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Abstract

:

The energy-saving and low-carbon development model is one of the important symbols of high-quality economic development. This article attempts to study the environmental effects of green finance from both theoretical and empirical perspectives, that is, to test whether green finance policies contribute to achieving energy conservation and emission reduction. This article is based on provincial panel data from 2007 to 2020 in China and constructs a dynamic spatial Durbin model to examine the impact of green finance on environmental pollution and energy intensity. The results indicate that (1) green finance can achieve a dual effect of energy conservation and emission reduction simultaneously and has a significant promoting effect on energy conservation and emission reduction in neighboring regions. This conclusion is still valid after conducting robustness tests. (2) The energy-saving and emission-reduction effects of green finance exhibit significant regional heterogeneity, indicating that the performance of green finance is more outstanding in the eastern region with a higher level of economic development. (3) Mechanism testing has found that green finance can achieve energy-saving and emission-reduction effects through four channels: environmental regulation, credit allocation, enterprise profits, and enterprise innovation. Therefore, in order to further promote high-quality economic development, we need to build a comprehensive and multi-level green finance system, enrich the green finance policy toolbox, and smooth the transmission channels of green finance to promote green and stable economic development.
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1. Introduction


With the intensification of global climate change and the prominent issue of environmental pollution, sustainable development and green environmental protection have become the focus and development strategy of global governments. As the world’s largest developing country, China bears a crucial responsibility in addressing climate change and promoting low-carbon and environmentally friendly development models. In reviewing the development history of the past forty years, we can affirm that China has achieved brilliant results in economic development, successfully transitioning to the world’s second largest economy, and achieving the goal of lifting the whole population out of poverty. However, it cannot be ignored that in the process of rapid economic development, production methods have been too extensive, production efficiency has been relatively low, and development characteristics such as high pollution, high energy consumption, and high emissions have caused serious damage to the ecological environment, leading to the increasingly prominent contradiction between economic development and low-carbon environmental protection, which restricts high-quality economic development [1,2]. Green finance, as an emerging financial development model, is widely regarded as one of the effective paths to promote sustainable development and achieve green environmental protection [3,4,5]. The key point is that green finance guides credit resources to environmentally friendly and low-carbon production areas, promoting the reduction of pollutant emissions and the development of renewable energy, and achieving a positive interaction between sustainable economic development and environmental protection by improving green production technology and energy-utilization efficiency. The concept of green finance in China has been proposed and related policies have been implemented for many years, making it possible to empirically test its energy-saving and emission-reduction effects, and it has also become a key research topic in the academic community. In the Guidance on the Construction of Green Financial System jointly issued by the People’s Bank of China and seven other ministries and commissions in 2016, green finance is defined as economic activities that support environmental improvement, address climate change, and conserve and efficiently utilize resources, namely, financial services provided for project investment and financing, project operation, and risk management in the fields of environmental protection and energy conservation, clean energy, green transportation, and green building [6]. According to data released by the central bank, as of the end of June 2023, the green credit balance of 21 major banks reached CNY 25 trillion, a year-on-year increase of 33%, and the loan scale ranked first in the world; In the first half of 2023, the premium income of green insurance was CNY 115.9 billion; the balance of loans for energy conservation and environmental protection industries reached CNY 3 trillion, a year-on-year increase of 53%. Overall, green finance is gradually moving from the initial exploration stage to the mature stage and continues to provide sufficient support for green transformation. In the future, green finance will radiate more vitality [7,8]. To quantitatively evaluate the energy-saving and emission-reduction effects of green finance in China at an empirical level, this article uses the spatial Durbin model to conduct research in order to provide detailed empirical evidence for policy departments and provide feasible policy recommendations for optimizing the policy effects of green finance.



In order to achieve energy conservation and emission reduction in the process of sustainable economic development, researchers have conducted extensive research on the economic factors that affect energy conservation and emission reduction, gradually forming an academic consensus that environmental policies and technological innovation significantly affect energy conservation and emission reduction [9,10,11]. The key mechanism for achieving energy-saving and emission-reduction goals through environmental policy factors is that environmental policies force the optimization and upgrading of industrial structure, thereby reducing corporate pollution emissions and improving energy efficiency [12,13]. The significant impact of environmental policies on industrial structural upgrading has been fully validated in the academic community [14,15] and, based on these research findings, targeted policy recommendations have been provided for the government to formulate reasonable environmental regulations [16,17,18], greatly improving the energy-saving and emission-reduction effects of environmental policy tools. In terms of technological innovation factors, the main way to achieve energy conservation and emission reduction is for enterprises to increase their R&D investment in technological innovation in order to increase profits or enhance their probability of survival in the market. During this process, technology transitions and positive externalities of energy conservation and emission reduction occur [19,20,21]. Technological innovation is not only a survival weapon for individual enterprises, but also a driving force for the continued development of a country’s economy [22,23,24]. Therefore, the academic community has formed a consensus on the positive role of technological innovation factors and deeply explored various factors and mechanisms that affect enterprise innovation [25,26].



Based on the established fact that finance has become an important factor in rapid economic development, the academic community has gradually conducted research on the energy-saving and emission-reduction effects of financial instruments and defined the corresponding policies as green finance policies [27,28]. The key to whether financial instruments can successfully assist in achieving energy conservation and emission reduction lies in whether they will have an impact on corporate financing constraints [29,30,31,32,33]. When financial policies incorporate corporate environmental performance into credit standards, financial instruments impose environmental protection constraints on enterprises, and only when enterprises meet the environmental requirements of financial policies can they smoothly obtain credit support. Therefore, financial instruments have a significant impact on the financing constraints of enterprises, guiding them towards an environmentally friendly transformation [34,35,36], and are beneficial for energy conservation and emission reduction in the economy and society. However, it should be noted that existing research on the energy-saving and emission-reduction effects of green finance still focuses on testing the effectiveness of policy [37,38,39,40,41], and there is little literature on the effects of transmission mechanism and spatial spillover of financial instruments on energy-saving and emission reduction [42,43]. Further research on this issue will help strengthen the energy-saving and emission-reduction effects of financial instruments, thereby providing government departments with more diverse policy tools in addressing climate change and environmental protection.



