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As a special category of investment, environmental protection investment can provide important funds and technological support for a region, achieve green production, and promote green development. This article uses a benchmark regression model based on panel data from 30 provinces in China from 2007 to 2020 to analyze the impact of environmental protection investment on the level of green development. It specifically examines the effects of urban environmental infrastructure investment, industrial pollution control investment, and completion of environmental protection acceptance projects on the level of green development. It also explores how different regions can make use of environmental protection investment according to local conditions. Additionally, due to the spatial spillover effect of environmental protection investment, this article introduces the spatial Durbin model to study the spillover effects. Furthermore, in order to effectively promote green economic development through environmental protection investment, it is necessary to upgrade the industrial structure. Therefore, this article also uses the mediation effect model to explore the relationship between environmental protection investment, industrial structure upgrading, and the level of green development. The research findings are as follows: 1) environmental protection investment can promote the development of green level; 2) the various components of environmental protection investment have different effects on the level of green development. Urban environmental infrastructure investment has a promoting effect on the level of green economic development, while industrial pollution control investment and completion of environmental protection acceptance projects have a restraining effect; 3) environmental protection investment has a positive spillover effect in spatial terms, promoting the green development of surrounding areas while driving the local green development level; 4) as an important driving force for promoting green economic development, environmental protection investment relies on the support of industrial structure upgrading, and further optimization and upgrading of the industrial structure can achieve green economic development. Based on these findings, this article proposes that each region should increase environmental protection investment, implement the concept of green development, and leverage the positive impact of each component of environmental protection investment on local green development according to local conditions. At the same time, each region should also pay attention to the role of industrial structure upgrading and make rational use of environmental protection investment to promote green development.
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1 INTRODUCTION
Green development has always been an important topic in global environmental governance, as countries are suffering from the ecological and environmental pollution issues brought about by the rapid development of industrial civilization (Luo et al., 2021; Cao et al., 2022a). Green development is an economic growth and social development approach with the goals of efficiency, harmony, and sustainability (Frydman et al., 2022; Hu et al., 2023). In the early stages of development, many countries relied on high-energy-consuming industrial enterprises, which, while driving economic growth, also damaged the natural environment (Zhao et al., 2022). At present, the economic and social development of countries around the world requires a transition to green development. From the current perspective, although traditional industries are still the cornerstone of economic development in various countries, governments have gradually realized the important concept of harmonious coexistence between humans and nature. Starting from the adoption of the Kyoto Protocol in 1997 to the United Nations Framework Convention on Climate Change, the control of carbon emissions to mitigate global warming has become a fundamental global rule. In this regard, as the world’s second-largest economy, China has a greater obligation to participate in the global environmental governance process, demonstrating the responsibility of a major country (Wang and Yu, 2020; Pan et al., 2023). The Chinese government has proposed that by 2030, the carbon dioxide emissions per unit of GDP will no longer increase, achieving a “carbon peak”; and by 2060, “zero emissions” will be realized, achieving “carbon neutrality,” injecting new impetus into green and low-carbon development.
As Song et al. (2022) and Majeed et al. (2022) have pointed out, the “pollute first, clean up later” development model is no longer feasible. This forces us to consider how to balance the relationship between the environment and the economy in order to further achieve stable economic development. Due to China’s large population and vast land area, this means that China needs to adhere to stricter standards in the transition to green development. Firstly, within the context of global environmental governance, green development should radiate throughout the entire process of economic activities to ensure that businesses and individuals participating in economic activities can support the development of green initiatives (Wang and Yu, 2020). Meanwhile, while further promoting economic development, more attention should be paid to the level of welfare and environmental protection (Han et al., 2023). Since many governments currently emphasize slowing down economic growth to protect the environment, this policy, while reducing pollution, may indirectly lower people’s living standards, leading to even greater social issues (Ajl, 2021; Zeeshan et al., 2021a). Therefore, China should invest more funds and technology in promoting the transformation of high-energy-consuming enterprises while further promoting high-quality economic development, achieving industrial structure upgrading, and ultimately realizing green economic development to improve people’s living standards. The 20th National Congress of the Communist Party of China has clearly stated that governments at all levels should vigorously support financial, fiscal, and investment measures that promote green economic development and vigorously develop green, low-carbon industries (Feng and Liu, 2023).
Among them, environmental protection investment can effectively promote the protection of the ecological environment, the control of environmental pollution, the rational allocation of resources, and the coordinated and unified development of high-quality economy (Luo et al., 2021; Hussain et al., 2023). Environmental protection investment refers to investment made to protect and improve environmental quality and prevent ecological degradation (Makhdum et al., 2022). Environmental protection investment can stimulate the enthusiasm of social capital to participate in the development of green industries, providing more financing channels and funds for enterprises and individuals engaged in green production (Maihami and Ghalehkhondabi, 2022; Hu et al., 2023). The vigorous promotion of environmental protection investment will promote the development of emerging green industries, and the industrial structure will also transform from high-energy-consuming enterprises to green and environmental protection industries, realizing industrial structure upgrading and further promoting the economy towards green and low-carbon development (Majeed et al., 2022; Pan et al., 2023). Currently, China’s industrial structure is actively combining high-tech industries with traditional industries, promoting the transformation of high-energy-consuming enterprises to control environmental pollution caused by economic development. From the perspective of China’s economic development reality, industrial structure upgrading is an important way to coordinate high-quality economic development and the development of environmental protection (Zeeshan et al., 2022; Xu and Zhou, 2023). At present, as an important driving force for promoting China’s level of green development, environmental protection investment relies on the support of industrial structure upgrading. At the same time, establishing a sustainable green industrial structure can ensure the youth and vitality of China’s ecological civilization construction, and also contribute China’s efforts to global environmental governance (Cui et al., 2023a; Cui et al., 2023b). The current research on the impact of environmental protection investment on the level of green development by scholars has the following shortcomings:
Firstly, the proportion of environmental protection investment in China’s GDP is still relatively low, and its purification and driving role in the national economy is relatively weak (Zhao et al., 2022), which leads to the following two problems. Firstly, the impact of environmental protection investment on the level of green development in various regions needs to be studied; secondly, it is necessary to examine whether the various elements that make up environmental protection investment really have a promoting effect on the level of green development. Most scholars exploring the impact of environmental protection investment on green development focus on constructing the level of green development and use DEA method to explore the level of green development in various regions (Luo et al., 2021; Su and Fan, 2022; Pan et al., 2023). Although this can provide a more intuitive understanding of the efficiency of green development in various regions, it also overlooks the direct role of environmental protection investment (Cao et al., 2021; Ai et al., 2022).
