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Developing countries are notorious for their enforcement gap in environmental regulation. Despite policymakers and scholars focusing on this phenomenon in China, there is little literature to explore the cause for its prevalence. This paper aims to explain this occurrence from the perspective of strategic interactions among the local governments in China based on the yardstick competition theory. Employing spatial panel data models, we use a panel dataset of Chinese cities to investigate strategic interactions in environmental regulation and identify their possible sources. The results depict a confirmative picture of strategic interactions in environmental regulation among Chinese cities, suggesting that the cities tend to imitate their neighbours and implement looser environmental regulation in response to the decreasing stringency in neighbouring cities. This transmission effect demonstrates the prevalence of incomplete implementation of environmental regulation. Moreover, the imitative actions vary across Chinese cities, as they are observed in eastern and western cities but not in central cities. In addition, the imitative actions are significantly weaker when environmental governance gains a higher degree of salience, indicating that green performance appraisals reduce strategic interactions among local governments. Finally, strategic interactions are found to originate from the fiscal decentralization system, and are strengthened by the turnover of the municipal party secretary or a younger one.
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INTRODUCTION
There has been increasing concern about severe environmental pollution in China. The Chinese government has focused on pollution reduction through several policies (Zheng and Kahn, 2017; Greenstone et al., 2021). Environmental regulation is a viable and powerful tool to readily address environmental problems during economic development (Xie et al., 2017; Song et al., 2022a). By 2013, China enacted 30 state laws and 1,400 industrial environmental standards, whereas local governments implemented 314 local regulations related to environmental governance (Zheng and Shi, 2017). A stringent environmental protection law was implemented in 2015, and subsequently, a basic environmental regulation system was established. However, the existing environmental regulations in China are inadequate, as environmental problems occur frequently. China was ranked No. 120 in air quality based on the environmental indices of 180 countries worldwide and the 2020 Global Environmental Performance Index (EPI) report jointly released by Yale and Columbia universities.
However, the Chinese central government continues to face serious environmental problems, which the existing environmental governance has failed to resolve, despite increased efforts. These problems are related to China’s development stage, and primarily occur due to the incomplete implementation of environmental policies established by the central government for local governments (Wang and Jin, 2007; Cai et al., 2016; Zheng and Kahn, 2017; Tu et al., 2019). This is widely known as the implementation gap of environmental regulation (Lo, 2014; Zhao et al., 2022), described as “decrees only exist in the House”, and is a key environmental governance issue widespread across China.
Based on the official data of the Ministry of Environmental Protection of China, the total sewage and storage charges in the country from 2007 to 2011 were ∼CNY92.728 billion and ∼CNY88.218 billion, respectively, indicating a difference of CNY4.51 billion. The difference between the billing and warehousing totals of key monitoring enterprises in 2010–2013 was ∼CNY7.938 billion. Tax differences not only emphasize the deviation between the implementation of sewage charges and regulatory objectives, but also reflect the common overall incomplete implementation of environmental regulation, which lead to suspension of central policies. Consequently, most local governments in China have shifted their policy implementation strategies from improvement to minimal mitigation.
Theoretically, the implementation gap of environmental regulation is caused by the Chinese political system, where local governments are the executor, while the central government is the decision maker. This implies that local governments have the flexibility in enforcing environmental regulations, which results in incomplete policy implementation. The central and local governments have different objectives, particularly in developing countries (Qian and Weingas, 1997; Garzarelli, 2004; Millimet, 2013). The profit-seeking motives of local governments lead to the symbolic implementation of regulations, which may reduce the fiscal revenue or lead to non-implementation of certain regulations. Profit-seekers with sufficient discretionary space drive the incomplete regulation implementation of the local government in the neo-liberal environmental governance system (Lo, 2015; Song et al., 2022b). However, the common overall implementation gap within the Chinese political system is difficult to explain. Therefore, the research perspective is shifted to strategic interactions among local governments, which has been an important issue in public economics (Huang and Du, 2017).
Because environmental regulation is an important tool for local governments to attract liquid capital, their intensity of implementation by one local government depends on the neighboring local governments. This is essentially due to the competition between neighboring regions, which originates from dual decentralization, that is, Chinese-style decentralization and environmental decentralization. The former refers to political centralization and economic decentralization (Li and Zhou, 2005; Xu, 2011; Caldeira, 2012; Wang and Lei, 2021), whereas the latter indicates that environmental management in China is based on a territorial management system (Ran et al., 2020; Hao et al., 2021; Li et al., 2021). In this context, the following questions arise: 1) Are there strategic interactions in environmental regulation among cities? 2) If so, what factors drive these interactions? Answering these questions will help us understand the critical characteristics of regulation and provide a decision-making basis for the establishment of rational environmental policies.
In this study, we utilized spatial panel data models based on the panel dataset for 260 Chinese cities during 2003–2016 to investigate strategic interactions among different cities on their environmental regulations and understand the common overall implementation gap. Based on the panel dataset for 260 Chinese cities for the period 2003–2016, we provide evidence for the existence of significant strategic interactions regarding environmental regulation in different Chinese cities. These interactions are mainly imitations, that is, cities tend to mimic their neighbors and implement looser environmental regulation in response to the decreasing environmental regulation stringency in neighboring cities. We also explore the heterogeneous effect of imitative interactions among different cities and different years and observe such effects in eastern and western cities, as well as before 2010. Finally, we conclude that strategic interactions are due to the fiscal decentralization system and are strengthened by the turnover of the secretary of the municipal party or a younger one.
Our study provides three primary contributions to the literature. First, we discuss the sources of environmental regulation enforcement gap in China. In previous studies, it has been suggested that the local government is responsible for the incomplete implementation of environmental regulation and several concepts are established, which describe the incomplete implementation of environmental regulation from the perspective of local government behavior, such as selective policy implementation, symbolic execution, negative execution, and policy implementation deviation (Wang and Jin, 2007; Liang and Langbein, 2015). However, previous studies mostly focus on the self-motivation of local governments, overlooking strategic interactions among local governments and dual decentralization in China. Therefore, we provide a new interpretation from the perspective of strategic interactions.
Second, we focus on prefecture-level municipal governments rather than provincial governments. Previous studies that are closely related to strategic interactions regarding environmental regulation (e.g., Renard and Xiong, 2012; Wu et al., 2019; Song et al., 2020a; Zhang et al., 2020a, 2021) and environmental expenditure (Deng et al., 2012; Chen et al., 2019; Pan et al., 2020), have mostly focused on the interactions among provincial governments. Our selection of prefecture-level municipal governments was based on two reasons. On the one hand, in China’s five-level government system, which includes the central, provincial, prefecture-level city, county (district), and town governments (Li et al., 2016; Ma et al., 2022), prefecture-level municipal governments represent the third level, linking superior government and grassroots government. Owing to the special system of political centralization and fiscal decentralization in China (Xu, 2011; Caldeira, 2012; Yu et al., 2016; He et al., 2021), a lower-level government has greater responsibility, which indicates that prefecture-level city governments are more responsible for environmental finance, compared to provincial governments. This correlation provides insights into the roles and behaviors of intermediate governments in environmental protection and governance. On the other hand, compared with the literature on provincial governments, our empirical analyses are based on a larger sample size that provides more convincing findings.
Third, we explore the sources of strategic interactions from the perspective of fiscal decentralization and the personal characteristics of local government leaders. The driving forces of these interactions have only been explored in few existing studies (Renard and Xiong, 2012; Song et al., 2020b; Zhang et al., 2020a; 2021; Ge et al., 2020). Thus, to clarify the sources of strategic interactions of local governments on the implementation of environmental regulations to optimize related policies and alleviate negative effects of these interactions, the following two aspects are considered in this study. First, fiscal decentralization can be a source because it enables local governments to make decisions on fiscal taxes and expenditures and independently determine the sizes and structures of budget revenues and expenditures (Jia, 2014; Hao et al., 2020). This ultimately leads local governments to “race to the bottom” in environmental regulation to attract resources and capital. Second, considering the crucial role of the municipal party secretary in resource distribution, the personal characteristics of the secretary can be the source of strategic interactions. In particular, under a system where local officials assume the overall responsibility in China, the municipal party secretary is responsible for local economic development and social order maintenance, and has the decision-making power regarding land acquisition, loan guarantees, preferential policies, resources, and environment allocation. Thus, the turnover of the municipal party secretaries and their age will affect the implementation of various policies in the district, including environmental regulation.
