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China’s green financial pilot policies (GFPPs) are an important start to build a green financial system in China. It is also an important part of achieving the “dual-carbon” goal. This paper calculates China’s total factor energy efficiency (TFEE), analyzes the impact of GFPPs on TFEE, and explores the conduction mechanism. The results show that the relationship between GFPPs and TFEE in the pilot areas is statistically significant. The GFPP mainly improves the TFEE through the green innovation effect and the optimization of the energy structure. The GFPP has a significant effect on TFEE enhancement in eastern coastal cities, non-old traditional industrial cities, and non-resource-based cities with high initial energy. China should continue to deepen the pilot work of green finance, formulate differentiated green finance policies, and ensure green technology innovation. This study provides empirical evidence for further optimization of green finance and energy efficiency.
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1 INTRODUCTION
In order to cope with global climate change and promote green development, countries around the world have vigorously developed the green economy and promoted the coordinated and sustainable development of the economy, energy, and ecology (Baloch et al., 2021). The use of fossil energy will add a large amount of carbon dioxide (CO2) (Jaffe and Stavins, 1994) and may produce polluting flue gas, threatening the global ecology. In 2020, fossil energy accounted for 83.1% of global energy consumption, while fossil energy accounted for 92% of China’s energy consumption1. To reduce carbon emissions, the Chinese government has announced that it will strive to peak carbon emissions by 2030, achieve carbon neutrality by 2060, and improve the “dual-control” system of energy consumption and total energy consumption. Improving energy efficiency is a crucial part of achieving this goal. Improved energy efficiency not only stimulates economic growth but also helps control carbon emissions and relieve energy shortage and environmental pollution (Yang et al., 2016; Zhang J. et al., 2021; Razzaq et al., 2021; Moslehpour et al., 2023). By comparing the energy supply per unit of gross domestic product (GDP), the world average is 0.171, and the average level of Organization for Economic Co-operation and Development (OECD) countries is 0.102, while China’s is as high as 0.2382. Therefore, China’s energy efficiency urgently needs to be improved.
In order to improve energy efficiency, a major global issue has focused on finance. Finance should give full play to its role in the economy, guide the flow of funds, achieve optimal allocation of resources, and, thus, improve environmental protection (Liu et al., 2020). Green finance can reduce funding support for performing fossil-fuel activities, improve energy efficiency, promote renewable energy development (Khan et al., 2022; Rasoulinezhad and Taghizadeh-Hesary, 2022), and help the flow of funds to environmentally friendly industries (Taghizadeh-Hesary and Yoshino, 2019). In the long run, green finance effectively promotes the sustainable economic development of the economy and realizes the double dividend of the environmental economy (Afzal et al., 2022; Wang and Wang, 2022). China proposed a strategy to build the green finance system in September 2015 and selected pilot areas to establish a green finance reform and innovation pilot zones in June 2017. Since then, China’s green finance policies have officially developed. Although the implementation of China’s green financial reform policy is short, green finance, as a powerful tool to achieve the dual-carbon target, has received widespread attention in China (Li et al., 2021; Lee and Lee, 2022). However, there is still an imperfect supervision and legal environment at present (Volz, 2018), the bond market participation lacks diversity, and the development of green finance in China is not mature. Therefore, whether the policy of China’s green finance reform and innovation pilot zone can reap the dual dividends of the environment and economy and achieve the expected goals of the policy still needs in-depth research. This article takes China’s green finance reform and innovation pilot zone as a quasi-natural experiment and examines the effect and path of the total factor energy efficiency (TFEE) in order to provide reliable experience in the improvement of China’s green financial system and energy efficiency.
The marginal contributions of this paper are as follows: first, this study focuses on China’s green financial pilot policies (GFPPs) and tests the impact of GFPPs on urban-level TFEE, which has not been previously addressed by scholars, and fills the research gaps. Second, in terms of methods, this article uses urban night-light data to decompose the total energy consumption of the provincial-level energy to the prefecture-level cities, realizing the calculation of TFEE at the prefecture-level city level. Third, compared with previous studies on environmental regulation pathways that have focused on innovation and industrial structure upgrading (Zhang et al., 2022), this paper not only verifies the innovation effect but also explores the optimization effect of the energy structure, providing a new perspective for improving energy efficiency. By analyzing the impact of China’s GFPP on TFEE, this article opens the “black box” between the two, providing a new perspective for improving energy efficiency.
