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Abstract

:

This study utilizes data from China’s 31 provinces, collected from 2007 to 2021, to establish a green finance (GF) index and investigate its impact on industrial structure upgrading (IS). In addition to the direct impact, this study investigates the indirect influence of GF on industrial structure upgrading through technological innovation (Tech) and foreign direct investment (FDI). Furthermore, this study analyzes the moderating role of environmental regulation intensity (ERI) and government intervention on the relationship between GF and industrial structure upgrading. The empirical findings demonstrate a positive relationship between GF and industrial structure upgrading, which remains robust after conducting a robustness analysis and stability tests. Moreover, GF positively impacts industrial structure upgrading by stimulating Tech and attracting FDI. Furthermore, the ERI is observed to positively and significantly moderate the impact of GF on industrial structure upgrading, while high levels of government intervention hinder the promoting effect of GF on industrial structure upgrading. Lastly, the association between GF development and industrial structure upgrading exhibits regional and market heterogeneity, with the most notable impact observed in coastal areas and regions with higher levels of market orientation. This study presents comprehensive suggestions for facilitating the improvement of GF and the upgrading of industrial structures.
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1. Introduction


The rapid economic growth experienced by China following the introduction of economic reforms and liberalization has been instrumental in harnessing its population and resource advantages [1]. However, this extensive economic development has also yielded ecological degradation and multifaceted challenges that intersect with the goal of achieving sustainable development. One prominent challenge resides within China’s prevailing industrial structure, characterized by industries exhibiting low value-added characteristics and high energy consumption patterns, which pose a formidable obstacle to the realization of sustainable economic progress [2]. It is crucial to emphasize that the predominant developmental paradigm, predominantly fixated on gross domestic product (GDP) growth, has incentivized local governments to rely heavily on inefficient and environmentally detrimental industrial systems [3]. Consequently, this has caused a misallocation of production factors, diminished industrial innovation capacity, triggered concerns of overcapacity, and incrementally approached the ecological carrying capacity limit. These multifaceted challenges significantly endanger China’s prospects for long-term economic sustainability and, by extension, its overarching well-being, thereby underscoring the imperative of addressing the structural inefficiencies within its industrial landscape in the pursuit of sustainable development objectives [4].



Consequently, the promotion of green finance has become a key focus in pursuing sustainable development in China [5]. There is a consensus on leveraging financial mechanisms to channel funds toward industries that promote energy efficiency. Green finance plays a crucial role in facilitating green economic growth and supporting industrial structure upgrading. The introduction of the “five development concepts” at the Fifth Plenary Session of the 18th CPC Central Committee has paved the way for the establishment of a green finance system, marking a new direction in financial reforms. Green finance encompasses a range of financial services aimed at supporting activities that yield environmental benefits, such as improving environmental conditions, addressing climate change, and optimizing resource allocation. Its development is centered around achieving a harmonious balance between environmental advantages and economic gains, ensuring effective financial support for initiatives promoting a green economy [6].



GF is widely considered a prerequisite for ecological civilization, providing new avenues for financing green projects and extending financial support for technological innovation and talent acquisition [7]. Secondly, green industries have become a significant impetus for high-quality economic development. GF plays a crucial role in fostering the coordinated growth of the green industry and guiding various stakeholders’ participation in environmental industries. The development of the GF system in China is exemplified by initiatives like green credit, green bonds, and green insurance, and the scale of this development is expanding annually, accompanied by the diversification of GF instruments [8]. The progression of GF in the country is shifting from decentralized and experimental exploration towards systematization and widespread implementation.



Simultaneously, a new wave of industrial revolution is unfolding in Western countries. Rapid advancements in research, innovation, and the adoption of green and clean technologies, such as solar power generation, chip technology, and green infrastructure, are taking place. International organizations like the G20 and TPP (Trans-Pacific Partnership Agreement) are increasingly focusing on green energy innovation and sustainable industrial transformation [9]. Therefore, promoting industrial transformation and optimization are key to achieving high-quality economic development, driven by both domestic structural optimization trends and the global green industry’s technological innovation advancements.



Industrial structure optimization and upgrading involve a dynamic process of redistributing production factors. As industries undergo transformation and upgrading, production resources naturally shift from sectors with low input–output rates or sluggish input–output growth to those with higher rates, thereby enhancing resource allocation efficiency and overall societal productivity. This process promotes industrial survival of the fittest and fosters sustainable economic development [10]. In the current context, with China actively promoting industrial structural transformation, green economy development, achieving industry transformation, and upgrading through green finance hold immense practical significance [11]. While numerous governments worldwide have committed to or are engaged in providing green financial incentives, academic research on the potential economic consequences remains limited due to endogenous challenges. This study mainly investigates the role of GF in upgrading the IS. By conducting theoretical and empirical analyses, this article presents policy suggestions to facilitate China’s development. Feasible measures to strengthen green finance are proposed, providing valuable insights for policymakers.



This study makes a valuablecontribution to the existing academic literature in several key dimensions. Firstly, it investigates the role of green finance (GF) in driving advancements in industrial structure upgrading across 31 provinces of China. This research delves into the mechanisms underlying this phenomenon, with a particular focus on the influences of technological innovation and foreign direct investment. This scholarly endeavor enriches the literature surrounding the development of GF and its interconnectedness with the factors shaping industrial structure (IS). Secondly, this paper explores the regulatory effects of environmental regulatory intervention (ERI) and the level of government intervention in facilitating the promotion of IS upgrading through GF. Given the unique national conditions in China, government intervention assumes a pivotal role in this context. The findings of this study provide valuable insights into the formulation of policy guidance and the direction of government intervention strategies. Thirdly, taking into account the prevailing disparities in regional development and varying degrees of market orientation within China, this article scrutinizes the heterogeneity of GF’s impact on industrial structure. It offers tailored development recommendations customized to regions characterized by economic underdevelopment and a limited degree of market orientation. The insights derived from this research are instrumental in formulating policy guidance and recommendations aimed at achieving sustainable development.



The structure of this article is organized as follows: Section 2 offers an extensive review of the relevant literature. Subsequently, Section 3 provides a comprehensive theoretical analysis and outlines the research hypotheses. In Section 4, the materials and methods employed in the study are described. Section 5 is dedicated to presenting the research findings and results. Lastly, in Section 6, the article culminates by drawing conclusions and presenting recommendations. The layout of this manuscript is also presented visually in the Figure 1.




2. Literature Review


2.1. Green Finance and Industrial Structure Upgrading


With the improvement of financial development, the financial industry is playing a crucial role in the real economy. Many scholars have conducted relevant studies on the effect of finance on economic development, IS, and ecological management. Rajan et al. made pioneering contributions to studying the effect of financial development on IS [12]. They believe that under the condition of a developed financial system, the degree of financial dependence is positively related to industrial development, and the more dependent the real economy is on finance, the easier it is for new industries to emerge. King and Levine found that the financial sector improves the output efficiency of the production sector by accelerating capital accumulation and optimizing capital allocation, and then promoting the upgrading of IS [13]. Patrick suggested that developing countries should give priority to the policy of capital provision to effectively facilitate economic development [14]. Moreover, the law of development also appears between and within industries. Hellman et al. proposed that the Government should actively conduct the flow and creation of capital in various industries by formulating financial policies [15]. Compared with traditional finance, GF tends to concentrate on the environmental effects and requires financial institutions to take the environment and sustainability into consideration in the process of business.



