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Abstract

:

Firm-level evidence for the impact of environmental vertical management on enterprise environmental performance is limited, especially on the performance of water pollution reduction (WPR). Taking the environmental vertical management reform (EVMR) as a quasi-natural experiment, this study constructs a time-varying difference-in-differences model to investigate the effects of EVMR on the WPR performance of enterprises. Using the latest data from the China Industrial Enterprise Database and China Enterprise Pollution Emission Database (1998–2014), we find that EVMR promotes enterprises to improve the performance of WPR. Moreover, heterogeneity analysis shows that the effects vary with regions, industry pollution intensities, and sizes of enterprises. Further mechanism analysis indicates that EVMR reduces water pollution by stimulating production pattern transformation and decreasing fresh water consumption rather than by increasing wastewater treatment facilities. Our empirical findings support the rationality of EVMR in China and provide beneficial insights for enhancing environmental management systems in other developing economies.
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1. Introduction


Water pollution has become a serious issue due to the lack of water resource protection concepts, and the consequent degradation of the water environment has adversely affected economic and social development [1]. The negative externalities of water pollution imply the need to accelerate the process of water resource protection, and the long regeneration process of water resources implies the necessity of accelerating the process of protection [2,3]. Governments have also made many efforts to this end; for example, Europe, the United States, and China have optimized authority allocation across levels of environmental management departments to strengthen protection [4,5]. However, in practice, the problem of water pollution has not been effectively solved, and the effectiveness of the policy has not been fully realized [6].



The management mode of the environmental sector is a key factor for the effective implementation of policy outcomes [7,8]. Currently, most countries have adopted environmental decentralization as their preferred mode [9,10]. Such a mode of environmental management has achieved good environmental performance in some countries [11,12], but for others, it does not seem to work [13,14]. For these countries, environmental decentralization may cause some typical problems such as a “race to the bottom” and “interjurisdictional pollution spillover”. In pursuit of economic growth, local governments often face a compelling incentive to relax environmental regulations and undermine local environmental governance practices, ultimately leading to a phenomenon known as the “race to the bottom” effect among locals [15,16]. In scenarios involving transboundary pollution, the fallout is exacerbated as one jurisdiction fails to fully account for the broader environmental consequences of its actions, as a portion of associated costs—usually linked to increased air or water pollution—falls outside one’s jurisdiction [5,13,17]. These problems may be manifested as water pollution externality across adjacent areas and are frequent in countries such as the United States, Indonesia, Brazil, and China [14,18,19,20]. In order to solve these problems, it is necessary to explore an effective department management mode.



Environmental centralization has proved to be an effective way of avoiding a “race to the bottom” and “interjurisdictional pollution spillover” [5,21]. The improvement of environmental governance depends on environmental centralization to correct government failures caused by pollution externality and to overcome local protectionism [22,23]. There is a long history of research on an environment centralization management mode, and some of them find environmental centralization improves environmental performance [16,24,25]; some papers suggest that environmental centralization is not conducive to controlling local environmental pollution [26,27], and a few find that a negative correlation exists between environmental centralization and environmental performance [28]. These studies enrich the research on environmental management modes. However, such macro-level research on overall performance fails to capture the micro-level characteristics of enterprises and does not address the specific issue of WPR.



To fill this gap, this study investigates the impact of environmental centralization on the WPR performance of enterprises by taking EVMR in China as a quasi-natural experiment. EVMR is a representative policy of environmental centralization, transferring environmental regulatory and monitoring powers upward in environmental protection departments from below the prefecture level to the prefecture level. Nearly thirty years of practical experience in China with the EVMR pilot offers a precious opportunity to evaluate the effects of environmental centralization. Such empirical studies can provide empirical evidence for the debate on environmental centralization versus decentralization and offer clues for the design of environmental management systems. Specifically, we use the difference-in-differences (DID) model to evaluate the effects of EVMR on WPR and to explore its heterogeneous effects and influencing mechanisms based on firm-level data.



Compared to the existing literature, the contribution of this study includes the following three aspects. First, to the best of our knowledge, this study is the first to investigate the influence of EVMR on WPR from the perspective of micro-enterprises. Specifically, this paper estimates the effects of EVMR on firm-level WPR using two firm-level databases, namely the China Industrial Enterprise Database (CIED) and China Enterprise Pollution Emission Database (CEPED), from 1998 to 2014. Different from studies using region-level data [16,24,25], a study using firm-level data can explore the change in within-sector water pollution [29]. Moreover, manufacturing is the ‘‘main force’’ of water pollution [30], and enterprises are the basic units of industrial wastewater discharge. Thus, a study using firm-level data can clarify whether EVMR has a reduction effect on an enterprise’s water pollution discharge and provide more accurate clues for the improvement of environmental management systems.



