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Abstract

:

To address the deterioration of the water ecological environment, China’s Ministry of Water Resources launched 105 pilot projects for the construction of water ecological civilized cities in two batches in 2013 and 2014. Based on panel data of 283 cities in China from 2008 to 2020, in this study, we investigate the impact of the pilot policy of water ecological civilization city construction on water pollution intensity using the difference-in-differences method. We found that water pollution intensity in the sample period exhibited a downward trend, decreasing most rapidly during the pilot construction period. Controlling for urbanization level, technological innovation, import and export trade, and foreign investment, our study results show that the pilot policy significantly reduced water pollution intensity. Mechanism analysis shows that the reduction effect was achieved through the channels of optimizing industrial structure, increasing sewage treatment, promoting water recycling, promoting technological progress, and speeding up water price reform. The results of this study also show that the policy effect in terms of reducing water pollution intensity is heterogenous across time, in addition to exhibiting regional heterogeneity owing to differences in levels of economic development, water resource endowment, and environmental regulation intensity. The research results also provide a reference for other countries similar to China to reduce water pollution intensity, address the deterioration of the water ecological environment, and improve the water ecological environment in the process of economic development.
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1. Introduction


China’s reform and opening up has led to remarkably rapid economic growth but has also caused deterioration of the water ecological environment [1,2]. In 2020, among the 10,171 groundwater quality monitoring sites in the natural resources department, 86.4% were classified as IV–V. Among the 10,242 groundwater quality monitoring sites (mainly shallow groundwater) in the water resources department, 77.3% were classified as IV–V, with generally poor water quality (data source: Bulletin on China’s Ecological Environment) [1]. In order to curb and reverse the deterioration trend of the water ecological environment from the source, in 2013, the Ministry of Water Resources successively issued several notices and opinions aiming to accelerate the construction of water ecological civilization and to implement a national pilot project of water ecological civilization. Under a pilot policy initiative by the Ministry of Water resources, the construction of 105 water ecological civilization cities was launched in two batches to explore different types of water ecological civilization construction modes and experiences. The Ministry had completed the acceptance and performance assessment of almost all pilot cities in 2018. Because water ecological environment deterioration is manifested by serious water pollution, it is worth studying whether the pilot project of water ecological civilization city construction has significantly reduced water pollution and improved the water ecological environment. In this paper, we investigate the impact of the pilot policy of water ecological civilization city construction on water pollution intensity from 2008 to 2020, with the purpose of using insights gained from the study to help improve the quality of the water ecological environment, promote its sustainable development, and contribute to the harmonious coexistence between man and water.



In the literature, various studies have addressed water pollution characteristics, industry distribution, and spatial layout evolution [2,3,4,5,6,7,8]; provided policy suggestions and treatment effect evaluation of water pollution prevention and control; and investigated the factors influencing water pollution [9,10,11,12,13,14,15,16,17,18]. Most closely related to the subject of this paper are studies on the factors affecting water pollution. Scholars have analyzed this issue on the macro and micro levels. The macro perspective holds that a country’s economic factors (economic growth, industrial structure, industrial agglomeration, FDI, infrastructure construction, urbanization, industrialization, and import and export trade), population factors (population density and population scale) [19,20,21,22,23], environmental factors (ecological compensation, environmental regulation, and water resource endowment) [24,25,26,27], government-level factors (government supervision, collusion between local governments and enterprises, and number of administrative units) [28,29,30], and technical factors have impacts on water pollution [31,32,33]. Most of these macro studies found that (1) economic growth and urbanization are affected by their respective development stages, and there is a nonlinear relationship with water pollution, mainly manifested by a Kuznets curve or threshold effect; (2) industrial structure, industrial agglomeration, ecological compensation, environmental regulation, technological progress, government supervision, the number of administrative units, and other factors help to reduce water pollution emission intensity and reduce water pollution, although the impact is heterogeneous across regions; (3) infrastructure construction, FDI, industrialization, import and export trade, population size, and collusion between local governments and enterprises exacerbate water pollution; (4) and no consensus has been established regarding the impact of population density and water resource endowment on water pollution.



At the micro level, researchers have examined and identified several factors affecting water pollution, including farmers’ willingness to participate, the scale of industrial enterprises, the agglomeration of manufacturing enterprises, enterprise investment in environmental protection, stakeholders, etc. [34,35,36]. Such studies have revealed that there is a positive spatial coupling effect between the scale of industrial enterprises, the agglomeration of manufacturing enterprises, and the degree of water pollution and that the attributes of industry and enterprise types affecting water pollution are heterogeneously distributed [37,38,39].



The above literature provides rich and profound insights that contribute to the understanding of the factors influencing water pollution, laying a solid foundation for the present study. However, scholars have mainly studied the impact of the “Two Control Zones” policy, the “Ten-Point Water Plan”, and the capacity expansion policy in the Yangtze River Delta on water pollution [40,41,42], and none have investigated the impact of the water ecological civilization city construction pilot policy on water pollution, although such a pilot policy provides quasi-natural experimental data that can be used to study the impact of policy on water pollution. In this context, our study contributes to the literature in the following ways: (1) This is the first study on the impact of the water ecological civilization city construction pilot policy on water pollution intensity using the difference-in- differences method and the panel data of 283 cities from 2008 to 2020. (2) The baseline results are verified rigorously by a series of robustness tests, including remeasurement of dependent variables, exclusion of extreme values, consideration of other policies, the use of a placebo test method, the propensity score matching difference-in-differences method (PSM-DID method), the inclusion of additional control variables, consideration of spatial correlation, etc. (3) In this study, we explore the internal mechanism (channels) through which the pilot policy affects water pollution intensity. (4) We further explore the temporal and spatial heterogeneity of the impact of the pilot policy on water pollution intensity.



The remainder of the paper is structured as follows. In Section 2, we discuss our Research Hypotheses. In Section 3, we discuss the Material and Methods. In Section 4, we present a comprehensive analysis of the impact of the water ecological civilization city construction pilot policy on water pollution intensity. Finally, in Section 5, we summarize the results and draw conclusions.




2. Research Hypotheses


2.1. Primary Hypothesis


On 4 January 2013, The Ministry of Water Resources issued a policy statement, “The Opinions on accelerating the construction of water ecological civilization”, resolving to carry out a pilot project of water ecological civilization construction. The policy initiative encompassed the implementation of a strict water resource management system, optimization of water resource allocation, strengthening of water conservation management, strict water resource protection, promotion of water ecosystem protection and restoration, strengthening of ecological protection in water conservancy construction, an improvement in guarantee and support capacity, and extensive public promotion and education. Subsequently, in March 2013, the Ministry of Water Resources issued a notice to “carry out the pilot work of national water ecological civilization construction”, officially starting the pilot work of water ecological civilization construction, and 46 cities, including Jinan, Nanchang, Changsha, and Yangzhou, were approved as pilot cities for water ecological civilization construction. Local governments are required to strictly check and verify the sewage carrying capacity of water areas, formulate opinions on limiting the total amount of sewage discharge, and take the total amount of sewage discharge as an important basis for water pollution prevention and emission reduction. Specifically, local governments are mandated to strengthen the protection of water resources and water pollution prevention and control, strictly supervise and manage the sewage outlets into rivers and lakes, control the total amount of sewage discharge into rivers, and restrict the approval of new water intake and sewage outlets into rivers and lakes in areas where the sewage discharge exceeds the total discharge limit in the water outlet functional area. In July 2013, the Ministry of Water Resources issued a notice to “accelerate the pilot work of water ecological civilization city construction”. The notice stressed that the pilot cities need to implement the strictest water resource management systems; promote the optimal allocation, rational development, efficient utilization, and conservation protection of water resources; and establish water-saving and pollution prevention societies. In 2014, in order to further promote the construction of water ecological civilization, the Ministry of Water Resources expanded the pilot scope of water ecological civilization city construction, adding 59 cities, including Wuhan, Chengde, and Nantong, as pilot cities. By 2017, more than USD 114 billion had been invested in the construction of water ecological civilization cities. In 2020, on the basis of the implementation of the water pollution prevention and control action plan, the implementation of land and water integration, joint prevention and control, and joint basin governance, the two batches of pilot cities successfully completed various construction tasks and passed the acceptance; explored the construction mode and experience under different development levels, different water resource conditions, and different water ecological conditions; and significantly improved the urban water ecological environment.



