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Grassroots environmental protection agencies are the “last kilometer” of environmental supervision in China, but the effects of these agencies have not received sufficient attention from the economic community. This paper adopts the synthetic control method to estimate the impact of establishing grassroots environmental protection agencies on industrial pollution discharge. The results show that establishing grassroots environmental protection agencies reduces industrial pollution discharge, but the effects are only statistically significant in some regions. In addition, grassroots environmental protection agencies do not significantly impact local economic growth and the economic structure. Grassroots environmental protection agencies generally have problems such as inadequate managerial staff, which may cause the failure in fully executing their functions. The overall promotion of grassroots environmental protection work can hardly be facilitated by the government before these problems are resolved.
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1 INTRODUCTION
China has witnessed rapid economic growth since the beginning of reform and opening up. From 1991 to 2019, its GDP growth rate remained above six percent. However, environmental problems are becoming more severe despite brisk economic development. According to the Environmental Performance Index (EPI) 2020, China was ranked 120th out of 180 countries. In addition, it was ranked 137 and 1471,2 in terms of air quality and prevalence of PM2.5, respectively, suggesting a daunting challenge to environmental remediation. Environmental pollution not only reduces the productivity of enterprises and misallocates resources, thus affecting sustainable development, but also negatively impacts people’s physical and mental health (Yin et al., 2020; Xie et al., 2021; Wang et al., 2022). It is urgent for China to solve the problem of environmental pollution, increase the impetus for green economic development and promote quality-oriented economic growth. Therefore, the Chinese government has formulated a raft of environmental management policies in the past two decades. In addition to direct policies issued by the central government, such as environment-related laws and the “two control zone” policy, there are also pioneering policies implemented by local authorities, such as the river chief system and watershed eco-compensation.
Related studies have also shown that environmental governance policies play a pivotal role in energy conservation, emission reduction and environmental improvement (Cheng et al., 2017; Gu et al., 2022). In previous studies, scholars have focused on the economic effects of environmental governance policies and their impact on economic growth. Jefferson et al. (2013), Lu et al. (2012), Hering and Poncet (2014), and Tang et al. (2020) focused on the economic effects of environmental governance policies and investigated the impact of the “two control zone” policy on industrial performance, FDI, exports, and total factor productivity respectively. In addition, the relationship between environmental regulation and economic growth has also been an important issue that scholars study, but the academic community has not yet come to consensus about the relationship between them. Developing countries are faced with the problem of balancing economic development and environmental protection. Systematic analysis of the relationship between the two is of great significance for the formulation and implementation of national environmental regulation policies. Grossman and Krueger (1995) proposed the famous environmental Kuznets curve—an inverted U-shaped relationship between environmental pollution and economic development. Since then, there have been two different views on the impact of environmental regulation on economic growth. Some argue that environmental regulation does not hinder economic development and can achieve a win‒win situation between environmental protection and economic development (Testa et al., 2011; Cao and You, 2017). Others hold that environmental regulation harms economic growth (Greenstone et al., 2012; Cai et al., 2016; Deng et al., 2019). Other studies have shown that the type and rationality of environmental regulation determine its impact on the economy (Liu et al., 2021).
In addition to the above research, scholars have also conducted in-depth research on environmental policy on water pollution and air pollution. With the release of the industrial enterprise pollution discharge database established by the Ministry of Ecology and Environment of China, the data and methods used for environmental pollution research have made further breakthroughs, yielding new research on water pollution. Studies have been conducted on wastewater discharge standards in the Taihu Lake region (Liu et al., 2017), the (NSMF) program (Zhang et al., 2018), river water quality monitoring stations (He et al., 2020), and many other environmental protection policies. Likewise, there is a growing number of studies in other countries. For example, Greenstone and Hanna (2014) found that the National River Conservation Plan had not made an outstanding contribution to environmental improvement, and Keiser and Shapiro (2019) argued that the Clean Water Act in the U.S. had reduced pollutant levels in rivers and led to an increase in housing prices. Both are classic studies in this field. Related research on air pollution is also increasing. Dong et al. (2019) used the spatial econometric method to explore the spatial spillover effects and spatial distribution characteristics of PM10 pollution concentrations. Some scholars have found that the PM2.5 emissions have a Kuznets-style, inverted U-shaped relationship with economic growth (Dong et al., 2018a), and environmental protection measures such as national air quality monitoring have a significant impact on PM2.5 emission reduction, which is heterogeneous in accordance with the variety of the economic levels of different regions (Liu et al., 2021).
Based on the literature, we find that many scholars study the impact of environmental regulation measures on environmental pollution and economic growth. However, an increasing number of grassroots environmental protection agencies in China in recent years have not received sufficient attention from the academic community. Grassroots environmental protection agencies3 are China’s “last kilometer” of environmental supervision and are responsible for inspection, supervision, publicity, and education. These agencies play a crucial role in environmental protection and improvement in China. At the national level, the central government has issued several guidelines on constructing grassroots environmental protection agencies. At the local level, cities and regions such as Yibin and Chongqing have achieved full coverage of grassroots environmental protection agencies in their jurisdictions since 2010. They can serve as examples for policy evaluation. Therefore, this paper will examine the status quo of grassroots environmental protection agencies in a sample consisting of those cities at the prefecture level and above that have achieved full coverage of grassroots environmental protection agencies each year to study whether the establishment of grassroots environmental protection agencies has positively impacted the local environment. On this basis, this paper will further examine the impact of grassroots environmental protection agencies on economic growth and economic structure to provide empirical evidence for the theory of the relationship between environmental regulation and economic growth.
