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Abstract

:

Based on the comprehensive evaluation method, a comprehensive urban ecological carrying capacity (UECC) evaluation system is established. It includes ecological support, ecological resilience, and ecological pressure. Multiscale geographically weighted regression (MGWR) was used to conduct a thorough examination of the spatial and temporal patterns, and the factors that influenced the UECC of 286 prefecture-level cities in China from 2010 to 2019. The results show that (1) China’s UECC index ranges from 0.0233 to 0.2811 in 2019, which is still at a low level. (2) The spatial distribution is relatively stable: high-value agglomerations of UECC are distributed primarily in the Yangtze River Delta and Pearl River Delta, while low-value agglomerations are primarily distributed in the regions in the Central Plains. (3) All influencing factors have a positive effect on the improvement of UECC and are heterogeneous in spatial distribution. Lastly, this paper gives corresponding suggestions, so that governments can formulate differentiated policies and effectively improve UECC.
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1. Introduction


Since 2019, China has deployed several ecosystem restoration actions, such as the high-quality development of the Yellow River Basin, and the “ten-year ban on fishing” in critical areas of the Yangtze River Basin, demonstrating China’s environmental protection and pollution-reduction efforts. Ecosystem restoration involves the economy, society, population, energy, and other aspects. It requires the coordination of energy security, economic development, social livelihood, cost input, and many other factors. These put forward higher requirements for human economic activities and the natural ecological environment. The ecological environment is related to the high-quality development of central cities and urban agglomerations and increase in urban ecological carrying capacity (UECC). As one of the three elements of ecosystem science, UECC is the limit of social and economic activities undertaken by human beings based on the protection of the ecological environment and maintaining ecologically sustainable development [1]. Rapid economic growth and increased industrialization have led to the destruction of the ecological environment. At present, China’s environment demand per capita has exceeded twice the productivity of the ecosystem [2]. However, the supply of an ecosystem is usually determined by the natural capacity. Neither technological innovation nor industrial development can change the raw capacity. Calculating the level of UECC, determining influencing factors and their spatial heterogeneity, coordinating the relationship between UECC and sustainable urban development, improving UECC of low-level areas, implementing new development concepts, and realizing sustainable economic development will have a bearing on urban destiny in the future.



Based on spatial panel data of China’s 286 prefecture-level cities from 2010 to 2019, we built a comprehensive evaluation system to evaluate UECC based on multidimensional indicators, established multiscale geographic weighted regression model (MGWR) that can reflect geographic spatial characteristics, and to better understand the development law of UECC and realize the coexistence of humans and nature in harmony, analyzed the influencing factors of ECC as a spatial change system. The innovations are as follows: (1) Construction of new evaluation system of UECC: The existing literature mostly constructs a system of ECC evaluation indexes from two aspects: ecological support capacity and ecological pressure. Based on the self-regulation and self-repair of UECC, this paper introduces ecological resilience to evaluate UECC from the three subsystems of ecological support capacity, ecological resilience and ecological pressure, making the evaluation system more comprehensive and the evaluation results more accurate. (2) Research method: This article uses MGWR to analyze the influence mechanism of UECC. Compared with traditional geographically weighted regression (GWR), MGWR is a spatial model that is more practical and closer to actual conditions. It takes into account the various impact scales of other variables to avoid too much noise. It allows each variable to own spatial smoothing themselves, thereby solving the GWR model. (3) Study area: Most of the existing areas use MGWR to analyze the UECC of a specific region, this article choose 286 cities in China, more samples can highlight its advantages, obtain more accurate results.



The following is the remainder of this paper: Section 1.1 offers a literature review. Section 2 introduces the data sources and research methods. Section 3 demonstrates the spatial correlation of UECC, and Section 4 examines the driving forces of UECC. Section 5 gives conclusions and suggestions.



