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Heterogeneous environmental regulation provides dynamic incentives for green innovation through diversity and complementarity, and promotes technological breakthroughs and market responses. Based on the panel data of 30 provinces in China from 2010 to 2020, this paper constructs a bi-directional fixed-effect model to examine the relationship between heterogeneous environmental regulation and green innovation and the moderating effect of common prosperity. The empirical results show that: (1) there is a significant U-shaped relationship between command-control and public participation environmental regulation and green innovation, while there is a significant inverse U-shaped relationship between market incentive environmental regulation and green innovation; (2) Common prosperity has a significant promoting effect on green innovation, and positively regulates the U-shaped relationship between command and control, public participation environmental regulation and green innovation, and negatively regulates the inverted U-shaped relationship between market incentive environmental regulation and green innovation; (3) There are obvious regional differences in the relationship between heterogeneous environmental regulation, common prosperity and green innovation. Therefore, the government should implement differentiated environmental regulation policies, optimize the incentive mechanism for green innovation according to local conditions, build a multi-level environmental governance system, and strengthen the regulatory role of common prosperity to promote the balanced development of green innovation.
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1 INTRODUCTION
With the intensification of global climate change and environmental problems, environmental regulation has gradually become an important means for governments to deal with environmental crises (Wu D. D. et al., 2020). Environmental regulation means that the government regulates and constrains the environmental behaviors of enterprises and individuals through legislation, administrative means or other means in order to achieve the goals of environmental protection and sustainable development (Wang et al., 2022). Traditional environmental regulation is mainly command-and-control, that is, through mandatory regulations, standards and fines, forcing enterprises and individuals to reduce pollution emissions.
However, with the complexity of environmental problems and the deepening of economic globalization, the limitations of command-and-control environmental regulations have gradually emerged (Dogan et al., 2022). On the one hand, command-and-control regulation may cause enterprises to over-rely on the government’s coercive means and lack autonomy and innovation. On the other hand, over-reliance on government intervention may inhibit market vitality and undermine the long-term development of green technology innovation (Khan et al., 2021). In order to make up for the deficiency of command-control regulation, market incentive environmental regulation has been paid more and more attention. Market-incentivized environmental regulation guides the environmental behaviors of enterprises and individuals through economic means (such as taxation, subsidies, emission trading, etc.) to stimulate market vitality and innovation potential (Yang and Tang, 2023). For example, through the implementation of carbon tax or carbon emission trading system, enterprises can not only reduce pollution emissions through technological innovation, but also obtain economic benefits in the market, so as to achieve a win-win situation of environmental benefits and economic benefits. However, the effects of market-based environmental regulations are also influenced by the degree of perfection of market mechanisms, the rationality of policy design, and the choice of firm behavior, so their actual effects may vary by region and industry (Weng et al., 2023). In addition, as a new means of environmental regulation, public participation environmental regulation has gradually become an important supplement to environmental governance. Public participatory environmental regulation emphasizes on promoting enterprises and governments to pay more attention to environmental protection by improving public awareness of environmental protection and enhancing the ability of the public to participate in environmental decision-making (Xie et al., 2023). For example, through information disclosure, public hearings and environmental litigation, the public can better supervise the environmental behavior of enterprises and governments, so as to form an environmental governance system of social co-governance. However, the effect of public participatory environmental regulation is often limited by public awareness of environmental protection, participation channels and participation ability, so its mechanism and effect need further study (Zhou et al., 2021).
