

[image: Efficacy of ecological compensation programs under centralized management: evidence from China]
Efficacy of ecological compensation programs under centralized management: evidence from China





ORIGINAL RESEARCH

published: 24 February 2025

doi: 10.3389/fmars.2025.1514149

[image: image2]


Efficacy of ecological compensation programs under centralized management: evidence from China


Xiaoyao Xie 1, Wentai Tao 2* and Yuhong Wang 3


1 School of Law, Ningbo University, Ningbo, Zhejiang, China, 2 Institute for Human Rights, Guangzhou University, Guangzhou, Guangdong, China, 3 School of Business, Jiangnan University, Wuxi, Jiangsu, China




Edited by: 

Kevin Li, University of Windsor, Canada

Reviewed by: 

Yang Benshuo, Qingdao University, China

Kairong Liang, Nanjing University of Information Science and Technology, China

*Correspondence: 

Wentai Tao
 taowentai@yeah.net


Received: 20 October 2024

Accepted: 28 January 2025

Published: 24 February 2025

Citation:
Xie X, Tao W and Wang Y (2025) Efficacy of ecological compensation programs under centralized management: evidence from China. Front. Mar. Sci. 12:1514149. doi: 10.3389/fmars.2025.1514149



Watershed ecological compensation programs have emerged as a pivotal instrument for internalizing the externalities associated with watershed ecological protection. In most countries, the direct participants in ecological compensation projects are ordinary persons and enterprises, but in China, the direct participants are local governments and the central government, which to some extent affected the efficacy of the compensation programs. This study used PSM–DID to analyze the efficacy of the Xin’an River Basin Ecological Compensation Project (Xin’an-BECP) and calculated the loss of opportunity developed in the upstream area through EKC (Environmental Kuznets Curve) fitting, which makes the benefit assessment of government-led ecological compensation projects more objective and provides a model that can be used to analyze the benefits of BECP in developing countries. Our results show that (1) the treatment effect of the Xin’an-BECP is not obvious; (2) the compensation funds gained by the upstream area are much lower than the theoretical opportunity loss; and (3) enterprises are not transaction participants in the Xin’an-BECP. Finally, based on the conclusions of the discussion, we propose specific policy recommendations to guide developing countries in increasing the compensatory effects of BECP in the context of growing demand for economic development. 
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1 Introduction

Statistical analysis indicates that approximately 50% of the world’s rivers are contaminated, and there has been a 25% decrease in freshwater resources since 1980 (Mekonnen and Hoekstra, 2017). China’s economic growth is predominantly propelled by the advancement of manufacturing and industry, which has caused numerous pressing ecological and environmental concerns, particularly within the Yangtze River Basin (Hansen et al., 2018). In recent years, watershed ecological compensation programs have emerged as a pivotal instrument for internalizing the externalities associated with watershed ecological protection (Börner et al., 2017). However, the watershed is frequently divided into different administrative units, which have complex interests in the same basin because of the scarcity and liquidity of water resources (Song et al., 2013). In particular, the implementation of basin ecological compensation programs in China is still mainly based on urban agglomerations, small watersheds, or fragmented areas divided by large-scale watersheds (Chi et al., 2024). Since compensation means balanced interests, it is agreed upon that the subjects of resources development and utilization should pay or provide compensation measures to subjects whose own interests are affected by protecting the resources (Bull et al., 2013). It can be seen that the ultimate goal of ecological compensation of a river basin is inherent in achieving benefit balance by transferring part of the rights and interests under the reasonable division of labor, and the governance of watershed pollution can be seen as the natural result of the balanced benefit.

In most countries, the direct participants in ecological compensation projects are ordinary persons and enterprises. However, in China, the direct participants are local governments and the central government—ecological compensation projects involving only government agencies (ECPioGA). In addition to providing substantial financial support, the central government also assumes the role of adjudicator in the process. Despite improvements in river water pollution in recent years, the problem of water pollution in river basins remains severe. The Xin’an River’s main stem measures 373 km in length, with a basin area in excess of 11,000 km2 (see Figure 1) and a permanent population of 13,838,000. In 2012, China launched the Xin’an-BECP, which operates as follows: if Huangshan City in Anhui Province (upstream area) provides water that meets the standards of Hangzhou City in Zhejiang Province (downstream area), the Hangzhou Municipal Government will compensate the Huangshan Municipal Government; if the water provided by Huangshan City does not meet the quality standards, the Huangshan Municipal Government must compensate the Hangzhou Municipal Government for water pollution damage; the central government provided the main financial support during the initial operation of the project and then withdrew from the project.




Figure 1 | The basin of the Xin’an River.



However, further discussion is required on the following points: firstly, whether the effectiveness of the ECPioGA was significant, and secondly, whether economic development opportunities that were lost upstream due to water management were fully offset by compensation downstream. Our research found that the effectiveness of the Xin’an-BECP was not significant, and the compensation level downstream did not make up for the development opportunities lost upstream.