1.1. Literature Review


Carrying capacity was applied in ecological fields at the beginning and was defined as the largest quantity of individuals that can be accommodated without damaging the pasture [3]. Its development has roughly relied on four fields: population [4], resources [5,6], environment [7,8], and UECC [9,10]. For humans, carrying capacity is the maximum extent of resource consumption and pollution emissions that can occur without compromising the basic functions of relevant ecosystems in a certain area [9]. Generally, the supply capacity of the ecosystem determines the carrying capacity threshold. The research on UECC mostly concentrates on the following aspects: (1) the connotation of UECC. UECC is viewed as a comprehensive concept based on resources and environmental carrying capacity. From the standpoint of the natural resource supply, UECC is the resource supply capacity of ecosystems that supports human survival and development [11], the renewal capacity of ecosystems, and the ability to absorb pollution from human emissions [12]. As an important part of sustainable ecological development, UECC reflects the harmonious and symbiotic relationship between humans and ecosystem. However, due to the complexity of social-economic-ecological systems, the academic community has not yet defined the concept of UECC. Scholars generally believe that it objectively reflects the self-regulation ability of the ecosystem and the ability to maintain ecological balance [13], and the endurance of an external disturbance, especially human activities [14]. It is seen as a comprehensive reflection of the material composition and structure of the ecological environment system [15]. In urban artificial ecosystems, there are energy sources, resource inputs, and waste discharges, which require urban ecosystems to provide support and adjust to urban development services. This ability is called UECC [16]. The study of UECC is conducted to examine the regional ecological environment that affects human activities, thereby aiming to regulate those activities and promote the sustainable development of the economy and society in some regions [17]. (2) Research methods and research areas of UECC. Measuring and comparing UECC quantitatively is important to formulate economic growth policies and ecological construction scientifically. The existing studies divide UECC evaluation methods into three categories: ① Under the index system evaluation method, UECC is evaluated by constructing various indicators. These include the “drive-state-response” system established by the United Nations Commission on Sustainable Development (UNCSD) [18], the comprehensive evaluation method of UECC [15], the ecological footprint method [19], and the state space method [20]. ② The product cycle evaluation method emphasizes the relationship between various processes in the element life cycle process, including energy theory [21,22], life cycle theory [23], and material flow theory [24,25,26]. ③ Under the comprehensive evaluation method, the connection of various elements is established through the construction of a model. Included in these approaches are natural vegetation net primary productivity estimation method, system dynamics [27], remote sensing (RS), and geographic information system (GIS) analysis [24,28]. Combined with GIS, an approach using methods, such as the entropy method [29], the principal component analysis method [30], gives weights to indicators that can utilize to analyze the evolutionary characteristics of UECC, the degree of coupling and coordination between UECC, human capital as well as the economy, and to examine the influence path of a certain factor on UECC from space and time dimensions to a certain country, urban agglomerations [31,32,33], provinces and cities [34,35,36], and a specific area [37]. There is a certain reference significance for scientific decision-making and proper policy implementation. (3) The influencing factors of UECC also represent a research focus. UECC is a dynamic change process within a certain time and space and the resource consumption, the degree of social and economic growth, and the number of people at a certain scale of consumption that the ecosystem can support under self-regulation and human action. It will be influenced by the natural environment, industrial layout, population size, and development level. First, the natural environment will be severely damaged when economic development exceeds the limit of UECC, leading to problems with UECC [38]. Slowing down the speed of economic development appropriately and increasing funds in environmental investment is important so that economic development can re-adapt the level of UECC [16] and weaken the pressure of environmental pollution [39]. Meanwhile, an increase in human capital investment brought about by economic growth has improved the quality of human capital, thereby improving the ecological environment. On the one hand, higher levels of education and environmental awareness enable humans to restrict their behavior and actively promote the consumption of green products. More consumption of environmentally friendly products can reduce carbon emissions and reduce environmental degradation [40], improving UECC. On the other hand, the scale, quality, and structure of talent, the concentration of talent resources, and the establishment of technical resource sharing platforms are closely related to the quality of resources and environment [41]. Second, the natural resource endowment of a certain area determines the appropriate type of industry in the area. When the industrial structure of some key ecological function areas is different from the positioning of functional areas, UECC will be overloaded [42], and technological innovation is the internal driving force that promotes manufacturing structure transformation and upgrading. Innovative development is conducive to reducing factor input, lowering costs, improving enterprise production efficiency, accelerating industrial structure optimization, and reducing the problem of resource-based cities’ poor sustainability [43] brought about by resource-based industries and labor simplification [44], resolving the dilemma of environmental pollution and economic growth and promoting the enhancement of UECC. Moreover, the role of technological innovation is critical in effectively using traditional energy and producing new renewable energy, increasing the overall supply of renewable energy [45]. Through the green transition, renewable energy will grow faster than nonrenewable energy. This transition results in a decrease in total energy consumption, enhances economic sustainability [46], and maintains the safety of the ecological environment. Third, urbanization, as an internal manifestation of human social progress, will bring about the industry and population agglomeration, technological upgrading, and changes in human lifestyles, which will have different effects on ecological efficiency. Therefore, urbanization is the key factor in regional ecological efficiency [47]. Finally, the pollution paradise hypothesis states that foreign investment by developed countries will transfer polluting industries or products to developing countries with relatively loose environmental regulations. Under this assumption, foreign direct investment (FDI) will directly increase local carbon dioxide emissions and exacerbate the host country’s environmental pollution [48,49]. However, as the level of local marketization increases, carbon dioxide emissions of FDI will decrease [50]. There are different views on whether introducing cleaner technology and stricter industry supervision by FDI will cause positive technology and industrial upgrade spillover effects in the host country [51].



In summary, the existing literature’s research methods on UECC have gradually changed from static to dynamic and from time to space, and the research areas have ranged from a particular region to a province and from a city to a country and a continent, laying a theoretical and practical base for subsequent study. Existing studies have seldom considered the spatial heterogeneity of the impact of various factors on different regions, and deviations may occur when implementing policies, which will not only increase decision-making costs but also increase decision-making risks. Compared to this, this paper formulates differentiated policies for different regions, distinguishes between the effects of various factors on UECC at the very beginning.





2. Materials and Methods


2.1. Research Methods


2.1.1. Comprehensive Evaluation Method


The weights and comprehensive scores of various indicators were calculated through the entropy method, and the ECC level of 286 cities in China was measured. Then, the comprehensive evaluation method was applied to evaluate ECC. The expression of the ECC index is as follows:


UECC = aESC + bEP + cERC.



(1)







In Formula (1), UECC is the urban ecological carrying capacity index; ESC is the ecological support capacity index; EP is the ecological pressure index; ERC is the ecological resilience index; and a, b, and c indicate contribution coefficients of the ecological support capacity, the ecological pressure, and the ecological resilience. a + b + c = 1, and after weighing the three indices, the values of a, b, and c are obtained. The higher the UECC value is, the stronger the urban ecological carrying capacity.




2.1.2. Exploratory Spatial Data Analysis


Exploratory spatial data analysis (ESDA) takes spatial relevance as the core, uses GIS platform technology to describe and visualize the spatial distribution pattern of things, and quantitatively explores the spatial distribution pattern of UECC in a particular area, which can reveal its spatial aggregation effect and spatial action mechanisms more intuitively, including the global autocorrelation and local autocorrelation.



Global Spatial Autocorrelation Analysis



Global spatial autocorrelation examines the overall correlation in space and the differences of UECC among 286 cities in China. The global Moran’s I index measures its correlation characteristics in space and analyzes its spatial agglomeration situation. The formula is


  I =     ∑   i = 1  n    ∑   j = 1  n   w  ij      x i  −     x ¯          x j  −     x ¯        S 2    ∑   i = 1  n    ∑   j = i  n   w  ij     .  



(2)







In Formula (2), I is global Moran’s I,    x ¯    is    1 n    ∑   i = 1  n   x i   , n represents the number of cities, xi and xj are UECC of city i and city j, and Wij is the space weight matrix. Moran’s I usually ranges from −1 to 1. If the value is considered positive, it means that a positive spatial correlation exists; that is, UECC has high-high or low-low accumulation in space. If the value is less than 0, it denotes a significant spatial difference between the area, and its surrounding area.



Local Spatial Autocorrelation Analysis



The degree and significance of regional spatial differences are measured by local spatial autocorrelation in the UECC of 286 cities in China. This index can be used to find out where the UECC hot spots and cold spots are located. The calculation formula is


   G i *  =     ∑   j = 1  n   W  ij    x j      ∑   j = 1  n   x j    .  



(3)







To facilitate comparison, standardize    G i *   :


  Z    G i *    =    G i *  − E    G i *        V a r    G i *        .  



(4)







In Formulas (3) and (4), Wij is the space weight defined by the distance rule, the same space range is adjacent to 1 and non-adjacent to 0, and   E    G i *      and   V a r    G i *      are the mathematical expectation and variance of    G i *   . If Z (   G i *   ) is positive and significant, indicating that UECC around location i is greater than the average value and belongs to high-value spatial clusters (hot spots); otherwise, it belongs to low-value spatial clusters (cold spots).




