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Abstract

:

Environmental regulation is an important means of restraining enterprises and protecting the environment. Rationalization of environmental regulatory policies can promote high-quality regional economic development. The optimization and upgrading of the industrial structure has an intermediary effect on the impact of environmental regulations on the high-quality development of the regional economy. After collating and analyzing previous research, this article proposes to classify 30 Chinese provinces into regions with higher than the national average HDI (human development index) and lower than the national average HDI based on the average HDI of Chinese provinces. We explore the mediating effect of industrial structure on environmental regulation and high-quality regional economic development. The model passed the full-sample robustness test and the robustness test with GDP as the replacement variable. The empirical results show that environmental regulations of different intensities have different effects on the quality of regional economic development. The effect of environmental regulations on development quality is mainly mediated through the transformation and upgrading of the industrial structure. Enterprises need reasonable incentives from environmental regulations to transform and upgrade. The mediating effect of the industrial structure on environmental regulations is greater in regions with below-average HDI values than in regions with above-average HDI values, which shows that the industrial structure is the mechanism underlying the effect of environmental regulations on the quality of regional economic development. This result proves that adjusting environmental regulatory policies can effectively promote the upgrading of industrial structure, thereby promoting high-quality regional economic development. Based on this, the article puts forward several policy recommendations.
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1. Introduction


In the report of the 19th National Congress of the Communist Party of China (CPC), General Secretary Jinping-Xi pointed out that “China’s economy has shifted from a stage of high-speed growth to a stage of high-quality development.” The traditional extensive development model has been gradually abandoned in the “new era”, and maintaining high quality is being used as the foundation of and key guiding ideology for economic development. After more than 40 years of being open, China’s economy has grown at a high pace and has entered the stage of high-quality development. The optimization and upgrading of the industrial structure is one of the main manifestations of high-quality development. Therefore, one of the goals of high-quality regional economic development is to promote the optimization and upgrading of the industrial structure. It is a key path for coordinating environmental regulations and high-quality regional economic development. While increasing the proportion of knowledge-intensive and technology-intensive industries, it is also necessary to increase the organic unity between rationality and industrial structure upgrades to promote green and low-carbon development within the economy. Environmental regulation can significantly promote economic growth, which is the claim of the famous Porter hypothesis. Environmental regulations can also hinder economic growth if they are not cost-effective. That is, environmental regulations increase the expenditure of enterprises on environmental protection and can crowd out investments in production so that the innovativeness and profitability of new technologies and new products are reduced. Tongbin-Zhang (2017) [1] combined Chinese provincial-level panel data from 1995 to 2013, and concluded that strong environmental regulations promote economic development through an “innovation compensation” effect, while weak environmental regulations are ineffective. The mechanism underlying the effect of environmental regulation on industrial restructuring involves many factors. However, there is little in the literature that provides persuasive empirical evidence based on actual conditions in China while incorporating the cost effect, the pollution refuge hypothesis, and the Porter hypothesis into a unified analytical framework.



The structure of this article is as follows: Section 1 is the introduction; Section 2 describes the literature review; Section 3 provides the theoretical mechanisms and discusses the classification of environmental regulations and the analysis of the environmental regulation mechanism; Section 4 introduces the empirical model and results and discusses the data sources, variable selection, and data processing; Section 5 presents the analysis of the results, including those from the HDI partition analysis, and the robustness test; and Section 6 presents the research summary and recommendations.




2. Literature Review


Along with scientific and technological innovations and FDI (foreign direct investment), environmental regulations can also affect the high-quality development of the regional economy through industrial restructuring. The greater the extent of industrial structure optimization and upgrading, the more positive the effect of environmental regulation on environmental quality. Environmental regulations also impact the industrial structure [2,3]. There are two possible mechanisms underlying the promotion of the optimization and upgrading of the industrial structure. First, environmental regulations can act as a backward-looking mechanism driving the upgrading of the industrial structure. The implementation of environmental regulations imposes a compulsory “deep cleaning” on industries and enterprises. Environmental regulation achieves the optimization and upgrading of the industrial structure and optimal allocation of resources through survival of the fittest, which in turn improves the high-quality development of the regional economy. Second, environmental regulations form implicit green barriers to entry.



(1) Environmental regulations



Environmental regulations are a series of related policies or measures adopted by the government to protect the environment [4]. Environmental regulation is an essential part of the formal Chinese environmental administration system. Environmental regulation is an essential part of the formal Chinese environmental administration system [5,6]. Economic growth alone cannot alleviate environmental pollution, so environmental regulation must be added. Under reasonable environmental regulations, green innovation has been improved, and the industrial development model has also changed. Currently, a large portion of the literature has explored the various relationships between environmental regulations and green technology innovation, including linear and nonlinear relationships. For example, Ling Li and Feng Tao (2012) [7] established a relationship between environmental regulation and green total factor productivity using a panel data model, trying to find the inflection point in the optimal environmental regulation strength for different industries with a goal of promoting productivity. Fuxin Jiang showed that there is a dynamic U-shaped relationship between green technological innovation and the decline in environmental pollution. As the strength of environmental regulation rises, the offset effect changes to the compensation effect. However, the above literature does not effectively distinguish between the types of environmental regulations, so it is impossible to discover the heterogeneous effects of different kinds of environmental regulations on the efficiency of green technological innovation.



(2) Economic development



Economic growth can be defined as the increase in the inflation-adjusted market value of the goods and services produced by an economy over time. High-quality development in the new era must coordinate the relationship between development pace and quality. Quality must be put first and given priority over efficiency. The key is to increase total factor productivity and replace old drivers of growth with new drivers. Pearce and Turner (1990) [8] proposed that the relationship between development and the environment gives rise to the concept of sustainable development. Papalia and Bertarelli (2013) [9] established a model based on entropy calculations and found that there was obvious convergence in the economic growth of some countries. Some scholars measured the quality of economic growth, constructed an evaluation index for the modern economic system, adopted the spatial Durbin estimation method, empirically analyzed how the modern economic system improves total factor productivity, and considered how TFP affects the quality of economic development.



Some scholars have empirically found that environmental regulation improved industrial green total factor productivity in Norway using data on industrial enterprises (Telle and Larsson, 2007) [10]. Other scholars have concluded that research and development subsidies and carbon taxes can effectively improve green economic growth through the investigation of environmental regulations and the efficiency of green innovation (Ploeg and Withagen, 2013) [11]. When carbon duty tariffs and support for carbon release reduction reach a sufficient level, they promote innovation in green energy technologies, thereby reducing environmental pollution caused by economic activities.



(3) Environmental regulation and economic growth



The relationship between environmental regulation and economic growth has always been a hot topic in economics research. New classical economic theory holds that environmental regulation can lead enterprises to internalize the social cost of their emissions. Therefore, increasing the intensity of environmental governance increases the cost of pollution control and reduces enterprise performance. Mainstream scholars, such as Porter, hold the opposite view. Such scholars believe that strict and reasonable environmental regulation can stimulate enterprises to conduct technological innovation activities and obtain compensation for product innovations. Some scholars also hold the view that the effect of environmental regulation on enterprise performance is uncertain. They believe that only appropriate and effective environmental regulation can stimulate or force enterprises to innovate. Therefore, the effect of environmental regulation on enterprise performance is uncertain.



