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Green development, as a key link in the philosophy of new development, is the only way to achieve sustainable development. However, how science and technology (S&T) finance affects green development remains unclear. Based on panel data of 284 cities in China from 2007 to 2020, the multi-time-point difference-in-differences (DID) model and the mediation model were utilized to analyze the influencing mechanisms and paths of the S&T financial pilot policy on green development. The results show that S&T financial policy can significantly promote green development, for which green innovation (GI) capability, industrial structure advancement (ISA), and industrial structure rationalization (ISR) are important paths. Moreover, the effects of S&T financial policy on green development are heterogeneous: the policy exerts a stronger effect on the central region than on the eastern and western regions, a stronger effect on large cities than on small- and medium-sized cities, and a stronger effect on key cities than on general cities. Therefore, relevant governmental departments should continually optimize S&T financial policy; pay more attention to cities in the western region, small- and medium-sized cities, and general cities; actively foster GI capability; facilitate industrial structure transformation and upgrading; and vigorously support cross-regional exchange and cooperation to jointly realize green development. This study sheds new light on how the S&T finance related policy reform promotes sustainable growth and socio-economic welfare in developing countries.
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1 INTRODUCTION
The promotion of green and low-carbon economies is a key factor in achieving sustainable development. However, economic growth is rapid in many developing countries, such as China, which relies on large-scale resource inputs and energy consumption. The subsequent extensive development modes of “GDP worship”1 and “treatment after pollution” have given rise to environmental issues that seriously hinder sustainable development. Against the backdrop of global climate change, extreme weather and natural disasters are occurring frequently, and problems such as resource depletion and environmental pollution caused by extensive production are becoming increasingly prominent. In the face of the contradiction between human survival and development needs and the limited supply of natural resources, it is imperative to promote green development (Xu and Zhu, 2022). However, enterprises usually carry out green transformation through green innovation with high-risk characteristics such as high starting points, large investments and long cycles. There is a serious phenomenon of “market failure” in innovation investment and transformation. Therefore, in the process of the leapfrog development of green transformation, policy support and guidance are required. It also requires effective integration of S&T innovation and the financial systems. The development of S&T finance is of great significance for alleviating the financing difficulties of S&T-based SMEs and promoting green technology innovation. S&T financial policy allocates more financial resources to S&T enterprises to enhance the competitiveness of low-carbon sectors, including the high-tech sectors, by reversing the misallocation of financial resources. This improves the fit between S&T finance and environmental governance, thereby boosting green development (Wang and Jiang, 2022).
The pilot program promoting the integration of science, technology, and finance (S&T financial policy) provides a good policy guarantee for building an innovative country and a strong country in S&T. However, could the pilot program provide institutional arrangements and guarantees for the rational allocation of S&T and financial resources through the innovation in public policy tools? What are the exact effects of S&T financial policies on green development? What are the relevant mechanisms and pathways involved? Are the effects of S&T financial policy heterogeneous across different regions and cities types? Solving these problems is of great theoretical and practical significance for seeking new paths to improve the level of green development and optimize the future S&T financial policy systems.
Green development has always been a popular topic in academic research. Scholars have mainly focused on the connotations and influencing factors of green development. Green development is derived from the concept of sustainable development. This can be traced back to the green economic growth proposed by Pearce et al. (1989) and the ecological economic development proposed by Costanza (1989). Over time, green development has not yet formed a unified concept, but its connotation is more diversified and inclusive. Liang et al. proposed that green development refers to promoting economic growth while minimizing resource consumption and environmental pollution to achieve sustainable development of the economy, society, and ecosystem. It emphasizes the realization of harmonious coexistence between humans and nature through the adoption of clean energy, energy-saving technologies, and ecological protection measures (Liang et al., 2022).