In light of the above forceful policy notices and mandates, in this paper, we propose Hypothesis 1: the pilot policy of water ecological civilization city construction (hereafter referred as the pilot policy) helps to reduce the intensity of water pollution.




2.2. Mechanism Hypothesis


According to the existing literature, there are many macro factors affecting water pollution intensity, including economy, population, environment, technology, etc. Combining these factors with the pilot policy of water ecological civilization city construction, we hypothesized that the policy mainly affects water pollution intensity through the pathways (channels) of industrial structure, sewage treatment, water recycling, technological progress, and water pricing reform.



First, the construction of water ecological civilization cities helps to optimize the industrial structure and reduce the water pollution intensity. Previous studies have shown that environmental regulation policies are conducive to the green transformation of industrial structure, thereby reducing environmental pollution intensity [43,44]. As an important environmental governance policy, the construction of water ecological civilization cities can encourage local governments to consider water pollution governance and promote urban economic transformation in an environmentally friendly direction, thereby providing an impetus for the green upgrading of industrial structures. The pilot cities of water ecological civilization construction will implement more stringent water resource management systems and strengthen the water resource constraints faced by industrial development; on the one hand, this can reduce the dependence of pilot cities on water-pollution-intensive industries by reducing the proportion of high-water-consumption and high-pollution industries and increasing the proportion of low-water-consumption and low-pollution industries. On the other hand, it can promote the green transformation of related industries and reduce water pollution intensity by improving the green utilization efficiency of water resources. Moreover, pilot cities of water ecological civilization construction will focus attention to the construction of water culture and the inheritance of water civilization, integrate the concept of ecological civilization into daily life, encourage enterprises to supply more high-quality water-saving and emission-reduction products, promote the green upgrading of related industries, and reduce the intensity of water pollution.



Second, the construction of water ecological civilization cities helps to strengthen sewage treatment and reduce water pollution intensity. Previous studies have shown that environmental regulation policies are conducive to improving the enthusiasm of local governments with respect to environmental governance, thereby reducing the environmental pollution intensity. As an important environmental governance policy, the construction of water ecological civilization cities can encourage local governments pay more attention to the quality of the water environment and implement whole-chain governance of source emission reduction, process blocking, and end regulation [45,46]. Furthermore, the construction of water ecological civilization cities can encourage local governments to actively establish an investment mechanism with government guidance, market promotion, diversified investment, and social participation; increase investment in industrial wastewater and domestic sewage treatment facilities; and improve the treatment capacity of wastewater treatment facilities. As a result, the standard achievement rate of domestic sewage and industrial sewage discharge in the first batch of pilot cities increased from 81.5% and 94.1% before the pilot initiative to 93.5% and 99.0%, respectively (data source: China City Statistical Yearbook and China Statistical Yearbook (County-Level)) [47,48]. It appears that the pilot policy strengthens sewage treatment and is conducive to reducing water pollution intensity.



Moreover, the construction of water ecological civilization cities helps to promote water recycling and reduce water pollution intensity. Previous studies have shown that environmental regulation policies encourage local governments to accelerate the development of the green economy and the circular economy, thereby reducing environmental pollution intensity [49,50]. As an important environmental governance policy, the construction of water ecological civilization cities can encourage local governments to pay more attention to the establishment of a high-level water resource recycling system, the reuse of sewage treatment, seawater desalination and direct utilization, the utilization of rainwater and brackish water, etc., thus urging local governments to focus on the construction of repeated water use projects and improve the recycling rate of industrial water and other water resources. As a result, the reuse rate of industrial water in the first batch of pilot cities increased by 11.6% compared with that before pilot city designation (data source: China City Statistical Yearbook) [47]. Therefore, the pilot policy promotes water recycling, which is conducive to reducing water pollution intensity.



In addition, the construction of water ecological civilization cities helps to promote technological progress and reduce water pollution intensity. Previous studies have shown that environmental regulation policies are conducive to improving green technology innovation ability, thereby reducing the environmental pollution intensity [51,52]. As an important environmental governance policy, the construction of water ecological civilization cities has improved water-saving evaluation standards and sewage discharge standards; encouraged the pilot cities to vigorously promote efficient water-saving irrigation technologies, such as pipeline water delivery, sprinkler irrigation, and micro irrigation; and increased attention on research, development, popularization, and application of water ecological protection and restoration technology. Furthermore, the pilot policy encourages enterprises to accelerate the research and development of green innovative technologies, such as water saving, emission reduction, and cleaner production, so as to reduce the intensity of water pollution. Among the first batch of 41 pilot cities, the average effective utilization coefficient of farmland irrigation water was 0.581—higher than the national level of 0.542. The average water consumption of USD 10,000 industrial value added in this batch of pilot cities was 229.5612 cubic meters, which was far lower than the national average of 356.4950 cubic meters (data source: China City Statistical Yearbook and China Statistical Yearbook (County-Level)) [47,48]. The water consumption of USD 10,000 industrial value added in 31 cities decreased to below the national average compared with that before pilot city designation. Therefore, the pilot policy is conducive to technological progress, such as water-saving irrigation, improves water use efficiency, reduces unit water pollution discharge, and reduces water pollution intensity.



Finally, the construction of water ecological civilization cities helps to promote water pricing reform and reduce water pollution intensity. Previous studies have shown that environmental regulation policies can affect environmental pollution intensity by acting on the prices of energy and resources [53,54]. As an important environmental governance policy, the construction of water ecological civilization cities can encourage local governments to pay more attention to the compensated use of water resources, the formation mechanism of water prices, and the improvement of water-saving fiscal and tax policies. Moreover, the construction of water ecological civilization cities can encourage the trading of water rights, the use economic means to promote the conservation and protection of water resources, and exploration and establishment of a long-term water ecological compensation mechanism for water ecological co-construction and benefit sharing with key functional areas as the core. Furthermore, the construction of water ecological civilization cities can actively promote the differentiated water resource fee collection policy to fully reflect the value attributes of water resources. Therefore, the pilot policy has further advanced water pricing reform. On the one hand, it helps to save water, improve water efficiency, and reduce water pollution intensity. On the one hand, it helps to protect water resources and reduce water pollution intensity by increasing the water use cost and pollution cost of high-water-consumption and high-pollution industries.