The remainder of this paper is organized as follows: the theoretical hypotheses are discussed in Theoretical Hypothesis; the empirical framework, including the econometric model, data, variables, and spatial weight matrices, is presented in Empirical Design; empirical results are provided in Empirical Results, followed by their discussion in Further Discussion: Sources of Strategic Interaction; and finally, the conclusions and policy implications are summarized in Conclusions and Policy Implications.
THEORETICAL HYPOTHESIS
The National People’s Congress and the central government formulate China’s environmental regulation, and the municipal congress and committee establish and promulgate environmental regulations according to local conditions. To some extent, local governments’ self-interest motivation for the incomplete implementation of environmental regulation is due to interjurisdictional competition under the Chinese-style decentralization system. Thus, strategic interactions in environmental regulation should be traced to this competition between local governments. Tiebout (1956) first proposed the theory of interjurisdictional competition and suggested that this type of competition can improve government efficiency. However, Oates (1972) emphasized that local government competition may cause undesirable effects, such as an insufficient supply of public goods.
Regard to the form of inter-jurisdictional competition, Revelli (2005) suggested that local governments influence each other through three channels, preferences, constraints, and expectations, and these correspond to Brueckner. (2003) of spillover, resource flow, and yardstick competition (Besley and Case, 1992). To clarify the interaction among cities in environmental regulation and their influence factors, we constructed an evolutionary game model by considering preferences, constraints and expectations, to simulate the strategic interaction of local government. Under the environmental decentralization, the strategy set on environmental regulation of the local government A and B are {strict enforcement, loose implement}. With the context of green economic transformation, the priority of a local government includes economic growth and environmental protection. It is known that different priorities lead to different implementation on environmental regulation and revenues. The Table 1 list the parameters setting for the following analysis on the action of government A and B.
TABLE 1 | The parameters setting.
[image: Table 1]There are four kinds of strategy profile: both government A and B strictly enforce environmental regulation, both government A and B take loose enforcement in environmental regulation, only government A take strict enforcement in environmental regulation, and only government B strictly enforce environmental regulation. According to the parameters setting, a utility matrix of local government A and B is given in Table 2.
TABLE 2 | The utility matrix of government A and B under different strategies.
[image: Table 2]For local government A, if the possibility of taking “strict enforcement” is [image: image], then the possibility of taking “loose enforcement” is [image: image]. Likewise, for local government B, if the possibility of taking “strict enforcement” is [image: image], then the possibility of taking “loose enforcement” is [image: image]. Thereafter, the expected revenue of government A with taking “strict enforcement” in environmental regulation is [image: image], the expected revenue with “loose enforcement” is [image: image], and the average revenue of government A is [image: image], where
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According to the dynamic replication equation, herein set [image: image] as the growth speed of the possibility of taking “strict enforcement” by government A. Hence, the corresponding Mlthusian equation appears to be:
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Equivalently, the expected revenue of government B with taking “strict enforcement” in environmental regulation is [image: image], the expected revenue with “loose enforcement” is [image: image], and the average revenue of government B is [image: image], where
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According to the dynamic replication equation, herein set [image: image] as the growth speed of the possibility of taking “strict enforcement” by government B. Hence, the corresponding Mlthusian equation appears to be:
[image: image]
A two-dimensional dynamic model can be got by combining the equation (A1) and (A2):
[image: image]
Thereafter, for gaining the equilibrium point, assuming [image: image], then we have [image: image], [image: image] . Likewise, assuming [image: image], [image: image], [image: image], [image: image]. If [image: image], [image: image], thereby, the equilibrium point of the dynamic model include (0,0), (0,1), (1,0), (1,1) and ([image: image], [image: image]) where [image: image], 0 [image: image], and [image: image], [image: image] < [image: image].
According to Table 2, we can simplify the revenue matrix by just considering the revenue and cost. Thereafter, it can be concluded that if [image: image], both government A and B take “strict enforcement” as the dominant strategy; if [image: image], both government A and B choose “loose enforcement” in environmental regulation and reach Nash equilibrium. Additionally, there is a mixed strategy which is also a Nash equilibrium and showed as Figure 1. It is obviously that there is strategic interaction in environmental regulation among local governments and the strategy choosing is immediately determined by the cost and revenue of environmental regulation of local governments. Thus, hypothesis 1 was proposed as follows:
[image: Figure 1]FIGURE 1 | The strategies of local governments under different conditions. The mixed strategy means under a certain possibility government A take “strict enforcement” and B take “loose enforcement”, alternative, B take “strict enforcement” and A take “loose enforcement”.
Hypothesis 1. Within the decentralization system, there is strategic interaction in environmental regulation among local governments.Originally, the cost and revenue of environmental regulation of a government is determined by the preferences and constraints. Giving the aim of the strategic interaction, local governments devote to maximize their utility. According to the assumption in Table 1, most of the variables in the objective functions are depended on the constraints from central government. Among them, the transfer payment from central government [image: image], the transfer payment from dirty neighbors’ government [image: image], the indirect revenue caused by human capita inflowing [image: image] are the “flow factors” that local governments want to control and fight for. Fiscal decentralization gives local governments the possibility to win over these resources. Fiscal decentralization provides local governments’ financial autonomy and the “residual claim” of fiscal revenue (Qian and Roland, 1998). To compete for flow resources, local governments can autonomously implement proper public policies according to local conditions. In other words, fiscal decentralization has spawned local government competition and promoted the continuation of such competition (Oates, 1972; Oates and Portney, 2003). Within the decentralization system, local governments procure the loose-feet resources by decreasing the fiscal, taxation, land, and other regulations. The tax federalism reform characterized by fiscal revenue centralization in 1994 significantly increases the actual expenditure responsibilities of local governments, reflecting the essence of the “receipt of finance and retention of power”. As a result, local governments attempt to increase local financial resources to fill the large gap in income and expenditure, followed by competition among local governments to attract flow resources. Thus, Hypothesis 2 is proposed.
Hypothesis 2. Fiscal decentralization strengthens strategic interactions in environmental regulation of local governments.Similarly, from Table 1, we can find that only the cost of environmental regulation and the possibility of taking “strict enforcement” strategy [image: image] ([image: image]) are determined by the regional governments’ preferences. Visually, the preference is influenced by both the internal and external factors. Among them, the assessment system for local officials and the following officials’ turnover are the main factors. In China, the officials’ performance assessment system adopted a multi-evaluation approach, which guides local government officials’ action. In 2006, the central government firstly established the energy intensity and total pollution discharge being reduced by 20 and 10% as a binding indicator for economic development. Subsequently, a series of various endeavors and policies implementation, including “Measures for the Assessment of Major Pollutant Emission Reductions” in 2007 and the “Measures for the Emission Reduction of Major Pollutants in the 12th Five-year Plan” in 2013, gradually increase the significance of environmental protection in the official assessment system. The strengthening of environmental protection in the official assessment system rise the preference of “strict enforcement” of local officials, and increase the possibility of “strict enforcement” x (or y), which ultimately going to the equilibrium point (1, 1), a both “strict enforcement” strategy. Thus, Hypothesis 3 is proposed.