2.1.3. Multiscale Geographically Weighted Regression Model


Each variable in the model can have a different spatial smoothing level and bandwidth with MGWR, which overcomes the traditional GWR limitation of only fitting a single optimal bandwidth [52], making the space process model more realistic and valuable [53]. MGWR requires large size of samples, this paper has 286 prefecture-level cities in China which meets the requirements. The formula is


   y i  =   ∑   j = 1  k   β  bij      u i  ,      v   i     x  ij   +  ε i  .  



(5)







In the Formula (5),    β  bij     represents the regression coefficient of the local variable,    b  i j     represents the bandwidth used by the regression coefficient of the j-th variable,      u i  ,      v   i      represents the spatial coordinates of the i-th sample point,    x  ij     is the j-th variable’s observed value at the i-th point, and    ε i    is the random disturbance term.





2.2. Variable Selection


A city is a highly complex integrated system. UECC will show complex differences because of initial conditions and boundary conditions. According to the definition of UECC, this paper divides the support layer into ecological resilience and ecological support capacity. The pressure layer is defined as ecological pressure to build an evaluation index system for UECC, as shown in Table 1. The narrative is as follows:



The ability of an ecosystem to maintain its original state in the face of external disturbance is known as ecological resilience [54] and it is mainly divided into resilient intensity and resilient limit [55]. Among them, resilient intensity is the nature of an ecosystem determined by its conditions, including hydrology, climate, vegetation conditions, etc. The resilient limit represents the size of the ecosystem’s ability to recover itself after the maximum disturbance range, so the annual precipitation, annual average temperature, sunshine hours, surface water resources, groundwater resources, per capita garden green area, and land productivity are used to evaluate ecological resilience.



Ecological support capacity reflects the “upward support” effect of the natural environment and social development when the ecosystem provides material resources for human activities and other ecological service functions. From the three dimensions of environmental protection, social progress, and policy support, this article selects the comprehensive utilization rate of solid waste, the number of doctors per 10,000 people, and the expenditure of urban maintenance and construction funds to evaluate the ecological support power, which characterizes the ability of ecosystems to resist external resistance when they are in a homeostatic state [56].



The term “ecological pressure” refers to the potential for social and economic activities to have an impact on the natural environment. It is mainly divided into population pressure and environmental damage caused by human economic activities. It includes indicators, such as industrial sulfur dioxide emissions, population density, and natural population growth rate.



It should be noted that land productivity is the ratio of the gross output value of the primary industry to the area of arable land, and the ratio of arable land area to total resident population at the end of the year is known as per capita land area.




2.3. Data Sources


Based on data availability, this study excludes Turpan and Hami in the Xinjiang Uygur Autonomous Region, Bijie and Tongren in Guizhou Province, and Changdu and Xigaze in the Tibet Autonomous Region. Data selected are from 2010 to 2019 and are obtained from the China City Statistical Yearbook, the China City Construction Statistical Yearbook, provincial and municipal statistical yearbooks, water resources bulletins, and national economic and social development statistical bulletins. An interpolation method is used to fill in missing data to ensure that the data are consistent and complete. Others are raw data. To eliminate outliers, all data are filtered. The final sample of the study area covers 286 prefecture-level cities across the country.





3. Spatial Correlation Analysis of UECC


3.1. Global Autocorrelation


The overall trend of the spatial correlation of adjacent spaces can be tested using global spatial autocorrelation in the entire research area, which employs the global Moran’s I index. From 2010 to 2019, the global Moran’s I index was 0.0940, 0.0802, 0.1120, 0.0954, 0.1179, 0.1350, 0.1390, 0.0980, 0.0498, and 0.0979. At a 95% confidence level, all of these values passed the significance test, indicating a significant positive spatial autocorrelation of UECC. It reveals that there is a strong spatial dependence of UECC in China; that is, UECC is positively correlated with that of its neighbors and surrounding cities, showing a spatial cluster phenomenon. Obvious spatial differences are shown in the evaluation of UECC among cities, which provides a model basis for the following research, conducted by using MGWR, on the factors affecting UECC from the spatial dimension.



As seen from the evolution process diagram of Moran’s I Index of UECC in Figure 1, Moran’s I Index fluctuated significantly from 2010 to 2019. Moran’ s I index from 2010 to 2016 showed an upwards trend of fluctuation and reached its maximum value is 2016, indicating that the spatial convergence and agglomeration trend of UECC got its most potent this year. Due to the five development concepts, local governments actively respond to national policies about the ecological environment, continuously enhancing the spatial correlation. For the reason of owing to significant disparities in natural endowments and economic development between regions, the spatial agglomeration trend of UECC in various provinces and cities moderate under the effect of polarization, and Moran’s I index showed a considerable decline from 2016 to 2018. From 2018 to 2019, the accumulation of UECC began to recover gradually, mainly due to the active implementation of the “two mountains” theory and active measures taken by local governments to strengthen ecological protection. The environmental conditions gradually improved, the trickle-down effect slowly emerged, and the level of UECC in all regions improved.




3.2. Local Autocorrelation


The spatial correlation of UECC of 286 cities in China can be determined using global autocorrelation. However, it is unable to distinguish between different cities’ spatial autocorrelation. To better reflect the clustering of UECC, a Getis-Ord    G i *    index analysis will be divided into four categories, namely, hot spots, sub-hot spots, sub-cold spots, and cold spots, to generate the hotspot evolution diagram of the spatial pattern of UECC, the result of which is displayed in Figure 2.



As Figure 2a showing, in 2010, the spatial distribution of different spots showed a gradient pattern from a coastal to inland direction as “hot spots, sub-hot spots, sub-cold spots.” The hotspots were primarily found in Guangzhou, Huizhou, Dongguan, Zhongshan, and Shenzhen in the Pearl River Delta and in Nantong, Suzhou, Jiaxing, and Shanghai in the Yangtze River Delta. The sub-hot spots were mostly found in Fujian Province, the Yangtze River Delta urban agglomeration, and the Beijing-Tianjin-Hebei region. The sub-cold spots were scattered and mainly distributed around cold spots, including Guangxi and other South China cities, Hunan and other cities in the south of central China, Jilin and other Northeast China cities, and Hohhot and other North China cities. The cold spots are distributed from northwest to northeast, mainly Northwest Gansu Province, Northeast Heilongjiang Province, and North Central China.