In view of this, the focus of this article is to study the transmission mechanism and policy space spillover effects of green finance on energy conservation and emission reduction from both theoretical and empirical aspects. Firstly, the paper analyzes the mechanism of green finance in achieving energy conservation and emission reduction through theoretical analysis, providing a solid theoretical mechanism for empirical analysis in the future and ensuring the construction of a reasonable econometric model. Secondly, this article tests the policy effectiveness of green finance in energy conservation and emission reduction through the spatial Durbin model, exploring the local and spillover effects of green finance policies on energy conservation and emission reduction. Finally, this study conducted an empirical test on the mechanism of green finance promoting energy conservation and emission reduction.



The research results found that green finance mainly acts on energy conservation and emission reduction through macro-level environmental regulations and credit allocation, micro-level enterprise profits, and enterprise innovation. The research results of this paper provide empirical evidence and policy implications for financial instruments in addressing climate change and environmental protection. The empirical results of this article profoundly reveal the important role of green finance in energy conservation and emission reduction. The policy implications of these results are also very clear: in the process of transforming China’s economic development mode and moving towards high-quality development, attention should not only be paid to the technological changes and significant improvements in total factor productivity brought about by technological innovation but also to the important role of green finance in achieving economic green development. By formulating more rational green finance policies and corresponding tools, new credit support should be injected into the real economy and leading enterprises to achieve green transformation, thereby achieving the goals of energy conservation, emission reduction, and high-quality economic development.



Based on the above literature review, it is not difficult to find that existing studies have mainly examined whether environmental regulations, technological innovation, and other perspectives are beneficial for energy conservation and emission reduction [44,45,46,47]. Some of the literature also considers the impact of green finance on energy conservation and emission reduction [48,49,50] but neglects the spatial and transmission mechanisms of the economic effects of green finance. Therefore, we cannot help but ask the following questions: does green finance have energy-saving and emission-reduction effects? and is there any significant heterogeneity or regionalism between different regions in China? Therefore, it is necessary to attach great importance to the regional differences in the impact of green finance. More importantly, if green finance has energy-saving and emission-reduction effects, what is its transmission mechanism or action mechanism? How can we design reasonable policy tools for different transmission channels? In this context, we conducted empirical research on green finance in order to provide answers to the aforementioned issues. The possible innovation of this article is reflected in (1) focusing on examining whether there is heterogeneity in the impact of green finance on energy conservation and emission reduction. As there are significant differences in economic development between regions in China, adopting a one-size-fits-all policy without considering regional differences will have the opposite effect. (2) This article analyzes the transmission mechanism by which green finance promotes energy conservation and emission reduction, and it provides solid data reference for policy formulation through empirical testing.



The other contents of the paper are as follows: Section 2 is a theoretical explanation; Section 3 discusses the empirical design, mainly introducing the econometric models used and the selection of corresponding variables; the fourth section is the analysis of empirical results, the fifth section is the discussion, and the final section includes the research conclusion and policy implications.




2. Theoretical Mechanism


The official definition of the concept of green finance in China was born in the report Guiding Opinions on Building a Green Financial System jointly issued by seven ministries, including the People’s Bank of China and the Ministry of Finance, in 2016, which gave the definition of green finance: to support economic activities that improve the environment, cope with climate change and save and use resources efficiently, that is, to provide financial services for project investment and financing, project operation and risk management in the fields of environmental protection, energy conservation, clean energy, green transportation and green buildings [6]. As can be seen from the above definition, the concept of green finance has not been formally proposed in China for a long time, but the concept of the financial sector taking responsibility for environmental governance has a long history. This means that while focusing on economic development, the Chinese government will also focus on environmental protection, actively take financial measures to deal with climate change, and correctly handle the harmonious development of the relationship between man and nature.



Green finance plays a direct role in energy conservation and emission reduction by influencing credit resource allocation, setting access conditions, and guiding enterprises’ transformation and upgrading [51,52]. The direct impact process can be simply summarized as promoting effect and spillover effect [53]. The mechanism diagram of the energy-saving and emission-reduction effects of green finance is shown in Figure 1. The promoting effect of green finance on energy conservation and emission reduction refers to financial institutions setting entry conditions for green credit, including enterprises that meet the requirements of green development, in the scope of credit compliance objects, limiting the credit subsidy qualifications of high energy consuming and highly polluting enterprises, thereby imposing regulatory factors on the layout of enterprise development, guiding enterprises to vigorously develop their own green transformation and ultimately achieve the policy goal of energy conservation and emission reduction [54].



The development of enterprises cannot do without the support of credit funds provided by financial institutions. Green finance upgrades the environmental performance of enterprises to credit indicators, which can impose green development requirements on enterprises in terms of funding supply, vigorously promote clean production, and effectively promote energy conservation and emission reduction. The spillover effect of green finance on energy conservation and emission reduction refers to the principle that green finance adheres to the principle of first establishing and then breaking in the process of assisting economic development, promoting energy conservation and low-carbon transformation of enterprises [55]. Green finance in this process brings effects such as capital agglomeration and talent agglomeration, driving the rapid extension of relevant green industrial chains, forming a considerable scale of industrial agglomeration effect, thereby achieving economic structure optimization and enhancing resource allocation efficiency and other advantages to achieve more energy-saving and emission-reduction effects. The spillover effect of green finance on energy conservation and emission-reduction targets is mainly attributed to the economic agglomeration effect. Economic agglomeration refers to the combination of economic factors and their structures within a certain geographical space, which optimizes and improves economic structure and production efficiency, thereby stimulating economies of scale and achieving energy conservation and emission reduction [56,57].



Green finance not only has direct impact mechanisms that affect energy conservation and emission reduction, but it also has rich indirect impact mechanisms, which can be briefly summarized from both macro and micro levels. The indirect transmission mechanism at the macro level includes environmental regulation and credit allocation [58]. The formulation of government environmental regulations depends on the pollutants generated by real economic production activities. The government attaches great importance to the rapid development of the economy. The previous rough development model has caused serious damage to the ecological environment, and environmental pollution and climate change issues have become increasingly severe. It is not sufficient to rely solely on enterprises to shoulder the responsibility of environmental protection spontaneously. Therefore, the government has implemented a series of environmental regulations to solve the pollution emissions generated by production activities and correct the negative externalities they bring. In the context of high-intensity environmental regulation, highly energy-consuming and highly polluting enterprises face serious environmental pressure, with a high demand for green transformation and an urgent need to introduce green production technologies. This process will inevitably increase the governance costs of enterprises in the short term, squeeze out operational investment, and lead to an expansion of the demand for green credit [59]. At this time, green finance provides financing channels for such enterprises for green transformation, thus effectively improving the energy-saving and emission-reduction effects of enterprises.