China’s government found that we have to protect the ecological environment, and made efforts to reduce pollutant emission because it is unsustainable to obtain economic benefits that sacrifice the environment (Shuai and Fan, 2020) [12]. The environmental regulation efficiency loss of local and neighboring cities inhibits inclusive growth at both the national and regional levels (Ge, T., Qiu, W., Li, J., and Hao, X., 2020) [13]. The Inclusive Wealth Index provides important insights into long-term economic growth and human well-being (Managi, S. and Kumar, P., 2018) [14]. Other research scholars explored the determinants of inclusive growth, including technological innovation (George et al., 2012) [15], economic growth (Vellala et al., 2014) [16], resource mobilization (Oyinlola et al., 2020) [17], and trade openness (Jalles and Mello, 2019) [18]. Rajapaksa, D., Islam, M. and Managi, S. (2017) [19] analyzed the impact of natural disasters on inclusive growth, trade openness, FDI, and GDP growth rate, which are other important determinants of natural capital.



Presently, there have been many research results on the relationship between environmental regulation, economic growth, and industrial structure. Most scholars believe that traditional industries mainly achieve the purpose of upgrading the industrial structure and improving the quality of economic development by the introduction and integration of green innovative technologies and resources. However, previous literature focused more on the threshold effect of environmental regulation, and seldom incorporated environmental regulation and industrial structure into the study of high-quality economic development, ignoring the role of industrial structure upgrading. China has stringent requirements for high-quality economic development. The research on the impact of environmental regulations on the quality of regional economic development is particularly important. Therefore, this article uses data from 2006 to 2017, based on the mediating effect of industrial structure, to study the impact of environmental regulations on the high-quality development of regional economies. The article also innovatively uses HDI divisions to compare the intermediary effects of the industrial structure between regions above the human development index and regions below the human development index. This complements the important role of industrial structure in high-quality economic development. Compared with the existing literature, the main contributions of this article are as follows: (1) we explain the mechanism underlying the effect of environmental regulations on high-quality economic development from a theoretical perspective; (2) through HDI zoning, we study the differential impact of environmental regulations on the quality of regional economic development; and (3) we provide relevant policy suggestions on how to improve the quality of regional economic development and how to win the battle against pollution in the contemporary Chinese context.




3. Theoretical Mechanism


Countries around the world have been calling for the development of a low-carbon economy. In this context, Grossman and Kreuger [20] pioneered the environmental Kuznets curve (EKC) hypothesis, which focuses on the relationship between environmental quality and economic growth. The environmental Kuznets curve refers to an inverted U curve relationship between environmental quality or pollutant emission levels and per capita income. Research by the World Bank (1992) [21] concluded that the critical point of pollution emissions is a per capita income of $8000. The EKC curve is continuously verified. In the China Sustainable Development Strategy Report 2000, the Chinese government proposed that the EKC curve can be used to scientifically set the critical point of environmental pollution peaks and the length of time to reach this critical point, and form a reasonable environmental regulatory policy based on that. The following paper introduces China’s current environmental regulatory policies. Caruso, G., Di Battista., et.al (2020) [22] studied the past policy approach and offered a potential pathway for academics to work with policymakers in moving towards the realization of local growth policies. D’Adamo, et.al (2020) [23] proposed a new indicator, the socioeconomic indicator for the bioeconomy (SEIB), to measure the socioeconomic performance of bioeconomy sectors.



3.1. Classification of Environmental Regulations


Environmental regulation tools mainly include three types: command-and-control tools, market incentive tools, and voluntary participation tools [24,25].



3.1.1. Command-and-Control Environmental Regulation


In reality, the most widely used tool is command-and-control environmental regulations. It refers to the government, through legislation or formulating rules and regulations, to clarify the goals and standards of environmental regulations, and at the same time punish enterprises that violate the regulations to achieve the goal of protecting the environment [26]. The Environmental Protection Law of the People’s Republic of China promulgated by China and relevant unit regulations are all typical command-and-control tools. This type of tool is simple to operate and efficient, but the implementation cost is high. If one wants to achieve the same effect as market incentive tools, the cost is often several times higher than the latter [27]. The high cost of command-and-control tools is due to information asymmetry. The collection of corporate information, corporate supervision, and punishment requires a lot of manpower to execute, so command-and-control tools are weak in market supervision.




3.1.2. Market Incentive Environmental Regulation


Market incentive tools do not constrain the behavior of polluters through norms or regulations; instead, they use market signals to influence the behavioral decisions of enterprises [28], including the imposition of sewage charge, permit systems, and government subsidies [29]. In 1972, the OECD promulgated the “Polluter Pays Principle”. Since then, many countries have adopted this form of sewage regulation. The theory behind market incentive tools is Pigou’s [30] theorem. The rational polluter determines the amount of pollutant discharge based on the marginal pollution reduction cost equal to the pollutant tax rate, and uses the different pollutant discharge costs of the enterprise to allow polluters to allocate effective resources spontaneously, reducing the cost of information asymmetry caused by the command-and-control tool. At the same time, companies can obtain additional profits by using green technology for production. Therefore, this tool can provide incentives for green technology for pollution reduction, allowing polluters to promote pollution reduction technology and choose a more green and effective production model.




3.1.3. Voluntary Participation in Environmental Regulation


Voluntary participation tools refer to environmental protection proposals put forward by industry associations, enterprises themselves, or other subjects, and necessitate higher requirements for polluters. This category mainly includes environmental certification, environmental audits, eco-labels, environmental agreements, etc. There are four ways to implement voluntary tools based on strong environmental awareness. The first is the administrative form, which exerts pressure on the government through non-governmental environmental protection organizations to supervise the work of the government. The second is the economic form, raising private funds to finance some environmental protection projects. The third is the legal form, which promotes environmental legislation and provides environmental legal assistance to some organizations or institutions. The fourth is the way of education to popularize the importance of protecting the environment.



Command-and-control, market incentives, and voluntary participation environmental tools are the trinity of the government, market, and society to protect the ecological environment. In reality, environmental policies not only select one tool, but in order to satisfy the principles of efficiency, feasibility, and equity, two or even three types of environmental regulation tools are generally used together. The government should implement the best environmental regulation according to the actual situations [31].



China’s environmental regulation policies have gone from monetary incentives to non-monetary incentives, from emphasizing government intervention to strengthening market incentives, and the ultimate goal is actually the active participation of the public. Nowadays, in addition to the participation of enterprises and governments, the public also plays an important role in environmental regulation. With the continuous improvement of public awareness of environmental protection, environmental regulations, and policies in the form of environmental certification, environmental hearings and public participation have received increasing attention. The environment and health are linked, and individuals are more concerned about the environment than the government and enterprises. For example, the smog of Beijing in China once attracted the attention of all of the people in China. They were willing and able to force companies to improve their technology and reduce pollution. At this time, we need the proper guidance from the government, such as requiring companies to indicate whether they use high-pollution emission technology on the product packaging, whether the packaging bag is biodegradable, and so on. The modes of public participation in environmental governance are diverse. For example, from the perspective of participating subjects, there are forms based on the participation of individual citizens, participation based on non-profit organizations, and participation based on media. It is precisely the diversity of public participation that makes up for the shortcomings of monetary-based environmental regulatory policies. Such a wide range of roles can affect the various subjects, processes, and specific instruments of environmental governance. The heightened public awareness of environmental protection has been transformed into practical actions in many aspects, prompting the government and enterprises to take effective environmental protection measures to respond. Under the trinity of government, enterprises, and the public environmental regulation, the adjustment of the industrial structure is the core intermediary factor of environmental regulation that affects the high-quality economic development. Next, the specific mechanism of industrial structure will be explained in detail.





