

  land-13-00503




land-13-00503







Land 2024, 13(4), 503; doi:10.3390/land13040503




Article



The Impact of Urbanization on Environmental Quality in Ecologically Fragile Areas: Evidence from Hengduan Mountain, Southwest China



Jue Wang 1,2,* and Rui Wang 1





1



Business School, Chengdu University of Technology, Chengdu 610059, China






2



Digital Hu Line Research Institute, Chengdu University of Technology, Chengdu 610059, China









*



Correspondence: wangjue19@cdut.edu.cn







Citation: Wang, J.; Wang, R. The Impact of Urbanization on Environmental Quality in Ecologically Fragile Areas: Evidence from Hengduan Mountain, Southwest China. Land 2024, 13, 503. https://doi.org/10.3390/land13040503



Academic Editor: John F. Weishampel



Received: 10 January 2024 / Revised: 8 April 2024 / Accepted: 11 April 2024 / Published: 12 April 2024



Abstract

:

The impact of urbanization on the environmental quality of ecologically fragile areas has long been ambiguous. With a focus on the human–environment interaction in 95 counties of Hengduan Mountain, an ecologically fragile region in southwestern China, in this study, we clarify the impact and mechanism of urbanization on environmental quality through the environmental regulation effect, using econometric models and county-level panel data from 2010 to 2019. The results of this study show that: (1) urbanization and environmental regulation have increased over this 10-year period within the study area and regional differences in environmental quality have decreased; (2) urbanization significantly contributes to environmental quality, with heterogenous effects on different environmental elements—increasing the proportion of wetlands and green areas per capita but suppressing vegetation coverage and production efficiency; and (3) environmental regulation is an important mechanism for urbanization to improve environmental quality; however, there are negative externalities on neighboring areas. The results of this study show that urbanization and environmental quality are not always mutually exclusive, thus providing a reference for the development of pro-environmental urbanization to improve sustainable development in ecologically fragile areas.
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1. Introduction


1.1. Research Background


Following the country’s economic reform and “opening up”, China has experienced the most rapid and extensive urbanization in human history [1], with the country’s urbanization rate increasing from 17.9% in 1987 to 62.51% in 2021. More than 700 million people have been added to the urban population in the process [2,3]. Urbanization often goes hand in hand with pollution [4], and the current level of rapid urbanization poses challenges to sustainable development in China [5]. According to the 2022 Environmental Performance Index, China ranks 160th out of 180 countries and regions [6], partly because of the extensive resource utilization and low-quality urbanization that caused long-term damage to environmental quality in the early years of reform and opening up [7]. The attention paid formally by China to environmental quality has increased over the last few decades, and a report presented at the 20th National Congress of the Communist Party emphasized the full implementation of the strictest environmental protection policies. In this context, those in academia and politics are increasingly focusing on sustainable urbanization to better balance environmental protection and socio-economic development [8].



In the existing literature, scholars discuss the relationship between urbanization and environmental quality from the perspectives of landscape fragmentation [9], air pollution [10], carbon sinks [11], etc. In China, the predominantly held view is that urbanization is threatening environmental sustainability [12]. Some scholars argue that urbanization can synergistically improve environmental quality in many fields [11,13]. However, the authors of most studies focus only on the impact of urbanization on one environmental element, and few provide comprehensive conclusions based on the perspective of overall environmental quality. In particular, few studies quantitatively explain the mechanism of urbanization’s effects on environmental quality, especially in ecologically fragile areas [14].



Ecologically fragile areas refer to areas with weak resistance to interference that are easily degraded and difficult to recover. More than 60% of China’s land area is ecologically fragile, with this rate of ecological fragility being one of the highest in the world [15]. Such areas hold rich natural resources for humans and have the potential for social and economic development; however, they are particularly sensitive to the impact of human activity [16,17]. Most of these areas are currently at low urbanization levels [18] and are considered to be one of the important areas of urbanization in the future [2,19]. Although urbanization is often a regional issue, its effects on ecologically fragile areas will likely threaten global natural sustainability [20,21]. Therefore, a systematic study is required to provide answers to the following questions: What is the impact of urbanization on environmental quality in ecologically fragile areas? How does urbanization have such an impact? Answers to the above questions are of vital reference significance for sustainable development policies and new urbanization development in ecologically fragile areas.



By combining multi-source remote sensing data and statistical data, in this study, we propose an evaluation index system to measure the comprehensive environmental quality level and quantitatively reveal the spatial–temporal evolution of urbanization and environmental quality in Hengduan Mountain, a typical ecologically fragile region in Southwest China. Under the premise of controlling the endogenous problem, we further explore the impact of urbanization on environmental quality and its environmental regulation mechanism, as well as the spatial spillover effect of environmental regulation at the county level, contributing to the coordinated development of urbanization and environmental quality in ecologically fragile areas.




