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Eco-environmental protection of river basins and compensation for damages have been important issues for researchers around the world for a long time. Many studies have focused on the correlations among individual socioeconomic characteristics, ecological cognition, and differences in the willingness to pay. However, no research has been conducted from the perspective of perceived environmental quality. According to the Broken Windows Theory, the public’s willingness and behaviors regarding environmental protection are determined largely by earlier perceptions of environmental quality. Therefore, we used a spatial choice experiment to investigate the willingness of the public to pay for ecosystem restoration in the upper, middle, and lower reaches of the Xijiang River Basin in China. This paper discusses if perceived environmental quality is a factor that creates different levels in the willingness to pay. Our results show that the Broken Window Effect can better explain these differences. Living in a better ecological environment, the upper-reaches public expect to pay for the restoration of the river basin’s ecosystem to a higher state and is willing to be the “first person” to repair the “broken windows,” whereas those in the middle and lower reaches are willing to pay only for a restoration to a good state.
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INTRODUCTION

Watershed ecosystem is a huge complex ecosystem composed of social-economic-natural ecosystem, which is crucial for regional ecological security, sustainable development and human well-being, and their positive and negative externalities are transferred along the basin in time and space (Carvalho et al., 2019; Yee et al., 2020; Zhang et al., 2020; Berger et al., 2021). The balance between supply and demand of watershed ecosystem services is the key to realizing watershed green development. However, the watershed ecosystem issues are becoming increasingly diversified and complex, and various conflicts of interest are becoming increasingly acute and ecosystem service functions at risk of degradation. The lack of willingness to pay (hereinafter abbreviated as “WTP”) assessment of watershed ecosystem services at a holistic level will inevitably lead to inconsistencies between the implementing and benefiting parties in sustainable development in the upper, middle, and lower reaches of the watershed, which will easily cause a Broken Window Effect of wrong demonstration on watershed ecological environment management and development (González Dávila et al., 2017; Carlsson et al., 2018; Khan et al., 2018). As the direct beneficiary of ecological protection and the ultimate executor and implementor of ecological restoration policies, the public’s WTP and behaviors regarding environmental protection carry the important function of “cutting off the irrational interference and intervention of human factors in the environment” (Zhao, 2016; Odonkor and Adom, 2020; Wei et al., 2020). Its enthusiasm and initiative to participate in the payment of ecological services in the watershed is an important guarantee for the successful promotion of related policies (Cheng et al., 2018). Therefore, an accurate analysis of the factors affecting the public’s willingness to participate in environmental protection is more conducive to the orderly restoration of watershed ecosystems. As residents pay more and more attention to the positive and negative impacts of the watershed environment, individuals’ first impression of local environmental quality tends to influence their behavior more than early intervention measures, so as to effectively study residents’ willingness to participate in the watershed ecosystem protection and explore changes in watershed ecosystem service functions and their driving factors. It has important practical significance to promote the improvement of watershed ecological governance and the formulation of ecological compensation standards. At the same time, it has enlightenment significance to promote the protection and high-quality development of the watershed ecosystem.

Many studies at home and abroad based on Planned Behavior Theory or its extended models have discussed how psychological factors, such as personal attitudes, subjective judgment, moral obligations, and perceived behavior control, affect the willingness and behaviors that protect the environment (Moreno-Sanchez et al., 2012; López-Mosquera, 2016; He et al., 2018; Shan et al., 2019). However, few empirical studies have examined the antecedents of the theoretical elements that form the behavioral plans of the intentions for public environmental protection. Although many studies have used direct and indirect methods to measure the public’s willingness to protect the environment, the stated preference methods have been found to better reflect the public’s willingness and preference (You, 2016; Wang et al., 2017; Wu et al., 2020). The stated preference methods include the conditional value method (hereinafter abbreviated as “CVM”) and choice experiment (hereinafter abbreviated as “CE”) (Randall, 1981). The former directly reflects the public’s willingness to protect the environment by directly asking about a respondent’s WTP or willingness to accept (hereinafter abbreviated as “WTA”) for certain improvements in environmental resources or losses of quality (Xu et al., 2012; Zen and Siwar, 2015; Dahal et al., 2018). There are certain hypothetical deviations and subjective deviations (Boerger, 2013; Moon et al., 2021). With a finer division of river basin ecosystem services, the CE method provides responders with a selection set made of multiple attribute states of a resource or environmental item through the construction of a hypothetical market, including the ecological attributes and price attributes, more able to enable interviewees to make corresponding judgments and choices based on their understanding of the ecological environment and their own economic and social conditions (Brouwer et al., 2010; Matthews et al., 2017; Almazán et al., 2019; Aoki et al., 2019). Here, each alternative is determined by multiple attributes. A change in the level of an attribute may cause respondents to change their choices, each of which is aimed at maximizing utility and is measured according to the improvement in status that each attribute could achieve. Thus, it can reflect people’s WTP for environmental protection to the greatest extent (Owuor et al., 2019; Shan et al., 2019).

