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Based on the connotation of high-quality economic development (HQED) in China, this study uses panel data of 30 provinces (cities and regions) in China from 2005 to 2019 to construct an evaluation index system of HQED with three dimensions of “economic development—social life—ecological environment,” and establishes a fuzzy comprehensive evaluation model to calculate the HQED index. The results show that the high-quality development level of China’s economy shows an upward trend of fluctuation, but the development level is still low and there are obvious regional differences. The eastern region enjoys the highest level of HQED, followed by the central region and western region. The panel data regression model is further established to analyze the impact of environmental regulation on economic development. It is found that there is an inverted u-shaped relationship between environmental regulation and HQED, and there is a “cost compliance” effect between environmental regulation and quantitative economic development. Strict environmental regulation measures will inhibit economic quantity growth. The results of heterogeneity analysis show that environmental regulation has different impacts on the economic development of the three regions due to the differences in resource endowment. The influence of environmental regulation on economic development in eastern China is similar to that in the whole country. However, in the central region, there is an “innovation compensation” effect between environmental regulation and HQED, and a “U” shape relationship between environmental regulation and quantitative economic development. In western China, the enhancement of environmental regulation will inhibit high-quality and quantitative economic development.
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1 INTRODUCTION
Since 1978, China has seen a rapid increase in its level of economic development and a significant improvement in people’s living standards. However, the ecological and environmental problems caused by overexploitation, sloppy utilization, and extravagant waste of the early resources are increasingly prominent (Vennemo et al., 2009; Qashou et al., 2022; Samour and Pata, 2022). Since the 1980s, China has paid increasingly close attention to the issue of coordinated economic and environmental development, and has successively put forward major strategic ideas such as the sustainable development strategy and the scientific outlook on development. In addition, China is constantly improving its laws related to environmental protection. Since the 18th Party Congress, China has innovatively developed new concepts and ideas, such as the “Two Mountains Theory” and the Community of Life between man and nature, and has continuously enriched and improved the theoretical system of harmonious coexistence between man and nature. Currently, China’s economic development has entered a new period, and it has shifted from the stage of high-speed growth to the stage of high-quality development.
“High-quality development” is rich in connotation. It covers both quantitative development and qualitative development and has distinctive characteristics of the times (Zhu et al., 2020). High-quality economic development (HQED) means that economic development no longer simply pursues the quantity of economic development and economic development speed, but more often takes into account the ecological environment, industrial coordination, regional coordination, etc., to improve the quality of economic development. Since the reform and opening up, China has shifted its focus to economic construction and solved the problem of economic quantity. Now, people are more concerned about the quality of economic growth under the ecological crisis (Abumunshar et al., 2020; Altarhouni et al., 2021; Samour et al., 2022). China proposes HQED, which solves the problem of economic quality (Zhou et al., 2020). China has proposed five major development concepts: innovation, coordination, green, openness, and sharing. HQED should not only meet these five development concepts, but also be a development with fewer production input factors, higher efficiency in resource allocation, lower resource and environmental costs, and better economic and social benefits. China’s HQED should balance the total amount of economic development and the quality of economic development, consider the coordination of economic growth with environmental protection and ecological civilization, and pay more attention to the comprehensive development of economy, politics, society, culture, and ecology (Liu et al., 2021).
Before the concept of HQED was introduced, scholars generally used the quality of economic growth to measure the “quality” of China’s economy, such as total factor productivity, green total factor productivity (Mei and Chen, 2016; Zhao et al., 2022a; Zhao et al., 2022b), and value-added rate (Hu et al., 2020). Although these indicators make up for the previous shortcomings of simply measuring the quantity of economic development, and can reflect the quality of economic development to a certain extent, they still have limitations and reflect relatively single economic information. Since the 19th Party Congress, scholars have set out to study issues related to China’s HQED and to construct comprehensive evaluation models. For example, Hu et al. (2020) constructed a six-dimensional economic quality development evaluation index system including technological innovation, infrastructure construction, ecological environment, economic efficiency, economic stability, and market mechanism to study the level of rural economic development, but the results of the study were evaluated only from the perspective of rural areas and could not reflect the overall level of China’s economic quality development. Chen and Wang (2021) constructed a comprehensive evaluation index system including green development, residents’ living standard, innovation ability, economic vitality, and coordinated development based on the data of Chinese prefecture-level cities, but the three-level indicators only contain positive and negative indicators, and do not include moderate indicators such as urban-rural income ratio and urban-rural consumption ratio.
According to Chen (2009), unregulated polluting behavior can affect economic growth through two pathways. When the pollutant emission level is lower than the natural environmental carrying capacity, the natural environment dissipates the waste by self-cleaning, which brings positive impact on economic development; when the pollutant emission level is higher than the natural environmental carrying capacity, in the short term, enterprises obtain economic growth through high energy consumption, high pollution, and high emission, but the continuous emission of pollutants will reduce the environmental quality and trigger negative externalities, which will eventually negatively affect economic development (Chen and Chen, 2018). To ensure long-term sustainable economic development, the state introduces environmental regulation mechanism. Environmental regulation aims to prevent and control pollution, improve the environment, and achieve harmonious development of economy and resources and environment. Regarding the impact of environmental regulation on economic development, some scholars support the “innovation compensation theory,” which argues that appropriate environmental regulation can stimulate business innovation and promote economic growth. For pollution-intensive industries, higher environmental regulation standards can force enterprises to improve technological innovation, reduce environmental pollution and energy consumption, and improve the quality of economic development (Zhu et al., 2014). Some scholars support the “cost of compliance” theory, arguing that in the short term, strict environmental regulations raise production costs and reduce the profitability of enterprises (Greenstone et al., 2012), and even “force” enterprises to move to areas with less stringent regulations, creating “pollution havens” that are not conducive to improving the quality of economic development (Conrad and Wastl, 1995).
In recent years, China has attached great importance to the issue of environmental pollution by re-establishing the Ministry of Natural Resources to unify the management of natural resources. At the same time, China has strengthened environmental regulations and improved the accountability system for ecological and environmental protection, seeking to better coordinate the development relationship between population, economy, and resources. From the literature, it can be seen that HQED includes the concept of “population-economy-society-resources” coordinated development. In the comprehensive evaluation of HQED, the existing researches have their characteristics. However, there are still many shortcomings, such as the results of some literature are rather one-sided, which cannot reflect the overall characteristics of China’s HQED; some literature has not selected reasonable indicators and needs to be improved. Therefore, this study constructs a scientific evaluation index system from the connotation of HQED, and incorporates environmental regulation variables to analyze its impact on HQED. The contribution of this research is mainly reflected in the following aspects. First, this study considers the positive indicators, negative indicators, and moderate indicators affecting the HQED, and constructs a scientific, systematic, and comprehensive evaluation index system for HQED. Second, this study uses panel data of 30 Chinese provinces (cities and districts) from 2005 to 2019 to measure the level of China’s HQED by region, analyzes the temporal trends and spatial differences in China’s HQED, and objectively and truly grasps the current status of China’s HQED. Third, this paper introduces environmental regulation variables, and uses economic quality development and economic quantity development as explanatory variables, respectively, to comprehensively analyze the impact of environmental regulation on economic development and its regional heterogeneity, and provide countermeasures for promoting economic quality.