Second, this study initially systematically examined the effect of EVMR on the WPR of enterprises. Although some literature has theoretically analyzed the rationality and necessity of EVMR [31,32], only limited empirical studies investigate its impact on pollution reduction. For instance, the authors of [33] empirically examine the effects of EVMR on firm-level SO2 emissions and industrial soot. To date, the effect on WPR is overlooked in the context of EVMR, and our paper fills this gap by providing policymakers with deeper insights into the actual mechanisms through which EVMR reduces water pollution discharge.



Third, taking China as an example can provide dual inspiration for other developing countries in terms of pollution control and policy direction. As the largest developing country, China is facing severe water pollution, and the Chinese government has committed to reducing such pollution. During the 11th Five-Year Plan period (2006–2010) alone, more than 82 billion CNY was invested nationwide to control industrial water pollution. The data come from the China Industrial Statistics Yearbook (2011). In addition, the Chinese government continuously attempts to optimize authority allocation across different levels of environmental departments, such as EVMR, to assist in reducing pollution. Thirty years of experience with EVMR in China could provide fresh insight for other developing countries in reducing pollution, especially water pollution.



The rest of this study is organized as follows. Section 2 outlines the institutional background and theoretical analysis. Section 3 describes the methodology, data, and variables. Section 4 presents and discusses empirical results. Section 5 and Section 6 present a set of heterogeneity analyses and the influencing mechanism analyses, respectively. Finally, Section 7 summarizes the main conclusions and policy implications.




2. Institutional Background and Theoretical Analysis


2.1. Environment Vertical Management Reform in China


Due to the rapid advancement of industrialization and urbanization, numerous Chinese enterprises have been discharging substantial volumes of wastewater, leading to a grave predicament of water pollution that poses significant threats to both the environment and human health [20]. To effectively control corporate water pollution discharge, the Chinese government has devised and implemented EVMR. Through these EVMRs, personnel authority, financial power, and environmental regulatory authority of environmental protection departments below the prefecture level were uniformly transferred to the prefecture-level environmental protection department, and this department assumes the responsibility for environmental supervision on the whole prefecture-level city [31,33]. Compared with the previous environmental territorial management system mainly led by the local governments, this policy leverages the compelling enforcement authority of both the central and local governmental bodies to compel enterprises into compliance with environmental regulations and standards, thereby ensuring the containment of their water pollution discharges within reasonable limits. Consequently, EVMR engenders a unified regulatory framework that consolidates resources and efforts for the supervision and governance of these concerns.



Since the inception of the first EVMR in 1994, these reforms have been implemented in 333 Chinese cities by 2022 (refer to Figure 1). Following the work of [31,33], this study divides the policy process of EVMR into the following three stages.



Initial phrase in prefecture-level cities (1994–2006). China’s environmental management system began taking shape in the 1970s [31]. However, from 1978, the central government progressively decentralized administrative and economic powers in environmental management to local governments [34], resulting in a decentralized framework. Notably, the implementation of the 1989 Environmental Protection Law of People’s Republic of China emphasized this decentralized approach. However, local governments focused on economic growth have relaxed environmental regulations within the decentralized context, leading to a “local race to the bottom” or local protectionism [5,16]. To address localized interference in environmental management, the central government advocated EVMRs within local environmental protection departments. Starting in 1994, the EVMR pilot was initiated at the prefecture-level Dalian, Liaoning Province. From 1994 to 2006, EVMRs in prefecture-level cities predominantly covered the pink area of Figure 2, and the number of these pilot cities is small, less than 30 cities (Figure 1).



Further development phrase (2007–2014). In the 21st century, the Chinese government prioritized addressing environmental pollution and strengthening centralized environmental management. An illustrative manifestation of this shift was the 2007 Special Environmental Protection Supervision undertaken by the Central Committee and the State Environmental Protection Administration, involving nationwide supervision of local environmental governance [25,34]. This indicated an era of heightened centralization in China’s environmental management since 2007, reflected by an upsurge in cities engaging in EVMR implementation. By 2014, the number of pilot cities was up to 80 (Figure 1), mainly distributed in the orange area of Figure 2.



Phrase of in-depth promotion below the province level (2015–present). Recognizing deficiencies in the traditional environmental management structure, China introduced the Guidelines for the Pilot Program for the Vertical Management Reform of Environmental Monitoring, Inspection and Law Enforcement below the Provincial Level in 2016 [25,31]. By 2022, the EVMRs below the province level have been conducted in 157 cities of 12 provinces (municipalities) such as Chongqing, Hebei, Shanghai, Jiangsu, Shandong, Hubei, Shanxi (Figure 1), mainly distributed in the red area of Figure 2. The core of EVMR at the provincial level is to transfer the personnel power, financial power, and environmental monitoring power of the prefecture-level environmental protection department to the province level so that the hierarchy of environmental protection agencies tends to be flattened [35]. This is a breakthrough of China’s environmental protection agencies from decentralization to a higher degree of centralization.