Based on the above mechanism analysis, in this paper, we propose Hypothesis 2: the pilot policy of water ecological civilization city construction reduces water pollution intensity by optimizing industrial structure, increasing sewage treatment, promoting water recycling, promoting technological progress, and accelerating water pricing reform.





3. Material and Methods


3.1. Characteristics and Facts of Water Pollution Intensity


From 2013 to 2014, the Ministry of Water Resources identified 105 cities with good basic conditions, strong representativeness, and typicality to carry out the pilot construction of water ecological civilization cities in two batches. In order to describe the water pollution intensity of the above pilot cities, we divided the research period for the first batch of 46 pilot cities into three stages: before pilot construction (2008–2013), during pilot construction (2014–2016), and after pilot completion (2017–2020). Similarly, the research period of the second batch of 59 pilot cities was divided into three stages: before pilot construction (2008–2014), during pilot construction (2015–2017), and after pilot completion (2018–2020), as shown in Table 1.



Water pollution mainly originates from industrial wastewater, domestic sewage, and agricultural non-point-source pollution. In view of data availability, in this study, we measure the intensity of water pollution by industrial wastewater discharge/gross domestic product (GDP). The original data are from the China Environmental Yearbook, the China City Statistical Yearbook, and the China Statistical Yearbook (County-Level), as well as several statistical yearbooks and water resource bulletins of provinces and cities. As shown in Table 1, for the first batch of pilot cities, the water pollution intensity before the pilot construction was high, with an average of 33.0072 tons per USD 10,000. During the pilot construction period, the average water pollution intensity decreased considerably to 17.2657 tons per USD 10,000. After the pilot, the average water pollution intensity further decreased to 9.9199 tons per USD 10,000. The water pollution intensity showed a steady downward trend during the sample period. The second batch of pilot cities showed the same pattern of continuous decline in water pollution intensity, with average water pollution intensities in the three stages of 33.0239 tons per USD 10,000, 17.2156 tons per USD 10,000, and 10.4199 tons per USD 10,000, respectively. Calculation of the decline rate of water pollution intensity in the three stages shows that before the pilot construction, the water pollution intensity of the first batch and second batch of pilot cities decreased by 7.8641% and 8.3030%, respectively. During the pilot construction period and after the pilot, the water pollution intensity decreased by 11.3322% and 12.1158% and by 5.6434% and 5.9641%, respectively. Therefore, in terms of the decline rate, the water pollution intensity of both batches of pilot cities decreased most rapidly during the pilot construction period, which was not only much higher than that after the pilot but also higher than that before the pilot construction. This preliminary comparison shows that the pilot policy of water ecological civilization city construction has played a clear role in reducing water pollution intensity. In addition, 19 first-batch pilot cities (41.30%), such as Xingtai, Dandong, Hefei, Xi’an, Xianning, Ezhou, Xinyu, Qingdao, Zhengzhou, and Luoyang, and 22 second-batch pilot cities (37.29%), such as Chengde, Baicheng, Nantong, Jiaxing, and Pingxiang, achieved an above-average decline in water pollution intensity during the pilot construction period, whereas 27 first-batch pilot cities (58.70%), such as Nanchang, Changsha, Guangzhou, Ningbo, and Chengdu, and 37 second-batch pilot cities (62.71%), such as Wuhan, Wenzhou, Yancheng, Guiyang, and Yulin, showed a lower than average decline in water pollution intensity. This suggests that the pilot policy of water ecological civilization city construction has a possible heterogeneous impact on water pollution intensity in different cities.



To verify the above preliminary findings, we compared the water pollution intensity between pilot cities and non-pilot cities of two batches from 2008 to 2020, as shown in Figure 1. On the whole, before the pilot construction, the two batches of pilot cities and non-pilot cities show basically the same trend of water pollution intensity, with the non-pilot cities exhibiting a slightly lower water pollution intensity than the pilot cities. After the implementation of the pilot construction policy, the trend of water pollution intensity between the two batches of pilot cities and non-pilot cities diverges, showing a slight decline in water pollution intensity in non-pilot cities and a substantial decline in water pollution intensity in pilot cities, with water pollution intensity in non-pilot cities significantly higher than that in pilot cities. This provides a strong evidence that the pilot policy of water ecological civilization city construction may help to reduce the intensity of water pollution.




3.2. Model Construction and Data Description


3.2.1. Model Construction


Based on the existing literature on the factors impacting water pollution intensity [55,56,57,58,59], we used the panel difference-in-differences method for empirical study and incorporated various control variables, along with individual and time fixed effects to control for city heterogeneity. In this paper, the cities that have implemented the pilot policy of water ecological civilization construction are regarded as the treatment group, and the cities that have not implemented the pilot policy of water ecological civilization construction are regarded as the control group. The specific model construction is as follows:


  W  p  i t   = C +  β 0  W  s i  × T  m t  + λ  X  i t   +  u i  +  φ t  +  ε  i t    



(1)




where i and t represent city i and year t, respectively; Wp is the water pollution intensity; Ws is the dummy variable, equaling 1 if the city is selected as a pilot city for water ecological civilization construction and 0 otherwise; Tm is a dummy variable with a value of 0 before the pilot construction and 1 otherwise; X is a vector of control variables; and u and φ represent individual and time fixed effects, respectively. The most concerned (focused) coefficient in this paper is β0, which indicates whether the urban water pollution intensity changes (decreases) following the implementation of the pilot project of water ecological civilization construction. That is, when β0 is significantly negative, it provides evidence that the pilot policy of water ecological civilization urban construction reduces water pollution intensity.




3.2.2. Variable Measurement and Data Description


According to the existing literature, in this study, we specified the following control variables as the factors affecting water pollution intensity: urbanization level (Ur), technological innovation (Js), import and export trade (Jc), and foreign capital (Fo), which are measured by the urban resident population/total resident population in the region, science and technology expenditure (USD 100 million), import and export trade volume/GDP, and the amount of actually utilized foreign capital (USD 100 million), respectively. To attenuate possible problems of collinearity and heteroscedasticity so as to make the regression results more reliable, the non-proportional variables were smoothed by logarithmic transformations. The sample comprises 283 cities over the period from 2008 to 2020, with data obtained and compiled from the China City Statistical Yearbook, the China Environmental Yearbook, the China Statistical Yearbook (County-Level), and provincial and municipal statistical yearbooks and water resources bulletins. A few missing values in the data were estimated and filled by the moving weighted average method. The descriptive statistics are presented in Table 2.