Salazar proposed the concept of environmental finance [11]. He deemed that GF could effectively link the environment and economy, achieve economic growth while balancing environmental protection, lead the flow of money market funds to environmental industries, and thus upgrade the IS. Jeucken discovered that the development of GF in banks plays a crucial role in facilitating resource conservation and sustainable economic development [16]. Labatt proposed that GF is a valid means to facilitate sustainable development and optimize the environment, which can diminish the risks caused by environmental disruption and help reduce environmental costs [17]. The innovation and application of GF instruments like green funds, green credit, green bonds, and green insurance can effectively promote economic development and regional IS upgrading [18]. Anderson pointed out that environmental finance can lead the development of new energy, resist the expansion of environmental pollution industries by innovating GF instruments, and then optimize and upgrade the industrial structure [19]. Scholtens believes that financial institutions should take the initiative to establish a financial market more conducive to environmental protection, reduce environmental pressure, and promote sustainable development [20].



In addition, new GF instruments and policies can also open new doors for green projects to achieve sustainable development and optimize industrial structure [21]. Falcone found that GF policies can accelerate the evolution of production and consumption patterns and ensure fair competition between traditional and green economies [22]. Muganyi et al. also proposed that GF policies and fintech development would help decrease sulfur dioxide emissions and be instrumental in investment plans for environmental protection [23]. Moreover, it is thought that GF development impacts the agricultural environmental protection industry and energy-intensive industry from different industrial levels [19,24]. GF can guide resources to the environmental industry, and it has restricted the capital lending of “two high and leftover” industries. GF promotes the industrial upgrading of the region by encouraging clean industries and restricting the development of highly polluting industries.



Furthermore, research by Dwivedi et al. shows that fintech significantly enhances the competitiveness of the banking industry in the United Arab Emirates. The combination of fintech and technology management directly affects the competitiveness of bank performance, which brings great flexibility to environmental protection work [25]. Many scholars have also conducted relevant research based on Chinese data. For example, the development of financial technology has reduced bank liquidity and increased diversity; promoted the transformation of banks into non-traditional industries [26]; promoted the development of emerging economies [27]; suppressed the financialization of physical enterprises [28]; promoted green environmental development; and achieved coordinated development of environment, resources, and economy [29].




2.2. Technological Innovation and Industrial Structure Upgrading


Technological innovation (Tech) plays a fundamental role in upgrading modern industrial structures and is a key factor in achieving high-quality economic development [30,31,32]. Numerous scholars have researched the influence of Tech on IS upgrading. Romer and Robert et al. put forward the endogenous economic growth theory [33,34], highlighting the role of technological progress in promoting IS adjustment. Tech leads to the emergence of new industries, and the agglomeration of these industries and the recombination of production factors accelerate the transformation of industrial structures [35]. Jin et al. argues that local governments, in their pursuit of improved regional environmental quality, increase investments in environmental governance and enhance environmental regulation [36]. This compels enterprises to engage in green production and green tech, thereby promoting IS upgrading.



Hu emphasizes the significance of human capital in green tech as it facilitates the integration of human resources and original enterprise resources, promotes the development of green tech, accelerates the dissemination and sharing of information and knowledge among innovation actors, and drives the transformation and development of the economy and IS [37]. However, green innovation is characterized by long cycles, high risks, and uncertain returns. Local governments often prioritize short-term and fast-paced projects, diverting science and technology expenditures to innovation projects that are perceived as “more, faster, better, and more efficient”, which can limit the investment in green technology innovation. This, in turn, hampers IS upgrading [38]. Knight and Wojcik suggest that the emergence of financial technology channels financial resources towards scientific and technological information fields [39]. This convergence enhances the production efficiency of other industrial sectors through industrial correlation effects, ultimately upgrading the region’s IS.




2.3. Foreign Direct Investment and Industrial Structure Upgrading


FDI has provided significant assistance in economic development [40]. Numerous studies have highlighted the significance of foreign capital in driving China’s economic growth [41]. FDI, as a combination of capital, technology, marketing, and management [42], fills the capital gap in regional economic development and facilitates technology transfer and management expertise to local enterprises. This technology transfer effect contributes to the continuous optimization of industrial structure [43]. Furthermore, the “pollution refuge” hypothesis emphasizes the need for ecological environment construction in developing countries [44]. Therefore, in its pursuit of high-quality development, China needs to transition towards green innovation.



Blalock and Gertler found that FDI can provide host countries with advanced innovative technologies, improve their technical levels through “learning by doing”, foster closer cooperation between industries, and consequently promote economic growth and optimize industrial structure [45]. Zhang also suggested that FDI breaks geographical limitations and transfers technology to other countries [46]. Host countries can imitate and learn from high-tech enterprises, introduce equipment or intermediate inputs biased toward technological progress for production, and assimilate and absorb technology. The combination of imitation, research, development, and production factors enhances the host country’s technical level and core competitiveness, promotes resource allocation, and further facilitates the upgrading of industrial structure.



Tanna conducted an empirical analysis on international samples of 566 listed commercial banks, collected from 2000 to 2004, and argued that the total influx of FDI improves the productivity of the banking sector, indirectly promoting industrial structure upgrading [47]. However, Tian et al. suggested that FDI may rely on the advantages of the industrial chain to acquire core technical talent from host countries through market mechanisms, while local enterprises may lack the impetus for innovation [48].




2.4. The Literature Gap


In summary, although there have been many studies on GF and industrial structure upgrading, there are still gaps in the following aspects. Firstly, previous research did not consider the mediating role of technological innovation and foreign direct investment between GF and industrial structure upgrading. Secondly, scholars have hardly studied the incentive effects of environmental regulation levels and government intervention levels. Finally, most of the literature only focused on the regional heterogeneity of GF, while this study simultaneously focuses on the regional and market heterogeneity of GF. Overall, this study fills this research gap and expands the research scope of GF.





3. Theoretical Analysis and Research Hypothesis


Some scholars investigated the relationship between GF and the upgrading of IS and found that GF is crucial for optimizing industrial structure [49]. Firstly, GF is a financial investment activity. Through the Government or financial institutions, GF ushers the transfer of funds from industries with overcapacity to those with low pollution or environmental protection, diminishes the financing cost of environmental industries, and optimizes resources to facilitate IS upgrading [11]. Moreover, the steady flow of capital into green industries leads to the transfer of intangible assets, such as brands and creativity. This facilitates the integration of industries and fosters a synergistic effect between intangible assets, ultimately contributing to the transformation of IS. Simultaneously, GF contributes to risk reduction by providing insurance for emerging industries or innovative projects characterized by high risks and potentially high yields. Therefore, it realizes the objectives of optimizing the IS and promoting sustainable development. Additionally, financial development endeavors to address environmental degradation and can be employed to adjust economic and industrial structures [10]. In light of these insights, we propose Hypothesis 1:



Hypothesis 1. 

Green finance can facilitate the upgrading of industrial structure.