Green innovation is one of the important means to achieve green development (Yu et al., 2023). Green innovation refers to innovative activities that adopt new technologies or improve existing technologies in the design, development and implementation of products, services or processes in order to reduce negative environmental impacts, improve resource efficiency, reduce energy consumption and emissions, while creating economic value and social wellbeing. (Wan et al., 2024). Through green innovation, industrial structure can be optimized, resource utilization efficiency can be improved, environmental pollution can be reduced, and the mode of economic development can be changed. At the same time, green innovation can also drive new economic growth points, promote employment and entrepreneurship, and promote sustainable economic development (Miao et al., 2024). Therefore, actively promoting green innovation has become the consensus of governments and enterprises. In recent years, the research on the relationship between environmental regulation and green innovation has made some achievements. First, many studies have shown that the intensity and type of environmental regulations have a significant impact on enterprises' green innovation. Some scholars put forward the Porter hypothesis, which holds that moderate environmental regulations can encourage enterprises to innovate and thus improve their competitiveness. Second, the impact of environmental regulations varies by region, industry, and firm characteristics. Other scholars have pointed out that the environmental policies of different countries and regions will lead to different performance of enterprises in green innovation (Porter and Linde, 1995). In some regions with more liberal environmental policies, companies may lack incentives to innovate because they are able to meet environmental requirements through traditional means (Kemp and Pontoglio, 2011). However, in regions with strict policies, companies are often more willing to invest in R&D and innovation to adapt to policy changes. Based on the above research results, this paper will explore the relationship between heterogeneous environmental regulation and green innovation development based on provincial panel data.
The contribution of this paper is embodied in three aspects. Firstly, the classification and mechanism of heterogeneous environmental regulation are studied. This study divides environmental regulation into command and control, market incentive and public participation, which provides a new perspective for environmental regulation theory and policy formulation. Secondly, the promoting effect of common prosperity on green innovation and its regulating effect. Common prosperity not only promotes green innovation, but also regulates the role of heterogeneous environmental regulations, providing a theoretical basis for the coordinated development of green innovation and common prosperity. Finally, the relationship between heterogeneous environmental regulation and green innovation from the perspective of regional differences. It is found that regional differences significantly affect the relationship between heterogeneous environmental regulation, common prosperity and green innovation, which provides a basis for policymakers to implement heterogeneous environmental regulation and makes up for the shortcomings of existing studies.
2 LITERATURE REVIEW
Environmental regulation is the government’s effort to promote sustainable development through appropriate policy measures, guiding enterprises to focus on environmental protection while pursuing economic benefits (Yu and Wang, 2021). In recent years, scholars have conducted more detailed discussions on the impact of environmental regulation, which has evolved from a single type of regulation to multiple types of regulation. Bocher divided environmental regulation into information, cooperation, economy, and regulation based on the selection of environmental policy tools, which became the foundation of later research Böcher, (2012). From the perspective of differentiated corporate decision-making, environmental regulation can be divided into legislative regulation, law enforcement regulation, and economic regulation (Albrizio et al., 2017).
The research on content mainly focuses on direct exploration of corporate competitiveness, which has led to two completely different perspectives. One view is that strict operating costs of enterprises will suppress their competitiveness (Yang et al., 2024); And another proposition is to stimulate innovation vitality, thereby enhancing long-term competitiveness (Lei et al., 2024). As research deepens, scholars gradually realize that there is significant heterogeneity in R&D investment. For example, a study by Jaffe and Palmer, (1997) on manufacturing data in the United States showed a significant positive correlation between pollution control spending and research and development investment. L ó pez (2018) pointed out that in some developed countries, strong environmental regulations may incentivize companies to engage in green innovation, while in developing countries, overly strict regulations may impose heavier burdens on companies, thereby suppressing innovation incentives. Secondly, the regional heterogeneity of regulations is closely related, with regions with more mature economic development often having stricter environmental regulations (Kemp and Pontoglio, 2011). The role of social factors in heterogeneous environmental regulation is also receiving increasing attention, as public attitudes and participation in environmental protection can have a significant impact (Hügel and Davies, 2020).
It has always been a hot topic in academic research. Some studies suggest that environmental regulation can promote the development of green innovation. For example, Porter and Linde’s (1995) Porter hypothesis suggests that appropriately designing corporate innovation and applying new technologies can improve productivity. However, studies have also shown that environmental regulations may have a restraining effect on green innovation. For example, Cropper and Oates (1992) argue that additional environmental regulations will only increase companies' costs and reduce their ability to innovate in specific company technologies, resource allocation, and consumer demand. Further research suggests that corporate characteristics such as size, industry, and technological capabilities can also affect their response to environmental regulations. Due to abundant resources, large companies are better able to cope with the challenges brought by environmental regulations and participate in technological innovation. On the other hand, small and medium-sized enterprises may face greater pressure and therefore require more policy support and incentives. Research has shown that when formulating environmental policies, governments should implement differentiated policies as needed to effectively promote green innovation.