2.2. Theoretical Analysis and Research Hypothesis


Due to the inherent characteristics of non-excludability and non-rivalry, public goods necessitate governmental intervention to ensure effective governance and sustainable utilization. Among these, the water environment holds paramount significance, as its pollution or inadequate management can exert adverse impacts on public health, ecological system stability, and economic productivity. Scholars and policymakers have extensively investigated the “optimal” authority allocation across levels of environmental departments in the context of corporate pollution reduction, namely the “optimal” degree of environmental decentralization or centralization (see Section 1).



Under the traditional decentralized environmental governance system in China, the central government typically possesses the authority to formulate environmental policies, regulations, and standards, while local governments are responsible for the specific implementation and supervision. However, this decentralization system can give rise to agency problems [36,37]. Agency problems occur when an organization or individual (the agent) is authorized to act on behalf of another organization or individual (the principal), and the agent’s interests may not align entirely with those of the principal, resulting in inconsistent behavior or outcomes that deviate from the principal’s expectations [38,39]. For instance, the Chinese central government may emphasize environmental protection and sustainable development, while local governments might prioritize local economic growth and employment [40]. This could lead to a situation where local authorities lower regulatory standards or enforcement efforts in environmental supervision to meet local economic interests [25]. Additionally, agency issues could involve information asymmetry [41]. In the context of the territorial management system, local governments hold information advantages, whereas the central government faces information disadvantages [42]. Local governments control enterprise pollution through spot checks and penalties, while the central government relies on data monitoring and feedback from local governments. As a result, the central government lacks effective supervision over grassroots environmental agencies and polluting enterprises, while local governments are driven by both political and economic considerations, potentially conspiring with local businesses to relax environmental regulations.



EVMR has changed this phenomenon. By transferring environmental regulatory and monitoring powers upward, the central government now directly supervises local pollution control efforts. This shift changes the role of information asymmetry between central and local governments, making collusion between local governments and enterprises more challenging [43]. In the face of this regulatory power shift, local governments will no longer be able to offer “protection” to local polluting enterprises. Therefore, based on the principle of profit maximization, enterprises should adjust their production strategies to reduce their pollution emissions. Transforming production patterns is considered one effective means to reduce enterprise pollution [44]. Specifically, outsourcing non-core activities to specialized service providers can be a viable strategy. On the one hand, this enables enterprises to concentrate on their core competencies, efficiently managing and optimizing resources to minimize wastage [45]. On the other hand, outsourcing partners often possess expertise in their domains. By entrusting high-pollution activities to specialized service providers, enterprises can leverage their proficient management and skills, adopting advanced environmental technologies and methods to curtail emissions [46]. Based on the above analysis, we proposed the following two hypotheses:



Hypothesis 1.

The implementation of EVMR can effectively promote enterprises to reduce water pollution in pilot cities.





Hypothesis 2.

EVMR may lead to production pattern transformation to achieve WPR.







3. Methodology and Data


3.1. Econometric Model


3.1.1. Difference-in-Differences Method


The DID method is commonly applicable in empirical analysis to obtain the net effects of the policy shock by effectively alleviating the endogeneity problems [47,48]. EVMR, as a typical practice of environmental centralization in China, provides a quasi-natural experiment to establish a DID model. In addition, this study chooses the time-varying DID method to investigate the effects of EVMR on WPR since the traditional DID model is not applicable to evaluate the policy effects due to the inconsistent time point of EVMR implementation [47,49]. The specific model could be set up as follows:


  w p  a  i j c t   =  β i  +  β j  +  β c  +  β t  +  β 1  V M  R  i j c t   +  β 2   Γ ′   X i  +  ε  i j c t    



(1)




where   w p  a  i j c t     represents total amount of water pollution by enterprise  i  in industry  j  located in city  c  in year  t .   V M  R  i j c t    , the interaction term   r e f o r m × d  t   , is the core independent variable of this model. Specifically,   r e f o r m   is a policy dummy variable. If the enterprise is located in the pilot city,   r e f o r m   takes a value of 1 and otherwise is 0.   d  t    represents time dummy variable,   d  t    equals 1 during the pilot period and otherwise equals 0. If    β 1    is significantly negative, it means EVMR effectively promotes WPR of enterprises. If    β 1    is significantly positive, it means EVMR inhibits WPR, and if    β 1    is not significant, it indicates EVMR is not directly related to WPR. Based on the analysis in the background, the implementation of EVMR can promote enterprises to improve WPR; thus, we expect a negative    β 1   .



In addition, a vector of control variables    X i    is added into Equation (1) to control for the impact of firm- and region-level characteristics.    β i   ,    β j   ,    β c   , and    β t    respectively representing the fixed effects of individual enterprises, industry, city, and time are also added to control for time-invariant firm characteristics and individual-invariant time-varying characteristics.