Hypothesis 3. The inclusion of diversified and green government performance assessment reduces local governments’ “loose enforcement” strategic interaction on environmental regulation.Giving the official organization, as the top leader, the municipal party secretary play vital role on the local resources allocation and policies implementation. The secretary’s turnover frequently would cause the discontinuity, instability, and uncertainty of policies implementation including environmental regulation. Essentially, the secretary’s turnover means the change of preferences as different people have different pursuits and preferences. Theoretically, the change of preference should be neutral, that is with the same probability of “strict enforcement” or “loose enforcement”. However, successors often expect to surpass the achievements of their predecessors for further promotion. New officials prefer infrastructure construction rather than promoting people’s livelihood, and thus invest more in public goods production to achieve rapid local economic growth. In contrast, investment in environmental protection is often omitted by local officials due to its hysteretic and invisible nature on performance. Wu et al. (2013) confirmed that the proportion of environmental expenditures to gross domestic product (GDP) increases by 1%, whereas the promotion probability of secretaries and mayors decreases by 8.5 and 6.5%, respectively. In conclusion, a frequent secretary turnover change the preference and induce the probability of “strict enforcement” x(or y), ultimately increase the chance to the equilibrium point (0,0), which means both local government A and B take “loose enforcement” strategy. Thus, Hypothesis 4 is formed as follows:
Hypothesis 4. Secretary turnover strengthens the “loose enforcement” strategic interactions in environmental regulation of local government.As to the internal factors, the demographic characteristics of the officials are proved to show important effect on the preferences and the following actions. As aforementioned analysis, the secretary is very important in regional development. Hence, the following analysis detect the effect of the internal factor - demographics on local strategic interaction form the viewpoint of municipal party secretaries. Secretaries with different ages have different motivations for promotion. From 1982, the carrying of the juvenilization of the cadre policy established a retirement age for all levels leading cadres. The retirement age of officials at the bureau level was set to ≤60 years and that of officials at the provincial and ministerial levels was set to 65 years. A younger party secretary is more likely to be promoted than an older one (Kung and Chen, 2011; Kahn et al., 2015), and shows a stronger motivation to stimulate local economic growth. Thus, an older official, has smaller incentives of political promotion, weaker motivation to promote economic growth by “nearsightedness behaviors”, and stronger motivation for improving public services (e.g., environmental quality) in the jurisdiction. A younger party secretary has a stronger motivation to pursue local economic growth (Guo et al., 2013) and is more likely to reduce the possibility of “strict enforcement” x(or y), ultimately increase the chance to the equilibrium point (0,0), a “race to bottom” situation. Thus, Hypothesis 5 is as follows:
Hypothesis 5. A younger municipal party secretary stimulates “loose enforcement” strategic interactions in environmental regulation of local governments.
EMPIRICAL DESIGN
Empirical Specification
To investigate the pattern of strategic interactions in environmental regulation, we employ the spatial autoregressive (SAR) model to identify competition among local governments. Following previous studies (Renard and Xiong, 2012; Shi and Xi, 2018; Pan et al., 2020), we specify the econometric model as follows:
[image: image]
where i and t denote the city and year, respectively; [image: image] is the environmental regulation intensity; W is a spatial weight matrix; and [image: image] describes the relative importance of region i to region j. Moreover, [image: image] is the spatial lag term of environmental regulation, satisfying [image: image]. [image: image] is the spatial autoregressive coefficient; [image: image] indicates other control variables that affect environmental regulation; [image: image] denotes the city fixed effects; [image: image] denotes the year effects; and [image: image] is the error term. To address potential heteroskedasticity, time series correlation, and cross-sectional correlation, the standard errors are clustered at the city level.
The key coefficient of interest, [image: image], estimates the intensity of interregional strategic interactions in environmental regulation. If [image: image], the intensity of environmental regulation in a region is affected by that in the neighboring regions. If [image: image], interregional environmental regulation has imitative strategic interactions, called strategic complementarity; whereas, if [image: image], interregional environmental regulation has differentiated strategic interactions, called strategy substitution. If [image: image], Hypothesis 1 is considered valid. To verify Hypothesis 1a, we divided the sample into two subsamples, that is, before and after 2010. If [image: image] is smaller in the latter stage (after 2010) than that of the previous stage (before 2010), or the significance is reduced, or the value of [image: image] changes from positive to negative, greening performance assessment benefits the alleviation of strategic interactions in environmental regulation, and Hypothesis 1a is confirmed. Figure 2 illustrates the relationship between the coefficient of the spatial lag term and strategic interactions in environmental regulation.
[image: Figure 2]FIGURE 2 | The relationship between the coefficient of the spatial lag term and strategic interactions in environmental regulation.
Data and Variables
In this study, balance panel data for 260 cities during 2003–2016 is used for empirical analysis. The sample do not include the following four municipality cities: Beijing, Tianjin, Shanghai, and Chongqing. The data are obtained from the China City Yearbook, China Regional Economic Statistical Yearbook, and China Statistical Yearbook. Owing to the lack of a price index at the city level, the nominal variables in monetary units are subjected to inflation at the corresponding provincial-level price index and adjusted to the price in 2000.
Measures of Environmental Regulation
Referring to Peng (2020) and Zhang et al. (2020b), we design a comprehensive index of environmental pollution to measure the intensity of environmental regulation. The city’s environmental pollution control efforts and environmental regulation intensity are measured by constructing different pollutant emission intensities across the country and then weighting the relative levels of pollution emission intensities of various cities. The equation is expressed as follows:
[image: image]
where [image: image] is the reciprocal of the comprehensive pollution discharge index [image: image]. It is worth noting that our regression models use the logarithm of ER as the dependent variable. The underlying implication of Eq. 5 is that the lower the comprehensive pollution discharge index, the more effort the local government will undertake to control environmental pollution, and the more stringent the environmental regulation intensity, and vice versa. The parameter [image: image] is the national average emission intensity of pollutants l (industrial wastewater, industrial SO2, and industrial dust) in year t and [image: image] is the emission index of pollutants l in year t of city i, which is higher than the national average level. A higher [image: image] indicates a higher emission level of l pollutants in t year of i city compared with the national level. As SO2 emission changes can reflect a country’s efforts to reduce environmental pollution (Barla and Perelman, 2005), the removal rate of industrial SO2 can be used as a proxy for environmental regulation in the robustness test (Zhang et al., 2017).
Time-Variant Prefectural Characteristics
According to previous studies (Konisky, 2007; Renard and Xiong, 2012; Chen et al., 2019; Song et al., 2020a; Ge et al., 2020; Zhang et al., 2021), we select the following explanatory variables: Fiscal decentralization, GDP per capita, Financial deficit, Population density, Unemployment rate, Ratio of second industry, Ratio of FDI (foreign direct investment), Ratio of college students. Following Jia et al. (2014), Li et al. (2016), Hao et al. (2020) and Song et al. (2020a), Table 3 presents the definitions and descriptive statistics for the main variables. Insignificant differences are observed in the distribution of variables, which are within reasonable limits, ensuring the reliability of the research data.
TABLE 3 | Definition and descriptive statistics for the main variables.
[image: Table 3]Specification of Spatial Weight Matrices
To analyze the strategic interactions in environmental regulation among Chinese cities, we should accurately define “adjacent regions”. In this study, the geospatial and socioeconomic relations of different regions are simultaneously considered in defining these areas, ensuring that the results are not affected by the prior determination of the weight scheme. Following previous studies (Chen et al., 2019; Wu et al., 2019; Song et al., 2020b; Zhang et al., 2020b), we design three types of spatial weight matrices: 0–1, geographical distance, and economic distance. Based on the first two types, two cities have the same characteristics in terms of resource endowments, regional advantages, and cultural practices if they are geographically adjacent or nearby. Hence, other preferential policies are more likely used to attract flow resources, such as reducing the intensity of environmental regulation. The third type of spatial weight matrix is based on China’s relative economic performance promotion assessment system. The more similar the economic development of a city, the more likely it is to become a competitor. Therefore, it is reasonable to implement similar environmental regulation standards and strategies in mutually competitive regions. The three types of spatial weight matrices are standardized and designed as follows:
1) 0–1 type spatial weight matrix Wcont. If the two regions are geographically adjacent, [image: image]; otherwise, [image: image].
2) Geographic distance-type spatial weight matrix Wdis2. The weight element is set to [image: image], where [image: image] is the spherical distance between the city i and city j, which is calculated based on the latitude and longitude of the location of municipal government.
3) Economic distance-type spatial weight matrix Wpgdp. The matrix integrates economic and geographical distance. The weight element is set to [image: image] where [image: image] is the average of the economic development level of the region i during the sample period, and [image: image] is the spherical distance between the cities.
EMPIRICAL RESULTS
Baseline Results