In summary, heterogeneous environmental regulation is an important tool for promoting green innovation (Zhang et al., 2018; Zhou et al., 2020). However, current research on the impact of heterogeneous environment r mainly focuses on the enterprise level, with less research at the provincial level. In addition, the mechanisms of action of intermediary tools vary (Stavins, 1996). Common prosperity is also an important indicator of the impact of heterogeneous environmental regulation on the development of green innovation. It mainly measures the fairness of social wealth distribution and the balance of economic development, and as an intermediary variable, it plays a guiding role in policy formulation. The goal of common prosperity encourages the government to pay more attention to the balance between social equity and economic development when formulating and implementing environmental regulation. Therefore, it is necessary to study the impact mechanism of various types of environmental regulatory tools in different regions of China on the development of green innovation in order to formulate China’s environmental regulatory policies more accurately and further improve the development level of green innovation.
3 THEORETICAL ASSUMPTIONS AND MECHANISTIC ANALYSIS
3.1 Environmental regulation and green innovation
Command-and-control environmental regulation is an environmental management method based on government coercion. It directly restricts the environmental behavior of enterprises through measures such as setting pollutant discharge standards, implementing treatment within a time limit, and forcing the closure of polluting enterprises (Cui et al., 2022). At the initial stage, low intensity command-and-control environmental regulation may be due to low compliance costs, enterprises lack sufficient motivation to carry out green innovation, and the effect of green innovation is not significant. However, with the strengthening of command-and-control environmental regulations, enterprises are faced with more stringent environmental requirements, and compliance costs rise significantly, forcing enterprises to reduce environmental impact, improve production efficiency and reduce costs through technology research and development and green innovation (Liu et al., 2024). For example, provincial governments, through strict pollutant discharge standards, force enterprises to develop cleaner production processes or introduce environmentally friendly technologies, thus promoting the development of green innovation (Lin and Du, 2015; Zhao et al., 2020). Therefore, command-and-control environmental regulation promotes green innovation behavior at the provincial level by enhancing environmental binding force.
H1. The relationship between command-and-control environmental regulation and green innovation across regions is U-shaped
Market incentive environmental regulation is a kind of environmental management mode based on economic means, mainly through tax incentives, financial subsidies, emission trading and other market-oriented tools to encourage enterprises to adopt environmental protection behaviors. In the initial stage, appropriate market incentive environmental regulation can stimulate green innovation input and promote the development of green innovation by reducing environmental protection costs (Xie et al., 2024). However, when the intensity of market incentive environmental regulations is too high, too strong economic incentives may lead to enterprises over-relying on external subsidies or preferential policies instead of achieving green development through independent technological innovation, thus inhibiting the effect of green innovation (Dong et al., 2023). For example, provincial governments encourage enterprises to adopt environmentally friendly technologies through high subsidies, which may cause enterprises to neglect R&D investment in technology in order to obtain subsidies, thus affecting the sustainability of green innovation (Kemp and Pontoglio, 2011; Testa et al., 2011). Therefore, the market incentive environmental regulation at the provincial level needs to balance the incentive intensity within a moderate range in order to give full play to its role in promoting green innovation.