2 Literature review and mechanism analysis



2.1 Literature review

With the environmental problems becoming increasingly serious, there are more and more studies on environmental governance. Crossover studies between different disciplines have become mainstream, especially in the field of ecological compensation. However, there have not been much studies done on the benefit evaluation of watershed ecological compensation projects, especially relevant explorations on benefit assessment methods of the watershed ECPioGA in China. In the realm of ecological compensation research, it is well-known and widely accepted that the institutional function of the financial ecological appropriation is to compensate local governments for the loss of profits caused by eco-environmental protection, so as to stimulate the supply of ecological services (Liu, 2015). The best form of financial allocation should be matching grants in the light of incentives, but most of the existing policy practices are shown as package grants, which makes it difficult to assess the final benefit of the compensation project. The research related to this issue mainly includes the following aspects:

First and foremost is the definition of the policy objectives for ecological compensation. Corbera et al. (2007) argued that fairness of ecological compensation can be divided into three dimensions, namely, participation fairness, decision-making fairness, and outcome fairness; outcome fairness depends on participation fairness and decision-making fairness. This theory challenged the efficiency-only theory of ecological compensation policy goals advocated by the neoclassical economics (Cox, 2003). There are some scholars who believe that ecological compensation can only be achieved by one of three goals, namely, efficacy, efficiency, and fairness (Mayrand and Paquin, 2004). Others believe that the aim of ecological compensation is inherent in achieving environmental improvement and rural development, and that poor groups are the biggest victims of ecological damage (Nicolas et al., 2008; Barbier, 2008). Holding different opinions, Clements et al. (2010) argued that the balance between efficiency and social inclusion of ecological goals is an important factor that has great influence on the long-term operation and efficacy of ecological compensation. However, what needs to be added is that, in China, socialism and mixed economy are still the dominant principles of the Chinese management model (Fan et al., 2019); in particular, political factors have a great influence on environmental policy (Li et al., 2022), which, in turn, determines the policy goals of BECP to a certain extent.

Secondly, the method of project benefit evaluation is decided by the mode of the ecological compensation project. Research on BECP is chiefly concerned with the establishment and evaluation of water quality control targets for watershed waterbody characteristics. This is done in order to determine ecological compensation values and financial flow strategies, which, in turn, can effectively improve the pollution status of a watershed (Sonter et al., 2020). In this context, the relationship between diverse stakeholders within the same watershed becomes a pivotal aspect. The effective implementation of compensation schemes is contingent upon the existence of appropriate incentives to influence the conservation behavior of stakeholders (Hayes et al., 2019). However, some scholars have summarized 457 relevant documents and found that government agencies have participated in most of the ecological compensation projects, but what differs are their research directions of the ECPioGA (Schomers and Matzdorf, 2013). Liu believed that the institutional function of ecological compensation consists in coordinating interest relations rather than completely “covering” ecological externalities (Liu, 2015). Instead of improving the ecological environment indicators directly, the goal of compensation is to change the ecological behavior of decision-makers that ultimately ended with the mechanism of intergovernmental fiscal ecological compensation. Wang and Li (2015) emphasized the effective integration of the government and market in the progress of compensation. Zheng and Ge (2019) deemed that it is more efficient to construct a diversified ecological compensation model with the coupling of government compensation, market compensation, and social compensation.

The third aspect concerns the evaluation of the compensation projects. In the light of the efficacy of ecological compensation policies, Pagiola assessed the efficacy of compensation policies by measuring the benefits and negative returns of ecological zones brought by resource development and conservation (Pagiola et al., 2007). Sven (2007) considered that the deficiency of the majority of ecological compensation projects can be found in the lack of supervision and evaluation, and the compensation funds are also non-sustainable at the same time (this is consistent with most river basin ecological compensation projects in China); hence, the assessment highlights whether the service providers have changed the traditional methods of production or not. In addition, Corbera et al. (2009) evaluated the acceptability of ecological compensation, the income after compensation, the efficiency of forest management, and its organizational capacity in rural areas of Mexico in quantification. In combination with the variables exemplified by the residents’ ability in participating in compensation policies, individual characteristics, environmental awareness, and adaptability to the system, Nicolas et al. (2008) assessed the compensation project of Mexican forests. Recent studies have demonstrated that the evaluation of ecological compensation programs is no longer the ultimate research objective. Liu et al. (2023) constructed an ecological compensation mechanism under the dual control of water quality and water quantity, and the empirical analyses of this mechanism showed that the value of water quantity compensation is likely to be higher than the value of water quality compensation. This indicates that the impact of water quantity on the water environment is greater than that of water quality, and that it is necessary to ensure the river’s ecological water demand while strengthening the treatment of water pollution. In a related study, Li et al. (2024) examined the impact of the Xin’an-BECP on the regional economy. Their findings indicated that the implementation of the compensation program led to a shift in the local industrial structure, with an overall negative impact on the county economy. This shift, from secondary to primary and tertiary sectors, resulted in the inhibition of economic growth at the county level.

The last review on the existing research is about their evaluation methods of the compensation project. On the basis of Pagiola’s study, Zabel and Roe pointed out that in terms of assessing ecological compensation projects, unobservable factors such as “pollution leakage” and external influences should be highlighted since incomplete information will be produced by these non-objective factors, while Ferraro argues that the incomplete information can be solved by auction or measuring the opportunity cost (Zabel and Roe, 2009). Yu et al. (2024) proposed a tripartite evolutionary game model for two-way ecological compensation to estimate the incentive impact of cross-border horizontal ecological compensation policy on water pollution governance. Liu et al. (2022) quantitatively evaluated China’s basin ecological compensation policies based on the PMC index model; however, deficiencies in timeliness, incentive measures, and policy receptors were noted in the compensation policy. The above is a new evaluation method derived from specific issues, but the general evaluation method is roughly a combination of theoretical models and empirical models, such as Liu’s systematic evaluation on intergovernmental fiscal ecological compensation projects in six provinces of eastern China, and Wang and Tang’s empirical research on land urbanization in mainland China (Liu, 2015; Wang and Tang, 2019).

