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Abstract

:

There has been controversy in theory and practice among studies about the governance of the “River Chief System” (RCS) policy and the watershed management issues behind it. This paper uses the regression discontinuity (RD) method and the water pollution monitoring data of 150 state-controlled monitoring points in China from 2007 to 2018 at the China National Environmental Monitoring Station to empirically study the effect of the “River Chief System” on water pollution treatment and the influencing factors behind the effect of the “River Chief System”. The results show that the “River Chief System” policy has a positive impact on river pollution treatment in the observation term. The implementation effectiveness of the “River Chief System” is limited by factors such as the boundaries of the river chief’s jurisdictions, the administrative conflict among river chiefs, local government environmental expenditure capacity, and environmental pressure. It is believed that the key to basin governance is to further improve the synergistic model of basin governance among regions.
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1. Introduction


As watershed pollution involves many areas, the point-source pollutions coexist with area-source pollution, and liability is difficult to determine, various countries have found basin governance difficult [1,2]. With the rapid development of industrialization and the social economy, pollution incidents have occurred frequently in China’s river basin [3,4]. In particular, diffuse pollution has become a potential problem for watershed management because it is difficult to define and measure [5,6]. Although the central and local governments constantly emphasize the importance of environmental management, promulgate laws and regulations, and set up special governance institutions for major river basins [7,8,9], it is still difficult to effectively improve upon the problem [10,11].



An innovative model of river basin governance, the “River Chief System” (RCS), was first implemented in Wuxi in 2007 to solve the crisis of “Blue-green algae in Taihu Lake” [12]. The State Council of the People’s Republic of China (PRC) appointed local government heads as river chiefs across the nation to clean up and protect water resources. As many mayors and county heads are responsible for their districts, river chiefs were to be responsible for the management and protection of the watercourses, including resource protection, shoreline management and protection, water pollution prevention and control, water environment management, ecological restoration, and law enforcement monitoring [13].



By the end of June 2018, RCS was fully established throughout the country and has brought remarkable results in the pollution treatment of river basins [14]. As shown in Figure 1, the number of sewage treatment plants in the monitoring cities increased from 279 in 2007 to 754 in 2018, and the sewage treatment capacity increased from 31.41 million cubic meters (CBM) per day in 2007 to 70.71 million cubic meters per day. From 2011 to 2016, the comprehensive evaluation rate of water quality of 79 sections under the RCS was basically maintained at over 70%, and the water quality was relatively stable [15]. However, with the extensive implementation of the RCS, the discussion on the effect of its implementation has gradually become an important topic [16]. In view of the merits and demerits of RCS, in-depth and extensive discussions have been conducted from both theoretical and practical perspectives [17,18].



Differing from reality, some views hold that the RCS is the same as other river basin governance policies, fails to solve the problems of regional coordination and vertical integration that China’s river basin governance faces, and lacks a strong management system [19]. Especially as China began to promote and implement the Sponge City initiatives in 2015, the water quality of rivers has been affected by diffuse water pollution [15]. Diffuse pollution sources have received more attention in river water quality assessment [20,21], while RCS has some defects in controlling the diffuse water pollution, which cannot effectively solve river basin pollution [22].



Based on the above problems, we will focus on the study of the effectiveness of the RCS. From the perspective of quantitative data, our study will verify the effectiveness of the RCS in China. This will enable us to further understand and judge the effectiveness of the implementation of the RCS and the mechanism of its generation [23].



The aim of our research is to verify the observations of the China National Environmental Monitoring Centre (CNEMC). We will research whether the implementation of the RCS can bring positive effects on the pollution control of the river basin, and verify the contradiction between the long- and short-term results of the RCS. On the basis of previous studies, we attempt to answer the following questions: (1) Is the RCS policy effective in the short term and the long term? (2) What are the most important factors that restrict the implementation effect of the RCS policy and from what path?




2. Literature Review


The issue of watershed management has been controversial in theory and practice. The most profound reason for such controversy lies in the control and efficiency problems caused by the centralization and decentralization of environmental governance rights [20]. The problem is also an international challenge, as demonstrated by the water pollution of the Rhine river in the 1950s and 1970s [24]. At present, there are two typical governance models in the world. The American river management model mainly delegated environmental management to the states [25], while the European model took the centralized form. The Water Framework Directive (WFD) emphasized the unity of the European Union in water environment management [26]. Despite the several advantages and disadvantages of both centralization and decentralization, existing research is more supportive of the value of decentralization for watershed management, arguing that a central government’s lack of understanding of local affairs leads to low management efficiency and failure to achieve Pareto efficiency results [27,28]. Decentralization policies, however, are efficient, allowing policies to vary with local benefits and costs. However, empirical studies do not support this conclusion, especially in developing countries [29,30]. Decentralized watershed policies have a lower success rate in developing countries than in the United States; due to a lack of cooperation between local governments, the decentralized watershed management policy in Brazil has resulted in a large cross-border negative spillover effect, and the water policy of India’s National River Conservation Plan has failed completely due to a lack of public support and funding [28,31].



The design of China’s river basin governance system is mainly top-down, with the central government making policies and local governments implementing them. However, the contradictions between the central government and local governments are difficult to reconcile, and there is often a problem of “policies at the top and countermeasures at the bottom” [32]. This is especially true when the regional economic growth is the primary goal. It is difficult to effectively solve the environmental governance problems in the river basin, as manifested by the difficulty in implementing effective punishment or incentive measures due to conflicting goals [33]. Although the central government has gradually established a relatively systematic system of environmental laws and regulations in recent years, the phenomenon of low efficiency in environmental governance is very serious [34]. The causes of the water and environmental management problems include regional differences, economic differences, the status of special economic regions, and competition with the central government [35].