H2. The relationship between market-incentivized environmental regulation and green innovation in the regions is inverted U-shape
Public participation environmental regulation is an environmental management method based on social forces. It indirectly affects the environmental behavior and green innovation of enterprises by improving public awareness of environmental protection, enhancing social supervision, and promoting public participation in environmental governance (Weihe, 2023). In the initial stage, low-intensity public participatory environmental regulation may lead to weak public awareness of environmental protection, insufficient social supervision, and insignificant promotion of green innovation (Karplus et al., 2021). However, with the enhancement of the intensity of public participatory environmental regulation, the enhancement of public awareness of environmental protection and the enhancement of social supervision, enterprises are forced to increase investment in green innovation in order to meet social expectations and avoid negative evaluation, so as to promote the development of green innovation (Hille et al., 2020; Shao et al., 2020). For example, the increase in consumer preference for environmentally friendly products has forced the development and promotion of green products, thus promoting the realization of green innovation. Therefore, public participatory environmental regulation at the provincial level promotes enterprises' green innovation behavior by enhancing social participation and supervision.
H3. The relationship between public participation environmental regulation and green innovation in each region is U-shaped.
3.2 The moderating role of common prosperity
Against the backdrop of the global environmental crisis and resource scarcity, green innovation has become an important driver of sustainable development in all countries (Wang et al., 2021). Heterogeneous environmental regulation influences innovation behavior at the provincial level through different policy instruments, and common prosperity, as an important socioeconomic goal, may play a moderating role in this process. First, command-and-control environmental regulation directly constrains provincial environmental behavior through laws and regulations. Such coercive measures may initially lead to higher costs and thus dampen innovation incentives in the short run (Wu W. Q. et al., 2020). However, when the level of regional common prosperity rises, public concern for environmental protection increases and a sense of social responsibility ensues (Zhao et al., 2022). In this context, the provincial level is more likely to initiate green innovations to meet social expectations and market demands. Common prosperity can provide a more stable economic base and favorable development environment for the provincial level, which makes it more responsive to command-and-control environmental regulations (Tomizawa et al., 2020). This can lead to a U-shaped relationship.
H4. Common prosperity positively moderates the U-shaped relationship between command-and-control environmental regulation and green innovation.
Second, market-incentivized environmental regulations aims to incentivize green innovation development through market mechanisms such as financial subsidies and tax incentives (Gao et al., 2024). At the provincial level, these types of regulatory measures are often able to quickly attract positive responses from regions at the initial stage. By introducing a series of preferential policies, such as providing subsidies for R&D funding and reducing or exempting related taxes and fees, provinces effectively reduced the cost of green innovation R&D and application, thus stimulating the enthusiasm of regions to carry out green innovation (Xu et al., 2023). During this period, frequent and efficient interactions between the government and market players jointly promoted the rapid development of green innovation. Based on this, the following hypotheses are proposed.
H5. Common prosperity negatively moderates the inverted U-shaped relationship between market-incentivized environmental regulation and green innovation.
Finally, the core of public participatory environmental regulation as an innovative environmental management model lies in fully recognizing the irreplaceable role of the public in environmental protection. Under the traditional environmental management framework, the public is often regarded as a passive recipient of environmental policies, and its role is relatively passive and limited (Zhong et al., 2021). However, with the popularization and enhancement of environmental protection awareness, the public has gradually realized its own responsibility in environmental protection and started to actively participate in the decision-making and monitoring process of environmental protection (Jiang and Xie, 2021). Especially in the context of the steady increase in the level of common prosperity in the region, the public’s standard of living continues to improve, and their desire for a better life is becoming stronger and stronger. This aspiration is not only reflected in material affluence, but also in higher demands for environmental quality (Islam and Wang, 2023). The public began to pay more attention to the environmental problems around them, such as air pollution, water pollution, soil pollution, etc., and hope that the government can take effective measures to solve them.
H6. Common prosperity positively moderates the U-shaped relationship between public participatory environmental regulation and green innovation.
4 MODELS AND DATA
4.1 Selection of variables
4.1.1 Explained variables
Green innovation is to see whether we are doing something to protect the environment, and whether we are developing sustainably. Nowadays, both at home and abroad, people like to use the number of green patent applications as a measure of green innovation in their research. This paper follows this approach and uses the number of green patent applications per province per year and then adds a natural logarithm so that it can better measure green innovation (Ghisetti and Quatraro, 2017). The advantage of this method is that with the use of the natural logarithm, it reduces the bias in the data, making it more scientific and accurate as shown in Table 1.