The remaining of this article is structured as follows: Section 2 provides a review on green finance and TFEE; Section 3 shows the policy background of GFPPs and theoretical analysis; Section 4 details the data and models; Section 5 displays the regression results and analysis; and Section 6 presents the conclusion and policy recommendations.
2 LITERATURE REVIEW
2.1 Green finance
Through green credit, green insurance, and green funds, green finance provides financial support for environmental projects and industries to achieve their sustainable development goals (Dörry and Schulz, 2018). Scholars have analyzed the role of green finance in sustainable development from the macro-level. Existing research focuses on multiple countries, confirming that green finance drives the flow of funds to low-carbon projects and innovative technologies, assists financial decision-makers in assessing the magnitude of environmental risks, assists in the transition to a low-carbon economy, and promotes sustainable economic development (Wang and Wang, 2022; Umar and Safi, 2023). The effect of green finance on enterprises and financial institutions from the micro-perspective is discussed. Green finance encourages financial institutions to allocate financial resources and guide capital flow to the cleaning industry (Liu et al., 2019; Qin et al., 2023), reduce the financing cost of enterprises to carry out low-carbon green reform, and promote its transformation to the clean-up industry (Shi et al., 2022).
Green finance in China has received more and more attention. Taking the Chinese green financial policy as a quasi-natural experiment, scholars have investigated its impact on corporate financing costs (Chen et al., 2021; Shi et al., 2022), green technology innovation (Irfan et al., 2022), and green sustainable development (Zhang S. et al., 2021). In addition, scholars use the entropy value method and principal component analysis method to conduct quantitative analysis of Chinese green finance to assess its impact on total factor productivity and financing efficiency (Li et al., 2021; Jin et al., 2021). The research methods are very diverse.
2.2 Energy efficiency
Energy efficiency research focuses on the measurement and influencing factor analysis. Scholars mostly use two types of measurements. One is the single-factor energy efficiency represented by energy consumption per unit of GDP (Jiang et al., 2020). However, a single efficiency factor cannot reflect the economic development level of Chinese cities under the dual constraints of energy conservation and emission reduction goals (Boyd and Pang, 2000). The second type is the total factor energy efficiency, which takes into account the interaction of various factors and can comprehensively reflect the comprehensive energy-saving and emission reduction capabilities of cities. It is a powerful indicator for measuring the progress of carbon neutrality work (Hong et al., 2022). TFEE mainly uses non-parametric methods represented by data envelopment analysis (DEA). Scholars have used the DEA model to measure the energy efficiency of enterprises at the national, regional, or micro-level (Dan, 2007; Zhu et al., 2018; Bashir et al., 2020; Hong et al., 2022). Factors such as foreign trade (Hering and Poncet, 2014), government macro-control (Wu et al., 2020), internet development (Wu et al., 2021), and human capital (Wang, 2023) have significant impacts on energy efficiency.
2.3 Green finance and energy efficiency
With the increasing popularity of the concept of green finance, more and more scholars have begun to delve into the close connection between green finance and energy efficiency. Green finance provides financial support for energy efficiency projects, effectively promoting the improvement of energy utilization efficiency and the innovative development of green technologies (Khan et al., 2022; Moslehpour et al., 2023). For example, financial instruments like green credit and green bonds provide funding for energy efficiency and renewable energy projects (Zhang D. et al., 2021). Furthermore, studies have also explored the impact of green finance policies on energy efficiency. These studies evaluate the effects and mechanisms of policies in promoting energy efficiency improvement by analyzing the green finance policy practices in different countries and regions (Mielnik and Goldemberg, 2002; Liu et al., 2022; Wang et al., 2022). The findings indicate that implementing green finance policies can direct funds toward the energy efficiency sector, encourage technological innovation and industrial upgrading, and ultimately lead to improvements in energy efficiency (Levine, 2005; Lee et al., 2023). Due to the high risk of investment in new energy, the promotion of green finance may lead to a reduction in investment efficiency (He et al., 2019). Therefore, there is uncertainty in the current study about the effect of green finance on energy efficiency.