A series of related studies have also appeared on the RCS in China [36,37,38,39]. Through an authoritative system design of RCS, vertical integration of localized functional departments, and the accountability system “push” to improve the performance of river and lake governance [36], breaks the existing contradiction between central and local authorities in centralization and decentralization, and realizes department integration and function reorganization at the micro level [37]. RCS has provided a solution for the environmental governance problems in the river basin through the integration of investigation, coordination, assessment, supervision, inspection, and other measures [38]. Some studies also found that RCS has provided strong support in reducing pollution, improving the environment, managing information, and functionally upgrading lakes [39].



However, there are also some studies that believe that the functions of the river chief system are limited [40,41,42,43]. These limitations are reflected in the long-term lack of institutional supply capacity, which is mainly manifested in factors such as the responsibility of “responsibility outsourcing” and the absorption of organizations and forces outside the system [41,42], as well as institutional factors such as the lack of a principal agent and supervision [43].



The existing research mainly focuses on the reform effect and system defects of RCS [41]. It analyzes the policy effect of the RCS theoretically and explains the effect from internal logic through the mechanism analysis. However, this research lacks an evaluation of the effect of the RCS from a realistic perspective. Quantitative studies on the effectiveness and significant conditions of the RCS are relatively simple. Therefore, based on the current situation of the implementation of the “River Chief System”, we studied the effectiveness of the RCS for water pollution control by using the monitoring data from 150 state-controlled monitoring points and the regression discontinuity model.




3. Models and Data


3.1. Methods and Models


There are several common methods to verify the effectiveness of policies, including the difference-in-differences model (DID), regression discontinuity (RD), Synthesis Control Method (SCM), etc. [39,40,42,44]. Referring to the global warming research of Ying et al. [45], we adopt the regression discontinuity method to estimate the effect of the “River Chief System” on river pollution control. The research strategy is to first consider the impact of natural discontinuity—that is, to select the date of RCS announced by each city as the policy discontinuity time. Because the time of implementing the RCS policy in various cities is not consistent, we use the data processing method according to Liao [46]. Cities that announced the full implementation of the RCS before the 15th of the same month will record the date of the policy discontinuity point as that month, while cities that announced the policy after the 15th of the same month will record the date of the discontinuity point as the next month.


   D  i , t   =  {      0 , ( t <  x i  )       1 ,  (  t ≥  x i   )         



(1)







The dummy variable    D  i , t     is whether city i fully publishes the RCS in month t. If the policy is implemented at time t,    D  i , t     is assigned to be 1; otherwise, it is assigned to be 0. The specific regression discontinuity model is shown in Equation (2):


  W  q  i , t   = α  D  i , t   +  β 1   (  t −  x i   )  +  β 2   D  i , t    (  t −  x i   )  + δ  X  i , t   +  μ  i , t    



(2)







In Equation (2),   W  q  i , t     is the water quality index of monitoring site i at month t.    D  i , t     is the treatment variable; the coefficient of    D  i , t     represents the degree of influence of the RCS on the river water pollution index at the discontinuity point.    x i    represents the date when the RCS was first introduced.    (  t −  x i   )    represents the standardization of time variable  t . Adding the variable    β 2   D  i , t    (  t −  x i   )    makes the slope of regression different on both sides of the discontinuity point.    X  i , t     are several control variables.    μ  i , t     is the random error.



Secondly, although the implementation of the RCS has brought about some changes in the river environment, some areas seem to have achieved good results. For example, in Zhejiang and Jiangsu provinces, the implementation of the RCS has improved water quality by more than 80%. In some other areas, the River Chief System does not seem to be working as well. Therefore, we believe that on the basis of studying the effectiveness of the RCS, it is necessary to further study what factors affect the effectiveness of the implementation of the RCS. According to the existing studies and current situation of the implementation of the RCS [47,48], complex water administration, lack of funds, complex and decentralized institutional arrangements, and lack of punishment or incentives for government officials are the challenges facing water management in China [35,42]. Therefore, four factors affecting the governance effectiveness of the RCS were included in the study to research whether the implementation of the RCS is affected by some administrative and environmental conditions.



The first factor is the administrative scope of the river chiefs [32]. Local officials have the power to coordinate the many water-related departments within their jurisdiction; the functions of the RCS are the investigation, coordination, assessment, evaluation, supervision, and inspection of the river water environment [38]. However, the river management at the boundaries of their jurisdictions is not clearly defined, leading to controversies [46]. The implementation of the RCS is often limited to the management of a single river in the city. The increase in river length will greatly increase the difficulty of river governance, and also affect the implementation of the RCS.



Based on this, we expanded the previous research, putting forward a viewpoint that the administration scope of river chiefs has limited the effectiveness of river management. Therefore, we proposed the intra-city length of the river in which the monitoring site is located as the proxy variable for the scope of administration of the river chiefs, meaning that the river length is negatively correlated with the governance effect of the RCS, and the governance effectiveness of shorter rivers is higher than that of longer rivers. To verify this conjecture, the model is established as Equation (3).