3.1.2. PSM-DID Approach


Another important prerequisite for the DID model is that the selection of the treatment group is random [50]. If non-random events interfere with EVMR implementation, such self-selection can lead to “confounding bias” and “selection bias” [47,50]. Following the work of [51] and [52], this study uses PSM to find a new control group that is as similar in characteristic change over time to the treatment group as possible and uses DID to obtain the new treatment effect. Specifically, the PSM-DID method consists of the following three steps:



First, estimate the following equation using the Probit model:


   P i  = P r o b i t    D i  = 1 |  X i    = Φ    X i     



(2)




where    D i    is a dummy variable representing whether city  i  is a pilot city. A city is a pilot city if at least one EVMR was conducted in this city. The value of    D i    is 1 if city  i  is a pilot city, otherwise the value of    D i    is 0.    X i    represents a battery of firm- and region-level characteristic variables, including logarithm of GDP, urbanization level, logarithm of road intensity and industrial upgrading. The data were obtained from China City Statistical Yearbook or the statistical yearbook of every province, autonomous region, or municipality in the relevant years.   Φ  ⋅    represents the cumulative distribution function of the standard normal distribution. Given the characteristic variables of city  i , the estimated value of propensity score, namely     P ^  i   , is obtained using Equation (3).



Second, employ the nearest neighbor matching. Specifically, for each city  i  in the region-level treatment group, select a city   j  i    from the region-level control group as one of the samples in the new region-level control group. The region-level treatment group consists of cities where at least one EVMR was conducted and the region-level control group consists of cities where no EVMR was conducted. The estimated value of propensity score of    X j   , namely     P ^  j   , should be as close as possible to that of    X i   . That is, the following criteria must be met:


  j  i  =    arg min  j       P ^  j  −   P ^  i    , ∀ j  



(3)







These selected samples comprise the new control group, which provides a more comparable reference for the treatment group, and the treatment group remain unchanged.



Third, conduct DID by re-estimating Equation (1) with these matched samples, and the new treatment effect is obtained. If the new effect is similar to the treatment effect, the benchmark results is robust even after avoiding the possible “confounding biases” and “selection biases” problems.





3.2. Data and Summary Statistics


3.2.1. Variable Selection


This study aims to examine the effect of EVMR on WPR. The dependent variable is water pollution amount (WPA), and the independent variable is the dummy variable   V M R  . As the information on when and where EVMRs were conducted has not been documented in detail, we manually collect and sort this information through the official websites of China’s environmental protection authorities and the People’s Government of China at all levels, as well as the China Environment Yearbook. Given a firm’s location, we can determine whether a firm is subject to EVMR policy or not in a year based on these data.



Referring to the existing literature [25,52], this study adds a vector of control variables to control for the impacts of firm- and region-level characteristics. Specifically, firm-level variables include enterprise growth (  g r o w t h  ), fixed capital stock ( K ), and profit margin (  p r o f i t  ), and region-level variables include degree of industrial agglomeration (  a g g l o  ), industrial upgrading (  i n d u  ), infrastructure (  r o a d  ), and foreign direct investment (  F D I  ). The specific variables and definitions are shown in Table 1.




3.2.2. Data Sources and Descriptive Statistics


The data for enterprise sample are obtained from CIED and CEPED from 1998 to 2014. CEPED is rich in enterprise information, including a range of indicators such as enterprise name, administrative division, total industrial water consumption, and industrial wastewater discharge. Meanwhile, we use the enterprise names and legal representatives to match these data with the enterprise data provided by CIED. CIED is also a firm-level database with comprehensive information, including over 100 financial indicators. After matching, we obtain 227,693 enterprise samples, of which the large sample size can greatly improve the validity of the sample data.



To avoid the influence of samples with accounting statistical error, referring to [53], we delete the samples conforming to the following accounting standards: (1) sales revenue is below the export value; (2) fixed assets or current assets are greater than total assets; (3) total output value is zero; (4) total output value (fixed assets) is less than zero; (5) the start year is later than the current year or the start month is later than December. Moreover, this study takes the GDP deflator as an inflation indicator to eliminate the impact of price factors. The descriptive statistics of data are shown in Table 2.




3.2.3. Preliminary Observation of Data


To visualize the distributional stability of some important characteristics of the treatment (pilot cities of EMVR) and control groups (other cities), we draw the distribution density of the average WPR after EVMR implementation. As shown in Figure 3, the red and the black curves, respectively, represent the distribution of control and treatment groups. It is observed that the two probability density curves are very similar in shape, indicating the distribution characteristics of two groups are relatively the same (Lyu et al., 2023) [52]. Moreover, the curve for treatment group shifts toward the left direction compared with the curve for control group. Thus, we preliminarily speculate that it may be the knock-on effects of EVMR on WPR, though the effects need further accurate estimation.