In the following text, this paper selects provincial- and municipal-level data from 2003 to 2018 and investigates the above two questions through the synthetic control method. The results show that (1) grassroots environmental protection agencies reduced pollution discharge to a certain extent and positively impacted environmental improvement. In addition, there is regional heterogeneity in the effect of grassroots environmental protection agencies in reducing the discharge of various pollutants (i.e., the reduction effect). 2) The establishment of grassroots environmental protection agencies did not have a significant negative impact on local economic growth and economic structure. The contributions of this study are threefold: 1) It is among the first to adopt the synthetic control method to empirically test the emission reduction induced by grassroots environmental protection agencies. Therefore, it complements the literature on environmental policy evaluation. 2) It takes grassroots environmental protection agencies as examples to examine the relationship between environmental regulation and economic growth. Furthermore, it provides empirical evidence for the theory of the relationship between the two. 3) It presents a comprehensive summary of the history of the development of grassroots environmental protection agencies and identifies the differences between policies on organizational models and staffing in different regions. These efforts help explain the weak policy effects of grassroots environmental protection agencies. Therefore, this study provides theoretical support for the innovation of environmental policies and the further promotion of grassroots environmental protection agencies.
The rest of the paper is structured as follows. Section 2 briefly describes the background, basic facts of establishing grassroots environmental protection agencies, the data source and the research design. Section 3 illustrates the empirical results and robustness tests. Section 4 further analyzes the results, and Section 5 presents concluding comments.
2 MATERIALS AND METHODS
2.1 Policy background and factual description
China’s first environmental protection law, the Environmental Protection Law of the People’s Republic of China (for Trial Implementation), was promulgated in September 1979. The law required the people’s governments of provinces, autonomous regions, and municipalities directly under the central government to establish environmental protection bureaus and specified the primary responsibilities of these agencies. After 10 years of trial implementation, the Environmental Protection Law of the People’s Republic of China was officially promulgated in December 1989, followed by a series of environmental protection laws and regulations, including The Water Pollution Prevention and Control Law of the People’s Republic of China, the Measures for the Administration of Environmental Standards, and the Law of the People’s Republic of China on the Prevention and Control of Atmospheric Pollution. With the construction and improvement of the legal system for environmental protection, environmental protection agencies at the provincial, municipal, and county levels were gradually established and improved. In 1997, the Environmental Protection Administration of China, in conjunction with various departments, issued regulations on strengthening environmental protection in township enterprises. The regulations stipulated the strengthening of environmental law enforcement teams in townships. In 2002, the State Environmental Protection Administration issued a notice on the further development of the national activity of townships with beautiful environments. The notice specified that establishing environmental protection agencies is one of the assessment criteria for a “national-level township with a beautiful environment”4. Subsequently, a series of documents were issued to improve the environmental management systems and strengthen the capacity building of grassroots environmental protection teams. In 2016, the central government issued the guiding opinions on the pilot reform of the vertical management system for monitoring, supervision, and law enforcement of environmental protection agencies below the provincial level and emphasized again the responsibility of townships (subdistricts) to protect the environment and specify the duties of various departments.
According to the policy of the central government, local governments promote the establishment of grassroots environmental protection agencies, but the specific coverage and establishment time “vary from city to city”. In the process of actually collecting relevant data on the establishment of grassroots environmental protection agencies, it was discovered that some provinces and cities have not publicly released relevant documents on their establishment of grassroots environmental protection agencies. Therefore, to investigate the real situation, the authors of the study consulted the official websites of the people’s governments at the provincial/municipal/county levels, the Ministry of Ecology and Environment of China, the provincial-level departments of ecology and environment, the municipal-level ecology and environment bureaus, and the environmental protection bureaus of various districts (counties). In addition, the authors referred to related news coverage and the website of Baidu Baike. Information on the establishment of grassroots environmental protection agencies was collected, from the building of township environmental protection stations in Weiyuan County, Sichuan Province in 1966 to other districts (counties, autonomous counties), prefecture-level cities (prefectures, leagues), and provinces (autonomous regions, municipalities directly under the central government) that had completed the work by 2018.