Though as pioneering and forward-looking as the existing research is, its research methods or results are not fully applicable to the benefit evaluation of the Xin’an-BECP. (1) The Xin’an-BECP is such a typical ECPioGA that the proportion of incomplete information will increase with the absence of micro-interested compensation subjects in the project. In the process of assessing, therefore, it is likely to miss the important variables or to be unable to effectively distinguish the causal relationship between the explanatory variable and the interpreted variable, which results in the significant difference between the OLS estimated value and the IV estimated value, and leads to the difficulty in solving the endogenous problems in the empirical model. (2) The most of the ECPioGAs, indeed, have the motivation to internalise externalities, which is directly reflected in the rigid demand for environmental governance, while the government’s anti-pollution actions have not been highlighted by the market-oriented evaluation method of ecological compensation projects.




2.2 Mechanism analysis

(1) The proportion of voluntary transactions is extremely little and the degree of commercialization of ecological services is fairly low. With regard to the supply and demand system of ecosystem services in the Xin’an River, there are rare eco-services transacted voluntarily based on the interests of both parties. The reasons are mainly summarized as follows:

	It is hard to reach the compensation price that both parties are satisfied with in the market due to the discrepancy of measurement cost for compensation fees. Different calculation methods adopted for different compensation projects bring about various prices of the same compensation volume, which is not conducive to the stability of the compensation price system; that is, the price information loses the credibility supported by market supply and demand.

	The guidance and support of policies for compensation projects are more economically attractive than private transactions. On the one hand, the government’s ability to allocate resources and process information is innately domineering. On the other hand, the opportunity cost of ecological service providers cannot be equivalently replaced by the compensation of the demand side. There is no reason and motivation for compensation even if there is the demand side. In other words, the Xin’an-BECP will not be activated without the leadership of the government.

	From the micro-level perspective, under the condition that ecological service providers guarantee the supply of ecological services, ecological compensation is a set of ecological environmental protection mechanism based on the purchase of ecological products and services; namely, the pure market-oriented ecological compensation is a voluntary transaction where a beneficiary (at least one) of an ecological service can purchase high-quality ecological services from an (at least one) ecosystem service provider (Sven, 2005). The nihilism of the micro-interests of ecological compensation in the Xin’an River Basin has squeezed the vital space of the voluntary trading market (Sven et al., 2008). In terms of the content of the three-round compensation agreement of the Xin’an River Basin, there are almost no direct compensation objects for residents in the areas where ecological services are provided, collective contractors whose main development capital is cultivated land or water area in the upstream river basin, and enterprises engaged in agricultural production in the river basin. For example, the measures for livestock and poultry collection, the construction of ecological tea gardens, etc. are still insufficient, and the existing compensation projects have limited influence over the involved providers of micro-direct production.



(2) The ecological compensation system of most developing countries is still at the stage of government financing. Sven et al. (2008), who researched on the ecological compensation system of developed and developing countries, divided the market transaction-type compensation system into government financing ecological compensation and beneficiary financing ecological compensation. In the Xin’an River ecological compensation system, the government takes the lead in the implementation and promotion of ecological compensation projects based on its functions and provides high-value financial subsidies to ecological service providers at the same time. The role of the government has changed from administrative regulators to a third-party agent who purchases ecological services collectively from the ecological service providers as a “total demander” (Wang and Li, 2015). This kind of administrative action that is called subsidy but is purchased, in fact, is actually more suitable for the ECPioGA. The destination of its development, undoubtedly, is nothing more than to establish a credit guarantee system, to provide technical assistance services, to promote the upgrading of the basin industry, and to cultivate a market trading mechanism of ecological compensation by means of other measures.

(3) It is difficult to evaluate the environmental benefits of ecological compensation accurately. As far as the object of the environmental benefit evaluation is concerned, although the natural restoration and self-purification function of the environment itself has been generally declining with the development history of human society, the ability of environmental self-restoration remains unstable despite the development of nearly 100 years, and this instability is even not observable at a certain time. Therefore, the level of environmental self-repair ability is always regarded as a random error term that affects the accuracy of benefit evaluation in the benefit evaluation system of ecological compensation, and the random error summarized by abstraction does not have the stability similar to white noise. The instability of environmental self-healing capabilities is even more true during the nearly 100 years when industry, technology, and information have developed rapidly. On account of this instability, it is difficult for us to distinguish how much improvement of the ecological environment comes from natural restoration and environmental purification, from spillover effects owing to the improvement of the ecological environment in the adjacent space, and from the supply side and the service itself directly (Wang and Li, 2015). As there are profitable business activities, there is a transaction risk associated with it. Based on the psychology of risk aversion, the relative party of the transaction will unconsciously increase the cost and transaction price of ecological services, which is largely affected by the situation of information asymmetry partly induced by the non-stationary and unpredictable self-healing ability of the natural environment. This series of linear conduction market behavior has an urgent need for the government’s subsidy funds, because the extra effort made by both sides when the eco-service transaction is finally concluded needs the incentive of subsidy. Therefore, defining the system function of ecological compensation fund with the term “subsidy” has its own meaning, because this kind of subsidy has an incentive effect on the ECPioGA and on market transaction ecological compensation system as well.