As Figure 2b showing, in 2013, the spatial distribution of cold and hot spots was generally scattered. Compared with 2010, hot spots expanded from Nantong and Shanghai to towns in the Yangtze River Delta such as Yangzhou, Zhenjiang, Changzhou, Ma’ Anshan, and Xuancheng. Sub-hot spots expanded from Zhaoqing, Jiangmen, and other cities in the Pearl River Delta to surrounding cities. Daqing, Qiqihar, Hulunbuir, Heihe, and Yichun changed from cold points to sub-cold points after 2010. The cold and hot spots remained roughly the same, while the sub-cold and sub-hot spots expanded.



As Figure 2c showing, in 2019, compared with 2010, the spatial distribution pattern of cold and hot spots did not change, and the number of sub-hot areas decreased, while they were still concentrated in eastern coastal cities. The northeastern region, such as Hegang and Jiamusi, and the northwestern region, such as Jiuquan, changed from cold to sub-cold points. Northeast coastal cities such as Dalian and Dandong and southwest cities such as Lincang and Pu’ er changed from sub-cold to cold points.



The results showed that the range of high-value areas changed little from 2010 to 2019. Among them, the Yangtze River Delta and the Pearl River Delta are located in coastal areas. They not only own good climate conditions and complete infrastructure, but also are more advanced in economic development and have a solid ability to support research and development in science and technology. These aspects support the region’s sustainable development ability and make a more understanding contribute to ecological environment protection, thus creating a high standard of UECC value clusters. The primary causes of cold spots forming in Northwest China are sparse precipitation, low vegetation coverage, scattered distribution of ecological source area, and low overall level of environmental security. Although the cold spots in northeast China are rich in land and forest resources, the development of the industrial economy has been at the expense of the environment for a long time, and it owes a historical debt in the ecological environment; thus, this area has become a low UECC cluster.





4. Analysis of Influencing Factors


4.1. Determination of Influencing Factors


The structure and function of a city’s ecosystem are not permanently fixed in a period. Its ability to prevent ecological problems and ensure regional ecological security is its UECC. Most research on the comprehensive level of UECC starts from the perspective of support and restriction. This paper selects eight variables to build the evaluation system (Table 2), namely, land endowment, water supply, industrial structure, economic development, urbanization level, technological innovation, foreign capital utilization, and environmental governance. It discusses the factors affecting UECC of China’s 286 prefecture-level cities.



The variables for the factors affecting the level of UECC mainly selected based on the following considerations:




	
Land endowment. Land resources are one of the living conditions of humankind and a fundamental element of urban development. In addition to maintaining the sustainable development of social, economy, and humankind, the land also produces biological resources for survival and maintains the normal operation of its functions [57]. However, land resources are not renewable. A massive contradiction between humans and land has produced a series of problems affecting ecological security; thus, the impact of land endowment on UECC cannot be ignored. This paper selects the administrative land area to measure land endowment;



	
Water supply. Water is essential to natural resources necessary for human production, life, and the ecological environment and it is a fundamental resource and a strategic economic resource that supports the economy and society to be sustainable. Good hydrological conditions will create an environment conducive to vegetation growth [58], then increasing UECC. However, the lack of local water resources has gradually turned to be a major factor restricting the region’s sustainable development. As a consequence, the total amount of water resources per capita is selected to represent the level of water supply;



	
Industrial structure. The material inputs required for production in different industries are different [59], and the intensity of the resource consumption of an economy is influenced by industrial composition. The level of industrial advancement determines the size of the environmental cost and the scale of pollution emissions to be paid for economic growth; only the realization of the transformation and the upgrade of the industrial structure to an advanced structure can effectively curb the adverse effects of economic growth and achieve the harmonious result between the economy and environment. For this reason, the industrial advancement index, which is, the ratio of the tertiary industry and the secondary sector, can measure the industrial structure;



	
Economic development. When it comes to the advancement of the economy and society, human beings are transforming and using natural resources at an unprecedented speed and scale. While gaining much wealth, they also exert tremendous pressure on the ecosystem. As pressure increases, UECC will correspondingly weaken. When the pressure reaches the maximum, the carrying capacity will decrease by 30% [17]. Economic density can reflect the efficiency of economic activities and the intensity of land use to a certain extent. The higher the economic density in a region is, the more conducive the area is to development. The study of economic density is essential to encourage the establishment of a high-quality regional economy. Consequently, economic density is chosen to measure economic development;



	
Urbanization level. The level of urbanization and the ecological security system is inextricably linked. With rapid urbanization and rapid economic growth, there will be a shortage of resources and insufficient ability to withstand the pressure of ecosystems, which will therefore cause a series of ecological problems [60]. New-type urbanization emphasizes the quality connotation of urbanization, and resources and the environment are also increasingly valued. The urbanization rate can reflect the process and degree of population agglomeration in cities and can also reflect the comprehensive process of the transformation of a rural society into a modern city. Accordingly, this article uses the urbanization rate to measure the level of urbanization;



	
Technological innovation. Technological innovation is not only the fundamental driving force for industrial upgrading and structural optimization but also can solve the problem of excessive consumption of resources and improve the efficiency of resource use. Green technology can improve the green performance of the external environment of the enterprise and promote the high-quality and sustainable development of the region [61], finally enabling the realization of the linkage of economic, social, and natural ecological system entities. The internal expenditure of research and experimental development (R&D) funds is the actual expenditure of enterprises and institutions for internal R&D activities. It includes both fundamental research spending and applied research and practical development expenditures. Overall, the internal expenditures of R&D funds are used to assess the innovation level;



	
Foreign capital utilization. Foreign capital provides power and support for regional development from outside. Although it makes a particular contribution to economic growth, it may also cause environmental pollution [62]. The actual utilization of foreign investment/gross domestic product can be used to measure the degree of dependence of a country or region’s economy on the international market. It can also reflect a certain extent a country’s economic development level and participation in the global financial division of labor. Compared with directly measuring the level of foreign capital utilization by the amount of foreign investment utilized, measuring this utilization by the actual use of foreign investment/gross domestic product can observe the impact of foreign investment on regional economic development more comprehensively. This article chooses to use the actual use of foreign investment/gross domestic product to measure the level of foreign investment utilization;



	
Environmental governance. Improving a government’s environmental governance capacity can alleviate the trend of ecological environment damage [63] and increase UECC to some extent. The expenditure structure of energy conservation and environmental protection roughly includes ecological protection, energy conservation, utilization, and natural ecological protection. These categories can reflect the amount of government energy conservation and environmental protection expenditures, work priorities, and work implementation status, which is all critical for ensuring the coordinated development of environmental protection and economic society. Energy conservation and environmental protection expenditures are employed in the assessment of measure environmental governance.