1.2. Literature Review and Hypothesis


1.2.1. The Impact of Urbanization on Environmental Quality


With the spread of the current wave of global urbanization, the impacts of urbanization on environmental quality have caused great concern. It has been well documented that urbanization exacerbates air pollution, landscape fragmentation, and habitat loss, reduces biodiversity, and impedes ecosystem functions and processes [5,9,10]. However, the results of more recent studies have shown that urbanization and environmental quality are not mutually exclusive; their relationship is more complex than previously thought. There is significant regional heterogeneity in coupling coordination between urbanization and environmental quality [13,22]. The impact of urbanization differs among different development stages and different environmental elements [23,24]. It is necessary to use multi-source remote sensing data to explain the impact of urbanization comparatively and comprehensively on environmental quality from a multi-dimensional perspective.



China is placing increasing emphasis on environmental protection. Since the inclusion of “ecological civilization construction” as one of the national development goals in the 12th Five-Year Plan [25], the current level of urbanization is very different from the traditional natural resource predatory development mode [8,22,26]. The authors of some studies have indicated that high-quality urbanization under sustainable management can provide green technology and financial support for environmental restoration, and government-led construction of urban parks and the planting of roadside trees are also conducive to environmental quality enhancement [11,27,28]. However, at present, there is still limited quantitative evidence of such benefits. Most existing studies target developed regions, and the relationship between urbanization and environmental quality in ecologically fragile regions is still unclear. Therefore, we propose the following hypotheses as the focus of the empirical analysis of this study:



H1: 

Urbanization significantly contributes to environmental quality.





H1a: 

There are heterogeneous effects of urbanization on different environmental elements.






1.2.2. Urbanization Affects Environmental Quality through Environmental Regulation


Sustainable management could be used to effectively control the disturbance to environmental quality caused by rapid urbanization [26]. For instance, compensating for the reduced number of carbon sinks and level of biodiversity through urban greening may provide an even better environment than that seen at the pre-urbanization level [11]. Environmental regulation in China, primarily performed as an official task, is often led by the central government and implemented by the local government in designing specific programs, managing funds, providing ongoing evaluation, and so forth [7]. Environmental regulation includes mandatory legal instruments such as environmental taxes, laws, and rules [29] and other measures such as investment in environmental innovation and technology [30]. These measures are not only effective for short-term pollution control but also promote long-term environmental protection by raising the environmental awareness of society [31].



Regarding the relationship between urbanization and environmental regulation, the authors of numerous studies have highlighted the prevalence of the “race to the bottom”, i.e., after the central government implements environmental regulation, local governments have a strong incentive and tendency to reduce the level of environmental regulation to attract investment and profit from inter-local economic competition [32]. This results in a negative relationship between economic development and environmental regulation. In China, due to the direct link between the effectiveness of environmental protection and the promotion of local officials, the phenomenon of low competition is less prevalent [33]. With a large proportion of the rural population moving to cities, it is an inevitable trend for the leading industry to shift from agriculture to industry and service during the process of urbanization. As a result, the more developed a region, the stricter the environmental controls local officials must adopt to meet the environmental goals set by the central government [33].



Regarding the relationship between environmental regulation and environmental quality, there is ample evidence that environmental regulation can effectively mitigate environmental problems such as damaged carbon sinks and air pollution [20,34]. However, the strength of this effect varies across different regions [34]. For instance, some local governments do not implement environmental regulations properly, resulting in limited benefits [35]. In addition, there is evidence that the effects of environmental regulations on environmental quality have significant local neighborhood impacts [36]. The authors of some studies argue that the official emphasis on environmental regulation has led to the transfer of polluting industries to central and western China [33,37]. It was also highlighted that the local government in Brazil, for example, has strategically selected sites for polluting industries, known as the “pollution refuge”, triggering localized pollution and negative externalities [38]. In light of this, we propose the following hypotheses:



H2: 

Urbanization improves environmental quality through environmental regulation.





H2a: 

Urbanization significantly boosts environmental regulation.





H2b: 

Environmental regulation significantly improves environmental quality.





H2c: 

Environmental regulation has different local neighborhood effects on environmental quality.






1.2.3. Reverse Causal Effect


The authors of most studies have focused on the unidirectional influence of urbanization on environmental quality [17,19,20,23]. However, there might be a reverse effect of environmental quality on urbanization. For instance, a large proportion of Hengduan Mountain possesses a unique natural environment fit for tourism development; thus, rapid economic growth and urbanization are possible. For the less ecologically favored areas, poor natural resource endowment limits population growth, capital attractiveness, and urbanization [2]. Similarly, environmental quality may, in turn, affect environmental regulation. Most counties with better environmental quality are located in high-altitude areas with harsh climates, which are sparsely populated and, therefore, may be subjected to less environmental regulation [39].