(4) Spatial factors have a decisive influence on the choice of different ecological compensation systems. The Xin’an-BECP is the first inter-provincial watershed compensation project with a main stream of 373 km and a drainage area of over 11,000 km2 in China. On the one hand, it is difficult for commercial institutions to complete the exchange activities of cross-regional ecological service independently in China due to its hugeness. On the other hand, without the participation of the private sector, the government’s intervention activities are effective in the project start-up stage, but the incentive effect on the project’s middle and late operation is gradually weakened, and the government can neither use the currency vote to evaluate the ecological service like the beneficiaries of the ecological service, nor can it propose the heterogeneous plan to evaluate the ecological service performance for the ecological service provider, which leads to the insufficient incentives for the providers of ecological services they deserve under the government intervention mechanism (Jing and Zhang, 2018).

Based on the reviews and considerations mentioned above, this paper will assess the environmental benefits of the Xin’an-BECP through the following two main steps: (1) Does the compensation project have a significant negative impact on the intensity of environmental pollution? The PSM–DID (Propensity Score Matching and Difference-In-Difference) method is firstly applied to evaluate the policy effects of the BECP; PSM is responsible for selecting control individuals and the individuals who will be treated, and DID is responsible for identifying the impact of policy shocks. (2) Is the compensation project itself in full compensation? Based on the evaluation of the PSM–DID method and the combination with the newly fitted Kuznets curve, this paper will measure the government’s theoretical input to the Xin’an River project, and lead to our next analysis. (3) Based on (1) and (2), we will conduct a comprehensive discussion on the Xin’an River compensation project and obtain corresponding policy inspirations, which will provide experience and reference for the formulation and implementation of other types of ecological compensation projects.





3 Research design



3.1 Variable selection and data sources

The explanatory variable selected in this paper is the water pollution intensity, that is, the industrial sewage discharge per 10,000 yuan of GDP. The ecological compensation target should be highlighted in evaluating the effect of ecological compensation (Zhang and Jiang, 2014). The primary purpose of the Xin’an-BECP is to improve the water ecological environment of the basin, and then to provide a clean and stable water source for Zhejiang Province. Hence, it is of certain relevance and rationality to investigate the impact of the ecological compensation project on the water pollution of the basin.

The treated group comprised the entire territories of Hangzhou City and Huangshan City. According to the ecological compensation agreement between Anhui Province and Zhejiang Province, the scope of implementing the Xin’an-BECP is the whole territory of Huangshan City in the upstream and the whole territory of Hangzhou City in the downstream. The DID method requires that the difference between the experimental group and the control group before the implementation of the policy is as small as possible. Considering that the closer the spatial location, the greater the possibility of smaller differences between cities, this paper has selected Xuancheng and Chizhou cities, which are adjacent to Huangshan City, as well as Huzhou and Jinhua cities, which are in the vicinity of Hangzhou City, for the control group.

The explanatory variable is the interaction term between the processing variable and the time variable   so as to test the change of water pollution intensity caused by the ecological compensation project of the experimental group and the control group.

Taking data availability and data structure balance into consideration, the covariates include infrastructure (Infras), the ratio of added value of tertiary industry to GDP (Struc), technological innovation (Tech), and per-capita drainage system scale (ScaleR), and “Co-governance in Water” (CGW) includes treatment of sewage, flood prevention, dredging water, safeguarding water supply, and conserving water. Among them, the infrastructure of the city, especially the public environmental infrastructure such as sewage network, sewage treatment plant, green park, and garbage disposal facilities, can improve the urban environment through water pollution purification and pollutant degradation, among others. In the general case of infrastructure construction, the per-capita hardened road area is taken as the proxy indicator of infrastructure (Jing and Zhang, 2018). To some extent, the optimization of industrial structure can be reflected by the proportion of the added value of the tertiary industry in GDP, and the optimized industrial structure signifies the elimination of backward production capacity and the transformation of high-energy and high consumption production mode. Technological innovation, indeed, upgrades the technology and improves energy efficiency exemplified by the same output with less energy, thereby reducing pollution emissions (Ryzhenkov, 2016). Therefore, the number of patents granted per thousand people is taken as the proxy index of scientific and technological innovation in this paper. The per-capita drainage system size is measured by the per-capita drainage pipe length, which is selected as the covariate mainly because it measures the balance between the water demand and sewage discharge in the entire production sector to some extent. CGW is the only virtual variable among the covariates, and it has also been the comprehensive treatment policy of Zhejiang Province on sewage, flood, waterlogging, water supply, water conservation, and other issues since 2013. The policy is intended to solve the problems of water environment pollution and water resource shortage, and the ecological problems of the Xin’an River Basin, which is consistent and relevant to the ecological compensation of the Xin’an River Basin in terms of policy objectives and policy implementation. The city implementing “Co-governance in water” is assigned as 1; otherwise, it is 0.

The original data collected in this paper are all derived from China Urban Statistical Yearbook from 2008 to 2021, which constitutes the annual panel data of each city during this period, and uses the method of average growth rate to fill in very few missing values. Among them, Huangshan City and Hangzhou City, both of which belong to the experimental group, are located in the Xin’an River Basin. The cities in the control group are Chizhou City and Xuancheng City adjacent to Huangshan City, and Jinhua City, Shaoxing City, and Huzhou City adjacent to Hangzhou City. The year 2012 is the time node before and after the implementation of the compensation project. Descriptive statistics are shown in Table 1.