2 RESEARCH DESIGN
2.1 Measurement of China’s HQED Index Based on Fuzzy Comprehensive Evaluation Method
2.1.1 Construction of an Evaluation Index System for China’s HQED
As mentioned above, the definition of HQED includes the concept of coordinated development of population-economy-society-resources, which covers three aspects: economic development progress, social life stability, and ecological environment optimization. Therefore, this study takes into account the scientific and systematic nature of the evaluation system, as well as the availability of indicator data, and uses data from 30 provinces (cities and regions) in China (due to the serious lack of indicators in China, Hong Kong, Macao, Taiwan, and Tibet are not included in this study) to construct an evaluation index system for measuring China’s HQED index, with the criterion layer consisting of 3 dimensions, including economic development, social life, and ecological environment. The sub-criteria layer consists of 13 dimensions such as economic development quantity, economic development speed, and industrial structure coordination, and the indicator layer contains 28 indicators such as real regional GDP, real GDP per capita, GDP growth rate, and GDP per capita growth rate, as shown in Table 1.
TABLE 1 | Evaluation index system of China’s HQED index.
[image: Table 1]In terms of economic development, four aspects are included: the quantity of economic development, the speed of economic development, the coordination of industrial structure, and the openness of economy and trade. Specifically, the quantity of economic development is measured by real regional GDP and real GDP per capita, the speed of economic development is measured by GDP growth rate and GDP per capita growth rate, the coordination of industrial structure is measured by advanced industrial structure and rationalized industrial structure, and the openness of economy and trade is measured by the proportion of total import and export and the proportion of foreign direct investment. In terms of social life, six aspects are examined: technological innovation, residents’ life, urban-rural coordination, medical facilities, education level, and public transportation. Specifically, technological innovation includes both technological innovation inputs and technological innovation outputs. Technological innovation inputs are measured by the ratio of R&D input funds and the full-time equivalent of R&D employees, and technological innovation outputs are measured by the ratio of technology market turnover and patent efficiency. The employment rate and urbanization level measure the living standard of residents; the urban-rural income ratio and urban-rural consumption ratio measure the coordination of urban-rural development; the number of beds in medical and health institutions per unit of population and the number of health technicians per 1,000 people measure the level of medical facilities; the proportion of education expenditure and the average number of students in higher education schools per 100,000 people measure the level of education; and the number of public transportation vehicles per 10,000 people measures the level of public transportation. In terms of the ecological environment, three aspects are included: greening level, pollutant emission level, and pollution control. Specifically, the greening level is measured by the forest coverage rate, the greening coverage rate of built-up areas, and the per capita park green area; the pollutant emission level is measured by the industrial wastewater emission per unit of GDP and the industrial solid waste per unit of GDP; and the pollution control capacity is measured by the harmless treatment rate of residential waste and the daily treatment capacity of urban sewage.
Both real regional GDP and real per capita GDP are calculated by using GDP index and per capita GDP index respectively, taking 2005 as the base period. When measuring the degree of industrial structure coordination, this study adopts the ratio of the output value of the tertiary industry to the output value of the secondary industry to measure the level of the advanced industrial structure according to Clark’s law. A larger ratio indicates a higher level of advanced industrial structure. The level of industrial structure rationalization reflects the dynamic process of continuous strengthening of coordination ability and increasing level of association between industries in a country. This study uses the Thiel index to measure the degree of industrial structure rationalization in each province (city, region). The equation is [image: image], where [image: image] indicates the proportion of the mth industry in regional GDP of the ith province or city in the year t, and [image: image] indicates the proportion of employees of the mth industry in total employment in the ith province or city for year t. The larger the value of the industrial structure rationalization index, the more reasonable the industrial structure of a region. The patent efficiency is measured by the proportion of the number of granted patent applications to the number of patent applications, the urban-rural income ratio is measured by the ratio of per capita disposable income of urban residents to per capita disposable income of rural residents, the industrial wastewater emission per unit GDP is measured by the ratio of total industrial wastewater emission to GDP, the industrial solid waste per unit GDP is measured by the ratio of industrial solid waste generation to GDP, and the remaining indicators are calculated according to the method shown in Table 1.
2.1.2 Fuzzy Comprehensive Evaluation Model Construction
In this study, the indicators of HQED index are divided into three categories: positive indicators, negative indicators, and moderate indicators. Due to the different attributes and different units of measurement among different indicators, to facilitate analysis and comparison, this study establishes a fuzzy benefit-type matrix by dimensionless method, and transforms all elements of the matrix into positive indicators. Then, this paper uses the coefficient of variation method to determine the index weights. Finally, the comprehensive evaluation model is constructed as follows.
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where [image: image] represents the HQED index of each province, and the larger the value, the better the level of HQED of a region. bij denotes the elements of the benefit matrix.
2.2 Panel Data Regression Model
To further assess the impact of environmental regulation on HQED and regional heterogeneity, this study constructs the following benchmark regression model based on relevant data from 30 provinces (cities and regions) in three major regions of China: east, central and west from 2005 to 2019.
[image: image]
where i represents the province, [image: image] denotes the explanatory variable, measured by the HQED index and taken as a logarithm. [image: image] denotes the core explanatory variable environmental regulation, measured by the share of total investment in the construction of environmental technology facilities in each province’s urban GDP (unit: %), and taken as a logarithm. Meanwhile, to examine the non-linear impact of environmental regulation, this study introduces a quadratic term of environmental regulation [image: image]. [image: image] is a series of control variables related to the high quality of the economy, specifically including the scale of fixed asset investment (inv, in %), expressed as the ratio of total social fixed asset investment to GDP; government intervention (gov, in %), expressed as the share of fiscal expenditure in GDP; road area per capita (lnroad, in m2/person); disposable income per inhabitant (lnwage, in RMB/person), urban population density (lnpop, in person/km2). [image: image] and [image: image] represent individual fixed effects and time fixed effects, respectively, and [image: image] denotes the random perturbation term. To eliminate the effect of heteroskedasticity, this study logarithmizes the road area per capita, disposable income per resident, and urban population density.
To fully explore the impact of environmental regulation on economic development, this study introduces the explanatory variable, the level of quantitative economic development, expressed as the logarithm of real GDP per capita ([image: image]), and establishes the following regression model.
[image: image]
In formula (Eq. 3), except for the explanatory variables, the meanings of the remaining indicators are the same as in model (2).
2.3 Data Source