4. Empirical Results and Analysis


4.1. Baseline Results


Presented in Table 2 are the baseline results of the time-varying DID model. The result in column (1) of Table 3 shows that the coefficient of   V M R   is significantly negative at 5%, which means that EVMR effectively promotes enterprises to reduce their water pollution discharge. This is consistent with the research of [25,29], who find that EVMR improves enterprises’ performance in pollution reduction. The result also indicates that improvement in management efficiency has a positive impact on a firm’s environmental performance and its importance in achieving sustainable development goals (SDGs).



Considering the geographical distribution of the cities implementing EVMR, this paper controls city-level characteristics. Different from studies using region-level data [16,24,25], this paper uses data from CIED and CEPED, so the characteristics at the firm level should also be controlled. Specifically, we control enterprises’ growth rates of gross output values, firms’ fixed capital stocks, and enterprises’ profit margins. Further regression results are shown in column (2) in Table 3. After controlling other characteristics and variables, the impact of EVMR on firm WPR is still significantly negative at 5%, further confirming that the reform in the environment management system can improve the environmental performance of enterprises. In addition, the increase in a firm’s growth rate of gross output value, fixed capital stock, foreign direct investment, industrial upgrading, and agglomeration will aggravate its water pollution discharge.



In addition, we use different pollution indicators to investigate the effects of EVMR on WPR. Chemical oxygen demand (COD) and ammonia nitrogen (NH3-N), the main pollutants in wastewater, provide alternative measures to investigate the effect of EVMR on WPR. As shown in columns (3) of Table 3, the coefficient of   V M R   is −0.0364 (p < 0.05), indicating that the implementation of EVMR promotes enterprises to diminish COD discharge by 3.64%, further ensuring the robustness of the baseline results. However, column (4) shows that the effect of EVMR on the NH3-N discharge is positive at the 10% level, implying that EVMR does not inhibit NH3-N discharge. As the NH3-N in wastewater is difficult to treat [54,55], enterprises tend to make more efforts in COD reduction instead of NH3-N reduction for cost and complexity reasons when faced with stricter environmental regulations. In addition, the relevant national standards emphasize COD reduction rather than NH3-N reduction. For national standards such as China’s 12th Five-Year-Plan, see http://www.gov.cn/2011lh/content_1825838.htm (accessed on 10 March 2023), which may raise enterprises’ efforts in COD reduction and reduce their efforts in NH3-N reduction. Thus, a COD discharge reduction effect accompanied by a positive effect on COD emission is observed after policy implementation.




4.2. Results of Parallel Trend Test


This study uses the 12 years prior to and 8 years after EVMR implementation as observation points to construct a PTT model. The estimated coefficients with their 90% confidence intervals are shown in Figure 4. We find that the estimated coefficients, before the implementation of EVMR, are significantly positive or not significant, indicating that the difference between the mean values of water pollution of the treatment and control groups is fixed or not significant [56]. In contrast, the estimated coefficients, after EVMR implementation, become negative immediately, indicating the negative effects of EVMR on water pollution. These findings show that the parallel trend assumption holds [52], and it is rational to use the DID model to investigate the effects of EVMR on WPR.




4.3. Results of PSM-DID


To control for “confounding bias” and “selection bias”, we combine PSM and DID to investigate the effect of EVMR on WPR using Equation (3), and the PSM-DID results are shown in Table 4. As shown in columns (1) and (2) of Table 4, the coefficients of   V M R   are negative at the 1% level whether Equation (1) has control variables or not. It indicates that the impact of EVMR remains significant even after overcoming the selection and confounding bias. That is to say, the negative effects of EVMR remain unchanged when the pilot cities are randomly designated [57]. Our estimation results of PSM-DID further verify the robustness of baseline results.





5. Heterogeneity Analysis


Referring to existing literature [52,58], the effects of environmental regulations on enterprises’ WPR can be affected by region- and firm-level characteristics. Thus, we further investigate whether the effects of EVMR on WPR vary with enterprise sizes, regions, and industry pollution intensities.



According to the Methods for the Classification of Statistically Large, Small, and Micro Enterprises (2017) and the Industry Classification of National Economy (GB/T4754-2017), we divide enterprises into large-, medium-, small- and micro-sized enterprises, Large-sized enterprises are enterprises with GDP of more than 400 million CNY, medium-sized enterprises are enterprises with GDP of more than 20 million and less than 400 million CNY, small-sized enterprises are enterprises with GDP of more than 3 million and less than 20 million CNY, and micro-sized enterprises are enterprises with GDP of less than 3 million CNY and investigate the impacts of EVMR on enterprises of different sizes. As shown in Table 5, the estimated coefficients of   V M R   for large- and medium-sized enterprises (LMEs) are significantly negative at the 1% level, indicating that EVMR can effectively promote LMEs to reduce water pollution. Since LMEs can reduce or offset the cost of pollution control caused by environmental regulations through achieving “scale effects” [59], they are more capable or willing to deal with environmental problems by reducing pollution emissions [60]. Conversely, the estimated coefficients of   V M R   for small- and micro-sized enterprises are not statistically significant, indicating that EVMR does not affect enterprises’ WPR. Since they are unwilling to or cannot afford the high costs of pollutant treatment because of their small scale and lack of matched pollutant treatment equipment, the effects of EVMR on the WPR of small- and micro-sized enterprises are fairly limited [58].