1.3. Summary


The analytical framework used in this study to analyze the relationship between urbanization, environmental regulation, and environmental quality is shown in Figure 1. The marginal contributions of this study are as follows: (1) Research data. Based on the use of multi-source remote sensing data, in this study, we comprehensively evaluate the environmental quality of Hengduan Mountain. (2) Study area. There are differences in environmental endowment and development background between ecologically fragile areas and other areas. In this study, we take Hengduan Mountain as the study area, which provides a reference for the urbanization and development of ecologically fragile areas. (3) Research methods. Given the potential endogeneity between urbanization and environmental quality, we used the instrumental variable method to conduct empirical analysis, providing more robust evidence of a causal relationship. (4) Mechanism analysis. We further discuss the environmental regulation mechanisms of urbanization that affect environmental quality. We used the spatial two-stage least squares method to explore the spatial spillover effect of environmental regulation, which more clearly reveals the internal relationship between urbanization and environmental quality.





2. Materials and Methods


2.1. Study Area


As shown in Figure 2, Hengduan Mountain covers 99 counties, including western Sichuan Province, the eastern Tibet Autonomous Region, and northwestern Yunnan Province [40,41]. Hengduan Mountain comprises numerous mountains, with an altitude of 310–7473 m and an average altitude of more than 3000 m, and the northwestern area is higher than the southeastern area. However, 70.1% of the county seats in the Hengduan Mountain have an elevation below 2500 m, which means that higher elevation regions are often sparsely populated. The local land cover types mainly consist of forest (50.59%) and grassland (39.36%). Planting, forestry, animal husbandry, and tourism are the dominant industries in Hengduan Mountain, with these industries contributing to 50% of the regional gross domestic product (GDP).



Hengduan Mountain is an important natural resource reserve and ecological buffer area, with the area performing various ecological functions. It is also an ecologically fragile area subjected to high soil erosion, frequent landslides, and debris flows [42]. In recent decades, Hengduan Mountain has experienced large-scale urbanization, extensive population migration, land use change, and overexploitation of natural resources [17,41], resulting in ecological degradation and conflict between human activities and the fragile natural environment [43]. Owing to the above qualities, Hengduan Mountain is an ideal area for this study.




2.2. Variable Selection


2.2.1. Explained Variable: Environmental Quality


Environmental quality is a compound concept, with it being the comprehensive state of environmental elements, such as vegetation, altitude, and climate, under dynamic interaction with human society [44]. The authors of existing studies have either analyzed this concept from the perspective of a single environmental element or have used a composite index system to measure the comprehensive level of environmental quality [12,45]. Considering that the perspective of a single environmental element cannot reflect the overall characteristics of environmental quality, in this study, we designed a comprehensive index system to evaluate environmental quality [44]. With different research objectives, the authors of existing studies have applied various evaluation index systems for environmental quality [44,46,47,48,49]. Based on the existing evaluation index system, with the principles of scientificity and availability, we selected five elements from three aspects of vegetation coverage, air quality, and biodiversity to reflect the comprehensive environmental quality of Hengduan Mountain. Table 1 shows these specific elements.



For the composite index system, the index weight is vital. The authors of most studies in the literature use the subjective weighting method, represented by the analytic hierarchy process (AHP), or the objective weighting method, represented by the entropy weight method (EWM). The game-theory combination weighting method is applied in this study to define each element’s weight and obtain the integrated value of environmental quality. By combining the subjective and objective weighting results, this method can make up for the defects in the traditional weighting method and make the weighting more scientific and reasonable. This method has been applied in some studies on composite concept evaluation [50,51]. The specific calculation formula is shown in the Appendix A.




2.2.2. Core Explanatory Variable: Urbanization


Urbanization is a dynamic agglomeration process of multiple resources in space. Population urbanization, economic urbanization, and land urbanization are the three main dimensions of urbanization [52]. Owning different research perspectives, the measurement methods of urbanization in the existing literature are not unified. The authors of some studies use the percentage of urban resident population [53], the proportion of built-up areas [54], and the percentage of the non-farm population [55] to measure the level of urbanization; in contrast, the authors of other studies build a multi-dimensional index system to measure urbanization [56]. The extensive migration of rural populations to cities is the realistic requirement and fundamental driving force of the economy and land urbanization, and it is also the crucial reason for environmental phenomena such as returning farmland to forests and reducing straw burning. Therefore, in this study, we focus on the impact of population urbanization on environmental quality and measure this impact through the percentage of the urban resident population. This method takes into account both scientificity and feasibility and is widely used in related research [2].




2.2.3. Mediating Variables: Environmental Regulation


In this study, we used a synthetic measure to evaluate the strength of environmental regulation by considering both government plans and actual implementation. On the one hand, China’s annual government work report covers the official objectives and specific programs, and each word used has been thoroughly considered [36]. Therefore, with reference to the existing literature [57,58], the frequency and percentage of environmental-related phrases in the annual government work report from 2009 to 2019 were selected to reflect the environmental work plan and expectations, including environment (huanjing), pollution (wuran), energy consumption (nenghao), emission reduction (jianpai), environmental protection (huanbao), haze (wumai), PM2.5, etc. As government work reports are released at the beginning of each year, this measure can mitigate the reverse causal effect of environmental quality on environmental regulation to a certain extent. The industrial structure could reflect the actual implementation of environmental regulations. Therefore, we chose the interaction term between the industrial structure and the frequency of environmental phrases to measure environmental regulation. In order to perform the robust test, two indicators were used in the empirical model: the interaction term between the environmental-related term frequency in government reports and the industrial structure (TF×IS) and the interaction term between the environmental-related term proportion in government reports and the industrial structure (TP×IS).