In this study, the data of each indicator are obtained from the official website of the National Bureau of Statistics of China, the China Statistical Yearbook, the China Environmental Statistical Yearbook, and the China Population and Employment Statistical Yearbook of the corresponding year, and the missing data are filled in using interpolation method.
3 ANALYSIS OF CHINA’S HQED
3.1 The Evaluation Results of HQED
The measured results of China’s economic high-quality development index for each province (city, region) and the three major regions are shown in Table 2 and Figure 1. It can be seen that the overall level of China’s economic quality development showed a fluctuating upward trend from 2005 to 2019. The HQED index increased by 22% from 27.87 to 33.95. In 2007, the quality development index of China’s economy reached the lowest point of 25.34. In 2019, the high-quality development index of China’s economy reached its highest value of 33.95. During the study period, the average value of the China HQED index is 29.16. According to the HQED index of the three major regions, from 2005 to 2019, the HQED index of the eastern, central, and western regions of China all showed a fluctuating upward trend. Among them, the eastern region had the best level of economic high-quality development for a long time, ranking first among the three regions and higher than the national average. From 2005 to 2019, the HQED index of the eastern region rose from 40.82 to 44.93, with an increase of 10%. In 2007, the HQED index of the eastern region reached its lowest value of 36.99; in 2019, the index of HQED in the eastern region rose to the highest value of 44.93. During the study period, the average value of the HQED in the eastern region was 40.64, which was much higher than the average value in the central and western regions and the country. The HQED index in the central region ranks second among the three regions, but it is lower than the national average for a long time. From 2005 to 2019, the index of HQED in the central region rose from 22.87 to 30.33, with an increase of 33%. In 2007, the level of HQED in the central region reached the lowest value of 21.02; in 2019, the level of HQED in the central region rose to the highest value of 30.33. During the study period, the average value of the HQED in the central region was 24.90. The western region had the lowest level of HQED among the three regions for a long time. From 2005 to 2019, the western region’s economic quality development index increased from 18.55 to 25.60, with an increase of 38%. It is the highest growth rate among the three regions. In 2007, the western region’s economic quality development index reached its lowest value of 16.84 and rebounded to its highest value of 25.60 in 2019. During the study period, the average value of the HQED index in the western region was 20.77.
TABLE 2 | Regional HQED index of China from 2005 to 2019.
[image: Table 2][image: Figure 1]FIGURE 1 | High-quality development trend of China’s economy from 2005 to 2019.
To better analyze the level of HQED of each province (city or region), this study classifies the high, medium, low levels of high-quality development according to the ratio of 20%, 80%, and 20%. Specifically, among the 30 provinces (cities and regions), the top six provinces (cities and regions) are divided into the high-level group of HQED, the seventh to twenty-fourth ranked provinces (cities and regions) are divided into the medium level group of HQED, and the bottom six provinces (cities and regions) are divided into the low-level group of HQED. According to Table 2, Guangdong, Beijing, Shanghai, Jiangsu, Zhejiang, and Tianjin belong to the high-level group; Qinghai, Gansu, Ningxia, Guizhou, Shanxi, and Xinjiang belong to the low-level group, and the rest of the provinces (cities and regions) belong to the medium level group. A comparative analysis shows that the six provinces (cities and districts) in the high-level group are all located in the eastern part of China; five of the six provinces (cities and districts) in the low-level group are located in the western part of China. Among them, the average value of Guangdong’s HQED index is 63.30, ranking first among 30 provinces (cities and regions); while the average value of Qinghai is 13.45, ranking the last among 30 provinces (cities and regions), less than a quarter of Guangdong, and the level of economic quality development needs to be improved.
Taking the score of 60 as the passing line of the HQED index, it can be found that China’s HQED level is relatively backward, with an average score of 29.16 nationwide and average scores of 40.64, 24.90, and 20.77 in the eastern, central and western regions respectively, which are far below the passing line level. Among the 30 provinces (cities and regions), only Guangdong Province has an index score slightly above 60, that is 63.30, while the remaining 29 provinces (cities and regions) have a failing index score, indicating that China’s HQED still has a long way to go.
3.2 The Reasons for Regional Difference of HQED
The above results indicate that the HQED of China’s economy shows an upward trend of fluctuation, and there are obvious differences among the three regions. To analyze the reasons for this result, this study calculated the scores of economic development, social life, and ecological environment, as shown in Table 3. At the national level, the economic development level showed a fluctuating upward trend. The ecological environment showed an obvious upward trend, while the social life index showed a downward trend. Therefore, under the comprehensive action of economy, society, and ecology, the level of HQED showed a fluctuating upward trend. In addition, the economic development level, social living standard, and ecological environment index of the eastern region are all higher than that of the central and western regions, especially the economic development level, which was about 2.5 times that of the central region and about three times that of the western region. Therefore, under the multiple drives of economy, society, and ecology, eastern China enjoys the best level of HQED.
TABLE 3 | The scores of three criterion layers.
[image: Table 3]4 IMPACT OF ENVIRONMENTAL REGULATION ON THE HQED
4.1 Descriptive Statistical Analysis
Table 4 shows the results of descriptive statistical analysis of each variable. According to Table 4, it can be seen that the mean (absolute value) of all variables is much larger than the standard deviation, except for the mean absolute value of environmental regulation indicators, which is relatively similar to the standard deviation, indicating that the dispersion of the data is low; the variance inflation factors are all much smaller than 10, indicating that there is no multicollinearity among the variables. In summary, the data can be used for further analysis.
TABLE 4 | Descriptive statistics.
[image: Table 4]4.2 Cointegration Test
To test whether there is a long-term equilibrium relationship between the level of HQED, the quantity of economic development, and the explanatory variables, this study selects the Pedroni test for cointegration, and the results are shown in Table 5. According to Table 5, the p-values of the three test statistics of the pedroni test are all much less than 0.01, which strongly rejects the null hypothesis of “no cointegration relationship” and indicates that there is a long-term equilibrium relationship among the indicator variables.
TABLE 5 | The results of the cointegration test.
[image: Table 5]4.3 Empirical Results
4.3.1 Impact of Environmental Regulation on the HQED
Table 6 shows the influences of environmental regulation on HQED and quantitative economic development. Columns (1) and (3) indicate the effects of environmental regulation on HQED and quantitative economic development without control variables, respectively. Columns (2) and (4) show the results with control variables. The magnitude, direction, and significance of the core explanatory variables have no significant difference whether control variables are added or not. It also verifies the robustness of the regression results. Since the inclusion of control variables can avoid the endogeneity problem caused by omitted variables and make the test results more consistent with objective facts, the model results with the control variables are selected for analysis in this study.
TABLE 6 | The influence of environmental regulation on economic development.
[image: Table 6]According to the regression results in column (2) of Table 6, the quadratic coefficient of environmental regulation is −0.0293 at 10% significance level, while the primary coefficient is 0.00443, indicating that there is an inverted “U” shaped relationship between environmental regulation and HQED, which rises and then falls. When the level of environmental regulation is below 0.0756, there is an “innovation compensation” effect between environmental regulation and HQED, and the level of China’s HQED tends to increase with the increase of environmental regulation, because HQED pays more attention to the coordinated development of economy, society, and ecology. According to Porter’s hypothesis, appropriate environmental regulation can stimulate enterprises to engage in technological innovation and reduce environmental pollution, thus promoting HQED. However, when the environmental regulation level is bigger than 0.0756, the level of HQED keeps decreasing as environmental regulation increases, because strict environmental regulation increases the cost of pollution control, squeeze out the R&D investment in enterprise, and even break the reasonable industrial chain, thus inhibiting HQED.