Table 1 provides a literature review showcasing the relationship between green finance and energy efficiency. Overall, there is no conclusion on whether green finance can effectively promote energy efficiency (Liu et al., 2020). More importantly, there are few studies that focus on the China GFPP to explore the effectiveness of energy efficiency. Green finance has an impact on energy efficiency by generating innovative effects, and other conduction mechanisms between green finance and energy efficiency still need to be explored.
TABLE 1 | Related literature.
[image: Table 1]3 POLICY BACKGROUND AND THEORETICAL ANALYSIS
3.1 Policy background
China introduced the “Overall Plan for Ecological Civilization System Reform” in September 2015, prioritizing the establishment of a green financial system as a strategic goal. This plan highlighted the significance of green finance within the national supply-side reform, defining it as economic activities that support environmental improvements, address climate change, and enhance energy resource efficiency. To bolster knowledge and practices in green finance, China selected specific regions in Zhejiang, Jiangxi, Guangdong, Guizhou, and Xinjiang in June 2017 as focused green finance reform and innovation pilot zones. In November 2019, China unveiled the “Overall Plan for the Construction of the Green Financial Reform and Innovation Pilot Zone in Lanzhou New Area, Gansu Province,” designating Lanzhou New Area in Gansu Province as the latest site for green financial reform and innovation experiments.
The Chinese government has implemented various incentive policies to promote green finance and environmental conservation. Financial and tax policies have been strengthened to support green development by providing tax incentives and subsidies for green finance projects. Financial institutions are encouraged to introduce innovative green financial products like green credit, bonds, and funds (Feng and Shen, 2022). Mechanisms supporting carbon emission reduction have been established to fund green finance projects cost-effectively. The government increases support for green initiatives by creating green development funds, attracting private capital, and investing in green ventures. Market mechanisms such as green guarantee funds and insurance are being set up to reduce risks and enhance the creditworthiness of green projects, aiding in their financial sustainability. These policies have driven innovation in China’s green financial products and services, playing a vital role in environmental preservation and sustainable growth (Liu et al., 2019; Lee and Lee, 2022).
3.2 Theoretical analysis
3.2.1 Green innovation effect
Green finance has the characteristics of financial resource allocation function and environmental regulation (Khan et al., 2022). The implementation of green finance optimizes resource allocation and promotes green technology innovation (Irfan et al., 2022). According to the “Porter hypothesis,” environmental regulations can produce an innovative compensation effect. In the context of green financial policy, financial institutions inevitably restrict funds for enterprises and projects that do not meet policy requirements and cause environmental violations. Under the environmental constraints of energy saving and emission reduction, the green financial policy causes high energy and high-polluting enterprises to generate costs and survival pressure, forcing enterprises to carry out technological innovation. Green finance policies can facilitate the flow of funds to green industries and projects, thereby easing the financial constraints of enterprises that meet policy criteria and encouraging them to engage in green innovation (Umar and Safi, 2023). With cost promotion and funding support, companies will choose to improve technology innovation to reduce pollutant emission concentrations (Volz, 2018; Irfan et al., 2022). Under cost pressures and with financial support, companies have taken the initiative to strengthen their green technology innovation efforts. These innovations include improvements in existing production processes and technologies, as well as the innovative development of environmentally friendly technologies to improve energy efficiency (Van den Bergh, 2013; Zhao et al., 2021). Therefore, we propose hypothesis 1.
H1. GFPP enables enterprises to generate a green innovation effect under environmental constraints, cost promotion, and financial support, promoting the improvement of TFEE from the perspective of technological change.