4.2. Model Comparison


This paper takes UECC as the dependent variable, taking administrative land area, per capita water resources, industrial advancement index, economic density, urbanization rate, R&D internal expenditures, actual utilization of foreign investment/gross domestic product, and energy conservation and environmental protection expenditures as independent variables. The spatial heterogeneity of the influencing factors is measured using the MGWR2.2 software. Table 3 summarizes the findings. In comparison to GWR, MGWR has a better goodness of fit R2 of 0.929, but the value of AICc is significantly lower than that of the GWR model, demonstrating that it is a better metric for UECC. MGWR’s residual sum of squares is more minor, meaning that the regression result is closer to the actual value. As a result, the MGWR is chosen.




4.3. Scale Analysis


The bandwidth here represents the distance range over which factors affect UECC. Compared with the classic GWR, which uses a fixed scale, MGWR makes each variable have a unique bandwidth. According to Table 4, the bandwidth of GWR is 65, but the MGWR results show a significant difference in the bandwidth of each variable. In the regression results of MGWR, the regression coefficients of the eight variables are overall significant. Specifically, the scale of administrative land area, and energy conservation and environmental protection expenditures are 227 and 232, accounting for more than 80% of the total sample, and the spatial heterogeneity is relatively small; that is, UECC of each region is affected basically in the same way by the above factors. Per capita water resources, urbanization rate, and economic density account for approximately 30% of the total sample. The coefficients vary spatially, but they are generally stable. However, the scale of the industrial advancement index, FDI/GDP, and R&D internal expenditures is small, with a bandwidth of only 43. There is a big difference in space; exceeding this scale will cause drastic changes.



Using MGWR to perform the regression, Table 5 displays the statistical description. The regression coefficients of the influencing factors of UECC are mostly positive, and the gap is large. Based on the average coefficient’s value, the strongest driver is economic development, followed by technological innovation and industrial structure, and the utilization of foreign capital is the weakest.




4.4. Spatial Distribution of Driving Factors


4.4.1. Administrative Land Area


The MGWR 2.2 software is used to choose the cities that pass the significant test at a 95% confident level, employ ArcGIS 10.2 to demonstrate the distribution of variables, results are shown in Figure 3, Figure 4, Figure 5, Figure 6, Figure 7, Figure 8, Figure 9 and Figure 10. According to Figure 3, the regression coefficient of land endowment ranges from 0.055 to 0.331, with a mean of 0.197. It demonstrates a positive impact of land endowment on the improvement of UECC and shows a gradual decrease in space from south to north. Land use reflects the urban spatial evolution and resource allocation patterns, and the orderly development of land has a close relationship with the sustainable development of cities [57]. Governments at all levels implement scientific land reclamation and return farmland to forests and grasses, turning the agricultural economy from extensional expansion to intentional development and promoting the restoration and enhancement of ecosystem functions. Through the evolution of the administrative land area, UECC will be improved to a certain extent. The most influential southern coastal cities are densely populated and have excellent land conditions. Construction land in urban and rural areas has expanded rapidly, and urban agglomerations have a high land utilization rate. The expansion of administrative land areas will help gather technology, talent, and resources. With the joint support of a technology foundation, talent, and development, UECC can be improved rapidly. In the Northeast region, which has had the most negligible impact, on the one hand, rapid growth requires many resources, but unreasonable use of resources will lead to ecological imbalance and hinder the virtuous cycle of ecosystems; on the other hand, areas with low levels of economic development have some limits on land development, and ecological function will be more prominent; leading to small positive impact on the ecology.




4.4.2. Total Water Resources per Capita


The regression coefficient of the water resource supply ranges from 0.106 to 0.405, with a mean of 0.126, and the water supply is beneficial for the improvement of UECC. As seen from Figure 4, the degree of influence is weakened gradually from east to west and from the coast to inward. The main reason may be that an increase in the total amount of water resources can improve the land erosion caused by reducing water volume and the drying up of rivers and alleviate the degradation of surface vegetation. Specifically, the most influential areas are mainly distributed along the gold coast of northern China, which is the Bohai Rim area. In this area, the total water resources per capita was below the internationally recognized severe water shortage line. Data show that in 2020, water consumption in northern China was 46.13%, of which agricultural water accounted for 71.9%, industrial water accounted for 8.51%, domestic water accounted for 10.94%, and ecological water accounted for 8.64%. There is a significant gap in the water structure of different industries. Although there are many high-tech enterprises, the demand for water resources is still growing. Increasing the number of water resources can reconcile the conflict between limited water resources and demand for water, promote the rational allocation of water resources, and develop and enhance UECC. The areas that have been least affected are mostly in the west. Although the southwest region has good water resource conditions, because of the high reliance on water resources for social and economic development, relevant water conservancy projects have not been able to match the demand. It has been challenging to deploy regional water resources effectively. Increasing the number of water resources will have a small contribution to UECC. The northwestern region is relatively arid. It is a typical low-value area of UECC in China. The ecosystem is generally degraded; however, the site covers a wide range and has noticeable regional differences. Increasing the number of water resources on the improvement of UECC may not be pronounced.




4.4.3. Industrial Advancement Index


The regression coefficient of the industrial structure ranges from 0.113 to 1.123, with a mean of 0.348. The industrial system has a strong positive impact on UECC, and this impact gradually increases from west to east (Figure 5). It may be because the ecological industry is based on the inherent requirements of high-quality economic development and aims to change the industrial structure and adjust the disordered state of the ecosystem. The resulting large-scale accumulation and growth of strategic emerging industries will improve urban ecological efficiency [64]. Among the cities, Guangxi Province, which is less influential, is connected to the Pearl River Delta in East and Southeast Asia to the south, which gives the city a suitable location advantage. The data show that in 2019, 33.3% of GDP was accounted for by the secondary industry, in Guangxi Province and that the tertiary sector accounted for 50.7%. The pillar industries in the region include the aluminum-based nonferrous metal industry, construction machinery-based machinery industry, and the food industry, which is dominated by sugar, and are primarily secondary sector. It is difficult to increase the proportion of the tertiary sector and make a considerable contribution to UECC in the short term. Economic development and innovation are both active in the Yangtze River Delta region. In the overall economic transformation, upgrading the industrial structure has taken a leading and exemplary role. Shanghai has an excellent industrial foundation, which is ideal for the introduction of capital and cutting-edge technology, the vigorous development of high-tech industries and high-end industries, and increasing industrial efficiency. For this reason, actively promoting the development of industry in a coordinated manner and ecology will show higher results.