3.2. Analysis of the Mechanisms by Which Environmental Regulations Drive Industrial Upgrading


In a low-level industrial structure, resources are tilted towards the primary and secondary industries, and a capital investment model that focuses on scale, speed, and materials is implemented. This extensive economic growth model has low resource utilization efficiency and serious environmental pollution, and hinders high-quality economic development. Environmental regulations restrict the behavior of polluters, and can lead to adjustments in the industrial structure through different channels to promote high-quality economic development. Many factors affect the upgrading of the industrial structure due to environmental regulation, and there is spatial heterogeneity in these factors [32]. The higher the intensity of environmental regulation, the better the upgrading of the industrial structure relatedly, the more optimized the industrial structure, and the more positive the effect of environmental regulation [33]. This article mainly discusses three theoretical mechanisms by which environmental regulation drives the upgrading of the industrial structure.



3.2.1. Crowding Out Mechanism


Technological innovation is the largest driving force behind the upgrading of the industrial structure. The speed of industrial structure upgrades depends on the intensity and speed of technological innovation. Only continuous technological innovation can develop the industrial structure from a low level to high level, and environmental regulations force the optimization and upgrading of the industrial structure through technological progress. Environmental regulations increase the price of production factors that generate pollution, and heavily polluting companies will automatically withdraw from the market. The Porter hypothesis states that environmental regulations promote technological progress in enterprises, and polluters must seek more efficient and green production technologies in order to reduce their production costs. Increasing environmental regulatory standards has eliminated low-end production technologies, and manufacturers using low-end technologies have been crowded out of the market. Environmental regulations have increased the production costs of heavily polluting industries, while clean technology industries are minimally affected and the most concentrated in the tertiary industry. The development of the service industry drives the industrial structure upgrades, helps optimize resource allocation, and improves the quality of economic development.




3.2.2. Green Barriers to Entry


For potential entrants in an industry, investment in environmental regulation is a sunk cost on non-production factors. Eventually, this increase in necessary investment capital and investment risk forms an entry barrier in that industry. In addition, the reduction in environmental pollution increases marginally. The larger the scale of the enterprise, the greater the cost of pollution. To improve the efficiency of environmental protection, the government proposes higher environmental standards for companies that are new entrants to the industry. Potential entrants are already burdened with higher risks and higher production costs. Coupled with the cost of environmental regulations, new entrants are in an extremely disadvantaged position, which increases the barriers to entry into the industry. Environmental regulations have formed invisible barriers to entry in some industries, and these barriers are aimed at promoting green production technologies. That is, the higher the pollution intensity of an industry, the higher the invisible barriers to entry are, resulting in resources being concentrated in clean technology industries. High-polluting industries are concentrated in the secondary industry, and clean technology industries are concentrated in the tertiary industry, and so environmental regulations promote the upgrading of the industrial structure and have an impact on high-quality economic development.




3.2.3. Openness to Trade


Openness to trade refers to the ratio of domestic prices to international prices for the same product. The closer the ratio is to 1, the more open the product. The pollution sanctuary hypothesis argues that firms in countries with stricter environmental regulations and a higher cost for discharging pollution will move to other regions if they are in industries that are more pollution intensive. The transfer of polluting industries from developed countries to developing countries has led to an increase in openness to trade among products from industries with high levels of pollution intensity. To pursue high returns, companies will expand their scale and increase their emissions to encourage the government to increase the intensity of its environmental regulations. As a result, high-intensity environmental regulations force some companies out of the market, surviving companies increase the price of their products and reduce relative international competitiveness, and domestic high-polluting industries shrink. In the context of international integration, the substitution effect due to environmental regulations and the expansion effect due to international trade are mutually exclusive, which prevents developing countries from becoming pollution refuges and leads industrial structure upgrades that improve high-quality economic development.



Intense environmental regulation promotes industrial structure upgrading. Regional production models within a reasonable industrial structure tend to intensify along with rapid scientific and technological progress, high production efficiency, and an increase in the quality of production factors and the capacity for optimal combination. The upgrading of the industrial structure has reduced the scale of industries with high energy consumption and intensive pollution, and resources have been tilted towards clean technology industries, further promoting the innovative development of clean technology. The upgrading of the industrial structure is a key path through which the coordination of sustainable economic development and ecological environment protection is promoted. This continuous adjustment to the industrial structure has brought about high-quality economic development.



Based on the analysis of the mechanism of action, this article proposes the following hypotheses:



Hypothesis 1 (H1).

When the pollution refuge effect caused by environmental regulation is greater than the competition effect of the local government scale, environmental regulation policies can promote the optimization and upgrading of the industrial structure.





Hypothesis 2 (H2).

Environmental regulations force technological innovation, and high-quality economic development is promoted through advanced and rationalized industrial structure.





Hypothesis 3 (H3).

In regions with different economic development speeds, environmental regulations have different impacts on the upgrading of the industrial structure.








4. Measurement Model Construction, Data Sources, and Variable Selection


4.1. Measurement Model Construction


This article mainly focuses on the impact of environmental regulations on the high-quality development of the regional economy. To that end, the following regression model is constructed:


  h q  d  i , t   = α + β + e  r  i , t   +   ∑  k = 1  k     γ +  x  i , t  j      +  u i  +  λ t  +  ε  i , t    



(1)







In the above equation,   h q  d  i , t     and   e  r  i , t     represent the economic development quality and environmental regulation, respectively, in province i and in year t, and    x  i , t  j    represents the j other explanatory variables, namely industrial structure, human capital level, trade openness, and the amount of investment in fixed assets; α is a constant, β and γ are the coefficients of each variable, and    u i   ,   λ t    and    e  i , t     represent unobservable individual effects, unobservable time effects, and specific errors, respectively.



To study the mechanism underlying the effect of environmental regulation on the high-quality development of the regional economy, cross-terms are introduced, and the following regression model is constructed:


  h q  d  i , t   = α + β × e  r  i , t   +   ∑  k = 1  k     γ ×  x  i , t  j      +   ∑  m = 1  M     δ × e  r  i , t   ×  Z  i , t     +  u i    +  λ t  +  ε  i , t    



(2)







In the above equation,    Z  i , t     represents the intermediary variable industrial structure, and δ is the coefficient of that variable.




4.2. Data Sources


Based on the above theoretical analysis, this article uses panel data from 30 provinces (including municipalities directly under the central government and autonomous regions) in China from 2006 to 2015, and uses a fixed effects (FE) model to analyze them. This choice is based on two considerations. One is that the Hausman test rejects the random effects (RE) model, and the other is that unobservable factors in each province may have different effects on the quality of economic development. In China, regional endowments affect the quality of economic development. The data in this article come from the China Statistical Yearbook, China Environmental Statistics Yearbook, China Industrial Economic Statistics Yearbook, China Science and Technology Statistical Yearbook, the website of the National Bureau of Statistics of China, and the China Economic and Social Development Statistics Database from previous years. The HDI data for different regions are from the China Human Development Report Special Edition (2017), which is based on cooperation between the Development Research Center of the State Council of China and the United Nations Development Program. This paper uses the national average HDI of 0.752 as a boundary to divide the 31 provinces in China into regions with an HDI higher than the national average HDI (nine provinces) and lower than the national average HDI (22 provinces). The regions with a higher than average HDI include Beijing, Shanghai, Tianjin, Jiangsu, Zhejiang, Guangdong, Liaoning, Inner Mongolia, and Shandong. The regions with a lower than average HDI include Jilin, Chongqing, Fujian, Hubei, Shaanxi, Hunan, Shanxi, Hainan, Heilongjiang, Ningxia, Hebei, Xinjiang, Henan, Jiangxi, Guangxi, Anhui, Sichuan, Gansu, Qinghai, Guizhou, Yunnan, and Tibet (since there are too many missing data on Tibet, this study does not include Tibet). For individual missing data, the mean interpolation method is used to fill in the gap.