2.3. Data Source


The social and economic data used in this study were derived from the National Economic and Social Development Statistical Bulletins of counties from 2010 to 2019. The utilized PM2.5 emission data were derived from the Atmospheric Composition Analysis Group at Dalhousie University (https://sites.wustl.edu/acag/datasets/surface-pm2-5/, accessed on 15 October 2023). NASA 500-meter spatial resolution data (MOD13A1 and MOD17A3) (https://ladsweb.nascom.nasa.gov, accessed on 15 October 2023) were used for NPP and FVC calculations. The green and wetland areas were calculated using the Chinese annual land cover dataset with a 30-m spatial resolution [59]. We excluded four counties within the Tibetan boundary due to a lack of statistical data. Given its relatively small proportion of the total area of Hengduan Mountain, this exclusion has little effect on the results of this study. Spatial analysis was conducted using ArcGIS 10.7, and econometric modeling was performed using StataMP 17. The descriptive statistical analysis of the variables is shown in Table 2.




2.4. Empirical Model


2.4.1. Baseline Model


The following model is used to analyze the impact of urbanization on environmental quality:


    E Q   i t   = α + β   U r b   i t   + γ   X   i t   +   σ   t   +   μ   i   +   ε   i t    



(1)




where     E Q   i t     represents the environmental quality of county i in year t;     U r b   i t     is the urbanization level of county i in year t; and     X   i t     is a set of control variables including environmental regulation, GDP, and the population density of county i in year t. Moreover,   α   is a constant term;   β   and   γ   are the estimated coefficients of the explanatory variables;     σ   t     and     μ   i     represent the county-fixed effect and time-fixed effect; and     ε   i t     is the random disturbance term.




2.4.2. Instrumental Variable (IV) Model


Since reverse causality may lead to biased empirical results, the average slope     U r b _ S l o p e   i t     was introduced as an IV of urbanization to mitigate endogeneity. To overcome the limitations of cross-sectional data on the slope, we incorporated the interaction term of the year dummy variable and slope into the model [60]. The model is as follows:


    E Q   i t   = α + β   U r b _ S l o p e   i t   + γ   X   i t   +   μ   i   +   σ   t   +   ε   i t    



(2)






  U r   b _ S l o p e   i t   = θ S l o p   e   i t   × Y e a   r   t   +   μ   i   +   σ   t   +   ξ   i t    



(3)







Similarly, we replaced the explained and explanatory variables in Equations (2) and (3) to test the influence of urbanization on environmental quality through environmental regulation.




2.4.3. Spatial Two-Stage Least-Squares Regression Model


The authors of several studies have pointed out that environmental regulation has significant local-neighborhood effects [33,37]; therefore, we investigated this effect further using spatial two-stage least-squares regression using the following models:


    E Q   i t   =   β   1     T F × I S _ S l o p e   i t   +   β   2   W   T F × I S _ S l o p e   i t   +   β   3   W   E Q   i t   + γ   X   i t   +   μ   i   +   σ   t   +   ε   i t    



(4)






    E Q   i t   =   β   1     T P × I S _ S l o p e   i t   +   β   2   W   T P × I S _ S l o p e   i t   +   β   3   W   E Q   i t   + γ   X   i t   +   μ   i   +   σ   t   +   ε   i t    



(5)






    T F × I S _ S l o p e   i t   = θ S l o p   e   i t   × Y e a   r   t   +   μ   i   +   σ   t   +   ξ   i t    



(6)






    T P × I S _ S l o p e   i t   = θ S l o p   e   i t   × Y e a   r   t   +   μ   i   +   σ   t   +   ξ   i t    



(7)







In Formulas (4) and (5),     β   2     and     β   3     are the spatial lag coefficients of the explanatory and explained variables, respectively.






3. Results


3.1. Spatial–Temporal Patterns of the Explained and Explanatory Variables


We first calculated the average environmental quality, urbanization, and environmental regulation in each county during the study period. Next, we used the Jenks natural breakpoint method to obtain five grade intervals of environmental quality, urbanization, and environmental regulation, and the results are shown in Table 3. Figure 3 illustrates the spatial–temporal patterns of environmental quality, urbanization, and environmental regulation.



First, environmental quality in the northwestern region is better than that in the southeastern region, and such a spatial difference tends to decrease over time. From 2010 to 2019, the effect of environmental remediation in the counties with poor environments in the southeast was significant; the standard deviation of environmental quality decreased from 0.067 to 0.046, and the proportion of counties with medium environmental quality increased from 26% to 53%. The improvement in environmental quality in the southeast may be due to the rapid industrial transformation brought about by tourism development and the reduction in the number of polluting industries combined with government environmental management.