Secondly, most scholars believe that environmental protection is a social responsibility that companies should fulfill, so the main focus of their discussions on environmental protection investment is primarily on internal corporate data (Ajl, 2021; Fairbrother et al., 2021; Brown et al., 2023). Internal environmental protection investment in companies is often used for R&D investment to optimize production structures, so most scholars’ research on environmental protection investment is limited to studying its impact on technological innovation in companies (Wang and Yu, 2020; Deng et al., 2021). Although technological innovation is an important means of promoting the upgrading of industrial structures in companies or regions, and is a key approach to developing new types of green industries, it cannot fully explain the overall impact of environmental protection investment on the level of green development in China without considering the overall development of environmental protection investment in the region, as well as local infrastructure development and the basic living conditions of the people (Cao et al., 2022b; Cao et al., 2022c).
In addition, most scholars acknowledge the role of industrial structure upgrading in green development level and environmental investment, but they have not conducted specific empirical analysis on the role of industrial structure upgrading in environmental investment and green development.
Based on the above shortcomings, this article has the following three innovative points:
(1) The focus of the paper is on the impact of environmental protection investment on the level of green development. After constructing the environmental protection investment system, the various indicators that make up the environmental protection investment are analyzed. By comparing the regression of the refined indicators with the total regression of the environmental protection investment indicators, some reference value can be provided for subsequent policies, which contributes to the paper’s social contribution. At the same time, the paper also introduces the spatial Durbin model to explore the relationship between environmental protection investment and the level of green development, further analyzing the spatial effects and spillover effects of environmental protection investment on the level of green development.
(2) Looking at various provinces in China, the green development level system has been constructed from four aspects: research and development investment, green production, living environment, environmental governance, and infrastructure. Green development is not only dependent on technology and economic growth, but also requires comprehensive consideration of the local cultural and environmental conditions. Only by doing so can environmental investment be used appropriately in local green industry construction, and the concept of harmonious coexistence between humans and nature can be truly achieved.
(3) Explored the relationship between environmental protection investment, industrial structure upgrading, and green development level, and specifically analyzed how industrial structure upgrading as an intermediary variable guides environmental protection investment to promote green development, further explaining the importance of industrial structure upgrading for the development of China’s green industry.
Based on the necessity of implementing China’s green development path and the urgency of environmental governance, this paper measures the level of green development and explores the mutual influence relationship among environmental investment, the level of green development, and industrial structure. From the aspects of green production, human living environment, environmental governance, and infrastructure, this paper constructs a performance index of green development level to reflect the degree of green development in various regions. By constructing benchmark regression models and spatial Durbin models, this paper explores the impact of environmental investment on the level of green development, and introduces industrial structure upgrading as a mediating variable to investigate the influence path among the three factors.
2 LITERATURE REVIEW AND RESEARCH HYPOTHESIS
2.1 Environmental protection investment and green development level
The theory of environmental sustainability suggests that economic activities should operate within the scope of resource substitutability and the capacity of natural systems, in order to ensure the maintenance of ecological balance and the long-term sustainable use of resources. According to the theory of environmental sustainability, the research on green development is of great significance in order to further achieve global carbon reduction goals and realize sustainable development strategies. Green development, as a comprehensive indicator, can effectively reflect the economic development efficiency of a region. It was first proposed at the Fifth Asia-Pacific Environmental Conference and is a form of economic growth that protects the environment, considering various aspects of economy, society, livelihood, and ecology (Li et al., 2020; Hussain et al., 2023). On the other hand, environmental protection investment, as an emerging form of green investment, can further promote the development of green economy. The biggest difference between environmental protection investment and traditional investment lies in how these two investment modes handle the relationship between economic growth and environmental protection (Makhdum et al., 2022). Since environmental protection investment is also a comprehensive indicator, it can provide financial support for the transformation of high-energy-consuming enterprises, the improvement of urban infrastructure, and the development of environmental protection undertakings, thereby promoting the development of green economy. Therefore, scholars’ research can be summarized from these dimensions (Cui et al., 2022). Firstly, environmental protection investment can provide more funds for enterprises, promote the transformation of high-energy-consuming enterprises, and achieve industrial upgrading. The funds related to environmental protection investment are mainly used to support green industries and projects. Some high-energy-consuming enterprises can utilize these funds to optimize and upgrade their internal operations, carry out technological innovations, and achieve green transformation (Zhao et al., 2022; Xu and Zhou, 2023). In this process, not only do enterprises themselves achieve industrial structure optimization, but it also promotes the transformation of industrial structure towards a green and low-carbon structure in a region, optimizing resource allocation, and truly achieving harmonious coexistence between humans and nature. However, in heavy industry regions that heavily rely on the development of high-energy-consuming enterprises, if the local enterprises are rashly subjected to green transformation, it may impede the local economic development. Deng et al. (2021) pointed out that the development of a green economy should be based on the stable operation of the economy. It is not suitable to carry out green and low-carbon transformation in economically underdeveloped areas and heavy industry regions. Not only will these investment funds not be well utilized for the development of green industries, but also the transformation of local pillar enterprises will lead to economic downturn. Therefore, it is important to promote the development of green industries according to local conditions and implement environmental protection investments that are appropriate for different regions (Han et al., 2022).