  W  q  i , t   =  α 1   L  i , t   +  β 3   (  l −  l i   )  +  β 4   L  i , t    (  l −  l i   )  +  δ 2   X  i , t   +  μ  i , t    



(3)







   L  i , t     is the grouping variable of river length, and its coefficient    α 1    represents the impact of the administrative scope on the effectiveness of RCS    l i    represents the river length that affects the effectiveness of RCS, and    (  l −  l i   )    represents the standardization of the river length variable  l .



The second factor is the administrative conflicts of river chiefs. Although river management may be effective within the administrative area, disputes can arise beyond the administrative boundary [26]. Because most rivers or lakes often cover several administrative regions, while the main way of the River Chief System is to establish a perfect provincial, city, county, and township vertical governance system, interregional governance is the weak link of its governance [39]. Different sections of the same river may belong to different cities (sixty-five percent of the rivers in which our monitoring stations are located are trans-urban rivers). It is obvious that each city has a different river chief and may adopt different policies to manage rivers, and policy heterogeneity will affect the overall governance effect. Due to the difficulty in negotiations between governments [35], the different river governance policies of different river chiefs may affect the governance effect when the administrative areas belong to the same river in different regions, especially the cross-province and cross-city area [23,43]. Thus, there may not be a coherent policy to manage the whole river uniformly. For example, the upper reaches of a river obviously affect the water quality of the lower reaches.



It is a very important problem that different policies lead to different governance effects in the same river. The administrative limitation of river chiefs may impede the effectiveness of river governance, and the administrative conflicts of river chiefs are related to the transboundary situation of rivers [48]. A river that crosses more cities is more likely to be affected by policy heterogeneity within the river chief’s jurisdiction than to affect the overall governance effect of the river. Therefore, we put forward a viewpoint that the administrative conflicts of river chiefs have limited the effectiveness of river management. We proposed the proportion of the length of the river flowing through the city to the total length as the proxy variable for the administrative conflicts of river chiefs; when the river flowing through a certain city accounts for a higher proportion of the whole river, the river is less likely to flow through other cities and is less affected by the governance policies of other river chiefs, which means that the risk of administrative conflicts in river chief governance will decline, so we assumed that the proportion of river length is positively correlated with the governance effect of the RCS. In order to verify this conjecture, the model is established as Equations (4) and (5).


   R  i , j   =  l  i , j   /  L j   



(4)






  W  q  i , t   =  α 2   R  i , j   +  β 3   (  r −  r  i , j    )  +  β 4   R  i , j    (  r −  r  i , j    )  +  δ 2   X  i , t   +  μ  i , t    
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   R  i , j     is the proportion of the length of river j in city i of the total length,    L j    represents the total length of river j, and    l  i , j     represents the length of river j in city i. The coefficient    α 2    represents the impact of the administrative conflicts on the effectiveness of the RCS.    r  i , j     represents the proportion of river length that affects the effectiveness of the RCS, and    (  r −  r  i , j    )    represents the standardization of the variable r of the river length proportion.



The third factor is the environmental investment capacity of the government. An important prerequisite for the effective implementation of one policy is sufficient funding support by governments [33,49]; different environmental investment expenditures will naturally have different effects on the policy governance of the RCS. The environmental investment in cities is different because of the economic levels, population, environmental, and other factors [50,51]. Thus, we adopt per capita expenditure on the environmental protection of cities to reflect the environmental investment capacity of local governments, which indicates that the higher the per capita expenditure on environmental protection, the stronger the environmental spending capacity.



The fourth factor is the environmental pressure of cities. The effect of the RCS lies in four aspects, namely pollution reduction, environment improvement, resource management, and function-upgrading of rivers or lakes [52]. The change in regional environmental pressure will increase the difficulty of river governance, which may have a great influence on the governance effect of the RCS [53]. Urban water environment pressure mainly comes from the discharge and treatment of domestic sewage and industrial sewage [54,55]. Thus, we proposed per capita sewage discharge as the proxy variable for environmental pollution pressure to study the influence of environmental pressure on the implementation of the RCS. We assumed that the higher the per capita sewage discharge, the greater the environmental pressure, and the worse the implementation effect of the RCS.



In order to better identify the average treatment effect of the two factors on the governance effect of the RCS, we follow the idea of Hahn et al. [56], using the parameter estimation method and instrumental variables to estimate the impact of these factors on the governance effect of the RCS. The equations are established as Equations (6) and (7):


  W  q  i , t   =  α 3   E  i , t   +  β 5   (  e −  e i   )  +  β 6   E  i , t    (  e −  e i   )  +  δ 3   X  i , t   +  μ  i , t    



(6)






  W  q  i , t   =  α 4  S  D  i , t   +  β 7   (  s d − s  d i   )  +  β 8  S  D  i , t    (  s d − s  d i   )  +  δ 4   X  i , t   +  μ  i , t    



(7)







In Equations (5) and (6),    E  i , t     and   S  D  i , t     are grouping variables, representing the government’s environmental investment capacity and urban environmental pressure, respectively. The coefficients    α 3    and    α 4    represent the impact of these two factors on the effectiveness of the River Chief System policy.    e i    and   s  d i    represent the environmental protection spending and sewage discharge that affect the effectiveness of the river chief system policy;    (  e −  e i   )    and    (  s d − s  d i   )    represent the standardization of environmental protection spending  e  and sewage discharge   s d  .



Based on the above research, we put forward two hypotheses:



Hypothesis 1 (H1).

The RCS is obviously effective for water pollution control.





Hypothesis 2 (H2).

The effect of the RCS is affected by several factors:





Hypothesis 2-1 (H2-1).