Table 1 | Descriptive statistics.






3.2 Model setting

At the end of 2012, an agreement on the Xin’an-BECP was formally signed by the Ministry of Finance and the Ministry of Environmental Protection, Zhejiang Province and Anhui Province, which implies the start of the implementation of the ecological compensation project. In this paper, the pilot policy of inter-provincial ecological compensation is regarded as a quasi-natural experiment, and the double difference method is used to evaluate the project performance. The year 2012 is taken as the first year of the formal implementation of the project based on the consideration of the overall implementation time of the project. According to the basic steps established by the DID model, two groups of virtual variables are constructed: (1) construct the treatment variable  , where   means that the individual   belongs to the control group, and   means that the individual   belongs to the experimental group. The experimental group is the implementation city of the Xin’an-BECP, and the control group consists of the cities that do not participate in the Xin’an-BECP. (2) Construct time variable  , where   means that an individual   belongs to the Xin’an River Basin before the implementation of the ecological compensation project, and   indicates that an individual   belongs to the Xin’an River Basin after the implementation of the ecological compensation project. Next,   is the observable result of individual  ,   is the potential result when the individual   is not affected by the compensation item, and   is the potential result of the individual   being affected by the compensation item, then the observable result of individual   in the processing variable =   can be expressed as (Hu and Lin, 2018):

 

Assuming that the effect of policy impact on individual   is a fixed constant:

 

In this formula,   indicates the state when the individual   is not affected by the policy. This state is unobservable and generally refers to counterfactual, which will be used later for counterfactual testing. Now, assuming that   has a linear form, there are:

 

In Equations 3, 4, ϵ is the disturbance term, and its mean is 0 and independent of the processing variable and the time variable:

 

  is the number of sections, and X is a covariate and also an observable characteristic of  . According to Equation 3, the expression of the expectation of the potential outcome of individual   not being affected by the policy is Equation 5:

 

Combining Equations 2, 3, the expression for the expectation of the potential outcome when individual   is affected by the policy is Equation 6:

 

Recalling Equation 1, the linear regression model containing policy effect   is obtained as follows:

 

Estimates of different combinations of   can be obtained from Equation 7 (See Table 2).


Table 2 | Estimate of  .



However, there is a high heterogeneity of development in different cities in China, and it is difficult for different cities to meet the conditions of consistent time effects. Therefore, we adopt the tendency score matching method (PSM) of Heckman to eliminate the bias of sample selection as much as possible. In terms of PSM and DID, PSM can eliminate the deviation of sample selection to some extent, but it cannot solve the endogenous problem caused by missing covariates. Though DID can effectively solve the endogenous problem, it cannot avoid the deviation of sample selection. Based on this, the paper finally uses the PSM–DID method by combining PSM and DID to evaluate the project (Hirano et al., 2003). Among them, the regression model based on DID is Equation 8:

 

The model of DID regression after matching the control group with the experimental group via the PSM method is Equation 9:

 

Among them, the treatment effect of individual   in the experimental group is:

 

In Equation 10, ω(i,j) is the propensity score weight of an observation value.





4 Analysis



4.1 Impact of compensation projects on water pollution

The parallel trend test should be carried out for the experimental and control groups before using the double difference method to evaluate the efficacy of the compensation project. The hypothesis of parallel trend states that changes with time of the explained variables of the experimental group and the control group are generally parallel to each other before the implementation of the policy. Except for the experimental impact, the influence of the unrelated factors on the individual is identical, and the samples of the experimental group and the control group are of the same variance statistically. The samples of the treated group and the control group sample present the same trend before the implementation of the policy (Su and Song, 2019). It can be seen from Figure 2 that the time trend of water pollution intensity of the experimental group and the control group is relatively consistent before the implementation of the Xin’an-BECP, which conforms to the parallel trend test. From the distribution of confidence intervals in Figure 3, it can be seen that prior to the introduction of the Xin’an-BECP, there were cases where the coefficient of the interaction term was not significantly different from 0; after the introduction of the Xin’an-BECP, there were at least three periods where the coefficient of the interaction term was significantly different from 0, which indicates that the parallel trend test is passed.




Figure 2 | Pollution in the treated and control groups.






Figure 3 | The estimated effects of coefficients.



Furthermore, Figure 4 illustrates the distribution of the estimated coefficients of 800 pseudo-policy dummy variables and the corresponding p-values. The x-axis denotes the magnitude of the estimated coefficients of the pseudo-policy dummy variables, while the y-axis indicates the density value and the magnitude of the p-value. The curve represents the kernel density distribution of the estimated coefficients. The blue dots correspond to the p-values corresponding to the estimated coefficients. The vertical dashed line indicates the true estimated value (−1.165) of the DID model, and the horizontal dashed line signifies the significance level of 0.1. This figure reveals several key insights. Firstly, the estimated coefficients are found to be normally distributed. Secondly, the majority of the estimated values possess a p-value greater than 0.1, indicating that they are not significant at the 10% level. Finally, it is observed that only two of the estimated coefficients of the pseudo-policy dummy variables are located to the left of the true policy dummy variable. This finding suggests that our estimation results are unlikely to be an accident.