Secondly, environmental protection investment can improve local infrastructure construction and promote regional green development. Since the main goal of green economic development is to achieve effective unity between environmental protection and economic development, and to promote the improvement of people’s living standards in the process, when carrying out environmental protection investment, not only the green transformation of enterprises should be considered, but also the basic living of the people should be guaranteed (Hussain et al., 2023). Some foreign scholars regard environmental protection investment as a kind of social responsibility investment. They believe that when enterprises carry out investment, they should take into account the social and environmental impacts. In their view, the most important thing for enterprises when carrying out environmental protection investment is to solve the issue of social fairness. Because most environmental protection policies will restrict economic development, economic downturn may cause more people to lose their jobs, thereby reducing citizens’ welfare. Foreign scholars believe that environmental protection investment requires policy incentives from the government to promote investment by enterprises in terms of funding and technology. Therefore, when enterprises or individuals carry out environmental improvement, they should not only focus on visible governance investment, but also pay attention to local environmental infrastructure construction and ensure the basic living of the people. As Zeeshan et al. (2021b) have said, relevant environmental protection funds will first be used for social security construction and economic infrastructure construction. In this way, the funds that are truly used for the development of green industries will be very limited. In addition, Wang and Wang, (2021) have also mentioned that environmental protection investment may trigger systemic risks, so when developing green economy, it is also necessary to consider whether local economic foundation can effectively promote green development (Cui et al., 2022a; Dou and Gao, 2022).
In summary, the positive impact of environmental protection investment on the level of green development needs further argumentation. Therefore, this article proposes hypothesis 1:
Hypothesis 1. Environmental protection investment will promote the level of green development.
Meanwhile, some scholars believe that the impact of environmental protection investment on the level of green development is not significant. Several reasons for the inconspicuous impact are as follows: Firstly, the positive impact of environmental protection investment on the level of green development mainly relies on government intervention. If a local government does not adopt corresponding policies or tax measures, the role of environmental protection investment will not be significant (Xu and Zhou, 2023). Institutional economics theory points out that a sound institutional environment is crucial for economic development. Favorable environmental policies are conducive to achieving a green economy at the local level. Su and Fan (2022) argue that the formulation and implementation of policies have a significant positive impact on people’s livelihoods. This means that better environmental policies can improve local environmental quality, increase people’s utility function, raise their living standards, and promote social harmony. At this point, the impact of environmental protection investment on the level of green development is not very obvious. Secondly, due to differences in economic development, geographical location, and other factors in each region, the impact of environmental protection investment on the level of green development varies in different regions (Ding et al., 2022; Su and Fan, 2022). For example, in economically developed regions, it is necessary to increase the cost of pollution for enterprises, which will drive highly polluting enterprises to undergo technological transformation and achieve industrial upgrading (Zeeshan et al., 2021a). In economically underdeveloped regions, environmental policies need to be implemented cautiously to avoid unintended consequences. They may not only increase the economic costs of backward regions but also cause environmental pollution due to the implementation of green industries. Moreover, environmental protection investment has external effects, and its impact on local environmental transformation will also have spillover effects on other regions. The theory of externalities states that the production or consumption of economic activities in one region has positive or negative effects on third parties who are not directly involved. Huang et al. (2021) believe that the positive radiation effect brought by environmental protection investment can help other regions also invest in environmental protection projects. However, some enterprises or individuals may shift their productive activities to other regions to evade the costs imposed by environmental regulations, which may harm the environment in those regions.
In summary, the impact of various components of environmental protection investment on green development varies, so it needs to be discussed separately. At the same time, the impact of environmental investment on green development in space also needs further consideration, especially the external impact of environmental investment. Therefore, this article proposes hypothesis 2:
Hypothesis 2 (a). There are significant differences in the impact of various components of environmental investment on the level of green development.
Hypothesis 2 (b). Environmental protection investment has a positive spillover effect in space.
2.2 Environmental protection investment, industrial structure upgrading and green development level
According to the Porter hypothesis, some scholars believe that industrial structure upgrading can indirectly promote the level of green development in a region. The Porter hypothesis suggests that appropriate environmental regulation can stimulate technological innovation. Technological innovation can lead traditional industries towards intelligent and green transformation, thereby achieving energy-saving and emission reduction in the production process, promoting the level of green development in the region, and achieving harmonious development between humans and nature (Zeeshan et al., 2022). To achieve harmonious coexistence between humans and nature and achieve the goal of “carbon neutrality” as soon as possible, industrial structure upgrading will be an important engine driving the economy towards green development. As mentioned earlier, environmental protection investment will promote industrial structure upgrading. Wang and Yu (2020) believe that environmental protection investment can cause a green adjustment of energy structure, industrial structure, technology structure, and consumption structure in the process of reorganizing and configuring different factors. Under policy guidance, pollution-intensive enterprises adopt measures such as reducing local low-end production capacity and promoting inter-regional investment transfer to guide the green transformation of the regional industrial structure. Therefore, environmental protection investment can promote the development of environmental protection enterprises, promote industrial structure upgrading towards a more advanced and greener direction (Su and Yu, 2020; Majeed et al., 2022). Furthermore, industrial structure upgrading will promote high-quality economic development and achieve green development (Xian et al., 2022; Zhang et al., 2022).
Currently, scholars believe that industrial structural upgrading mainly achieves green development through improving resource allocation and promoting the transformation of production factors. Firstly, industrial structural upgrading will promote technological innovation, improve the resource utilization rate of various industries, and enhance resource allocation. This process will shorten the necessary labor time for enterprise production and allow more manpower and funds to be devoted to green industries (Su and Fan, 2022). Guided by the neoclassical growth theory, technological progress is the main driving force of economic growth. Against the background of improving resource allocation, technological innovation will also strengthen the ability to handle environmental pollution and reduce the environmental losses caused by industrial structural upgrading. Secondly, industrial structural upgrading mainly emphasizes the transformation of labor-intensive and high-energy-consuming industries towards basic technology-intensive high-tech industries, which will promote the free flow of production factors between regions and promote the coordinated development of regional economies. Liu et al. (2020) and Majeed et al. (2022) believe that industrial structural adjustment, as an important way to transform the regional economic development model, can improve the economic model and environmental issues of neighboring areas while promoting local green development through the positive spillover effect. Ultimately, it can achieve coordinated development among different regions and truly realize harmonious coexistence between humans and nature.