The longer the river, the worse the governance effect of the RCS, and the effect of the RCS will be limited by the jurisdictions of river chiefs.





Hypothesis 2-2 (H2-2).

The administrative conflict of the river chiefs will affect the effectiveness of the RCS.





Hypothesis 2-3 (H2-3).

The stronger the government’s ability to spend on environmental investment, the better the effect of the RCS will be.





Hypothesis 2-4 (H2-4).

There is an inverse correlation between urban water environmental pressure and the effect of the “River Chief System” policy.






3.2. Index Design and Data Sources


The empirical regression discontinuity model is based on two regression strategies: natural discontinuity and grouped discontinuity. The core dependent variable is the water quality index of the river basin, which comes from the water pollution monitoring data of 150 national monitoring points of the China National Environmental Monitoring Station, involving the Yangtze River, Yellow River, Pearl River, Songhua River, Huaihe River, Haihe River, Liaohe River, river basins in the northwest and southwest regions, and rivers in the Zhejiang-Fujian region (each monitoring site corresponds to a city). The data included three evaluation factors including   D O   (dissolved oxygen),   N − N  H 3    (ammonia nitrogen) and   C O  D  M n     (chemical oxygen demand), and CWQ (comprehensive water quality index). According to the national water quality standards set by the environmental protection department under the State Council, the greater the value of   D O  , the better the water quality, while the higher the values of the   N − N  H 3    index and   C O  D  M n    , the worse the water quality [57,58]. Comprehensive water quality is divided into six levels (Ⅰ, Ⅱ, Ⅲ, Ⅳ, Ⅴ, and inferior Ⅴ) [57], assigning the six levels numbers 1–6, where the higher the number, the worse the water quality, which is shown in Table 1.



The original water quality data were automatic weekly water quality monitoring reports of key sections in major watersheds, covering a total of 19,800 items of water quality data from 2007 to 2018, and the data were manually sorted into the format of monthly mean data and annual data. However, there are problems, such as the short time after implementation of the RCS policy in some monitoring regions, and the lack of control variable data, etc.; thus, when testing the effectiveness of the RCS, we used the annual data (a total of 820 samples) of 10 years from 2008 to 2017 for the study (including 82 monitoring points). When testing the influencing factors of the effectiveness of the RCS, since the influencing factors to measure the effects are mainly based on the data after the implementation of the RCS, the data of 12 months from January 2018 to December 2018 (a total of 1032 samples) were used for the study after the data screening (because of the data discrepancy, 86 monitoring points are included). The data are classified and sorted according to China’s Environmental Quality Standards for Surface Water (GB3838-2002).



Since the monitoring data are collected by the city hydrological department [59], each station will correspond to a city, so our samples are the data of the city dimension. While there are multiple monitoring points in some cities, and the number of cities is less than the number of monitoring points, the monitoring points and the city are matched, which means that it does not affect our research.



The sets of core independent variables are different between the two tests. One is the length of time that the cities where the environmental monitoring sites are located have implemented the RCS. The implementation time of the RCS in each city of the environmental monitoring points was searched with the official documents of the RCS issued through Baidu Encyclopedia, and the information of whether the city had implemented the RCS and when it was implemented is sorted out manually. We set up a 0–1 dummy variable to indicate whether the RCS is implemented at the monitoring station. If the RCS was implemented in the city of m in year t, this variable will be expressed as 1. If the RCS was not implemented in the city of m in year t’, this variable will be expressed as 0.



When studying the factors that influence the effectiveness of the RCS, the independent variables were river length, the proportion of the length of the river flowing through the city to the total length (proportion of the river length), per capita expenditure on environmental protection, and per capita sewage discharge. The river length data were obtained from the China City Statistical Yearbook, city statistics bulletin, and the Internet; due to the large variation interval of river length in the cities, we take the logarithm of the river length as the independent variable. The proportion of the river length data were obtained from Baidu Map (accessed date 15 February 2021) and was calculated manually by the authors. The data of environmental expenditure and sewage discharge per capita were collected from the China Urban Construction Statistical Yearbook and were manually calculated per capita data (the sewage discharge data include untreated effluent and effluent discharged after primary treatment at the factories, which means raw sewage).



The control variables in the regression to test the effectiveness of the RCS include annual mean temperature, annual mean rainfall, sewage treatment plant, and sewage treatment capacity, while the control variables in the regression to test the influence factors of the RCS’ implementation effect include average monthly temperature, monthly rainfall, industrial output value, sewage treatment plant and sewage treatment capacity, etc. Some scholars believe that a city’s sewage treatment plants and capacity will affect the effectiveness of the RCS [27,34,40,43]. However, considering that the sewage treatment plants and sewage treatment capacity are also increased by the implementation of some other environmental policies [60,61], we did not take these two factors as influencing factors of the effectiveness of the RCS but took them as covariates for the policy implementation of the research. Descriptive statistics of the data are shown in Table 2 and Table 3.



The regional temperature and rainfall data were obtained from the National Meteorological Science Data Sharing Service Center; the data of sewage treatment plant and sewage treatment capacity were obtained from the China Urban Construction Statistical Yearbook. All the data were matched with the cities where the monitoring sites were located.





4. Results


We used Stata (StataCorp LLC, College Station, TX, USA) to analyze the regression discontinuity model. The benchmark regression is a natural discontinuity regression, which mainly verifies whether there is limited improvement of river pollution after the implementation of the RCS. We then expanded the equation and added variables, such as the scope of river chief rights, the local environmental investment capacity, and urban environmental pressure, to verify the influence of these factors on the governance effect of the RCS. Finally, we tested the validity of the regression discontinuity method and the regression results.