According to manually collected information on grassroots environmental protection agencies, Jiaozuo, a city in Henan province, started a pilot grassroots team-building project in 2009 and established environmental protection agencies in 101 townships (subdistricts) across the city in 2010. Since 2010, Yibin, Jingmen, and Huanggang cities have completed the overall construction of grassroots environmental protection agencies. Nearly half of the townships in Yibin and Jingmen have been equipped with environmental protection supervision teams, and the two cities have achieved some results in terms of the grassroots environmental protection supervision mechanism. Huanggang has set up grassroots environmental protection agencies, covering 93.82% of the city5. In 2013, to meet the grassroots needs for environmental protection, the Environmental Protection Bureau of Chongqing set up environmental protection agencies at the township or subdistrict levels in each district and county (autonomous county). By early 2014, 1,012 townships (subdistricts) in Chongqing had established environmental protection agencies, and full coverage of grassroots environmental protection agencies and teams had been basically achieved. Subsequently, Chengdu established grassroots environmental protection agencies in 2014, but full coverage of grassroots environmental protection agencies was not achieved before 2015. The full coverage of grassroots environmental protection agencies in other provinces and cities has not been supported, according to the relevant documents. In addition, within the data including the years up to 2018, the authors select cities that achieved full coverage of grassroots environmental protection agencies before 2015 as the research sample when using the Synthetic Control Method (SCM). Because the SCM cannot sufficiently observe the differences in these regions due to the policy after 2015. In summary, we choose to include only cities that can be clearly supported by data and that achieved full coverage of grassroots environmental protection agencies by 2015 as the research objects. A total of five cities meet the above requirements, namely, Chongqing, Yibin, Jiaozuo, Jingmen, and Huanggang.
The process of establishing grassroots environmental protection agencies varies in different places, mainly in two ways. First, the environmental protection agencies set up in townships (subdistricts) are vertically managed by the county (city, district) environmental protection bureau. Second, the agencies are environmental protection offices or supervision units set up in and administered by the township (subdistrict) governments. Zhejiang Province, Jiangsu Province, Chongqing City, Jilin Province, and Hebei Province basically achieved provincial (municipal) coverage of grassroots environmental protection agencies in 2006, 2008, 2014, 2017, and 2018, respectively. However, most early grassroots environmental protection agencies were ill-structured and had problems such as excessive administrative intervention. Fifty-two prefecture-level cities and 423 districts (counties) had established grassroots environmental protection agencies by 2018. Table 1 reports the establishment of grassroots environmental protection agencies at the prefecture and district (county) levels.
TABLE 1 | Establishment of grassroots environmental protection agencies.
[image: Table 1]Figures 1A and Figures 1B plot the changing trends of industrial pollution discharge (industrial wastewater discharge and industrial S O 2 emission, respectively) in provinces with and without the coverage of grassroots environmental protection agencies. It can be seen from the mean difference (provinces basically covered by environmental protection agencies minus the provinces not covered by environmental protection agencies) in Figure 1A that industrial wastewater discharge per unit of GDP decreased to a considerable extent. Therefore, the effect of grassroots environmental protection agencies in pollution reduction can be demonstrated. However, Figure 1B does not show similar trends, indicating that the reduction effect of these agencies in reducing pollution needs more precise analysis.
[image: Figure 1]FIGURE 1 | Changing trends in industrial pollutants.
2.2 Data sources and research design
This paper uses provincial- and municipal-level data to empirically test the effects of grassroots environmental protection agencies in different regions. The empirical test has two steps: 1) testing the effects in pollution control by the grassroots environmental protection agencies in different areas by estimating the impact of these agencies on local pollution discharge; 2) further testing the impact of grassroots environmental protection agencies on GDP and total industrial output to analyze the sustainability of the policies and possible pathways. The synthetic control method is the primary test method in this paper. This section briefly introduces the synthetic control method and describes the main variables and sample data.
2.2.1 Synthetic control method
The synthetic control method (SCM) is a data-driven, nonparametric method proposed by Abadie and Gardeazabal (2003) to assess the economic costs of terrorist conflict in the Basque Country. Compared with conventional regression methods, the SCM overcomes the problems of subjective sample selection and policy endogeneity (Abadie et al., 2010). It has been widely applied to the evaluation of policies from California’s (Abadie et al., 2010), adjustment of administrative divisions (Hall et al., 2020), and trade liberalization (Olper et al., 2018) to the one-child policy (Gietel-Basten et al., 2019). The method has also been widely used in the environmental field. Zhang et al. (2016) adopted the approach to evaluate the impact of the Beijing Olympics in 2008 on the air quality in the city. Chen et al. (2022) used the method to investigate the effects of China’s S O 2 Emissions Trading Pilot Scheme (SETPS) on the emission intensity of S O 2. Zhang et al. (2022) studied the influence of the Air Pollution Control and Prevention Action Plan (APPA) on air pollution using this method. Since this study only covers five cities, it is not possible to construct treatment and control groups by using city-level data. Therefore, other policy evaluation methods, such as differences in differences and regression discontinuity, cannot be used. In addition, enterprise-level data cannot meet the requirements of this study. Specifically, China’s industrial enterprise database has only been updated through 2013, while the policy covers the period from 2010 to 2014. At the same time, due to the large scale of listed enterprises, grassroots environmental protection agencies have limited power to constrain them, so the use of data from listed companies is ruled out. In summary, SCM was used in this study. The SCM works as follows.
Suppose that there are J+1 regions, and only the first region is affected by the policy, so that the remaining J regions are the control group. Let [image: image] and [image: image] be the pollution indicators for region i with or without policy intervention at time t. Before the policy intervention, when [image: image] [image: image]. Let [image: image] be the effect of the policy in region i at time t. [image: image] is a binary variable.
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We conclude that: [image: image] .