However, some scholars have also questioned the positive impact of industrial structure on green development. This is mainly due to the external effects brought about by the upgrading of industrial structure. According to the theory of external effects, the production or consumption of a certain economic activity has positive or negative impacts on third parties who do not directly participate, and these impacts cannot be internalized through market transactions. Some high-energy-consuming enterprises already have high cost expenditures in their production and operation activities. If they rashly carry out industrial restructuring, it will inevitably increase their costs. These enterprises will transfer their production activities to other regions to avoid the costs brought about by technological upgrades, which will cause environmental pollution in other regions. Secondly, the upgrading of industrial structure may not really reduce carbon emissions in the short term, but may even increase them. Zeeshan et al. (2022) believe that in highly polluted areas with relatively backward economic development, due to the lagging behind of technological level, imposing technical transformation on local enterprises or restricting their economic activities will increase their production costs. At the same time, during the process of developing new business models and transforming their original production models, the economic activities of these enterprises may cause secondary pollution to the environment (Liu et al., 2020; Wu et al., 2022).
Due to scholars holding different opinions on the impact of industrial structure upgrading on the level of green development, and the lack of extensive research on the role of industrial structure upgrading in environmental investment and the level of green development, this paper will use the mediation effect model to specifically analyze the relationship among environmental investment, industrial structure upgrading, and the level of green development, in order to more accurately study the mechanism of the interaction between environmental investment, industrial structure upgrading, and the level of green development. Therefore, Hypothesis 3 is proposed:
Hypothesis 3. Environmental protection investment can promote green development by promoting industrial structure upgrading.
3 METHODOLOGY
3.1 Model establishment
3.1.1 Benchmark regression model (OLS)
In order to verify the above hypothesis, this paper first constructs a basic linear model (OLS) to explore the impact of environmental investment on the level of green development. The model is shown in formula (1):
[image: image]
In formula (1), [image: image] denotes region, [image: image] denotes year; [image: image] is the core explanatory variable, representing environmental investment; [image: image] is the core explained variable, representing the level of green development; [image: image] represents investment in wastewater treatment projects; [image: image] represents the investment of waste gas treatment project; [image: image] represents foreign direct investment; [image: image] represents per capita GDP; [image: image] represents the government’s attention to the environment; [image: image] represents the number of undergraduate students on campus [image: image] represents the coefficient of variables; [image: image] represents the constant term; [image: image] is a random error term.
3.1.2 Construction of spatial dubin model
In order to investigate the spatial impact of environmental investment on the level of green development, this paper constructs a Spatial Durbin Model (SDM), as shown in formula (2):
[image: image]
In formula (2), [image: image] represents the area, [image: image] represents the year; [image: image] is a [image: image] sequential geographic distance spatial weight matrix; [image: image] is the spatial autocorrelation coefficient of the dependent variable, which measures the possible spatial correlation among the dependent variables in different regions; [image: image] is the regression coefficient of the explanatory variable, which measures the influence of the explanatory variable on the explanatory variable within the region; [image: image] is the spatial regression coefficient of the explanatory variable, which measures the spillover effect of the explanatory variable; [image: image] represents the control variables, including wastewater treatment project investment [image: image], air pollution control project investment [image: image], foreign direct investment [image: image], per capita GDP [image: image], government’s attention to the environment [image: image];the number of undergraduate students on campus [image: image]; [image: image] stands for spatial fixed effects, [image: image] stands for time fixed effects, and [image: image] is a random error term.
3.1.3 Construction of mediating effect model
In order to explore the role of industrial structure upgrading [image: image] in the impact mechanism of environmental protection investment on green development level, this paper constructs a mediating effect model, as follows:
[image: image]
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In formulas (3)-(5), [image: image] denotes region, [image: image] denotes year; [image: image] is the core explanatory variable, representing environmental investment; [image: image] is the core explained variable, representing the level of green development; [image: image] is the mediating variable, representing the upgrading of industrial structure. Control variables include: wastewater treatment project investment [image: image] ; waste gas treatment project investment [image: image] ; foreign direct investment [image: image] ; GDP per capita [image: image] ; government’s attention to the environment [image: image];the number of undergraduate students on campus [image: image]; [image: image] represents the variable coefficient; [image: image] represents the constant term; [image: image] is a random error term.
3.2 Variables description
3.2.1 Explained variable
To measure the level of green development, the measurement methods of Liu and Deng, Liu and Han were used as references. Data from 30 Chinese provinces from 2007 to 2020 (excluding Tibet, Taiwan, Hong Kong Special Administrative Region, and Macau Special Administrative Region) were selected for calculation using entropy weighting method. The data sources were from the China Statistical Yearbook, China Environmental Statistical Yearbook, and China Ecological Environmental Statistical Yearbook. A green development level index system was constructed from four aspects: green production, human living environment, environmental governance, and infrastructure. The green development level performance was then obtained. Green production was composed of the total industrial electricity consumption, total amount of industrial solid waste produced, total industrial exhaust emissions, and total industrial wastewater discharge. Human living environment was composed of population density and per capita green area. Environmental governance was composed of the amount of recycled wastewater, harmless treatment rate of household waste, and comprehensive utilization rate of industrial solid waste. Infrastructure was composed of the number of public buses per 10,000 people and the coverage rate of green land in the built-up area. The specific index contents are shown in Table 1:
TABLE 1 | Green development level system.
[image: Table 1]3.2.2 Core explanatory variable
According to scholars’ definition of environmental investment, environmental investment is an investment that combines the improvement of environmental quality, improvement of industrial governance, and promotion of infrastructure construction (Xu and Zhou, 2023). Therefore, based on the availability of data, this paper selects data from 30 Chinese provinces from 2007 to 2020. Three indicators, namely, urban environmental infrastructure investment, industrial pollution source governance investment, and environmental investment in completed environmental acceptance projects for the current year, are used to construct the environmental investment index using the entropy weighting method. The data sources are the China Environmental Statistical Yearbook and the China Ecological Environmental Statistical Yearbook. The specific index contents are shown in Table 2:
TABLE 2 | Environmental protection investment system.