Technological innovation (Tech) serves as a significant catalyst for the upgrading of IS and is a crucial factor in achieving sustainable development [32]. The implementation of a GF system effectively influences the level of scientific and technological innovation by utilizing its functions of resource allocation, capital provision, and risk diversification. This, in turn, promotes IS upgrading and the modernization of the industrial chain. First, green credit and other financial services encourage banks and insurance companies to offer low-cost and stable financial support for green products. This support extends to upstream and downstream enterprises within the green industry chain, thereby alleviating financing constraints and providing additional financing channels for enterprises. The diversification function of financial institutions helps mitigate technological innovation risks and optimize resource allocation, ultimately fostering technological progress. Furthermore, the advancement of green securities enables the issuance of securities to clean research and development enterprises, thereby increasing environmental premiums and reducing their financing costs. Simultaneously, the issuance of securities for financing by polluting enterprises can be restrained, compelling them to engage in green technology innovation activities. Additionally, green insurance, as an institutional arrangement, provides diversified protection and compensation for business risks faced by insured entities. A well-established insurance product system can effectively safeguard risks associated with Tech and stimulate the innovation vitality of companies.



Tech stimulates enterprise product upgrading, enhances production efficiency, improves production modes, stimulates demand structure, and facilitates technology diffusion, thereby providing an impetus for upgrading industrial structure [31,32]. Technological innovation leads to the widespread application of new technologies, equipment, and processes, creating new production environments and prospects. This impacts and eliminates outdated industries characterized by outdated technology, low efficiency, and poor quality, thus promoting industrial structure transformation and upgrading [30]. Secondly, scientific and technological innovation drives advancements in machinery and equipment, thereby promoting upgrading industrial production technology. This, in turn, enhances allocation efficiency, production efficiency, and product added value. The large-scale production facilitated by Tech also benefits the formation and accumulation of human capital, which aids in upgrading industrial structure [50]. Thirdly, technological innovation guides the direction of demand development and stimulates changes in demand structure, thereby facilitating IS upgrading. Finally, technological innovation strengthens the technological interconnection between different industries and departments in social production, facilitating the upgrading of IS through the diffusion effect of technology. Based on these insights, we propose the following hypothesis:



Hypothesis 2. 

Green finance can facilitate the upgrading of industrial structure by facilitating Tech.





GF supports environmental protection and sustainable development projects through capital markets and financial instruments. The development and implementation of GF policies provide financial support and a policy guarantee for green industries, create a good development environment, and attract FDI. The inflow of foreign capital improves economic benefits while realizing environmental protection and IS change [51]. It is worth noting that FDI can facilitate the upgrading of regional IS through direct and indirect effects. Direct effects refer to the influence of FDI on optimizing regional IS through capital input. FDI directly or indirectly entering the production field can improve the current situation of facing capital and technology constraints, and thus facilitate the upgrading of IS.



Indirect effects means that FDI can facilitate the optimization of regional IS through knowledge and technology spillover. FDI provides the Chinese economy with a number of advanced equipment, beneficial knowledge, advanced management experience, and excellent production technology [52]. FDI also upgrades the technical knowledge of the host country through training programs or technical assistance [46]. The technology spillover effect significantly improves the innovation ability of enterprises, improves the efficiency and output of sustainable projects, and then facilitates the upgrading of IS [45].



Additionally, the new FDI also puts pressure on domestic companies to act at a higher level of technical efficiency, and at the same time, leverages the global perspectives of foreign companies to broaden international channels for green finance and explore overseas markets, thus further promoting sustainable development and the upgrading of regional IS [43,53]. According to this, we put forward the following hypothesis:



Hypothesis 3. 

Green finance can facilitate the upgrading of industrial structure by attracting FDI.





The theoretical model is shown in Figure 2.




4. Material and Methods


4.1. Model Selection


According to the above theoretical analysis, this study used the following basic regression model to investigate the effect of GF on the upgrading of IS. The basic regression model is as follows:


Isi,t = α + β1GFi,t + β2Urbani,t + β3PGDPi,t + β4HUMi,t + β5GTSi,t + ui + vt + εi,t



(1)




where i represents the province, t represents the year, ISit refers to the explained variable (industrial structure upgrading), and GFi,t represents the core independent variable (green finance). Urbani,t is the level of urbanization, PGDPi,t is the per capita GDP, HUMi,t is the level of human capital, GTSi,t is the Government’s scientific and technological support, ui stands for the fixed-effect of the province, vt represents the fixed-effect of the year, and εi,t represents the random component.



According to the above studies, green finance not only directly affects the upgrading of the industrial structure, but also indirectly affects it through Tech and FDI, as displayed in Figure 3.



In this study, Tech and FDI are mediating variables. According to the experiment by Baron and Kenny [54], we establish the following model for mediation testing. The mediation model is as follows:


Medi,t = ω1 + ω2GFi,t + ω3Urbani,t + ω4PGDPi,t + ω5HUMi,t + ω6GTSi,t + ui + vt + εi,t



(2)






Isi,t = ω1 + φ1GFi,t + φ2Medi,t + φ3Urbani,t + φ4PGDPi,t + φ5HUMi,t + φ6GTSi,t + ui + vt + εi,t



(3)







Among them, Med represents the two intermediary variables of scientific and technological innovation (Tech) and foreign direct investment (FDI). Model (2) tests the influence of GF on the two intermediary variables, and Model (3) tests the role of intermediary variables on the upgrading of IS.



Finally, so as to examine the regulatory effects of ERI, government intervention degree, and market orientation level on GF and IS upgrading, this research tested the regulatory effects of ERI, government intervention degree and market orientation level on GF and industrial structure upgrading utilize grouping regression.




4.2. Variable Description


4.2.1. Explanatory Variables


Green Finance (GF). The development level of GF can symbolize the support of the regional financial department for local green industries. Many scholars divided the GF index system into five parts: green credit, green securities, green insurance, green investment, and carbon finance. Zeng et al. studied green credit, which is represented by the ratio of high-energy-consuming industrial interest expenditure to the total industrial interest expenses using a reverse indicator [55]. Green securities are represented by the ratio of the A-share market value of green industry to the total A-share market value. The ratio of income from agricultural insurance expenses to gross agricultural product represents green insurance. Green investment is represented by the ratio of regional environmental governance investment to regional gross domestic product. Carbon finance is represented as a proportion of a region’s carbon dioxide emissions to its gross regional product. Since GF started late in China, there is no consistent approach to evaluating the GF index. This study chooses the approach of entropy weight, which can compute the weight of indicators according to the data of quotas. The smaller the difference between indicators, the greater the entropy value. By computing entropy, the evaluation index system can ultimately be comprehensively restructured [56]. At the same time, the entropy weight method does not consider subjective injection, and can show the mutual influence of quotas. Therefore, it is feasible to utilize the entropy weight approach to compute the GF indicators of each province. In this study, an entropy method is adopted to fit the above five indicators into the GF index, which symbolizes GF in each province. The computational procedure is as follows:



First, perform range standard method dimensionless processing.



For the positive indicator:


   Z  λ i j   = (  X  λ i j    −  X min   ) / (  X max  −  X min  )  



(4)







For the inverse indicator:


   Z  λ i j   = (  X max   −   X  λ i j   ) / (  X max  −  X min  )  



(5)







Second, perform normalization processing.


   P  λ i j   =  Z  λ i j   /   ∑        λ = 1  h      ∑         i = 1   m     Z  λ i j    



(6)







The third step is to calculate the entropy of each index.


   E j  = − K   ∑        λ = 1  h      ∑         i = 1   m     P  λ i j   ln  P  λ i j    



(7)




where


  K = 1 − ln ( h · m )  



(8)







The fourth step is to calculate the redundancy of the entropy of each index.


   D j  = 1 − E j  



(9)







The fifth step is to calculate the weight of each index.