According to column (4) of Table 6, the coefficient of the quadratic term of environmental regulation is −0.0222 and the coefficient of the primary term is −0.0258 at 5% level of significance, indicating that there is a negative relationship between environmental regulation and quantitative economic development. That is, the relationship between environmental regulations and quantitative economic development exhibits a “compliance cost” effect, with stronger environmental regulations inhibiting economic volume growth. At present, China’s economic growth still depends on energy consumption, fossil fuel burning, and secondary industry development. Strict environmental regulations restrict the development of pollution-intensive industries, which puts high energy consumption and high pollution enterprises under greater cost pressure and even triggers the phenomenon of enterprise closure and industrial transfer, leading to a decline in the development level of the region’s economic quantity.
According to the coefficient of the control variables, there is a positive effect of the size of fixed asset investment on both HQED and quantitative economic development. For every 1 percentage point increase in the scale of fixed asset investment, the level of HQED increases by 0.121% on average, and the level of quantitative economic development increases by 0.216% on average. It indicates that expanding the scale of fixed asset investment helps to increase the vitality of enterprises, thus promoting economic development. There is a significant negative effect of government intervention on both HQED and quantitative economic development. For every 1 percentage point increase in government intervention, the level of HQED decreases by 1.41% on average, and the level of quantitative economic development decreases by 0.933% on average. This indicates that although government intervention can solve the problem of “market failure” to some extent, excessive government intervention may inhibit enterprise innovation and is detrimental to the efficient allocation of resources, thus reducing the economic development level. Road area per capita and disposable income per inhabitant have a significant contribution to the development of economic high-quality and economic quantity. For every 1% increase in road area per capita, the level of HQED increases by 0.135% on average, and the level of economic quantity development increases by 0.146% on average. For every 1% increase in per capita disposable income, the average increase in the level of HQED is 0.199% and the average increase in the level of economic quantity development is 0.129%. It can be seen that the increase of transportation convenience can promote regional exchange, science and technology exchange, which is beneficial to economic development; at the same time, higher per capita disposable income means higher living standard, and higher living standard helps to achieve economic development. There is a negative correlation between urban population density and HQED, and a positive correlation with the level of quantitative economic development. For every 1% increase in population density, the average level of HQED decreases by 0.0131%, while the average level of quantitative economic development increases by 0.00795%. The reason is that population gathering brings a large amount of labor force, which can pull the economic quantity growth. However, too much population means an increase in resource demand, energy consumption, and pollution emissions, which is not conducive to HQED.
4.3.2 Regional Heterogeneity Analysis of the Impact of Environmental Regulation on China’s HQED
Table 7 shows the impact of environmental regulation on the HQED and the quantitative economic development in China’s eastern, central, and western regions. According to column (1), the quadratic coefficient of environmental regulation is −0.00945 and the primary coefficient is 0.00788, indicating that there is an inverted U-shaped nonlinear correlation between environmental regulation and HQED in the eastern region. When the level of environmental regulation is lower than 0.4169, there is an “innovation compensation” effect between environmental regulation and HQED; when the level of environmental regulation is higher than 0.4169, the increase of environmental regulation will inhibit HQED in the eastern region. According to column (2), the quadratic coefficient of environmental regulation is -0.0201 and the primary coefficient is −0.0357, indicating that there is a “cost of compliance” effect between environmental regulation and quantitative economic development in the eastern region. It can be seen that in the eastern region, although environmental regulation reduces the level of quantitative economic development, appropriate regulatory measures are conducive to social and ecological development for the better, and the social and ecological gains outweigh the economic losses, thus increasing the level of quality economic development in the region. According to column (3), there is an “innovation compensation” effect between environmental regulation and HQED in the central region, and the level of HQED in the region gradually increases with the strengthening of environmental regulation. The regression results in column (4) show that there is a “U” shaped relationship between environmental regulation and quantitative economic development in the central region. When the level of environmental regulation is lower than 0.5786, the relationship between environmental regulation and quantitative economic development shows the “cost of compliance” effect, and the increase of environmental regulation will inhibit economic quantity development; when the level of environmental regulation is higher than 0.5768, it shows the promotion effect on economic quantity development. It can be seen that in the central region, strict environmental regulation measures increase the cost of pollution for enterprises and force them to reform through technological innovation and other means to promote economic quantity and quality. Columns (5) and (6) demonstrate the effect of environmental regulation on economic development in the western region. According to the regression results, there is a “cost compliance effect” between environmental regulation and economic development in the western region, i.e., enhanced environmental regulation inhibits economic quality development and economic quantity development. The reasons may lie in the lack of talent in the western region, the level of technological innovation is more backward, economic development is dominated by traditional industries, and strict environmental regulations restrict economic development in the western region, resulting in a decline in both economic quality and economic quantity. In summary, there is obvious regional heterogeneity in environmental regulation effects due to differences in geographic location, resource endowment, and other aspects.
TABLE 7 | The regional heterogeneity of environmental regulation.
[image: Table 7]4.3.3 Robustness Test
To test the reliability of the model results, this study applies the core variable substitution method for robustness testing. Specifically, regressions are conducted with the value of HQED (hqe) as the explanatory variable, the squared term of environmental regulation (reg2), and the primary term of environmental regulation (reg) as the core explanatory variables. In addition, regressions are conducted by using log regional GDP (lngdp) as an indicator of economic quantitative development and the squared term of log environmental regulation (lnreg2) and the primary term of log environmental regulation (lnreg) as the core explanatory variables. The results of the robustness tests are shown in Table 8. Only the direction of lnreg coefficient in column (4) and the direction of reg coefficient in column (7) differs from the previous results. However, the basic conclusion remains the same, both reflecting that stronger environmental regulation has a suppressive effect on the quantitative development of the eastern economy and the high-quality development of the western economy. So far, the robustness of the model is verified.
TABLE 8 | The results of empirical test.
[image: Table 8]5 CONCLUSION AND POLICY SUGGESTIONS
5.1 Conclusion