With the expansion of stated preference research (hereinafter abbreviated as “SP”), the discussion of the spatial dimensions of SP research has become more and more in-depth, and all aspects of the research need to be paid attention to solve the current environmental problems more accurately (Valck and Rolfe, 2018; Badura et al., 2020). Although economists have made progress in dealing with spatial dimensions, the SP literature as a whole still does not fully recognize the relevance and complexity of these issues. According to the findings, certain research that appear to have nothing to do with economic theory might offer fresh explanations for the observed geographical pattern, and ideally provide insights, thereby stimulating the development of new theories (Glenk et al., 2020). Welfare effects are sensitive to scope in all dimensions. The scope may vary with space and the influence of spatial scope is related to SP valuation in many ways. Therefore, we believe that exploring whether the public’s environmental improvement SP valuation is related to its perceived environmental quality and whether people’s willingness to protect the environment will be affected by the Broken Window Effect in criminal psychology could provide new perspectives for solving the problem in space administration of river basin.

As a major corridor for the southwest to have access to the sea, the Xijiang River Basin not only cuts through the Pearl River-Xijiang River Economic Belt, but also serves as an important corridor of the land-sea Silk Road, and is an important ecological barrier for the main grain-producing region of Guangxi and the Pan-Pearl River Delta, and is representative for reflecting the value of ecosystem services in the basin. Based on this fact, this paper selects the Xijiang River basin as the research object, applies the theoretical analysis framework of the psychological Broken Window Effect, combines the CE method and the random parameter Logit model to explore the impact of perceived environmental quality on the basin residents’ willingness to pay for ecological compensation, in order to gain a better understanding of the basin residents’ ecological cognition.



THEORETICAL ANALYSIS FRAMEWORK


Environmental Awareness, Behavioral Tendency, and Perceived Environmental Quality

Environmental awareness refers to the willingness and tendency of individuals to carry out environmental protection based on their views on the interrelationship of humans and nature (Brouwer et al., 2016; Aguilar et al., 2018; Fu et al., 2020). The public’s willingness to environmental behavior is often based on environmental perception (Chen and Hu, 2015; Zhang et al., 2017; Ren et al., 2020). Accurate environmental perception is the premise of reasonable environmental behavior, and also can effectively promote the improvement of people’s environmental awareness. Cheng et al. (2019) further explored the relationship between corporate environmental behavior, environmental motivation, business motivation, and environmental management systems by developing a conceptual model of corporate environmental behavior. From the perspective of social dilemma, Tam and Chan (2018) investigated why there was a barrier between environmental awareness and environmental behavior and how to reduce or eliminate this barrier, and further pointed out that environmental trust helped to promote the transformation of environmental awareness into environmental behavior. Uzun and Keles (2012) investigated the impact of the project “Nature Education 2010 in the Ihalara Valley (Aksaray) and its surrounding areas” on the environmental awareness and behavior of pre-service teachers. The Broken Window Effect believes that environmental factors can have a strong effect on behavior and describes the relationship among external environmental factors, individual psychology, and individual behaviors from the perspective of psychology and behaviorism (Crichlow, 2016; Hira, 2016; Marat, 2019). Specifically, the theory likens disturbances of public order, minor crimes, and similar phenomena to broken and unrepaired windows. If such disorderly conduct is left unchecked and a community seems uninterested in preventing such conduct, the open door to increasingly serious crimes would widen (Wilson and Kelling, 1982). For example, if littering occurs somewhere, then other people will receive the impression that the environment is already dirty and encourage them to litter as well. In contrast, when people are in a better environment, they will spontaneously appreciate and maintain it. The Broken Window Effect suggests that a hostile environment encourages people to accelerate environmental destruction. In contrast, orderly environmental conditions could curb public misconduct and improve environmental responsibility (Wilson and Kelling, 1982; van der Weele et al., 2017). According to the theory of the Broken Window Effect, the public’s willingness and behavioral tendency to protect the environment depend largely on the early perceived environmental quality. Based on the above analysis, we propose the first hypothesis in this paper as follows.

