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Eco-compensation is effective in promoting the sustainable development of a watershed. The exploration of the public’s willingness to pay for such compensation, along with the corresponding influencing factors, are important for improving the efficacy of eco-compensation programs. However, motivating the public to participate in eco-compensation remains a challenge. In this study, the influencing factors behind public willingness to participate in eco-compensation in China’s Taihu Basin are measured using a contingent valuation method and a random forest model. The main results are as follows: 1) In the Taihu Basin, the mean people are willing to pay for eco-compensation is 287.344 CNY/person/year. 2) The significant factors influencing willingness to pay are recognition of the importance of watershed protection; the impact of the watershed environment on people’s lives; annual incomes; and perceived improvements to the watershed environment over the past five years. 3) Awareness of the need for environmental protection can encourage people to pay eco-compensation. This study provides references that governments can use to formulate and implement eco-compensation policies and hence promote public participation in those policies.
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INTRODUCTION
In past decades, the development of economies has led to excessive consumption of natural resources (Meng et al., 2019; Kong, et al., 2021; Deng, et al., 2022). A large number of pollutants are discharged into river basins, exceeding the self-purification capacity of the water resources and directly threatening the sustainable development of the watershed (Lu et al., 2021).
To improve watershed environments, governments and scholars have undertaken a series of explorations. Among these, payment for watershed ecosystem services (PWES) is one of the most important mechanisms ensuring the sustainable development of the ecological environment (Pan et al., 2021). Such a strategy has been piloted in many countries, including, for example, the wastewater discharge program along the United States–Mexico border, water resource protection in New York, the water–soil conservation fund in Ecuador, and compensation between the French Vittel mineral water company and farmers in water source areas (Perevochtchikova et al., 2021). Combining the flexibility of PWES with efficient government management, the Chinese government has also proposed watershed ecological compensation (EC) schemes (Ding et al., 2022). These programs have been implemented in the Dongjiang River Basin, the Xin’an River Basin, the Taihu River Basin, and at other watersheds (Shang et al., 2018; Guan et al., 2021). In piloting these EC programs, the government has propounded a “developer protects, saboteur rehabilitates, beneficiary compensates, and polluter pays” principle (Liu et al., 2022). Meanwhile, scholars have conducted considerable research into watershed eco-compensation, by focusing on its definitions, standards, and the value of the resulting ecosystem services (Alcon et al., 2019; Ding and Yao 2022).
However, EC mainly relies on government financial transfer, accompanied by many adverse effects, including insufficient funding sources, ineffective coordination, and poor outcomes in sustainability and equality (Chen et al., 2022). To resolve these problems, scholars have made a series of studies around the coordination of different stakeholders, especially governmental regulation of eco-compensation (Gao, et al., 2019; Jiang et al., 2019; Fang et al., 2022). Because the public is the most important beneficiary of the watershed ecological environment (Xiong et al., 2018), public participation can improve the level of decision-making and reduce the environmental protection cost for the government (Ren et al., 2020; Wu and Jin, 2020). Public participation is essential for resolving the aforementioned adverse effects and is also effective in balancing economic development and ecological protection (Li, et al., 2021). Furthermore, public participation can be used to supervise the environmental protection work and increase social awareness of the need for such protection. Public participation is also conducive to establishing diversified EC mechanisms (Yang et al., 2021; Ding et al., 2022). Analyzing public willingness to pay, and the factors driving that willingness, is thus important for the implementation of eco-compensation mechanisms.
In existing studies, chosen experiments and the contingent valuation method (CVM) are the most widely used methodologies (Jayalath et al., 2021; Perni et al., 2021; Sun et al., 2021; Zheng et al., 2021; Hu, et al., 2022). Loomis et al. (2000) applied the CVM method to evaluate the total value of river restoration in the United States. They also analyzed the correlation between residents’ socio-economic characteristics and their willingness to pay (WTP). Shu (2018) adopted the CVM to calculate the WTP of residents at different times. Yao et al. (2019) investigated residents’ WTP for water quality changes in a coastal aquatic ecological area. According to the existing literature, residents’ willingness to pay for ecosystem services (ES) is affected by gender, age, education, and annual income (Osiolo 2017; Li et al., 2018). A sense of ownership, satisfaction with the government’s work, and the awareness of the importance of ecological protection also influence residents’ WTP (Li et al., 2021). Generally, residents with higher levels of education and higher incomes are more motivated to pay for ES. Scholars commonly use the probit model, the logistic regression model, the Tobit model, entropy, and other methods to analyze the factors influencing residents’ WTP (Afroz et al., 2017). However, such willingness ultimately results from the interaction of multiple factors. It is typically a high-dimensional and nonlinear problem, with which traditional algorithms cannot deal well.