4. Results


4.1. Estimation Results


The panel difference-in-differences estimation results are shown in Table 3. Model 1 represents the estimation results without fixed effects and control variables. Model 2 includes fixed effects but without control variables. Model 3 excludes fixed effects but includes control variables, and the full-fledged Model 4 includes fixed effects and control variables. The estimation results of the four models all show that the coefficients of Ws×Tm are negative and statistically significant, indicating that water pollution intensity of the pilot cities has decreased significantly compared with the non-pilot cities. That is, regardless of the inclusion of fixed effects and control variables, the pilot policy of water ecological civilization city construction is conducive to reducing water pollution intensity and improving water quality. Model 4 shows that when the fixed effects and control variables are included, the goodness of fit is significantly increased, and the estimation results are more reliable. It can be concluded that the implementation of the pilot policy of water ecological civilization city construction has reduced water pollution intensity by 0.1241, which confirms Hypothesis 1. Model 4 also shows that technological innovation is conducive to reducing the water pollution intensity and improving water quality, and the urbanization level, import and export trade, and foreign capital are not conducive to reducing the water pollution intensity and deteriorating water quality. Moreover, the regression results of the impact of technological innovation, import and export trade, and foreign capital on water pollution intensity are similar to those reported Yu and Fang et al. on the impact factors of environmental pollution [19,30]. The regression results of the impact of urbanization level on water pollution intensity are similar to those reported by Darko et al., Kan et al. and Margaret et al. on the relationship between urbanization and ecological environment, who found that the effects of urbanization, such as population upsurge, increased industrialization, urban agriculture, and rural–urban migration of persons, exert pressure on the limited water resources in most cities; the urbanization process not only intensifies the emission of water environmental pollution but also improves the water pollution intensity [60,61,62], although these results are inconsistent with the those reported by Al-Mulali et al., Irfan and Shawon, and Kan et al. on the relationship between urbanization and ecological environment, who reported an inverted U curve between urbanization level and the overall quality of the water ecological environment [63,64,65].




4.2. Parallel Trend Hypothesis Test


It is well-known that the use of the difference-in-differences method for policy evaluation needs to satisfy the parallel trend hypothesis; that is, it is assumed that the treatment group and control group have the same change trend before treatment. In this study, we needed to verify that cities in the treatment group and control group exhibited the same trend before the implementation of the policy. The event analysis method was used to test the parallel trend hypothesis. Taking 2013 and 2014 as the base year of policy implementation for the two respective bathes of pilot cities, the following regression models are constructed:


  W  p  i t   = C +   ∑  k = − 6  5    β k  W  s i  × T  m  t + k     + λ  X  i t   +  u i  +  φ t  +  ε  i t    



(2)






  W  p  i t   = C +   ∑  j = − 7  4    β j  W  s i  × T  m  t + j     + λ  X  i t   +  u i  +  φ t  +  ε  i t    



(3)




where k and j represent a series of estimated values of the two groups of cities from 2008 to 2020, respectively. Other variables in Equations (2) and (3) remain the same as in Equation (1). Figure 2 shows the estimation results of k coefficient under a 95% confidence interval. When k is less than 0, if the trend of k increases or decreases significantly, the parallel trend hypothesis is not satisfied. Conversely, when k is less than 0, if the trend of k is not significant and relatively flat, the parallel trend hypothesis is satisfied. Figure 2 shows that coefficient k is not significant from 2008 to 2013, indicating that there is no significant difference in the trend between the first batch of pilot cities in the treatment group and the control group before the implementation of the pilot policy, which satisfies the parallel trend hypothesis. Coefficient k is significant from 2014 to 2020, indicating that water pollution intensity for the first batch of pilot cities in 2014 is significantly reduced by the pilot policy of water ecological civilization construction. Figure 3 shows that that coefficient j is not significant from 2008 to 2014, indicating that it also satisfies the parallel trend hypothesis. Additionally, coefficient j is significant from 2015 to 2020, indicating that the water pollution degree for the second batch pilot cities in 2015 is affected (significantly reduced) by the pilot policy of water ecological civilization construction.




4.3. Robustness Test


In this study, several robustness tests were carried out by remeasuring dependent variables, excluding extreme values, considering other policies, using a placebo test, using the PSM-DID method, adding control variables, considering spatial correlation, etc. The test results are shown in Table 4.



4.3.1. Remeasurement of Dependent Variables


In this paper, the wastewater discharge per unit of industrial output value is used to re-measure the dependent variable (water pollution intensity), and the panel difference-in-differences method is used to estimate the model again. The results show that the coefficient of Ws×Tm is significantly negative at the 5% level, confirming that the baseline estimation result is robust.




4.3.2. Exclusion of the Influence of Extreme Values


The descriptive statistics presented in Table 2 show that the standard deviation of technological innovation, import and export trade, and foreign capital is greater than the mean, suggesting the existence of large variation or extreme outliers. Therefore, the upper and lower 1% extreme values of the three continuous variables are excluded from the sample. The estimation results after exclusion of extreme values are consistent with the baseline results presented in Table 3.




4.3.3. Considering the Impact of Other Policies


In the process of implementing the pilot policy of water ecological civilization construction, the government also issued the Interim Measures for interview of the Ministry of Environmental Protection and the action plan for water pollution prevention and control in 2014 and 2015, respectively, namely the environmental protection interview policy and the Ten-Point Water Plan. The implementation of these policies may affect or compound the implementation effect of the pilot policy of water ecological civilization construction, causing the impact of the pilot policy on water pollution intensity to be overestimated. To test this possibility, the dummy variables of environmental protection interview policy and the Ten-Point Water Plan were added into the baseline model Equation (1) to separate their impact on water pollution intensity and identify the net effect of the pilot policy on water pollution intensity. The estimation results show that the coefficient of Ws×Tm is still significantly negative at the 5% level, with a slight reduction in the coefficient value, indicating that the impact of the pilot policy on water pollution intensity is slightly overestimated, although the baseline conclusion that the pilot policy reduces water pollution intensity remains solid and robust.




4.3.4. Placebo Test


Because a city’s water pollution intensity is also affected by other policy changes or random factors, we conducted the first placebo test on the implementation time of the pilot policy for the construction of water ecological civilization in order to eliminate the systematic error caused by other policy changes. Specifically, we set a false policy impact year and advanced the implementation time of the pilot policies for the two batches of pilot cities by 3 years so as to retest the impact of the pilot policies on water pollution intensity. The results show that the estimation coefficient of Ws×Tm for false policy impact years is not significant, that is, the pilot policy effect of water ecological civilization construction, if implemented three years in advance, is not significant, which excludes the possibility that the baseline conclusions of this paper are caused by other policy changes, robustly confirming that the pilot policy helps to reduce water pollution intensity. The second placebo test was conducted by constructing a false treatment group to eliminate the systematic error caused by unobservable random factors. Because 105 of the 283 cities comprise the treatment group, we reconstructed a new treatment group by randomly selecting 105 cities from the sample for re-estimation. With the randomly generated false treatment group, as shown in Table 4, the effect of the re-estimated coefficient of Ws×Tm on water pollution intensity is not significant, with a coefficient value near 0, indicating that the impact of the pilot policy with the correctly selected treatment group is stable and robust. In order to avoid the interference of low-probability events, the sampling and estimation were repeated 1000 times, and the kernel density distribution of the estimation coefficients was drawn. The estimation coefficients are symmetrically distributed, in contrast to the estimation coefficients of the baseline model with the correct treatment group, indicating that the baseline estimation results reported above are not associated with low-probability events. In other words, it can be ruled out that the baseline estimation result is a coincidence caused by random factors, confirming its robustness.