   W j  =  D j  /   ∑        j = 1  n     D j   



(10)







Sixth, calculate the green finance development index.


  G  F ij  =   ∑        j = 1   30      W j  ·  x  λ i j    



(11)








4.2.2. Explained Variables


Industrial structure upgrading (IS) refers to the process or trend of industrial structure transformation from a low-level to high-level form; it is the change of the situation of economic development and the transformation of the economic development pattern. With information technology and intelligent manufacturing, modern agriculture, manufacturing and service industries are integrated in the industry chain. With the high degree of industrial integration, the industrial boundary gradually blurs. New models will continue to emerge, and the reconstruction of modern industrial systems will continue to advance. Therefore, the proportion of modern agriculture and industry with high technology content is also a major criterion for measuring IS. According to the features of the IS, this study measures the upgrading of our IS using an advanced industrial structure. The advanced industrial structure is computed as follows:


ISi,t = T1i,t × 1 + T2i,t × 2 + T3i,t × 3



(12)




where, T1, T2 and T3 symbolize the ratio of added value of the three major industries to the regional GDP of i province in t year, respectively. The higher the IS value, the higher the level of industrial structure.




4.2.3. Intermediary Variables


Combined with the above analysis, this study selects technological innovation (Tech) and FDI as the intermediary variables. Tech is the foundation and driving force of IS. This study symbolizes the degree of Tech with the amount of scientific research funding invested by provinces. In order to avoid domestic environmental regulations, foreign capital will often transfer industries to countries with low environmental regulations. Foreign direct investment (FDI) has a significant effect on economic development and industrial transformation. This article uses the actual amount of foreign investment to represent the level of FDI.




4.2.4. Adjust Variables


Environmental regulatory intensity (ERI) reflects society’s tolerance for high-pollution and high-emission enterprises. The greater the ERI, the stricter the law enforcement will be, and the more detrimental it will be to the development of “two-high-high-leftover” enterprises. In this study, the entropy method was used to compute the overall index of ERI in each province by using the relevant data for industrial wastewater discharge, industrial sulfur dioxide discharge, and industrial soot discharge. Government intervention (Gov). Under the special national conditions of China, as the main bearer of public affairs, the Government’s participation in economic activities will have a series of impacts on economic development. Therefore, the ratio of fiscal expenditure in GDP was used in this study to reflect intervention level of the Government.




4.2.5. Control Variables


In order to investigate other influencing factors of IS, we selected the urbanization process, economic development level, human capital level, and government scientific and technological support as control variables. The identification of control variables is shown in Table 1. The urbanization process (Urban), which can facilitate the redistribution of social resources, is one of the significant influencing factors of each province’s IS. In this study, the proportion of urban population in the total population is logarithmic to symbolize the urbanization level. The economic development level (PGDP) can be regarded as the basis of industrial development. This variable is measured using per capita GDP. Human capital level (HUM) indicates that labor structure has a substantial influence on IS change, and high-quality talent can help promote each province’s IS. This article uses the logarithm of the proportion of the number of college students to the total population of the region to represent the human capital level of each province. Government technology support (GTS) is a significant influencing factor in promoting technological innovation, which helps to facilitate IS upgrading. This variable symbolizes the Government’s support for technology by taking the logarithm of the ratio of government expenditure in the field of technology to total fiscal expenditure.




4.2.6. Data Sources


In an effort to investigate the function of GF in the upgrading of IS, we selected data from 31 provinces, collected from 2007 to 2021, as samples. The original data of IS are from the Provincial Statistical Yearbook and the China Statistical Yearbook. The original data of GF development index and other variable data are from the websites of authoritative institutions such as the Bureau of Statistics and various authoritative statistical yearbooks, such as the China Industrial Statistical Yearbook and the China Financial Statistical Yearbook. These variables are described in Table 1.






5. Results


5.1. Descriptive Statistics


Table 2 presents the descriptive statistical outcomes of the research variables. The industrial structure status of different provinces is dissimilar, as shown in Table 3, where the mean value of IS is 2.306, the minimum value is 2.15, the maximum value is 2.80, and the standard deviation is 0.131. A large standard deviation indicates that the IS of each province needs to be upgraded. The mean value of the explanatory variable GF is 0.715, and the standard deviation is 0.093, indicating that different degrees of GF development in different provinces will have influence on the upgrading of IS. In addition, Urban, PGDP, HUM and GTS showed different degrees of differences among provinces.




5.2. Pairwise Correlation Test/Multicollinearity Test


Table 3 displays the relevance between the variables. The relevance between GF and industrial structure upgrading is prominent at the 1% level. The related coefficient can only reflect the same or reverse change relationship between the two. To uncover the influence of GF on the IS, multiple regression analysis must be conducted under further control of other variables. Moreover, the absolute value of the correlation coefficient between other variables is essentially lower than 0.6, implying that there is no weighty multicollinearity problem. Combined with the variance expansion factor index after regression, the adverse effect of multicollinearity on the regression results is effectively eliminated.




5.3. Slope Heterogeneity and Cross-Sectional Dependence Testing


After descriptive analysis, slope heterogeneity and cross-sectional dependence tests were conducted on the variables. When examining the relationships between all selected variables in the panel data model, cross-sectional dependency is a key issue, and ignoring it may lead to severe estimation bias and size distortion [57]. Therefore, before the estimation process begins, slope heterogeneity and cross-sectional dependence tests should be conducted first. Firstly, using Zheng’s research for slope heterogeneity testing [58], the results of the slope heterogeneity test are shown in Table 4. The statistical values of the slope coefficient test are significant at the 1% level, rejecting the original assumption of homogeneity and indicating the existence of heterogeneity between variables. Therefore, further testing was conducted on the cross-sectional dependence of variables.



Table 5 shows the results of cross-sectional dependency testing , all of which are significant at the 1% significance level, indicating that the null hypothesis of non-interdependence is rejected, and all variables are interrelated and dependent on each other at the cross-sectional level. In addition, this test used a Pesaran CD test, as shown in Table 6, leading to conclusions consistent with those of Shahbaz, M. et al. [59].




5.4. Unit Root Test


Given the cross-sectional dependence of panel data, the first-generation traditional panel unit root test is no longer applicable. Therefore, we draw inspiration from the second-generation panel unit root test proposed by Pesaran [60], which considers cross-sectional correlation, and the Pesaran cross-sectional enhanced IPS (CIPS) test. The stationarity results are shown in Table 6. IS, PGDP, HUM, and GTS showed significant differences at the first difference, while GF and Urban were significantly negative at the 1% significance level. The significance of the results negates the null hypothesis of stationarity, indicating that the variable is stationary.



Through the unit root test, it was observed that the data are stable, so we conducted a causal relationship test to examine the relationships between variables. The results show a significant correlation between variables.




5.5. Results of Basic Regression


In this study, we took GF as an explanatory variable and empirically studied its impact on IS upgrading using the OLS model. Table 7 displays the results of the primary result test. When the annual and provincial fixed results are not controlled, the coefficient of GF on the overall industrial structure is significantly positive at a 1% level. On the basis of control year and fixed results for provinces, column (3) displays that the coefficient of GF is prominent. The results in column (4) show that even after adding additional control indicators, the coefficient of GF is still prominent, and the coefficient is 0.166. This indicates that the development of GF is instrumental in the upgrading of IS, which proves Hypothesis 1.