3.2.2 Energy structure optimization effect
Fossil energy is the main source of carbon emissions. Improving the energy structure and reducing the proportion of fossil energy are important ways to achieve the “dual-carbon” goal (Sun and Chen, 2022). The green financial policy has the threshold for green financing, increasing the financing costs of high-pollution enterprises. In order to meet the financing standards, in addition to selecting technological innovation, enterprises will turn their attention to energy, electricity, and other energy sources such as low-emission pollution, and reduce the proportion of fossil energy. The implementation of the green financial policy can drive the development of the low-carbon energy-saving industry (Barua and Aziz, 2022). High-emission and high-pollution industries are restricted, expanding the market demand for new energy continuously. In addition, green insurance provides risk protection for the optimization of corporate energy structure, promotes new energy companies to expand reproduction, and increases the proportion of clean energy in the market (Lee et al., 2023).
As the main source of energy supply in China, coal has greatly limited the improvement of China’s energy efficiency (Han et al., 2007). The consumption of a large amount of coal leads to increased pollutant emissions, which is not conducive to the improvement of energy efficiency (Liu et al., 2020). Reducing the proportion of fossil fuel usage and promoting the development and utilization of new energy can not only reduce environmental pollution but also help improve energy efficiency. Therefore, China’s GFPP can promote the optimization of the energy structure and improve energy efficiency. Therefore, hypothesis 2 is proposed.
H2. GFPP increases the threshold for industrial financing and reduces the development risks of the new energy industry, resulting in changes in the energy structure of enterprises and promoting the improvement of TFEE.
The logical analysis of the mechanism verification is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Mechanism analysis diagram.
4 MODELS AND DATA
China conducted two batches of green finance pilots in 2017 and 2019, which can be regarded as quasi-natural experiments. In this study, the pilot cities approved by the country are used as the processing group, and the remaining cities are used as the control group to evaluate the impact of GFPPs on TFEE.
4.1 Model
The difference-in-differences (DID) method can solve endogenous problems caused by leakage variables, which are widely used in policy assessment (Beck et al., 2010). The model 1 is constructed as follows:
[image: image]
i indicates the city. t represents the year. [image: image] is the explained variable TFEE. The interaction item [image: image] is the main interpretation variable in the DID model. [image: image] is the urban grouping dummy variable. [image: image] is the time group dummy variable. The coefficient [image: image] of the interaction item indicates the treatment effect, that is, the effect of GFPPs on the TFEE of the pilot city. [image: image] is the control variable. [image: image] is the constant item. [image: image] represents the fixed effect of urban individuals, which is used to eliminate the impact of factors that do not change over time. [image: image] represents the fixed effect of the year, which is used to control the macroeconomic factors and policy changes of all cities. [image: image] is the random item.
4.2 Variables
4.2.1 Dependent variable
This article selects the slacks-based measurement (SBM) model to calculate the TFEE of 280 prefecture-level cities from 2010 to 2020. This model assumes n decision-making units (DMUs). Input variable, desirable output, and undesirable output vectors are [image: image], [image: image], and [image: image], respectively. The model is shown in 2, 3 below:
[image: image]
[image: image]
ρ represents efficiency. λ indicates the weight vector. [image: image] are the number of inputs and desirable and undesirable output elements, respectively. γ is the number of output elements. [image: image] are the relaxation for inputs, desirable outputs, and undesirable outputs, respectively. When [image: image], the efficiency value of the DMU equals 1, that is, the DMU is on the front of the production function. When the efficiency value [image: image], the DMU is invalid, and there is improvement in inputs or outputs. This article selects the capital stock, the number of employments at the end of the year, and the total energy consumption of the region as the input indicators. The regional GDP is the desirable output, and the industrial sulfur dioxide discharge is the undesirable output. The selection of the indicators is shown in Table 2.
TABLE 2 | Energy efficiency indicators.
[image: Table 2]Due to the lack of energy consumption data, this article uses night-light data for the simulation measurement of variables to obtain prefecture-level city energy consumption data. This method is widely used in economics research (Hong et al., 2022). The brighter the night light, the more economic activities at night, which means that the economy is relatively developed and with more energy consumption (Zhang et al., 2023). This method adopts a linear model without interception items to decompose the provincial energy consumption data according to the night-light data to various cities.