In addition, a large number of studies exploring the factors influencing green development have shown that green development is affected by digitalization, urbanization, industrial structure, population size, human capital, and environmental regulation (Lee et al., 2023; Zhang, 2021; Ma et al., 2022; Hu et al., 2020). Feng et al. (2017) believe that technological innovation is the most critical factor. S&T progress can effectively improve energy utilization efficiency and pollution control ability, reduce energy waste and pollutant emissions, and thus achieve green development (Mensah et al., 2019; Popkova et al., 2021; Liu et al., 2016). However, some researchers consider that S&T progress may impede green development. They stated that S&T progress is mainly a result of pursuing production efficiency, and such profit-seeking psychology drives enterprises to blindly expand their production scale and thus get trapped in a production mode of the “green dilemma.” This may aggravate environmental pollution and hinder green development (Khattak et al., 2020). In recent years, financial development has provided new ideas and methods for realizing green development with a continuous shift in investment from a real economy2 to a virtual economy. Numerous scholars have studied the underlying mechanisms and paths of such developments from various perspectives. Generally, the vast majority of scholars consider that financial development helps improve the regional green development level (Tian et al., 2021; Wang et al., 2021; Zhang et al., 2021; Yuan et al., 2020), to which the industrial structure (Feng et al., 2022), environmental regulation (Han et al., 2023), and technological innovation (Xiong and Dai, 2023) are main paths. However, there are still disputes regarding the relationship between financial development and environmental pollution (Tamazian et al., 2009; Elheddad et al., 2021). In particular, Canh et al. (2021) found that financial development significantly promotes environmental pollution accompanied by rapid economic growth in China. Mesagan et al. (2022) also proved that despite the lack of a significant relationship between financial development and environmental pollution in the short term, financial development significantly aggravates regional environmental pollution in the long run.
In summary, the relationships among financial development, S&T progress, and green development have been widely recognized, but the disputes therein have not been well resolved. In this context, S&T financial policy provides a new perspective for solving disputes between financial development, S&T progress, and green development by integrating financial development and S&T progress.
In the late 20th century, China began combining S&T with finance. Since the Shenzhen S&T Bureau proposed the “science and technology finance” in 1993, the synergy between S&T finance has gradually attracted the attention of the public and government (Zhang et al., 2019). S&T financial policy supports scientific research, transformation of achievements, and the development of technology-based enterprises through financial services, such as banking, securities, insurance, venture capital, mortgages, and guarantees (Julaiti, 2023). S&T finance is different from fintech, which focuses on using advanced technologies such as big data, cloud computing, and artificial intelligence to deeply innovate traditional financial services, thereby providing more convenient, efficient and inclusive financial services (Abis et al., 2024). In 2011 and 2016, the Chinese government implemented the pilot program to promote the integration of S&T and finance policies in batches. However, most existing studies only explore the effects of S&T financial policy on green innovation (GI) (Wang et al., 2022), environmental pollution (Liu et al., 2023), and carbon emissions (Xu et al., 2022). Although these studies are all related to green development, they only focus on a single aspect and therefore cannot be generalized.
Therefore, the multi-time-point DID and the mediation model were utilized to analyze the impact of S&T financial policy on green development based on panel data of 284 cities in China from 2007 to 2020. Compared with the existing research, this study’s contributions include the following three aspects. First, this study fills an important research gap in the literature, which is the lack of empirical evidence on the causal relationship between S&T financial policies and green development in China. Based on the analysis of historical evolution and characteristics of the development of S&T financial policies in China, this study seeks to unpack the mechanisms through which S&T financial policies affect green development, i.e., green innovation and industrial structure upgrading. Second, this study constructs a quasi-experimental analysis framework based on a multi-period DID model and uses the instrumental variable method to test the impact of S&T financial policies on green development, effectively solving possible endogeneity concerns. Third, this study conducts a heterogeneity analysis to delve deeper into the variations in the effects of S&T financial policies on green development based on different locations, sizes, and administrative levels, which allows policymakers to utilize targeted policies to enhance green development under diverse conditions.
2 POLICY BACKGROUND AND RESEARCH HYPOTHESES
2.1 Policy background
Literature review shows that a fairly large amount of research considers that the S&T finance in China emerged in 1985 (Zhang and Wang, 2023; Xu and Guo, 2023). In fact, as early as 1979, Deng Xiaoping had proposed that “Banks should develop to a leverage for economic development and technological innovation. We should develop real banks.” This implies the connotation of S&T finance (Zhang et al., 2019). In 1980, Zhejiang Province took the lead in exploring S&T finance through the trial implementation of compensated scientific research funds (Gu and Zhou, 1986), which has been regarded as the first year of S&T finance in China. Subsequently, cities (provinces) including Xiangtan City, Xiangfan City, and Qinghai Province also explored S&T finance. In 1985, the People’s Bank of China and State Council issued a Joint Notice on Actively Developing Lending for Science and Technology. They stated that banks and other financial institutions should allocate some loans to support S&T development, which was the first national-level S&T financial policy introduced in China and has forcefully driven S&T development (Zhu et al., 2012). This was closely followed by the formulation of the Law of the People’s Republic of China on Science and Technology Progress in 1993 and the Law of the People’s Republic of China on Promoting the Transformation of Scientific and Technological Achievements in 1996, which laid a solid legal foundation for S&T development. In 2006, the State Council issued the Outline of the National Medium- and Long-Term Science and Technology Development Program (2006–2020) and several supporting policies, in which it was proposed that financial policies that facilitate technological innovation should be implemented. This accelerated the development of S&T finance in China.