In addition, considering that the development of GF in that year may be affected by the development of GF in the previous year, the IS of that year may also be affected by the IS of the previous year. Therefore, this study also uses the dynamic panel data model (GMM) to retest the relationship between GF and IS. Columns (5) and (6) report the regression results of the system generalized moment estimation and differential generalized moment estimation, respectively. Moreover, the GF coefficient is still significantly positive, indicating that the development of GF significantly promotes the upgrading of IS, which is consistent with the OLS regression results and Hypothesis 1.



Our results are consistent with those of previous research, including those of Rajan et al., King and Levine, Patrick, and Hellman et al., who all concluded that the development of GF can promote IS upgrading [12,13,14,15]. In addition, this conclusion is consistent with Sun’s results on the development of GF in five Asian countries, and both confirm the positive role of GF [61]. Panagariya’s study, taking India as an example, also proposed that the development of the financial sector promotes the rise of high-tech industries, greatly promoting the upgrading of industrial structure [62].




5.6. Test of Mediating Effect


5.6.1. Mediating Effect of Tech


In Table 8, columns (1) and (2) illustrate the results of the intermediary role of Tech. The estimated result of GF is significantly increased in column (1), indicating that GF supports Tech. Column (2) indicates that when the intermediate variable Tech is joined to the primary regression, the GF coefficient becomes significant, as does the Tech coefficient. Furthermore, the Z-value of the Sobel test is significant, that is, GF can facilitate the upgrading of IS by promoting Tech, which verifies Hypothesis 2. At the same time, this coincides with the research conclusions made by some scholars based on empirical evidence from other Asian countries, such as the study of the six ASEAN countries and South Asian countries [63,64].




5.6.2. Mediating Effect of Foreign Direct Investment


Columns (3) and (4) in Table 8 show the test outcomes of the intermediary effect of FDI. In the light of the outcomes shown in column (1), GF has a increased and prominent influence on FDI at the 5% level, implying that GF can attract FDI. Column (2) shows that when FDI is an intermediary variable, the coefficient of FDI is prominent, and the coefficient of GF on the upgrading of IS is also positively significant at the 5% level. Moreover, the Z-measure of Sobel test is also prominent, implying that FDI plays an intermediary role between GF and the upgrading of IS. In summary, GF plays an intermediary role in upgrading industrial structure, which can be further promoted by accelerating Tech and attracting FDI.



Overall, the mediating effects of technological innovation and foreign direct investment obtained in this study are consistent with the conclusions obtained in previous research. Green finance can promote industrial structure upgrading by accelerating technological innovation and attracting foreign direct investment. This conclusion coincides with the research findings of scholars such as Romer and Robert et al. and Blalock and Gertler [33,34,45].





5.7. Moderating Effect Test


5.7.1. Moderating Effect Test of Environmental Regulation Intensity


The intensity of ERI is one of the most important factors for adjusting the impact of GF on the upgrading of IS. Porter and Linde believe that reasonable environmental regulation can motivate firms to further optimize resource allocation and elevate their technical level [65], so as to incite the “innovation compensation” effect of firms, improve production efficiency, and further facilitate the upgrading of IS in various provinces. The existence of environmental regulations causes local governments and firms to emphasize green governance. The development of GF offers more financial support for green innovation, increases research and development investment, stimulates innovation investment, stimulates the innovation motivation of enterprises, and drives enterprise innovation [66,67,68,69], thus promoting enterprise technology diffusion and IS upgrading.



This research tests the regulatory effect of ERI on the industrial structure of GF. The regression outcomes are displayed in column (1) of Table 9. The cross-multiplication coefficient of GF and ERI significantly increases at the 5% level, and the coefficient of GF development is also prominent, with an intensity effect of 2.295. This indicates that every 1% increase in the interaction term of GF and ERI (GF × ERI) increases the average industrial structure upgrading index by 2.295%. This means that ERI has a forward moderating effect on the relationship between GF and IS upgrading. This conclusion is consistent with the results of Porter and Linde, as well as those of Ford et al. [65,69], who believe that ERI strengthens this promoting effect.




5.7.2. Moderating Effect Test of Government Intervention Level


Given the basic national conditions of China, it is essential to add the impact of China’s special institutional background. The most evident performance of this institutional background is government intervention. Most studies have explored the influence of interventionism on enterprise performance, financing path, or resource allocation, and thus innovation input, which will influence the upgrading of IS. To maximize short-term benefits, the Government usually intervenes in the direction of capital flow and investment field [70] due to the financial pressure of the Government and political promotion. As a result, the financial support provided by GF is difficult to apply to innovative projects. The distorted allocation of financial resources causes long-term innovation input to lag behind productive input, and innovation cannot be rationally allocated resources, which hinders the upgrading of IS. The greater the degree of local government intervention, the more distorted the investment in technological innovation, thus limiting the upgrading of IS.



In addition, government intervention will have an impact on talent allocation, resulting in the process of talent allocation optimization blocked, excessive government intervention will encourage rent-seeking activities, resulting in human capital mismatch [71], the lack of high-tech talents indirectly leads to the lack of enterprises’ ability to absorb and transform new technologies. Hinder the upgrading of IS [72].



This study tests the regulatory effect of the Government’s intervention level on the IS upgrading of GF, and the regression outcomes are displayed in column (2) of Table 9. The cross-multiplier coefficient between GF and government intervention level is significant at the 1% level, the coefficient is −0.170, and the development of the coefficient of GF is positive and significant. This reveals that excessive government intervention inhibits the facilitating effect of GF development on industrial structure upgrading. This coincides with the conclusions of Vollrath and Glaeser and Scheinkman [70,71], which all affirm the positive effect of intervention levels on outcomes.





5.8. Heterogeneity Test


5.8.1. Regional Heterogeneity


Regional disparity has an important influence on industrial structure adjustment. Due to different natural resources and factor endowments in different regions, different modes of production and living habits form. These regional heterogeneities will significantly affect industrial upgrading and structural adjustment in terms of technological innovation and GF development. At present, the development of GF in various regions can facilitate the upgrading of IS, but the effect is significantly different between provinces. For a long time, coastal and inland areas has been divided, and their regional natural differences and policy differences have deeply influenced the role of technological innovation on industrial upgrading and transformation.



This article divides the province into coastal and inland regions. First, descriptive statistics of GF and IS in different regions are presented, and the research conclusions are displayed in Table 10. Coastal areas are the best for the development level of GF, while inland areas are the worst. The major reason for this is that coastal areas have a high level of economic development and a relatively good environment for GF development. For industrial structures—from the average, median, minimum, and maximum—the development degree of coastal areas is better, while that of inland areas is relatively poor. Previously developed coastal areas have a comparatively comprehensive infrastructure and high level of technological innovation, which are conducive to the overall upgrading of industrial structure. These outcomes offer a basis for further study of regional differences regarding the influence of green finance on the upgrading of industrial structure.



The regression results for coastal and inland areas are displayed in Table 11. According to the regression outcomes, GF prominently promoted the upgrading of IS in the eastern region, while the regression coefficient in the western region was not prominent. The major reason for this is that, compared with inland areas, coastal areas have an earlier start time in economic development, a higher level of development, a more complete economic development system, and a fuller use of green finance. Therefore, these areas have the “first-mover advantage”. In addition, coastal areas have abundant resources, a more advanced level of Internet development, a prosperous environment, adequate capital and high-level talents to make full use of the advantages brought by green finance. The economic development level in inland regions is relatively low, the development mode is more traditional, and the lack of elite talents and platforms is not conducive to green finance playing a positive role.