4.2.2 Explanatory variables
The policy pilot dummy variable Post×Treat is the core explanatory variable. When urban i starts with green finance pilots in the t year, Post×Treat in the t year and later years is all 1; otherwise, it is 0. This article intends to use all the 11 pilot cities as the experimental group. Due to the significant data missing in Changji and Hami in Xinjiang Province, this article eventually takes nine cities in Quzhou, Huzhou, Guangzhou, Guiyang, Anshun, Nanchang, Jiujiang, Karamay, and Lanzhou as the experimental group, and the remaining 271 cities as the control group.
4.2.3 Control variables
In order to control the possible impact of other factors and alleviate endogenous problems, this article avoids the input and output indicators when selecting the control variables as much as possible. The control variables and the reasons for their selection are as follows: the level of economic development—a higher level of local economic development is conducive to improving energy efficiency; the level of opening to the outside world—in order to avoid the pressure of environmental regulations in their own countries, foreign industries usually move their heavily polluting industries to other countries and regions with weak environmental regulations. This can have a significant impact on the economy, environment, and energy efficiency of the relocating country (Feng and Liang, 2022); the degree of government regulation—over-regulation can be detrimental to market development, lead to irrational resource allocation, and make energy less efficient to use; the level of human capital—energy efficiency is influenced by the quality of human capital, which determines the level of innovation in firms; and the level of digitalization—digital technology has important applications in generating, transmitting, and storing energy. In addition, the control variables include the level of industrialization, the level of consumption power, and the level of scientific and technological inputs. Control variable symbols and definitions are shown in Table 3.
TABLE 3 | Control variable symbols and definitions.
[image: Table 3]4.3 Data
This article selects prefecture-level cities from 2010 to 2020 as the research sample. Cities with less data lack are supplemented by the interpolation method, and cities with more missing data are deleted. Considering the model optimization, this article eliminates four municipalities, namely, Beijing, Tianjin, Shanghai, and Chongqing. This article deletes cities that have been revoked or newly built during the period of 2010–2020. In terms of foreign data, this article uses the average exchange rate of the US dollar exchange for Chinese yuan. All indicators involved in price factors have been reduced to unchanged prices based on 2010. The original data are obtained from the China Statistical Yearbook, Chinese City Statistical Yearbook, and Chinese Energy Statistical Yearbook. Table 4 shows descriptive statistics of the main variables.
TABLE 4 | Descriptive statistics.
[image: Table 4]5 REGRESSION RESULT ANALYSIS
5.1 Benchmark regression results
The benchmark regression results are shown in Table 5. Column (1) shows the results of controlling the urban individual-fixed effect and time-fixed effect. The policy interaction coefficient is significantly positive at a significance level of 5%. Column (2) shows the results of adding the control variables. The policy interaction coefficient is significantly positive at the 1% significance level, showing that GFPPs can effectively improve the TFEE in pilot areas.
TABLE 5 | Benchmark regression results.
[image: Table 5]5.2 Robust test
5.2.1 Parallel trend test
The DID model requires the processing group and the control group to meet the parallel trend assumption, that is, the TFEE change trends of the two are consistent before the implementation of GFPPs. This article adopts the tailing treatment method, sums the samples of the first seven phases of the policy implementation, and sets the seventh phase of the policy implementation as the base year. The parallel trend test of TFEE in the processing group and the control group is conducted, and the results are shown in Figure 1. Before the GFPP execution year, the coefficient of TFEE is around 0 and does not reject 0 in the 95% confident interval, which is in line with the parallel trend assumption.
The results from the dynamic perspective are shown in Figure 2 and Table 6. Before the implementation of GFPPs, the coefficient of the interaction item is not significant, indicating that the TFEE of the pilot cities did not change significantly before the policy implementation. In the year of policy implementation, the TFEE in pilot areas improved significantly. Every year after policy implementing, the interaction coefficients are significantly positive at a significance level of 5%, indicating that the GFPP has a positive impact on the TFEE in the pilot cities.
[image: Figure 2]FIGURE 2 | Parallel trend test. Note: 95% confidence interval.