H1. There is a significant relationship between residents’ environmental awareness, behavioral tendencies and perceived environmental quality.



Theoretical Analysis of How Residents’ Perception of Environmental Quality Affects Their WTP for Watershed Ecosystem Services

The application and expansion of the Broken window effect theory provide a new perspective for the study of environmental protection and sustainable development. During the use of watershed ecosystem services, the public in the upper reaches lives in a high-quality river basin ecosystem and enjoys its ample services. However, it is easy to cause “broken windows” in the ecological environment by excessively, disorderly behaviors. As ecological damages accumulate, the “broken windows” of the middle and lower reaches of the ecosystem continue to intensify. The findings of traditional research have indicated that the public in the Middle and lower reaches with more developed economies has a higher WTP for environmental protection and should pay for the upper-reaches public’s achievements in environmental protection. Also, the level of public’s WTP is determined by the economic and social levels of individuals and regions (Brouwer et al., 2016; Lizin et al., 2016). For example, Liu et al. (2019) found that the perception of environmental quality is an important prerequisite for tourists to generate positive and environmentally responsible behaviors. Using a structural equation model (abbreviated as “SEM”) and multi-group analysis (abbreviated as “MGA”), Wang et al. (2019) believed that the environmental factors of tourist attractions influenced the environmentally responsible behaviors of tourists. As the birthplace of human civilization, the orderly and sustainable development of river basin’s ecological environment is closely related to the public’s production and life. In the main view of the Broken Window Effect, people are susceptible to the influence of their environments and consciously or unconsciously produce behaviors that maintain or change their existing environmental conditions, i.e., the public’s willingness to protect the environment may be triggered by signals conveyed by the environmental quality of a river basin’s ecosystem. Therefore, the public may have different wishes about environmental protection according to the quality of the ecological environment in which they are located. The upper-reaches public tends to protect the orderly and healthy use of the upstream ecosystem, but those in the middle and lower reaches are also willing to safeguard the environmental protection of the upper-reaches areas. However, there is limited research on an explanation of the public’s willingness to protect the environment by sensing the environmental quality of the river basin ecosystem. Hence, further research into this issue is needed. Based on the above literature analysis, we propose the second hypothesis in this paper as follows.

H2. Residents’ perceived environmental quality has a significant positive impact on the willingness to pay for watershed ecosystem services, and there is a Broken Window Effect.

Based on the analysis above, the theoretical analysis framework of residents’ perception of environmental quality, WTP for watershed ecosystem protection and Broken Window Effect was constructed in order to provide reference for watershed ecological protection, as shown in Figure 1.
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FIGURE 1. Theoretical analysis framework.





STUDY AREA AND METHODOLOGY


Study Area

The Pearl River–Xijiang River Basin is a river that connects the economically underdeveloped areas of southwestern China with the economically developed areas of the Pearl River Delta in southern China. With a total length of 2,214 km, an area of about 353,120 square kilometers of accumulated water, and an average annual runoff of 69.53 billion cubic meters, the Xijiang River is the fourth largest river in China and the longest river in the Pearl River system, crossing four provinces (regions) of Guizhou, Yunnan, Guangxi, and Guangdong. In this study, the typical representative areas of the Xijiang River Basin flowing through Guangxi and Guangdong were selected for field research.