4.3. Variable Selection and Processing


This paper uses panel data from 30 provinces in China from 2006 to 2017, for a total of 1000 observations. The human development index (HDI), which covers life expectancy at birth, education level, and quality of life, is used to designate zones that are considered when studying the effects of environmental regulations on the regional economic development quality.



Explained variable: high-quality development in the regional economy (hqd). Baoping Ren (2018) [34] defines the quality of economic development as the effectiveness of, adequacy of, coordination in, level of innovation in, sustainability of, sharing of, and stability of economic development. Hong Zhang (2015) [35] constructed an indicator system to measure economic development based on the five dimensions of effectiveness, coordination, sharing, innovation, and sustainability. Thus, the quality of economic development needs to be judged from a multidimensional perspective. In consideration of the comparability, stability, and sustainability of the development of the regional economy, this article determines six secondary indicators from these three dimensions: the economic development level, the stability of economic development, and the sustainability of economic development. These indicators are used as proxy indicators for high-quality regional economic development. The details are shown in Table 1.



The comprehensive indicator of the economic development quality is different from the sustainable development index. The methods of evaluating the process of sustainable development in economic theory mainly include green GDP accounting [36], the monetary value accounting of natural resource depletion, the four-capital model, and the definition of strong sustainability and weak sustainability [37], etc. The International Institute for Sustainable Development (IISD) has given out the seven principles of the sustainable development indicator system: availability, comprehensibility, measurability, significance, availability, comparability, and universality of indicators [38]. The sustainable development indicator system proposed by China in 1999 is complicated to calculate. It uses 45 indexes, covering 208 indicators [39], and focuses more on humanities and society. The comprehensive indicators of the economic development quality used in this article are mainly to evaluate the current quality of economic development in China. The quality of economic development includes the increase of quantity and the improvement of quality, which is the organic unity of quantity and quality. The level of economic development is used to measure the level of output. The higher the output level, the more prosperous the region, the higher the living standard of residents, and the higher the quality of economic development accordingly. Sustainability development, GDP, natural resources, and foreign direct investment have been added to the Section 2.



	(1)

	
Level of economic development (le): The article uses the logarithm of per capita GDP to measure economic development, and per capita GDP is deflated to values for the year 2000.




	(2)

	
Stability of economic development (st): The stability of economic development means that the speed of economic development fluctuates within a moderate range so that resources can be fully utilized. According to the AS-AD model, if the economy grows too quickly and aggregate demand is excessively high, it will usually lead to inflation; if the economy grows too slowly and aggregate demand is insufficient, it will usually lead to unemployment. Therefore, the more stable the economic development, the higher the quality of economic development. This article uses two secondary indicators to measure stability, the CPI and the urban-registered unemployment rate.




	(3)

	
Sustainability of economic development (su): The sustainability of economic development is the main factor that distinguishes the quality of economic development from the pattern of economic growth. Economic development inevitably leads to environmental pollution. If economic development cannot be sustained, it will inevitably cause serious damage to the ecological environment, and these negative consequences will, in turn, hinder the quality of economic development. This article uses three secondary indicators to measure this, which are the green coverage of completed areas, per capita public area of green land, and pollution intensity. Pollution intensity is calculated by the entropy weighting method using three indicators: per capita volume of industrial waste water discharged (su1), per capita volume of sulfur dioxide emissions by the industry (su2), and per capita emission of industrial soot and dust (su3). The following describes the specific steps followed in the entropy weighting method to calculate pollution intensity.







First, we sort the 30 provinces into 1, 2, 3… 30, that is, i = 1, 2, 3… 30, respectively. Then the per capita volume of the industrial waste water discharged of the i-th province is sui1, the per capita volume of sulfur dioxide emissions by the industry is sui2, and the per capita emission of industrial soot and dust is sui3, where j = 1, 2, 3.



The first step is to calculate the proportion of the i-th indicator value in the j-th industry [40,41]:


   P  i j   =    r  i j    /    ∑  i = 1  m   s  u  i j        



(3)







The second step is to calculate the entropy value ej of the j-th indicator [42]:


   e j  =   − k  /    ∑  i = 1  m    P  i j       ⋅ ln  P  i j   , k =  1 /  ln m    



(4)







The third step is to calculate the entropy weight wj of the j-th indicator [43,44]:


   w j  =     1 −  e j     /    ∑  j = 1  n     1 −  e j         



(5)




where wj is the final weight coefficient for each indicator, and the weight coefficient obtained is substituted into    y i  =   ∑  m    w i     x  i j  ·   . Then we can get the pollution intensity of each province.



The three emissions have different weights in different years. An area may have both high pollution and high resource intensity, or it may have both high technology and high pollution intensity. Under different environmental regulatory intensities, the innovation efficiency of pollution-intensive or technology-intensive economic zones may be different [45].



Since the above six indicators have different dimensions, this article draws on the method of Bo-Shi (2018) [46] to measure the quality of economic development. We first adopted the range standardization method to process the original data underlying each indicator into nondimensional indicator values, referred to the United Nations Human Development Index evaluation system, and finally used the DEA-SBM method to calculate the quality of regional economic development. Table 2 shows the high-quality development of the regional economy of different provinces in different years. The range of the indicator is 0-1. The closer the value is to 1, the better the quality of economic development. From the values of the quality of regional economic development given in Table 2, the quality of regional economic development of more developed provinces in China is significantly higher than that of other provinces. For example, Beijing, Zhejiang, Guangdong and other provinces and cities reached the highest value 1 in 2017. The quality of regional economic development in the central and western regions is lower than that in the eastern regions. The quality of regional economic development is poor which is limited by geographical location and resource endowments, such as Qinghai, Ningxia, Gansu and other provinces. However, in general, China has experienced ten years of development, and the quality of economic development in all provinces has been steadily improving, especially in Chongqing. These are basically consistent with the actual situation. This article uses the indicator data in Table 3 as the empirical explained variable hqd.



Explanatory variable: environmental regulation (er). There are no uniform standards in the academic community for measuring the intensity of environmental regulations. Levinson (1996) [47] measured the intensity of environmental regulations based on pollutant emissions. This article adopted the same method as Yaobin Liu (2020) [48], measuring the intensity of environmental regulations based on the logarithm of the total investment in regional industrial pollution control.



Intermediary variable: industrial structure (is). The upgrading of the industrial structure is conducive to improvements in the quality of regional economic development, but the dilemma of corporate governance can lead to the simplification of the industrial structure, thereby inhibiting improvements in the quality of economic development. Considering that a change in the proportion of the tertiary industry can reflect the optimization and upgrading of the industrial structure, this article uses the proportion of output from the tertiary industry to GDP to measure the optimization and upgrading of the industrial structure.