TABLE 6 | Dynamic effect decomposition.
[image: Table 6]5.2.2 Replacement of energy efficiency indicators
In order to verify the robustness of the results, this paper uses the super-SBM method to calculate TFEEnew and unit GDP energy consumption (PE) (ton standard coal/10,000 yuan) to replace the TFEE for regression analysis. In column (1) of Table 7, the interaction coefficients are still positive at a significance level of 5%. In column (2) of Table 7, the interaction coefficients are significantly negative at 5%, indicating that GFPPs can reduce PE and improve the TFEE. The results after replacing the energy efficiency indicators are consistent with those of the benchmark regression. This also verifies the robustness of our conclusions.
TABLE 7 | Dynamic effect decomposition.
[image: Table 7]5.2.3 Exclusion of the influence of other policies
During the samples of empirical tests, China also introduced a series of related policies to improve the environment. In order to accurately and effectively identify whether the improvement in energy efficiency is caused by the GFPP, this paper controls the influences of other policies on the results. Since the time of the pollution emission transaction pilot policy and carbon emission transaction pilot policy is relatively close, Column (3) of Table 7 shows the regression results of excluding the pilot cities in the model. The interaction coefficient is still significant at a significance level of 5%. Column (4) of Table 7 excludes the impact of environmental information-disclosure policies in the model, and the results are still significant. Therefore, the conclusion that GFPPs can promote the improvement in the TFEE in pilot cities is stable.
5.2.4 Propensity score matching–DID method
In order to solve the error caused by the endogenous problem in the regression, this article uses the propensity score matching (PSM) method to match the sample of the experimental group with the control group sample. This paper uses the nuclear matching method and selects the government regulation level, human capital level, economic development level, industrialization level, level of opening to the outside world, and scientific input level as the matching partition variables. The results are shown in Figure 3. After matching, all collaborative variables are closer to 0 than before processing, and the deviation is significantly reduced. As shown in Figure 4, the scores of the matching experimental group and the control group tend to be closer, indicating that there is no significant difference in the observations after matching, and the matching results are valid. The results after matching are shown in column (5) of Table 7. The coefficient of the interaction item is still significant at a significance level of 1%, and the results show that GFPPs can significantly improve the TFEE of pilot cities. This conclusion is the same as the benchmark regression results and passed the robust test.
[image: Figure 3]FIGURE 3 | Balanced test.
[image: Figure 4]FIGURE 4 | Propensity scores.
5.2.5 Placebo test
In order to test whether the changes in the trend of the processing group and the control group after the intervention of the policy are affected by other policies or random factors, this paper conducts the placebo test by the fictional treatment group. This article conducts placebo test 500 more times than in the original sample. Nine prefecture-level cities are randomly selected as the processing group for executive policy, and the remaining cities are used as the control group to re-analyze the regression analysis. The interaction coefficient and corresponding p statistics are obtained. Figure 5 shows the nuclear density distribution of the interaction coefficient. The interaction coefficient mostly falls to the left of the reference regression coefficient. The average value of the interaction items coefficient is 0.003, which is less than the benchmark regression result value of 1.038. The policy effect of the green finance pilot shows obvious location orientation and has the most significant effect on the energy efficiency improvement of the green financial pilot cities.
[image: Figure 5]FIGURE 5 | Core density distribution.
5.3 Heterogeneity test
5.3.1 Regional heterogeneity
This article studies the heterogeneous impact of GFPPs on the TFEE in pilot cities in different regions based on the geographical location of the eastern, central, and west3 and coastal and inland areas4. The results are shown in Table 8. The GFPP plays a significant role in promoting the improvement of the TFEE in the eastern cities and coastal pilot cities and has no significant effect on TFEE improvement in pilot cities in the central cities and western regions. The effect of the TFEE of the inland pilot cities is not as high as that in the coastal pilot cities. The possible reason is that the economically developed cities are mainly concentrated in the eastern coastal areas, with strong financial strength. Improving the level of innovation and improving the energy structure can enhance the TFEE. The eastern region is rich in resources and has relatively complete institutional support, which will not have a great impact on energy efficiency.