The study area involved in the CE is the Xijiang Economic Belt from Guangxi to Guangdong Province.1 It includes the following three areas. The upper reaches are tributaries of the Hongshui River in Laibin, Guangxi. The city of Laibin, the largest energy production base in Guangxi, is one of the major cities in the middle and upper reaches of the Xijiang River, and the Hongshui River (a major tributary of the Pearl River) passes through the city. The city was chosen mainly to examine the impact of the upstream city’s development of industrial energy on the environment of the Xijiang River basin. The middle reaches are two tributaries of the Qianjiang and Xunjiang rivers in Wuzhou City, Guangxi. Wuzhou City is located near the division point of the middle reaches of the main stream of the Pearl River (Xijiang River) and is greatly influenced by the river. The main stream of Xijiang River flows through the main urban area and covers a wide area along the river; its lower reaches are the main watercourse of Xijiang River connecting Wuzhou City of Guangxi Zhuang Autonomous Region and Foshan and Zhaoqing cities of Guangdong Province (Figure 2). Foshan City of Guangdong Province, as the third largest city in Guangdong, is located in the central part of this Province and the hinterland of the Pearl River Delta and in the Pearl River-Xijiang economic zone; Zhaoqing City is located in the middle part of the main stream of the Pearl River (Xijiang River). Zhaoqing is located near the division point between the middle reaches and the lower reaches of the main stream of the Pearl River (Xijiang River), which is largely influenced by the river and is located at the junction of Guangdong and Guangxi, and chosen to assess the impact of different policies on environmental management in the Xijiang River Basin under the same natural environment.


[image: image]

FIGURE 2. The study area.


The topographical conditions in the study area are complex with hilly land, and the meteorological conditions are high temperature and rainy in summer, moderate temperature and abundant rainfall in winter. The geographical location of the study area is superior. With the steady implementation of the Western Development Strategy and the orderly development of the Xijiang Economic Belt, the levels of economic development in the middle and lower reaches have greatly improved to become important links between the economic development of southwestern China and that of the southeastern coast. However, the pressures of economic development and society have reduced the forest coverage in the upper and middle reaches by 0.5 times and increased the area of soil erosion by 1.5 times. The water quality in most of the lower reaches of the suburban areas and economically developed areas was lower than the drinking water standard (Liao et al., 2017).



Research Methodology

CE can identify random changes in different attributes, better estimate the marginal contributions of river basin ecosystem service components or attributes, and the measurement results of the WTP can effectively reveal the environmental protection intentions of the interviewees.

CE is based on value feature theory (Lancaster, 1976) and random utility theory (McFadden, 1974).
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where n represents the number of the sampled respondents, i represents the alternatives in the defined selection set, and Uin represents the total marginal utility of the random choices i of respondent n. Vinis the observable utility consisting of option attributes and public socioeconomic characteristics, εin is the unobservable utility represented by the random error term, Zi is the attribute of the selection scheme, and Sn represents the socioeconomic characteristics of the respondents. In the random utility function, the probability that respondent n chooses plan i instead of plan j is:
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Different assumptions about the distribution of the random error term εin form different probability selection models. C is the set of all the alternatives in the design of the questionnaire.

The specific type of CE is determined by the distribution of the random error term ε. Generally, it is assumed that the scheme and options are independent of each other while the random utility ε, as well as the selection scheme and options, are subject to the Gumbel distribution to obtain a multiple logit model, in which the probability that respondent n chooses the best solution i is:

[image: image]

The heterogeneity of individual respondents in a multiple logit model is difficult to capture. To solve this problem, Revelt and Train (1998) proposed a random parameter logit (hereinafter abbreviated as “RPL”) model, also called a mixed logit model, that can examine the heterogeneity of the individual preferences of respondents through randomly changing parameters. In the context of random interrogation, the RPL model exhibits smaller errors.
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The heterogeneity of a respondent’s preferences can change through random components. Each respondent’s socioeconomic attributes and indirect utility are assumed to be a function with a parameter β and selection attribute Zi.
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If the utility of all service attributes is a linear function, then the WTP the value of the respondents to improve the river basin ecosystem can be derived from the utility function, Eq. (1). The maximization of the utility level is:

[image: image]

where βr indicates a parameter of the non-monetary attribute r and βp indicates a parameter of the monetary attribute p.