Table 4 presents the results for strategic interactions in environmental regulation among Chinese cities. Columns (1) and (2) are based on the spatial weight matrix Wcont. Columns (3) and (4) are based on the spatial weight matrix Wdis2, and columns (5) and (6) are based on the spatial weight matrix Wpgdp. With the three types of spatial weight matrices, the coefficients of W × ER are significantly positive at the 1% level, indicating the existence and mutual imitation of strategic interactions in environmental regulation among cities in China. Thus, the optimal strategy for local government officials is to reduce the intensity of environmental regulation when the competitors relax their own environmental regulation, which leads to a low-level equilibrium and loss of social welfare (Fredriksson et al., 2006; Sjöberg, 2016). This result validates Hypothesis 1a and is consistent with the results of previous studies (Renard and Xiong, 2012; Chen et al., 2019; Song et al., 2020a, 2021; Ge et al., 2020).
TABLE 4 | Baseline results for three types of spatial weight matrices.
[image: Table 4]The coefficients of W × ER in Wpgdp models are higher than that in the other models, which demonstrate that a similar economic development level is the main factor affecting the strategic competition in environmental regulation of local governments. This may be because the promotion system of Chinese local officials is mainly based on relative economic performance assessment. The more similar the economic development of the cities, the more likely that local officials become competitors. To get promoted, local officials struggle to improve performance by treating environmental regulation as a viable tool to attract flow resources and expect increased economic growth, which is the main factor in performance assessment. In the dynamic game process, officials tend to adopt the random choice tactic of following competitors and formulate a rolling revision plan. Once the opponent acts, local officials respond and undertake similar actions. This is revealed as a strategic imitation in environmental regulation among local governments.
Regarding the control variables, the coefficient of GDP per capita is significantly positive, indicating that the economic growth has led to an increase in the environmental regulation. The higher the economic development level, the higher the environmental demands of the public, which facilitates local governments to intensify the environmental regulation. The coefficients of the other control variables were insignificant.
Spatiotemporal Heterogeneity
Spatial Heterogeneity
Considering the regional differences in resource endowment, geographical location, technical progress, and political and economic system, we further explore the spatial heterogeneity of strategic interactions in environmental regulation. Based on the traditional geographical position, we categorize the sample cities into three subsamples, including eastern, central and western cities. As seen in Table 5, the coefficients of W × ER are positive in the subsamples of the eastern and western cities, and most of them are significant at the 1% level, while the corresponding coefficients in the subsamples of the central cities are not significant. This reveals that imitative strategic interactions in environmental regulation occur in the eastern and western cities, but not in central cities. This is because the eastern cities with good endowments, notable location advantages, and high-level of economic development provide higher probability of promotion for local officials and higher incentive for economic development. The imitative strategic interactions in environmental regulation is one of the dominant strategies for local officials in eastern cities. In contrast, the location disadvantages and lagged economy in western cities compel local officials to increase economic development by decreasing environmental regulation and attracting industrial transfer. Therefore, a spatial heterogeneity of strategic interactions in environmental regulation occur within the eastern, central, and western regions.
TABLE 5 | Estimates for different regions.
[image: Table 5]Temporal Heterogeneity
Changes in the performance assessment system can alter the behavior of local officials. After 2010, the central government gradually weakened the role of the GDP in the performance appraisal and enhanced the weight of environmental performance. A series of endeavor and policies have been exerted to reinforce the diversification and greening of official performance assessment. Thus, the sample is divided into two phases, 2003–2010 and 2011–2016 subsamples, to examine the temporal heterogeneity of strategic interactions in environmental regulation with the induction of environment protection into the official performance assessment system. The corresponding results are presented in Table 6.
TABLE 6 | Estimates for different periods.
[image: Table 6]As provided in Table 6, in the two periods’ regressions, the coefficients of W × ER decrease from 0.2581, 0.3754, and 0.6263 to 0.1728, 0.0749, and 0.2025, respectively. The coefficients are all significant at the 1% level in the 2003–2010 subsample, whereas the coefficients of Wdist2 and Wpgdp models in the 2011–2016 subsample are insignificant. Thus, imitative strategic interactions became significantly weaker after 2010. With the endeavor of the central government, the inclusion of diversified and green official performance assessment has gradually changed the behavior of local governments and considerably impeded their imitative interactions in environmental regulation. Since 2010, China has implemented stringent environmental regulation through various policies and endeavors. For example, lifelong investigation system for ecological environmental damage in 2015 and the red line of ecological protection, upper limit of pollutant discharge, and bottom line of environmental access in 2016. It means the start of the era with the most stringent environmental protection system (Wang and Lei, 2021). Correspondingly, the environmental performance of the local officials constitutes a hard-adjustment of promotion (Wu and Cao, 2021). The highlighting role of continuously environmental performance in assessment system stimulates local governments to adjust their strategic interactions in environmental regulation. Therefore, these govern the scientific choices of local officials and weaken the strategic interactions in environmental regulation, thereby verifying Hypothesis 1b.
Robustness Tests
Alternative Estimation Methods
To test the robustness of the previous results, we refer to the existing studies (Caldeira, 2012; Yu et al., 2016; Chen et al., 2017; Galinato and Chouinard, 2018; Gallo and Ndiaye, 2021) and employ the spatial Durbin model (SDM) and the dynamic spatial panel model (DSPM). The SDM includes the spatial lag terms of explanatory variables that can alleviate omitted variable bias to some extent. The DSPM includes the lag term of the interpreted variable as an explanatory variable and thus can depict the temporal dependence of environmental regulation and alleviate endogeneity bias caused by endogenous control variables and simultaneous dependent variables. The results are presented in Table 7. The coefficients of W × ER are significantly positive at the 1% level, which is consistent with the previous results. In addition, the coefficients of ER(t−1) are significantly positive, indicating that the intensity of environmental regulation has a notable continuity and viscosity. Thus, the improvement of environmental regulation in one year leads to further enhancement in the next year, creating a benign self-enhancing process.
TABLE 7 | Estimates for the spatial Durbin model (SDM) and the dynamic spatial panel data models (DSPM).
[image: Table 7]Alternative Spatial Weight Matrices
To avoid the interference of priori spatial weight matrices, we refer to the previous studies (Feng and Wang, 2019; Yuan et al., 2019, 2020; Song et al., 2020a) and conduct four other types of spatial weight matrices. The first one is an ordinary geographical distance-type spatial weight matrix Wdist1, with [image: image], where [image: image] is the spherical distance between cities. The other three are the economic distance-type spatial weight matrices Windu, Wpd, and Wfd, with [image: image]. Here, [image: image] represents the average industrial structure, population density, and financial self-sufficiency rate of city i in the sample period, respectively. The industrial structure and population density are described in Time-Variant Prefectural Characteristics. The financial self-sufficiency rate is the ratio of the fiscal revenue to fiscal expenditure. The corresponding results of the regressions are listed in Table 8. The coefficients of W × ER are significantly positive at the 1% level, which verify the existence of significant imitative interactions in environmental regulation. Therefore, the results of this study are not affected by the spatial weight matrix.
TABLE 8 | Estimates for other spatial weight matrices.
[image: Table 8]Alternative Environmental Regulation Measure
To reduce the impact of environmental regulation measurement on the empirical results, we use the industrial SO2 removal rate as the proxy of environmental regulation (ER2), as shown in Table 9. The coefficients of W × ER2 are significantly positive at the 1% level, verifying that strategic interactions in environmental regulation evidently exist among local governments.
TABLE 9 | Estimates for the SO2 removal rate.
[image: Table 9]Further Discussion: Sources of Strategic Interaction
Role of Fiscal Decentralization
To examine the effect of fiscal decentralization on the strategic interactions in environmental regulation, we follow previous studies (Renard and Xiong, 2012; Shi and Xi, 2018) and incorporate the interaction between fiscal decentralization and W × ER into the baseline model. As illustrated in Table 10, the coefficients for the interaction item (W × ER)×Fiscal decentralization are significantly positive, suggesting that fiscal decentralization strengthens the strategic interactions in environmental regulation among cities. This confirms Hypothesis 2 and echoes the findings of Fredriksson et al. (2006), Farzanegan and Mennel (2012), and Sigman (2014). Thus, fiscal decentralization leads to financial incentives for local officials to independently implement the suitable environmental regulation to attract flow resources, and ultimately strengthen the strategic interactions in environmental regulation. As emphasized by Van der Kamp et al. (2017), a disadvantage of decentralization is that it enables local authorities to decrease or restrict the implementation of central government policies. Furthermore, the coefficients of fiscal decentralization are significantly negative, indicating that fiscal decentralization exacerbate local government competition and further reduce the intensity of environmental regulation.