Machine learning is effective in resolving this type of problem and has been widely used in influence analysis (Chen et al., 2022). Elzain et al. (2022) compared three machine-learning algorithms, and found that the random forest (RF) method performed the most effectively and reliably. Through its random sampling and random feature extraction, the RF algorithm can effectively solve this kind of problem. In particular, the RF model is not sensitive to lack of data and is effective in calculating the importance of each factor. This paper thus couples the CVM with the RF model to explore the public’s willingness to pay for eco-compensation and identify the factors influencing such willingness.
The main features of this paper are as follows: Data about the willingness of the public to participate in ecological compensation schemes were collected in a questionnaire survey. The public’s willingness to pay for eco-compensation was then calculated based on the CVM. Finally, the factors influencing public participation in ecological compensation were analyzed in a data-driven way, based on the random forest model. This study ultimately provides suggestions for promoting public participation in ecological compensation and improving the efficiency of such compensation.
MATERIALS AND METHODS
Study area
The Taihu Basin is located on the southern edge of the Yangtze River Delta (Figure 1). It covers a water area of more than two thousand square kilometers, and a total length of nearly four hundred kilometers. The basin plays an important role in the ecosystem security of this region (Shen et al., 2021). Due to rapid development of the economy and the increasing emission of pollutants, the Taihu Basin has problems with water pollution and water ecosystem degradation (Wan et al., 2022). In 2007 the government proposed ecological compensation mechanisms to improve water quality in this watershed. In 2022, the government then proposed broadening the channels of compensation funds and mobilizing the enthusiasm and initiative of public participation.
[image: Figure 1]FIGURE 1 | Location of Taihu Basin, China.jpg. Note: The map of China was downloaded from http://bzdt.ch.mnr.gov.cn/. Supervised by the Ministry of Natural Resources of the People’s Republic of China. Drawing review number is GS (2019)1651. Map of Taihu generated by ArcGIS 10.5. URL link: https://www.esri.com/en-us/arcgis/products/districting-for-arcgis/overview.
However, there are still some issues that need to be resolved; for example, how to analyze the willingness of the public to participate in eco-compensation and the factors influencing that willingness. There are also common issues in cross-administrative river basin ecological construction. Therefore, this paper adopts the contingent valuation method and random forest model to explore the aforementioned problems, which are of great significance for promoting the establishment and improvement of a long-term ecological compensation system in the Taihu Basin.
Survey design and data collection
The questionnaire is made up of three parts: personal characteristics of respondents, their ecological cognition, and willingness to pay. If respondents refuse to pay for eco-compensation, they are asked to explain the reasons. The personal characteristics include age, gender, education level, and annual income. Ecological cognition includes knowledge of the improvement in the watershed environment over the past five years, familiarity with payment for eco-compensation, and the impact of the watershed environment on people’s lives. Willingness to pay means people’s willingness to contribute financially to the eco-compensation. Where respondents accept paying for eco-compensation, we survey their payment methods and the amount paid. If they refuse to pay for eco-compensation, we inquire into the reasons.