To lead social capitals to actively take part in the independent innovation and drive the cooperation of S&T and financial resources, the Ministry of Science and Technology, together with the People’s Bank of China, China Banking Regulatory Commission, China Securities Regulatory Commission and China Insurance Regulatory Commission issued the Notice on the Issuance of a Pilot Implementation Plan to Promote the Integration of Science, Technology and Finance in 2010. Note that the government should build pilots to drive demonstrations and guide and promote various financial institutions to innovate their financial services to provide reliable financial support for S&T development. In 2011, 16 regions (including Zhongguancun Science Park) were selected as the first batch of pilots to promote S&T and finance integration, which marks the formal implementation of S&T financial policy. Based on a summary of the experiences of the first group of pilots, nine cities, including Zhengzhou, were selected as the second group of pilots in 2016.
Generally, S&T financial policies highlight the effects of governments and markets simultaneously. Policy implementation involves two stages: practical exploration and further development (Xu and Guo, 2023). In the practical exploration stage, the implementation of S&T financial policy merely adopts financial subsidies and low-interest loan. The financing channels are single and the threshold is high. Therefore, the government’s investment in S&T innovation is limited, making it difficult to produce a large amplification and pulling effect and unable to fully meet the innovation funding needs of technology-based enterprises. In the further development stage, S&T financial policy has shifted its focus to improving the financial efficiency of the market and guiding social capital. Multiple policies for bank credit, capital markets, technology insurance, venture capital, bonds, and fiscal guidance are linked, thereby realizing the marketized operation of S&T finance and facilitating the in-depth integration of S&T and finance.
2.2 Research hypotheses
2.2.1 Direct effects of the S&T financial policy on green development
The S&T financial policy directly affects the regional innovation of investment and financing mechanisms in S&T. It may increase corporate R&D investment in green innovation, improve the efficiency of transformation of S&T innovation achievements, and promote the regional green development through government financial support and financial market capital allocation. On one hand, as the primary advocate of green development, the government can promote green development through policy tools such as green finance and environmental regulation. First, under the promotion of policy pilots, local governments pay more attention to local S&T financial innovation activities and encourage enterprises to conduct green technology R&D and application by providing subsidies or tax incentives to high-tech enterprises (Huang et al., 2017). Second, pilot cities will further improve urban greening, public services and infrastructure construction with the advantages of S&T finance to better play a leading role in demonstration, thereby increasing urban green welfare. Third, the government will try its best to collect relevant information about enterprises and build an information-sharing platform for financial institutions and enterprises to effectively evaluate their qualifications. Simultaneously, environmental supervision systems are built to control the excessive emission of pollutants for enterprises through credit quotas and the collection of pollution taxes (Ma et al., 2018).
On the other hand, the financial market has the advantage of information collection and plays an important role in optimizing resource allocation and accelerating the transformation of S&T achievements. Through efficient project screening, the financial market guides financial resources to technology companies with high innovation capabilities, improves the allocation efficiency of credit funds (Lubo and Veronesi, 2009; Kerr and Nanda, 2014), promotes the promotion of advanced technologies, accelerates the industrialization of high-tech, and stimulates the R&D motivation and innovation potential of enterprises. Simultaneously, based on the functions of capital allocation and information identification, the market will prioritize the allocation of financial resources to environmentally friendly projects with advanced technology and promote the green transformation of traditional industries and the development of emerging green industries (Li et al., 2022), thereby improving green innovation. Based on the above analysis, we propose the following hypotheses.
Hypothesis 1. The S&T financial policy can promote green development.
2.2.2 Influencing paths of the S&T financial policy on green development
Nobel Prize winner Hicks (1969) in economics once pointed out that “finance can offer huge financial support for the emergence of new technologies.” However, because of the long capital recovery cycle and large financing risk of S&T enterprises, a large number of small- and medium-sized S&T enterprises face financing difficulties. S&T financial policy leads and promotes all kinds of financial institutions to innovate financial products, improve service modes, and establish service platforms to offer differentiated financial services for S&T enterprises in different stages, from start-up to maturity. This effectively eases the financing constraints of S&T enterprises, especially those that are small, and significantly enhances regional GI capabilities (Yang and Shen, 2021). Technological innovation is also an important driver of green development (Wang et al., 2023a). Technological innovation can optimize production procedures, improve production and resource utilization efficiency, and reduce resource consumption and pollutant emissions, thereby achieving green development. Based on this, we propose the following hypothesis is put forward.