4.1. The Effectiveness of the RCS


The empirical results of model 2 are acceptable and shown in Table 4; all results were significant and the comprehensive water quality, chemical oxygen demand, and ammonia nitrogen all decreased, while dissolved oxygen increased. After the addition of covariates, the overall regression was still robust. In other words, the RCS does have a certain improvement effect on water pollution control.




4.2. Influencing Factors of Implementation Effect of RCS


The empirical influences of the administration scope of river chief, the administrative conflict of river chief, the local environmental investment capacity, and urban environmental pressure on the governance effect of the RCS are tested by four different empirical models. Figure 2, Figure 3, Figure 4 and Figure 5, respectively, describe the results of the different models. This shows that the four factors have a significant influence on the implementation effect of the “River Chief System”.



The discontinuity for the logarithm of the river length is 5.4, which means that the discontinuity point for the length of the river inside the city is 221 km. It can be seen in Figure 2 that the comprehensive water quality index, chemical oxygen demand, and ammonia nitrogen content increase in the discontinuity point, while dissolved oxygen content decreases in the discontinuity point, indicating that the length of the river will indeed affect the RCS and showing that when the river length is more than 221 km, the governance effect of the RCS becomes worse. The estimation results are shown in Table 5. It can be seen that the dependent variables all show a significant “jump” at the discontinuity point. The comprehensive water quality,   C O  D  M n    , and   N − N  H 3    all increase, while   D O   decreases. Combined with the empirical results, the hypothesis of this paper is verified that river length can be used as a proxy variable of river administration scope limits. The longer the length of the river flowing through the city, the less effective the RCS is.



For example, the Shiguan River flows through Xinyang city at 110 km, and its water quality is lower than the Ⅱ level. The Huai River also flows through Xinyang city, while the basin length is 363.5 km, and water quality is almost at all Ⅲ and Ⅳ levels. The Songhua River flows through Changchun city at 48 km, the water quality is at the Ⅰ or Ⅱ level, while, when it flows through Songyuan city with around 243 km, the water quality reaches the Ⅳ level.



The discontinuity in the proportion of the river length to the total length in the monitoring city is 0.21, which can be seen in Figure 3; the comprehensive water quality index, chemical oxygen demand, and ammonia nitrogen content “jump” downward in the discontinuity point, while dissolved oxygen content increases in the discontinuity point, which means that the proportion of the river length will indeed affect the RCS and shows that when the ratio of river length is more than 0.21, the governance effect of the RCS becomes better. The estimation results are shown in Table 5. It can be seen that the dependent variables all show a significant “jump” at the discontinuity point. The comprehensive water quality,   C O  D  M n    , and   N − N  H 3    all decrease, while   D O   increases. Combined with the empirical results, the hypothesis of this paper is verified that the larger the proportion of the river length, the more effective the RCS is.



For example, the Yi River flows through only Nanning city, and its water quality is at the Ⅱ level. The Tanghe River flows through Liaoyang city, and the water quality reaches the Ⅰ and Ⅱ levels. The Shuhe River flows through Linyi, Suqian, and Lianyungang, and the water quality is almost at all Ⅲ and Ⅳ levels. Moreover, the Liaohe River flows through nine cities, and the water quality in Panjin city is at the Ⅴ and Ⅵ level.



Environmental expenditure per capita is a proxy variable for local spending on the environment. It can be seen from Figure 4 that the per capita environmental expenditure discontinuity is 21 China Yuan (CNY), the comprehensive water quality, chemical oxygen demand, and dissolved oxygen make a significant upward “jump” when the environmental expenditure per capita is over CNY 21 per month, and the ammonia nitrogen content decreases with an increase in environmental expenditure per capita. All of the water quality indicators showed significant “jumps”. The overall correlation is that the higher the per capita environmental expenditure, the better the water quality. The estimated results are shown in Table 5. Different dependent variables all show a significant “jump” at the discontinuity point, and the comprehensive water quality, chemical oxygen demand, and ammonia nitrogen content all “jump” upward.



The results can also be verified by real examples. The environmental expenditure per capita of monitoring cities such as Shizuishan, Wuhai, and Changsha is higher than CNY 55 per month, and the water quality of most of them is better than the III level. However, the environmental expenditure per capita of monitoring cities such as Yunchen, Liaoyang, Zhumadian, and Zhoukou is lower than CNY 9 per month and has worse water quality performance.



Per capita sewage discharge is a proxy variable for local urban environmental pressure. As can be seen from Figure 5, the discontinuity of per capita sewage discharge is 8.1 CBM per month, and the comprehensive water quality “jumps” upward. This indicates that the water quality deteriorates when the per capita sewage discharge increases by more than 8.1 CBM per month. The chemical oxygen demand and ammonia nitrogen content both showed a “jump” upward, and dissolved oxygen decreases, which indicates that the water quality deteriorates as per capita sewage discharge increases. The estimated results are shown in Table 5. It can be seen that the different dependent variables show a significant “jump” at the discontinuity point. The comprehensive water quality and chemical oxygen demand all “jump” up, while the dissolved oxygen decreases.