In addition, the energy-saving and emission-reduction effects of green finance are also reflected in the indirect path of credit allocation. Resource mismatch is one of the main characteristics of market economy failure, and there is also a mismatch problem in relation to the credit resources required by enterprises. Green finance has become an effective tool to correct credit mismatch. Enterprises engaged in high levels of energy consumption and producing high rates of pollution are more frequently state-owned enterprises, and their difficulty in obtaining credit support is much lower than non-state-owned enterprises, leading to distortion and mismatch in traditional credit allocation, and subsequently causing serious energy loss and environmental pollution [60]. After the emergence of green finance, previously highly polluting and energy-consuming enterprises faced strict environmental constraints and credit-access thresholds, which increased the risk of their elimination and incentivized them to increase green R&D investment and reduce energy consumption and pollution emissions. Similarly, due to the emergence of green finance, enterprises engaged in clean production face richer financing channels and receive sufficient credit support, alleviating financial constraints on their own development and greatly reducing the risk of being eliminated, thus promoting energy conservation and emission-reduction effects [61].



In addition to the indirect action paths at the macro level mentioned above, green finance also has indirect action paths that cannot be ignored at the micro level, which can be briefly summarized as enterprise profits and innovation. The key logic of green finance achieving energy conservation and emission reduction through corporate profits is that financing constraints affect the company’s own profits. Green finance has made enterprises pay more attention to investing in clean technologies and equipment, greatly promoting R&D investment and increasing profits [62]. For clean enterprises, decision makers who relax financing constraints and increase profits will further increase investment in clean production projects, which is beneficial for energy conservation and emission reduction. For polluting enterprises, green finance imposes penalties on their financing, reducing their credit scale for engaging in environmentally polluting projects, thus affecting their own profits. In order to enhance corporate profits, green finance policies will force polluting enterprises to increase their investment in energy-saving technology and pollution control to meet the access needs of green credit, thereby optimizing energy-saving effects and pollution emissions.



Green finance can also contribute to energy conservation and emission reduction through corporate innovation [63]. The main channel for enterprises to achieve energy conservation and emission reduction in the production process is to improve their own production technology and environmental protection technology innovation, and the level of an enterprise’s technological innovation heavily relies on research and development investment. Green financial policies play an important role in enterprise innovation, which cannot be ignored. Enterprises can obtain sufficient capital demand through green finance channels when engaging in green innovation research and development, which is beneficial for enterprises to carry out technological innovation in energy conservation and emission reduction, thereby reducing energy consumption and pollution in the social production process. For clean enterprises, green finance plays an important incentive role in enterprise innovation, ensuring the smooth development and breakthrough of green technology for this type of enterprise. Similarly, for polluting enterprises, as they strive to obtain support from green finance policies, they will inevitably increase their investment in green technology research and development to meet credit requirements, which subtly promotes energy conservation and emission reduction for polluting enterprises [64].




3. Empirical Design


3.1. Model Setting


Due to the strong spatial correlation between environmental pollution and energy intensity, this article incorporates spatial factors into the research framework. In addition, considering that there is a certain degree of path dependence and inertia between pollutant emissions and energy consumption, that is, the current pollution emissions and energy consumption are affected by the previous period, the lagged terms of the two have been included in the model to reduce endogenous effects. Based on this, the following dynamic spatial Durbin model was constructed to investigate the energy-saving and emission-reduction effects of green finance development:


  E  P  i t   =  α 0  +  α 1  E  P  i , t − 1   +  α 2  G  F  i t   + β  X  i t   +  η 1    ∑  i = 1  n    W  i j     E  P  j t   +  η 2    ∑  i = 1  n    W  i j     G  F  j t   + γ   ∑  i = 1  n    W  i j      X  j t   +  μ i  +  ε  i t    



(1)






  E  I  i t   =  α 0  +  α 1  E  I  i , t − 1   +  α 2  G  F  i t   + β  X  i t   +  η 1    ∑  i = 1  n    W  i j     E  I  j t   +  η 2    ∑  i = 1  n    W  i j     G  F  j t   + γ   ∑  i = 1  n    W  i j      X  j t   +  μ i  +  ε  i t    



(2)




where i and t represent the province and time, respectively. EP and EI are the dependent variables, with the former being the variable of environmental pollution level and the latter being the variable of energy intensity. The energy-saving and emission-reduction effects are measured through EP and EI. GF is the core explanatory variable and the level of green finance development. X is the control variable.    W  i j     is the spatial weight matrix, and this article uses a binary spatial weight matrix, which means when regions are adjacent,    W  i j   = 1  , and when not adjacent,    W  i j   = 0  .    μ i    and    ε  i t     are regional fixed effects and random disturbance terms, respectively.



In addition, in order to examine the macro and micro pathways of the energy-saving and emission-reduction effects of green finance, based on models (1) and (2), the product term of green finance and regulatory variables was introduced to analyze the moderating effects of environmental regulation, credit allocation, enterprise performance, and enterprise innovation on the energy-saving and emission reduction effects of green finance. The model settings are as follows:


    E  P  i t   =  α 0  +  α 1  E  P  i , t − 1   +  α 2  G  F  i t   + β  X  i t   +  α 3  G  F  i t   ×  M  i t   +  η 1    ∑  i = 1  n    W  i j     E  P  j t                    +  η 2    ∑  i = 1  n    W  i j     G  F  j t   + γ   ∑  i = 1  n    W  i j      X  j t   +  η 3    ∑  i = 1  n    W  i j     G  F  j t   ×  M  j t   +  μ i  +  ε  i t      
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    E  I  i t   =  α 0  +  α 1  E  I  i , t − 1   +  α 2  G  F  i t   + β  X  i t   +  α 3  G  F  i t   ×  M  i t   +  η 1    ∑  i = 1  n    W  i j     E  I  j t                    +  η 2    ∑  i = 1  n    W  i j     G  F  j t   + γ   ∑  i = 1  n    W  i j      X  j t   +  η 3    ∑  i = 1  n    W  i j     G  F  j t   ×  M  j t   +  μ i  +  ε  i t      



(4)







In models (3) and (4), variable M is the moderating variable, which includes environmental regulation, credit allocation, enterprise operating performance, and enterprise innovation. The definition of other variables is the same as in the above model.