Hypothesis 2. S&T financial policies can promote green development by improving GI capabilities.
Apart from promoting green development by improving GI capability, S&T financial policy also facilitates green development by driving industrial structure upgrades. According to the research idea in existing research, industrial structure upgrading includes industrial structure advancement (ISA) and industrial structure rationalization (ISR) (Xue et al., 2022). Regarding ISA, the focus of economic development follows an evolutionary trend of shifting from the primary to the secondary industry first and then to the tertiary industry according to the Petty-Clark theorem. Considering this, implementing S&T financial policy can promote the reasonable allocation of financial resources and improve financial efficiency, which is actually the development of the tertiary industry (Zhou, 2011). ISR refers to the reasonable allocation and effective utilization of production factors in different industries (Gan et al., 2011). In general, the profit-seeking nature of capital drives financial resources to flow to high-return industries, giving rise to an imbalance in the industrial structure. However, S&T financial policy can allocate financial resources based on development prospects and investment risk and adjust the unreasonable industrial structure, thus achieving ISR (Feng and Qiu, 2021). Moreover, the traditional industrial structure school believes that industrial structure adjustment can bring “structural dividend” (Liu et al., 2022), that is, industrial structure upgrading can promote the transformation of high-pollution, high-energy-consuming industries into low-carbon, green, clean ones. Most green industries are high-tech industries that generally feature high production efficiency. Therefore, industrial structure transformation and upgrading can not only improve production efficiency but also reduce energy consumption and pollutant emissions, thus driving green economic development (Xie and Hu, 2023). In summary, the following hypotheses are proposed.
Hypothesis 3. S&T financial policies can promote green development by improving ISA levels.
Hypothesis 4. S&T financial policies can promote green development by improving ISR levels.
3 RESEARCH DESIGN
3.1 Variable selection
3.1.1 Dependent variable
Green Development(GTFP): Using the research method proposed by Zhan et al. (2022), the SBM-GML index is utilized to measure the green development level. The input indicators include labor input, capital input, built-up area, and energy consumption, whereas the output indicators include the expected output indicator (regional GDP) and unexpected output indicators (industrial wastewater, sulfur dioxide, and smoke and dust emissions).
3.1.2 Independent variable
S&T financial policy(DID): The independent variable is the dummy variable [image: image] of S&T financial policy, that is, the interaction term ([image: image]) of the dummy variable of the treatment group and the time dummy variable.
3.1.3 Control variables
Four control variables were determined by referring to previous research results (Lee et al., 2023; Zhang, 2021; Ma et al., 2022; Hu et al., 2020). These include human capital, economic development, informationization, and population density.
Human Capital (HC): The human capital is measured by the proportion of college students in the local permanent population. People receiving a good education are more aware of the importance of environmental protection and are more likely to adopt environmentally friendly technologies and sustainable development modes to effectively utilize resources, reduce energy consumption and waste, and drive green development.
Economic Development (ED): The economic development level is measured by the logarithm of per capita regional GDP. A high level of economic development is generally accompanied by more effective resource allocation. As the level of economic development increases, people are generally more likely to use more advanced and efficient technologies and management methods to obtain more output with lower resource input, thus achieving green development and sustainable development.
Informationization Level (IL): The informationization level is measured by the proportion of the overall sales of postal and telecommunications services in the regional GDP. Increasing the informationization level contributes to more efficient and faster information transfer and allows enterprises to effectively acquire information about resource utilization, accurately allocate resources, reduce waste, and improve utilization and production efficiency.
Population Density (PD): Population density is measured as the population per unit area. Resource utilization is more strained in regions with a higher population density; therefore, efficient resource allocation methods should be used in these regions. In addition, densely populated regions are generally found to have a higher consumption demand, which drives enterprises to adopt environmentally friendly production modes to meet market demand.
3.2 Model specification
To empirically analyze the effects of S&T financial policy on green development, the following baseline regression model is established:
[image: image]
where [image: image] is the green development level of city [image: image] in the year [image: image]; [image: image] is the interaction term of the dummy variable of the treatment group affected by the policy and the time dummy variable, that is, [image: image]; [image: image] is the individual fixed effect; [image: image] is the time fixed effect; [image: image] is the time fixed effect; and [image: image] is the random disturbance term.