Other control variables: (1) Human capital (edu). With an increase in educational attainment, awareness of environmental protection should be gradually strengthened. An increase in the average number of years of education per capita will fundamentally improve the quality of workers’ human capital and simultaneously boost the effect of labor production, thus promoting the development of the regional economy. This article draws on the calculation for average years of education. Human capital is measured as the average years of education of the labor force in each province [49,50]. The formula for years of education is as follows: years of education = proportion of elementary school students × 6 + proportion of junior secondary school students × 9 + proportion of senior secondary school students (including regular senior secondary school and secondary vocational school) × 12 + proportion of university students (including college students, undergraduates, and graduate students) × 16, where the proportion of the number of students in each grade = the number of students educated in that grade/the total population in a given year. (2) Trade openness (imex). Trade openness refers to the degree to which a country or a region’s import and export trade (including trade in goods and services) is liberalized. This article uses the total number of goods in and out of warehouses by region and the total import and export of goods according to the domestic destination and source of goods to measure trade openness. (3) Amount of investment in fixed assets (fa). The amount of investment in fixed assets refers to the funds of total investment in fixed assets in the whole country by region. It represents the workload of the construction industry and the acquisition of fixed assets in currency. It is a comprehensive indicator that reflects the scale, speed, proportional relationship, and direction of the use of fixed asset investments.



To analyze the reliability of the above variables, Table 3 shows the descriptive statistical results. The mean value of the explained variable (high-quality development of the regional economy) is 0.3996, the maximum value is 1, and the minimum value is 0.0759, which indicates that the quality of economic development varies greatly among different provinces. The standard deviation of the logarithmically transformed core explanatory variable (environmental regulations) is 0.9609, the maximum value is 7.258, and the minimum value is 1.808, indicating that the intensity of environmental regulations varies greatly in different provinces. The standard deviations of the other explanatory variables are all large, indicating that different provinces have large differences in industrial structure, fixed asset investment, human capital levels, and openness to trade.





5. Analysis of Results


5.1. HDI Partition Analysis and Characteristics


The human development index (HDI) is a comprehensive system of indicators proposed by the United Nations Development Programme (UNDP) to measure the level of economic and social development across countries. On the basis of the HDI for various regions in China in 2017, we used ArcGIS to draw a map. As shown in Figure 1, the darker the color, the greater the HDI. Figure 1 reports the 2017 HDI rankings for each region in mainland China. These HDI values are the comprehensive result of environmental regulations and economic development over a total of 12 years from 2006 to 2017. We find that environmental regulations and the quality of regional economic development are relatively high in regions with an HDI above the national average HDI, and the distribution of HDI values across above average regions is more homogeneous. This may be due to a better economic foundation in regions above the national average HDI. The competition between localities indicates a benign competition model in which the environment is first and the economy is second. Environmental protection and high-quality economic development can occur together in a win-win situation. The environmental regulations and quality of regional economic development are relatively low in regions below the national average HDI, and there are large deviations in HDI values across regions. This may be due to the relative underdevelopment in regions below the national average HDI, and there is wide variation in development between regions. The competition between localities indicates a bottom-to-bottom competition model in which the economy is first and the environment is second. For example, Hebei Province and Henan Province have economies that are mainly driven by polluting industries, which have a great impact on the environment, so the intensity of environmental regulations is also greater. On the other hand, due to its geographical features, Tibet has fewer polluting enterprises, a better ecological environment, and less investment in environmental governance, so the level of intensity of its environmental regulations is relatively low.



5.1.1. Comparison Based on the HDI Partition


Before processing the panel data, the fundamental question is whether to use a fixed effects model or a random effects model. First, we set the null hypothesis. According to the results of Hausmann’s test, all of the data reject the null hypothesis, that is, the mean, reject random effects, and accept fixed effects. In addition, the development of different regions in China is uneven. Due to the different factor endowments in different regions, including the influence of other unobservable factors, the quality of economic development varies greatly, which also shows that the fixed effects model is more suitable. Therefore, we used the fixed effects model in the empirical evidence. Table 4 shows the impact of environmental regulations on the quality of economic development based on different HDI zones. Columns 1–2 present the empirical results when the cross-term conditions are not included, and columns 3–4 present the empirical results for the impact of environmental regulations on the quality of economic development when the cross-term conditions of the industrial structure are introduced. This paper proceeds to conduct a detailed analysis of the empirical results.



From the empirical results, we will find that the same intensity of environmental regulation is more effective in regions lower than the national average HDI. Combined with the environmental Kuznets curve (EKC), this shows that the current environmental regulation intensity has not reached the critical point and needs to be further increased.




5.1.2. Analysis of the Results for Provinces with HDI Values above the National Average


The adjusted goodness-of-fit (Adj R-sq) is a correlation coefficient that reflects the degree of model fit, and deducts the influence of the number of included terms in the regression equation. From Table 4, it can be seen that the degree of fit is better in regions with higher than the national HDI, with a value of Adj R-sq close to 1. In comparison, the two models have a fair degree of fit in regions with lower than the national average HDI. The first column in Table 4 shows that environmental regulations in regions with an HDI above the national average HDI have a positive impact on the quality of regional economic development, with a coefficient of 0.0171. This shows that in provinces with a higher than average HDI, strengthening the intensity of environmental regulations can improve the quality of regional economic development and that high-quality development and environmental protection can coexist. However, this result is not statistically significant at the 10% level. This shows that when no cross-term conditions are included, the effect of environmental regulations is relatively small. This may be because the impact of environmental regulations on the quality of regional economic development is mainly exerted through intermediary factors, such as the industrial structure and foreign direct investment. The industrial structure has a positive effect on the quality of economic development, with a coefficient of 1.112, and it is significant at the 1% level. This shows that the industrial structure plays a significant role, and that optimizing and upgrading the industrial structure can greatly increase the speed of economic development. Other explanatory variables—the amount of fixed asset investment, the human capital level, and openness to trade—all have a positive impact on the quality of regional economic development. The volume of fixed asset investment is significantly positive at the 5% level, with a coefficient of 0.328, which indicates that the volume of fixed asset investment plays an important role in improving the quality of regional economic development. The level of human capital and trade openness are insignificant at the 10% level. The levels of human capital and trade openness in regions above the national average HDI have little impact on the high-quality development of the regional economy.



The third column in Table 4 shows the impact of environmental regulation in regions with HDI values above the national average on the quality of regional economic development estimated with cross-terms included. The cross-term between environmental regulations and the industrial structure has a negative effect on the quality of economic development in provinces with a higher than average HDI, with a coefficient of −0.1301. This result is not statistically significant at the 10% level. The reason may be that the intensity of environmental regulations is insufficient, which negatively impacts economic development. However, the cross-term between environmental regulations and the industrial structure has a positive impact on the quality of economic development in regions with HDI values above the national average, with a coefficient of 0.2798. This is significant at the 5% level. The reason is that environmental regulations affect the quality of economic development through the industrial structure, mainly due to the crowding-out mechanism and the growth in green barriers to entry. Environmental regulations have improved the efficiency of green innovation in industry, leading to industrial structure upgrades and improvements in the quality of economic development. Moreover, low efficiency and polluting enterprises are forced out of the industrial sector, and resources are concentrated in clean technology industries. Therefore, the higher the intensity of environmental regulation, the more obvious the positive effect of the cross-term between environmental regulation and industrial structure on economic development.