Second, the overall urbanization level in Hengduan Mountain showed an apparent upward trend, aligning with the rapid urbanization process nationwide, which proves our hypothesis that ecologically fragile areas also have a realistic need to undergo urbanization. Counties with high urbanization levels are mainly distributed in the northeast, with a small portion scattered in some southern municipal districts and county-level cities. The northeastern area of Hengduan Mountain is close to Chengdu, the core city in southwestern China. Due to the driving effect of the metropolis, the socio-economic development of the counties in the northeastern area started earlier, and the urbanization level is relatively higher.



Third, in 2010, the intensity of environmental regulation in the north of Hengduan Mountain was generally lower than that in the south, while the intensity of environmental regulation in the north increased significantly during the study period and was generally higher than that in the south by 2019. Since the “ecological civilization” strategy was put forward, officials in local government have paid more attention to environmental protection.




3.2. Influence of Urbanization on Environmental Quality


Table 4 presents the baseline regression results based on Formula (1). The results of Model (1) show that urbanization inhibits environmental quality. Considering that environmental quality in the current year does not affect urbanization in previous years, Model (2) was constructed by replacing the explanatory variable with a one-period lag of urbanization in Formula (1). The results show no significant effect of urbanization on environmental quality. The inconsistency between Model (1) and Model (2) indicates the existence of endogeneity.



Due to this endogeneity, the approximate unbiased estimate needs to be obtained through IV regression [61]. Table 5 shows the results of IV regression based on Formulas (4) and (5). The F statistic is greater than the critical value of 10 [61], indicating that the slope is highly correlated with urbanization and is a suitable IV for urbanization. The results of Models (1) and (2) indicate that urbanization has a significant promotional effect on environmental quality. This effect is robust because it is not affected by the addition of control variables and the replacement of the explanatory variable with a one-period lag of urbanization. Therefore, H1 is confirmed.



To further demonstrate the relationship between urbanization and environmental quality, Table 6 provides the regression results of urbanization for five environmental elements. Urbanization contributes to ecological construction mainly through wetlands and green areas per capita. This effect may be due to the fact that local governments have been emphasizing urban greening since the concept of “ecological civilization” was introduced in China. As a part of this concept, for instance, all residential areas must possess a certain percentage of green space and an increased number of urban parks and trees along roads [62,63]. Urbanization significantly suppressed FVC and NPP. A significant number of rural people entering the city to work is one of the primary forms of urbanization in China’s less developed areas, which means that local farmers migrate to other regions. This process is conducive to the depletion of natural resources; however, urbanization may still lead to farmland disuse, industrial pollution, and other phenomena, thus having a negative impact on vegetation. Another possible reason for this is the fact that although urban greening can make up for the loss of part of the green area, the vegetation used in urban greening mainly comprises shrubs and grasslands. The FVC and NPP results show that the quality of vegetation is still reduced.




3.3. Mechanisms of Urbanization Influencing Environmental Quality


In Table 7, Models (1) and (2) are the IV regressions of urbanization on two measures of environmental regulation, and Models (3) and (4) are the IV regressions of replacing urbanization with the one-period lag of urbanization. The results show that counties with higher levels of urbanization have stronger environmental controls; thus, H2a is confirmed. In all four models, urbanization significantly contributes to environmental regulation regardless of the selected measures, indicating the robustness of the results.



Table 8 provides the results of the IV regression of environmental regulation on environmental quality, indicating that counties with stronger environmental control have better environmental quality; thus, H2b is confirmed. The results in Table 7 and Table 8 together show that urbanization improves environmental quality by implementing environmental regulations; therefore, H2 is confirmed.



Table 9 presents the regression results based on Formulas (4) and (5) to test the local neighborhood effect of environmental regulation. In order to ensure the robustness of the regression results, we used the continuity spatial weights matrix to build Models (1) to (4), the inverse distance spatial weights matrix to build Models (5) and (6), and the inverse distance squared spatial weights matrix to build Models (7) and (8). The results show that environmental regulation in one county significantly promotes local environmental quality but suppresses neighboring counties’ environmental quality, indicating its negative externalities in adjacent areas. Therefore, H2c is proven, indicating the robustness of the results.





4. Discussion


4.1. Interpretations of the Results and Comparison with the Literature


In this study, we quantitatively discuss the causal relationship between urbanization and environmental quality and environmental regulation mechanisms in Hengduan Mountain, a typical ecologically fragile area in China. We found that urbanization optimizes environmental quality by improving environmental regulation. This result is not consistent with the results of some existing studies [49,64]. The authors of previous studies on urbanization and environmental quality have frequently highlighted the fact that urbanization has a negative impact on environmental quality. The reasons for this negative impact may lie in the following three points: (1) Various theoretical perspectives lead to different measurement methods for environmental quality. (2) Our study was carried out in ecologically fragile areas where stricter environmental regulation has optimized the impact of urbanization on environmental quality. (3) The empirical methods used differ. In a similar manner to the results of our baseline model, ignoring the endogenous problem will lead to biased regression results or even the opposite results.