5.8.2. Market Heterogeneity


The crux to the upgrading of IS lies in the optimal allocation of resources and technological innovation, but it is also affected by the market environment. Therefore, the degree of market orientation is an essential element when investigating the function of GF on IS upgrading. In [73], the degree of market orientation is obtained from the “China Province Index Report”, edited by Wang Xiaolu and Fan Gang. Additionally, according to the median of market orientation indicators, the whole study specimen is divided into either a high market orientation sample and low market orientation sample, and the market heterogeneity is investigated by group regression.



The outcomes are displayed in Table 12. In the sample group with a high market orientation, the coefficient of GF is prominent, while in the sample group with a high market orientation, the coefficient of GF is not prominent, implying that in regions with a high market orientation degree, GF has a better facilitating function on the upgrading of IS. Market-oriented development can facilitate the improvement of market resource allocation ability and innovation level. A higher degree of market orientation contributes to the free development of GF, and the busy market environment makes it easy for GF to play a role in the upgrading of IS. In short, a higher degree of market orientation strengthens the role of GF in facilitating the upgrading of IS.





5.9. Robustness Test


5.9.1. Replace Explained Variables


In this study, industrial structure rationalization (AIS) was used to replace the explanatory variable. AIS is represented by the ratio of added value of tertiary industry in the GDP of each province. The study outcomes are displayed in Table 13. Despite the inclusion of control variables, the coefficient of GF is still prominent and significant. This again shows that GF can significantly facilitate the upgrading of IS, the same result as previous conclusions.




5.9.2. Endogenous Testing


This study utilizes the instrumental variable (IV) method to execute an endogenous trial to remove the endogeneity generated by bidirectional causality and other elements. In general, the structure of the industry next year will be influenced by the development of GF this year. Therefore, this study chooses the first-order lag term of GF as the instrumental variable. On the other hand, the development of GF last year may affect the development of GF next year. The rapid development of GF in the previous year will actively facilitate the development of GF projects in the next year. Therefore, the first-order lag term meets the relevant requirements for instrumental variables. The outcomes are displayed in Table 14. Column (1) shows the first phase outcomes. As the IV has successfully passed the trials of independence, weak instrumental variables, and identification, the first-order lag term of GF is prominent, expressing that there is a high correlation between instrumental elements and GF. The instrumental elements chosen in this research are valid. Column (2) displays the results for the second stage. GF still plays an extremely important role in facilitating the upgrading of IS, which shows that the inference is sure-footed even when endogenous problems are considered.






6. Conclusions and Recommendations


6.1. Conclusions


This research uses data from 31 Chinese provinces, spanning the period from 2007 to 2021, to investigate the direct and indirect impacts of GF on IS upgrading through the channel of FDI and technological innovation. Moreover, the study analyzed the moderating role of the intensity of regulations and government intervention in the relationship between GF and IS upgrading.



The study yields the following conclusions: Firstly, the results demonstrate that the development of GF positively influences the upgrading of IS, and these results withstand a series of stability tests. Secondly, green finance facilitates the upgrading of IS by advancing Tech. It serves as a catalyst for innovation, driving the adoption of new technologies, processes, and equipment, and then facilitating the upgrading of IS. Thirdly, green finance attracts FDI and facilitates the transfer of advanced technology and capital. This inflow of FDI and technological advancements further accelerates innovation within industries, consequently promoting the upgrading of IS.



Fourthly, ERI exhibits a forward moderating function on the relationship between GF and the upgrading of IS. Specifically, as the intensity of ERI increases, the promoting effect of GF on industrial structure upgrading strengthens. Fifthly, excessive government intervention impedes the promoting function of GF on the upgrading of IS. With an increase in government intervention, the positive influence of GF on industrial structure upgrading diminishes. Sixthly, the facilitating effect of GF on the upgrading of IS demonstrates regional heterogeneity. In coastal provinces with a high level of economic development, GF plays a pivotal role in facilitating the upgrading of IS, whereas in inland areas, the promoting effect is negligible. Lastly, the promoting function of GF on the upgrading of IS exhibits market heterogeneity. In regions characterized by a higher level of market-oriented, the effect of GF on IS upgrading is prominent. Conversely, in regions with a lower level of market-oriented, the effect is not prominent.




6.2. Suggestions


Based on the above conclusion, this study offers the following suggestions: Firstly, it is essential to facilitate the innovation of GF instruments and enhance the overall GF system. To achieve this, China should increase the innovation of GF instruments, strengthen the capacity of GF to allocate factor resources and support the green industry. Additionally, there should be efforts to raise awareness and facilitate the concept of GF both domestically and internationally. This will help improve the recognition of China’s GF policies, standards, and products within the global community, particularly in the context of favorable industrial green transformation development.



Secondly, there should be strong support for scientific and technological innovation. Green finance can play a crucial role by offering adequate and stable funding, alleviating financing constraints, optimizing resource allocation, and dispersing operational risks. These measures will accelerate technological innovation and enhance resource utilization efficiency.



Thirdly, efforts should be made to intensify opening-up initiatives to attract FDI and fully leverage foreign capital. This can be achieved by improving the preferential policies for green finance, creating a favorable business environment, and attracting foreign investment that brings valuable knowledge, advanced management experience, and excellent production technology. This will significantly contribute to the upgrading of the IS.



Fourthly, it is crucial to strengthen the construction of policy channels for environmental regulation and enhance the efficiency of their implementation. The influence of ERI on the upgrading of IS should be fully utilized, and tailored encouragement and regulation measures should be implemented based on the specific features of different industries. Each province should adopt appropriate environmental regulation measures aligned with its unique industrial structure and resource endowment conditions. By effectively leveraging the influence of ERI on IS optimization, regional industrial transformation and high-quality economic development can be promoted.



Fifthly, there is a need to reduce the level of government intervention and allow the market to play a critical role in resource allocation. Vertical management and law enforcement should be implemented to minimize local interference. Lastly, considering the unbalanced development levels of GF within China, the Government should offer targeted policy support to inland regions and areas with a low degree of market orientation. This support will help improve their industrial structure and contribute to their overall development. By implementing these recommendations, China can facilitate the effective upgrading of IS, foster sustainable economic development, and capitalize on the potential of GF to drive positive change.
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Figure 1. Research method flowchart. 
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Figure 2. Theoretical model. 
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Figure 3. Mediation effect model. 
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Table 1. Variable definitions.
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Variable Type

	
Variable Name

	
Measurement Method






	
Explained variable

	
Green finance (GF)

	
The correlation index is weighted using the entropy method




	
Explanatory variable

	
Overall upgrading of industrial structure (IS)

	
Weighted average of the added value of the three industries




	
Mediating variable

	
Science and technology innovation (Tech)

	
Proportion of research expenses of the province in the GDP of the region




	
Foreign direct investment (FDI)

	
Actual utilization of foreign direct investment




	
Moderating variable

	
Environmental regulatory intensity (ERI)

	
The entropy method is used to compute the comprehensive index of environmental regulation in each region




	
Government intervention level (Gov)

	
Government public expenditure as a proportion of the region’s gross domestic product




	
Control variable

	
Urbanization level (Urban)

	
The proportion of urban population to total population is logarithm




	
Economic development level (PGDP)

	
Per capita GDP




	
Human capital level (HUM)