We need to estimate [image: image] to evaluate the effect of the policy. As we know that [image: image] , and [image: image] is observed, we just need to estimate [image: image]. We have the following model:
[image: image]
where [image: image] denotes the time fixed effects, [image: image] is a [image: image] dimensional vector that is not affected by the policy (observable control variable), [image: image] is a vector of unknown parameters, [image: image] is a [image: image] dimensional vector of unobserved common factors for all regions, [image: image] denotes the [image: image] dimensional regional fixed effects, and [image: image] denotes unobserved transitory shocks at region i with a mean of zero.
The SCM approximates the characteristics of the treatment group through the weighted average of the control group to estimate [image: image]. In the vector of weights [image: image], [image: image] denotes the weight of the control group when synthesizing the treatment group. It satisfies [image: image] and [image: image]. We have:
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Suppose an optimal weight [image: image] that satisfies:
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If [image: image] is a nonsingular matrix, then:
[image: image]
Abadie et al. (2010) proved that the right-hand side of Equation 5 is close to zero. Therefore, [image: image] can be regarded as the unbiased estimator of [image: image], and thus, [image: image] is the unbiased estimator of [image: image].
2.2.2 Data and variables
As most provincial- and municipal-level grassroots environmental protection agencies were established after 2010, the SCM requires a more extended period of estimation to achieve better results (Gardeazabal and Vega-Bayo, 2017). Thus, provincial- and municipal-level data from 2003 to 2018 are used in this paper to analyze the effect of grassroots environmental protection agencies in pollution reduction. The data are collected from the China City Yearbook, China Statistical Yearbook on Environment, provincial/municipal Statistical Yearbooks, provincial/municipal statistical communiques on national economic and social development, and provincial/municipal reports on the state of the environment. Based on the study of Chen et al. (2021), per capita GDP (pgdp), population density (density), level of openness (fdi), level of secondary industry development (industry), level of industrial structure (depth), and fiscal budget expense (expense) are selected as predictor variables. The level of investment in environmental management (E.I.) is added as a provincial-level predictor variable. Industrial wastewater discharge (wwd) and industrial sulfur dioxide emissions (S O 2) are the explained variables6. In addition, in this paper, the amount of foreign direct investment denominated in U.S. dollars is converted to RMB at the current year’s exchange rate, and nominal GDP is converted to real GDP. Variable descriptions are shown in Table 2.
TABLE 2 | Variable descriptions.
[image: Table 2]Abadie et al. (2015) pointed out that the units that are susceptible to policy intervention or particular shocks should be excluded from the control group. It is essential to select units with characteristics similar to those of the treatment group. For example, Jiaozuo is located in the northwest part of Henan Province and is one of the major cities in the central Henan Urban Agglomeration centered on Zhengzhou. Therefore, other cities in the Central Plains Economic Zone are selected as the control group in the synthetic control for Jiaozuo. The selection basis of the treatment groups can be found in Part 2, and the details of the treatment group and control group are shown in Table 3.
TABLE 3 | Treatment group and control group.
[image: Table 3]3 RESULTS AND ANALYSIS
3.1 The effect of grassroots environmental protection agencies in reducing pollution discharge
Based on the SCM, this study tests the reduction effects of the grassroots environmental protection agencies in Chongqing, Yibin, Jiaozuo, Jingmen, and Huanggang.
First, we use Chongqing as the treatment group. The synthetic value of Chongqing is simulated with the provinces shown in Table 3. Industrial wastewater discharge and industrial S O 2 emissions of the actual Chongqing and the synthetic Chongqing are presented in Figure 2Aa and Figure 2Ab, respectively. The figure suggests that the synthetic effect on industrial wastewater discharge is not ideal, and the synthesis of industrial S O 2 emissions well approximates the emission trend in Chongqing before the implementation of the policy. The two lines diverge after the implementation of the policy. Compared with synthetic Chongqing, actual Chongqing has a steeper decreasing trend in its industrial S O 2 emissions. The difference between the two lines is the reduction effect of grassroots environmental protection agencies. Figure 2Ac plots the yearly estimates of this reduction effect of grassroots environmental protection agencies (i.e., the annual gaps in industrial S O 2 emissions between actual Chongqing and synthetic Chongqing). The effect of grassroots environmental protection agencies in reducing industrial S O 2 emissions peaked 2 years after full coverage was achieved.
[image: Figure 2]FIGURE 2 | Pollutant emission reduction effect in Chongqing and Yibin.
To better observe the long-term effect of grassroots environmental protection agencies in emission reduction, this paper conducts synthetic control analysis of Yibin, Jiaozuo, Jingmen, and Huanggang. These four cities carried out the overall construction of grassroots environmental protection agencies in 2010.
According to measurements of pollution discharge in Yibin before and after the implementation of the policy (see Figure 2Ba), the establishment of grassroots environmental protection agencies effectively reduced industrial wastewater discharge. This study estimates the effect of grassroots environmental protection agencies in emission reduction and plots Figure 2Bc. The figure suggests that from 2011, the effect increased year by year and peaked in 2013. After that, the effect decreased year by year to zero in 2015. Figure 2Bb shows that grassroots environmental protection agencies did not significantly reduce industrial S O 2 emissions. The reason might be that Yibin had already greatly invested in improving air quality before implementing the policy. Air pollution has been a major problem plaguing the development of Yibin. The city was among the top ten cities with the highest air pollution in China in 2004 and 2005, with S O 2 as the main pollutant. The city invested approximately RMB 1.3 billion from 2004 to 2006 to improve air quality and reduce air pollution7. Its air quality improved year on year. Compared with the establishment of township environmental protection agencies, the comprehensive regulation of air pollution in Yibin is obviously more effective in reducing industrial S O 2 emissions, so the above results are not significant.