Our research results also confirm the fact that environmental regulation is an important mechanism of urbanization affecting environmental quality. This finding supports the view that environmental regulation plays a vital role in coordinating socio-economic development and environmental quality. Urbanization under strict management can even act as a feasible channel for environmental remediation [8,11,34,65]. However, in this study, we observed that local environmental regulation has a negative impact on the environmental quality of the neighboring counties, which means there may still be uncoordinated environmental protection strategies between counties in ecologically fragile areas such as Hengduan Mountain. Moreover, from the perspective of individual environmental elements, the positive effect of urbanization on environmental quality mainly lies in promoting per capita wetlands and green areas. The authors of previous studies have also highlighted the ecological contribution made by urbanization in China [11]. We also found that urbanization still has a negative effect on FVC and NPP, which is consistent with the results of previous studies [12,17,20].



However, there are still other possible mechanisms to explain the positive impact of urbanization on environmental quality in Hengduan Mountain. On the one hand, China’s sustainable urbanization model has increased the number of urban parks and the planting of roadside trees, which partially compensate for the negative impact of urbanization on the environment [11]. On the other hand, the reduction in cultivated land area is believed to improve the relationship between urbanization and environmental quality [11]. Due to the migration of a large proportion of the rural population to cities, the demand for cultivated land has decreased significantly [7]. Although the expansion of urban impervious surfaces will lead to the occupation of forest areas, the conversion of farmland to forest in a large area will lead to more extensive land cover changes and ecological benefits [66]. The migration of the rural population and the environmental regulations set by the local government are both core components of environmental protection in ecologically fragile areas in China. Considering the fact that few studies have quantitatively revealed the critical role of local governments in urbanization and environmental quality, the conclusions of this study further prove the effectiveness of environmental protection and the sustainability of the urbanization mode in China.




4.2. Implications for Urbanization Construction


In this study, we explore the causality among urbanization, environmental regulation, and environmental quality in ecologically fragile areas, with the results having a theoretical reference value. The results of this study are also of important practical significance for the sustainable development and new urbanization of ecologically fragile areas. (1) It is recommended that policymakers gradually develop urbanization under the premise of environmental regulation, especially in ecologically fragile areas, and the “one size fits all” strategy is not advisable. (2) Considering the negative impact of urbanization on NPP and FVC, it is recommended that deforestation in Hengduan Mountain be controlled through relevant regulations during urbanization. In addition, it is recommended that the improvement of the Grain for Green project be accelerated and that abandoned rural land be converted into forest carbon sinks in a timely manner. (3) Given the negative externalities observed in environmental regulation, more attention should be paid to resource allocation and coordinated development between counties, such as setting up cross-county conferences so that officials from different counties can jointly negotiate development plans.





5. Conclusions


In this study, we reveal the relationship between urbanization, environmental regulation, and environmental quality using econometric models based on panel data from 95 counties in Hengduan Mountain from 2010 to 2019. The results show that the levels of urbanization and environmental regulation in Hengduan Mountain have increased, and the heterogeneity in regional environmental quality has decreased. Urbanization significantly contributes to environmental quality, with heterogeneous effects on different environmental elements—increasing the proportion of wetlands and green areas per capita but suppressing vegetation coverage and production efficiency. Environmental regulation is a mechanism that explains the promoting effect of urbanization on environmental quality in Hengduan Mountain. Environmental regulation promotes local environmental quality but brings negative externalities to neighboring areas. Based on the findings of this study, it is recommended that policymakers gradually implement urbanization under environmental regulation.



This study has some limitations. First, although we have built an environmental quality evaluation system from a multi-dimensional perspective based on existing multi-source remote sensing data, the current evaluation system still does not cover all elements of environmental quality. Future studies could establish an interdisciplinary expert group to construct a more systematic evaluation index system. Second, this study leaves room for a comparative analysis of ecologically fragile areas under different backgrounds, such as religious beliefs, development status, and traditional cultures. Therefore, more empirical evidence is needed to systematically study the impact of urbanization on environmental quality in ecologically fragile areas. Finally, the current modeling methods are only able to reflect the impact of environmental regulation on neighboring counties’ environmental quality and cannot clarify whether there is any impact on environmental quality in further counties. Therefore, future studies can consider improving the empirical methods further to clarify the spatial spillover effects of environmental regulation.



Human activities have maintained a tense relationship with the natural environment for a long time in ecologically fragile areas. In the new era of rapid global social development, in particular, the protection of the natural environment in ecologically fragile areas has become an essential prerequisite for sustainable development. To achieve the win-win goal of socio-economic development and environmental remediation, it is necessary to understand the internal relationship between urbanization and environmental quality. Therefore, we believe that this study is a step toward formulating more sustainable urbanization policies in ecologically fragile areas.
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Appendix A. Combination Weighting Methods


We applied the analytic hierarchy process (AHP), the entropy weight method (EWM), and the game-theory combination weighting method to define each element’s weight and calculate the value of environmental quality, conducting the following steps:



Step 1: Standardization.