[image: Table 2]3.2.3 Control variable

(1) Foreign Direct Investment [image: image]: Considering the impact of foreign investment on environmental pollution, this paper refers to the method of Xu and Deng and uses FDI as a control variable, using the amount of foreign direct investment as a measure.
(2) Per Capita GDP [image: image]: Economic development level is considered an important factor affecting regional environmental pollution. Therefore, this paper uses per capita GDP as a control variable. Per capita GDP is calculated by comparing a country’s gross domestic product achieved during a specified accounting period (usually 1 year) with its resident population (or registered population).
(3) Investment in Wastewater Treatment Projects [image: image]: Considering that local water sources also need to be treated for environmental governance, investment in wastewater treatment projects is selected as a control variable. It is calculated based on the amount of investment in wastewater treatment projects.
(4) Investment in Air Pollution Control Projects [image: image]: Considering that local air pollution also needs to be controlled, investment in air pollution control projects is chosen as a control variable. It is calculated based on the investment amount in air pollution control projects.
(5) Government’s Focus on Environmental Concern [image: image]: Considering that environmental investment needs strong government support, this paper selects the government’s focus on the environment as a representation of the support for environmental protection efforts in each region.
(6) Number of Undergraduate Students [image: image]: The current high-tech industry requires highly skilled talents to drive it. Considering that a region’s highly skilled talents can contribute to the environmental protection efforts of energy-intensive enterprises, promote technological innovation, the number of undergraduate students is used to measure the cultivation of highly skilled talents in the region.
3.2.4 Mediating variable
Industrial Structure Upgrading [image: image]: Environmental investment can lead to the green adjustment of energy structure, industrial structure, and technological structure during the reorganization and allocation of different elements. Meanwhile, industrial structure upgrading can indirectly promote the green development level of a region. This paper draws on the method of Zhu and Liu to construct the industrial structure, using the proportion of the output value of each industry to GDP as weights, multiplying by the deviation degree of the industrial structure, and then taking the reciprocal to convert it into a positive indicator. This paper selects data from 30 Chinese provinces from 2007 to 2020 to specifically analyze the upgrading of the industrial structure in various provinces in China. The data is sourced from the China Statistical Yearbook. The specific calculation formula is as follows:
[image: image]
3.3 Descriptive statistics
The reason for selecting data from 2007 to 2020 is that this period is crucial for China’s economic development. Currently, China is transitioning from high-speed to high-quality economic development, and during this period, the role of environmental investment in promoting green development is more evident. Additionally, this period is also important for China’s industrial structure upgrading, and studying this stage will be more conducive to analyzing the mediating effect of industrial structure upgrading. The data for each variable mainly comes from sources such as the China Statistical Yearbook, China Environmental Statistical Yearbook, Wind database, and Guotai-An database. To ensure the scientific accuracy of empirical analysis and mitigate the impact of heteroscedasticity, logarithmic transformation is applied to absolute values of variables such as urban environmental infrastructure investment, industrial pollution source governance investment, environmental investment in completed environmental acceptance projects for the current year, foreign direct investment, per capita GDP, investment in wastewater treatment projects, investment in air pollution control projects, government expenditure on environmental protection, and the number of undergraduate students. Descriptive statistics for each variable are shown in Table 3:
TABLE 3 | Descriptive statistic.
[image: Table 3]4 RESULTS AND DISCUSSION
4.1 Data stationarity test
This study examines the data stationarity prior to regression using the unit root test, autocorrelation test, heteroscedasticity test, cross-sectional correlation test, and panel cointegration test, among others. The outcomes are displayed in Table 4. Among them, the bold text in Table 4 represents the abbreviations of variables involved in the regression model of the article:
(1) All variables have passed at least two FISHER, LLC, IPS, and HADRI unit root test methods, indicating that the variables chosen are reasonable;
(2) Pedroni and Westerlund significance indicates that there is a long-term stable relationship between variables, allowing panel regression to be performed;
(3) Confirm the data show cross-sectional correlation, heteroscedasticity, and autocorrelation. As a result, for such circumstances, FGLS and PCSE procedures are adjusted. The outcomes are displayed in Table 6. The fact that the PCSE and FGLS regression results are almost identical shows that the subsequent regression model can be created;
TABLE 4 | Data stationarity test.
[image: Table 4]4.2 OLS regression results analysis
From Table 5 (1), it can be observed that environmental investment [image: image] and green development [image: image] level have a significant positive correlation at the 1% significance level, with a coefficient of 0.031. This means that an increase in environmental investment will greatly promote the green development level in various regions. This is similar to the conclusions of scholars such as Liu and Han, Li, Wu, and others. On one hand, environmental investment can increase the funding source for green and environmentally friendly industries in different regions, reduce their financing costs, and provide sufficient financial support for technological innovation in enterprises, thus achieving a new model that balances economic development and environmental protection. As a result, the green development level in a region is enhanced, confirming hypothesis 1. Simultaneously, the empirical results also indicate a significant positive correlation with foreign direct investment [image: image] at the 1% significance level, with a coefficient of 0.027. This is because some foreign companies possess advanced green management experience and green production technologies. With the introduction of foreign capital, these experiences and technologies become important support for promoting the green development level at the local level. Additionally, investment in wastewater treatment projects [image: image] and investment in air pollution control projects [image: image] have a significant negative correlation at the 1% significance level. This is because excessive investment in wastewater and exhaust treatment will increase the costs for the government or enterprises, which in the long run, will restrict the allocation of funds to other areas, hindering the development of green initiatives. Furthermore, per capita GDP [image: image] has a significant positive correlation at the 5% significance level, with a coefficient of 0.039. This indicates that an increase in per capita GDP will promote the green development level. This is because the current increase in per capita GDP stimulates an increase in consumer demand for high-end consumption, which in turn promotes technological transformation and the production of new products in energy-intensive enterprises. This process is conducive to enterprise structural upgrading, indirectly abandoning the previous high-energy-consuming production and operation models, thus promoting green development. Moreover, the government’s focus on environmental concerns [image: image] shows a significant positive correlation at the 1% significance level, with a coefficient of 0.026. This means that government expenditure on environmental protection can promote green development. Undoubtedly, strong government support for environmental construction will encourage enterprises and individuals to actively engage in green production. Furthermore, with government financial support, enterprises and individuals will have more confidence in promoting further development of environmental protection initiatives. On the other hand, the number of undergraduate students [image: image] shows a significant negative correlation at the 1% significance level, with a coefficient of −0.109. This means that the number of undergraduate students hinders the green development level. This is because in the initial stage of enterprise green transformation, there is a shortage of high-quality talent corresponding to high-tech positions, resulting in a mismatch between labor supply and demand. As a result, knowledge talents cultivated by universities who can contribute to green industries cannot effectively participate in green development initiatives. This can lead to a situation where some college graduates become unemployed, thereby increasing social pressure and hindering the development of green initiatives.