TABLE 1 | Common prosperity development level indicator system.
[image: Table 1]4.1.2 Explanatory variables
The disparate environmental regulations are divided into three categories (Ren et al., 2018; Shen et al., 2019). The first is command-and-control environmental regulation (ER1), which looks at how many environmental statutes, regulations, and standards come out of each province each year. The second is market-incentivized environmental regulation (ER2), which looks at how much money each province spends on pollution control as a percentage of its GDP. The third is public participation-based environmental regulation (ER3), which is expressed by adding up the number of letters, phone calls, and internet complaints and taking a natural logarithm. This way we can more clearly distinguish between different environmental regulations.
4.1.3 Moderator variables
Common prosperity Level (CP). The combination of “common” and “prosperity” is the foundation. Therefore, we measures the common prosperity level of Chinese cities from the two dimensions of “common” and “prosperity”, and adopts the entropy weight method to determine the common prosperity level (Liu et al., 2023), as shown in Table 2.
TABLE 2 | Definition of variables.
[image: Table 2]4.1.4 Control variables
Based on the existing research, some indicators with provincial characteristics are added as control variables to reduce the analysis error as much as possible. Labor force level (LF) (Zhang et al., 2023); Industrial structure (IS) (Xue et al., 2022); Population density (PD) (Tan and Kaili, 2023); R&D intensity (INUR) (Liu et al., 2017); Urbanization level (UR) (Chen and Lin, 2021). Table 3 is the descriptive statistics of the variables.
TABLE 3 | Descriptive statistics of variables.
[image: Table 3]4.2 Construction of empirical model
To test the above hypotheses one by one, regression models Equations 1–3 are constructed:
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where, i and t represent individual and time. GI represents provincial green innovation and ER represents heterogeneous environmental regulation. In order to test the possible nonlinear relationship between heterogeneous, the second term ER2 of heterogeneous environmental regulation is added. CP represents the development level of common prosperity, (CP*ER) represents the interaction term between common prosperity and heterogeneous environmental regulation, and (CP*ER2) represents the interaction term between common prosperity and the secondary term of heterogeneous. X represents other control variables, ∑Year and ∑Province represent the fixed effects of each province in the year and place, respectively, ε is the random disturbance term.
4.3 Data sources
When writing this study, we fully considered the availability and comprehensiveness of the data. Therefore, this paper selects 30 provinces in Chinese Mainland from 2010 to 2020 (excluding Xizang Autonomous Region, Macao Special Administrative Region and Taiwan) as research objects, in order to comprehensively and accurately reflect the relationship. In terms of data sources, the variables involved in this article are mainly sourced from the following authoritative yearbooks: China Statistical Yearbook, China Industrial Economic Statistical.
In order to ensure the integrity of the data and the accuracy of the study, we used interpolation to fill in missing data in some variables. The use of interpolation method aims to restore the original trend of data as much as possible and reduce the potential impact of data loss on research results. In addition, in order to eliminate or reduce the differences in numerical scale of different variables and avoid certain variables dominating the model results due to their values being too large or too small during statistical analysis, we performed logarithmic transformation on all variables. Logarithmic processing not only helps balance the order of magnitude differences between variables, but also improves the distribution characteristics of data to a certain extent, making it closer to a normal distribution, thereby enhancing the effectiveness and reliability of statistical analysis.
5 EMPIRICAL RESULTS AND ANALYSIS
5.1 Regression analysis
Table 4 shows the regression results for the main variables. Among them, column (1) reports the effect of ER1 on provincial green innovation, ER1 and ER12 coefficients of −0.192 and 0.041 respectively are significant at the 1% level, indicating that ER1 has a U-shape relationship with GI and H1 is verified. The curve inflection point 2.341, when the provincial ER1 intensity has not reached the inflection point, that is, when the cost of institutional implementation is lower than the cost of research and development, there will be a lack of incentives for green innovation, and they will choose to pay low-cost pollution penalties rather than actively engage in green innovation. When the provincial ER1 exceeds the inflection point, when the cost of pollution penalties is higher than the operational benefits, it pushes back green R&D and gradually generates an innovation compensation effect to promote green innovation.