To make the data comparable, we transformed the data into 0–1, using Formula (A1) for positive indicators and Formula (A2) for negative indicators.


    x   i j   ′   =     x   i j   −   min  ⁡      x   i j           max  ⁡      x   i j       −   min  ⁡      x   i j          



(A1)






    x   i j   ′   =   m a x (   x   i j   ) −   x   i j     m a x (   x   i j   ) − m i n (   x   i j   )    



(A2)




where     x   i j   ′     is the normalized value;     x   i j     is the original value of index   j   in county   i  ; and   m i n (   x   i j   )   and   m a x (   x   i j   )   are the minimum and maximum values on index   j  .



Step 2: EWM.



It is an objective weighting method that determines the weight according to variations in index value and data size. The weight     ω   j     for index   j   is calculated by Formulas (A3) to (A6).


    ρ   i j   =     x   i j   ′       ∑  i = 1   n      x   i j   ′       , ( i = 1 , 2 , 3 , ⋯ , n ; j = 1 , 2 , 3 , ⋯ , m )  



(A3)






    e   j   = −   1     ln  ⁡    n         ∑  i = 1   n      ρ   i j     ∗   ln  ⁡      ρ   i j       , ( j = 1 , 2 , 3 , ⋯ , m )  



(A4)






    d   j   = 1 −   e   j    



(A5)






    ω   j   =     d   j       ∑  j = 1   m      d   j       , ( j = 1 , 2 , 3 , ⋯ , m )  



(A6)







Step 3: AHP.



It is a subjective weighting method widely used in the research of composite index systems. We found seven experts to evaluate the pairwise importance of all indexes through a ten-point Likert scale. Their information is listed in Table A1. These experts all have at least seven years of experience in fields related to urbanization, environmental quality, or environmental regulation. The consistency of evaluation results was tested by consistency ratio (CR), and we asked corresponding experts to re-score when the CR value was greater than 0.1 until all matrices had passed the consistency test. Finally, we obtained the AHP weight     ω   j   ′   for index   j  .





 





Table A1. Expert information in AHP.






Table A1. Expert information in AHP.





	Experts
	Age
	Gender
	Organization
	Role





	A
	35
	Male
	University
	Lecturer



	B
	32
	Female
	Government
	Section chief



	C
	36
	Female
	University
	Professor



	D
	48
	Male
	University
	Professor



	E
	42
	Female
	University
	Professor



	F
	38
	Female
	Company
	Technical director



	G
	35
	Male
	University
	Associate professor








Step 4: Game-theory combination weighting method.



It used Nash equilibrium to obtain weight with both subjective and objective weights to improve the scientificity and rationality of index weights [50,51]. The set of weight vectors     ω   k      = {    ω   k 1    ,     ω   k 2   ,    …,      ω   k m    } (  k    = 1, 2, …,    L  ) is calculated by different weighting methods, where   L   is the number of weighting methods and   m   is the number of indexes. The linear combination of the weight vectors is shown in Formula (A7).


   z =   ∑  k = 1   L     α   k     ω   k   T     ,     α   k   > 0  



(A7)







Using game theory to identify the linear combination coefficient vector     α   k     that minimizes the deviation of   z   from     ω   k    , as shown in Formula (A8).


  m i n ‖   ∑  k = 1   L      α   k     ω   k   T   −   ω   i   T   ‖   , ( i = 1 , 2 , ⋯ , L )  



(A8)







According to the differential properties of the matrix, the first-order derivative condition of the above formula optimization is as follows:


    ∑  k = 1   L      α   k     ω   i     ω   k   T     =   ω   i     ω   i   T    



(A9)







Normalize the linear combination coefficient obtained from Formula (A9) using Formula (A10).


    α   k   ′   =     α   k       ∑  k = 1   L      α   k        



(A10)







Calculate the combined weight     z   *     with Formula (A11).


    z   *   =   ∑  k = 1   L      α   k   ′     ω   k   T      



(A11)
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Figure 1. Analytical framework of this study. 
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Figure 2. The Hengduan Mountain region. (a) The location of Hengduan Mountain; (b) The elevation map of Hengduan Mountain. Note: The map is based on the standard map of the Ministry of Natural Resources of the People’s Republic of China (review number GS (2019) 1822), with no changes to the base map boundary. 
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Figure 3. Spatial–temporal distribution of environmental quality, urbanization, and environmental regulation. (a–d) environmental quality in 2010, 2013, 2016, and 2019; (e–h) environmental quality in 2010, 2013, 2016, and 2019; (i–l) urbanization in 2010, 2013, 2016, and 2019. 
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Table 1. Elements of environmental quality in this study.






Table 1. Elements of environmental quality in this study.