People living around the Taihu Basin were randomly chosen to estimate their WTP eco-compensation. The survey was conducted face-to-face, since face-to-face interviews are convenient for explaining the purpose and procedures clearly. To avoid starting point deviation, we conducted two pre-test surveys before the formal survey and then adjusted the questions and answers to reduce confusion and misunderstanding about the questionnaire. In the first round of the pre-test survey, we collected 100 samples through the network. In the second round of the pre-test survey, we collected 50 samples through face-to-face communication with merchants, employees, students, experts, and other residents. In the formal survey, we collected a total of 635 questionnaires. Excluding questionnaires with mistakes, incomplete information, and response times that were too short or too long, we obtained 561 valid responses. The effectiveness rate was 88.35%. According to the research of Xu et al. (2020) and Li et al. (2021), the reliability testing and the validity of the questionnaire were based on the value of Cronbach’s α and factor analysis, respectively. When the value of Cronbach’s α is greater than 0.6, the reliability of the sample is feasible and acceptable (Cronbach et al., 1951; Bagozzi and Yi, 1988). When factor analysis is adopted to test the validity of samples, it is necessary to analyze the correlation between items. Generally, the Kaiser–Meyer–Olkin (KMO) and Bartlett spherical test are used to test the correlation. The KMO is used to compare the correlation and partial correlation coefficient between items, while Bartlett’s spherical test is used to test whether the correlation coefficient between items is significant or not. The principal component analysis is usually adopted to calculate the KMO value and the significance of Bartlett’s sphericity test (Azam and Rahman, 2022). When SPSS is used to calculate the value of the Bartlett spherical test, the significance (i.e., sig.<0.05) means the validity is acceptable. After removing personal characteristics, such as gender, age, and education level, the value of Cronbach’s α was 0.681, which is greater than 0.6. That is, the overall internal consistency of the questionnaire was acceptable. We then adopted PCA for factor analysis to check the validity of the questionnaire. The KMO value was 0.616, and the p-value of Bartlett’s sphericity test was 0.000. The questionnaire’s validity was therefore acceptable.
Contingent valuation method and random forest algorithm
The contingent valuation method (CVM) is the most widely adopted method in the evaluation of payment for watershed ecosystem services. The method obtains WTP based on questionnaires and the principle of utility maximization. The mean value of the WTP can be calculated as follows:
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where [image: image] represents the value of [image: image] respondent’s WTP and [image: image] represents the probability corresponding to [image: image].
A respondent’s WTP involves many factors, such as education level and the degree of improvement in the ecological environment of the watershed over the past five years. It is necessary to explore which factors are more important than others in order to make more people willing to pay for eco-compensation. The random forest (RF) algorithm uses the bootstrap resampling method to extract multiple samples from the original samples and to then model the decision tree for each bootstrap sample. The results with the largest number of votes are obtained by combining the number of votes obtained from multiple decision trees. The process of the RF method is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Calculation process of the random forest model.
As shown in Figure 2, suppose there are N samples, and each sample has M features. The process of the RF is then as follows:
1) Extract the training data set with N samples from the original data set based on the bootstrap aggregation method, and then adopt the extracted N samples to construct N classification decision trees.
2) Select mtry features randomly from M features during the growth of the decision tree (mtry is invariant).
3) Repeat the aforementioned steps until the random forest is constructed.
4) Obtain the classification results based on the majority voting strategy.
Suppose the training round is N, and the classification model sequences are [image: image]. Then, based on the majority voting method, the final classification decision model is:
[image: image]
where [image: image] is the combined classification model, [image: image] is the classification model of a single decision tree, [image: image] is the index function, and Y is the output class. The probability of sample S belonging to [image: image] can then be calculated as follows:
[image: image]
The RF model measures the importance of each factor based on mean decrease accuracy (MDA) or mean decrease Gini (MDG). The MDA is computed by the out-of-bag (OOB) error. Generally, the greater the MDA value, the more important the factor. The MDG calculates the average reduction of Gini impurity caused by the split of the given index. Generally, the greater the MDG, the more important the factor. In this paper, the MDG is adopted to calculate the importance of various features. The formula is as follows:
[image: image]
where [image: image] are the numbers of the sample set, features, and node of the tree, respectively; [image: image] is the Gini value of the [image: image] tree, the [image: image] index, and the [image: image] node; and [image: image] is the importance of the [image: image] index.
To get better classification results, the parameters of the model are optimized based on the relationship between the generalization error and the model’s complexity. Given the generalization error has a positive quadratic relationship with the model complexity, when the complexity is insufficient or too large, it will lead to an increase of generalization error and the phenomenon of underfitting or overfitting. We therefore need to adjust the complexity of the model by adjusting the parameters to make the generalization error close to the lowest point. In this study, the parameters such as n_estimators (the number of decision trees), max_depth (the depth of the decision tree), and max_features (the random selected features) are optimized. Their best values are determined by learning curve and grid search.