Similar to Yibin’s situation, Jiaozuo was also plagued by severe air pollution during its development and was listed as one of the top ten cities with the highest air pollution in China in 2004. To solve this problem, the city took measures such as shutting down small boilers in 2005 to improve air quality. However, it still ranked among the top ten emitters of S O 2 in China. The effect of environmental policies was insignificant, so it would not greatly affect the effects of the policy to establish grassroots environmental protection agencies. Figure 3Ab suggests that industrial S O 2 emissions in Jiaozuo started to decrease in 2005. After the full coverage of grassroots environmental protection agencies was achieved in 2010, the industrial S O 2 emissions of actual Jiaozuo greatly diverged from those of synthetic Jiaozuo. Figure 3Ac suggests that the effect of grassroots environmental protection agencies in reducing industrial S O 2 emissions increased and then decreased with appropriate policy adjustments. The effect dropped to a low level in 2016. However, Figure 3Aa shows that the establishment of grassroots environmental protection agencies did not significantly impact industrial wastewater discharge in Jiaozuo.
[image: Figure 3]FIGURE 3 | Pollutant emission reduction effect in Jiaozuo and Jingmen.
Figure 3Ba and Figure 3Bb plot the changing trends of industrial wastewater discharge and industrial S O 2 emissions of actual Jingmen and synthetic Jingmen before and after the implementation of the policy. The figure shows that after the establishment of grassroots environmental protection agencies, actual Jingmen discharged of both pollutants diverged from those of the synthetic Jingmen. This means that the establishment of grassroots environmental protection agencies reduced the discharge of the two pollutants. In terms of the estimated reduction (see Figure 3Bc and Figure 3Bd), the effect of grassroots environmental protection agencies in reducing industrial wastewater discharge remained at a high level, and that in reducing industrial S O 2 emissions first increased and then decreased year by year. News reports on Jingmen before 2010 show that the city had a serious water pollution problem. The establishment of environmental protection agencies in industrial cities had a notable effect on reducing industrial wastewater discharge.
Similarly, we use cities in the six central provinces as the control group to synthesize the pollution emissions of Huanggang (see Figure 4a and Figure 4b)8. From the perspective of the synthetic situation, the effect is entirely satisfactory. Compared with the situation in synthetic Huanggang, the actual industrial S O 2 emissions in Huanggang were not significantly reduced by the establishment of grassroots environmental protection agencies but industrial wastewater discharge was greatly reduced. From Section 2, we know that grassroots environmental protection agencies covered 93.82% of Huanggang’s administrative area, with only 60 agencies in 2010. Each agency is responsible for multiple townships, resulting in slower and less efficient law enforcement. Huanggang’s SO2 pollution has not been effectively addressed in the implementation of the policy. Other cities are also understaffed, which is the main reason grassroots environmental protection agencies do not play a full role. This study also plots the yearly gaps in industrial wastewater discharge between actual Huanggang and synthetic Huanggang (see Figure 4c). The figure shows that after the full coverage of grassroots environmental protection agencies was achieved in 2010, the effect of reducing industrial wastewater discharge first increased and then exhibited a declining trend after 2011. The effect dropped to zero in 2017.
[image: Figure 4]FIGURE 4 | Pollutant emission reduction effect in Huanggang.
3.2 Robustness tests
As mentioned above, establishing grassroots environmental protection agencies has certain effects on reducing pollution discharge in Chongqing, Yibin, Jiaozuo, Jingmen, and Huanggang. However, whether these effects on emission reductions are driven by chance or caused by other unobserved factors needs to be further tested. Similar to the study of Abadie et al. (2010), the present study uses placebo tests and permutation tests to evaluate the robustness of the empirical results. In addition, it uses the difference-in-differences (DID) method to assist the analysis.
3.2.1 Placebo tests
A placebo test works as follows. The SCM is applied to a city from the control group to test whether the same reductions as those in the treatment group can be seen if the policy is implemented in the selected city. As the selected city has not carried out the overall construction of grassroots environmental protection agencies, the effect of the policy should be different from that in the treatment group. Otherwise, the fact that the SCM can demonstrate the reduction effects of grassroots agencies cannot be proven.
The synthetic value of other provinces (municipalities directly under the central government, autonomous regions) that have not carried out the overall construction of grassroots environmental protection agencies is used as synthetic Chongqing. Among the control groups, Ningxia had the highest synthetic weight of 0.41. Figures 5a presents the placebo test for Ningxia. The synthetic Ningxia well approximates the industrial S O 2 emissions of the actual Ningxia before 2014, and after 2014, the changing trend in emissions induced by the presence of grassroots agencies in Ningxia is different from that in Chongqing. Therefore, the conclusion that grassroots environmental protection agencies reduce industrial S O 2 emissions in Chongqing is robust.