	Indicator
	Meaning
	+/−
	Abbr.
	Weight





	Mean annual net primary production (NPP) [47]
	Vegetation production efficiency
	+
	NPP
	0.070



	Mean annual concentration of PM2.5 [48]
	Air pollution
	−
	PM2.5
	0.071



	Mean annual fraction of vegetation coverage (FVC) [44]
	Vegetation coverage
	+
	FVC
	0.603



	Per capita wetland area [46]
	Freshwater productivity and biodiversity
	+
	Wetland
	0.146



	Per capita green area [49]
	Vegetation redundancy
	+
	Green
	0.111










 





Table 2. Descriptive statistics of variables.






Table 2. Descriptive statistics of variables.





	Variable
	N
	Mean
	S.D.
	Unit





	Environmental quality
	950
	0.210
	0.064
	-



	NPP
	950
	729.523
	242.623
	-



	PM2.5
	950
	16.287
	10.223
	μg/m3



	FVC
	950
	0.903
	0.060
	%



	Wetland
	950
	0.046
	0.380
	100 m2/person



	Green
	950
	452.021
	558.684
	100 m2/person



	Urbanization
	950
	0.249
	0.159
	%



	Environmental term frequency
	950
	22.166
	8.695
	time



	Environmental term proportion
	950
	0.003
	0.001
	%



	Industrial structure
	950
	0.373
	0.124
	%



	GDP
	950
	5.834
	7.617
	billion CNY



	Population density
	950
	7.593
	7.437
	1000 persons/km2



	Slope
	95
	23.634
	4.800
	%










 





Table 3. The level interval of variables.
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	Level
	EQ
	Urb
	TF×IS





	Level Ⅰ
	0.000–0.154
	0.000–0.126
	0.000–5.492



	Level Ⅱ
	0.154–0.200
	0.126–0.206
	5.492–7.459



	Level Ⅲ
	0.200–0.232
	0.206–0.292
	7.459–9.195



	Level Ⅳ
	0.232–0.299
	0.292–0.443
	9.195–11.243



	Level Ⅴ
	0.299–1.000
	0.443–1.000
	11.243–19.440










 





Table 4. Results of the baseline regression of urbanization on environmental quality.
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Variable

	
(1)

	
(2)




	
EQ

	
EQ






	
YUrb

	
−0.021 ***

	




	

	
(−0.008)

	




	
YL1_Urb

	

	
−0.002




	

	

	
(−0.007)




	
Control

	
Yes

	
Yes




	
Year

	
Yes

	
Yes




	
City

	
Yes

	
Yes




	
_cons

	
Yes

	
Yes




	
N

	
950

	
950




	
R2

	
0.932

	
0.931








Note: *** denotes 1% significance levels. The values in parentheses are standard errors.













 





Table 5. Results of the IV regression of urbanization on environmental quality.
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Variable

	
(1)

	
(2)




	
EQ

	
EQ






	
Urb

	
0.315 ***

	




	

	
(0.116)

	




	
L1_Urb

	

	
0.301 ***




	

	

	
(0.111)




	
Control

	
Yes

	
Yes




	
Year

	
Yes

	
Yes




	
City

	
Yes

	
Yes




	
_cons

	
Yes

	
Yes




	
First stage F

	
21.03

	
21.03




	
N

	
950

	
950




	
R2

	
0.932

	
0.932








Note: *** denotes 1% significance levels. The values in parentheses are standard errors.













 





Table 6. Results of the influence of urbanization on environmental elements.
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Variable

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)




	
PM2.5

	
NPP

	
FVC

	
Wetland

	
Green






	
Urb

	
11.606

	
−978.565 ***

	
−0.322 ***

	
3.364 ***

	
922.920 **




	

	
(38.388)

	
(175.210)

	
(0.078)

	
(0.678)

	
(376.046)




	
Control

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Year

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
City

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
_cons

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
First stage F

	
27.36

	
27.36

	
27.36

	
27.36

	
27.36




	
N

	
950

	
950

	
950

	
950

	
950




	
R2

	
0.713

	
0.989

	
0.966

	
0.935

	
0.991








Note: ** and *** denote 5% and 1% significance levels, respectively. The values in parentheses are standard errors.













 





Table 7. Results of the IV regression of urbanization on environmental regulation.
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Variable

	
(1)

	
(2)

	
(3)

	
(4)




	
TFIS

	
TPIS

	
TFIS

	
TPIS






	
Urb

	
104.742 ***

	
0.015 ***

	

	




	

	
(17.214)

	
(0.002)

	

	




	
L1_Urb

	

	

	
100.073 ***

	
0.014 ***




	

	

	

	
(16.447)

	
(0.002)




	
Control

	
Yes

	
Yes

	
Yes

	
Yes




	
Year

	
Yes

	
Yes

	
Yes

	
Yes




	
City

	
Yes

	
Yes

	
Yes

	
Yes




	
_cons

	
Yes

	
Yes

	
Yes

	
Yes




	
First stage F

	
27.36

	
27.36

	
21.03

	
21.03




	
N

	
950

	
950

	
950

	
950




	
R2

	
0.670

	
0.680

	
0.670

	
0.680








Note: *** denotes 1% significance levels. The values in parentheses are standard errors.













 





Table 8. Results of the IV regression of environmental regulation on environmen