3.2. Variable Design


(1) Explained variables: environmental pollution level (EP) and energy intensity (EI). This article uses the carbon emission intensity per unit of GDP (EP1) and the industrial wastewater discharge per unit of GDP (EP2) to measure the degree of environmental pollution. For the calculation of carbon emissions, this article refers to the research of Shao et al. (2019) and uses 17 types of energy such as raw coal, washed coal, and coke reported in the China Energy Statistical Yearbook to collect various energy consumption, average low calorific value, and CO2 emission coefficients and calculate the total carbon emissions [65]. In addition, the energy input of industrial raw materials is deducted from the calculation of carbon emissions. This article uses the total energy consumption per unit of GDP (EI1) and industrial electricity consumption per unit of GDP (EI2) to measure energy intensity. The specific definition of variables is shown in Table 1.



(2) Core explanatory variable: green finance level (GF). In 2016, the People’s Bank of China and the Ministry of Finance jointly issued the Guiding Opinions on Building a Green Financial System, which explained the connotations of green finance. The Guiding Opinions clearly state that green finance is a financial service provided for green environmental protection projects to support economic activities such as environmental improvement, climate change response, and efficient resource utilization. Therefore, this article selects four dimensions of indicators: green credit, green insurance, green securities, and green investment, and obtains the level of green finance in China by standardizing the raw data and using the entropy method [6].



(3) Moderating variables: In order to test the macro regulatory path and micro mechanism of the energy-saving and emission-reduction effects of green finance, the variables environmental regulation (ER), credit allocation (CA), enterprise operating performance (OP), and enterprise innovation (TI) were added to the model [53,54].



(4) Control variables: Considering the numerous factors that affect energy conservation and emission reduction, this article includes variables such as labor productivity (labor), urbanization level (urban), economic development level (pgdp), openness to the outside world (open), marketization level (market), and foreign investment level (fdi) [62,63].



The research sample of this paper came from the panel data of 30 provinces and cities in China from 2007 to 2020 (Xizang was not included in this study, due to the serious lack of data; Xizang is the new name, and the previous name of the province was Tibet), and the original data came from the China Statistical Yearbook, China Energy Statistical Yearbook, China Environmental Statistical Yearbook, China Industrial Statistical Yearbook, and provincial and municipal yearbooks.





4. Empirical Analysis


4.1. Analysis of the Impact of Green Finance


Before conducting parameter estimation on the spatial panel model, it was necessary to apply the spatial correlation test. By conducting spatial correlation tests on the OLS estimation residuals, as shown in Table 2, Table 3, Table 4 and Table 5, it was found that the Moran’s I corresponding to each regression equation was significant at least at the 5% level. From this, it could be seen that the dependent variables in the model had significant spatial correlations, and it was necessary to establish a spatial panel model. This article uses a dynamic spatial Durbin model with spatiotemporal bidirectional fixed effects for regression analysis, and the results are shown in Table 2.



From Table 2, it can be seen that when the dependent variables are environmental pollution and energy intensity, the estimated coefficients of green finance are significantly negative at the 1% level, indicating that green finance policies effectively reduce pollutant emissions while also reducing energy consumption. That is to say, the development of green finance can effectively improve energy conservation and emission-reduction effects [66,67]. This conclusion also confirms the theoretical analysis mentioned earlier. The research results indicate that there has been a significant energy-saving and emission reduction effect associated with China’s green finance, providing important empirical evidence for addressing environmental protection and improving the level of green development. At present, governments around the world are facing the test of climate change and increasing environmental damage, and there is an urgent need for effective policy tools to respond. The research results of this article can provide important inspiration. By vigorously developing green finance, the government can not only help alleviate financing constraints in the real economy but also contribute to energy conservation and emission reduction, which is conducive to achieving the dual policy goals of sustainable development and environmental protection, leaving valuable green resources for the development of future generations of humanity.



On the one hand, green finance policies have increased financial support for environmentally friendly and low-carbon industries, guiding enterprises to expand production and investment in clean products, expanding the popularization and use of green products, and promoting the development of green industries. On the other hand, green finance policies have raised the loan threshold for enterprises and increased their production costs. However, in order to achieve long-term and sustainable development, enterprises will seek cleaner technologies and increase investment in energy-saving and emission-reduction facilities, which will help to promote rapid progress in pollution-control technology. Therefore, green finance policies have forced enterprises to upgrade and innovate their technology, improving their energy utilization efficiency and thus bringing about significant improvements in environmental quality.



The spatial lag coefficient of green finance variables is significantly negative, showing a strong spatial spillover effect, indicating that green finance in neighboring regions has a significant inhibitory effect on local environmental pollution and energy consumption. The explanation for this conclusion is that when the green finance policies in a region can significantly promote energy efficiency improvement and improve environmental conditions, it easily causes imitation in neighboring regions. Therefore, this guides the green finance policies in the jurisdiction, thereby reducing the gap in energy conservation and emission-reduction performance with neighboring regions. In addition, the estimated coefficients of the time lag terms for environmental pollution variables and energy intensity variables are significantly positive at the 1% level, indicating that environmental pollution and energy intensity exhibit significant path-dependence characteristics in the time dimension. That is, if the pollution emission intensity in the previous period was relatively high, then the pollution emission in the next period may also be at a higher level, which means that the difficulty of pollution control work cannot be underestimated. The estimated coefficients of the spatial lag terms for environmental pollution variables and energy intensity variables are significantly positive at the 1% level, showing a strong spatial spillover effect. That is, the pollution emissions and energy consumption of neighboring regions affect the energy-saving and emission-reduction effects in the local area. This also indicates that the governance of environmental pollution requires joint efforts from all regions to achieve joint prevention and control.



From the results of the controlling variables, it can be seen that the estimated coefficients of labor productivity, urbanization level, and economic development level are significantly positive, indicating that improvements in labor productivity, urbanization level, and economic development have promoting effects on reducing pollution emissions and energy consumption. The estimated coefficients for the degree of openness to the outside world and marketization are negative but not significant, while the estimated coefficients for the level of foreign investment are significantly negative, indicating that the introduction of foreign technology contributes to the progress of clean technology and thus benefits energy conservation and emission reduction.



The economic intuition of this research result is obvious: in the context of a new era of development, China’s economy is shifting towards a path of high-quality development, which is not only reflected in the improvement in economic efficiency but also in the level of green economic development. Therefore, policy departments can use financial instruments to impose environmental constraints on enterprises, guide them to engage in cleaner and greener production activities, and improve the quality of economic and social development. In addition, high-quality economic development not only relies on the blueprint formulated by the government, but also on the cooperation of local governments to achieve high-quality economic development. Therefore, enriching the toolbox of green finance and deeply exploring the connotation of green finance are necessary to form effective policies to promote green economic development. This also provides positive insights for current policy making. At present, the downward pressure on China’s economy has increased, and excessive reliance on strict environmental regulations will exacerbate the economic pressure. Therefore, adopting relatively mild financial policy tools is particularly important.