TABLE 4 | Regression results of variable.
[image: Table 4]Column (2) of Table 4 reports the impact of ER2 on provincial green innovation. The ER2 and ER22 coefficients are 0.439 and −0.21, respectively, which are both significant at the 5% level, indicating that ER2 has a significant inverted U-shaped relationship with GI, as verified by H2. The inflection point of the curve is 1.05, indicating that when the ER2 intensity is located on the left side of the inflection point, facing the market-incentivized environmental regulation, the sectors are more inclined to actively cater to the subsidy policy, improve the original production technology and product design to meet the environmental standards of the green products in order to better enjoy the policy incentives. When ER2 intensity is on the right side of the inflection point, in order to obtain stronger green incentives, they tend to take advantage of the government’s information disadvantage to seek rents, reduce the real investment in green R&D, and weaken the ability of green innovation.
The impact of public participation-based environmental regulation on green innovation is reported in column (3) of Table 4. The coefficients of ER3 and ER32 are −0.288 and 0.019 in that order, which are significant at the 10% and 5% levels, respectively, indicating that ER3 has a significant U-shaped relationship with GI, and H3 is verified. The inflection point of the curve is 7.579, the strength of public participatory environmental regulation is small, reflecting the relatively weak public awareness of environmental protection and the weak enthusiasm for green innovation. Along with the enhancement of ER3, the public plays an increasing role in social opinion and supervision, and its consumption preference is also tilted toward environmentally friendly products, which drives green innovation output to a certain extent.
Further, the moderating effect of common prosperity is tested (Haans et al., 2016). In column (4) of Table 2, the coefficient of the interaction term between CP and ER12 is 0.006, which is significantly positive at the 5% level, the promotion effect of ER1 on GI increases with CP, [image: image] is at 0, and the inflection point of the U-curve shifts to the left with CP, which suggests that counting common prosperity can significantly modulate the U-shape, which verifies the H5. In column (5), the coefficient of the interaction term between CP and ER22 is 0.027, which is significantly positive at the 5% level, the distortion effect of ER2 on GI decreases with increasing CP, [image: image] is greater than 0, and the inflection point of the inverted U-shape curve is shifted to the right with CP, the statement that common prosperity can significantly moderate the inverted U-shaped relationship between command-and-control environmental regulations and green innovation has been validated, which verifies the H6. In column (6), the coefficient of the interaction term between CP and ER32 is 0.030, which is significantly positive at the 1% level, the inverse effect of ER3 on GI increases with CP, [image: image] is less than 0, and the inflection point of the U-shaped curve shifts to the left with the increase of CP, indicating that common prosperity can significantly regulate the relationship between the public-participation type of green innovation, which verifies H7.
5.2 Endogenetic analysis
Because there may be some endogeneity problem between variables, it will affect the empirical conclusion. Referring to the practice of previous scholars, the lag of heterogeneous environmental regulation was used as an instrumental variable for 2SLS estimation (Huang et al., 2023). As shown in column (7) of Table 4: Except for some changes in the significance of some control variables, the coefficient sizes, positive and negative directions of the main explanatory variables and control variables are basically consistent with the benchmark regression. This also shows that the endogeneity problem of the model in this paper does not affect the robustness of the regression results on the whole, and the regression results are relatively robust.
5.3 Robustness tests
5.3.1 Replacement of explanatory variables
Drawing on the study of (Lin and Li, 2011), in order to enhance robustness, this paper redefines green innovation in terms of green patent applications/total patent applications, and the results are shown in columns (1)–(3) of Table 5. The results are shown in columns (1)–(3) of Table 5. The coefficients of ER12 and ER22 are 0.052 and −0.066 respectively, which are significant at the 1% level, and the coefficient of ER32 is 0.021, which is significant at the 10% level, and the coefficients of the interaction term between CP and ER12 are 0.008, which are significant at the 5% level, while the coefficients of the interaction terms between CP, ER22 and ER32 are 0.046 and 0.012 respectively, the conclusion is basically consistent with the previous paper and well supports the previous hypothesis.