Design of Choice Experiment

Accurate and reasonable classification is not only the basis for assessing the watershed ecosystem values but also helping respondents to judge the background of the quality of the ecological environment, as well as to make choices about scientific and effective payment solutions. In this study, the selection set was designed according to the scientific classification, status quo, and regional differences of river basin ecosystem services. Specifically, it was based on the four major categories of supply service, regulation service, cultural service, and support service divided by ecosystem service functions in the Millennium Ecosystem Assessment (MEA, 2005). And Combined with the actual ecological environment quality, the current use status of the inter-regional river basin ecosystems in Guangxi and Guangdong Provinces, and the production and living needs of residents in the surrounding areas of the two provinces (regions). Finally, the selection set’s attributes were classified into the following six: proportion of natural landscape, tourism index, forest coverage, water quality, biodiversity, and water quantity. Among them, the natural landscape is divided into the natural landscape and man-made landscape, and the proportion of natural landscape refers to the proportion of biological landscape, water landscape, cultural landscape, and other natural landscape in the region; The tourism index is the travel advice provided by the meteorological department to citizens from the perspective of weather according to the changes in local weather, combined with temperature, wind speed, and specific weather phenomena; Forest coverage is the ratio of forest area to total land area; Trade-offs among services of different land use/cover types in a watershed affect ecosystem stability and sustainability. Biodiversity specifically refers to the diversity of the total amount of living beings; Biodiversity conservation is not only about protecting its intrinsic value but also plays a vital role in the functioning of ecosystems that provide essential services to humans. Water quality is the status of evaluating the water quality of a basin; Water quantity is the size of the flow of the basin.

The distributions of attribute variables and attribute levels are determined by the current levels of the attribute variables and the optimal state that can be achieved after river basin ecosystem governance has been achieved. After surveying the pilot cities in the upper, middle, and lower reaches, we divided the WTP into eight levels according to the socioeconomic conditions of the residents around the river basin. The specific attribute variables of the levels of WTP are shown in Table 1.


TABLE 1. Attributes and levels in CE.

[image: Table 1]
The attributes and their levels in Table 1 were arranged and combined to obtain (3 × 2 × 3 × 2 × 3 × 3)2 × 7 = 734,862 possible all-factor selection pairs. Considering the cognitive burden and reading fatigue of the respondents, SAS software and D-optimality criteria were used to optimize experimental design and selection (Scarpa and Rose, 2008). This simplicity may help reduce potential structural biases in selection experiments, such as complexity’s leading to increased preferences for the status quo (Boxall et al., 2009) or help the use non-neoclassical information processing strategies (Mazzotta and Source, 1995; Hensher, 2006). Finally, 24 selection sets with different combinations of attribute level options were selected and randomly divided into four versions, each of which had six selection sets. Examples of the selection sets are shown in Table 2.


TABLE 2. Example of choice set used in CE.

[image: Table 2]
To effectively reveal the respondents’ intentions for environmental protection, we provided them with a hypothetical market environment in the choice set. Among the six options for improvements of river basin ecosystem services, the study area is used as a reference and improvement, and different solutions correspond to different price indicators. The payment price of CNY0 per household per year represents the protection status. Respondents had to make two choices according to their own situation and desired improvement.



Questionnaire and Survey Data Collection

After 50 discussions and amendments to the questionnaire, we conducted a 3-month pre-test and formulated the final questionnaire, which consisted of five parts. The first part tested the respondents’ understanding of the Xijiang River Basin and their awareness of its ecosystem functions and services. The second part used CE to examine their preferences and WTP for ecosystem service improvements. The third part asked for their views on the future supervision and management of the Xijiang River Basin. The fourth part is the basic survey of the basic social situations of the interviewees and their families. The last part is the validity test of the questionnaire.