4.3.5. PSM-DID Method


To examine whether sample selection errors occurred as a result of individual heterogeneity, causing evaluation bias of pilot policy effects, we used the PSM method to construct a treatment group and control group with strong homogeneity to deal with the problem of sample deviation. Specifically, the control variable was taken as the covariate, and whether the city was selected as a pilot city for water ecological civilization construction was taken as the dependent variable in a logit regression to obtain the propensity score value; the cities with the closest scores were taken as the control group for the pilot policy. After propensity score matching, a balance test was carried out to judge the matching effect. The test results showed that there was no significant difference between the matched treatment group and the control group. Then, the propensity-score-matched groups were re-estimated by the DID method. Table 4 shows that the Ws×Tm coefficient is significantly negative, indicating that the pilot policy of water ecological civilization construction still helps to reduce water pollution intensity, even when considering the sample selection error caused by individual heterogeneity, confirming the robustness of the baseline results.




4.3.6. Addition of Control Variables


Two more control variables were included in the model estimation to capture possible differences between the treatment group and control group: industrial agglomeration and climate factors, which are measured by the Herfindahl–Hirschman index and precipitation, respectively. Table 4 shows that the impact of the pilot policy on water pollution intensity is significantly negative, and the baseline conclusion remains stable and robust.




4.3.7. Considering Spatial Relevance


This test was conducted to consider possible spatial correlation or relevance in the assessment of the impact of the pilot policy on water pollution intensity. Based on the geographical distance weight matrix, the Moran’I index was used to test whether there was spatial autocorrelation in water pollution intensity. We found that the index was greater than 0, with a fluctuating upward trend, indicating a strong spatial correlation in water pollution intensity. The LM and robust LM test results show that the spatial dynamic panel lag model would be appropriate to use. The estimation results presented in Table 4 show that the Ws×Tm coefficient is still significantly negative, indicating that after considering spatial correlation, the baseline conclusion is robust. Moreover, when the partial differential equation is used to decompose the impact of the pilot policy into direct effect (Ws×Tm direct) and indirect effect (Ws×Tm indirect) (the direct effect is the impact of the pilot policy of water ecological civilization construction on water pollution intensity within the area itself, and the indirect effect is the impact of the policies in the surrounding areas on water pollution intensity in the own region), the pilot policy is found to help reduce water pollution intensity in the city, and the policies in the surrounding cities are also found to help reduce water pollution intensity in the considered city. Thus, the pilot policy of water ecological civilization construction has a positive spatial spillover effect.





4.4. Mechanism Test


The above mechanism analysis (Section 2) demonstrates that the pilot policy of water ecological civilization construction reduces the intensity of water pollution through the pathways (channels) of optimization of industrial structure, increase in sewage treatment, promotion of water recycling, promotion of technological progress, and acceleration of water pricing reform. In order to test this mechanism hypothesis, the following model is constructed:


  J  z  i t   = C +  β 0  W  s i  × T  m t  + λ  X  i t   +  u i  +  φ t  +  ε  i t    



(4)




where the dependent variable Jz includes five mechanism variables—industrial structure (Is), sewage treatment (St), water recycling (Wr), technological progress (Tp), and water pricing reform (Pr)—with the remaining variables the same as those in Equation (1). We used the respective proportion of the output value of the three industries in GDP, the centralized treatment rate of sewage treatment plants, repeated (recycled) water consumption/total industrial water consumption, and GDP/total water consumption to measure industrial structure, sewage treatment, water recycling, and technological progress, respectively. The original data were collected from the China City Statistical Yearbook, the China Environmental Yearbook, the China Statistical Yearbook (County-Level), and provincial and municipal statistical yearbooks and water resources bulletins. The water pricing reform variable is a dummy variable with value of “1” if the construction scheme submitted by the city involves promoting the reform of the water supply pricing method and 0 otherwise.



Table 5 reports the difference-in-differences estimation results. When the dependent variable is the proportion of the output value of the three industries in GDP, the pilot policy of water ecological civilization construction significantly reduced the proportion of the primary industry in GDP, had no significant effect on the proportion of the secondary industry, and significantly increased the proportion of the tertiary industry in GDP. That is, the pilot policy optimized the industrial structure. Similarly, when the dependent variables are sewage treatment, water recycling, technological progress, and water price reform, the coefficients of Ws×Tm are 0.0716, 0.0511, 0.0674, and 0.0908, respectively, all passing the significance test at different levels. The results indicate that the pilot policy of water ecological civilization construction has significantly improved the centralized sewage treatment rate, promoted water recycling and technological progress, and accelerated water price reform. Table 5 further shows that the effects of the estimated coefficients of Ws×Tm on each mechanism variable in 2012 and 2013 are not significant, indicating that these mechanism variables in the two batches of pilot cities as the treatment group are not different than those of the control group before the implementation of the pilot policy of water ecological civilization construction. In order to test Hypothesis 2, we specified industrial structure (the proportion of the output value of the tertiary industry in GDP), sewage treatment, water recycling, technological progress, and water pricing reform as the independent variables, with water pollution intensity as the dependent variable, and included the control variables of Equation (1) for estimation. Table 6 shows that the estimated coefficients of industrial structure, sewage treatment, water recycling, technological progress, and water price reform are −0.1736, −0.1985, −0.1679, −0.2137. and −0.1316, respectively, all passing the significance test at different levels. The results show that industrial structure, sewage treatment, water recycling, technological progress, and water price reform all have significant negative effects on the water pollution intensity. Optimizing industrial structure, increasing sewage treatment, promoting water recycling, improving technology, and accelerating water price reform help to reduce the water pollution intensity. Therefore, Hypothesis 2 is confirmed.




4.5. Heterogeneity Analysis


The above empirical results show that the pilot policy of water ecological civilization city construction helps to reduce water pollution intensity. Here, we further investigate whether this reduction effect varies due to time heterogeneity and regional heterogeneity.



4.5.1. Time Heterogeneity


We tested the time heterogeneity of the water ecological civilization city construction pilot policy by investigating the dynamic effect of the pilot policy on water pollution intensity over time. Because the policy implementation of the two batches of pilot cities began in 2014 and 2015, respectively, the progressive difference-in-differences method was used to estimate the model. Table 7 shows that the estimated coefficients of the first batch of pilot cities (Ws×Tm2014) and the second batch of pilot cities (Ws×Tm2015) are significantly negative with a relatively low magnitude, whereas the estimated coefficients of the first batch of pilot cities (Ws×Tm2015–Ws×Tm2016) and the second batch of pilot cities (Ws×Tm2016–Ws×Tm2017) are significantly negative and relatively large, indicating that in the first year of policy implementation, as the implementation plan submitted by each pilot city had just been executed, the pilot policy had a less significant negative reduction effect on water pollution intensity. Then, with the full promotion and implementation of various work measures, the pilot policy was able to achieve improved pollution reduction results. Further observation of the estimated coefficients after the construction period of the two batches of pilot cities shows that the reduction effect of the pilot policy on water pollution intensity still exists but with a downward trend, indicating that after the pilot construction, the impact of the pilot policy was sustained for certain period of time, but the effect weakened gradually. Altogether, there is evident time heterogeneity in the impact of the pilot policy of water ecological civilization city construction on water pollution intensity.




4.5.2. Regional Heterogeneity


We explored the regional heterogeneity underlying the policy impact of the pilot project of water ecological civilization city construction in three dimensions: the economic development level, the degree of water resource endowment and, the environmental regulation intensity. We explored whether there were significant differences in terms of the impact of the pilot policies on water pollution intensity in cities with differing levels of economic development, differing water resource endowments, and differing environmental regulation intensities.