TABLE 10 | Estimates for fiscal decentralization and strategic interactions in environmental regulation.
[image: Table 10]Role of the Municipal Party Secretary
Effect of Secretary Turnover
To detect the effect of secretary turnover on the strategic interactions in environmental regulation, we incorporate Secretary Turnover and the interaction with W × ER into the baseline model. The corresponding results are reported in Table 11. Most coefficients of the interaction item (W×ER)×Secretary Turnover are significantly positive, indicating that secretary turnover intensifies strategic interactions in environmental regulation among cities and verifying Hypothesis 3. That is to say, the newly appointed secretary is more motivated to win the assessment of performance and the further promotion by loosening environmental regulation and attracting capital for gaining quickly local economic growth. The motivation intensifies the strategic interactions in environmental regulation among cities.
TABLE 11 | Estimates for secretary turnover and strategic interactions in environmental regulation.
[image: Table 11]Influence of a Young Secretary
To explore the influence of a young secretary, we divide the secretaries into two groups using a critical value of 50 years. A dummy variable Young secretary is set as Young secretary equals 1 if the city secretary is younger than 50 years, and 0 otherwise. Similarly, we incorporate Young Secretary and the interaction with W × ER into the baseline model. As reported in Table 12, most coefficients of (W × ER)×Young secretary are significantly positive, implying that a young secretary intensifies the interregional environmental interactions and verifying Hypothesis 4. It may attribute to China’s cadre management system, which imposes specific restrictions on the promotion and age of local senior officials as well as on their tenure. Political promotion is more difficult for older local officials once they pass a certain age threshold than for younger local officials. Consequently, younger officials have stronger incentives for promotion to intensify strategic interactions in environmental regulation.
TABLE 12 | Estimates for a young secretary and strategic interactions in environmental regulation.
[image: Table 12]CONCLUSIONS AND POLICY IMPLICATIONS
This study primarily aims to investigate strategic interactions in environmental regulation among cities and their influencing factors in China. We adopt spatial panel data models with a panel dataset of 260 Chinese cities during 2003–2016, and obtain the following conclusions:
1) Significant imitative interactions exist in environmental regulation, which imply that competitors imitate each other’s environmental regulation, resulting in a low-level equilibrium called “race to the bottom”. 2) A temporal heterogeneity exists which shows that strategic interactions in environmental regulation is present in eastern and western cities, but absent in central cities. 3) After 2010, the imitative interactions in environmental regulation significantly decreased, indicating that the greening of the performance appraisal reduces strategic interactions of local governments. 4) Fiscal decentralization enhances promotion incentives for local officials and strengthens strategic interactions in environmental regulation. 5) The turnover of the municipal party secretary or a younger one intensifies strategic interactions in environmental regulation among cities.
Based on these conclusions, the following policy implications are proposed. First, environmental friendly regulation competition should be promoted and centrally controlled environmental governance enhanced. Regarding the “low-level equilibrium” of China’s regional environmental regulation, on one hand, it is imperative to impel virtuous competition in environmental regulation and reverse the “pollution effect” to a “ratcheting effect” to obtain a “high-level equilibrium” of regional environmental regulation. Further, the behaviors of provincial governments must be altered, and local governments should participate in environmental protection over only focusing on economic growth. On the other hand, the centralization of China’s environmental management should be strengthened to balance the financial and administrative rights by improving the vertical management system for environmental policy enforcement at or below the provincial level, compressing regional administrative discretionary power, and expanding the scope of central government investments on environmental protection.
Second, the frequent turnover of regional officials should be avoided to ensure the continuity of environmental policy implementation. Frequent changes in local leadership can promote local officials to prioritize economic growth over environmental protection for rapid success. The intensity of environmental regulation is weakened due to discontinuity, instability, and deviant implementation. Therefore, environmental policies should be executed in the context of a stable tenure for officials and frequent turnovers of local governors should be avoided, thereby ensuring the institutional, legal, and systematic allotment of leading posts.
Third, the current governor motivation system must be urgently optimized, and the ambitions of young officials regarding promotion be guided scientifically. A reasonable and green political assessment system can alleviate strategic interactions. Hence, the financial effect should be decreased, and the weight of the environment protection should be increased to establish a multi-evaluation system. The optimization of the political incentive system can lead to an equilibrium between environmental protection and economic development and promote the intention of local governments to protect environment. The environment must not be sacrificed for an improved GDP or personal benefit, which also ensures a planned sustainable development at present for increased benefits in the future.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
Conceptualization XZ; Data curation HZ; Formal analysis XZ; Funding acquisition XZ, HZ, TX; Investigation XZ; Methodology HZ; Project administration XZ; Resources HZ; Software HZ; Supervision XZ, YZ; Validation TX; Visualization; Writing—original draft XZ; writing—review and editing TX.
FUNDING
This work was supported by the National Natural Science Foundation of China (Grant Nos. 71601098, 71703073, and 71804001), the National Statistical Science Research Project of China (Grant No. 2020LY094), and the Project of Philosophy and Social Science Research in Colleges and Universities in Jiangsu Province (Grant No. 2021SJA0371).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fenvs.2022.823838/full#supplementary-material
REFERENCES
 Barla, P., and Perelman, S. (2005). Sulphur Emissions and Productivity Growth in Industrialised Countries. Ann. Public Coop. Econ. 76 (2), 275–300. doi:10.1111/j.1370-4788.2005.00279.x
 Besley, T., and Case, A. (1992). Incumbent Behavior: Vote Seeking, Tax Setting and Yardstick Competition (No. W4041). Boston: National bureau of economic research. 
 Brueckner, J. K. (2003). Strategic Interaction Among Governments: An Overview of Empirical Studies. Int. Reg. Sci. Rev. 26 (2), 175–188. doi:10.1177/0160017602250974
 Cai, H., Chen, Y., and Gong, Q. (2016). Polluting Thy Neighbor: Unintended Consequences of China׳s Pollution Reduction Mandates. J. Environ. Econ. Manag. 76, 86–104. doi:10.1016/j.jeem.2015.01.002
 Caldeira, E. (2012). Yardstick Competition in a Federation: Theory and Evidence from China. China Econ. Rev. 23 (4), 878–897. doi:10.1016/j.chieco.2012.04.011
 Chen, S., Song, Y., Ding, Y., Qian, X., and Zhang, M. (2019). Research on the Strategic Interaction and Convergence of China's Environmental Public Expenditure from the Perspective of Inequality. Resour. Conservation Recycling 145, 19–30. doi:10.1016/j.resconrec.2019.02.017
 Chen, W. Y., Hu, F. Z. Y., Li, X., and Hua, J. (2017). Strategic Interaction in Municipal Governments' Provision of Public green Spaces: A Dynamic Spatial Panel Data Analysis in Transitional China. Cities 71, 1–10. doi:10.1016/j.cities.2017.07.003
 Deng, H., Zheng, X., Huang, N., and Li, F. (2012). Strategic Interaction in Spending on Environmental protection: Spatial Evidence from Chinese Cities. China & World Economy 20 (5), 103–120. doi:10.1111/j.1749-124x.2012.01304.x
 Farzanegan, M. R., and Mennel, T. (2012). Fiscal Decentralization and Pollution: Institutions Matter. MAGKS Joint Discussion Paper Series in Economics. Marburg: University of Marburg. 
 Feng, C., and Wang, M. (2019). Journey for green Development Transformation of China's Metal Industry: A Spatial Econometric Analysis. J. Clean. Prod. 225, 1105–1117. doi:10.1016/j.jclepro.2019.04.025
 Fredriksson, P. G., Mani, M., and Wollscheid, J. R. (2006). Environmental Federalism: A Panacea or Pandora’s Box for Developing Countries. Washington: World Bank Publications. 
 Galinato, G. I., and Chouinard, H. H. (2018). Strategic Interaction and Institutional Quality Determinants of Environmental Regulations. Resource Energ. Econ. 53, 114–132. doi:10.1016/j.reseneeco.2018.04.001
 Garzarelli, G. (2004). Old and New Theories of Fiscal Federalism, Organizational Design Problems, and Tiebout. J. Public Finance Public Choice 22 (1-2), 91–104. doi:10.1332/251569204x15668904587133
 Ge, T., Qiu, W., Li, J., and Hao, X. (2020). The Impact of Environmental Regulation Efficiency Loss on Inclusive Growth: Evidence from China. J. Environ. Manag. 268, 110700. doi:10.1016/j.jenvman.2020.110700
 Greenstone, M., He, G., Li, S., and Zou, E. (2021). China’s War on Pollution: Evidence from the First Five Years. Boston: National Bureau of Economic Research. 
 Guo, J., Xu, J., and Zhang, M. (2013). Political Tournament, Land Supply and Housing price: Evidence from Chinese Cities. Beijing: Beijing Normal University. 
 Hao, Y., Chen, Y.-F., Liao, H., and Wei, Y.-M. (2020). China's Fiscal Decentralization and Environmental Quality: Theory and an Empirical Study. Envir. Dev. Econ. 25 (2), 159–181. doi:10.1017/s1355770x19000263
 Hao, Y., Gai, Z., Yan, G., Wu, H., and Irfan, M. (2021). The Spatial Spillover Effect and Nonlinear Relationship Analysis between Environmental Decentralization, Government Corruption and Air Pollution: Evidence from China. Sci. Total Environ. 763, 144183. doi:10.1016/j.scitotenv.2020.144183
 He, Q., Xia, P., Li, B., and Liu, J. (2021). Evaluating Investors’ Recognition Abilities for Risk and Profit in Online Loan Markets Using Nonlinear Models and Financial Big Data. J. Funct. Spaces 5178970, 15. 