Different provinces and cities in China have great differences in the socioeconomic development level and environmental problems [61]. In terms of environmental government, the implementation efficiency of local governments is uneven, and thus, the effects of EVMR may have regional heterogeneity. Following the classification standard of three economic zones by the National Bureau of Statistics of China, we divide the samples into enterprises in the eastern, central, and western regions of China. As shown in Table 6, the coefficients of   V M R  , except for the western region, are significantly negative at the 1% level. It indicates that EVMR can effectively promote enterprises in the central and western regions to improve water pollution treatment, whereas EVMR has nothing to do with water pollution treatment in the eastern region. Compared with the eastern region, the other regions prioritize economic growth and tax revenue over environmental pollution reduction due to their lower development and industrialization levels [25,61]. When EVMRs were conducted, local governments of the pilot cities in the central and western regions had no choice but to deal with environmental problems. As a result, the stricter regulation leads to significant effects on enterprises’ WPR in these regions and an insignificant effect on enterprises’ WPR in the east [33].



With reference to the classification of [62], we divide the samples into enterprises operating in industries with high pollution intensity and those in industries with low pollution intensity by estimating the amount of pollution emitted per unit of output. As shown in columns (1) and (2) of Table 7, there is no direct relationship between EVMR implementation and WPR of the enterprises in industries with high pollution intensity, while EVMR can effectively promote those in industries with low pollution intensity to reduce water pollution. The possible reason is that the industries with high pollution intensity have always been the focus of monitoring under China’s environmental protection authorities, thus having tighter environmental regulation, and EVMR has an extremely limited impact on WPR reduction in these industries [25]. Conversely, enterprises in industries with low pollution intensity are often faced with more lax environmental regulations; thus, they are forced to strengthen pollution emission reduction in the face of stricter environmental regulation.




6. Influencing Mechanism Analysis


The results above confirm that EVMR effectively promotes enterprises to reduce water pollution. What are the influencing mechanisms of this effect? After EVMR implementation, enterprises usually adopt two approaches to reduce water pollution. One is to purchase wastewater treatment facilities for the sewage treatment terminal, which is one of the most direct ways to treat wastewater [63]. The other is to transform production patterns toward clean production or pollution treatment outsourcing, thereby reducing fresh water consumption and raising water pollutant removal rates accordingly [52]. Thus, we examine the mechanisms from the perspective of wastewater treatment facilities, production mode, fresh water consumption, and removal rates of water pollutants. The regression results are shown in Table 8.



First, we investigate the impact of EVMR on the number of wastewater treatment facilities, and the results are shown in column (1) of Table 8. The coefficient of   V M R   is not significant, implying that EVMR has no impact on the number of wastewater treatment facilities. The possible reason is that wastewater treatment facilities are classified as high-investment fixed assets, and enterprises tend to carry out technical transformation of the original treatment facilities rather than new equipment purchases; this finding is consistent with the fact that enterprises are unwilling to equip pollution treatment facilities to incur high costs [58].



According to transaction cost theory, when the marginal cost of internal transactions is smaller than the marginal cost of market transactions, enterprises tend to raise the degree of vertical integration by internalizing some external market activities to reduce total costs [45]. To examine the impact of EVMR on the degree of vertical integration of enterprises, we discuss the impact of EVMR on the vertical integration index and the amount of fresh water consumption. As shown in columns (2) and (3) of Table 8, EVMR has a negative impact on the vertical integration index and fresh water consumption. It implies that EVMR prompts more enterprises to outsource some production activities, such as pollution treatment, and thus, fresh water consumption is reduced.



Furthermore, most enterprises often outsource the difficult-to-treat part of the wastewater, which not only saves costs but also greatly improves the efficiency of water pollution treatment of enterprises. Then, using the removal rates of COD and NH3-N, we further explore the influencing mechanism based on this idea. As shown in columns (4) and (5) of Table 8, the removal rates of COD and NH3-N are significantly negative at the 1% level, indicating that EVMR effectively promotes enterprises to improve the removal rates of COD and NH3-N. Specifically, the removal rates of COD and NH3-N in wastewater respectively increase by 3.64% and 2.84%, demonstrating that the efficiency of water pollution treatment is improved. Based on the above analysis, we find that transforming the production mode toward clean production or pollution treatment outsourcing is the crucial channel through which an EVMR policy affects the WPR of enterprises.