Figure 4 | The placebo test.



Next, benchmark regression (Table 3) reveals the following: (1) when no covariates are added, whether it is a random effect or a fixed effect, the compensation project has a significant negative impact on the water pollution intensity; (2) after adding covariates, the significant negative impact of compensation projects on water pollution intensity is only reflected in the fixed effects.


Table 3 | The benchmark regression.






4.2 Inspection based on the PSM–DID method

In order to minimize the systematic differences in the level of environmental pollution in different cities, it is necessary to use   to make logit regression for each covariate so as to get the score of propensity, and the city which is the closest to the score of propensity can be selected into the control group. Therefore, after the PSM matching, it is also necessary to examine whether there is a significant difference between the experimental group and the control group. If the significant difference between the experimental group and the control group is present as high, the PSM–DID regression is not applicable, and vice versa. In Table 4, only pollution has significant difference after matching, so that PSM–DID regression can be carried out.


Table 4 | Applicability test results.



However, Table 5 shows that the compensation project did not significantly reduce the water pollution intensity in the Xin’an River Basin.


Table 5 | PSM–DID regression results.






4.3 Robustness test

In order to verify the validity of this conclusion, a robustness test was conducted. When estimating the pollution reduction effect of Xin’an-BECP, it is possible that other policies may also be a factor, which could result in an overestimation or underestimation of the estimated results. To address this issue, a national environmental policy event was added to verify the robustness of the conclusion. In 2013, following the advent of a new Chinese government, significant emphasis was placed on environmental concerns, resulting in the promulgation and implementation of a series of environmental protection policies and laws. It is hypothesized that the environmental protection measures implemented by the new government have led to a reduction in pollution. To identify this effect, a dummy variable for the 2013 policy (var_2013) was incorporated into the baseline regression model. If the effect of the var_2013 policy is not significant, it can at least show that the Xin’an-BECP has a pollution reduction effect. In contrast, it shows that the preliminary conclusions of this article may have been affected by similar policies in a wider context, thereby affirming the robustness of the estimation results. The addition of var_2013 to the model in Table 6 indicates a highly significant effect of the 2013 policy, suggesting that the enhancement in the quality of the Xin’anjiang River is not attributable to Xin’an-BECP alone.


Table 6 | Effectiveness of other policies.



Furthermore, in order to further test the robustness of the estimation results of this paper in the time dimension, the sensitivity of Xin’an-BECP to time change is identified by altering the time interval. To this end, the year 2012 was selected as the intermediate time point, and samples of 1, 2 and 3 years before and after this time point were taken. The samples were then regressed. If a significant change in the coefficients and significance was observed, it was indicated that the estimation results of this paper were robust. As illustrated in Table 7, the pollution reduction effect of stage (1) is found to be significant, while the pollution reduction effects of stages (2) and (3) are not significant. This observation indicates that the sensitivity of Xin’an-BECP to temporal variations is high, thereby providing indirect evidence that substantiates the robustness of the estimation results presented in this article.


Table 7 | Pollution reduction effects after changing the width of the time window.



Concomitantly, counterfactual tests are imperative to eliminate the possibility that policy estimates are erroneous due to selection bias in the time dimension. The basic principle of the counterfactual test is the regressions or tests based on the actual implementation year of the project, which has been illustrated above, and the counterfactual test needs to reset the implementation year of the compensation project; that is, we can imagine that the compensation project was officially implemented in 2009, 2010, or 2011 in order to take the hypothetical project implementation year as the base period to re-estimate the processing effects of the compensation project. Under the premise of the implementation time and interval of the artificial simulation project, the processing effect of each time interval showing insignificant results can be regarded as the most ideal result; thus, it can be said that the pollution reduction effect of the compensation project is significant. Unfortunately, only stage (1) is insignificant in Table 8, and the other stages are significant at different confidence levels, which means that the Xin’an-BECP does not have a significant pollution reduction effect in time scale. In general, there are two reasons for this result: (1) people have already expected the policy to be implemented before the policy occurs, and (2) there is no parallel trend between the experimental group and the control group. Obviously, the above two points are not the real reason for the failure of the compensation project to pass the counterfactual test.


Table 8 | Counterfactual test.






4.4 Heterogeneity analysis

Cities with a population size greater than 1 million have been shown to experience an economic agglomeration effect, resulting in enhanced efficiency of resource allocation and utilization, which can contribute to a reduction in environmental pollution (Shi et al., 2018). This article therefore seeks to ascertain whether there are differences in the pollution reduction effect depending on the population size. The population sizes of the cities observed in this paper are all at least 1 million. Table 9 indicates that the pollution reduction effect is more pronounced in cities with a population size of less than 3 million. However, when controlling for variables is not taken into account, the pollution reduction effect is marginally weaker in cities with a population size of more than 3 million compared to cities with a population size of less than 3 million. This finding suggests that cities with a population of more than 1 million may be able to achieve wastewater reduction through their own endowment, provided that the impact of the Xin’an-BECP is not taken into account. It is highly probable that the pollution reduction effect observed in the Xin’anjiang River is not attributable to the Xin’an-BECP.


Table 9 | Heterogeneity analysis of city scale.