TABLE 8 | Regional heterogeneity analysis.
[image: Table 8]5.3.2 The heterogeneity of economic development
In order to verify the heterogeneity in geographical locations caused by economic development, this article divides sample cities into economically developed cities and economically underdeveloped cities based on the average value of the per capita GDP in 2010, and the results are shown in columns (1) and (2) of Table 9. The significances of coefficients of economically developed cities are significantly higher than those of economically underdeveloped cities, indicating that the GFPP has a greater impact on the TFEE in economically developed cities. The reason may be that economically developed regions have stronger funds and innovative strength, can more effectively promote the development of the local green financial market, and significantly improve the TFEE (Wang and Wang, 2022).
TABLE 9 | Heterogeneity analysis.
[image: Table 9]5.3.3 Heterogeneity of the initial energy efficiency
The level of initial energy efficiency is different, which may lead to the difference in environmental regulation costs, so the degree of policy influence will show differences. In this article, the sample cities are divided into high-initial efficiency cities and lower-initial efficiency cities based on the average value of the TFEE in 2010. The heterogeneity test is performed, and the results are shown in columns (3) and (4) of Table 9. High-initial efficiency cities are affected by GFPPs at a significance level of 1%, and cities with lower initial energy efficiency have lower significance. This may be that cities with high initial energy efficiency are mainly concentrated in developed cities in the eastern region, with a high level of economic and financial development, and can more effectively develop green financial policies and promote the improvement of energy efficiency in pilot areas.
5.3.4 Heterogeneity of the old industrial base cities
In this article, 280 sample cities are divided into 74 old industrial base cities and 206 non-old industrial base cities. The regression results are shown in columns (1) and (2) of Table 10. The coefficients of non-old industrial base cities are significantly positive at a significance level of 1%, and the coefficient of the old industrial base cities is not significant. The GFPP has a more significant impact on the TFEE in pilot cities in non-old industrial base cities.
TABLE 10 | Heterogeneity tests.
[image: Table 10]5.3.5 Heterogeneity of resource-based cities
In this article, 280 sample cities are divided into 113 resource-based cities and 167 non-resource-based cities to examine different resource endowment cities influenced by GFPPs. The results are shown in columns (3) and (4) of Table 10. The interaction coefficient of non-resource-based cities is significantly positive at a significant level of 1%, and the interaction coefficient of resource-based cities is not significant, indicating that the GFPP has a significant impact on the TFEE in pilot cities of non-resource-based cities. Old industrial bases and resource-based cities with high energy-consuming and high-emission industries are usually invested in energy to exchange for outputs. Economic growth also brings a lot of energy waste. In the face of the impact of policies, it is very difficult to transform green finance and industrial greening in these cities in the short term, and the effect of improving energy efficiency in the short term is not as good as other cities.
5.4 Impact mechanism
In order to explore the inherent impact mechanism of the urban TFEE in GFPPs, this article selects urban green innovation and energy structure variables to test the mechanism by observing the impact of core independent variables on intermediary variables. The conventional “three-step” test procedure may cause endogenous problems in the mediating variable, so this paper adopts the approach proposed by Jiang (2022). The results of the first-step analysis are shown in Table 10. The implementation of the GFPP significantly increases green innovation and improves the energy structure. The influence of mediating variables on the TFEE in the second step is described in the theoretical analysis section of this paper. The models are as follows in Eqs 4, 5:
[image: image]
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[image: image] represents the level of green innovation in the city, which is measured by the logarithmic value of adding 1 to the total number of urban green patent applications. [image: image] represents the urban energy structure, which is measured by the proportion of coal oil and gas to the total energy consumption.
5.4.1 Green innovation effect
This article uses green patent applications (GINNO) as an intermediary variable and uses the intermediary model to verify the mechanism of the green innovation effect. The results are shown in column (1) of Table 11. The GFPP is significantly positive at the 10% significance level. The GFPP guides financial resources to the green environmental protection industry, which effectively increases its investment in Green Technology and Innovation and improves the level of technological innovation. The GFPP brings great external pressure to high-emission, high-pollution enterprises, prompting them to achieve the upgrading and technological innovation. Technological progress can promote the improvement of the marginal productivity of the production factor, reduce energy consumption loss, reduce pollution emissions, and improve energy efficiency (Zhao et al., 2021). Therefore, the GFPP can improve energy efficiency by promoting green technology innovation. This is consistent with the conclusion obtained by Zhang et al. (2022).