7. Conclusions and Implications


Enterprises, being the primary economic contributors and major polluters, play a pivotal role in achieving the SDGs. Enterprises’ production patterns and pollutant discharge will be influenced by the efficiency of a local government’s environmental management. Taking EVMR, a quasi-natural experiment implemented in China, this article constructs a time-varying DID to evaluate the effect of the centralization of the environmental management of WPR by using a novel large-scale micro-dataset, and the benchmark results have passed a series of robustness tests such as PSM-DID.



The main conclusions of this study are the following. First, EVMR can significantly promote the firm-level WPR, indicating the improvement in management efficiency has a positive impact on the firm’s environmental performance. Second, the policy effects are heterogeneous in terms of enterprise regions, industry pollution intensities, and sizes. The positive effects are more pronounced for enterprises in the western region, enterprises in low-polluting industries, and large enterprises. Third, the influencing mechanism analysis reveals that EVMR promotes WPR by stimulating production pattern transformation and decreasing fresh water consumption rather than by increasing wastewater treatment facilities.



Based on the findings presented above, the following policy recommendations are proposed. First, governments could consider expanding the implementation of EVMR across various regions and industries. This can be achieved by introducing EVMRs into the areas where they have not yet been adopted or by further enhancing their scope in implemented regions. A wider adoption of EVMR policies might lead to greater reductions in water pollution discharge. Second, the government could formulate policies that consider the variations in the impact of EVMR across different regions, industry sectors, and enterprise sizes. For instance, enhanced support and incentive measures can be offered to enterprises that exhibit a less significant response to EVMR. Third, the government can incentivize enterprises to transform their production patterns. For instance, they can promote outsourcing specific production activities, particularly the challenging aspects of wastewater treatment. This approach not only has the potential to yield cost savings for businesses but also enhance the efficiency of water pollution abatement. Furthermore, governmental support for technological upgrades can be instrumental in assisting enterprises in enhancing their wastewater treatment and emissions reduction capabilities.



There are several limitations to the work presented in our study. One is that due to the implementation scope of EMVR and data availability, this paper fails to analyze the effect of EVMR implementation in a wider range of countries. Another limitation is that the effects of EMVR on WPR performance in agriculture and services sectors are not discussed in this paper due to data availability. Despite these limitations, the DID model used in this paper offers a promising approach to investigating the net effect of policy implementation. In future research, given that the current research is confined to specific nations or regions, subsequent investigations could broaden their scope by comparing the effects of EVMR policy implementation across various countries or regions. In addition, future research can delve deeper into the impacts of EVMR implementation on WPR performance in distinct sectors, such as agriculture and services, to comprehensively comprehend the policy’s effects.
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Figure 1. Quantities of cities implementing EVMR in China (1994–2022). Data source: the websites of China’s environmental protection departments at all levels, the websites of China’s people’s governments at all levels, the China Environmental Yearbook and environmental protection records at all levels, Baidu Encyclopedia, News Network, etc. 
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Figure 2. Geographic distribution of EVMR (1994–2022). Source: China Standard Map System (Revision number: GS(2016) 1569), see http://bzdt.ch.mnr.gov.cn/index.html (accessed on 8 July 2022). 
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Figure 3. Probability distribution of the mean value of WPA after EVMR implementation. 
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Figure 4. Estimated coefficients of parallel trend test using Equation (2). 
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Table 1. Definitions of variables.
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	Variable
	Economic Meaning
	Definition





	   w p a   
	Water pollution amount
	Logarithm of water pollution amount



	   V M R   
	Policy dummy variable
	  V M R   takes a value of 1 if the enterprise’s located city has already implemented EVMR, and 0 if otherwise



	   g r o w t h   
	Enterprise growth
	Growth rate of total industrial output value



	  K  
	Enterprise size
	Logarithm of fixed capital stock



	   p r o f i t   
	Enterprise profit margin
	Ratio of profit to gross industrial output ∗ 1000



	   a g g l o   
	Industrial agglomeration
	The logarithm of location entropy



	   i n d u   
	Industrial upgrading
	Ratio of secondary and tertiary industry GDP to GDP



	   r o a d   
	Infrastructure
	Logarithm of the mileages of city roads



	   F D I   
	Foreign direct investment
	Logarithm of foreign capital amount actually utilized










 





Table 2. Descriptive statistics of variables.
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	Variable
	Observation
	Mean
	Standard Deviation
	Min
	Max





	   w p a   
	397,892
	1.5393
	2.4707
	−9.2103
	11.3281



	   V M R   
	534,972
	0.1643
	0.3706
	0
	1



	   g r o w t h   
	534,972
	0.0291
	0.2881
	−13.1493
	6.9265



	  K  
	534,972
	0.0354
	0.2976
	0
	48.6610



	   p r o f i t   
	534,972
	−0.0001
	0.0298
	−21.5740
	0.7164



	   a g g l o   
	534,972
	−9.8135
	3.2992
	−38.8538
	6.9995



	   i n d u   
	534,972
	83.5489
	23.2082
	0
	99.9700



	   r o a d   
	534,972
	8.1248
	2.7375
	0
	11.7550



	   F D I   
	534,972
	9.1158
	3.0783
	0
	13.3167










 