5.1.3. Analysis of the Results for Provinces with HDI Values below the National Average


The second column in Table 4 shows the empirical results of the estimation of the impact of environmental regulations on the quality of economic development in regions with an HDI below the national average, without the inclusion of the cross-terms. The results show that in regions with below average HDI values, environmental regulations have a positive impact on economic development, with a coefficient of 0.0182. This result is insignificant at the 10% level. In regions with below average HDI values, strengthening the intensity of environmental regulations does not improve the quality of regional economic development. This may be because regions with an HDI below the national average are relatively underdeveloped and there are large differences in regional development. In terms of economic development, the governments in these areas have fallen victim to the misconception of pollution first, treatment later. For the sake of economic growth, the government has sacrificed the environment, resulting in the inability of environmental protection and high-quality economic development to coexist. The amount of investment in fixed assets and the level of human capital have little effect on economic development. The industrial structure and openness to trade in regions with below average HDI values have a positive impact on economic development.



The fourth column in Table 4 shows empirical results of the estimation of the impact of environmental regulations on the quality of economic development in regions with HDI values that are below the national average, with cross-terms included. The results show that in regions with below average HDI values, environmental regulations have a negative impact on economic development, with an impact coefficient of −0.2125. This effect is greater in provinces with higher than average HDI values, and is significant at the 5% level. The coefficient on the cross-term with industrial structure is 0.5647, which is also significant at the 5% level. In addition, the cross-term has a positive impact on economic development, which is consistent with, and even greater than, the results for regions with an HDI above the national average.





5.2. Robustness Test


To confirm the reliability of the empirical results obtained above, this article conducts robustness tests both using the full sample and conducting the estimation with a substitute variable.



5.2.1. Full Sample Testing


Table 5 shows the results of the robustness test of the effect of environmental regulations on economic development quality using the full sample. The first column in Table 5 presents the results of the robustness test of the effect of environmental regulations on economic development quality without including the cross-term conditions. The second column in Table 5 presents the results of the robustness test of the effect of environmental regulations on economic development quality including the cross-term conditions. The first column in Table 5 shows that the impact of environmental regulations on the quality of economic development is not significant at the 10% level in the full sample, with a coefficient of 0.021. This shows that environmental regulation does not have a significantly positive effect on the quality of economic development, which is consistent with the empirical results for provinces with higher than average HDI values and regions with below average HDI values. Other explanatory variables, including industrial structure and trade openness, have a positive effect on the quality of economic development. The effect of the industrial structure is significantly positive at the 1% level, with a coefficient of 0.786, and that of human capital is significantly positive at the 1% level, with a coefficient of 0.0738. This is consistent with the results from the first and second columns of Table 4, which are for provinces with higher than average HDI values and provinces with below average HDI values, respectively. These results show that environmental regulation has not played a role in the governance of corporations, leading to insignificant optimization of the industrial structure. After the introduction of the cross-terms in the second column of Table 5, the full-sample empirical results show that environmental regulations have a negative impact on the quality of economic development. The impact of the cross-term with the industrial structure is positive and significant at the 1% level, which is consistent with the empirical results in the third and fourth columns in Table 4. The results listed in Table 5 are consistent with the results in Table 4, indicating that the results in Table 4 are highly robust.




5.2.2. Substitute Variable Test (GDP)


This article draws on Shiyi-Chen (2018) [51], who adopted labor productivity (GDP) to measure the quality of economic development. This provides an estimate of the effect of environmental regulations on a substitute for the explained variable. Table 6 reports the robustness test results from the estimation of the impact of environmental regulations on the quality of economic development as measured by the substitute variable. Columns 1–2 of Table 6 present the robustness test for the effect of environmental regulations on the quality of economic development when no cross-term is introduced and the estimation is conducted at the HDI zone level. Columns 3–4 of Table 6 present the robustness test results for the effect of environmental regulations on the quality of economic development when the cross-terms are introduced and the estimation is conducted at the HDI zone level.



The first column of Table 6 shows that environmental regulations in regions with above average HDI have a negative impact on the high-quality development of the regional economy, but this result is not significant at the 10% level. After introducing the cross-term with industrial structure, the results in the second column of Table 6 show that at the 5% level, the impact of environmental regulations on the quality of economic development is negative, with a coefficient of −2.3776. This is consistent with the results in Table 4, indicating that the model is robust.



The second column of Table 6 shows that environmental regulations in regions with below average HDI have a positive impact on the quality of regional economic development, but the effect is not significant. After introducing the cross-term with industrial structure, environmental regulation does have a significant impact, with a coefficient of −1.0116. In columns 3–4 of Table 6, the impact of the cross-term with industrial structure on the quality of economic development is significant and positive, with a coefficient of 4.1542 for provinces with HDI values lower than the national average and with a coefficient of 2.5427 for provinces with HDI values higher than the national average. This shows that the mechanism of technological innovation induced by environmental regulations promotes industrial upgrades, which in turn promotes high-quality regional economic development. This is consistent with the empirical results in columns 3−4 of Table 4. The results presented in Table 6 are consistent with the estimated results presented in Table 4, indicating that the results in Table 4 are highly robust.






6. Conclusions and Policy Recommendations


Based on theory and the institution of environmental regulations, this paper constructs a comprehensive index of regional economic development quality using the three dimensions of the economic development level, the stability of development, and the sustainability of development. We used panel data from 30 provinces as our research sample, classified them into regions with HDI values above the national average and regions with HDI values below the national average, and conducted a comparative study of their regional differences. We draw the following conclusions.



	(1)

	
The same intensity of environmental regulations in regions with different HDI levels has different effects on the quality of economic development. The development of different provinces in China is extremely imbalanced. Limited by the influence of natural endowments and strategic positions, the economic development of the central and western regions is not as high as that of the eastern region. However, environmental regulations in provinces with above average HDI values and below average HDI values show the same trend in the quality of economic development. Moreover, the mediating effect of the industrial structure on environmental regulations is greater in areas with below average HDI values.




	(2)

	
Environmental regulations in provinces with above average HDI values have a negative impact on the quality of regional economic development. The cross-term between environmental regulations and the industrial structure has a significantly positive impact on the quality of regional economic development. The mechanism underlying the effect of environmental regulations on the quality of economic development is mainly the transformation and upgrading of the industrial structure. Reasonable environmental regulations can motivate enterprises to transform and upgrade. Highly polluting enterprises are eliminated through the survival of the fittest mechanism, and social resources are transferred to clean technology industries. This promotes the transfer of resources from the primary and secondary industries to the tertiary industry, optimizes the industrial structure, and promotes high-quality economic development.




	(3)

	
Environmental regulations in provinces with below average HDI values have a positive impact on the quality of regional economic development, but the effect is not significant at the 10% level. This shows that environmental regulations play a minor role in determining economic development quality. After the introduction of the cross-terms, environmental regulations and industrial structure are found to have a negative impact on the quality of regional economic development. Cross-terms between environmental regulation and industrial structure have a significantly positive impact on the quality of regional economic development. Moreover, the mediating effect of the industrial structure on environmental regulations is greater in low HDI regions than in high HDI regions. This shows that the mechanism underlying the effect of environmental regulations on high-quality economic development is the industrial structure. In addition, the current intensity of environmental regulations is insufficient, and the intensity of environmental regulations should be increased.