To realize the win-win of economic development and environmental protection is always the focus of people’s attention. As China enters a new stage of historical development, HQED has become the goal pursued by China in the new era. Given this, this study constructs an economic quality development evaluation index system based on panel data of 30 provinces (cities and regions) in China, and establishes a panel data regression model to explore the impact of environmental regulation on HQED. This study mainly draws the following conclusions. First, China’s overall and regional HQED index shows a fluctuating upward trend. Among them, the high-quality development index of China’s economy increases from 27.87 to 33.95, with an increase of 22%. The HQED index of the eastern region increases by 10% from 40.82 to 44.93. The central region’s index increases by 33% from 22.87 to 30.33. The western region’s index increases by 38% from 18.55 to 25.60. Second, China’s economic high-quality development index shows obvious regional differences. Among them, the HQED index of the eastern region has always been the best, far higher than that of the central and western regions. The central region ranks second among the three regions, but has been lower than the national average for years. The HQED index in the western region has been the lowest for years, and there is a large room for progress. Third, the level of high-quality development of the Chinese economy is low. Both at the national and regional level, the HQED has not reached the passing level. Among the 30 provinces (cities, regions), only Guangdong province barely passes the high-quality level of economic development. Fourth, there is an inverted “U” shaped relationship between environmental regulation and HQED, and a “cost of compliance” effect between environmental regulation and quantitative economic development. Fifth, in China, the effect of environmental regulation has certain regional heterogeneity. Specifically, the impact of environmental regulation on economic development in eastern China is similar to that in the whole country. However, in the central region, there is an “innovation compensation” effect between environmental regulation and HQED, while there is a “U” shape relationship between environmental regulation and quantitative economic development. In the western region, strict environmental regulation has a restraining effect on HQED and quantitative economic development.
5.2 Policy Suggestions
According to the conclusion, this study put forward the following suggestions. First, it is necessary to attach importance to coordinated regional development and coordinate the high-quality and all-round improvement of the economy in the eastern, central, and western regions. It is found that although the HQED of China and the three regions shows an upward trend, there are obvious regional differences in the HQED index. Therefore, it is important to strengthen the exchange of talents, technology, and other factors between regions, narrow the regional development gap, comprehensively improve the quality of China’s economic development level, and promote the coordinated development of the high-quality economy. Second, it is of great significance to firmly establish the concept of HQED and promote steady progress of HQED. The level of high-quality development of China’s economy is relatively backward, with no region reaching the pass mark except Guangdong Province. Therefore, all government departments, enterprises, and individuals should firmly establish the idea of HQED, protect the environment and save resources, abandon the “GDP only” theory, formulate and abide by the scientific macroeconomic control system, and promote the transformation of economic growth from quantity to quality. Third, it is a top priority to develop green industries and promote economic progress while maintaining stability. Appropriate environmental regulation is conducive to improving the level of HQED. At the same time, it will eliminate pollution-intensive industries, resulting in the reduction of the level of economic quantitative development. To ensure steady economic progress, it is necessary to develop green industries, promote industrial transformation and upgrading, stimulate consumer demand and support steady and sound economic development. Fourth, we should adopt appropriate environmental regulation measures under local conditions, and avoid the idea of “one size fits all”. China is a vast country with different customs, people, and resources. Therefore, for different regions, field research and other measures should be taken as far as possible to grasp the regional reality, formulate and adjust environmental regulation measures according to the actual situation, effectively guarantee people’s livelihood needs, protect ecological resources, and make decisions that are most conducive to the high-quality development of the local economy.
This research measures the level of high-quality economic development and studies the impact of environmental regulation on it. However, there are still some limitations in this study. When studying the impact of environmental regulations on high-quality economic development, on the one hand, the economic effects of different environmental regulations are not considered. In the future, the impact of heterogeneous environmental regulations on high-quality economic development can be studied. On the other hand, the influence of spatial factor is ignored. In the future, spatial econometric models can be used for analysis.
DATA AVAILABILITY STATEMENT
Publicly available datasets were analyzed in this study. This data can be found here: https://data.cnki.net/Yearbook/Navi?type=type&code=A.
AUTHOR CONTRIBUTIONS
Conceptualization XM; Data curation JX; Formal analysis XM and JX; Investigation XM; Methodology XM; Project administration JX; Resources JX; Software XM; Supervision JX; Validation XM; Visualization XM; Writing—original draft XM; Writing—review & editing JX.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Abumunshar, M., Aga, M., and Samour, A. (2020). Oil Price, Energy Consumption, and CO2 Emissions in Turkey. New Evidence from a Bootstrap ARDL Test. Energies 13 (21), 5588. doi:10.3390/en13215588
 Altarhouni, A., Danju, D., and Samour, A. (2021). Insurance Market Development, Energy Consumption, and Turkey's CO2 Emissions. New Perspectives from a Bootstrap ARDL Test. Energies 14 (23), 7830. doi:10.3390/en14237830
 Chen, M., and Wang, H. (2021). Import Technology Sophistication and High-Quality Economic Development: Evidence from City-Level Data of China. Econ. Research-Ekonomska Istraživanja , 1–36. doi:10.1080/1331677x.2021.1956362
 Chen, S., and Chen, D. (2018). Air Pollution, Government Regulation and High-Quality Economic Development. Econ. Res. J. 53 (02), 20–34. doi:10.1016/j.jebo.2018.02.004
 Chen, S. (2009). Energy Consumption, CO2 Emission and Sustainable Development in Chinese Industry. Econ. Res. J. 44 (04), 41–55. 
 Conrad, K., and Wastl, D. (1995). The Impact of Environmental Regulation on Productivity in German Industries. Empirical Econ. 20 (4), 615–633. doi:10.1007/bf01206060
 Greenstone, M., List, J. A., and Syverson, C. (2012). The Effects of Environmental Regulation on the Competitiveness of US Manufacturing (No. W18392). National Bureau of Economic Research. 
 Hu, H., Ma, Y., and Wu, S. (2020). Fuzzy Comprehensive Evaluation on High-Quality Development of China's Rural Economy Based on Entropy Weight. J. Intell. Fuzzy Syst. 38 (6), 7531–7539. doi:10.3233/jifs-179825
 Liu, Y., Liu, M., Wang, G., Zhao, L., and An, P. (2021). Effect of Environmental Regulation on High-Quality Economic Development in China-An Empirical Analysis Based on Dynamic Spatial Durbin Model. Environ. Sci. Pollut. Res. 28 (39), 54661–54678. doi:10.1007/s11356-021-13780-2
 Mei, L., and Chen, Z. (2016). The Convergence Analysis of Regional Growth Differences in China: the Perspective of the Quality of Economic Growth. J. Serv. Sci. Manage. 9 (6), 453–476. doi:10.4236/jssm.2016.96049
 Qashou, Y., Samour, A., and Abumunshar, M. (2022). Does the Real Estate Market and Renewable Energy Induce Carbon Dioxide Emissions? Novel Evidence from Turkey. Energies 15 (3), 763. doi:10.3390/en15030763
 Samour, A., Baskaya, M. M., and Tursoy, T. (2022). The Impact of Financial Development and FDI on Renewable Energy in the UAE: A Path towards Sustainable Development. Sustainability 14 (3), 1208. doi:10.3390/su14031208
 Samour, A., and Pata, U. K. (2022). The Impact of the US Interest Rate and Oil Prices on Renewable Energy in Turkey: A Bootstrap ARDL Approach. Environ. Sci. Pollut. Res . doi:10.1007/s11356-022-19481-8
 Vennemo, H., Aunan, K., Lindhjem, H., and Seip, H. M. (2009). Environmental Pollution in China: Status and Trends. Rev. Environ. Econ. Pol. 3 (2), 209–230. doi:10.1093/reep/rep009
 Zhao, X., Ma, X., Shang, Y., Yang, Z., and Shahzad, U. (2022a). Green Economic Growth and its Inherent Driving Factors in Chinese Cities: Based on the Metafrontier-Global-SBM Super-Efficiency DEA Model. Gondwana Res. 106, 315–328. doi:10.1016/j.gr.2022.01.013
 Zhao, X., Mahendru, M., Ma, X., Rao, A., and Shang, Y. (2022b). Impacts of Environmental Regulations on Green Economic Growth in China: New Guidelines Regarding Renewable Energy and Energy Efficiency. Renew. Energ. 187, 728–742. doi:10.1016/j.renene.2022.01.076
 Zhou, B., Zeng, X., Jiang, L., and Xue, B. (2020). High-Quality Economic Growth under the Influence of Technological Innovation Preference in China: A Numerical Simulation from the Government Financial Perspective. Struct. Change Econ. Dyn. 54, 163–172. doi:10.1016/j.strueco.2020.04.010
 Zhu, H., Zhu, J., and Zou, Q. (2020). Comprehensive Analysis of Coordination Relationship between Water Resources Environment and High-Quality Economic Development in Urban Agglomeration in the Middle Reaches of Yangtze River. Water 12 (5), 1301. doi:10.3390/w12051301
 Zhu, S., He, C., and Liu, Y. (2014). Going Green or Going Away: Environmental Regulation, Economic Geography and Firms' Strategies in China's Pollution-Intensive Industries. Geoforum 55, 53–65. doi:10.1016/j.geoforum.2014.05.004
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Ma and Xu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/inline_12.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Impact of Environmental Regulation on High-Quality Economic Development		1 Introduction