	
The logarithmic ratio of the number of college students to the total ratio of the region




	
Government technology support (GTS)

	
The proportion of government expenditure on science and technology a logarithm











 





Table 2. Descriptive statistical results.
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	Variables
	N
	Mean
	SD
	Min
	Median
	Max





	IS
	465
	2.36
	0.13
	2.15
	2.34
	2.80



	GF
	465
	0.72
	0.09
	0.56
	0.72
	0.89



	Tech
	465
	1.55
	1.11
	0.22
	1.26
	6.01



	FDI
	465
	473.78
	500.70
	0.34
	264.40
	1929.16



	ERI
	465
	32.32
	28.43
	0.89
	23.72
	161.69



	Gov
	465
	0.26
	0.19
	0.10
	0.22
	1.29



	Market
	465
	7.60
	2.09
	1.12
	7.66
	11.67



	Urban
	465
	−0.61
	0.26
	−1.48
	−0.59
	−0.11



	PGDP
	465
	12,166.71
	7664.17
	5080.30
	9410.61
	42,212.60



	HUM
	465
	−4.01
	0.32
	−4.88
	−3.98
	−3.31



	GTS
	465
	−4.12
	0.64
	−5.54
	−4.32
	−2.77










 





Table 3. Pairwise correlation test.






Table 3. Pairwise correlation test.



















	Variables
	IS
	GF
	Tech
	FDI
	ERI
	Gov
	Market
	Urban
	PGDP
	HUM
	GTS





	IS
	1
	
	
	
	
	
	
	
	
	
	



	GF
	0.47 ***
	1
	
	
	
	
	
	
	
	
	



	Tech
	0.50 ***
	0.21 ***
	1
	
	
	
	
	
	
	
	



	FDI
	0.40 ***
	0.16 ***
	0.57 ***
	1
	
	
	
	
	
	
	



	ERI
	−0.21 ***
	−0.27 ***
	−0.30 ***
	−0.34 ***
	1
	
	
	
	
	
	



	Gov
	0.034
	0.13 **
	−0.35 ***
	−0.42 ***
	0.17 ***
	1
	
	
	
	
	



	Market
	0.47 ***
	0.28 ***
	0.57 ***
	0.53 ***
	−0.43 ***
	−0.50 ***
	1
	
	
	
	



	Urban
	0.58 ***
	0.42 ***
	0.51 ***
	0.51 ***
	−0.31 ***
	−0.48 ***
	0.56 ***
	1
	
	
	



	PGDP
	0.59 ***
	0.076
	0.55 ***
	0.49 ***
	−0.20 ***
	−0.24 ***
	0.55 ***
	0.43 ***
	1
	
	



	HUM
	0.49 ***
	0.44 ***
	0.59 ***
	0.33 ***
	−0.33 ***
	−0.42 ***
	0.62 ***
	0.53 ***
	0.41 ***
	1
	



	GTS
	0.58 ***
	0.093 *
	0.57 ***
	0.53 ***
	−0.29 ***
	−0.56 ***
	0.51 ***
	0.59 ***
	0.53 ***
	0.47 ***
	1







Note: The symbols ***, **, and * represent the significance levels at 1%, 5%, and 10%, respectively. Bold emphasis on variable names.













 





Table 4. Slope heterogeneity.






Table 4. Slope heterogeneity.





	
Homogenous/Heterogeneous Slope Coefficient Testing




	
Test

	
Statistic






	
   Δ ˜   

	
8.675 ***




	
     Δ ˜  adjusted    

	
11.879 ***








Note: The symbol *** represent the significance levels at 1%.













 





Table 5. Cross-sectional dependence.






Table 5. Cross-sectional dependence.





	Variable
	Test Stat
	Prob
	Corr
	Abs(Corr)





	IS
	71.567 ***
	0.000
	0.86
	0.86



	GF
	79.692 ***
	0.000
	0.96
	0.96



	Urban
	79.025 ***
	0.000
	0.95
	0.95



	PGDP
	36.988 ***
	0.000
	0.44
	0.63



	HUM
	60.31 ***
	0.000
	0.72
	0.88



	GTS
	6.9 ***
	0.000
	0.08
	0.43







Note: The symbol *** represent the significance levels at 1%.













 





Table 6. Unit root tests.






Table 6. Unit root tests.





	
Pesaran (2007) [60] CIPS




	
Variable

	
I (0)

	
I (1)

	
Level of Integration






	
IS

	
−1.819

	
−2.735 ***

	
I (1)




	
GF

	
−3.752 ***

	

	
I (0)




	
Urban

	
−2.710 ***

	

	
I (0)




	
PGDP

	
−1.252

	
−3.530 ***

	
I (1)




	
HUM

	
−1.181

	
−2.354 **

	
I (1)




	
GTS

	
−1.644

	
−3.427 ***

	
I (1)








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













 





Table 7. Regression results.






Table 7. Regression results.





	
Variables

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	
OLS

	
OLS

	
OLS

	
OLS

	
GMM

	
GMM




	

	
IS

	
IS

	
IS

	
IS

	
IS

	
IS






	
L.IS

	

	

	

	

	
0.645 ***

	
0.541 ***




	

	

	

	

	

	
(29.95)

	
(30.97)




	
GF

	
0.665 ***

	
0.688 ***

	
0.142 *

	
0.166 **

	
0.134 ***

	
0.098 ***




	

	
(12.04)

	
(14.62)

	
(1.92)

	
(2.28)

	
(14.33)

	
(5.72)




	
Urban

	

	
−0.092 ***

	

	
−0.123 ***

	
0.192 ***

	
0.181 ***




	

	

	
(−2.72)

	

	
(−2.69)

	
(9.93)

	
(14.67)




	
PGDP

	

	
0.000 ***

	

	
−0.000 *

	
0.000 ***

	
0.000 ***




	

	

	
(14.98)

	

	
(−1.70)

	
(−3.49)

	
(4.39)




	
HUM

	

	
0.026 **

	

	
0.017

	
0.063 ***

	
0.000 ***




	

	

	
(1.98)

	

	
(0.81)

	
(−7.99)

	
(−7.50)




	
GTS

	

	
0.005

	

	
0.029 ***

	
0.001

	
0.077 ***




	

	

	
(0.92)

	

	
(4.20)

	
(0.35)

	
(−10.93)




	
Constant

	
1.880 ***

	
1.760 ***

	
2.249 ***

	
2.858 ***

	
0.639 ***

	
0.011 ***




	

	
(46.59)

	
(28.69)

	
(49.97)

	
(26.32)

	
(14.24)

	
(−2.73)




	
Year and Province

	
NO

	
NO

	
YES

	
YES

	
YES

	
YES




	
AR (1)

	

	

	

	

	
−3.989 ***

	
3.961 ***




	
AR (2)

	

	

	

	

	
0.694

	
1.035




	
Hansen test p-value

	

	

	

	

	
0.752

	
0.584




	
N

	
464

	
464

	
464

	
464

	
464

	
464




	
r2

	
0.219

	
0.800

	
0.950

	
0.954

	

	








Note: The symbols ***, **, and * represent the significance levels at 1%, 5%, and 10%, respectively.













 





Table 8. Test of the mediating effect.






Table 8. Test of the mediating effect.