In the process of economic development, with the endless emergence of environmental problems, the upgrading of the industrial structure has gradually become an effective means of coordinating environmental protection and economic growth. This article discusses the intermediary role of industrial upgrading in the impact of environmental regulations on the quality of economic development, and proposes the following recommendations and policies based on this discussion.



	(1)

	
Increase the intensity of environmental regulations by industry. The interaction between environmental regulation adjustment and industrial structure upgrading can promote high-quality economic development. However, the development of different industries is uneven, and the direction of industrial structure adjustment is also different. For example, the manufacturing industry needs to be adjusted from an extensive labor force development to a technology-intensive development. Therefore, policymakers are required to refine environmental regulations by industry and adopt environmental regulations that are most suitable for the development of the industry. In addition, some high-polluting industries should formulate more stringent environmental regulations and policies to help the industry cross the inflection point of the U-shaped curve as soon as possible to promote high-quality economic development by optimization and upgrading of the industrial structure.




	(2)

	
Local governments need to grasp the positive effects of environmental regulations on the upgrading of industrial structure, and guide healthy competition in environmental regulations among regions. Regional development in China is uneven, especially the economic development between the eastern and western parts of the country. Local governments must take into account the actual local conditions when formulating environmental regulations and policies. Regions above the national average HDI should sum up their experience, and regions below the national average HDI should strengthen environmental regulations. The local government should adjust measures to local conditions, tilt resources to green development industries, vigorously introduce technical talents, and gradually adjust the structure of pollution-intensive industries.




	(3)

	
Actively play the role of green technological innovation in promoting the upgrading of industrial structure. Talent is the foundation of innovation. The Chinese government should vigorously cultivate high-level green innovative talents, continuously invest in green innovative technologies, and accelerate the advancement and rationalization of the industrial structure.




	(4)

	
Improve public awareness of environmental protection. Environmental protection is not an individual’s business. It requires the economic participation of all sectors of society, and ordinary people are also an important part of that. As consumers, we resolutely refuse to purchase goods produced by highly polluting technologies. This can fundamentally increase the enthusiasm of enterprises and enhance their environmental responsibility. At the same time, the government also encourages institutional and technological innovation and strengthens the role of enterprises as the main body and main force of technological innovation.







This article only studies the mediating effect of the industrial structure. The mechanism of environmental regulation in the high-quality development of regional economy is complex, and the path is extensive. We only studied the mediating effect of industrial structure, which has certain limitations. In addition to upgrading the industrial structure, the technology spillover effect of FDI may also affect the high-quality development of the regional economy. In the future, we can study the effects of environmental regulation on the high-quality development of the regional economy when FDI, technological innovation, and other factors are used as intermediary variables at the same time. In addition, China’s digital economy has developed rapidly in recent years. For the next research direction, we can also consider the digital economy as an explained variable or mediating variable in the study of high-quality development of the regional economy.
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Figure 1. HDI ranking of Chinese provinces in 2017. 
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Table 1. Selection of indicators for the high-quality development of the regional economy.
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Explained Variable

	
Level 1 Indicators

	
Level 2 Indicators

	
Unit

	
Indicator Attributes






	
High-quality development of regional economy (hqd)

	
Level of economic development (le)

	
Logarithm of GDP per capita (y1)

	
/

	
Positive index




	
Stability of economic development (st)

	
CPI (y2)

	
%

	
Reverse indicator




	
Urban registered unemployment rate (y3)

	
%

	
Reverse indicator




	
Sustainability of economic development (su)

	
Green coverage rate of built-up area (y4)

	
%

	
Positive index




	
Per capita public green area (y5)

	
%

	
Positive index




	
Pollution intensity (y6)

	
M2/person

	
Reverse indicator
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Table 2. The high-quality development of regional economic in China’s provinces from 2006 to 2017.
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	2006
	2007
	2008
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017