 Huang, Z., and Du, X. (2017). Strategic Interaction in Local Governments' Industrial Land Supply: Evidence from China. Urban Stud. 54 (6), 1328–1346. doi:10.1177/0042098016664691
 Jia, J., Guo, Q., and Zhang, J. (2014). Fiscal Decentralization and Local Expenditure Policy in China. China Econ. Rev. 28, 107–122. doi:10.1016/j.chieco.2014.01.002
 Jia, R. (2014). Pollution for Promotion. San Diego: University of California. 
 Jia, R., Shao, S., and Yang, L. (2021). High-speed Rail and CO2 Emissions in Urban China: A Spatial Difference-In-Differences Approach. Energ. Econ. 99, 105271. doi:10.1016/j.eneco.2021.105271
 Kahn, M. E., Li, P., and Zhao, D. (2015). Water Pollution Progress at Borders: The Role of Changes in China's Political Promotion Incentives. Am. Econ. J. Econ. Pol. 7 (4), 223–242. doi:10.1257/pol.20130367
 Konisky, D. M. (2007). Regulatory Competition and Environmental Enforcement: Is There a Race to the Bottom?Am. J. Polit. Sci. 51 (4), 853–872. doi:10.1111/j.1540-5907.2007.00285.x
 Kung, J. K.-S., and Chen, S. (2011). The Tragedy of the Nomenklatura: Career Incentives and Political Radicalism during China's Great Leap Famine. Am. Polit. Sci. Rev. 105, 27–45. doi:10.1017/s0003055410000626
 Le Gallo, J., and Ndiaye, Y. (2021). Environmental Expenditure Interactions Among OECD Countries, 1995-2017. Econ. Model. 94, 244–255. doi:10.1016/j.econmod.2020.10.006
 Li, G., Guo, F., and Di, D. (2021). Regional Competition, Environmental Decentralization, and Target Selection of Local Governments. Sci. Total Environ. 755, 142536. doi:10.1016/j.scitotenv.2020.142536
 Li, H., and Zhou, L. A. (2005). Political Turnover and Economic Performance: The Incentive Role of Personnel Control in China. J. Public Econ. 89 (9-10), 1743–1762. doi:10.1016/j.jpubeco.2004.06.009
 Li, P., Lu, Y., and Wang, J. (2016). Does Flattening Government Improve Economic Performance? Evidence from China. J. Dev. Econ. 123, 18–37. doi:10.1016/j.jdeveco.2016.07.002
 Liang, J., and Langbein, L. (2015). Performance Management, High-Powered Incentives, and Environmental Policies in China. Int. Public Manag. J. 18 (3), 346–385. doi:10.1080/10967494.2015.1043167
 Lo, K. (2014). China's Low-Carbon City Initiatives: The Implementation gap and the Limits of the Target Responsibility System. Habitat Int. 42, 236–244. doi:10.1016/j.habitatint.2014.01.007
 Lo, K. (2015). How Authoritarian Is the Environmental Governance of China?Environ. Sci. Pol. 54, 152–159. doi:10.1016/j.envsci.2015.06.001
 Ma, Q., Mentel, G., Zhao, X., Salahodjaev, R., and Kuldasheva, Z. (2022). Natural Resources Tax Volatility and Economic Performance: Evaluating the Role of Digital Economy. Resour. Pol. 75, 102510. doi:10.1016/j.resourpol.2021.102510
 Millimet, D. L. (2013). Environmental Federalism: A Survey of the Empirical Literature. IZA Working . paper No.7831. 
 Oates, W. E. (1972). Fiscal Federalism. New York: Harcourt Brace Jovanovich. 
 Oates, W. E., and Portney, P. R. (2003). “The Political Economy of Environmental Policy,” in Handbook of Environmental Economics ( Elsevier), 1, 325–354. doi:10.1016/s1574-0099(03)01013-1
 Pan, X., Li, M., Guo, S., and Pu, C. (2020). Research on the Competitive Effect of Local Government's Environmental Expenditure in China. Sci. Total Environ. 718, 137238. doi:10.1016/j.scitotenv.2020.137238
 Peng, X. (2020). Strategic Interaction of Environmental Regulation and green Productivity Growth in China: Green Innovation or Pollution Refuge?Sci. Total Environ. 732, 139200. doi:10.1016/j.scitotenv.2020.139200
 Qian, Y., and Roland, G. (1998). Federalism and the Soft Budget Constraint. Am. Econ. Rev. , 1143–1162. 
 Qian, Y., and Weingast, B. R. (1997). Federalism as a Commitment to Preserving Market Incentives. J. Econ. Perspect. 11 (4), 83–92. doi:10.1257/jep.11.4.83
 Ran, Q., Zhang, J., and Hao, Y. (2020). Does Environmental Decentralization Exacerbate China's Carbon Emissions? Evidence Based on Dynamic Threshold Effect Analysis. Sci. Total Environ. 721, 137656. doi:10.1016/j.scitotenv.2020.137656
 Renard, M. F., and Xiong, H. (2012). Strategic Interactions in Environmental Regulation Enforcement: Evidence from Chinese Provinces. CERDI: Clermont-Ferrand. 
 Revelli, F. (2005). On Spatial Public Finance Empirics. Int. Tax Public Finan 12 (4), 475–492. doi:10.1007/s10797-005-4199-9
 Shao, S., Zhang, Y., Tian, Z., Li, D., and Yang, L. (2020). The Regional Dutch Disease Effect within China: A Spatial Econometric Investigation. Energ. Econ. 88, 104766. doi:10.1016/j.eneco.2020.104766
 Shi, X., and Xi, T. (2018). Race to Safety: Political Competition, Neighborhood Effects, and Coal Mine Deaths in China. J. Dev. Econ. 131, 79–95. doi:10.1016/j.jdeveco.2017.10.008
 Sigman, H. (2014). Decentralization and Environmental Quality: An International Analysis of Water Pollution Levels and Variation. Land Econ. 90 (1), 114–130. doi:10.3368/le.90.1.114
 Sjöberg, E. (2016). An Empirical Study of Federal Law versus Local Environmental Enforcement. J. Environ. Econ. Manag. 76, 14–31. 
 Song, K., Bian, Y., Zhu, C., and Nan, Y. (2020). Impacts of Dual Decentralization on green Total Factor Productivity: Evidence from China's Economic Transition. Environ. Sci. Pollut. Res. Int. 27, 14070–14084. doi:10.1007/s11356-020-07953-8
 Song, M., Peng, L., Shang, Y., and Zhao, X. (2022a). Green Technology Progress and Total Factor Productivity of Resource-Based Enterprises: A Perspective of Technical Compensation of Environmental Regulation. Technol. Forecast. Soc. Change 174, 121276. doi:10.1016/j.techfore.2021.121276
 Song, M., Tao, W., Shang, Y., and Zhao, X. (2022b). Spatiotemporal Characteristics and Influencing Factors of China's Urban Water Resource Utilization Efficiency from the Perspective of Sustainable Development. J. Clean. Prod. 338, 130649. doi:10.1016/j.jclepro.2022.130649
 Song, M., Zhao, X., Shang, Y., and Chen, B. (2020a). Realization of green Transition Based on the Anti-driving Mechanism: An Analysis of Environmental Regulation from the Perspective of Resource Dependence in China. Sci. Total Environ. 698, 134317. doi:10.1016/j.scitotenv.2019.134317
 Song, M., Zhao, X., and Shang, Y. (2020b). The Impact of Low-Carbon City Construction on Ecological Efficiency: Empirical Evidence from Quasi-Natural Experiments. Resour. Conservation Recycling 157, 104777. doi:10.1016/j.resconrec.2020.104777
 Song, Y., Zhang, X., and Zhang, M. (2020). Research on the Strategic Interaction of China's Regional Air Pollution Regulation: Spatial Interpretation of "incomplete Implementation" of Regulatory Policies. Environ. Sci. Pollut. Res. 27 (34), 42557–42570. doi:10.1007/s11356-020-10180-w
 Tiebout, C. M. (1956). A Pure Theory of Local Expenditures. J. Polit. economy 64 (5), 416–424. doi:10.1086/257839
 Tu, Z., Hu, T., and Shen, R. (2019). Evaluating Public Participation Impact on Environmental protection and Ecological Efficiency in China: Evidence from PITI Disclosure. China Econ. Rev. 55, 111–123. doi:10.1016/j.chieco.2019.03.010
 Van der Kamp, D., Lorentzen, P., and Mattingly, D. (2017). Racing to the Bottom or to the Top? Decentralization, Revenue Pressures, and Governance Reform in China. World Dev. 95, 164–176. doi:10.1016/j.worlddev.2017.02.021
 Wang, H., and Jin, Y. (2007). Industrial Ownership and Environmental Performance: Evidence from China. Environ. Resource Econ. 36 (3), 255–273. doi:10.1007/s10640-006-9027-x
 Wang, J., and Lei, P. (2021). The Tournament of Chinese Environmental protection: Strong or Weak Competition?Ecol. Econ. 181, 106888. doi:10.1016/j.ecolecon.2020.106888
 Wu, J., Deng, Y., Huang, J., Morck, R., and Yeung, B. (2013). Incentives and Outcomes: China’s Environmental Policy. Bostan: National Bureau of Economic Research. 
 Wu, M., and Cao, X. (2021). Greening the Career Incentive Structure for Local Officials in China: Does Less Pollution Increase the Chances of Promotion for Chinese Local Leaders?J. Environ. Econ. Manag. 107, 102440. doi:10.1016/j.jeem.2021.102440
 Wu, X., Gao, M., Guo, S., and Li, W. (2019). Effects of Environmental Regulation on Air Pollution Control in China: A Spatial Durbin Econometric Analysis. J. Regul. Econ. 55 (3), 307–333. doi:10.1007/s11149-019-09384-x
 Xie, R.-h., Yuan, Y.-j., and Huang, J.-j. (2017). Different Types of Environmental Regulations and Heterogeneous Influence on “green” Productivity: Evidence from China. Ecol. Econ. 132, 104–112. doi:10.1016/j.ecolecon.2016.10.019
 Xu, C. (2011). The Fundamental Institutions of China's Reforms and Development. J. Econ. Lit. 49 (4), 1076–1151. doi:10.1257/jel.49.4.1076
 Yu, J., Zhou, L.-A., and Zhu, G. (2016). Strategic Interaction in Political Competition: Evidence from Spatial Effects across Chinese Cities. Reg. Sci. Urban Econ. 57, 23–37. doi:10.1016/j.regsciurbeco.2015.12.003
 Yuan, H., Feng, Y., Lee, C.-C., and Cen, Y. (2020). How Does Manufacturing Agglomeration Affect green Economic Efficiency?Energ. Econ. 92, 104944. doi:10.1016/j.eneco.2020.104944
 Yuan, H., Zhang, T., Feng, Y., Liu, Y., and Ye, X. (2019). Does Financial Agglomeration Promote the green Development in China? A Spatial Spillover Perspective. J. Clean. Prod. 237, 117808. doi:10.1016/j.jclepro.2019.117808
 Zhang, K., Xu, D., Li, S., Wu, T., and Cheng, J. (2020a). Strategic Interactions in Environmental Regulation Enforcement: Evidence from Chinese Cities. Environ. Sci. Pollut. Res. Int. , 1–15. doi:10.1007/s11356-020-10443-6
 Zhang, K., Zhang, Z.-Y., and Liang, Q.-M. (2017). An Empirical Analysis of the green Paradox in China: From the Perspective of Fiscal Decentralization. Energy Policy 103, 203–211. doi:10.1016/j.enpol.2017.01.023
 Zhang, L., Wang, Q., and Zhang, M. (2021). Environmental Regulation and CO2 Emissions: Based on Strategic Interaction of Environmental Governance. Ecol. Complexity 45, 100893. doi:10.1016/j.ecocom.2020.100893
 Zhang, Z., Jin, T., and Meng, X. (2020b). From Race-To-The-Bottom to Strategic Imitation: How Does Political Competition Impact the Environmental Enforcement of Local Governments in China?Environ. Sci. Pollut. Res. 27 (20), 25675–25688. doi:10.1007/s11356-020-09003-9
 Zhao, X., Ma, X., Chen, B., Shang, Y., and Song, M. (2022). Challenges toward Carbon Neutrality in China: Strategies and Countermeasures. Resour. Conservation Recycling 176, 105959. doi:10.1016/j.resconrec.2021.105959
 Zheng, D., and Shi, M. (2017). Multiple Environmental Policies and Pollution haven Hypothesis: Evidence from China's Polluting Industries. J. Clean. Prod. 141, 295–304. doi:10.1016/j.jclepro.2016.09.091
 Zheng, S., and Kahn, M. E. (2017). A new era of Pollution Progress in Urban China?J. Econ. Perspect. 31 (1), 71–92. doi:10.1257/jep.31.1.71
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Zhang, Xu, Zhang and Zhou. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/inline_53.gif
U pp