3.3 Data collection and descriptive statistics
The DID model was adopted to discuss the effects of S&T financial policies on the green development of cities. Additionally, a mediation model was built to verify the influencing paths. The research samples are panel data of 2843 cities in China from 2007 to 2020, based on the idea of Wang and Jiang (2022). Among these cities, the pilot cities for S&T financial policy are classified into the experimental group, and the remaining are the control group. The policy was implemented in the first batch of pilot cities in 2011, and in the second batch in 2016.
All data were derived from the China City Statistical Yearbooks and statistical yearbooks of the cities. Some of the missing values were interpolated. The descriptive statistics of the relevant variables are listed in Table 1.
TABLE 1 | Descriptive statistics of variables.
[image: Table 1]As shown in the table, the mean, maximum, minimum, and standard deviation of green development levels in various cities were 1.002, 0.488, 1.655, and 0.047, respectively. This indicates a large gap between the various regions in terms of the green development level. In addition, different regions differ in human capital, economic development level, informationization level, and population density.
4 RESULTS
4.1 Parallel trend test
Because many variables are selected, it is necessary to check whether the variables are multicollinear before performing the regression analysis. The variance inflation factors (VIFs) of various variables are calculated, and all are smaller than 3, which means that the variables do not have serious multicollinearity. In addition, because the DID model is used here, parallel trend tests are also needed before conducting the regression analysis. Specifically, the method proposed by Alder et al. (2016) was used to establish the following model:
[image: image]
where [image: image] is the dummy variable. In the years of [image: image], it is 1 for city [image: image] implementing S&T financial policy; otherwise, it is 0. Because data from 2007 to 2020 that are used, while the S&T financial policy was implemented separately in 2011 and 2016, five periods separately prior and posterior to the time point of implementing the policy are selected. The time prior to the −5 period of the policy is incorporated into the −5 period and that posterior to the five period is included in the five period. The year before policy implementation was taken as the baseline period. The results are presented in Figure 1.
[image: Figure 1]FIGURE 1 | Parallel trend test result.
The test results suggest that before implementing the S&T finance pilot policy, the pilot and non-pilot cities do not show a significant difference in the green development level. The difference between the two begins to become significant from the fourth year after implementing the policy, so it passes the parallel trend test.
4.2 Baseline test
Hausman tests of the data show that the p-value is lower than 0.01, so the fixed effects model is employed for regression analysis. The results are displayed in Table 2.
TABLE 2 | Baseline test results.
[image: Table 2]To ensure the robustness of the regression results, the effects of S&T financial policy on green development were first subjected to a regression analysis. Then, the individual fixed effect and time fixed effect are added to the regression. Finally, the control variables are added to the regression. Obviously, S&T financial policy always exerts a significant promotion effect on green development, that is, the policy is able to promote green development, thus validating Hypothesis 1. This is inconsistent with previous studies (Canh et al., 2021; Mesagan et al., 2022). This is because S&T financial policy allocates more financial resources to low-carbon sectors including the high-tech sector by reversing the misallocation of financial resources, thereby boosting green development (Wang and Jiang, 2022; Li et al., 2022).
Except for S&T financial policy, the informationization level also exerts a significant positive effect on green development, which conforms to previous analysis results (Lee et al., 2023; Zhang, 2021). In addition, despite the insignificant coefficients of human capital, the economic development level, and population density, they are all positive. This indicates that they can promote green development to a certain extent. The causes for the insignificant coefficients include the following: 1) Although the proportion of college students in the local permanent population can, to some extent, reflect the amount of human capital input, the quality of human capital is equally important. Even though there are many college students, labor quality cannot be fully improved at low training and education levels, which influences their role in green development. 2) An increase in the level of economic development can facilitate green development to some extent. Despite this, the economy cannot realize green development unless inputting lots of time and resources to practice industrial structure transformation and upgrading if the local economy depends too much on energy-intensive industries (coal and petrochemical engineering). 3) Although a dense population can promote green development to some extent, a population density that is too high is generally accompanied by accelerated industrialization and urbanization. This may result in the discharge of large amounts of industrial waste, sewage, and garbage, seriously damaging the ecological environment and hindering green economic development.