TABLE 5 | OLS panel regression results.
[image: Table 5]At the same time, this article conducted individual and time fixed-effects regression on environmental investment and green development level, and the results are shown in Table 5 (5). It can be seen that the results of the individual and time fixed-effects regression are basically consistent with the OLS regression results, indicating that the analysis conducted in this article is scientific and robust.
In addition, according to Table 5 (2), 3), and (4), it can be seen that urban environmental infrastructure investment [image: image], which constitutes environmental investment, has a significant positive correlation at the 1% significance level, with a coefficient of 0.034. This indicates that urban environmental infrastructure investment can promote the greendevelopmentlevel. This is because when environmental awareness and the concept of green development are deeply rooted in a region, and the local government also attaches importance to local green and circular development, improving environmental infrastructure investment can promote local green infrastructure construction and thus drive green development. On the other hand, investment in industrial pollution source governance [image: image] shows a significant negative correlation at the 5% significance level. This means that if industrial pollution sources are blindly controlled, it will increase unnecessary government expenditure, thus increasing social costs and hindering the local greendevelopmentlevel. This is because China is still in the primary stage of socialism, and the economy is primarily driven by the manufacturing industry. If most industrial enterprises blindly undergo technological transformation, it will inevitably increase their economic costs in the initial stage. At the same time, in the early stage of industrial regulation and governance, it will also affect the normal operation of Chinese industrial enterprises, causing a decline in their production capacity and thereby hindering the green development process. Additionally, environmental investment incompleted environmental acceptance projects for the current year [image: image] shows a significant negative correlation at the 1% significance level. Some environmental concepts believe that economic reduction in carbon emissions and pollution from industries can only be achieved when the economy is relatively stagnant or in decline, allowing enterprises and individuals in society to focus more on the quality of economic development rather than the speed. However, if there is a continuous focus on environmental investment while neglecting other industrial investments, it may result in the local economy not being able to sustain cyclic development, leading to a decrease in the greendevelopmentlevel. In conclusion, the impact of the various components of environmental investment on the greendevelopmentlevel is different. Therefore, hypothesis 2a) is confirmed.
4.3 Regression results and analysis of spatial Durbin model
4.3.1 Spatial autocorrelation test
Before constructing the spatial model, this paper calculated the global Moran’s I index for environmental investment and green development level from 2007 to 2020, and the results are shown in Table 6. From Table 6, it can be seen that during the period from 2007 to 2020, the Moran’s I index for green development level is significant at the 10% confidence level, and the Moran’s I index for environmental investment is mostly significant at the 10% confidence level, indicating the presence of strong spatial autocorrelation. Therefore, it is reasonable to construct a spatial model for further research.
TABLE 6 | Moran’s I.
[image: Table 6]4.3.2 Spatial durbin regression result analysis
Due to the spillover effect of environmental investment, will the implementation of environmental investment really have a positive impact on the green development of other regions? In order to explore the spatial relationship between the two, this study uses the spatial Durbin model regression to study its spatial effects, as shown in Table 7 and model 2). To test whether to choose individual fixed effects, time fixed effects, or both in the spatial Durbin model, a likelihood-ratio test was conducted. The result shows that LR_ind is not significant, therefore the time fixed effects model is chosen. The likelihood-ratio test (LR test) finds that both spatial and time fixed effects are significant. The Wald test and LR test of the spatial lag model (SLM) and the spatial error model (SEM) pass the significance test at the 1% level, rejecting the null hypothesis that the spatial Durbin model can be simplified to a spatial lag model or spatial error model, proving that the choice of the spatial Durbin model in this paper is reasonable.
TABLE 7 | OLS panel regression results and spatial Durbin regression results.
[image: Table 7]In Model (2a) (Main) and Model (2b) (Wx) in Table 7, it can be seen that the coefficient sign and significance of the main regression variable are basically consistent with the OLS regression results, but there are differences in value and significance level, indicating that studying spatial effects is necessary. Through Model (2a) (Main) and Model (2b) (Wx), it can be seen that the direct effect of environmental investment [image: image] on the level of green development [image: image] is significantly positively correlated at the 1% level, with a coefficient of 0.29; at the same time, the spatial spillover effect is also significantly positive at the 1% level, with a coefficient of 0.015. This proves that environmental investment can not only promote local green development, but also promote the level of green development in neighboring areas, so Hypothesis 2 b) is established. This is because in the process of promoting environmental investment, environmental investment can improve resource utilization efficiency and promote technological innovation. This not only helps the profitability of enterprises, but also reduces excessive exploitation and consumption of natural resources. At the same time, in this process, green industries have been able to develop rapidly, and these green enterprises will provide more employment opportunities for society, driving the coordinated development of surrounding industries. It can not only optimize local resource allocation, but also effectively promote the development of green industries in surrounding areas.