TABLE 5 | Robustness regression results.
[image: Table 5]5.3.2 Replacement regression models
In order to ensure the reliability of the model design, this paper adopts the Tobit model to conduct regression analysis again, and the results are shown in columns (4)–(6) in Table 5. It can be seen from the primary regression coefficients of ER1, ER2 and ER3 that all are at a certain significant level, and the secondary regression coefficients are also at a certain significant level, indicating that the impact of heterogeneous environmental regulations on green innovation is U-shaped. The regression coefficient of common prosperity is significant at the 1% level, and the primary and secondary interaction terms of common prosperity and heterogeneous environmental regulations are significant at or above the 5% level, indicating that the realization of common prosperity can positively regulate the impact of environmental regulations on green innovation. The results obtained by the replacement regression model are consistent with the baseline regression, which indicates that the above conclusions are robust.
5.4 Heterogeneity analysis
Due to the different levels of environmental policies and common prosperity development in each region, the impact mechanism of green innovation in each region also reflects certain geographical characteristics. Based on this, this paper further divides the East, Central and West samples to explore the differences in the geographical effects of the sub-samples.
5.4.1 Heterogeneity across regions
In Table 6, (1) the impact of command-and-control environmental regulations on green innovation in both the eastern and central regions exhibits a U-shaped characteristic, while in contrast, the relationship between the two in the western region is not significant; (2) the impact of market-incentivized environmental regulation on green innovation in the eastern region has an inverted U-shape, which suggests that green subsidy incentives in the eastern region are more effective in compensating for the cost of pollution control (Zeng and Yang, 2023). The relationship between the two is not significant in the central and western regions; (3) the effect of public participatory environmental regulation on green innovation is U-shaped in the eastern region and insignificant in both the central and western regions, which may be due to the overall low public environmental awareness and insufficient green innovation pushback in the central and western regions.
TABLE 6 | Results of heterogeneity analysis.
[image: Table 6]5.4.2 Heterogeneity in the level of economic development
To examine the impact of heterogeneous environmental regulations on green innovation across different levels of economic development, following the research of Song et al. (2020), we use the level of urban economic development as the criterion for classification, with per capita GDP as the measure of economic development level. By calculating the median to group the samples and performing regression analysis, the results are shown in Table 6, columns (4)–(6). Heterogeneous environmental regulations have a more significant impact on developed and moderately developed regions, possibly because developed regions have scale advantages in terms of industrial structure, environmental governance investment, and technological innovation, forming a certain agglomeration effect that is conducive to the optimal allocation of resources, while the effects in less developed regions are not significant.
6 CONCLUSIONS AND POLICY IMPLICATIONS
6.1 Conclusion
The article based on panel data from 30 provinces from 2010 to 2020, constructs a two-way fixed effects model to test the relationship between heterogeneous environmental regulations and green innovation, as well as the joint effect of common prosperity. The research results show:
(1) In response to the differentiated impacts of various types of environmental regulations on green innovation, the government should implement more refined and differentiated environmental regulation strategies to maximize their positive effects while minimizing potential negative impacts. For command-and-control environmental regulations, given the U-shaped relationship between them and green innovation, the government should timely adjust the intensity of regulations to ensure that policy can cross the inflection point of the U-shaped curve, thereby stimulating the innovation compensation effect of enterprises. For market-incentivized environmental regulation, in light of the inverted U-shaped relationship with green innovation, the government must be vigilant against rent-seeking behavior and reduced innovation investment that may result from excessive incentives. Regarding public participation-based environmental regulation, enhancing public environmental awareness is key to breaking through the inflection point of the U-shaped curve. The government should increase the intensity of environmental education and propaganda, popularize the concept of green living through various channels such as media and social platforms, and enhance the public’s sense of environmental responsibility and participation.