The results can also be verified by real examples. The per capita sewage discharge of monitoring sites such as Tianshui Niubei on the Yangtze River, Linjiang Weishahe on the Yalu River, Yibin Liangjiang Ravine on the Min River, and Jieshou Qidukou on the Yi River is lower than 5.1 CBM per month. Most of the regional water quality is better than the III level. The per capita sewage discharge of monitoring sites such as Bozhou Yanji on the Bao River, Guangzhou Changzhou on the North River, and Bengbu Lock on the Huai river exceeds 13 CBM per month, and the water quality is lower than the Ⅲ level.



Because the research methods used in this paper are different from those used in the past, we used the McCrary Model to test the rationality of the regression discontinuity method in this paper [62]. Moreover, the validity of the previous regression results was verified by the robustness test and placebo test. The influence of nature, environment, and society on the implementation of the RCS is excluded by adding control variables. Second, we verified the results with different bandwidths [63]. We then verified the validity of the discontinuity selected in this paper by selecting different discontinuity points through the placebo test [46,56]. Due to the limitation of the length of the article, we have included the McCrary test, robustness test, and placebo test in the Supplementary Materials.





5. Discussion


This study focuses on the implementation of the RCS in China. Based on the changes in the river environment before and after the implementation of RCS in 98 cities with 150 environmental monitoring stations, we have proven the effectiveness of the “River Chief System” and discussed the influence of the administrative scope of river chief, administrative conflict of river chiefs, environmental expenditure capacity of cities, and environmental pressure of cities on the effectiveness of the RCS.



We used river pollution before and after the introduction of the RCS to verify the effect of its implementation. The result from a nationwide data analysis shows that the implementation of the RCS has played a significant role in reducing the river pollutants, improving river oxygen in rivers, and alleviating river pollution [23,33,64], while some research suggests that the RCS is not as effective as the government claims [42].



On this basis, the basic model was extended, and four variables that influenced the effect of the RCS were added and studied. The empirical results show that the governance effect of the RCS is limited by these factors. We used river length data to represent the different administrative scope of river chiefs, which may influence the effectiveness of the RCS. The results prove that the effectiveness of the RCS is related to the river length of the jurisdiction in river chiefs: the validity of the RCS decreased with the increase in the river length. In particular, when the river length exceeds 221 km, the effectiveness of the RCS has an obvious decline. This result may be due to the fact that with the increase in river length, the situation in the basin is complex and changeable, and there are many complex environmental and economic conditions [38]. Therefore, the river chiefs would face increasing work pressure, which makes them unable to be fully responsible for the rivers within their jurisdiction, leading to the decline of the governance effect [64].



When rivers are long enough to flow through multiple cities, the river chiefs in different basins of the same river are different and cannot completely manage the entire river. The governance policies adopted by different river chiefs in different cities may conflict, and the heterogeneity of the policies may limit the effectiveness of the RCS [23,42]. At the same time, our study also proves that when a river has a trans-regional phenomenon, the effectiveness of river governance will be affected by the policy inconsistency between regions, regardless of its length. Due to the obstacles of cross-basin governance, the downstream basins of some rivers can be affected by the progress of upstream watershed governance, thus limiting the overall effect of the RCS on rivers [43,46]. Therefore, it is necessary to strengthen the division and cooperation between upstream and downstream river chiefs, especially for the rivers with a longer length, to alleviate the river basin governance conflicts caused by river chiefs implementing different policies. This finding verifies Shen’s viewpoint that the policies implemented by river chiefs in basin areas are different because the river flows through different regions, thus affecting the governance effect [32].



Secondly, environmental expenditures and environmental pressure also affect the governance effect of the RCS. In cities with a higher per capita environmental expenditure and lower per capita sewage discharge, the governance of the RCS is more effective. This indicates that regions with high environmental expenditure capacity and low environmental pressure may have more forceful measures and capacity for environmental governance, invest more in environmental governance, have fewer environmental governance challenges, and achieve better river governance results. Therefore, cities should increase their environmental investment and promote the governance of the RCS. Moreover, in some areas with high domestic and industrial sewage discharge, energy conservation and emission reduction should be promoted to reduce environmental pressure [41,65]. Our research also validates the views of Cheng and Shen that, in areas where the discharge and treatment of domestic sewage and industrial sewage are under huge pressure, the water environment is damaged to a large extent and the implementation of the RCS will inevitably be more difficult, which will reduce the implementation effect [33,46,66].



In addition, some scholars believe that the implementation of the RCS will lead to changes in sewage treatment plants and sewage treatment capacity [21,32,45]; while the changes in sewage treatment plants are not just affected by the RCS policy [47,53,67], it is necessary to control the impact of these two factors. Therefore, we take the sewage treatment plant and sewage treatment capacity indicators as covariates to control the impact of the change of sewage treatment capacity. Through the robustness test, it is verified that the content of our study is robust and effective.



There were some individual anomalous samples during our research. The Huangshui River flows through Shizuishan City at 390 km, but the water quality is better than level II, and the Chishui River flows through Chongqing city at 683 km, and its water quality is also better than level II; Hulunbeier’s per capita environmental investment is CNY 67 per month, but the water quality of the rivers in its territory, both the Erguna River and the Hailar River, is at level IV or worse; the per capita sewage discharge of the Fangchenggang city exceeds 18 CBM per month, but the regional water quality is better than level II. These anomalous samples are often accompanied by some other factors; for example, although Huangshui flows through Shizuishan City at 390 km, the local environmental investment of Shizuishan is large and the per capita investment in environmental protection reaches CNY 105 per month, so the water quality appears to yield better results. Rivers in Hulunbeier are long (all over 700 km) and are border rivers between China and other countries; their water quality is also influenced by foreign environments. In addition, we found that in the Hulunbeier region, with the requirement of economic development, some factories and companies were introduced, and the entry of these factories may affect the regional environment [68]. Due to the above reasons, the water quality in these cities appears partially abnormal.