4.2. Regional Heterogeneity Analysis of Green Finance


Due to China’s vast territory and varying natural conditions in various regions, population, resource endowment, and economic foundation all contribute to uneven regional economic development. Therefore, the energy-saving and emission-reduction effects of green finance may vary in different regions. Therefore, this article divides the entire sample into three sub samples—the eastern region, the central region, and the western region—to examine the energy-saving and emission-reduction effects of green finance policies in different regions. In order to save space, only the estimated time and spatial lag terms of green finance variables and environmental pollution variables are provided in the table, and the regression results are shown in Table 3 and Table 4.





 





Table 3. Regional heterogeneity test of emission-reduction effects.






Table 3. Regional heterogeneity test of emission-reduction effects.





	
Variable

	
Eastern Region

	
Central Region

	
Western Region




	
EP1

	
EP2

	
EP1

	
EP2

	
EP1

	
EP2






	
GF

	
−0.092 ***

	
−0.103 ***

	
−0.049 ***

	
−0.051 ***

	
−0.022 **

	
−0.024 **




	
(−4.45)

	
(−4.55)

	
(−2.77)

	
(−2.85)

	
(−2.47)

	
(−2.33)




	
W*GF

	
−0.042 ***

	
−0.052 ***

	
−0.025 **

	
−0.028 **

	
−0.013 **

	
−0.016 **




	
(−3.65)

	
(−3.14)

	
(−2.13)

	
(−2.35)

	
(−2.04)

	
(−2.17)




	
L.EI

	
0.514 ***

	
0.533 ***

	
0.603 ***

	
0.611 ***

	
0.675 ***

	
0.688 ***




	
(3.54)

	
(3.82)

	
(3.12)

	
(2.85)

	
(2.92)

	
(2.71)




	
W*EI

	
0.208 ***

	
0.225 ***

	
0.274 ***

	
0.282 ***

	
0.315 ***

	
0.322 ***




	
(3.02)

	
(3.17)

	
(3.25)

	
(3.41)

	
(3.42)

	
(3.59)




	
Control variables

	
yes

	
yes

	
yes

	
yes

	
yes

	
yes




	
R2

	
0.812

	
0.806

	
0.793

	
0.787

	
0.764

	
0.766








Note: Only the estimated results of important variables are listed in the table, and other annotations are the same as Table 2. “**”and “***” represent a significance probability of 5% and 1%, respectively.













 





Table 4. Regional heterogeneity test of energy-saving effects.






Table 4. Regional heterogeneity test of energy-saving effects.





	
Variable

	
Eastern Region

	
Central Region

	
Western Region




	
EI1

	
EI2

	
EI1

	
EI2

	
EI1

	
EI2






	
GF

	
−0.115 ***

	
−0.121 ***

	
−0.063 **

	
−0.069 **

	
−0.034 **

	
−0.041 **




	
(−3.13)

	
(−3.37)

	
(−2.42)

	
(−2.36)

	
(−2.42)

	
(−2.26)




	
W*GF

	
−0.053 ***

	
−0.0588 ***

	
−0.028 **

	
−0.031 **

	
−0.019 **

	
−0.020 **




	
(−3.08)

	
(−3.26)

	
(−2.31)

	
(−2.09)

	
(−2.27)

	
(−2.31)




	
L.EP

	
0.401 ***

	
0.424 ***

	
0.511 ***

	
0.528 ***

	
0.604 ***

	
0.612 ***




	
(3.24)

	
(3.37)

	
(3.54)

	
(3.61)

	
(2.85)

	
(2.93)




	
W*EP

	
0.246 ***

	
0.267 ***

	
0.202 ***

	
0.219 ***

	
0.311 ***

	
0.321 ***




	
(3.41)

	
(3.54)

	
(3.18)

	
(3.23)

	
(3.15)

	
(3.23)




	
Control variables

	
yes

	
yes

	
yes

	
yes

	
yes

	
yes




	
R2

	
0.823

	
0.813

	
0.805

	
0.798

	
0.782

	
0.774








Note: same as Table 3. “**”and “***” represent a significance probability of 5% and 1%, respectively.











According to the estimated results in Table 3 and Table 4, the estimated coefficients of green finance variables in the eastern, central, and western regions are significantly negative at the level of at least 5%, indicating that green finance policies have significantly promoted regional energy conservation and emission-reduction effects. Moreover, the absolute values of the estimated coefficients of green finance variables in the eastern region are significantly higher than those in the central and western regions. This is because since the reform and opening up, industry in the eastern coastal areas has developed rapidly, undertaking the important task of meeting the demand of foreign markets. Industrial production capacity has gradually concentrated in the eastern region, resulting in the gathering of more polluting enterprises.



According to the Second National Pollution Source Census Bulletin released by the State Council Information Office, Guangdong Province, Zhejiang Province, Jiangsu Province, Shandong Province, and Hebei Province in the eastern region account for 52.94% of the total number of pollution sources in the country, while the proportion of pollution sources in the central and western regions decreases in sequence. The green finance policies in the eastern region can strictly restrict the financing activities of highly polluting and high-emission enterprises. The policies do not support projects that exceed pollution standards and instead force high-pollution enterprises to carry out clean technology research and development and promote the green transformation of enterprises. Therefore, the implementation of green finance policies has a greater impact on the eastern region, which has a larger proportion of heavily polluting enterprises.



China has a vast territory and significant differences in natural resource endowments among different regions, which further forms a differentiated feature of policy effectiveness among different regions. The empirical results also verify the above conclusion that there are differences in green finance policies among different regions. If a one-size-fits-all policy model is adopted, it will inevitably lead to policy conflicts and unsatisfactory regulatory effects. Therefore, when formulating or implementing green finance policy bills, government departments should tailor their policies to local conditions and implement them accordingly. Only by constructing green finance policy regulations that are in line with their own needs can they achieve the desired policy effects. In fact, policy departments across China have also noticed the above-mentioned issues and made corresponding adjustments in practical operations. The above heterogeneous research results further confirm the rationality and effectiveness of the government’s differentiation practices, providing important reference values for further strengthening policy tools.