[image: Figure 5]FIGURE 5 | Placebo test results.
Similar placebo tests are conducted for Yibin, Jiaozuo, Jingmen, and Huanggang. Table 4 shows the cities with the highest weights in synthetic Yibin, Jiaozuo, Jingmen, and Huanggang. Figures 5B–F plot the placebo tests for the cities with the highest weights. The results show that the changing trends of pollution discharges in actual Nanchang and actual Xuchang were consistent with those of their synthetic counterparts before and after 2010. This indicates that the placebo cities for Yibin and Jiaozuo had different emission reduction effects from those in the corresponding treatment group. However, for Jingmen and Huanggang, the actual and synthetic pollution discharges of the placebo cities diverge notably, so the situation of pollution discharge before 2010 is not correctly approximated. Therefore, the robustness of the reduction effects in Jingmen and Huanggang cannot be confirmed. To further test the significance of the policy effects, the paper then conducts permutation tests for the treatment group.
TABLE 4 | Cities with the highest weights in the synthetic treatment group and their weights.
[image: Table 4]3.2.2 Permutation tests
The permutation test method was proposed by Abadie and Gardeazabal (2003). The SCM is applied to each region in the control group, supposing that all regions in the control group have constructed grassroots environmental protection agencies. Next, the study estimates the policy effects on the control group and compares the estimates with the policy effects in the treatment group. If the policy effects in the control group are significantly different from other policy effects, the effects of grassroots environmental protection agencies in emission reduction are significant. Meanwhile, we suppose the mean squared prediction error (MSPE) in a region before the implementation of the policy is large. In that case, the synthetic control method cannot provide a good fit for the actual pollution discharge before implementing the policy. As a result, the pollution discharge changes after policy implementation cannot be sufficiently interpreted. Therefore, regions with MSPE greater than twice that of the treatment group are excluded from the permutation tests.
Figure 6a shows the estimated effects in reducing industrial S O 2 emissions in Chongqing and other control groups. The solid line indicates Chongqing, and the dashed lines indicate other control regions. The degree of change in the gap between the actual and synthetic values of industrial S O 2 emissions in Chongqing was not significantly different from that in the control group before 2014. After 2014, however, the gap between Chongqing and other regions started to widen. The line of Chongqing diverges from those of other regions, indicating that the establishment of grassroots environmental protection agencies inhibits industrial S O 2 emissions in Chongqing. For other regions, the probability of having the same results as Chongqing’s is 1/18 (=5.6%), suggesting that the full coverage of grassroots environmental protection agencies has a significant effect in reducing industrial S O 2 emissions in Chongqing at the 10% level.
[image: Figure 6]FIGURE 6 | Permutation test results.
Similarly, Figures 6B–F show the results of the permutation tests for Yibin’s industrial wastewater discharge, Jiaozuo’s industrial S O 2 emissions, Jingmen’s industrial wastewater discharge and industrial S O 2 emissions, and Huanggang’s industrial wastewater discharge. In particular, there are 63 and 68 cities in the control groups for synthetic Yibin and synthetic Huanggang, respectively. This paper uses systematic sampling (with a sampling interval of 2) to select 32 and 34 control groups for permutation tests. As shown in Figure 6B and Figure 6C, the gaps between the actual and synthetic values of industrial pollution discharge in Yibin and Jiaozuo were not significantly different from those of other regions before 2010. The lines of Yibin and Jiaozuo diverge from those of other regions after the full coverage of grassroots environmental protection agencies was achieved in 2010. For a random region, the probabilities of having the same results as those of Yibin and Jiaozuo are 1/28 (=3.6%) and 1/24 (=4.2%), respectively, suggesting that the reduction effects of the grassroots environmental protection agencies in Yibin and Jiaozuo are significant at the 5% level. Figures 6D–F show the results of the permutation tests for Jingmen’s industrial wastewater discharge, Jingmen’s industrial S O 2 emissions, and Huanggang’s industrial wastewater discharge. For other regions, the probabilities of having the same results are 9/23 (=39.1%), 9/26 (=34.6%), and 5/29 (=17.2%), respectively. The values indicate that they are not small probability events, suggesting that the reduction effects of the grassroots environmental protection agencies in Jingmen and Huanggang are not significant.
Based on the empirical analysis and robustness tests, this paper concludes that grassroots environmental protection agencies have a significant effect on inhibiting industrial pollution discharge in Chongqing, Yibin, and Jiaozuo. For Jingmen and Huanggang, although grassroots environmental protection agencies can reduce industrial pollution discharge, the effect is insignificant. The reason might be the influence of other environmental management policies, but these factors cannot be excluded by the SCM. For example, Huanggang implemented a river chief system in 2009 to manage the city’s key waters in a comprehensive manner. The system may be more effective in reducing industrial wastewater discharge than grassroots environmental protection agencies.