(2) Common prosperity has a significant promoting effect on green innovation, and positively regulates the U-shaped relationship between command and control, public participation-based environmental regulation and green innovation, and negatively regulates the inverted U-shaped relationship between market-incentivized environmental regulation and green innovation. Common prosperity not only directly promotes the flow of green elements, optimizes the research and development process, and promotes green innovation, but also shifts the U-shaped curve of command-and-control, public participation regulation and green innovation to the left, and the inverted U-shaped curve of market incentive regulation and green innovation to the right.
(3) By comparing the regional effects of heterogeneous environmental regulation, common prosperity and green innovation, it is found that there are obvious regional differences among the influence relationships among the three. Among them, command-control regulation only has a “compensation effect” in the eastern and central regions, market-incentivized environmental regulation only has an inverted U-shaped relationship in the eastern region, and public participation-based environmental regulation only has a significant reverse force effect in the eastern region. Furthermore, the regulatory ability of common prosperity to command-and-control and market-incentive regulation is more significant in the central and western regions, while the regulatory ability to public participation regulation is more significant in the eastern and central regions.
6.2 Policy implications
6.2.1 Differentiated implementation of environmental regulation policies to optimize the incentive mechanism for green innovation
In view of the differentiated impact of different types of environmental regulations on green innovation, the government should implement more refined and differentiated environmental regulation strategies to maximize the positive effects and minimize the potential negative effects. For command-and-control environmental regulation, in view of the U-shaped relationship between it and green innovation, the government should timely adjust the regulatory intensity to ensure that the regulatory policy can cross the inflection point of the U-shaped curve, so as to stimulate the innovation compensation effect of provinces. In view of the inverted U-shaped relationship between market-motivated environmental regulation and green innovation, the government should be alert to the rent-seeking behavior and the reduction of innovation investment that may be caused by excessive incentives. With regard to public participatory environmental regulation, enhancing public awareness of environmental protection is the key to breaking through the inflection point of the U-shaped curve. The government should strengthen environmental protection education and publicity, popularize the concept of green life through various channels such as media and social platforms, and enhance the public’s sense of environmental responsibility and participation.
6.2.2 Strengthening the moderating role of common wealth to promote the balance
The government needs to take the following measures: first, prioritize investment in green infrastructure, such as clean energy and public transportation, to promote green innovation and narrow regional development gaps. Second, through fiscal and tax policies, it should guide the flow of green innovation resources to less developed regions, especially in the central and western regions, in order to realize the balanced development of green technologies. Finally, establish a cross-regional and cross-industry green innovation cooperation mechanism to share R&D results and promote knowledge spillover and collaborative innovation, especially in digital investment, in order to enhance the efficiency of green innovation in the central and western regions. These measures will help to realize the positive interaction to the balanced development.
6.2.3 Constructing a multi-level environmental governance system
In response to the geographical characteristics of environmental regulation, and under the guidance of the concept of common prosperity, we have constructed a differentiated environmental governance system aimed at solving environmental problems more effectively. Specific measures include: first, strengthening inter-regional synergistic governance, establishing a cross-regional pollution prevention and control mechanism, and promoting the formation of positive spillover effects of green innovation through sharing governance experience, so that the fruits of environmental governance can benefit a wider range of regions; second, encouraging regions to tailor distinctive environmental policies based on their own resources and ecological characteristics, such as promoting a circular economy, and implementing ecological protection measures, in order to better meet the actual needs of local development; again, we will enhance the capacity of grassroots governance, and improve the relevance and effectiveness of environmental governance through community self-governance and public participation, in particular by strengthening public participation in environmental regulation. In terms of public participation, we should give full play to the role of grass-roots organizations as a bridge and link to promote effective communication and cooperation among the Government, enterprises and the public. These diversified measures will give a strong impetus to the realization of a multi-level and differentiated pattern of environmental governance, which will in turn promote the geographically balanced development of green innovation and lay a solid foundation for achieving the goal of sustainable development.
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