In Table 10, the present study analyzes the influence of geographical factors on the pollution reduction effects of the treated and control groups. It is well established that the economic agglomeration effect of cities on the southeast coast of China is higher than that of cities not located there. Therefore, the following question is posed: does a significant pollution reduction effect exist when the observed cities are located on the southeast coast, or when they are not located there? To this end, a dummy variable i_coastal is introduced, with i_coastal = 1 when the observed city is located on the southeast coast, and i_coastal = 0 otherwise. Subsequently, the independent variables are multiplied by i_coastal to obtain an interaction term, which is then incorporated into the benchmark regression. Should the coefficients of the core independent variable and the original core independent variable be the same positive value, it would indicate that the pollution reduction effect of the Xin’an River may be attributable to the inherent endowment of the coastal cities in the watershed, as opposed to the Xin’an-BECP.


Table 10 | Heterogeneity analysis of geographical distribution.







5 Measurement of theoretical ecological compensation quota

Based on the above analysis, we also need to take the compensation project itself as the point of contact to further investigate the balance of compensation. Therefore, the calculation of the theoretical ecological compensation amount becomes the next issue to be discussed in this paper. With regard to the calculation of the theoretical ecological compensation limit, the expectation of this paper is that when the compensation amount is close to the loss amount in the upstream of the river basin, that is, when the environmental rights and development rights of the upstream and downstream regions reach equilibrium, the implementation of the compensation project will have the possibility of significant treatment effect.

The output price of sewage in the current year is represented by  , and the functional relationship between the   (yuan/person) and per-capita sewage discharge   is set as follows:

 

Then, according to Equation 11, the theoretical per-capita sewage discharge per year under the normal economic development level is calculated (tons/person) as Equation 12:

 

The annual pollution rights lost in the upstream watershed due to environmental governance environmental governance is Equation 13:

 

The total loss of pollution rights in the upstream basin is Equation 14:

 

According to Equation 14, the total value of pollution loss in the upstream basin (i.e., the portion of the downstream basin that needs to be compensated to the upstream basin) is:

 

The EKC hypothesis posits that the ecological environment deteriorates during the initial stage of economic development, but will improve to a certain extent once the economy has reached a certain level of development (Kılıç et al., 2024; Golpîra et al., 2023). Based on this hypothesis, if we only observe the relationship between GDP and water pollution, then their quantity curve is inverted U-shaped (Equation 16):

 

However, studies related to EKC show that the   and environmental pollution in some regions of China have an N-shaped curve (Shen and Xu, 2000). Taking the above into consideration, when there is an N-type curve relationship, the relationship between the   and   should also satisfy the Equation 17:

 

We made use of the data from Huangshan Statistical Yearbook and the Hangzhou Statistical Yearbook (2008–2020) (Tables 11,  12) to test the matching degree of EKC with model (16) and model (17), and obtained the results in Table 13. It can be found that the coefficients in model (16) do not satisfy the inverted U-shaped curve relationship and are not significant as well, by which it is eliminated as a result; all coefficients in the model (17) are significant, but the sign is completely opposite to the requirement of the N-type curve; thus, it is an inverted N-type curve.


Table 11 | Per-capita industrial wastewater discharge (unit: ton).




Table 12 | Per-capita GDP (unit: yuan).




Table 13 | Results of the econometric model.



Therefore, from model (17), it can be known that the quantitative relationship between   and   is Equation 18 (ξ is the random error term):

 

In Figure 5, the theoretical   of Huangshan City and Hangzhou City is calculated by model (18). We can find out that the theoretical   of Huangshan City in the upper reaches of the Xin’an River is between 40.49 and 43.91 t from 2012 to 2020, while the actual   is between 28.35 and 35.17 t, and approximately 23% of the pollution right has not been exercised. In addition, the actual wastewater discharge of Huangshan River basin takes only from 28.23% to 49.87% of the actual wastewater discharge of Hangzhou River Basin. Even though the proportion is decreasing year by year with the improvement of the economic development level, there is still a large gap between these two. Taking the adjacent areas and similar ecological environment and equivalent economic volume as reference values, we choose Wei Chu and other people’s calculation results of the industrial wastewater unit output value (the average value is t/280 yuan) of the Shanxi Reservoir Watershed in Wenzhou City—the adjacent area of the Xin’an River (Wei and Shen, 2011), and calculated that the loss of potential output caused by emission reduction and control in the Huangshan watershed of the Xin’an River in the window period is at least from 2.264 billion yuan and 5.050 billion yuan while the annual average is 3.980 billion yuan, which is far from the compensation fund of 500 million yuan in the first round of the Xin’an-BECP led by the government (the annual average compensation fund of 700 million yuan for the second round of compensation project), and it is twice as high as the amount of all funds of the three rounds of compensation agreement between Zhejiang and Anhui Province. Moreover, 200 million of the 500 million yuan compensation fund was bet on each other by Zhejiang Province and Anhui Province with the chips of the Xin’an River environmental quality meeting the agreed standards. Although the compensation funds were eventually used for environmental pollution control, the comparative calculation result is still a drop in the bucket according to the result (Du and Che, 2019).




Figure 5 | Per-capita industrial wastewater discharge of Hangzhou and Huangshan.