3.2.3 DID regression of data on industrial enterprises above designated size
The DID method is used to estimate the impact of the establishment of grassroots environmental protection agencies on the pollution discharge of industrial enterprises, further verifying the robustness of the empirical results. The DID model is set as follows:
[image: image]
where polluteit is the amount of pollution discharged by the enterprise, including industrial wastewater discharge and industrial S O 2 emissions. If the enterprise is influenced by grassroots environmental protection agencies, we have treati = 1. If the time is after the policy is implemented, we let timet = 1. Therefore, [image: image] is the policy variable that takes a value of one if the enterprise is influenced by grassroots environmental protection agencies and zero otherwise. X is the control variable, including the logarithm of the total industrial output of the enterprise (lnoutput), the age of the enterprise (age), the nature of ownership (ownership), the proportion of the output in the secondary industry in GDP (gdp_2), and the logarithm of the municipal GDP (lngdp). [image: image] denotes the individual fixed effects, and [image: image] denotes the time fixed effects, with standard errors clustered at the enterprise level. The data on industrial enterprises’ pollution discharge from 2006 to 2012 released by the Ministry of Ecology and Environment of the People’s Republic of China are used, and the sample includes the industrial enterprises above the designated size in the treatment group and the control group that are involved in the synthesis. It is worth noting that the SCM only proves significant effects in Chongqing, Yibin, and Jiaozuo, and the establishment of grassroots environmental protection agencies in Chongqing took place in 2014, not within the sample period of the environmental statistics of industrial enterprises. As a result, the treatment group in the subsequent analysis only includes samples from Yibin and Jiaozuo.
Columns 1) to 6) in Table 5 show the regression results with industrial wastewater discharge as the explained variable. Column 1) shows the regression results for enterprises’ wastewater discharge without control variables, showing that effect on emission reduction is not significant. With the control variable (Column (2)) added, however, the effect is significantly negative at the 1% level, further verifying the robustness of the results obtained through the SCM. The next step is the heterogeneity analysis. First, key polluting industries and nonkey polluting industries are classified according to the Environmental Information Disclosure Guidance for Listed Companies and the Management List of Environmental Protection Verification Industries for Listed Companies released by the Ministry of Ecology and Environment. The test results of the two categories are shown in Columns 3) and (4), suggesting that grassroots environmental protection agencies significantly reduce the industrial wastewater discharge of key polluting industries, and their reduction effects in industrial enterprises in nonkey polluting industries are not significant. Second, according to the criteria for the sizes of industrial enterprises set by the National Bureau of Statistics of China9, enterprises are classified into large and small categories based on their revenues. Columns 5) and 6) show the regression results of the two groups. It can be seen that grassroots environmental protection agencies significantly reduce the wastewater discharge of small enterprises, and their effects on the emissions reduction of large enterprises are not significant. The results are in line with the intuition that grassroots environmental protection agencies, as ground-level organizations, are more binding on smaller enterprises.
TABLE 5 | Regression results for industrial pollutant emissions.
[image: Table 5]As an essential prerequisite for the validity of the DID model is that the parallel trend assumption is met; this paper uses the event study method to test the parallel trend assumption. The baseline year is set as 2010 for the event study. The test results of the parallel trend assumption, as shown in Figure 7A, suggest that the policy effect before the construction of grassroots environmental protection agencies is not significantly different from zero and significantly negative after the construction. The parallel trend assumption is met, as the results are consistent with those of the baseline regression.
[image: Figure 7]FIGURE 7 | Parallel trend test for enterprises’ industrial pollutant emissions. Note: The dashed line perpendicular to the horizontal axis indicates the 95% confidence interval for the estimated regression coefficient. The horizontal axis indicates the year of policy implementation. Before indicates “before the policy implementation,” and after indicates “after the policy implementation”.
The same regression is conducted on Jiaozuo, as shown in Column 7) in Table 5. Figure 7B shows the test results of the parallel trend assumption. It can be seen that the effect of grassroots environmental protection agencies on industrial enterprises’ S O 2 emissions is negative but not significant. The results are not consistent with those of the SCM. The reason might be that the database of environmental statistics for industrial enterprises only contains samples of enterprises above the designated size for intense monitoring, different from the full sample data used for the SCM. However, the grassroots environmental protection agencies are more likely to target small and medium-sized enterprises, so the results estimated from the database of environmental statistics for industrial enterprises are not as reliable as those from the baseline regression.
4 FURTHER ANALYSIS
4.1 The impact of the establishment of grassroots environmental protection agencies on economic growth
Section 4 suggests that the establishment of grassroots environmental protection agencies has had some positive impact on the environmental situation in several regions, but their economic costs remain unclear. If the establishment has a negative impact on the local economy, its sustainability could be questioned. In such a context, this study draws on the idea of Chen et al. (2021) and uses per capita actual GDP as an explained variable to further investigate the economic influences of the establishment of grassroots environmental protection agencies. Figure 8A shows the change curves of the per capita real GDP of actual Chongqing, Yibin, and Jiaozuo and their synthetic counterparts, suggesting that the establishment of grassroots environmental protection agencies in Chongqing and Jiaozuo did not have a negative impact on economic growth. For Yibin, however, its per capita GDP was lower than that of its synthetic counterpart after 2012. Figure 8B presents the policy effects. To test whether the decline in per capita real GDP is significant, this paper conducts a permutation test on the decline in the per capita GDP of Yibin (see Figure 8C). The results show that seven other cities’ per capita real GDP in the control group decreased more extensively than that of Yibin. The probability of having a decline in the per capita real GDP similar to that of Yibin is 8/33 (24.2%), indicating that the negative economic effect of the construction of grassroots environmental protection agencies is not significant.