First of all, we grouped the cities according to their per capita GDP (as a proxy of economic development level) in the year before the implementation of the pilot policy. Cities with a per capita GDP in the 20% quantile and 20–50% quantile were classified as cities with low economic development levels, and cities with a per capita GDP in the 50–80% quantile and 80–100% quantile were classified as cities with high economic development levels. In order to overcome the small-sample bias of the traditional Wald test, the bootstrap method was used to test whether the policy impact on water pollution intensity varies according to the economic development level (the Chow test has strict application conditions, and the seemingly unrelated regression method is not suitable for a panel data model). Specifically referring to the practice of Cleary [66], and Lian et al. [67], the empirical p-value calculated by bootstrap resampling for 1000 times was used for judgment. Table 8 shows that the estimation coefficients of Ws×Tm are significantly negative in all groups of cities, and the estimated coefficient of Ws×Tm in cities with high economic development level is lower than that in cities with low economic development levels. The empirical p-value obtained by the bootstrap method is 0.0427, which is significant at the 5% level, further confirming the statistical significance of the above difference. In other words, the pilot policy of water ecological civilization city construction has a relatively small reduction effect on water pollution intensity in cities with high economic development levels. Some studies have shown that in cities with a high economic development level, enterprises and residents tend to have a stronger awareness of environmental protection. As a result of the shutdown of high-water-consumption and high-pollution industries, the proportion of these industries in the industrial structure is often lower in such cities. They also tend to invest more in sewage treatment, resulting in increased sewage treatment and reuse rates. Meanwhile, cities with a high economic development level have a better soft and hard environment, which is conducive to technology R&D and technology spillover, such as water-saving irrigation, water conservation and emission reduction, water ecological protection and restoration, wastewater treatment, etc., resulting in a relatively lower water pollution intensity in such cities. Moreover, such cities have larger populations, more enterprises, and higher vulnerability of the water ecological environment, which prompts them to actively promote water pricing reform; establish and improve the water price formation mechanism to reflect market supply and demand, resource scarcity, ecological environment damage cost, and repair benefits; and give full play to the role of market mechanism and price leveraging in water pollution prevention and control, leading to a further reduction in water pollution intensity. Altogether, for the aforementioned reasons, the water pollution intensity in cities with high economic development levels is often already lower than that of cities with low economic development levels, leaving cities with high economic development level less room to further reduce the water pollution intensity. Consequently, although the pilot policy of water ecological civilization city construction can still reduce water pollution intensity in cities with high economic development levels, the reduction effect is less than significant than that in cities with low economic development levels.



Second, to explore the effect of heterogeneity of water resource endowment on the impact of water ecological civilization city construction pilot policy on water pollution intensity, we grouped cities according to their per capita water resources in the year before implementation of the pilot policy. Cities with per capita water resources in the 20% quantile and 20–50% quantile were classified as cities with insufficient water resource endowments, and cities with per capita water resources in the 50–80% quantile and 80–100% quantile were classified as cities with abundant water resource endowments. The results presented in Table 8 show that the estimation coefficients of Ws×Tm in all cities are significantly negative; however, the coefficients of Ws×Tm are relatively larger in cities with abundant water resources. The empirical p-value obtained by the bootstrap method is 0.0382, which is significant at the 5% level, further confirming the statistical significance of the above difference. That is, in cities with abundant water resources, the pilot policy of water ecological civilization city construction has a greater impact on water pollution intensity. Generally speaking, compared with cities with insufficient water resources, enterprises and residents in cities with abundant water resources may not have a strong awareness of water resource shortages or the urgency of water saving, resulting in a lower utilization efficiency, reuse rate, and recycling rate of water resources. Industrial development in such cities is relatively more inclined to be water-resource-intensive, and the proportion of high-water-consumption and high-pollution industries may also be higher. Moreover, such cities with abundant water resources may not be as motivated to adopt or develop high-efficiency water-saving irrigation technology, water-saving and emission reduction technology in high-water-consumption industries, domestic water-saving technology, water ecological protection and restoration technology, wastewater treatment technology, etc., resulting in relatively high water pollution intensity in such cities. Furthermore, such cities may not be sufficiently active in promoting water price reform, not feeling the need to save and protect water resources and reduce water pollution intensity through economic means. Therefore, the room and space to reduce water pollution intensity is greater for cities with abundant water resources than cities with insufficient water resources. Consequently, the pilot policy of water ecological civilization city construction can reduce water pollution intensity to a greater extent in cities with abundant water resources.



Third, There are mainly three types of environmental regulations: command control type, economic incentive type, and public participation type. Most studies conducted to date have found that command-controlled environmental regulation tools are the main means of environmental governance to improve environmental quality in China [68,69]. Therefore, we used command-controlled environmental regulation to test whether the impact of the water ecological civilization city construction pilot policy on water pollution intensity is affected by the environmental regulation intensity. This kind of environmental regulation is further measured by the completed investment of wastewater treatment project of the year/GDP. We grouped cities according to the completed investment of wastewater treatment project/GDP in the year before the implementation of the pilot policy. The cities with completed investment of wastewater treatment project/GDP in the 20% quantile and 20–50% quantile were classified as cities with low environmental regulation intensity, and the remaining cities were classified as cities with high environmental regulation intensity. The estimation results presented in Table 8 show that the estimated coefficient of Ws×Tm in cities with high environmental regulation intensity is less than that in cities with low environmental regulation intensity. The empirical p-value obtained by the bootstrap method is 0.0619, which is significant at the 10% level, further confirming the statistical significance of the above difference. This means that the pilot policy of water ecological civilization city construction has less impact on water pollution intensity in cities with high environmental regulation intensity prior to implementation of the pilot policy. Conceivably, the higher the environmental regulation intensity, the greater the illegal sewage discharge risk and the higher the illegal sewage discharge cost, resulting in lower water pollution intensity. Strict environmental regulation may also promote more technical transformation of water conservation and emission reduction in high-pollution industries and increase sewage treatment so as to reduce water pollution intensity. In addition, strict environmental regulation is conducive to the progression of green technology, improving the rate of sewage reuse and water recycling, thereby reducing water pollution intensity. Thus, in cities with high environmental regulation intensity prior to the implementation of pilot policy, the room to further reduce water pollution intensity is smaller than in cities with low environmental regulation intensity. Therefore, when the pilot policy of water ecological civilization city construction is implemented, the decline of water pollution intensity is relatively less in cities with high environmental regulation intensity.






5. Conclusions


Based on the panel data of 283 cities from 2008 to 2019, in this study, we empirically investigated the impact of the pilot policy of water ecological civilization city construction on water pollution intensity using the difference-in-differences method. The main findings are: (1) Overall, water pollution intensity exhibits a clear downward trend. In particular, water pollution intensity decreased most rapidly during the pilot construction period, with extent of decrease not only higher than the post-pilot construction period but also higher than the pre-pilot construction period. Furthermore, the extent of decrease in water pollution intensity in non-pilot cities was small, whereas the decrease in water pollution intensity in pilot cities was large, and the non-pilot cities had a significantly higher water pollution intensity level than pilot cities. (2) With the control variables included, the implementation of the pilot policy significantly contributed to the reduction in water pollution intensity, passing several robustness tests. (3) The pilot policy of water ecological civilization city construction reduces water pollution intensity through the channels (mechanisms) of optimization of the industrial structure, increasing sewage treatment, promotion of water recycling, promotion of technological progress, and acceleration of water pricing reform. (4) The impact of the pilot policy on water pollution intensity changes with the passage of time, i.e., there is a certain time heterogeneity in the policy effect. There is also regional heterogeneity in the policy effect, such that in cities with high economic development levels, insufficient water resource endowments, and high environmental regulation intensity, the pilot policy has a relatively smaller impact on water pollution intensity.