TABLE 11 | Mechanism analysis.
[image: Table 11]5.4.2 Urban energy structure
This article uses the urban energy structure (EC) as the intermediary variable to verify the energy structure optimization-effect mechanism. The results are shown in column (2) of Table 11. The GFPP is significantly negative at the 10% level. Green finance provides funding for energy structure optimization for pilot areas, reduces the entry threshold of green low-carbon enterprises, and guides industries to reduce the proportion of high-emission energy. This can promote the development of more new energy industries and form a cleaner, low-carbon, and efficient energy industry system to improve the energy efficiency (Liu et al., 2020).
6 CONCLUSION AND POLICY RECOMMENDATIONS
This article takes GFPPs as a quasi-natural experiment and tests the impact of GFPPs on the TFEE in pilot cities. The results show that the GFPP has a significant effect on the improvement of the TFEE in pilot cities. These results are in line with the findings obtained by Zhang (2024). Green financial policies can not only promote the improvement of energy efficiency but also affect the energy efficiency of pilot cities by supporting green innovation and improving the energy structure. The impact of GFPPs on the TFEE of pilot cities has urban heterogeneity. Green finance is more conducive to cities with more developed coastal economies in the eastern coast. The initial energy efficiency of these cities is relatively high, and the policy effects are more significant. The GFPP is more significant for non-resource-based cities and non-old industrial base cities.
6.1 Policy recommendations
The central government should deepen the pilot work of green finance and improve energy efficiency. The pilot areas should focus more on the areas that are conducive to carbon reduction, better promote the transformation of low carbon in the economy and society, and form a good trend of green finance to promote the low-carbon transformation. Governments can focus their policies on the use of clean energy, make funds flow to renewable and low-carbon energy sources, and guide companies to reduce their use of oil and coal. Additionally, local governments should take full account of economic and resource characteristics. For economically developed eastern coastal cities, it is necessary to make full use of the mature financial market system and focus on the optimization of the energy structure to improve energy efficiency. For the inland and western regions with underdeveloped economies, it is beneficial to combine with their own economic and industrial positioning, optimize the construction of environmentally friendly industries, and establish a green financial system with regional characteristics. Green technology should be inspired in terms of financing costs and performance evaluation. It is necessary to pay attention to the leading position of scientific and technological innovation inputs in the improvement of energy efficiency. The government should innovate service methods and enrich green financial products. It is needed to optimize the transparency of the special subsidy mechanism and the reward and punishment mechanism to help leading enterprises innovate.
6.2 Limitations
This study has several limitations. First, due to the unobservability and inaccessibility of the data, the energy estimates in this paper cannot be updated to the latest year, which may have some implications for policy research. Future research can update the data, expand the sample time window, and make policy research more reasonable and effective. Second, this paper studies the impact of GFPPs on the urban TFEE from the prefecture-level city level. Future research can refine the research level and consider the impact of policies from the perspective of enterprises.
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1These figure results are obtained from EI’s 2021 “Statistical Review of World Energy.”
2These figure results are obtained from the 2022 “China Energy Statistical Yearbook.”
3The eastern region includes 11 provinces, namely, Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan. The central region includes 10 provinces, namely, Shanxi, Inner Mongolia, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan, and Guangxi. The western region includes nine provinces, namely, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang.
4The coastal area includes Shandong, Guangdong, Guangxi, Jiangsu, Hebei, Zhejiang, Hainan, Fujian, and Liaoning. The inland area includes Yunnan, Inner Mongolia, Jilin, Sichuan, Ningxia, Anhui, Shanxi, Xinjiang, Jiangxi, Henan, Hubei, Hunan, Gansu, Guizhou, Shaanxi, Qinghai, and Heilongjiang.
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