[image: Figure 8]FIGURE 8 | Synthetic control results of economic growth.
Based on the above tests, this study concludes that the establishment of grassroots environmental protection agencies does not have a significant negative impact on economic growth while reducing pollution discharge, which facilitates the sustainable development of the local economy.
4.2 The impact of the establishment of grassroots environmental protection agencies on economic structure
One way to improve the environmental situation through environmental protection policies is to reduce the share of industrial production, which is directly reflected in effects on enterprises including closure and restrictions during environmental regulation (Shao et al., 2021; Wang et al., 2022). The impact of environmental regulation on industrial output has drawn academic attention. Therefore, this study tests the effects of the establishment of grassroots environmental protection agencies on the share of the total industrial output. Figure 9A and Figure 9B show the proportions of the actual and synthetic total industrial output in the real GDP of Yibin and Jiaozuo, respectively. The results show that the ratios of the total industrial output of the two cities to the real GDP dropped to some extent after the establishment of grassroots environmental protection agencies. The decreases were smaller after 2014. To verify the statistical significance of the declines in the above proportions, this paper performs a permutation test. Figure 9Ac and Figure 9Bc show that although the establishment of grassroots environmental protection agencies has affected the proportion of gross industrial output value in GDP, these effects are not statistically significant. Based on the empirical results in Section 4.1, it can be found that the establishment of grassroots environmental protection agencies has not had a sufficient impact on local economic activities.
[image: Figure 9]FIGURE 9 | Actual and synthetic total industrial output/GDP.
5 CONCLUSIONS
This paper uses the establishment of grassroots environmental protection agencies in cities such as Chongqing, Yibin, and Jiaozuo as cases and collects provincial- and municipal-level panel data from 2003 to 2018. It adopts the SCM to empirically investigate the impact of the establishment of grassroots environmental protection agencies on environmental pollution and economic growth. This study found that (1) grassroots environmental protection agencies reduced pollution discharge to a certain extent and had a positive impact on environmental improvement. In addition, there is regional heterogeneity in the effect of grassroots environmental protection agencies in reducing the discharge of various pollutants. The policy effects are not significant in places with a poor system of environmental protection agencies and inadequate staffing. 2) This paper adopts the DID method to further analyze the impact of the establishment of grassroots environmental protection agencies on the wastewater discharge of industrial enterprises above a size designated by the government for close observation. The results are consistent with those of the SCM method. In addition, the inhibiting effect of the establishment of grassroots environmental protection agencies on the wastewater discharge of enterprises is heterogeneous in terms of industry and size. In other words, the grassroots agencies significantly reduce the wastewater discharges of small industrial enterprises and of those in the key polluting industries. The effect on the reduction of wastewater discharge from large industrial enterprises and those in the nonkey polluting industries is not significant. 3) This paper has not found a significant negative impact of the establishment of grassroots environmental protection agencies on local economic growth and economic structure.
This paper also has some limitations. Grassroots environmental protection agencies are located in townships and subdistricts and are more likely to improve the environment by controlling domestic sewage, solid pollutants, and agricultural pollution sources. Due to the lack of such data, however, this paper has not analyzed this issue.
Grassroots environmental supervision is the “last kilometer” of environmental protection, and grassroots environmental protection agencies bear an important duty. This paper investigates the impact of the establishment of grassroots environmental protection agencies on pollution discharge through case studies. The possibility and importance of promoting grassroots environmental protection agencies in other provinces and cities across the country are illustrated. However, environmental law enforcement by grassroots environmental protection agencies generally suffers from inadequate management staff, excessive administrative intervention, and a lack of authority. These problems hinder the effectiveness of the agencies. The local practice of grassroots environmental protection agencies has been promoted nationwide. During the process, it is necessary to train personnel and solve problems such as insufficient managerial staff and a lack of authority. By doing so, local governments can promote grassroots environmental work and fully utilize the functions of related agencies.
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FOOTNOTES
1Source: the National Bureau of Statistics of China (http://www.stats.gov.cn/).
2Source: The Environmental Performance Index (EPI) 2020 by the Yale Center for Environmental Law and Policy and the Center for International Earth Science Information Network (CIESIN) at Columbia University’s Earth Institute (https://epi.yale.edu/).
3Grassroots environmental protection agencies refer to those established in townships, subdistricts, and other grassroots administrative units, such as township (street) environmental protection offices and environmental protection bureaus.
4It has been renamed national-level township with a beautiful ecology.
5Source: https://www.cenews.com.cn/news/zrst/201009/t20100919_664030.html.
6In 2010, industrial soot emissions and industrial dust emissions were merged into one category, and the statistical caliber of each administrative unit was inconsistent, so the effect on reducing this type of emissions was not investigated.
7Source: http://scnews.newssc.org/system/2006/12/10/010210333.shtml.
8Huanggang and Jingmen belong to the urban agglomeration in the middle reaches of the Yangtze River, but the synthetic value of other cities in the same agglomeration as a control group provides a poor comparison for Huanggang.
9Source: http://www.stats.gov.cn/tjgz/tzgb/201801/t20180103_1569254.html.
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