After face-to-face interviews with interviewees from the urban and rural sections of the four study areas, we collected a total of 755 completed questionnaires. After screening, 57 (7.55%) invalid questionnaires (including those missing data on gender and payment results) were removed and a total of 698 valid questionnaires were available for analysis. Table 3 shows the statistics and social demographic characteristics of the sample respondents. We collected 164 (23.50%), 150 (21.49%), and 384 (55.01%) responses from respondents in the upper, middle, and lower reaches of the river basin. There were no significant differences among the three regions in gender ratio, average age, average education level, and average number of family members. Average family labor force in the middle reaches was relatively low while annual income was highest in the lower reaches.


TABLE 3. Socioeconomic characteristics of respondents.
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RESULTS AND ANALYSIS


Cognitive Survey Results

The respondents’ understanding of the ecosystem service functions of the Xijiang River Basin and their importance directly reflects the degree of attention paid by them to the ecological environment. Table 4 shows their evaluations of the importance of the ecosystem service functions of the Xijiang River Basin.


TABLE 4. Respondents’ awareness of ecosystem services in the Xijiang River Basin.

[image: Table 4]
We used the Likert scale to examine the respondents’ perceptions of the ecosystem services in the Xijiang River Basin and their importance. The results show that, from an overall perspective, the respondents in the upper reaches have an awareness of the basin’s ecosystem. Compared with the residents in the upper and middle reaches, those in the lower reaches lack sufficient understanding of the importance of the ecosystem service functions. Although these results do not reflect the sense of responsibility and willingness to protect the environment, they help us to understand the interviewees’ cognitive situations in advance of face-to-face interviews, provide relevant content explanations to increase the respondents’ recognition of the basin’s ecosystem services, and help the respondents to perceive the quality of the basin’s ecological environment so as to encourage them to make more scientific decisions about the trade-offs involved in the improvements of the WTP for solutions.



Status Response Results

Of the 798 available questionnaires, only 50 (7.16%) of the respondents were unwilling to pay for the improvements in the ecosystem services of the Xijiang River Basin. Of these 50 respondents, 13 respondents (accounting for 26.00% of the total number of respondents) made zero payments with 100% certainty, indicating that they were unwilling to pay. Respondents who chose the status quo in the alternative choices were asked to explain why their WTP was zero. (Here, multiple choices could have been made.) Of these respondents, 72% believed that improvements were the responsibility of the government and ordinary residents should not bear the costs. Of the respondents, 46% mentioned their lack of ability to pay for the improvements while only 4% responded that the ecological environment in the Xijiang River Basin was satisfactory and did not require protection.



Results of CE Model

The results were more informative and scientific than the surveys of cognitive situations because the results revealed the public’s willingness to make choices and trade-offs between improving attributes, including costs. Table 5 shows the results of Model I: “Overall Basin Area” and Model II: “Upper, Middle, and Lower Reaches Segmented Basin Areas.” We used the STATA15.0 software application to simulate both models with an RPL model. For each sample simulation, we used the method of 500 Halton extraction for maximum likelihood estimation to explore the differences in WTP for services and restoration of the ecosystem. To improve the estimation efficiency of the model, we assumed that all ecological index parameters were random parameters obeying the normal distribution. Here, the payment price parameter was modeled for Hicks welfare, so it was designated as a non-random parameter.


TABLE 5. Results of RPL modeling of CE model.
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Overall, the results of Models I and II indicate that the public generally shows a tendency to deviate from the status quo, which is consistent with previous research (Che et al., 2014; Vásquez and de Rezende, 2019). The non-random parameters (price) of the models are all significant at 5%. In most cases, the standard deviation of the random term proved to be significant, supporting the choice of the mixed logit model (Martin-Ortega et al., 2012). A small number of standard deviations greater than the average indicate that some respondents have unexpected preferences (more inclined to poor water quality and low ecological diversity). Model I shows the public’s willingness and preference for the improvement of the ecosystem service attributes of the basin as a whole. In general, the public is willing to pay for improvements in ecological attributes other than biodiversity, and in particular, all regions are willing to pay for improvements in forest cover. The non-random parameters (price) of the samples in the middle and lower reaches of the simulation results of Model II are significantly negative, indicating that the payment price has had a significant impact on the WTP of the public in the middle and lower reaches. The higher cost alternatives are rarely selected as the public is more inclined to improve at the lowest cost, i.e., the public of the middle and lower reaches expect only the river basin ecosystem to be restored. The sample of the upper reaches showed that the non-random parameters (price) were significantly positive, i.e., the public is willing to pay for the restoration of the river basin ecosystem to a better ecological environment, validating our main hypothesis. Hence, the upper-reaches public living in areas with a high quality of ecological environment is willing to pay for a restoration to a higher state and willing to be the “first person” to repair the “broken windows.”