	Beijing
	0.68
	0.63
	0.67
	0.89
	0.86
	0.91
	1.00
	0.95
	0.97
	1.00
	1.00



	Tianjin
	0.23
	0.23
	0.24
	0.26
	0.28
	0.30
	0.30
	0.32
	0.35
	0.39
	0.44



	Hebei
	0.22
	0.24
	0.26
	0.32
	0.32
	0.33
	0.35
	0.37
	0.40
	0.44
	0.47



	Shanxi
	0.20
	0.22
	0.25
	0.27
	0.31
	0.31
	0.32
	0.34
	0.37
	0.40
	0.49



	Inner Mongolia
	0.24
	0.26
	0.27
	0.33
	0.34
	0.39
	0.39
	0.43
	0.45
	0.49
	0.51



	Liaoning
	0.31
	0.36
	0.40
	0.46
	0.45
	0.50
	0.52
	0.52
	0.53
	0.51
	0.56



	Jilin
	0.26
	0.27
	0.29
	0.33
	0.33
	0.33
	0.33
	0.38
	0.39
	0.43
	0.44



	Heilongjiang
	0.29
	1.00
	0.37
	0.41
	0.41
	0.41
	0.42
	0.43
	0.44
	0.47
	0.49



	Shanghai
	0.27
	0.28
	0.31
	0.57
	0.56
	0.59
	0.57
	0.57
	0.57
	0.61
	0.69



	Jiangsu
	0.43
	0.48
	0.50
	0.55
	0.57
	0.59
	0.62
	0.64
	0.65
	0.67
	1.00



	Zhejiang
	0.23
	0.25
	0.27
	0.30
	0.38
	0.44
	0.46
	0.49
	0.51
	0.56
	0.58



	Anhui
	0.35
	0.33
	0.35
	0.40
	0.42
	0.44
	0.46
	0.48
	0.50
	0.53
	0.57



	Fujian
	0.14
	0.14
	0.18
	0.23
	0.21
	0.29
	0.30
	0.32
	0.35
	0.41
	0.42



	Jiangxi
	0.19
	0.22
	0.24
	0.30
	0.32
	0.34
	0.34
	0.36
	0.34
	0.34
	0.47



	Shandong
	0.41
	0.43
	0.43
	0.47
	0.49
	0.53
	0.56
	0.57
	0.57
	0.59
	0.62



	Henan
	0.22
	0.24
	0.27
	0.28
	0.30
	0.34
	0.35
	0.38
	0.39
	0.50
	0.53



	Hubei
	0.23
	0.24
	0.27
	0.30
	0.30
	0.36
	0.38
	0.42
	0.46
	0.52
	0.53



	Hunan
	0.19
	0.21
	0.23
	0.25
	0.26
	0.27
	0.29
	0.32
	0.35
	0.41
	0.46



	Guangdong
	0.57
	0.62
	0.72
	0.82
	0.81
	0.81
	0.86
	0.86
	0.89
	0.98
	1.00



	Guangxi
	0.23
	0.21
	0.21
	0.25
	0.32
	0.32
	0.37
	0.42
	0.47
	0.52
	0.58



	Hainan
	0.17
	0.83
	0.86
	1.00
	0.87
	0.72
	0.45
	0.33
	0.43
	0.64
	1.00



	Chongqing
	0.11
	0.17
	0.21
	0.32
	0.38
	0.42
	0.19
	0.42
	0.43
	0.47
	0.51



	Sichuan
	0.25
	0.25
	0.26
	0.35
	0.39
	0.43
	0.17
	0.43
	0.44
	0.49
	0.53



	Guizhou
	0.32
	0.33
	0.34
	0.34
	0.32
	0.34
	0.18
	0.34
	0.36
	0.44
	0.46



	Yunnan
	0.15
	0.18
	0.21
	0.29
	0.27
	0.31
	0.31
	0.33
	0.33
	0.35
	0.44



	Shanxi
	0.20
	0.20
	0.20
	0.24
	0.27
	0.32
	0.35
	0.36
	0.44
	0.46
	0.49



	Gansu
	0.16
	0.19
	0.21
	0.23
	0.23
	0.27
	0.30
	0.32
	0.34
	0.39
	0.41



	Qinghai
	0.08
	0.08
	0.08
	0.08
	0.10
	0.10
	0.12
	0.13
	0.14
	0.15
	0.16



	Ningxia
	0.14
	0.18
	0.20
	0.23
	0.25
	0.28
	0.30
	0.32
	0.32
	0.37
	0.39



	Xinjiang
	0.24
	0.33
	0.33
	0.37
	0.39
	0.40
	0.41
	0.44
	0.47
	0.57
	0.59







Data source: Calculated based on data from the China Statistical Yearbook, China Environmental Statistical Yearbook, China Environmental Yearbook, China Industrial Economic Statistical Yearbook, and China Science and Technology Statistical Yearbook. Among them, per capita GDP, CPI, urban registered unemployment rate, green coverage rate in built-up areas, and per capita public green area are derived from the yearbook, and the pollution intensity is calculated by the entropy weight method.
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Table 3. Descriptive statistical analysis.






Table 3. Descriptive statistical analysis.





	Variables
	Sample Size
	Mean
	Standard Deviation
	Min. Value
	Max. Value





	hqd
	360
	0.3996
	0.193
	0.0759
	1



	lner
	360
	5.004
	0.9609
	1.808
	7.258



	is
	360
	0.4255
	0.0916
	0.286
	0.806



	fa
	360
	9.04
	0.9555
	5.966
	10.919



	edu
	360
	8.696
	0.9039
	6.6
	11.6



	lnimex
	360
	5.792
	1.6135
	1.504
	9.458
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Table 4. Estimation results for the effect of environmental regulations on the quality of economic development based on HDI zones.






Table 4. Estimation results for the effect of environmental regulations on the quality of economic development based on HDI zones.





	
Independent Variables

	
Dependent Variable (hqd)




	
No Cross Term Introduced

	
No Cross Term Introduced

	
Introduce Cross Terms

	
Introduce Cross Terms




	
Provinces with Higher than the National Average HDI

	
Provinces with Lower than the National Average HDI

	
Provinces with Higher than the National Average HDI

	
Provinces with Lower than the National Average HDI






	
lner

	
0.0171

(0.89)

	
0.0182

(0.39)

	
−0.1301 **

(−2.17)

	
−0.2125 **

(−2.56)




	
is

	
1.112 ***

(5.83)

	
0.4583 ***

(3.56)

	
−0.5109

(−0.88)

	
−2.393 *

(−1.74)




	
fa

	
0.328 **

(1.98)

	
−0.0413

(1.36)

	
0.0594 **

(1.99)

	
0.053 ***

(2.68)




	
edu

	
0.0267

(0.51)

	
−0.0345

(−0.77)

	
0.0182 ***

(3.33)

	
−0.0185

(−0.48)




	
lnimex

	
0.0796

(1.32)

	
0.0715 ***

(4.16)

	
0.0859

(1.37)

	
0.0616

(0.8)




	
lner×is

	
-

	
-

	
0.2798 ***

(2.95)

	
0.5647 **

(2.14)




	
Constant Term

	
−1.256 ***

(−6.12)

	
−0.3697

(−1.03)

	
−0.622 **

(−2.21)

	
0.6063

(0.87)




	
Sample Size

	
108

	
252

	
108

	
252




	
Province

	
9

	
21

	
9

	
21




	
Method

	
FE

	
FE

	
FE

	
FE




	
Adj R-sq

	
0.8754

	
0.3501

	
0.8841

	
0.3671








Note: *, **, and *** indicate significance levels of 10%, 5%, and 1%, respectively, with standard errors in parentheses.
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Table 5. Estimated results for the effect of environmental regulation on the quality of economic development (full sample robustness test).






Table 5. Estimated results for the effect of environmental regulation on the quality of economic development (full sample robustness test).





	
Independent Variables

	
Dependent Variable (hqd)




	
No Cross-Term Introduced

	
Introduce Cross-Terms






	
lner

	
0.021

(0.72)

	
−0.1796 ***

(−4.32)




	
is

	
0.786 ***

(5.57)

	
−1.594 **

(−2.52)




	
fa

	
0.0164

(0.71)

	
0.0546 ***

(3.64)




	
edu

	
0.0087

(0.26)

	
0.0007

(0.02)




	
lnimex

	
0.0738 ***

(4.00)

	
0.067 ***

(3.98)




	
lner×is

	
-

	
0.4356 ***

(4.03)




	
Constant Term

	
−0.6911 ***

(−2.74)

	
0.1533

(0.4)




	
Sample Size

	
360

	
360




	
Province

	
30

	
30




	
Method

	
FE

	
FE








Note: **, and *** indicate the significance levels of 10%, 5%, and 1%, respectively, with standard errors in parentheses.
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Table 6. Estimation results for the effect of environmental regulations on the quality of economic development (robustness test with a substitute variable).






Table 6. Estimation results for the effect of environmental regulations on the quality of economic development (robustness test with a substitute variable).





	
Independent Variables

	
Replace Dependent Variable (hqd)




	
No Cross-Term Introduced

	
No Cross-Term Introduced

	
Introduce Cross-Terms

	
Introduce Cross-Terms




	
Provinces with Higher than the National Average HDI

	
Provinces with Lower than the National Average HDI

	
Provinces with Higher than the National Average HDI

	
Provinces with Lower than the National Average HDI






	
lner

	
−1.912

(−0.86)

	
2.72.4

(0.22)

	
−2.3776 **

(−2.24)

	
−1.0116 **

(−2.24)




	
is

	
8.5171 **

(3.30)

	
2.2220 ***

(2.67)

	
−1.55776

(−1.19)

	
−1.06194 **

(−1.97)




	
fa

	
1.0911 **

(2.20)

	
3.484 **

(2.00)

	
1.4871 ***

(3.77)

	
4.008 ***

(2.64)




	
edu

	
6.565

(1.01)

	
−1.854

(−0.88)

	
5.311

(0.98)

	
−1.133

(−0.54)




	
lnimex

	
7.136

(1.05)

	
5.953 ***

(4.39)

	
8.067

(1.60)

	
5.510 ***

(3.83)




	
lner×is

	
-

	
-

	
4.1542 *

(1.88)

	
2.5427 **

(2.34)




	
Constant Term

	
−2.19494 ***

(−4.47)

	
1.3546 ***

(−3.19)

	
−1.25338 **

(−2.42)

	
7.88.1

(0.04)




	
Sample Size

	
108

	
252

	
108

	
252




	
Province

	
9

	
21

	
9

	
21




	
Method

	
FE

	
FE

	
FE

	
FE








Note: *, **, and *** indicate significance levels of 10%, 5%, and 1%, respectively, with standard errors in parentheses.
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