In addition, compared with the central and western regions, the eastern region faces stronger environmental regulations and more intense market competition. The eastern region has responded more actively to the call for green finance to serve the real economy. As a compensatory environmental regulation, green finance policies have, to some extent, compensated for the increased production costs of administrative order-based environmental regulations, which helps improve enterprises’ economic performance and generate greater energy-saving and emission-reduction effects.



Also, the financial infrastructure in the eastern region is well-established, and financial reform, opening up, and innovation are far ahead, with more abundant green financial tools. From the regional distribution of environmental protection industry chain enterprises in China, environmental protection industry enterprises are mainly distributed in the southeast coastal areas, mainly in Shandong Province, Jiangsu Province, Fujian Province, and Guangdong Province. Therefore, the green finance policy has greatly promoted an increase in research and development expenditure and quantities of patent authorization among green enterprises in the eastern region, improved the level of green innovation of enterprises, accelerated the pace of enterprise transformation and upgrading, and made a prominent contribution to energy conservation and emission reduction. The estimated coefficient of the green finance spatial lag term is significantly negative, showing a strong spatial spillover effect, and the absolute value of the estimated coefficient in the eastern region is greater than that in the central and western regions, indicating that the demonstration effect of green finance policies in the eastern region is greater.




4.3. Robustness Analysis


The above conclusion is based on the spatial adjacency weight matrix, without considering the case of non-adjacency between provinces. Therefore, in order to test the robustness of the above research conclusions, this paper takes the geographical distance matrix (   W 2   ) and the economic distance matrix (   W 3   ) as the new spatial weight matrix to re-estimate the spatial measurement of the model. The geographical distance weight matrix was set to    W 2  =  1 /   d  i j       and    d  i j     is the distance between two provinces. The economic distance matrix was set as    W 3  =  1 /      Q ¯  i  −   Q ¯  j       , where     Q ¯  i    and     Q ¯  j    are the average per capita GDP of different provinces from 2007 to 2020. In the robustness test, carbon emission intensity (EP1) and energy consumption (EI1) were selected as explained variables, and the estimated results are shown in Table 5.





 





Table 5. Robustness test results.
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Variable

	
Emission-Reduction Effect

	
Energy−Saving Effect




	
W2

	
W3

	
W2

	
W3






	
GF

	
−0.058 ***

	
−0.047 ***

	
−0.081 ***

	
−0.092 ***




	
(−3.32)

	
(−3.17)

	
(−3.12)

	
(−3.24)




	
W*GF

	
−0.024 ***

	
−0.033 ***

	
−0.037 ***

	
−0.032 ***




	
(−3.49)

	
(−2.85)

	
(−3.23)

	
(−3.41)




	
Control variables

	
yes

	
yes

	
Yes

	
yes




	
R2

	
0.851

	
0.842

	
0.857

	
0.878




	
N

	
420

	
420

	
420

	
420








Note: same as Table 3. “***” represents a 1% significance probability.











As can be seen from the Table 5, the estimation coefficient of green finance is significantly negative, and the result of the control lag term of the green finance variable is also significantly negative. Therefore, even if the spatial econometric model of the geographical distance matrix and spatial economic weight matrix is adopted for the regression test, the robustness of the conclusion that the development of green finance promotes energy conservation and emission reduction can be guaranteed. The above tests not only ensure the robustness of the research results, but also ensure the accuracy and pertinence of the policy tests in this article. The robustness results confirm the significant spatial spillover effect of green finance, which provides a useful reference for local governments to strengthen green finance policies for energy conservation and emission reduction. By optimizing the synergy and interaction of green finance policies among local governments, the policy effectiveness of financial policy tools can be further strengthened.




4.4. Analysis of the Impact Mechanism of Green Finance


In order to save space, this paper mainly selects carbon emission intensity (EP1) and energy consumption (EI1) as explained variables on the part of the mechanism test, and the estimated results are shown in Table 6. In Table 6, we focus on the estimated coefficients of variables GF*ER, GF*CA, GF*OP, and GF*TI. According to the estimated results in Table 6, it can be seen that the estimated coefficient of the cross term of green finance policy and the adjustment variable is significantly negative at the level of 1%, and the coefficient of the spatial lag term of the cross term is also significantly negative, indicating that green credit policy can achieve environmental protection and resource saving through four channels: environmental regulation, credit allocation, business performance, and enterprise innovation. This conclusion is also a good verification of the above theoretical analysis.



The previous theoretical analysis section pointed out that the transmission mechanism of green finance energy conservation and emission reduction can be divided into macro-level and micro-level factors. At the macro level, green finance mainly relies on factors such as environmental regulations and credit allocation to achieve energy-saving and emission-reduction effects. At the micro level, green finance achieves policy effects on energy conservation and emission reduction through factors such as corporate profits and innovation. Through the testing of the transmission mechanism in this section, we firmly believe that the above transmission mechanisms are effective in the Chinese market. When formulating green finance policies, government departments should focus on whether the above transmission paths are smooth, in order to use green finance tools to achieve a dynamic balance between sustainable development and environmental protection.



The verification of transmission mechanisms helps financial policy tools to achieve optimal regulatory effects. Only by clarifying the economic logic and transmission links behind economic phenomena can reasonable policy tools be formulated and policy transmission efficiency be strengthened. In reality, green finance policies may have more diverse channels of action. This article focuses on only the more important mechanism paths at the macro and micro levels, with the aim of making empirical tests more concise and providing more robust empirical evidence for policy operations.





5. Discussion


The focus of this study is to examine whether green finance policies play an important role in the process of energy conservation and emission reduction, in other words, whether green finance can significantly promote the achievement of energy conservation and emission-reduction goals. The empirical results confirm the positive role of green finance in environmental protection; that is, implementing green finance policies in China can accelerate economic development and improve the environmental quality on which residents rely for survival. This study is different from previous studies. Previous studies have focused on analyzing the impact of environmental regulations or financial perspectives on enterprises’ energy conservation and emission reduction. However, this article adopts a combination of theory and empirical approach, constructing energy-conservation and emission-reduction indicators to empirically test the impact of green finance policies, thereby enriching the relevant research perspectives and content of green finance.