4.4.4. Economic Density


The regression coefficient of economic development ranges from 0.091 to 1.124, with an average value of 0.633. Economic development has a positive effect on UECC, showing a gradual increase from south to north in space (Figure 6). There are two main ways for economic development to affect UECC: technological effects and technological progress; can make better use of resources and reduce pollutant discharge; the industrial structure shifts from heavy industry to technology-intensive industry or the service industry. At that time, environmental quality will improve to a certain extent [65]. In North China, where the positive impact is significant, the Beijing-Tianjin-Hebei integration strategy was put forward in 2014 to strengthen the economic synergy among the three places. The Beijing-Tianjin region’s industry transferred to Hebei, which promoted economic growth and improved technologies for energy conservation and emission reduction. It is the primary driver of resource and environmental development in the Beijing-Tianjin-Hebei region; other areas in North China have a unique ecological environment and resource characteristics, shouldering the critical responsibility of being the capital’s environment barrier and focusing on the development of particular industries. As the tertiary sector contributes significantly to economic growth, increasing economic density will help establish an excellent ecological environment. Fujian Province, which demonstrates the most negligible impact, is not only the starting point of the Maritime Silk Road but also a central environment province on China’s southeast coast. It is undertaking important tasks for comprehensive reforms, such as establishing the free trade pilot zone and the environment civilization pilot zone. As the province with the highest forest coverage in China, under the accumulation of original economic and environmental conditions, Fujian has an excellent ecological advantage. Its marginal effect of economic growth on UECC is relatively low, and the impact is smaller than that in other regions.




4.4.5. Urbanization Rate


The regression coefficient of the urbanization rate ranges from 0.138 to 0.435, with a mean value of 0.27. The urbanization rate has a positive effect on UECC, showing a gradual increase and then a decrease in space from west to east (Figure 7). There are several reasons for the positive impact: first, new-type urbanization has given birth to the green economy and clean energy industries [66]; second, the economies of scale and positive externality effects formed by new-type urbanization have enabled urban areas to produce with fewer resources and higher efficiency, homogeneous products; third, new urbanization can allow an environmentally friendly infrastructure and public services to be constructed, maintained and operated in a more economical manner [67]. For the less influential northeast region, an urban agglomeration development system actively promoted after 2015. The pace and quality of urbanization have entered a rapid growth stage, and its mining scale and intensity are weaker than those in the previous period. The relationship between the northeast’s resource-based cities’ urbanization and the ecological risks of land use is relatively stable, and urbanization does not have too much impact on UECC. In Guangxi, the urbanization level of the urban belt along the border is low, the population outflow is large, urbanization is still in its infancy, and the scale of towns is small and weakly growing, which not only has a small driving effect on regional growth but also has difficulty contributing to the ecological environment. Although Guangdong is an economically developed coastal area, different economic development stages show other environmental demands. The effect of industrialization on the green development of the industry and ecological protection is still not apparent. The most influential regions are mainly located in the eastern coastal cities. This region has excellent location conditions, has an urbanization growth rate that is faster than in the western and central parts of the country, has laid the foundation for green development, and continues to provide an impetus for the improvement of UECC.




4.4.6. Internal R&D Expenditure


The regression coefficient of technological innovation ranges from −0.742 to 1.403, with a mean value of 0.528. In technological innovation, only Wuhu and Karamay harm UECC, and the rest of the regions have a positive effect, showing a spatial trend of gradually weakening and then increasing from west to east (Figure 8). The main reason could be the increase in R&D spending has accelerated the industrialization of technological achievements and resolved the contradiction between supply and demand within the regional social system. As a result, the regional environment has developed in a positive direction. Specifically, the most influential Pearl River Delta region has muscular economic strength, representing a region in which innovative entities gather. It has a complete industrial system, laying a realistic foundation for building a good ecosystem. Under the effect of spatial solid correlation, technological innovation in other cities in Guangdong and Guangxi Provinces drive to achieve new leaps, and the ecological effects became increasingly apparent. Shanghai, which has the most negligible impact, started early in development and has laid a good foundation for innovation, possibly producing a “siphon effect” that has restricted industrial ecology in surrounding cities and caused R&D investment to have a small marginal effect on the ecological environment. However, Wuhu, which has a negative impact, is located in the Pan-Yangtze River Delta. Its resource endowment, the level of economic development and technological innovation is relatively high, which is difficult to explain. Karamay, another city that has a negative impact, is relatively backward in development. An extended period is required to move from R&D investment to ecological product output, which directly affects the accumulation and diffusion of environment elements and the use of eco-technological funds, and reduces eco-efficiency.




4.4.7. FDI/GDP


The regression coefficient of foreign capital utilization ranges from −0.437 to 0.294, with an average value of 0.036. Most of the significant impact areas are coastal regions and show different effects (Figure 9). The influence channels of FDI on industrial eco-efficiency are mainly divided into three categories: industrial structure, economic development, and environmental regulation [68]. The areas that have a positive effect on UECC are located primarily in the Pearl River Delta region and its neighboring cities. The Pearl River Delta region has an excellent foreign trade foundation and abundant resources. However, its east and west wings and mountainous areas are in a passive and inferior position in foreign trade due to historical, policy, location, and other factors. Absorbing and using foreign capital is conducive to broadening the field of foreign investment and compensating for the shortage of construction funds in the east and west wings and mountainous areas. Promoting the growth of effective investment by adjusting investments and investment orientation can improve the quality and level of foreign investment, gradually reduce corporate pollution emissions, and improve corporate ecological efficiency. Karamay, which has a negative effect, is located in the underdeveloped western region and is faced with a shortage of funds, technology and, talent. The development of foreign trade has been slower, and the degree of economic externalization is lower in Karamay than in the eastern coastal cities. Karamay is a resource-based city born and prospered by oil. If the development strategy is to build an oil center, it will inevitably increase oil demand. The process of oil extraction will damage vegetation, especially wind power. Under the action of erosion, large areas of deserted land in the mining area will cause damage to the ecology and will not have a positive impact on UECC.




