs.

	
330

	
330

	
330

	
330

	
330

	
330




	
R2

	
0.974

	
0.961

	
0.974

	
0.851

	
0.961

	
0.856








Notes: T-value in parentheses. * and *** denote statistical significance levels at 10% and 1%, respectively.
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Table 5. The mediating effect of innovation efficiency.






Table 5. The mediating effect of innovation efficiency.





	
Variables

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	
ECO

	
ITE

	
ECO

	
POL

	
ITE

	
POL






	
GC

	
0.392 ***

	
0.012 ***

	
0.376 ***

	
−0.567 ***

	
0.012 ***

	
−0.436 ***




	

	
(20.739)

	
(12.087)

	
(24.189)

	
(−5.027)

	
(12.087)

	
(−4.233)




	
ITE

	

	

	
1.471 ***

	

	

	
−14.463 **




	

	

	

	
(2.967)

	

	

	
(−2.051)




	
Constant

	
5.095 ***

	
0.117 ***

	
4.868 ***

	
3.533

	
0.117 ***

	
5.153




	

	
(15.120)

	
(8.350)

	
(10.839)

	
(0.884)

	
(8.350)

	
(1.392)




	
Controls

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Prov-FE

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Year-FE

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Obs.

	
330

	
330

	
330

	
330

	
330

	
330




	
R2

	
0.974

	
0.887

	
0.974

	
0.851

	
0.887

	
0.864








Notes: T-value in parentheses. **, and *** denote statistical significance levels at 5%, and 1%, respectively.
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