OPS/images/inline_52.gif
U ns





OPS/images/inline_55.gif
yly





OPS/images/inline_54.gif





OPS/images/inline_49.gif
U ap





OPS/images/inline_48.gif
U ac





OPS/images/inline_51.gif
x/x





OPS/images/inline_50.gif







OPS/images/inline_46.gif
y(0<y<l)






OPS/images/inline_45.gif






OPS/images/inline_47.gif





OPS/images/inline_109.gif
W;; = [1/lecon; — econj| + 1] x exp(—a;;)





OPS/images/inline_108.gif





OPS/images/inline_44.gif
x(0<x<1)





OPS/images/inline_110.gif
CCOM;





OPS/images/inline_105.gif
pgdp;





OPS/images/inline_107.gif
Wi = 1/d;;





OPS/images/inline_106.gif





OPS/images/inline_102.gif





OPS/images/inline_101.gif





OPS/images/inline_104.gif
Wi

= |1/|pgdp; — pgdp;l + 1] x exp(—d;;)





OPS/images/inline_103.gif





OPS/images/math_qu6.gif





OPS/images/math_qu5.gif
Upr = x(=yCp+ Py = Hg = 0Lg = Iy = Lg) + (1 = x)( = yCs
4 Py—Hy— 0Ly Iy—Ly)





OPS/images/math_qu4.gif
(=Ca+ Rp+ IRy + Hp+lp=La)+ (1-0)( =
4Ry +TRy+Hy+ 0L, +1,~Lg)






OPS/images/fenvs-10-823838-t011.jpg
WxER
(WxER)xSecretary Turnover
Secretary Tumover

Control variables
City fixed effect

Year fixed effect
Observations
R-squared
Log-pseudolikelihood

Standard errors, clustered at the city level, are provided in the parenthesis.