		2 Research Design		2.1 Measurement of China’s HQED Index Based on Fuzzy Comprehensive Evaluation Method

		2.2 Panel Data Regression Model

		2.3 Data Source





		3 Analysis of China’s HQED		3.1 The Evaluation Results of HQED

		3.2 The Reasons for Regional Difference of HQED





		4 Impact of Environmental Regulation on the HQED		4.1 Descriptive Statistical Analysis

		4.2 Cointegration Test

		4.3 Empirical Results





		5 Conclusion and Policy Suggestions		5.1 Conclusion

		5.2 Policy Suggestions





		Data Availability Statement

		Author Contributions

		Publisher’s Note

		References









OPS/images/inline_11.gif
Cit





OPS/images/inline_3.gif





OPS/images/inline_2.gif
Yimt





OPS/images/inline_10.gif
Vit





OPS/images/inline_1.gif
y
=1 Vi
it |
In( y;
it /1,
imt)









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Environmental Science





OPS/images/fenvs-10-896892-t004.jpg
Variables

nhge
npgcp
nreg
inv

Gov
Lnroad
Lnwage
Lnpop

Observations

450
450
450
450
450
450
450
450

Mean

329
10.25
-0.42
pabil
2229

258

9.51

7.79

Standard deviation

0.39
0.62
0.67
24.85
977
0.37
0.74
0563

Min

2.34
853
-2.33
19.56
7.98
1.40
6.43
5.24

Max

427
178
1.01
147.95
62.84
327
11.15
8.75

VIF

1.19
291
2.02
1.78
1.12
1.15





OPS/images/fenvs-10-896892-t005.jpg
Three test statistics

Modified Phillips-Perron t
Phillips-Perron t
Augmented Dickey-Fuller t

Inpgdp

Lnhge

Statistic  p-value
9038 0.0000
-6.9972  0.0000
-82286  0.0000

Statistic  p-value

8.6794 0.0000
-3.4783 0.0003
-3.6924 0.0001





OPS/images/fenvs-10-896892-t002.jpg
Province

Beiing
Tianjin

Hebei

Liaoning
Shanghai
Jiangsu
Znejiang

Fujan
Shandong
Guangdong
Hainan

mean (eastern)
Shanxi

Jiin
Helongjiang
Anhui

Jiangxi

Henan

Hubei

Hunan

mean (central)
inner Mongolia
Guangxi
Chongaing
Sichuan
Guizhou
Yunnan
Shaanxi
Gansu

Qinghai
Ningia
Xinjiang

mean (western)
mean (country)

61.42
4391
21.62
32.08
53.34
45.88
38.89
34.21
31.78
60.47
25.50
40.82
17.21
24.42
24.59
21.21
2227
22.95
26.11
24.24
22.87
21.55
19.53
22,01
21.84
12.04
18.64
20.88
15.43
17.07
15.08
19.92
18.55
27.87

60.84
4211
20.83
30.14
52.75
44.29
38.28
30.99
31.45
59.35
24.73
39.61
16.72
22.99
22.86
20.55
20.70
2121
2427
24.47
21.60
18.49
19.33
21.80
2111
10.47
15.46
20.36
14.70
16.31
1513
17.58
17.34
26.64

2007

55.00
34.40
19.65
27.29
47.41
4115
36.74
28.30
30.40
56.78
30.79
36.99
15.81
21.70
22.41
20.77
20.23
20.59
23.47
23.14
21.02
17.51
17.90
22.20
20.69
11.68
16.17
19.12
14.16
15.49
13.02
17.28
16.84
25.34