This article also fully considers the differences between regions in China, in order to test whether the energy-saving and emission-reduction effects of green finance policies are the same in different regions. The empirical results reveal that green finance policies have differentiated regulatory effects among different regions, especially for regions with higher levels of financial development, where their energy-saving and emission-reduction effects are more pronounced. In fact, it is well known that credit resources have a decisive impact on the development of enterprises. When a region’s financial development is at a high level, the financing channels for enterprises in that region are relatively abundant. Therefore, when green finance imposes environmental constraints, it forces enterprises to carry out technological innovation or assume more environmental responsibilities, thereby achieving the policy goals of energy conservation and emission reduction. The research findings have important implications for policy authorities. In real economic regulation, not only can environmental constraints constrain the transformation and upgrading of enterprises, but financial tools can also be used to guide enterprises towards a more environmentally friendly development path.



In addition, this study empirically tested the transmission channels of green finance on energy conservation and emission reduction, verifying that green finance mainly plays a positive leading role in enterprises’ energy conservation and emission reduction through channels such as environmental regulation, credit allocation, enterprise profits, and enterprise innovation. Empirical analysis of the transmission mechanism can provide theoretical support for policy authorities. In other words, policy authorities can use green financial tools to constrain enterprises and lead them towards the path of green development in the pursuit of high-quality economic development. At the same time, when strengthening the effectiveness of green finance policies, we can focus on the four transmission channels mentioned above, break through the bottlenecks in each transmission path, and strive to maximize the effectiveness of green finance policies.




6. Conclusions and Policy Recommendations


With the intensification of global climate change and the prominent issue of environmental pollution, sustainable development and green environmental protection have become the focus and development strategy of global governments. This article takes 30 regions in China from 2007 to 2020 as samples to examine the mechanism of green finance in promoting energy conservation and emission reduction. The following conclusions are drawn: (1) using environmental pollution and energy intensity as explanatory variables, a spatial Durbin model was established for empirical analysis. It was found that green finance can achieve a dual effect of energy conservation and emission reduction and has a significant promoting effect on energy conservation and emission reduction in neighboring regions. This conclusion remains valid after robustness testing. (2) The entire sample was divided into three sub samples: the eastern region, the central region, and the western region, and the model was regressed. It was found that the energy-saving and emission-reduction effects of green finance exhibit significant regional heterogeneity, that is, the performance of green finance is more outstanding in the eastern region with higher economic development levels. (3) Mechanism testing found that green finance can achieve energy-saving and emission-reduction effects through four channels: environmental regulation, credit allocation, enterprise profits, and enterprise innovation.



Based on the above research conclusions, this article proposes the following policy recommendations: firstly, vigorously promote the radiation field of green finance policies, enrich the green finance policy toolbox, and smooth its energy-conservation and emission-reduction transmission channels. The research results fully validate the positive impact of green finance on energy conservation and emission reduction. In order to effectively address the current severe issues of climate change and improve the quality of the human living environment, it is difficult to rely solely on traditional administrative directive laws and regulations to coordinate sustainable development, energy conservation, and emission reduction. Therefore, by expanding the green financial market to guide enterprises to take on more social responsibility for environmental protection, we can achieve a balance between economic development and environmental protection and alleviate the contradiction between the two.



Secondly, we propose actively promoting coordinated development between regions and narrowing the development gap between regions to ensure that the promotion effect of green finance on energy conservation and emission reduction is maximized. The research results indicate that green finance in China has energy-saving and emission-reduction effects across regions including the east and west, but the policy effects of energy saving and emission reduction have differentiated characteristics across regions. This result also means that there is still great room for improvement in China’s green finance policies in terms of energy conservation and emission reduction. Policy departments should pay attention to issues such as imbalanced and insufficient development between regions, actively reduce development differences between regions, and optimize the policy effectiveness of green finance in energy conservation and emission reduction, providing solid financial guarantees for achieving China’s strategic goals for high-quality economic development.



Thirdly, a cross-regional linkage mechanism should be established for green finance policies to alleviate the bottom-up competition effect of neighboring governments in energy conservation and emission reduction. Due to the phenomena of promotion tournaments faced by local governments, they neglect their responsibility to protect the environment in pursuit of rapid economic development, resulting in a bottom-up competition effect on energy conservation and emission reduction, which is not conducive to achieving the policy goal of coordinating economic development and environmental protection. Therefore, the formulation of green finance policies among regions should fully consider the above issues and optimize the design of reasonable green finance policies to form effective incentive effects for energy conservation and emission reduction, injecting new policy vitality into China’s development goals of meeting standards and carbon neutrality.



Although this article analyzes the impact of green finance policies on enterprise energy conservation and emission reduction from both theoretical and empirical perspectives, there are still shortcomings in the study. Firstly, this article analyzes the energy-conservation and emission-reduction effects of green finance policies from different regional perspectives in China but does not introduce nonlinear econometric models into the empirical research to further investigate whether there are asymmetric regulatory effects of green finance policies, which makes the research conclusions lack generality. Secondly, in exploring the transmission mechanism of green finance policies, this article focuses on macro and micro perspectives and does not fully incorporate dynamic equilibrium mechanisms, making the mechanism analysis more profound and specific. Given the limitations of the aforementioned research, future research on this topic should focus more on the construction and analysis of equilibrium mechanisms, while incorporating the nonlinear characteristics of mechanism transmission, in order to provide policy authorities with a more solid theoretical foundation and empirical reference.
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Figure 1. Mechanism for energy conservation and emission reduction in green finance. 
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Table 1. Description of variables.
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Variables

	
Symbol

	
Connotation

	
Indicator Description






	
Explained Variable

	
EP1

	
Environmental pollution

	
Carbon emissions/GDP




	
EP2

	
Environmental pollution

	
Industrial wastewater discharge/GDP




	
EI1

	
Energy intensity

	
Energy consumption/GDP




	
EI2

	
Energy intensity

	
Industrial electricity consumption/GDP




	
Explanatory variable

	
GF

	
Green finance

	
Comprehensive index method




	
Moderating variables

	
ER

	
Environmental regulation

	
The logarithm of the cumulative total number of environmental standards and regulations issued by various provinces and cities




	
IS

	
Credit allocation

	
The reciprocal of the location entropy of credit resources




	
OP

	
Enterprise operating performance

	
Profit margin of industrial enterprises above regional scale




	
TI

	
Enterprise innovation

	
Natural logarithm of the number of patents of regional enterprises




	
Control variables

	
labor

	
Labor productivity

	
The natural logarithm of the ratio of non agricultural output to labor force




	
urban

	
Urbanization level

	
Urban population/total population




	
pgdp

	
Economic development level

	
Natural logarithm of per capita GDP




	
open

	
Extent of openness to the outside world

	
Total import and export volume/GDP




	
market

	
Degree of marketization

	
Number of non-state-owned employees/total number of employees




	
fdi

	
Foreign investment level

	
FDI actual utilization value/GDP











 