The direct effect and spatial spillover effect of investment in wastewater treatment projects [image: image] are both significantly negative at the 1% level, with coefficients of −0.015 and −0.021 respectively. This indicates that if high-polluting companies are excessively transformed into green industries, it will firstly increase their operating costs. In addition, some companies may transfer their production activities to neighboring areas to avoid these costs, resulting in pollution in the surrounding regions. The direct effect of investment in air pollution control projects [image: image] is significantly negative at the 1% level, with a coefficient of −0.007, but the spatial spillover effect is significantly positive at the 1% level, with a coefficient of 0.024. This suggests that local pollution control measures increase costs for the local government and enterprises, but the emission of pollutants in surrounding areas decreases due to their related control measures. The direct effect and spatial spillover effect of foreign direct investment [image: image] are both significantly positive at the 1% level, with coefficients of 0.026. The interpretation is similar to OLS regression. The direct effect of per capita GDP [image: image] is significantly positive at the 1% level, but the spatial spillover effect is significantly negative at the 1% level, with coefficients of 0.028 and −0.091 respectively. This is because when per capita GDP increases, it increases people’s consumption demand. In the case where local enterprises cannot meet the demand, enterprises in neighboring areas increase production to meet the consumption. This process inevitably increases carbon emissions in the surrounding areas and affects their green development. The direct effect of government attention to the environment [image: image] is significantly positive at the 1% level, but the spatial spillover effect is significantly negative at the 1% level, with coefficients of 0.012 and −0.048 respectively. This is because if the government increases environmental governance efforts in a specific area, more human resources, technology, and funds will be allocated to that area in the short term. As a result, the surrounding areas may not be able to effectively develop green industries due to insufficient resources in the short term. The direct effect of undergraduate enrollment [image: image] is significantly negative at the 1% level, but the spatial spillover effect is significantly positive at the 1% level, with coefficients of −0.107 and 0.009 respectively. This is because if there are not enough high-tech industries in the local area to accommodate these highly qualified talents, they will go to work in companies in the surrounding areas, which will inevitably promote the development of green industries in the surrounding regions.
Meanwhile, Table 8 represents the long-term direct, indirect, and total effects of environmental investment on the level of green development. It can be seen that the direct effect, indirect effect, and total effect of environmental investment on the level of green development are all significantly positive at the 1% level, with coefficients of 0.029, 0.021, and 0.051 respectively. This proves that environmental investment not only has a short-term promoting effect on the level of green development, but also holds true in the long run. This indicates the necessity of long-term development in environmental investment, and both the government and enterprises need to vigorously promote environmental construction and the development of green industries. At the same time, it can also be observed that the results of the remaining control variables remain consistent in the long term.
TABLE 8 | Spatial Durbin regression results: long-term.
[image: Table 8]4.4 Analysis of mediating effect regression results
In order to explore the role of industrial upgrading [image: image] in the impact of environmental investment [image: image] on the level of green development [image: image], this study conducted a regression analysis using the mediation effect model. As shown in Table 9, in (1), the impact of environmental investment on the level of green development is significantly positive at the 1% level, with a coefficient of 0.031, indicating that environmental investment has a significant promoting effect on the level of green development. The indirect regression results in (2) show that the impact of environmental investment on industrial upgrading is significantly positive at the 1% level, with a coefficient of 0.009, indicating that environmental investment has a significant promoting effect on industrial upgrading. From (3), it can be seen that the impact of industrial upgrading on the level of green development shows a significant positive effect at the 5% level, with a coefficient of 0.665, indicating that industrial upgrading promotes the level of green development. Therefore, hypothesis 3 is validated. At the same time, Table 9 shows that the total effect of environmental investment on the level of green development is more significant than the direct effect in (3), with coefficients of 0.031 and 0.025 respectively. This is because the total effect considers the mediating effect of industrial upgrading, while the direct effect isolates the promoting effect of industrial upgrading on the level of green development. Therefore, in the direct effect, the promoting effect of environmental investment on the level of green development is relatively small.
TABLE 9 | Mediation effect regression results.
[image: Table 9]The empirical results indicate that environmental investment promotes industrial upgrading, and optimizing the industrial structure in a region promotes the level of green development in that region. In the context of the country vigorously implementing the concept of green development and continuously strengthening the background conditions of “green mountains and clear waters are as valuable as mountains of gold and silver,” emphasis is placed on investment in environmental protection, strengthening the development of high-tech industries in the region, completing industrial structure upgrading, and achieving a green economy. Partial support from the government for traditional industries has enhanced internal technological innovation vitality, enabling these industries to rely on their own capabilities for technological innovation, upgrade industrial technology, and revitalize them as a powerful driving force for green development. The rapid development of emerging green industries and environmental technology sectors has provided more opportunities for environmental investment, attracting more investors to participate and promoting economic growth and sustainable development. In conclusion, industrial structure upgrading plays an important mediating role in environmental investment and green development. By optimizing the industrial structure, more investment opportunities and market demand can be generated, driving the innovation and progress of environmental technologies, promoting the rational allocation of resources, and improving corporate environmental management and social responsibility.
4.5 Robust test
In order to verify the robustness of the results, this article chose to lag environmental protection investment [image: image] by one period to test the endogeneity problem. The regression results are shown in Table 10 1); In addition, this article also added a robust test on the control variable environmental regulation [image: image]. The previous article described the role of environmental policies in promoting green development (Ajl, 2021). Based on the availability of data, this article selects environmental regulations for robustness testing, and the regression results are shown in Table 10 2). Moreover, this study also employed the Generalized Method of Moments (GMM) to test for endogeneity issues, and the results are shown in Table 10 3). The regression results passed the AR (1) and Sargan tests. All three regression results indicate that the regression results of this study are robust.
TABLE 10 | Robustness test.
[image: Table 10]5 CONCLUSION AND POLICY RECOMMENDATIONS
This article uses the entropy weight method to construct the performance of green development level from four aspects: green production, human living environment, environmental governance, and infrastructure. It reflects the degree of green development level in various regions. By using three indicators: urban environmental infrastructure investment, industrial pollution control investment, and environmental investment for completed environmental protection acceptance projects in the current year, and introducing benchmark regression model, spatial Durbin model, and mediator variable model, based on panel data from 30 provinces in China from 2007 to 2020 (excluding Tibet, Taiwan, Hong Kong Special Administrative Region, and Macau Special Administrative Region), this study explores the impact of environmental investment on green development level, investigates the spatial spillover effect of environmental investment, and further explores the relationship between environmental investment, industrial structure upgrading, and green development level. Since the various components of environmental investment have different impacts on green development levels in different regions, this article also conducts heterogeneity analysis on environmental investment and its components on green development levels.