4.3 Endogenous processing
The instrumental variables method was used to further solve the possible endogeneity problem. Considering that existing historical events do not affect current green development, it is common practice in existing research to search for instrumental variables from historical data. Ma and Tao (2019) found that the number of Chinese time-honored enterprises in a region epitomizes the historical inheritance of entrepreneurship, which can significantly promote technological innovation in cities. Therefore, the number of Chinese time-honored enterprises in a region influences on whether a city is selected as a pilot of S&T financial policy, which meets the correlation requirement of instrumental variables. In the meantime, the number of Chinese time-honored enterprises is a historical datum and therefore does not affect current green development, which meets the exogenous condition of instrumental variables. However, the number of Chinese time-honored enterprises is a cross-sectional data that cannot be incorporated into panel data for regression. In view of this, the interaction term of the number of Chinese time-honored enterprises and the national R&D expenditure in the previous year is used as the proxy variable of S&T financial policy for instrumental variable analysis by referring to the research idea of Nunn and Qian (2014). The results are presented in Table 3.
TABLE 3 | Endogenous processing results.
[image: Table 3]It can be seen that the coefficient of instrumental variables is significantly positive at the 1% level in the first-stage regression results. This indicates that the more Chinese time-honored enterprises are, the higher the possibility of selecting the corresponding city as a pilot of the S&T financial policy; that is, the two have a close correlation. Additionally, the F value in the first stage is larger than 10, which rejects the hypothesis of weak instrumental variables. In the second stage, the coefficient of S&T financial policy is significantly positive, indicating that after controlling for endogeneity, S&T financial policy still exerts a significantly positive effect on green development, thus verifying the baseline regression results again.
4.4 Robustness tests
4.4.1 PSM-DID test
The PSM-DID method was adopted to guarantee the reliability of the research results. Before processing, a PSM-DID suitability test was conducted to determine whether the experimental and control groups had significant differences after matching. The results are shown in Figure 2.
[image: Figure 2]FIGURE 2 | Equilibrium test of the covariates.
As displayed in Figure 2, the difference between the experimental and control groups declines remarkably after matching, indicating that the PSM-DID method can be used to test the implementation effects of S&T financial policies.
Neighbor matching was adopted, and the matched data were substituted into Equation 1 for the regression. The results are presented in the first column of Table 4. It can be seen that the S&T financial policy exerts a significant effect in promoting green development, which also passes the significance test at 5%. This finding is consistent with the results of the baseline regression.
TABLE 4 | Robustness checks results (1).
[image: Table 4]4.4.2 Eliminating pilot cities selected in 2016
Because the S&T financial policy implemented in pilot cities selected in 2016 only acted for a short time over the sample period, and the number of cities was so small that the policy effect probably had not been fully embodied, pilot cities selected in 2016 were eliminated, and regression was performed again. The results are listed in the second column of Table 4.
The results show that, after eliminating the pilot cities selected in 2016, S&T financial policy still exerts a significant promotion effect on green development. This result indicates that the baseline regression results are robust.
4.4.3 Substituting dependent variable
Apart from the SBM-GML index, the SBM-DDF index is also commonly used to calculate the green development level (He et al., 2020; Tu et al., 2023). Hence, the SBM-DDF index is adopted to calculate the green development level again on the premise of not changing the input and output indicators. The results are then substituted into Equation 1 for the regression. The results are presented in the third column of Table 4.
It can be seen that after substituting the explained variable, the S&T financial policy still significantly promotes green development at the 5% level, which is aligned with the baseline regression results.
4.4.4 Eliminating interference of other policies
To eliminate other policies that may influence green development during the research period, the method proposed by Gong et al. (2023) is used to separately control smart cities, innovation-oriented cities, and low-carbon city pilot policies. The first, second, and third columns in Table 5 list the regression results. As shown in the table, the regression coefficient of the variables for S&T financial policy is still significantly positive after adding variables for the smart city, innovation-oriented city, and low-carbon city pilot policies.
TABLE 5 | Robustness checks results (2).
[image: Table 5]4.5 Placebo test
To further ensure the robustness of the regression results, placebo tests were conducted through random sampling 500 times, referring to the practice of Wang et al. (2023b). The results are shown in Figure 3.
[image: Figure 3]FIGURE 3 | Placebo test results.
The results show that most p-values are higher than 0.1, and the regression coefficients are concentrated near 0, which suggests that the sample combination of regression sampling does not affect green development. This result proves the robustness of the baseline regression.