	
Variables

	
(1)

	
(2)

	
(3)

	
(4)




	
Tech

	
IS

	
FDI

	
IS






	
GF

	
0.011 ***

	
0.148 **

	
893.361 **

	
0.146 **




	

	
(2.86)

	
(2.00)

	
(2.03)

	
(2.02)




	
Urban

	
−0.008 ***

	
−0.104 **

	
351.432

	
−0.150 ***




	

	
(−2.78)

	
(−2.28)

	
(1.39)

	
(−3.26)




	
PGDP

	
−0.000 ***

	
−0.000

	
0.047 ***

	
−0.000 **




	

	
(−4.21)

	
(−0.83)

	
(2.82)

	
(−2.41)




	
HUM

	
−0.002 *

	
0.025

	
−437.786 ***

	
0.027




	

	
(−1.90)

	
(1.20)

	
(−3.74)

	
(1.37)




	
GTS

	
0.003 ***

	
0.021 ***

	
399.375 ***

	
0.018 **




	

	
(9.50)

	
(2.92)

	
(8.78)

	
(2.48)




	
Tech

	

	
2.387 ***

	

	




	

	

	
(2.74)

	

	




	
FDI

	

	

	

	
0.000 ***




	

	

	

	

	
(3.71)




	
Constant

	
0.061 ***

	
2.798 ***

	
−1372.165 *

	
2.815 ***




	

	
(9.02)

	
(26.92)

	
(−1.90)

	
(22.66)




	
Year and Province

	
YES

	
YES

	
YES

	
YES




	
N

	
464

	
464

	
464

	
464




	
r2

	
0.980

	
0.954

	
0.859

	
0.953








Note: The symbols ***, **, and * represent the significance levels at 1%, 5%, and 10%, respectively.













 





Table 9. Moderating effect test.






Table 9. Moderating effect test.





	
Variables

	
(1)

	
(2)




	
IS

	
IS






	
GF

	
0.143 **

	
0.204 ***




	

	
(1.99)

	
(2.79)




	
GF × ERI

	
2.295 **

	




	

	
(2.45)

	




	
GF × Gov

	

	
−0.170 ***




	

	

	
(−3.76)




	
Urban

	
−0.078 *

	
−0.050




	

	
(−1.75)

	
(−1.17)




	
PGDP

	
−0.000 ***

	
−0.000 ***




	

	
(−4.50)

	
(−5.65)




	
HUM

	
0.023

	
0.009




	

	
(1.05)

	
(0.44)




	
GTS

	
0.026 ***

	
0.015 **




	

	
(3.63)

	
(2.13)




	
Constant

	
3.099 ***

	
2.437 ***




	

	
(27.05)

	
(23.77)




	
Year and Province

	
YES

	
YES




	
N

	
464

	
464




	
r2

	
0.954

	
0.955








Note: The symbols ***, **, and * represent the significance levels at 1%, 5%, and 10%, respectively.













 





Table 10. Descriptive statistics of regional heterogeneity.






Table 10. Descriptive statistics of regional heterogeneity.





	
Green Finance (GF)






	
Region

	
N

	
Mean

	
SD

	
Min

	
Median

	
Max




	
coastal

	
165

	
0.7156

	
0.095

	
0.56

	
0.72

	
0.90




	
landlocked

	
300

	
0.7150

	
0.092

	
0.56

	
0.71

	
0.89




	
Industrial Structure (IS)




	
Region

	
N

	
Mean

	
SD

	
Min

	
Median

	
Max




	
coastal

	
165

	
2.3888

	
0.131

	
2.11

	
2.39

	
2.73




	
landlocked

	
300

	
2.3368

	
0.129

	
2.15

	
2.32

	
2.81











 





Table 11. Regional heterogeneity.






Table 11. Regional heterogeneity.





	
Variables

	
IS

	
IS




	
Landlocked

	
Coastal






	
GF

	
0.163

	
1.181 **




	

	
(1.53)

	
(2.01)




	
Urban

	
−0.125 **

	
−0.063




	

	
(−2.02)

	
(−1.07)




	
PGDP

	
−0.000 *

	
0.000




	

	
(−1.65)

	
(0.67)




	
HUM

	
0.033

	
−0.043




	

	
(1.24)

	
(−1.40)




	
GTS

	
0.030 ***

	
0.006




	

	
(3.79)

	
(0.47)




	
Constant

	
2.415 ***

	
2.202 ***




	

	
(14.22)

	
(16.92)




	
Year and Province

	
YES

	
YES




	
N

	
299

	
165




	
r2

	
0.938

	
0.978








Note: The symbols ***, **, and * represent the significance levels at 1%, 5%, and 10%, respectively.













 





Table 12. Market-oriented heterogeneity.






Table 12. Market-oriented heterogeneity.





	
Variables

	
IS

	
IS




	
Low Market Orientation

	
High Market Orientation






	
GF

	
0.070

	
0.122 *




	

	
(0.56)

	
(1.82)




	
Urban

	
−0.306 ***

	
0.159 ***




	

	
(−4.54)

	
(2.82)




	
PGDP

	
−0.000 ***

	
−0.000 *




	

	
(−2.81)

	
(−1.96)




	
PGDP

	
0.000 ***

	
−0.000 **




	

	
(3.06)

	
(−2.02)




	
HUM

	
0.055 **

	
−0.047 *




	

	
(2.11)

	
(−1.76)




	
GTS

	
−0.014

	
0.029 ***




	

	
(−1.13)

	
(3.14)




	
Constant

	
1.985 ***

	
2.176 ***




	

	
(10.84)

	
(19.29)




	
Year and Province

	
YES

	
YES




	
N

	
232

	
232




	
r2

	
0.881

	
0.978








Note: The symbols ***, **, and * represent the significance levels at 1%, 5%, and 10%, respectively.













 





Table 13. Replaced explained variables.






Table 13. Replaced explained variables.










	Variables
	AIS
	AIS





	GF
	0.098 *
	0.215 **



	
	(1.68)
	(2.45)



	Urban
	
	−0.226 ***



	
	
	(−5.16)



	PGDP
	
	−0.000 ***



	
	
	(−3.07)



	HUM
	
	0.035



	
	
	(1.59)



	GTS
	
	0.013 **



	
	
	(2.13)



	Constant
	0.426 ***
	0.993 ***



	
	(10.34)
	(9.29)



	Year and Province
	YES
	YES



	N
	464
	464



	r2
	0.923
	0.938







Note: The symbols ***, **, and * represent the significance levels at 1%, 5%, and 10%, respectively.













 





Table 14. Endogenous examination.






Table 14. Endogenous examination.





	
Variables

	
(1)

	
(2)




	
GF

	
IS






	
L.GF

	
0.094 *

	




	

	
(1.75)

	




	
GF

	

	
0.166 **




	

	

	
(2.28)




	
Urban

	
0.006

	
−0.123 ***




	

	
(0.20)

	
(−2.69)




	
PGDP

	
0.000

	
−0.000 *




	

	
(0.26)

	
(−1.70)




	
HUM

	
0.016

	
0.017




	

	
(1.03)

	
(0.81)




	
GTS

	
−0.001

	
0.029 ***




	

	
(−0.18)

	
(4.20)




	
Constant

	
0.709 ***

	
2.858 ***




	

	
(8.90)

	
(26.32)




	
Year and Province

	
YES

	
YES




	
N

	
432

	
464




	
r2

	
0.942

	
0.954








Note: The symbols ***, **, and * represent the significance levels at 1%, 5%, and 10%, respectively.
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