The research findings of this article are as follows: Firstly, environmental investment can promote the development of green level. Secondly, the various elements that constitute environmental investment have different impacts on the level of green development. Among them, urban environmental infrastructure investment has a promoting effect on the level of green economic development, while industrial pollution control investment and environmental investment for completed environmental protection acceptance projects in the current year have a restraining effect on the level of green economic development. Thirdly, environmental investment has a positive spatial spillover effect, which can promote the green development of surrounding areas while promoting the local level of green development. Lastly, environmental investment, as an important driving force for promoting China’s green development, cannot be achieved without the support of industrial structure upgrading. Furthermore, the optimization and upgrading of industrial structure can further realize China’s green development.
On one hand, environmental investment can promote the research, development, and application of green technologies and clean energy, reduce resource consumption and environmental pollution, and drive the economy towards a green and low-carbon transformation. On the other hand, environmental investment can also promote the development of green industries, provide more employment opportunities, and stimulate economic growth. Industrial structure upgrading, as a mediator variable, further strengthens the impact of environmental investment on green development. Through industrial structure upgrading, traditional high-energy consumption and high-pollution industries can be transformed and upgraded into green and environmentally friendly industries. In this way, environmental investment will be more targeted towards green industries, further promoting the progress of green development. Through the dual role of environmental investment and industrial structure upgrading, a virtuous cycle of economic growth and environmental protection can be achieved. Green development not only improves the quality of the ecological environment and enhances people’s quality of life but also provides the driving force for sustainable socio-economic development. However, it should be noted that the process of promoting environmental investment and industrial structure upgrading may face certain challenges and resistance. The government should increase policy support, provide corresponding preferential policies and financial support, and incentivize enterprises to increase environmental investment and promote industrial structure upgrading. At the same time, it is necessary to strengthen environmental management and supervision to ensure the effective implementation of environmental investment and smooth progress of industrial structure upgrading. In summary, environmental investment has a positive impact on green development, and by using industrial structure upgrading as a mediator variable, this impact can be further strengthened. This development path can achieve a win-win situation of economic growth and environmental protection, laying a foundation for sustainable development.
Based on the above conclusions, this article proposes the following suggestions:
(1) Improving the environmental investment system, promoting the development of environmental investment, and implementing the concept of green development. At present, China’s application of environmental investment is still in the development stage. In promoting environmental investment to promote the level of green development, the government and various financial sectors should establish environmental investment standards at the legal level, while simplifying the procedures for the use of environmental investment to facilitate the use of funds by enterprises. In addition, the government and financial sectors should strengthen the supervision of enterprises’ use of environmental investment funds to ensure that environmental investment funds are truly used for environmental development. At the same time, the government and financial sectors should also pay attention to the financing process of environmental investment to avoid systemic risks. For example, Shanghai has established an environmental industry development fund to support environmental technology innovation and project investment. The fund provides financial support and preferential policies for environmental protection enterprises, and promotes the research, development, and application of green technologies and clean energy. At the same time, the Chinese government can learn from relevant measures abroad to establish “green bills” and promote various industries to join the green cause. For example, the United Kingdom passed the Net Zero Act, which includes measures to reduce greenhouse gas emissions and increase the use of renewable energy, encouraging organizations and individuals to practice low-carbon behavior; the United States launched the Climate Action Plan, specifically setting policy measures to improve energy efficiency, support clean energy, and reduce greenhouse gas emissions, providing ideas for businesses and individuals.
(2) Tailoring measures to local conditions, understanding the local green development situation, and providing targeted support and guidance for environmental investments are essential. Due to varying economic foundations and suitable development models in different regions, the effectiveness of environmental investments in promoting green economic development should be considered accordingly. Specifically, in economically developed regions in the east, environmental investments can strongly support the development of high-tech industries. The government can actively utilize these funds to promote local technological upgrades and cultivate high-tech talents. For example, Guangdong Province has increased its investment in technological innovation for high-tech industries, established special funds to support research and development projects, and encouraged enterprises to strengthen technological innovation and improve the technological content of industries. At the same time, Guangdong Province encourages the establishment of high-tech enterprise incubators to provide venues, funding, and mentor support to start-up companies, helping them grow rapidly and promoting the incubation and development of high-tech industries. In the central regions with heavy industries, the development of green industries should not be blindly implemented. Instead, it is important to gradually guide local high-energy-consuming enterprises to expand their businesses and progressively transform them into green industries. In underdeveloped western regions, the development of green industries should not be rushed. Local governments should first improve relevant infrastructure and social security systems to avoid following in the footsteps of heavily polluted central industrial areas. Development of green industries should be tailored to the local conditions. During this process, eastern regions should take the lead in the development of green industries, assisting the economic development of western regions and supporting the industrial upgrading of central regions. For example, Sichuan Province and Zhejiang Province have actively cooperated in fields such as new energy, new materials, and equipment manufacturing. With abundant hydropower and oil and gas resources in Sichuan, and strong capabilities in manufacturing and electronic information in Zhejiang, the cooperation between the two provinces has promoted collaboration among enterprises in the industrial chain, achieving resource complementarity and advantages.
(3) Paying attention to environmental investments can pave the way for promoting the level of green development in various regions by facilitating industrial structural upgrading. Enterprises should adhere to the concept of sustainable development and make good use of environmental investment funds for enterprise innovation, optimizing the corporate structure, and promoting the development of green industries. For example, the government of Zhejiang Province encourages enterprises to engage in resource recycling and utilization, promoting green production and consumption, and improving resource utilization efficiency. During the process of industrial structural upgrading, attention should also be given to the environmental conditions of neighboring areas to avoid situations where neighboring areas engage in high-pollution activities due to certain enterprises or individuals evading local environmental regulations when the level of green development in the local area improves. Governments at all levels should enhance communication and cooperation between regions, form green industrial chains among regions, and truly achieve rational allocation of resources.
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