4.6 Heterogeneity analysis
4.6.1 Location heterogeneity in cities
To test the effects of S&T financial policy on the green development of cities in different regions, samples are divided into those in the eastern, central, and western regions and then separately subjected to regression analysis. Table 6 shows the regression results. It can be seen that the S&T financial policy significantly promotes green development in the central region, followed by that in the eastern region, while insignificantly in the western region. This is probably because the geological location, population, and market scale of the eastern and central regions are obviously better than those of the western region. The implementation of the policy in the eastern and central regions releases great potential in the labor, capital, and market, thus promoting the improvement of green development levels. Moreover, compared to the eastern region, which has a developed economy, high technological level, dense population, and highly agglomerated industries, the central region has great room for improvement in green development. Therefore, the green development level in the central region is greatly improved by S&T financial policies.
TABLE 6 | Heterogeneity analysis results (1).
[image: Table 6]4.6.2 Heterogeneity analysis of city sizes
Generally, cities of different scales differ greatly in terms of labor, capital, and markets, and such heterogeneity may affect the influence of S&T financial policies on stimulating green development. Aiming at this, the classification method proposed by He et al. (2021) is used to classify cities with local permanent populations of five million and above as large cities and those smaller than five million as small- and medium-sized cities, followed by grouped regression. The results are presented in the first and second columns of Table 7, respectively.
TABLE 7 | Heterogeneity analysis results (2).
[image: Table 7]The results show that implementing S&T financial policy can significantly promote green development in large cities, whereas the effect of the policy is insignificant in small- and medium-sized cities. A possible cause is that the infrastructure is poor and S&T is undeveloped in small- and medium-sized cities; thus, S&T financial policy cannot powerfully promote green development. In comparison, large cities have a perfect S&T base, many universities and colleges, research institutions, and high-tech enterprises, and can therefore perform large-scale technical research and development. Research production thereof is conducive to improving the green development level.
4.6.3 Heterogeneity analysis of political statuses of cities
In the administrative management system, differences in political status directly affect urban development. Therefore, the samples were divided into key and general cities according to their political status. Key cities include municipalities directly under the central government, sub-provincial cities, and provincial capitals. General cities are other cities, except for key cities. This was followed by a grouped regression, and the regression results are listed in the third and fourth columns of Table 7. It can be seen that the S&T financial policy can significantly promote green development in key cities, while the effect is insignificant in general cities. This is probably because key cities possess the resource allocation ability of higher authority, can take more flexible policies and measures according to their own conditions, improve government management and service efficiency, and therefore better utilize the benefits of the policy.
5 FURTHER ANALYSIS
According to the above hypotheses, S&T financial policy promotes green development at the GI, ISA, and ISR levels. To verify the hypotheses, the following mediation model was built by referring to the theories on mediating effects (Baron and Kenny, 1986; Wen and Ye, 2014).
[image: image]
[image: image]
where [image: image] is the mediating variable, which includes GI capability, ISA level, and ISR level. Equation 3 shows the effects of S&T financial policy on the mediating variables, and Equation 4 shows the effects of S&T financial policy and mediating variables on green development.
With regard to data sources, the research methods proposed by Gong et al. (2023), Li et al. (2021) are utilized. The number of patent applications for green inventions per ten thousand people is adopted to characterize GI capability, the ratio of the added value of the tertiary industry to those of the primary and secondary industries is utilized to characterize the ISA level, and the degree of deviation of the industrial structure is used to characterize the ISR level, as expressed in Equation 5:
[image: image]
Where [image: image] denotes industry; [image: image] refers to industrial added value; [image: image] represents the number of employees; and [image: image] = 1, 2, and 3 denote the first, second, and third industries, respectively.
According to the hypothesis of classical economics, the productivity level of each industrial sector is the same, that is, [image: image], when the economy reaches equilibrium. The industrial structure deviation is zero, indicating that the industrial structure has reached a reasonable state. In other words, the deviation degree of the industrial structure is a negative index, which means that the smaller the value, the more reasonable is the industrial structure.
It is worth noting that the data for 2020 are deleted when testing the mediating effects of the ISR level because the number of employees in the primary, secondary, and tertiary industries is absent in the China City Statistical Yearbooks.
Table 8 reports the test results of mediating effects of the GI capability and ISA level. It can be seen that the S&T financial policy exerts significant promotion effects on both the GI capability and ISA level, which conforms to previous studies (Yang and Shen, 2021; Zhou, 2011). Meanwhile, technological innovation is also an important driver of green development (Wang et al., 2023a) and industrial structure upgrading can promote green economic development (Xie and Hu, 2023). After incorporating the S&T financial policy and GI capability together, as well as the policy and ISA level together into the regression equation, they also exert a significant positive effect on green development. Further comparison with the baseline regression results in the first column shows that the coefficient and significance level of the S&T financial policy both decline, which indicates that the promotion effect of the policy on green development is partially attributed to GI capability and ISA level, thus verifying hypotheses 2 and 3.