(V) @ ® @ ®) © (U]
Weont Waist1 Waist2 Wogdp Windu Wod wrd
03362 0.6850"* 03181 05769"" 06879 0.6648"* 0.6682"*
(0.0464) (0.0669) (0.0559) (0.0831) (0.0646) (0.0816) (0.0691)
00757 0.2078" 0.0601 00772 02130 0.1559" 0.1608"
(0.0350) (0.1090) (0.0399) (0.0529) (0.1103) (0.0888) (0.0962)
-0.0307" -0.0760" -0.0282 -0.0497 -00731* -0.0813" -0.0736"
0.0172) (0.0380) (0.0180) (0.0318) (0.0360) (0.0438) (0.0415)
Yes Yes Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes Yes Yes
3,640 3,640 3,640 3,640 3,640 3,640 3,640
0.1340 0.1411 0.1483 0.1610 0.1423 0.1449 0.1464
~1,053.8698 -1,116.4128 -1,103.3468 -1,128.4459 ~1,115.8879 ~1,116.2534 ~1,118.8344

0 < 0.01, *'p < 0.05, *p < 0.1.





OPS/xhtml/nav.xhtml
Contents

		Cover

		Strategic Interactions in Environmental Regulation: Evidence From Spatial Effects Across Chinese Cities		Introduction

		Theoretical Hypothesis

		Empirical Design		Empirical Specification

		Data and Variables

		Specification of Spatial Weight Matrices





		Empirical Results		Baseline Results

		Spatiotemporal Heterogeneity

		Robustness Tests

		Further Discussion: Sources of Strategic Interaction

		Role of the Municipal Party Secretary





		Conclusions and Policy Implications

		Data Availability Statement

		Author Contributions

		Funding

		Publisher’s Note

		Supplementary Material

		References









OPS/images/fenvs-10-823838-t010.jpg
) @ ® @ 6 © ()

Weont Waist1 Wist2 Wpgdp Windu Wpd wrd
WAER 0.1183* 05057 0.1958"* 0.3558" 05004 05031 04510
(0.0564) (0.0812) (0.0550) (0.0977) (0.0832) (0.0938) (0.0845)
(WER)Fiscal decentralization 1.0006" 1.9340" 0.6378" 1.6404" 20341 1.6002" 2.0057*
(0.2479) (0.7393) (0.2887) (0.6235) (0.7310) (0.7272) (0.7016)
Fiscal decentralization -0.7783 -1.3035" -0.8027 ~1.6609" -1.3006" ~1.3241" -1.4850"
(0.5880) (0.6243) (0.5787) (0.6592) (0.6199) (0.6628) (0.6450)
Control variables Yes Yes Yes Yes Yes Yes Yes
City fixed effect Yes Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes Yes
Observations 3640 3,640 3,640 3,640 3,640 3640 3,640
R-squared 02417 0.1582 0.1721 0.1640 0.1602 0.1542 0.1617
Log-pseudolikeihood -10252198  -1107.0735 ~ -1,0068720  -1120.4695  -1,1056226  -1,100.5231 -1,108.2136

Standard errors, clustered at the city level, are provided in the parenthesis. ***p < 0.01, **p < 0.05, *p < O.1.





OPS/images/inline_100.gif





OPS/images/fenvs-10-823838-t012.jpg
[0} @ ® @ ®) © ()

Weont Waist1 Waist2 Wogdp Windu Wod wrd
WxER 03196 06737 02038 05712 06747 0.6467" 0.6567"
(0.0464) (0.0687) (0.0541) (0.0842) (0.0667) (0.0836) (0.0718)
(WxER)xYoung secretary 0.1462" 0.3818" 0.1892" 0.1524 0.4024" 0.3238" 03791
(0.0841) (0.2026) (0.0749) (0.1083) (0.2044) (0.1688) (0.1912)
Young secretary -0.0290 -0.1048 -0.0420 -0.0629 -0.1030 -0.1323 -0.1847*
(0.0304) (0.0695) (0.0322) (0.0621) (0.0661) (0.0819) (0.0798)
Control variables Yes Yes Yes Yes Yes Yes Yes
City fixed effect Yes Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes Yes
Observations 3,640 3,640 3,640 3,640 3,640 3,640 3,640
R-squared 0.1409 0.1417 0.1524 0.1614 0.1429 0.1463 0.1473
Log-pseudolikeihood -1,045.8731 ~1,112.2703 ~1,094.5854 -1,126.0687 -1,111.2520 -1,111.3425 -1,113.7326

Standard errors, clustered at the city level, are provided in the parenthesis. ***p < 0.01, **p < 0.05, *p < O.1.





OPS/images/fenvs-10-823838-t009.jpg
™) @ ®) @ ®) ©) (U]

Weont Wdist1 Wdist2 Wpgdp Windu Wpd wrd
WAER, 02636 06729 03101 06120 06665 05314 06586

(0.0406) (0.0602) (0.0448) (0.0629) (0.0602) (0.0840) (0.0604)
Control variables Yes Yes Yes Yes Yes Yes Yes
City fixed effect Yes Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes Yes
Obsenvations 3,640 3640 3,640 3,640 3,640 3640 3,640
R-squared 02896 02923 02902 02664 02828 02829 02878
Log-pseudolikeihood 1,676.3133 1,660.2741 1671.7182 1,657.3278 1,659.4817 1,646.4057 1,658.8339

Standard errors, clustered at the city level, are provided in the parenthesis. ***p < 0.01, *p < 0.05, *p < O.1.





OPS/images/fenvs-10-823838-t008.jpg
™) @
Wadist1 Windu

WAER 06946 06078
(0.0667) (0.0845)
Control variables Yes Yes
City fixed effect Yes Yes
Year fixed effect Yes Yes
Observations 3,640 3,640
R-squared 0.1389 0.1401
Log-pseudolikeihood ~1,118.0262 ~1,117.5053

Standard errors, clustered at the city level, are provided in the parenthesis. ***p < 0.01, *p < 0.05, *p < O.1.

®
Wpd

0.6758"*
(0.0822)
Yes
Yes
Yes
3,640
0.1430
~1,117.5667

@
wrd

0.6758"*
(0.0693)
Yes
Yes
Yes
3,640
0.1445
-1,119.9933





OPS/images/crossmark.jpg
©

|





OPS/images/fenvs-10-823838-t003.jpg
Variables Definition
ER Environmental regulation

ER, S0, removal rate (%)

Fiscal decentralization® Fiscal expenditure decentraization index (%)

GDP per capita Log of real GDP per capita in each region (RMB yuan)

Financial deficit Ratio of financial expenditure minus revenue to GDP (%)

Population density Log of ratio of the total population to the administrative area (persons per sq. km)
Unemployment rate” Percentage of urban unemployment in the workforce (%)

Ratio of secondary industry Proportion of added value of the secondary industry to GDP (%)

Ratio of FDI Ratio of FDI actually utiized to GDP (%)

Ratio of college students Ratio of college and university students to the total population of the region (%)

0.33
0.44
0.38
9.01
837
577
334
48.82
214
1.68

S.D.

0.76
0.27
0.10
0.65
6.93
0.87
1.98
10.33
234
218

Obs.

3,640
3,640
3,640
3,640
3,640
3,640
3,640
3,640
3,640
3,640

“Fiscal decentralization is calculated using the following equation: (prefectural govemment expenditure per capita)/[prefectural government expenditure per capita + provincial government

expenditure per capita + central government expenditure per capita).

"Unemployment rate is defined as urban registered unemployed persons/(urban registered unemployed persons + private and indvidual employees + urban registered unemployed

persons).
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The cost of “strict enforcement” in environmental reguiation of local government i (i € (4, B))

The cost of *loose enforcement” in environmental regulation of local goverment i (i € (4,8)) and O<y<1, where y = 1
means “strict enforcement” in environmental regulation, y = 0 means no environmental regulation in the region i

The revenue of *strict enforcement” in environmental regulation of local government i ( € (4,8))

‘The transfer payment from central government for encouraging the “strict enforcement” in environmental regulation of local
government i (f  (A,B))

The direct loss caused by environmental pollution with *loose enforcement” in environmental regulation of local government
ilie (AB)

A short- term economic growth under loose enforcement” in environmental regulation of local government / ( € (4, 8))
Considering the negative externaiity of environment pollution, the loose enforcement government should pay G for the
negative effect of its neighbors, where G = 6L, s the coefficient of negative externality and 0<0< 1

‘The utiity of residents’ happiness under different environmental regulation, if y = 1, local government i get a + H, otherwise
a-H

The indirect loss caused by human capita outflowing under “loose enforcement” in environmental regulation of local
government i (i  (A,B)
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