The above findings render the following policy implications: (1) It is possible to improve the relevant supporting policies by drawing from the experience of the pilot cities and extend the improved policies to other parts of the country. (2) To enhance the policy effect and further reduce water pollution intensity, all regions need to phase out high-water-consumption and high-pollution industries in a timely manner and rationalize and upgrade industrial structures by increasing the proportion of high-end manufacturing and high-end modern service industries while promoting the rationalization of industrial structures. (3) All regions need to increase investment in wastewater treatment; improve wastewater treatment capacity; vigorously promote sewage treatment and reuse; actively support the collection, development, and utilization of rainwater, brackish water, and reclaimed water, as well as seawater desalination and comprehensive utilization; and accelerate the construction of water pollution prevention projects and reclaimed water utilization projects. (4) In the process of policy implementation, all regions also need to attempt to build cloud smart ecological cities; increase investment in green technology R&D; and promote the application of cutting-edge technologies, such as big data, cloud computing, and AI in water ecological environment protection so as to reduce water pollution intensity. (5) In the process of policy implementation, all regions need to comprehensively accelerate water price reform, including continuous promotion of the comprehensive reform of agricultural water pricing; improve the residential step water pricing system in a timely manner; implement a progressive price increase system for non-resident water exceeding quota and a water price system for special industries; reform water resource taxation schemes, etc., so as to reduce water pollution intensity. (6) In the process of improving the pilot policy, different policy combinations need to be formulated considering and incorporating the heterogeneities of various cities. Therefore, attention can be directed to cities with greater potential to reduce water pollution intensity. Specifically, economically underdeveloped cities can take measures to change “late developing disadvantage” into “late developing advantage”, simultaneously promoting local economic growth and high-quality development. Cities with abundant water resources can strengthen the awareness of water conservation and emission reduction among residents and non-residents by means of perfecting systems, improving standards, imposing responsibilities, and safeguard measures to improve water use efficiency and sewage treatment rates from the perspective of system and mechanism innovation. Cities with low environmental regulation intensity can adopt multiple measures to comprehensively exploit the three types of environmental regulation tools (command control, economic incentive, and public participation) to promote the comprehensive prevention and control of water pollution and strengthen the supervision of water pollution in an all-round, multi-angle, and multi-level formats.



The results of the present study contribute to the analysis of the factors impacting water pollution intensity, enriching the theory of ecological environment protection and ecological civilization and improving the research content with respect to sustainable development theory. This paper also provides a reference for other developing countries similar to China with respect to how to reduce water pollution intensity and improve the water ecological environment in the process of economic development.
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Figure 1. Water pollution intensity of pilot cities and non-pilot cities (t/USD 10,000). 
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Figure 2. Parallel trend hypothesis test (the first batch of pilot cities). 
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Figure 3. Parallel trend hypothesis test (the second batch of pilot cities). 
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Table 1. Water pollution intensity of pilot cities from 2008 to 2020 (t/USD 10,000).
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Stage

	
Year

	
First Batch of Pilot Cities

	
Stage

	
Year

	
Second Batch of Pilot Cities






	
Before pilot construction

	
2008

	
46.6024

	
Before pilot construction

	
2008

	
54.0737




	
2009

	
38.3891

	
2009

	
39.8556




	
2010

	
32.6279

	
2010

	
35.1320




	
2011

	
29.5592

	
2011

	
31.2143




	
2012

	
26.2441

	
2012

	
24.8599




	
2013

	
24.6208

	
2013

	
23.3858




	
During pilot construction

	
2014

	
20.5360

	
2014

	
22.6454




	
2015

	
17.7066

	
During pilot construction

	
2015

	
21.1896




	
2016

	
13.5545

	
2016

	
16.9695




	
After pilot completion

	
2017

	
11.4937

	
2017

	
13.4877




	
2018

	
10.1346

	
After pilot completion

	
2018

	
11.5625




	
2019

	
9.1520

	
2019

	
10.2034




	
2020

	
8.8992

	
2020

	
9.4936
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Table 2. Descriptive statistical results.






Table 2. Descriptive statistical results.





	Variable
	Maximum
	Minimum
	Mean
	Standard Deviation
	Number of Observations





	Wp
	339.9897
	0.1118
	25.7001
	24.7724
	3679



	Ws×Tm
	1
	0
	0.1679
	0.3181
	3679



	Ur
	0.9276
	0.1794
	0.5393
	0.1442
	3679



	Js
	70.5890
	0.0086
	1.7068
	4.8179
	3679



	Jc
	0.8215
	0.0012
	0.2135
	0.2864
	3679



	Fo
	187.3171
	0.0034
	5.9757
	18.6836
	3679
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Table 3. Panel difference-in-differences estimation results.
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	Variable
	Model 1
	Model 2
	Model 3
	Model 4





	c
	2.4752 **

(2.0207)
	3.0026 **

(2.0845)
	2.7518 *

(1.7632)
	2.6073 *

(1.7429)



	Ws×Tm
	−0.2118 ***

(−2.8901)
	−0.1619 ***

(−3.7460)
	−0.1454 ***

(−3.1839)
	−0.1241 **

(−2.1936)



	Ur
	
	
	0.0925 *

(1.7871)
	0.0734 *

(1.7515)



	Js
	
	
	−0.1306 **

(−2.2187)
	−0.1062 **

(−2.1358)



	Jc
	
	
	0.1512 **

(2.2005)
	0.1307 **

(2.2123)



	Fo
	
	
	0.0619 *

(1.7134)
	0.0465 *

(1.7049)



	Individual fixed effect
	
	Yes
	
	Yes



	Time fixed effect
	
	Yes
	
	Yes



	R2
	0.6645
	0.7124
	0.7903
	0.8636



	F
	51.4723 ***
	52.9261 ***
	47.6358 ***
	41.2547 ***







Note: *, **, and *** indicate that the variable is significant at the level of 10%, 5%, and 1%, respectively.
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Table 4. Estimation results of robustness test.
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Variable

	
Remeasured Dependent Variable

	
Excluding Extreme Values

	
Considering Other Policies

	
Placebo Test

	
PSM-DID

	
Additional Control Variable

	
Considering Spatial Correlation




	
False Policy

	
False Treatment Group






	
c

	
2.1458 **

(2.0641)

	
2.4424 *

(1.7236)

	
3.1507 **

(2.3493)

	
3.4255 ***

(5.3029)

	
2.1946 ***

(3.2215)

	
3.3903 **

(2.2374)

	
2.6173 **

(2.1781)

	
2.0952 **

(2.1178)




	
Ws×Tm

	
−0.1502 **

(−2.1006)