2008

54.35
3462
20.04
27.95
4863
4225
36.14
29.31
3252
57.18
29.93
37.54
15.08
2237
2315
2091
2229
2124
24.80
2340
21.65
1895
1822
2317
21.92
13.09
1631
2116
1517
15.86
14.94
17.61
17.85
26.08

55.45
34.07
19.76
27.41
49.45
44.89
36.16
28.56
32.75
57.61
30.35
37.86
14.94
21.49
23.02
21.10
21.57
21.76
25.08
24.13
21.64
19.03
20.99
22,04
23.28
12.97
16.67
21.81
15.05
15.48
14.53
16.35
18.02
26.26

2010

56.95
35.08
19.86
28.34
50.09
46.36
37.97
29.72
33.36
61.92
25.96
38.60
16.58
21.32
22.93
21.04
21.67
21.97
25.65
23.44
21.83
17.07
19.44
23.70
23.14
13.20
16.81
2217
14.30
15.09
15.36
16.29
17.87
26.53

2011

56.35
38.01
23.08
30.63
49.81
47.88
38.66
32.83
35.86
62.55
25.86
40.14
19.66
23.57
24.80
24.70
24.58
24.82
27.53
2545
24.39
21.06
2270
26.78
25.26
17.49
19.30
26.20
16.62
13.37
17.32
19.21
2048
28.73

2012

56.36
38.16
2340
30.70
48.10
49.83
39.50
34.09
36.90
63.27
26.36
4051
19.95
2384
2534
2559
2592
26.03
2843
26.87
2525
21.94
23.13
2877
26.92
18.48
20.76
27.07
18.05
12.60
17.67
1891
21.30
2940

2013

56.68
37.76
22.72
29.81
47.26
49.16
40.01
33.74
36.40
63.62
26.03
40.20
19.44
22.68
2553
25.13
2451
25.65
28.97
25.73
2471
2097
21.57
29.30
25.79
18.79
2011
2759
17.81
10.34
17.07
18.32
20.70
28.92

2014

56.14
37.86
23.27
29.28
48.81
50.53
4175
34.67
37.75
64.32
26.88
41.03
18.82
22.60
25.15
26.44
25.40
27.76
31.00
27.65
25.60
21.93
22,57
31.18
26.84
20.12
20.34
28.85
18.35
10.95
17.59
19.27
21.63
29.80

2015

56.65
39.13
25.77
28.45
49.70
51.96
43.65
34.96
38.85
64.94
27.20
41.93
19.76
24.47
26.80
28.19
26.80
30.32
32.27
29.25
27.23
22.76
23.88
31.34
28.29
23.14
2211
29.48
20.11
127
19.66
20.96
23.00
31.07

2016

57.67
40.22
27.56
29.37
50.81
52.49
44.73
35.69
40.50
66.87
30.94
43.26
21.73
27.05
28.76
28.68
28.07
31.85
33.70
30.76
28.83
24.39
25.41
33.09
29.90
2421
2361
31.42
21.65
12.55
20.98
21.45
24.42
32.50

2017

57.09
36.22
26.96
30.78
49.60
52.00
4475
3627
4025
69.08
28.56
4278
20.60
2464
26.99
28.32
2831
3037
3247
3122
27.86
21.09
25.11
31.50
2052
2429
2423
28.94
19.20
1240
2178
1991
2345
3171

2018

65.79
36.40
27.63
32.49
49.93
51.57
46.34
36.69
39.75
71.03
20.16
43.32
21.65
25.50
25.87
29.30
30.10
31.35
33.09
3275
28.70
21.87
26.77
32.85
32.35
25.74
24.83
30.49
20.85
12.14
2165
20.10
2451
32.53

2019

65.65
43.74
2953
33.53
49.12
53.54
48.66
37.30
40.93
7154
30.84
44.93
22.59
27.96
27.19
3147
31.88
32.55
34.40
34.87
30.33
22.72
28.66
33.16
34.79
27.05
26.33
31.14
2247
10.82
2317
ey
25.60
33.95

Mean

56.62
38.11
2343
29.88
49.65
48.25
40.75
33.08
35.96
63.30
27.94
4064
1864
2377
25.08
24.87
24.95
26.03
28.75
27.16
24.90
20.75
2235
2753
26.11
18.18
20.11
2578
17.59
1345
17.66
18.96
20.77
29.16

Rank

ZoNvooasnoRon

R T
Do 0ISS

@
23
22
12
14
27
24
16
29
30
28
25
@





OPS/images/fenvs-10-896892-t003.jpg
Criterion
layer

2005
2006
2007
2008
2009
2010
2011

2012
2013
2014
2015
2016
2017
2018
2019
Mean

Economic development Social life Ecological environment

East Cent- West Nation- East Cent- West Nation- East Cent- West Nation-

ral wide ral wide ral wide
12.46 4.34 343 6.98 14.94 8.42 6.65 10.16 13.42 10.12 8.46 10.72
12.45 431 3.07 6.84 14.46 8.08 6.41 9.80 12.71 921 7.87 10.00
11.18 3.74 262 6.06 1331 7.52 6.11 913 12.50 9.76 81 10.16
11.74 4.46 341 6.74 1319 7.29 5.90 895 12.60 9.90 8.55 10.40
12.33 4.86 4.04 7.30 13.34 7.28 5.89 8.99 12.19 9.49 8.09 9.97
12.48 4.76 3.64 7.18 1375 7.33 5.99 9.19 12.37 973 8.25 10.16
12.22 5.08 419 7.36 1338 6.91 5.55 8.79 14.54 12.44 10.74 1258
1227 5.14 432 7.46 1301 715 5.72 8.78 15.23 1295 11.26 18147
11.94 4.65 393 7.06 13.30 722 5.69 8.89 14.96 12.83 11.08 12.97
12.43 5.18 4.31 7.52 13.46 7.46 6.07 9.15 15.13 12.96 11.25 1313
12.62 5.58 4.48 7.76 1344 7.76 6.46 9.37 15.87 13.89 12.06 1395
14.18 7.03 5.65 9.15 13.11 ks 6.66 9.32 15.96 14.02 1211 14.08
13.29 6.01 475 822 1373 8.34 7.10 9.86 15.76 1852 11.60 1364
13.42 5.96 4.64 8.21 13.22 8.15 7.16 9.65 16.68 14.59 1272 14.67
14.03 6.18 4.86 8.58 13.50 8.69 7.14 9.89 17.40 15.45 13.60 15.49
12.60 5.15 4.09 7.49 13.54 7.69 6.30 9.33 14.49 12.06 10.38 1233





OPS/images/fenvs-10-896892-t008.jpg
Variables

reg2
Reg

nreg2

inreg

Constant
Control variables
Indivicual fixed
Time fixed
Observations

R-squared
Number of id

Note: robust standard error in parentheses:

Nationwide Eastern region Central region Western region
) @ ®) @ ®) ©) (U] ®
hge Ingdp hge Lngdp hge Ingdp hge Ingdp
1133 -1.251 00586 -0993"
(0.375) (0.798) (0.740) (0.546)
3004 3.451 1.605 2286
(1.191) (2.587) (1.747) (1.438)
-0.0109" -0.00344 00168 -0.00408
(0.00606) (0.00604) (0.0156) (0.00915)
-0.0139 0.00163 -0.0161 -0.00242
(0.0142) (0.00778) (0.0232) (0.0168)
-10.61 T2 -78.87 6.097" 1.266 6.894" -4.288 8.133"
(10.46) (0.440) (83.79) (1.376) (9.492) ©0517) (15.74) (0.387)
yes yes yes yes yes yes yes yes
yes yes yes yes yes yes yes yes
yes yes yes yes yes yes yes yes
450 450 165 165 120 120 165 165
0749 0990 0610 0990 0950 0995 0843 0995
30 30 " 1 8 8 11 11

< 0.01, *p < 0.05, "p <0.1.





OPS/images/fenvs-10-896892-t006.jpg
Variables

Inreg2
Lrreg

inv

gov

Inroad

inwage

Inpop
Constant
Individual fixed
Time fixed
Observations.

R-squared
Number of id

Note: robust standard error in parentheses:

) @ ®) @
Inhge Inhge Lnpgdp Inpgdp
-0.0304" -0.0208" -0.0832" -0.0222"
(0.0209) (0.0150) (0.0150) (0.00847)
00233 000443 -0.00523 -0.0258
(0.0207) (0.0193) (0.0240) (0.0188)

000121 0.00216"*
(0.000841) (0.000634)
~00141* -0.00933"
(0.00456) (0.00286)
0135 0.146"
(0.0429) (0.0309)
0.199" 0.120*
(0.0689) (0.0649)
-0.0181 000795
(0.0192) (0.0144)
3272 1.504" 9561 8153
(0.0214) (0.591) (0.0187) (0.544)
yes Yes Yes ves
yes Yes Yes yes
450 450 450 450
0626 0721 0977 0986
30 30 30 30

< 0.01, *p < 0.05, *p < 0.1.





OPS/images/fenvs-10-896892-t007.jpg
Variables

reg2
nreg

inv

gov

road

inwage

Inpop
Constant
Indivicual fixed
Time fixed
Obsenvations

R-squared
Number of id

Eastern region

Central region

Western region

) @ ©® @ ®) ©)
Inhge Lnpgdp Inhge Lnpgdp Inhge Inpgdp
-0.00945 -0.0201 0.0270 00210 -0.0447* -0.0107
(0.0167) (0.0151) (0.0224) (0.0197) (0.0202) (0.0147)
000788 -0.0357 0.0797*** -0.0243 -0.0364 -0.00131
(0.0260) (0.0254) (0.0224) (0.0308) (0.0252) (0.0215)
000141 000289 0.000321 000107 -0.000838 -0.000478
(0.000941) (0.000861) (0.000479) (0.000612) (0.00222) (0.000584)
-0.00402 -0.0144" -0.00566™ 00111+ -0.0196"* -0.00792"
(0.00490) (0.00430) (0.00186) (0.00371) (0.00355) (0.00349)
00268 00947 -0.108 -00277 0304+ 00368
(0.0200) (0.0244) (0.0783) (0.164) ©.112) (0.0847)
0.269 0351 0123~ 0194 0.245* -0.00438
(©0.151) (0.185) (0.0385) ©.113) (0.120) (0.0835)
-0.00700 -0.0165 -00175 00296 -0.0216 -0.0118
(0.0683) (0.0381) (0.0230) (0.0182) (0.0318) (0.00887)
1.316 6986 2,608 7.705" 0993 9383
(1.221) (1.717) (0.407) (0.740) 0.917) (0.675)
yes Yes Yes yes yes yes
yes Yes Yes yes yes yes
165 165 120 120 165 165
0615 0990 0948 0993 0789 0992
1 1 8 8 3 1"

Note: robust standard error in parentheses:

0 < 0.01,

0 < 0.05 p <0.1.





OPS/images/math_3.gif
In pgdpa =y + B, - Inreg2e + B, - Inreg, + Y B, - control,,

Y

(3)





OPS/images/cover.jpg
& frontiers | Frontiers in Environmental Science






OPS/images/math_2.gif
inhge. =, + B, - Inreg2, + B, - Inregy control, +4,

nte
(2)





OPS/images/fenvs-10-896892-g001.gif
EREPPIOIIIIIERE





OPS/images/inline_8.gif
control;,





OPS/images/fenvs-10-896892-t001.jpg
Target Criterion layer
layer

HQED index  Econormic
development

Social life

Ecological
environment

Sub-criteria layer

Economic development
quantity
Economic development speed

Industrial structure
coordination

Openness of economy and
trade

Technological innovation input
Technological innovation
output

Resident Life

Urban-rural coordination
Medical facilties

Education level

Public transportation
Greening level

pollutant emission level

Pollution control

Indicator layer

Real regional GDP (100 million yuar)
Real GDP per capita (yuan)

GDP growth rate (%)

GDP per capita growth rate (%)
Advanced industrial structure
Rationalization of industrial structure
Total import and export/GDP (%)
Foreign direct investment/GDP (%)

R8D investment funds/GDP (%)

R8D Practitioners (person-year)
Technology market tumover/GDP (%)
Patent efficiency (%)

Employment rate (%)

Utbanization (%)

Utban-rural income ratio (rural = 1)
Utban-rural consumption ratio (rural = 1)

Number of beds in medical and health institutions per 1,000 population

Health technicians per 1,000 people
Education spending/GDP (%)

Average number of students enrolled in higher education per 100,000

population
Bus vehicles per 10,000 people (standard urits)
Forest cover (%)

Greening coverage of built-up areas (%)

Park green space per capita (square meters)

Industrial wastewater emissions per unit of GDP (tons per milion yuan)
Amount of industrial soiid waste per unit of GDP (tons per millon yuan)

Harmless disposal rate of residential waste (%)

Urban wastewater treatment capacity per day (10 thousand cubic meters)

Indicator
property

positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
moderate
moderate
positive
positive
positive
positive

posiive
positive
posiive
positive
negative
negative
positive
positve





OPS/images/math_1.gif
[0





OPS/images/inline_9.gif





OPS/images/inline_5.gif
In hgej,





OPS/images/inline_4.gif





OPS/images/inline_7.gif
Inreg2;





OPS/images/inline_6.gif
Inreg