TABLE 8 | Mediating effect test results (1).
[image: Table 8]Table 9 summarizes the test results for the mediating effects of the ISR level. The results suggest that S&T financial policy significantly improves ISR levels. This is consistent with a previous study (Feng and Qiu, 2021). When separately incorporating policy and ISR levels into the regression equation, they both significantly promote green development. It has been demonstrated in the literature that optimization and upgrading of industrial structures can promote green development in cities (Xu and Zhou, 2023). Additionally, a comparison with the baseline regression results in the first column reveals that both the coefficient and significance level of the policy decrease, thus validating the mediating effect of the ISR level. Therefore, Hypothesis 4 is verified.
TABLE 9 | Mediating effect test results (2).
[image: Table 9]6 DISCUSSIONS AND CONCLUSION
6.1 Conclusion
This study aimed to provide insights into the impact of S&T financial policies on green development in China. By taking the policy of “pilots to promote integration of science and technology with finance” in China as a quasi-experiment and constructing the difference-in-differences model and the mediating effect model, the empirical results have yielded compelling insights into the impact of the policy on green development. First, our findings consistently indicate that policies have a statistically significant, positive impact on green development. This conclusion is valid after the robustness test. Second, the impact of S&T financial policy on green development varies based on the localities, population sizes, and political status of cities. The impact of central cities is greater than that of eastern and western cities, the impact of large cities is stronger than that of small and medium-sized cities, and the impact of large cities is more obvious than that of small and medium-sized cities. Third, GI capability, ISA level, and ISR level have mediating effects between S&T financial policy and green development.
6.2 Policy implications
Our analysis has practical implications that can provide valuable guidance for policymakers and urban planners.
First, cities in China and beyond can consider adopting similar S&T financial policy development initiatives to stimulate green development. It is noteworthy that science and technology finance plays an important role in promoting green innovation. Thus, the government should strengthen its support for green innovation. Establishing special government funds and strengthening the protection of intellectual property rights can encourage innovation enthusiasm. However, optimizing the business environment and simplifying administrative approval procedures may stimulate entrepreneurial vitality. In addition, the government should invest in constructing innovation bases and incubators for technology enterprises and high-tech industrial parks, thus encouraging more high-tech firms and R&D institutions to station in.
Second, S&T financial policy plays a significant role in promoting the green transformation of industrial structures. Therefore, the government should establish a digital service platform to provide services such as green industrial policy interpretation, financial support, and approval process optimization to reduce the threshold of entrepreneurship in the green industry. Simultaneously, it is necessary for the government to use digital technologies such as big data to assess market demand and industrial trends, which can provide market information for firms.
Third, the findings of this study on locality heterogeneity underscore the importance of tailored strategies for different regions. The program’s stronger effectiveness in central regions, large cities, and key cities could potentially widen the gap between different regions. Addressing this imbalance requires comprehensive policy approaches that are inclined toward western cities, small cities, and general cities to fully release policy dividends. In addition, the government should encourage inter-regional collaboration and construct a cross-regional cooperation platform. It is more convenient for relevant economic entities to exchange resources and expertise.
6.3 Limitations and future research directions
The limitations of our analysis and future research directions are as follows: First, although the sample size is large, it may still be incomplete owing to data limitations. For example, this study involves fewer ethnic autonomous areas and some remote areas are excluded. In the future, more micro-level data and enterprise cases will be collected through field research. Second, because the study is mainly based on a sample of Chinese cities, the applicability of the conclusions to other countries or regions may be limited, especially in places where there are large differences in the level of green innovation, industrial structure, and degree of green development. Future research should conduct studies on other representative developing countries and comparative studies between developed and developing countries. Third, the time span of the study could be extended to analyze the sustained impact of S&T financial policy on green development over a longer period. Future studies could analyze whether new S&T financial policies have been introduced since 2016 and their overlapping effects with the present S&T financial policy.
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1GDP worship refers to the one-sided pursuit of absolute GDP growth while ignoring other factors, such as the balance of economic structure, environmental costs, social welfare, etc.
2The real economy refers to the production, purchase and flow of goods and services (like oil, bread and labour) within an economy.
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