Thirdly, watershed governance under the RCS is sub-regional, with the heads of each region focusing only on the governance of the watersheds within their respective jurisdictions and lacking overall integration. The head of each watershed is responsible not only for watershed governance but also for the economic development of the watershed, which is often the main task under the current Chinese development model [20]. The RCS can manage a section of the watershed well in the short term, but with the implementation of some non-environmental goals, the long-term management results are often less than ideal [13]. Watershed management should be holistic and should take into account the upstream and downstream and network characteristics of the watershed, which is the future trend of watershed management [69]. As China pays more and more attention to the environment, the goal of watershed management is shifting to an environmental focus, and the RCS should be changed to an integrated river basin management mode.



Based on this, we put forward the following suggestions for the future implementation of the RCS. Firstly, considering the influence of the river length in the river chief’s jurisdiction on the governance effect, for the longer rivers within the administrative area, it is necessary to set up multiple river chiefs appropriately to share responsibilities. Secondly, the division and cooperation among river chiefs in the upper and lower reaches of the same river should be strengthened. To alleviate the river basin governance conflicts caused by the implementation of different policies by river chiefs, we suggest introducing and establishing the collaborative governance mechanism in the long rivers, building a platform for sharing information on river basin pollution sources and the water environment. Thirdly, the stronger the environmental investment capacity of the region, the better the implementation effect of the RCS. It is suggested that more cities should be encouraged to increase their environmental investment, adopt environmental policies, and attract environmental capital. These include the introduction of environmental investment policies, the establishment of river governance and management foundations, and the encouragement of enterprises and public welfare organizations to participate in river water quality management. The fourth is to alleviate the environmental pressure of the cities. More water management facilities should be established in areas with relatively high levels of sewage discharge, and publicity efforts should be intensified to advocate energy conservation and emission reduction.




6. Conclusions


In this paper, we put forward two assumptions and use the regression discontinuity model to verify the governance effect of the RCS. According to the results of the implementation of the RCS in different cities, we further discuss whether some factors restrict the effectiveness of the implementation of the RCS, such as the heterogeneity of river chiefs and cities, which leads to deviation in the result of the RCS.



Our results indicate that the River Chief System has improved the water environment in the implementation areas, and the effect of the RCS on the water quality improvement of the river basin is affected by some objective conditions, such as the administrative scope of river chiefs, administrative conflict of river chiefs, environmental expenditure capacity of cities, and environmental pressure of cities.



1. The effect of the RCS is limited by the jurisdictions of river chiefs. The longer the river in the governance area of river chiefs, the worse the governance effect of the RCS.



2. Due to the transregional phenomenon of rivers, the policy inconsistency caused by different river chiefs in different regions limits the governance effect of the RCS.



3. Cities with a high level of fiscal spending on environmental protection have relatively stronger environmental investment capacity, and the strengthening of environmental investment capacity leads to the improvement of the governance effect of the RCS.



4. The sewage discharge pressure of cities will significantly limit the effectiveness of the RCS. Although the implementation of the RCS has promoted the construction of sewage treatment plants and improved the capacity of sewage treatment, it cannot completely offset the impact of increasing environmental pressure.



Therefore, based on the “River Chief System”, it is necessary to further clarify the scope and content of river chiefs’ management, introduce an inter-regional cooperation model of water pollution control among basins, increase the environmental investment in the governance of the RCS, and further alleviate environmental pressure in areas. This may be an important condition for further improvement of river basin pollution control.



However, it is a dilemma that China still adheres to top-down cooperative management for inter-regional management [67], especially the river basin cooperation at the micro-level, which would limit the effectiveness of management policy. Accelerating regional river basin cooperation under the condition of regional integration will be an important proposition.



There are two limitations to our work. First, when we researched the effectiveness of the RCS, we only researched the scope and boundary constraints of the river chief’s jurisdictions, and we did not consider the influence of the content of the river chief’s jurisdiction on the effect of the RCS. Second, there may be several other factors that affect the effectiveness of the RCS, such as sewage treatment facilities [34], the balance between economic development and environmental governance [70,71], agricultural and industrial factors [72], and so on. However, considering the implementation status of the RCS, research objectives, and data support, we cannot conduct a comprehensive study on all the influencing factors. We look forward to furthering our research when the conditions are sufficient.
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Figure 1. Sewage treatment plants and capacity changes (2006–2018). 
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Figure 2. The discontinuities of river length after the implementation of RCS. Note: The x-coordinate represents the logarithm of the river length, and the y-coordinate represents the water quality. 






Figure 2. The discontinuities of river length after the implementation of RCS. Note: The x-coordinate represents the logarithm of the river length, and the y-coordinate represents the water quality.



[image: Water 13 01988 g002a][image: Water 13 01988 g002b]







[image: Water 13 01988 g003 550] 





Figure 3. The discontinuities in the proportion of the river length after the implementation of RCS. Note: The x-coordinate represents proportion of the river length, and the y-coordinate represents water quality. 
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Figure 4. The discontinuities of per capita environmental expenditure after the implementation of RCS. Note: The x-coordinate represents per capita environmental expenditure, and the y-coordinate represents water quality. 
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Figure 5. The discontinuities in per capita sewage discharge after the implementation of RCS. Note: The x-coordinate represents per capita sewage discharge, and the y-coordinate represents water quality. 