6 Discussion



6.1 Discussion on compensation policy

As mentioned above, the Xin’an-BECP does not have a significant pollution reduction effect. Firstly, according to the analyses in this paper, it is possible that the reduction in the intensity of water pollution in the Xin’an River after 2012 can be attributed to other reasons, such as the new government’s emphasis on environmental pollution, the city’s own endowment, or the different geographic distribution of upstream and downstream. In addition, if the ECPioGA continues to increase compensation inputs to keep the environmental and development rights of both upstream and downstream parties in equilibrium as much as possible, it will be difficult for this government-led compensation model to internalize all the externalities if the involvement of market players is neglected: either the pollution reduction effect is not significant or the right to development of the upstream area is diminished.

Secondly, there is a huge gap between the fund of the Xin’an River Ecological Compensation Project provided by the government and the calculation of the opportunity cost of economic development in the upstream basin. We have calculated that the potential output loss caused by emission reduction and control in Huangshan basin of the Xin’an River during the window period is at least from 2.264 billion yuan to 5.050 billion yuan, with an average annual loss of 3.980 billion yuan; from a certain point of view, the government is purchasing ecological services at low prices. Although Huangshan City has made extra efforts for environmental protection in the upper reaches of the Xin’an River that need to be realized, the extent of such incentives is far from enough. Moreover, in the light of more macroscopic policy, the government’s purchase of ecological services does not mean that the government is a direct consumer of ecological services. Although it promotes environmental protection for the purpose of providing its own public service functions, for the private sector that does not directly pay the compensation price in the downstream, the acquisition of free positive externalities is not conducive to the voluntary downstream of the Xin’an River. Although it is shown from the data that the actual per-capita sewage discharge of Hangzhou is decreasing year by year, it can be largely attributed to the rigid provisions of environmental protection policy.

Thirdly, the nihilism of the micro-interests of ecological compensation in the Xin’an River Basin has led to the absence of a protection system for substantive interest groups. Being confined to the appearance of management practice, the research and discussion on the subject of social relations of ecological compensation only linger at the macro level of the regional government rather than trace the micro level and the private subjects restricted by the development and utilization of environmental resources (Du and Che, 2019). For example, the implementation of compensation projects reduces the agricultural land of some farmers in Huangshan City due to return farmland to forests, which brings about the effect on the income of upstream residents whose livelihood is tea, forestry, and fish farming as their main source of income was suddenly reduced. However, most of the compensation project funds are used for environmental governance, and the people’s livelihood project has not been constructed at the same time due to the virtualization of micro-interests.




6.2 Policy implications

The policy implications are derived as follows by means of the above analysis:

	Improve the legal rights and interests of the micro-interests of Xin’an River Basin Ecological Compensation, and ensure that the private sector pays directly for the ecological services. Even in the middle and later stages of the operation of the ecological compensation projects, it is also necessary to provide strong livelihood security for the micro-benefiters whose living environment has been changed. Effective livelihood security should be the basis for optimizing the space for ecological development.

	With due regard to the interests of private actors, the government should continue to increase funding for compensation programs. There are reasons to believe that the upstream region needs to be fully compensated for sacrificing the right to development. At the same time, we believe that the shadow value of pollution control has a higher probability of premium in the whole system. Although the direct purpose of the ecological compensation project of the Xin’an River Basin is merely to adjust the institutional arrangement of benefiters’ interests mainly by economic means, pollution prevention and control are the bottom line of its direct purpose instead. Only when pollution prevention and control are guaranteed by the economy and system will the government’s economic adjustment means be more efficient. On the other hand, it can also establish an independent system such as a third-party organization running ecological compensation projects with the participation of the government and the private sector. Third-party organizations have a considerable influence on the operation of ecological compensation projects, such as setting trading conditions, affecting the transaction price, and controlling the transfer of resources between the two parties of the eco-service transaction (Vatn, 2010; Kosoy and Corbera, 2010). Nevertheless, the aim of the third-party organization in our proposal is to solve the gap between existing funds and actual funds: the funds used by the government to purchase ecological services directly should be allocated to third-party institutions, which provide financial institutions with guarantees for ecological service demanders. The credit can be granted from the financial institutions to the eco-service demanders according to their own qualifications and guarantee quotas. They can purchase eco-services from the eco-service providers indirectly through third-party institutions right after the eco-service demanders receive the corresponding level of credit. Such a system design proposal actually introduces a tool of trading leverage in which the lower the margin ratio is, the greater the leverage ratio is, and the third-party agencies can provide guarantees in a larger scope. At the same time, the financial pressure of the government will also be correspondingly reduced, which opens the door for private capital to enter the ECPioGA.







7 Conclusion and future recommendations

This article provides a reference model and enriches the research on the benefit analysis of river basin ecological compensation projects, and we believe that (1) the one-way purchase price should be replaced by the two-way transaction price, which brings about a higher premium on the shadow value of pollution control; (2) the government agencies gradually withdraw from the compensation system, and the micro-interest will become the compensated subject of the ecological service and resource-intensive industries will become the main purchasing force of ecological services, through which the ecological compensation projects will return to the authentic who benefits and who compensates model in the hope of achieving higher project returns.

In addition, two research directions merit further exploration in future studies: (1) the theoretical ecological compensation amount of BECP can be measured directly by calculating the unit output value of water resources in the watershed, as opposed to the current practice of calculating the unit output value of industrial wastewater in the cities in the watershed (Chen et al., 2022); (2) the methodology of this paper and its associated recommendations may also be applicable to the study of marine ecological compensation projects (Wang, 2023), especially in the national system of centralized government management; the issue of the effectiveness of marine ecological compensation projects that lack the participation of market players deserves further study.
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