To examine if the public is affected by personal factors improving the choices of solutions, we also introduced the interaction of the payment price attribute with the individual socioeconomic variables (see Supplementary Appendix A for the results) (Mastrangelo et al., 2019). The value of the regression coefficient shows that, for each region of the upper, middle, and lower reaches, the influence of individual socioeconomic variables on their choice of scheme is extremely small and can be ignored. In addition, we also explored whether the interaction between ecological attributes and the characteristics of individual economic variables affects their choice of improvement in the ecosystem services (see Supplementary Appendix B for the results). The data showed that the relationship between these characteristics and ecological attributes had little impact on the change of preference of the improvement in the ecosystem services, which could not explain whether the heterogeneity of preference was caused by the difference of individual economic variables, or could be ignored.

Based on the results of the RPL model in Table 5, then the public’s WTP/WTA is calculated for each region of the upper, middle, and lower reaches. The results are shown in Table 6. In terms of WTA, the public in the upper reaches wanted to accept compensation of CNY97.25 per household per year from the middle and lower reaches. whereas those in the middle and lower reaches were willing to pay CNY198.78 and CNY195.58 per household per year, respectively, in economic compensation for the protection of the upper reaches. The results also indirectly indicate that the upper-reaches public was willing to participate spontaneously in environmental protection with low economic compensation.


TABLE 6. Estimation of marginal WTP/WTA on RPL model.
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DISCUSSION

When faced with the urgent demands of developing countries for the restoration of river basin ecosystems and when responding to the call for the “sustainable development of man and nature to ensure a virtuous cycle of the ecological environment,” it is particularly important to understand the factors influencing the public’s WTP. Defining the influencing factors and determining the influencing ways are not only an important means of effectively controlling the costs of governance but also can optimize the allocation of ecological compensation resources from the sources of ecological damage. Compared with the existing literature, this paper’s contribution is reflected in two main aspects.

The first aspect is the expansion of research fields. The Broken Window Effect originated from criminal psychology and was used mostly in research on crime control and security management but rarely involved the protection and governance of the ecological environment. Combining with the viewpoint of the Broken Window Effect, this study explored the public’s willingness to protect the environment in the upper, middle, and lower reaches of the Xijiang River Basin under different ecological environment quality backgrounds. Specifically, this study confirmed that, for the public, the higher the perceived quality of the ecological environment, the more willing they were to pay for watershed ecosystems to a better state. Consistent with the Broken Window Effect, an orderly and standardized environment would form a good perception of the quality of the ecological environment (Lang et al., 2010), thereby increasing the public’s willingness to protect the environment. Compared to the government’s early governance intervention, the public’s perception of the quality of the ecological environment has a greater impact on their willingness to protect the environment (Sampson and Raudenbush, 2004; Baharoon et al., 2016; Liu et al., 2020).

The second aspect is the research methods. To further evaluate the public’s willingness to protect the environment in the watershed flow area. A questionnaire survey was conducted by CE method using the respondents’ choices of different restoration projects, and we measured the public’s willingness to protect the environment in different ecological environments. Here, respondents were able to intuitively select the alternatives that they expected to restore the ecosystem to a certain state (Nie et al., 2019). The CVM cannot identify the random variations among different attributes of river basin ecological environments or offer respondents alternative restoration projects. Also, CVM may lead directly to a large deviation in the evaluation of WTP/WTA (Boerger, 2013). In addition, the RPL model can check the heterogeneity of the individual preferences of the respondent by randomly changing parameters, and thus, exhibits smaller calculation errors in the context of random queries (Revelt and Train, 1998).