Table 2. Spatial Durbin model regression results.
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Variable

	
Emission Reduction Effect

	
Energy−Saving Effect




	
EP1

	
EP2

	
EI1

	
EI2






	
GF

	
−0.055 ***

	
−0.063 ***

	
−0.079 **

	
−0.102 ***




	
(−3.11)

	
(−2.92)

	
(−2.06)

	
(−3.24)




	
W*GF

	
−0.023 ***

	
−0.037 ***

	
−0.034 ***

	
−0.038 ***




	
(−3.55)

	
(−2.71)

	
(−3.17)

	
(−3.74)




	
L.EP

	
0.542 ***

	
0.614 ***

	

	




	
(4.02)

	
(3.58)

	

	




	
W*EP

	
0.126 ***

	
0.204 ***

	

	




	
(3.96)

	
(2.85)

	

	




	
L.EI

	

	

	
0.426 ***

	
0.577 ***




	

	

	
(4.24)

	
(4.18)




	
W*EI

	

	

	
0.213 ***

	
0.308 ***




	

	

	
(3.52)

	
(4.26)




	
labor

	
0.035 **

	
0.027 ***

	
0.042 ***

	
0.049 ***




	
(2.51)

	
(3.05)

	
(3.44)

	
(2.73)




	
urban

	
0.012 ***

	
0.015 ***

	
0.011 ***

	
0.021 ***




	
(3.15)

	
(3.46)

	
(2.87)

	
(3.24)




	
pgdp

	
0.732 ***

	
0.647 ***

	
0.532 ***

	
0.581 *




	
(2.94)

	
(3.36)

	
(3.41)

	
(1.88)




	
open

	
−0.003

	
−0.004

	
−0.003

	
−0.002




	
(1.47)

	
(1.02)

	
(1.53)

	
(1.32)




	
market

	
−0.012

	
−0.020

	
−0.015

	
−0.017




	
(1.06)

	
(1.44)

	
(1.52)

	
(1.36)




	
fdi

	
−0.043 **

	
−0.038 **

	
−0.057 **

	
−0.053 **




	
(2.48)

	
(2.26)

	
(2.11)

	
(3.42)




	
Log−lik

	
98.325

	
100.431

	
99.635

	
103.251




	
R2

	
0.843

	
0.821

	
0.851

	
0.872




	
N

	
420

	
420

	
420

	
420








Note: The values in parentheses are t-values, and ***, **, and * represent significant levels of 1%, 5%, and 10%, respectively. L.EP and L.EI represent the time lag term of environmental pollution variables and energy intensity variables, while W*GF, W*EP, and W*EI represent the spatial lag term of green finance variables, environmental pollution variables, and energy intensity variables, respectively. The estimated results of the spatial lag term of the control variable are not listed in Table 2.













 





Table 6. Regression results of mechanism test.






Table 6. Regression results of mechanism test.





	
Variable

	
Emission-Reduction Effect

	
Energy−Saving Effect




	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)

	
(7)

	
(8)






	
L.EP

	
0.575 ***

	
0.582 ***

	
0.527 ***

	
0.535 ***

	

	

	

	




	
(3.12)

	
(3.46)

	
(3.37)

	
(3.29)

	

	

	

	




	
W*EP

	
0.215 ***

	
0.184 ***

	
0.176 ***

	
0.182 ***

	

	

	

	




	
(3.61)

	
(2.95)

	
(2.83)

	
(3.25)

	

	

	

	




	
L.EI

	

	

	

	

	
0.463 ***

	
0.478 ***

	
0.483 ***

	
0.453 ***




	

	

	

	

	
(3.44)

	
(3.62)

	
(3.14)

	
(3.20)




	
W*EI

	

	

	

	

	
0.255 ***

	
0.272 ***

	
0.262 ***

	
0.251 ***




	

	

	

	

	
(3.27)

	
(3.46)

	
(2.81)

	
(3.11)




	
GF

	
−0.074 ***

	
−0.082 ***

	
−0.077 **

	
−0.068 ***

	
−0.083 ***

	
−0.085 ***

	
−0.091 ***

	
−0.078 ***




	
(−3.14)

	
(−2.76)

	
(−2.42)

	
(−2.81)

	
(−3.63)

	
(−3.49)

	
(−2.74)

	
(−2.88)




	
GF*ER

	
−0.042 ***

	

	

	

	
−0.048 ***

	

	

	




	
(−3.65)

	

	

	

	
(−3.74)

	

	

	




	
GF*CA

	

	
−0.103 ***

	

	

	

	
−0.117 ***

	

	




	

	
(−4.74)

	

	

	

	
(−4.28)

	

	




	
GF*OP

	

	

	
−0.054 ***

	

	

	

	
−0.062 ***

	




	

	

	
(−3.28)

	

	

	

	
(−3.32)

	




	
GF*TI

	

	

	

	
−0.037 ***

	

	

	

	
−0.041 ***




	

	

	

	
(−2.95)

	

	

	

	
(−3.15)




	
W*GF

	
−0.052 **

	
−0.045 **

	
−0.048 *

	
−0.039 **

	
−0.060 ***

	
−0.064 ***

	
−0.071 ***

	
−0.054 ***




	
(−2.02)

	
(−2.18)

	
(−1.73)

	
(−2.33)

	
(−2.87)

	
(−2.92)

	
(−3.17)

	
(−3.26)




	
W*M

	
0.013 **

	
−0.034 ***

	
−0.021 ***

	
−0.011 ***

	
0.007 **

	
−0.042 ***

	
−0.022 ***

	
−0.017 **




	
(2.15)

	
(−3.24)

	
(−2.75)

	
(−2.88)

	
(2.23)

	
(−3.05)

	
(−3.31)

	
(−2.34)




	
Control variables

	
yes

	
yes

	
yes

	
yes

	
yes

	
yes

	
yes

	
yes




	
R2

	
0.848

	
0.856

	
0.863

	
0.853

	
0.874

	
0.866

	
0.882

	
0.891




	
N

	
420

	
420

	
420

	
420

	
420

	
420

	
420

	
420








Note: W*M is respectively W*ER, W*CA, W*OP, W*TI, and others are the same as Table 2. "*", "**", and "***" represent 10%, 5%, and 1% significance probabilities, respectively.
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