4.4.8. Energy Conservation and Environmental Protection Expenditure


The regression coefficient of energy conservation and environmental protection ranges from 0.109 to 0.228, with an average value of 0.162. Energy conservation and environmental protection have a positive impact on UECC and show a gradual weakening trend from the southwest to the northeast in space (Figure 10). The reason may be that energy conservation and environmental protection expenditures can support the advancement of energy-saving projects in the form of financial subsidies and incentives, prompting enterprises to use energy-saving and environmental protection technologies and products and restraining enterprises from consuming excessive amounts of resources and the environment. The effects of energy conservation and environmental protection expenditures vary significantly among regions. The most affected areas are concentrated in South China and Southwest China. In most of these cities, heavy chemical industries are their pillar industries, not only causing environmental pollution but also affecting the sustainable development of cities and creating a bottleneck in environmental management. With investments in energy conservation and environmental protection and the continuous advancement of urbanization, the marginal cost of environmental governance has been reduced, and pollution emissions have also been reduced. It has improved not only economic efficiency but also allowed environmental management to operate at a lower cost, taking a proactive approach to the problem of “blue sky.” In the northeast, where energy conservation and environmental protection expenditures have contributed less to UECC than other spending, the impact is relatively insignificant. There is a traditional old industrial base; for a long time, the industrial economy has developed at the expense of the environment. The improvement of ecological efficiency depends more on technological progress. Significant investments in science and technology have been made in the area, as well as the active development of the tertiary industry and high-tech industries, rather than investment in environment management.






5. Conclusions and Suggestions


5.1. Conclusions


Based on panel data from 286 Chinese prefecture-level cities from 2010 to 2019, UECC of each municipality was estimated by the comprehensive evaluation method after weighing variables with the entropy method. Moran’ s I index analyzes the measurement results, and the spatial and temporal differentiation characteristics of the GIS platform are investigated. The driving mechanism of UECC was analyzed through the MGWR model. The results show that



	
From a regional perspective, the China’s UECC index ranges from 0.0233 to 0.2811 in 2019, which is still low. From 2010 to 2019, there was no noticeable difference in UECC in any region except Northeast China. The local Moran’s I index showed that hot-hot agglomeration is primarily found in the Yangtze River Delta cities and the Pearl River Delta cities, with a relatively stable spatial distribution. Low-low agglomeration is primarily distributed in Linfen, Yuncheng, Sanmenxia, and Shangluo in the Central Plains and has trend of spatial expansion to surrounding cities;



	
UECC’s Moran’s I index ranges from 0.0498 to 0.1390, showed a significant positive spatial correlation with a trend of fluctuation. The regression coefficients of the eight variables were generally substantial in the MGWR regression results, and the effects of each driving factor were different to some extent in spatial distribution, reflecting that other variable had different levels of spatial heterogeneity. Among them, land endowment and environmental governance are close to global scale variables, their bandwidths are 227 and 232. Economic development, water resource supply, foreign investment, urbanization level, technological innovation, and industrial structure are micro variables with bandwidths of 84, 77, 43, 104, 43, 43;



	
In terms of the mean value of coefficients, all influencing factors had a significant beneficial effect on UECC. From the perspective of the mean value of the coefficient, the gradation of influence intensity is as follows: economic development > technology innovation > industrial structure > urbanization level > land endowment > environmental governance > water supply > utilization of foreign capital. Water resource supply, industrial structure, and environmental governance show a step-like distribution from east to west. In contrast, land endowment and economic development show a step-like distribution from north to south. Foreign capital utilization, urbanization level and technological innovation show a tendency to gather in a specific region. The influence of foreign capital utilization and technological innovation is evident in southeastern coastal areas. The urbanization level has a noticeable impact on UECC, mainly in the Yangtze River Delta;



	
Different influencing factors play different roles in each region. According to the analysis of influencing factors, local governments can develop the policy suitable for local conditions, this move can reduce the error cost of developing a unified policy. Nevertheless, the actual situation may hinder the implementation of the policy. It may take years to improve the comprehensive UECC, but with the application of the policy, environmental performance would be better.







5.2. Suggestions


First, the function of urban agglomerations should be strengthened, and a differentiated development strategy should be implemented. As seen from the analysis of various influencing factors, an urban agglomeration is essential to promote UECC. The role of urban agglomerations should be considered when promoting UECC. In coastal regions, core cities should prevent from siphoning resources from surrounding cities, cooperation between governments should be strengthened, low eco-efficient cities should drive through the radiation of highly eco-efficient cities, so that large gaps can be avoided within urban agglomerations, and overall ecological efficiency should be promoted. In the Beijing-Tianjin-Hebei region, each town should focus on relieving noncapital functions and maximizing their strengths while lessening their weaknesses. A city with high UECC should promote the UECC of its surrounding cities while maintaining the original level; cities with medium UECC should prevent a decline in UECC while improving it and realizing the rapid integration of the environmental protection industry and the urbanization process. Towns with a low UECC should pay attention to negative externalities and construction quality in rapid urbanization, focus equal attention on both function and quality. In the process of top-level design, the government should make more efficient use of resources from the overall point of view and find an innovative and characteristic road of ecological civilization construction according to the differences between urban agglomerations.



Second, characteristic industrial clusters with high-quality foreign capital should be developed, and industrial structure optimization with technological innovation should be promoted. According to the findings of influencing factors, the impact of industrial system optimization on UECC is significant, while the impact of foreign capital utilization is weak. Optimizing the industrial structure by attracting foreign capital can produce a scale effect. In South China’s coastal areas, where foreign capital has the most significant impact, there are innovation highlands in Shenzhen and Guangzhou and relatively backward regions of Guangxi and Hainan. Today, the advantages of cities, such as Guangzhou and Shenzhen, to spur the development of cities should be fully used, eventually making the whole area of science and technology innovation and producing a positive effect on UECC. High-end manufacturing and high added value should introduce in the field, advanced manufacturing, modern services, and internet enterprise cooperation should strengthen, following the requirement of “to deepen the development along the Yangtze River, and to accelerate the development of coastal cities.” The linkage of rivers and seas for breakthroughs should promote to ensure the spillover effect of FTZs and the landing of relocated companies. At the same time, the foreign investment import and export structure should optimize, closely combining intensive investment and the promotion of industrial transformation and upgrading, improving the driving effect of foreign investment on the industry to produce a good radiation effect, and driving the coordinated development of other enterprises in related fields. South China should seize the strategic opportunity to attract foreign investment, initiate reform measures and introduce FTZs, constantly optimize the business environment, promote close integration between industry, technology, and talent, form more distinctive industry features, and create a more beautiful ecological environment.