Figure 5. The discontinuities in per capita sewage discharge after the implementation of RCS. Note: The x-coordinate represents per capita sewage discharge, and the y-coordinate represents water quality.



[image: Water 13 01988 g005a][image: Water 13 01988 g005b]







[image: Table] 





Table 1. Environmental Quality Standards for Surface Water GB3838-2002 (China) [57].
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	Water Quality Standard
	Level Ⅰ
	Level Ⅱ
	Level Ⅲ
	Level Ⅳ
	Level Ⅴ





	  D O  ≥
	7.50
	6.00
	5.00
	3.00
	2.00



	  N − N  H 3   ≤
	0.15
	0.50
	1.00
	1.50
	2.00



	  C O  D  M n    ≤
	2.00
	4.00
	6.00
	10.00
	15.00
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Table 2. Descriptive statistics of variables (annual data).
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	Variable
	Measurement
	N
	Ave
	Std.
	Min.
	Max.





	Comprehensive water quality (CWQ)
	-
	820
	2.96
	1.14
	1
	6



	   D O   
	mg/L
	820
	7.72
	1.69
	1.39
	12.22



	   N − N  H 3    
	mg/L
	820
	4.31
	2.95
	0.95
	30.35



	   C O  D  M n     
	mg/L
	820
	0.68
	1.25
	0.03
	12.82



	Annual average temperature
	°C
	820
	14.79
	4.87
	−2.2
	24



	Annual rainfall
	mm
	820
	991.2
	483.40
	39.50
	3.01



	Sewage treatment plant
	unit
	820
	7.49
	0.40
	0
	67



	Sewage treatment capacity
	10,000 CBM a day
	820
	67.73
	4.20
	0
	821
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Table 3. Descriptive statistics of variables (monthly data).






Table 3. Descriptive statistics of variables (monthly data).





	Variable
	Measurement
	N
	Ave
	Std.
	Min.
	Max.





	Comprehensive water quality (CWQ)
	-
	1032
	2.76
	1.08
	1.00
	6.00



	   D O   
	mg/L
	1032
	8.34
	2.34
	0.70
	18.75



	   N − N  H 3    
	mg/L
	1032
	3.83
	2.23
	0.70
	18.53



	   C O  D  M n     
	mg/L
	1032
	0.46
	1.09
	0.02
	14.73



	Logarithm of the river length
	-
	1032
	4.82
	0.77
	3.14
	6.88



	Proportion of the river length
	-
	1032
	0.314
	0.312
	0.01
	1



	Environmental expenditure per capita
	RMB per person
	1032
	27.06
	26.03
	3.77
	153.9



	Per capita sewage discharge
	CBM per person
	1032
	9.564
	3.60
	3.40
	23.62



	Mean monthly temperature
	°C
	1032
	13.94
	11.75
	−26.40
	30.30



	Monthly rainfall
	mm
	1032
	79.85
	90.87
	0.00
	710.30



	Sewage treatment plant
	unit
	1032
	8.83
	13.71
	1
	67



	Sewage treatment capacity
	10,000 CBM a day
	1032
	72.55
	129.26
	2.05
	670.55
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Table 4. Empirical results of the effectiveness of the RCS.






Table 4. Empirical results of the effectiveness of the RCS.





	Estimator
	CWQ
	    D O    
	    C O  D  M n      
	    N − N  H 3     





	No covariates added
	−0.22 ***

(0.06)
	0.45 ***

(0.13)
	−0.55 **

(0.24)
	−0.36 ***

(0.12)



	covariates added
	−0.18 **

(0.06)
	0.42 **

(0.14)
	−0.47 *

(0.25)
	−0.32 *

(0.12)



	N
	820
	820
	820
	820







Note: ***, **, and * are significant at the level of 1%, 5%, and 10%, respectively. The standard error in brackets passed the robustness test, heteroscedasticity test, and independence test.
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Table 5. Empirical results of factors influencing the effectiveness of RCS.






Table 5. Empirical results of factors influencing the effectiveness of RCS.





	
Estimator

	
CWQ

	
    D O    

	
    C O  D  M n      

	
    N − N  H 3     






	
Administrative scopes (AS) (km)

	
0.7 ***

(0.16)

	
−1.51 **

(0.64)

	
1.87 **

(0.37)

	
−0.48 **

(0.22)




	
5.4

	
5.4

	
5.4

	
5.4




	
Administrative conflicts (AC)

	
−0.954 ***

(0.19)

0.21

	
2.386 ***

(0.51)

0.21

	
−2.143 ***

(0.48)

0.21

	
−0.302 ***

(0.08)

0.21




	
Environmental spending capacity (ESC) (RMB/person)

	
−1.30 ***

(0.26)

	
1.03 *

(0.57)

	
−2.37 ***

(0.53)

	
−2.77 ***

(0.82)




	
21

	
21

	
21

	
21




	
Environmental pressure (EP) (CBM/person)

	
1.20 ***

(0.24)

	
−2.41 ***

(0.62)

	
1.03 **

(0.50)

	
0.31 ***

(0.11)




	
8.1

	
8.1

	
8.1

	
8.1




	
Covariables

	
No

	
No

	
No

	
No




	
N

	
1032

	
1032

	
1032

	
1032








Note: ***, **, and * are significant at the level of 1%, 5%, and 10%, respectively. The standard error in brackets passed the robustness test, heteroscedasticity test, and independence test.
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