The results of this research not only can fill the gaps in the existing literature but also provide a new direction for the formulation of government programs for river basin governance. At present, the public in the upper reaches has a higher willingness to protect the environment than do those in the middle and lower reaches. Therefore, the relevant departments should actively proceed from upstream protection and governance, encourage the public to monitor and report each other, intervene at the beginning of the “broken windows.” Then, increase publicity about environmental protection, help the public to realize that disorderly behaviors produce ecological destruction and spread the Broken Window Effect, and increase the public’s awareness of environmental responsibility. Also, we should actively pursue education on environmental protection, raise public awareness of the quality of the ecological environment in which we live, and guide the public to regulate their own behaviors and curb the spread of the Broken Window Effect.

This study provides relevant insights of the Broken Window Effect in the study of ecological environmental protection. Although it fills the gaps in the literature to a certain extent, it still has certain limitations. First, the study area we selected was the Xijiang tributaries of the Guangxi and Guangdong sections of China. There were fewer cities and regions involved, but the survey data are scientifically valid and do not affect the main conclusions of this paper. Second, there was a lack of discussion on whether the environmental background factor was a moderator variable or an intermediary variable. Therefore, further research is needed to better understand how the environmental background affects the public’s willingness to protect the environment. Third, the survey of CE was conducted randomly around the river basin of different cities, the distance between the specific location of interviewees and the river basin was not indicated, and the location in each region would be improved, which is the direction of our future research.



CONCLUSION

The protection and restoration of the river basin ecosystem depend on the path of “starting with people.” This study used a spatial CE to investigate the willingness of the public to pay for the protection and restoration of the upper, middle, and lower reaches of the Xijiang River Basin’s ecosystem in China. Combining the main ideas of the Broken Window Effect, which originated in criminal psychology, we verified our main hypothesis with the results of a logit modeling of random parameters. The results showed that, in the upper reaches where the quality and status of the ecological environment are relatively good, the public is willing to pay for the restoration of the ecosystem to a better state. However, the public in the middle and lower reaches was more inclined to make improvements at the lowest costs, i.e., they expected only to restore the river basin ecosystem to a good state. The empirical results indicate that the ecological environment quality had a great impact on the public’s willingness to protect the environment. Therefore, we believe that the protection of the river basin ecosystem exhibited the Broken Window Effect and the perception of environmental quality was an important factor affecting the public’s willingness to participate in environmental protection. Only by maintaining a high-quality ecological environment at the source could we effectively prevent disorderly behaviors that damage the ecosystem, thereby changing the “broken windows” into “protected windows.”

Compared with previous research perspectives, the previous discussion of the public’s WTP for environmental protection from a psychological perspective focused more on the public’s attitudes, subjective judgment, moral obligations, and perceived behavioral control factors while ignoring the impact of perceived environmental quality on their WTP. The results of our research indicate that the perception of environmental quality is an important factor affecting the public’s willingness to participate in environmental protection and expanded the application of the Broken Window Effect in research on ecological protection, confirming that the protection of river basin ecosystems had a Broken Window Effect. The results of the study, “The upstream public is willing to be the ‘first person’ to repair the ‘broken windows’, “provides a new direction for the integrated management of river basins across regions.
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FOOTNOTES

1 The Xijiang Economic Belt is designated in the regional overall development plan by the Guangxi and Guangdong Provincial Government Offices. Guangxi includes seven cities: Wuzhou, Guigang, Laibin, Liuzhou, Nanning, Baise, and Chongzuo, accounting for 55.2% of the total land area of the region. The Belt in Guangdong Province extends to the Pearl River estuary, connecting the economic, cultural, and political centers of Guangdong Province while including cities such as Guangzhou, Foshan, Shenzhen, Dongguan, Zhongshan, Zhuhai, and Jiangmen. The total economic output accounts for more than 80% of that of Guangdong Province.
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