Third, ecological civilization should boost economic development, and economic development should support environmental expenditures. Enabling the protection of the environment and the construction of an ecological civilization at a faster pace. Ecological resources represent a vital wealth factor of high-quality economic development, to stimulate environmental investment and financing, the government needs to improve the structure of public spending and speed up the establishment of an environmentally friendly budget and expenditure system, consistent with each region’s economic development level and actual pollution discharge. In northwest China, the ecology is fragile, and appropriate environmental protection measures must be gradually explored and chosen. On the one hand, to strengthen ecological protection expenditures, the integration of cross-city resource elements can realize by utilizing various urban functions and longboards. The two-way, efficient linkage and circulation of local materials, information, capital, and talent in the field of environmental protection should be promoted, interregional urban function complementarity and factor integration should be realized, and the efficiency of fiscal, ecological protection expenditure in cities with high energy consumption and low output should be improved. On the other hand, economic development should be taken as the goal, industry transfer from coastal cities should be conducted, measures should adjust to local conditions, the radiation impetus function of core cities should develop, environmental barriers should reduce, and urban environmental infrastructure construction and environmental protection technology research and development should be guided.



Fourth, a national layout of ecological civilization should be created based on the “production-living-ecology” space. From the perspective of the whole country, on the premise of environment priority, the good division of production, life, and environment function areas in various regions should be coordinated, and the practicability of the spatial layout of the administrative regions should be enhanced. From the perspective of different regions, in the eastern region, there is a severe contradiction between humankind and land. The urban land space should be optimized, the economical use of land should be promoted, and green ecological space should be fostered. The central region should alter the economic development pattern, accelerate industry transformation and upgrade, reduce pollutant emissions, speed up the implementation of ecological restoration engineering, and improve the self-purification ability of environmental systems. The western region should strengthen urban construction, improve the trunk traffic network, implement the supporting standards of public service facilities, establish agricultural population urbanization mechanisms, attract a large migrant population and rural labor force, and develop characteristic ecological circular agriculture. Urban agglomerations should insist on giving priority to ecology to ensure the stability of the production space structure of urban agglomerations, revise conflict areas in conjunction with each city’s urban development boundaries. In addition, different urban agglomerations should take centralized and distributed development as the guiding principle, promote the formation of two-district and multidistrict driving patterns, and jointly build new ecological corridors and ecological networks.
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Figure 1. Trend of Moran’ s I Index from 2010 to 2019. 
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Figure 2. Distribution of the cold and hot spots of UECC in 286 cities in China during 2010–2019. (a) in 2010; (b) in 2013; (c) in 2019. 
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Figure 3. Spatial distribution of the regression coefficient of administrative areas. 
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Figure 4. Spatial distribution of regression coefficients of per capita water resources. 
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Figure 5. Spatial distribution of regression coefficient of the industrial advancement index. 
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Figure 6. Spatial distribution of economic density regression coefficients. 
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Figure 7. Spatial distribution of regression coefficient of urbanization rate. 
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Figure 8. Spatial distribution of regression coefficients of R&D internal expenditure. 
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Figure 9. Spatial distribution of the FDI/GDP regression coefficients. 
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Figure 10. Spatial distribution of regression coefficients of energy conservation and environmental protection expenditures. 
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Table 1. UECC evaluation index system.
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Target Layer

	
Rule Layer

	
Factor Layer

	
Index Layer






	
Urban

Ecological

Carrying

Capacity

	
ecological resilience

	
Climatic conditions

	
Annual precipitation




	
Annual average temperature




	
Sunshine hours




	
Hydrological conditions

	
Surface water resources

Groundwater resources




	
Land conditions

	
Green area per capita




	
Land productivity




	
Ecological Support

Capacity

	
Environmental

protection

	
Comprehensive utilization rate of industrial solid waste




	
Harmless disposal rate of household garbage

Green coverage rate in urban built-up areas

Municipal sewage treatment rate




	
Social progress

	
Doctors per 10,000 people




	
The number of students in colleges and universities per 10,000 persons

City road area at the end of the year

Internet users per 10,000 persons

The total number of books in public libraries per 10,000 people

Total postal services




	
Policy Support

	
Urban maintenance and construction fund expenditure




	
Education expenditure as a proportion of fiscal expenditure




	
Ecological Pressure

	
Environmental

disruption

	
Industrial sulfur dioxide emissions

Industrial wastewater discharged

Industrial smoke (dust) emissions




	
Population pressure

	
The population density




	
Natural population growth rate




	
Number of employees in the secondary industry




	
Number of registered unemployed persons in urban areas at the end of the year











[image: Table] 





Table 2. Evaluation index system of influencing factors of UECC.
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	Influencing Factors
	Indicator Name
	Unit





	Land endowment X1
	Administrative land area
	Km2



	Water supply X2
	Per capita water resources
	Person/m3



	Industrial structure X3
	Industry Advanced Index
	



	Economic development X4
	Economic density
	Yuan/km2



	Urbanization level X5
	Urbanization rate
	%



	Technological innovation X6
	R&D internal expenditure
	Ten thousand yuan



	Foreign capital utilization X7
	FDI/GDP
	



	Environmental governance X8
	Energy saving and environmental protection expenditure
	100 million yuan
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Table 3. GWR and MGWR model index.
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	Model Indexes
	MGWR
	GWR





	Goodness of fit R2
	0.929
	0.927



	Adjust R2
	0.906
	0.898



	AICc
	247.457
	288.108



	Residual sum of squares
	20.210
	20.984
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Table 4. Classical GWR and MGWR model bandwidths.
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	Variable
	MGWR
	GWR





	Administrative area
	227
	65



	Per capita water resource
	77
	65



	Industry Advanced Index
	43
	65



	Economic density
	84
	65



	Urbanization rate
	104
	65



	R&D internal expenditure
	43
	65



	FDI/GDP
	43
	65



	Energy saving and environmental protection expenditures
	232
	65
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Table 5. Statistical description of MGWR coefficients.
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	Variable
	Definition
	Mean
	Standard Deviation
	Min
	Median
	Max





	tdbf
	Land endowment
	0.197
	0.102
	−0.012
	0.205
	0.331



	szygj
	Water supply
	0.126
	0.130
	−0.078
	0.106
	0.405



	cyjg
	Industrial structure
	0.348
	0.301
	−0.043
	0.256
	1.124



	jjfz
	Economic development
	0.633
	0.381
	0.084
	0.782
	1.124



	czhsp
	Urbanization level
	0.270
	0.085
	0.138
	0.273
	0.435



	jscx
	Technological innovation
	0.528
	0.395
	−0.742
	0.484
	1.403



	wzly
	Foreign capital utilization
	0.036
	0.101
	−0.437
	0.011
	0.294



	hjzl
	Environmental governance
	0.162
	0.044
	0.109
	0.154
	0.228
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