Table 3. Effects of EVMR on WPR of enterprises.
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Variables

	
Baseline Model

	
Different Pollution Indicators




	
Without Control Variables

	
With Control Variables

	
COD

	
NH3-N




	
(1)

	
(2)

	
(3)

	
(4)






	
   V M R   

	
−0.0356 **

(0.0144)

	
−0.0323 **

(0.0144)

	
−0.0364 **

(0.0145)

	
0.1040 *

(0.0231)




	
   g r o w t h   

	

	
0.0781 ***

(0.0081)

	
0.0781 ***

(0.0081)

	
0.0514 ***

(0.0121)




	
  K  

	

	
0.0385 **

(0.0161)

	
0.0384 **

(0.0158)

	
0.0076

(0.0190)




	
   p r o f i t   

	

	
−0.0415

(0.0346)

	
−0.0387

(0.0349)

	
−0.0661 **

(0.0292)




	
   a g g l o   

	

	
0.0048 ***

(0.0013)

	
0.0048 ***

(0.0013)

	
0.0100 ***

(0.0020)




	
   i n d u   

	

	
0.0015 ***

(0.0005)

	
0.0015 ***

(0.0005)

	
0.0013

(0.0012)




	
   r o a d   

	

	
0.0093

(0.0069)

	
0.0103

(0.0069)

	
−0.0523

(0.0376)




	
   F D I   

	

	
0.0159 ***

(0.0056)

	
0.0162 ***

(0.0056)

	
−0.0012

(0.0100)




	
Year FE

	
Yes

	
Yes

	
Yes

	
Yes




	
Industry FE

	
Yes

	
Yes

	
Yes

	
Yes




	
City FE

	
Yes

	
Yes

	
Yes

	
Yes




	
Individual FE

	
Yes

	
Yes

	
Yes

	
Yes




	
    R 2    

	
0.7737

	
0.7739

	
0.7725

	
0.7500




	
  N  

	
396,869

	
396,869

	
395,926

	
212,507








Note: White robust standard error in parentheses, ***   p < 0.01  , **   p < 0.05  , *   p < 0.1  . Hereinafter.













 





Table 4. Regression results of PSM-DID.
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	Variables
	(1)
	(2)





	   V M R   
	−0.1367 ***

(0.0210)
	−0.1176 ***

(0.0211)



	Control variables
	No
	Yes



	Year FE
	Yes
	Yes



	Industry FE
	Yes
	Yes



	City FE
	Yes
	Yes



	Individual FE
	Yes
	Yes



	    R 2    
	0.7433
	0.7438



	  N  
	300,857
	300,857







Notes: T-value adjusted by the White covariance matrix in parentheses. *** p < 0.01.













 





Table 5. Heterogeneity analysis of different enterprise sizes.
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Variables

	
Small- and Micro-Sized

	
Medium-Sized

	
Large-Sized




	
(1)

	
(2)

	
(3)






	
   V M R   

	
0.0384

(0.0492)

	
−0.0305 ***

(0.0174)

	
−0.1123 ***

(0.0388)




	
Control variables

	
Yes

	
Yes

	
Yes




	
Year FE

	
Yes

	
Yes

	
Yes




	
Industry FE

	
Yes

	
Yes

	
Yes




	
City FE

	
Yes

	
Yes

	
Yes




	
Individual FE

	
Yes

	
Yes

	
Yes




	
    R 2    

	
0.7716

	
0.7678

	
0.8044




	
  N  

	
72,274

	
284,690

	
39,905








Notes: *** p < 0.01.













 





Table 6. Heterogeneity analysis of different regions.
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Variables

	
Eastern

	
Central

	
Western




	
(1)

	
(2)

	
(3)






	
   V M R   

	
0.0340

(0.0265)

	
−0.0754 ***

(0.0207)

	
−0.1018 ***

(0.0394)




	
Control variables

	
Yes

	
Yes

	
Yes




	
Year FE

	
Yes

	
Yes

	
Yes




	
Industry FE

	
Yes

	
Yes

	
Yes




	
City FE

	
Yes

	
Yes

	
Yes




	
Individual FE

	
Yes

	
Yes

	
Yes




	
    R 2    

	
0.7928

	
0.7584

	
0.7692




	
  N  

	
142,888

	
188,077

	
65,005








Notes: *** p < 0.01.













 





Table 7. Heterogeneity analysis of different industry pollution intensity.
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Variables

	
High

	
Low




	
(1)

	
(2)