	
−0.1003 ***

(−4.5817)

	
−0.0718 **

(−2.2104)

	
−0.0946

(−1.1218)

	
−0.0139

(−1.3224)

	
−0.1137 ***

(−3.5236)

	
−0.1051 **

(−1.9895)

	
−0.0935 *

(−1.7749)




	
Ws×Tm direct

	

	

	

	

	

	

	

	
−0.6214 ***

(−3.1537)




	
Ws×Tm

indirect

	

	

	

	

	

	

	

	
−0.3346 **

(−2.0928)




	
Control variable

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Individual fixed effect

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Time fixed effect

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
ρ

	
------

	
------

	
------

	
------

	
------

	
------

	
------

	
0.0521 ***




	
R2

	
81.9039

	
79.6151

	
80.7433

	
85.7550

	
82.8031

	
83.3246

	
81.7378

	
85.8973




	
F

	
30.1218 ***

	
30.8414 ***

	
43.1769 ***

	
39.1093 ***

	
29.5972 ***

	
33.2710 ***

	
33.5989 ***

	
------








Note: *, **, and *** indicate that the variable is significant at the level of 10%, 5%, and 1%, respectively.
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Table 5. Estimation results of the impact of pilot policies on mechanism variables.
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Variable

	
Industrial Structure

	
Sewage Treatment

	
Water Recycling

	
Technological Progress

	
Water Price Reform




	
The Proportion of the Primary Industry

	
The Proportion of the Secondary Industry

	
The Proportion of the Tertiary Industry






	
c

	
4.8541 *

(1.7765)

	
3.8033 ***

(2.9682)

	
4.1168 **

(2.0827)

	
5.1860 *

(1.8034)

	
3.3196 ***

(4.9255)

	
4.2345 **

(2.0783)

	
5.5685 *

(1.8134)




	
Ws×Tm

	
−0.0983 ***

(−3.2129)

	
0.2349

(0.9657)

	
0.0904 ***

(3.6519)

	
0.0716 ***

(4.1627)

	
0.0511 **

(2.0214)

	
0.0674 ***

(2.9519)

	
0.0908 **

(2.0126)




	
Ws×Tm2012

	
−0.0874

(−1.1902)

	
0.1721

(0.8118)

	
0.0823

(0.8982)

	
0.0459

(1.0810)

	
0.0323

(0.9398)

	
0.0470

(0.8695)

	
0.0631

(0.7347)




	
Ws×Tm2013

	
−0.0926

(−1.2187)

	
0.1973

(0.7151)

	
0.0971

(0.8105)

	
0.0502

(0.9783)

	
0.0379

(1.2635)

	
0.0491

(0.9596)

	
0.0783

(0.7972)




	
Control variable

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Individual fixed effect

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Time fixed effect

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
R2

	
82.0925

	
83.3260

	
82.6385

	
84.8956

	
83.1241

	
82.9394

	
81.2271




	
F

	
31.0554 ***

	
31.9438 ***

	
31.7067 ***

	
29.0413 ***

	
31.4709 ***

	
32.1822 ***

	
31.8850 ***








Note: *, **, and *** indicate that the variable is significant at the level of 10%, 5%, and 1%, respectively.
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Table 6. Estimation results of the mechanism test.
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Variable

	
Water Pollution Intensity






	
c

	
5.1160 *

(1.7687)

	
3.7446 **

(2.1513)

	
3.2684 ***

(4.5652)

	
4.0531 *

(1.8104)

	
4.1692 **

(1.9868)




	
Ws×Tm

	
−0.1069 **

(−2.0405)

	
−0.0947 ***

(−4.8390)

	
−0.0908 *

(−1.7476)

	
−0.1076 ***

(−3.4282)

	
−0.0973 **

(−2.1314)




	
Is

	
−0.1736 **

(−1.9928)

	

	

	

	




	
St

	

	
−0.1985 *

(−1.8049)

	

	

	




	
Wr

	

	

	
−0.1679 ***

(−4.5345)

	

	




	
Tp

	

	

	

	
−0.2137 **

(−2.0684)

	




	
Pr

	

	

	

	

	
−0.1316 *

(−1.7551)




	
Control variable

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Individual fixed effect

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Time fixed effect

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
R2

	
84.1792

	
83.5848

	
85.7650

	
83.9753

	
83.7839




	
F

	
32.2216 ***

	
31.9834 ***

	
29.2937 ***

	
31.7465 ***

	
32.4617 ***








Note: *, **, and *** indicate that the variable is significant at the level of 10%, 5%, and 1%, respectively.
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Table 7. Estimation results of time heterogeneity.
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	Variable
	First Batch of Pilot Cities
	Second Batch of Pilot Cities





	c
	3.1673 *

(1.7280)
	2.9842 **

(1.9737)



	Ws×Tm2014
	−0.1300 *

(−1.6948)
	------



	Ws×Tm2015
	−0.1627 **

(−2.1015)
	−0.1384 *

(−1.7029)



	Ws×Tm2016
	−0.2176 ***

(−4.5439)
	−0.1851 ***

(−3.7656)



	Ws×Tm2017
	−0.1690 **

(−2.0682)
	−0.2123 **

(−2.1140)



	Ws×Tm2018
	−0.1569 **

(−1.9834)
	−0.1420 **

(−2.0318)



	Ws×Tm2019
	−0.1328 *

(−1.7153)
	−0.1215 *

(−1.6994)



	Ws×Tm2020
	−0.1075 *

(−1.7306)
	−0.0921 *

(−1.7023)



	Control variable
	Yes
	Yes



	Individual fixed effect
	Yes
	Yes



	Time fixed effect
	Yes
	Yes



	R2
	76.2462
	73.5349



	F
	41.3535 ***
	39.2776 ***







Note: *, **, and *** indicate that the variable is significant at the level of 10%, 5%, and 1%, respectively.
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Table 8. Estimation results of regional heterogeneity.






Table 8. Estimation results of regional heterogeneity.





	
Variable

	
High Economic Development Level

	
Low Economic Development Level

	
Abundant Water Resource Endowment

	
Insufficient Water Resource Endowment

	
High Environmental Regulation Intensity

	
Low Environmental Regulation Intensity






	
c

	
4.0468 **

(2.0659)

	
4.2143 **

(1.9937)

	
5.2001 *

(1.6765)

	
3.8815 ***

(3.3386)

	
5.0087 ***

(3.3043)

	
4.1569 **

(2.0654)




	
Ws×Tm

	
−0.0715 ***

(−3.2126)

	
−0.1786 **

(−2.0543)

	
−0.1494 ***

(−4.1538)

	
−0.0931 **

(−2.1074)

	
−0.1002 **

(−1.9961)

	
−0.1438 ***

(−4.2742)




	
Control variable

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Individual fixed effect

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Time fixed effect

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
R2

	
82.5242

	
81.3791

	
79.9189

	
77.8780

	
79.5128

	
80.7827




	
F

	
42.7923 ***

	
42.2014 ***

	
41.4396 ***

	
35.3293 ***

	
43.2539 ***

	
41.8875 ***




	
Empirical p-value

	
0.0427 **

	
0.0382 **

	
0.0619 *








Note: *, **, and *** indicate that the variable is significant at the level of 10%, 5%, and 1%, respectively.
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