RESULTS
Descriptive statistics
Personal characteristics of respondents
The personal characteristics of the people surveyed in the questionnaire are shown in Table 1. The respondents comprised 52.41% males, which is more than the number of females (47.59%). The majority of respondents were under age 50, and the respondents under 30 years old accounted for 31.91%. Nearly half of the respondents had university education or above. There were 128 respondents (22.82%) whose annual income was less than 60,000 CNY, and 39.75% of the respondents had an annual income of more than 100 thousand yuan.
TABLE 1 | Respondents’ personal characteristics.
[image: Table 1]Ecological cognition of respondents
The ecological awareness of respondents is shown in Table 2. In this questionnaire survey, the majority of respondents were familiar with or had heard of paying for eco-compensation (72.73%). Meanwhile, most of the respondents believed that the ecological environment of the Taihu watershed affected their lives. Among respondents, 15.86% believed the watershed ecological environment greatly affected their lives. Concerning satisfaction with the watershed ecological environment, 19.25% of respondents chose “unsatisfied.” On the whole, the majority of respondents were neutral about, or relatively satisfied with, the ecological environment. Nearly half the respondents (49.73%) believed that the ecology of the watershed had improved over the past five years. More than 90% of respondents thought it important to protect the watershed, which means that after years of piloting eco-compensation, the public are intensely aware of environmental protection.
TABLE 2 | Respondents’ ecological cognition.
[image: Table 2]Willingness to pay eco-compensation
The willingness to pay eco-compensation is shown in Table 3. There were 495 respondents (88.24%) willing to pay for eco-compensation in the Taihu Basin, i.e., most respondents were willing to pay. Among respondents, 52.12% chose to pay the ecological compensation fee; 30.91% of the respondents chose to pay through water charges; and 16.97% of the respondents were willing to pay eco-compensation through donations. By contrast, 11.76% of the respondents chose not to pay eco-compensation. The main reason (accounting for 34.85%) was concern the payment would not be well used, while 22.73% of respondents considered it the government’s responsibility to protect the ecosystem.
TABLE 3 | Respondents’ willingness to pay for ecological compensation.
[image: Table 3]ESTIMATION OF WTP
The estimation of the public’s WTP eco-compensation in the Taihu Basin was based on interval values. Referring to the studies conducted by Feng et al. (2018) and Chu et al. (2020), the median values of intervals were set as the value of respondents’ WTP. In the WTP survey, we provided the following compensation options for the respondents: 0–200, 200–400, 400–600, 600–800, and above 800 CNY/person/year. The proportion of respondents who chose each WTP interval is shown in Table 4.
TABLE 4 | Distribution of respondents’ WTP values.
[image: Table 4]As shown in Table 4, 11.76% of respondents expressed reluctance to pay for eco-compensation. More than half the respondents (56.15%) chose one of the two compensation options: 200–400 or 400–600 CNY/person/year. There were 11.94% of respondents who selected the option of 0–200 CNY/person/year. No more than 10% of respondents chose the options of 600–800 and more than 800 CNY/person/year. Based on the distribution data and Eq. 1, we can obtain the average expected compensation value. That is, E(WTP) = 287.344 CNY/(person/year). From the distribution data of respondents’ WTP, it is apparent that a compensation value between 200 and 400 CNY/person/year will encourage more people to participate in paying for eco-compensation.
Factors influencing the public’s WTP
In order to improve the public’s enthusiasm about paying for eco-compensation, and in order to promote the sustainable development of the Taihu Basin, we explored the factors influencing the public’s WTP based on the questionnaire data and the random forest (RF) model. First, the relationship between the factors is analyzed based on the correlation coefficient. The correlation coefficient matrix is shown in Figure 3.
[image: Figure 3]FIGURE 3 | Correlation matrix of factors.
As shown in Figure 3, each cell is the correlation coefficient value of the corresponding indexes. The darker the cell, the stronger the correlation between the corresponding indexes. According to the correlation coefficient matrix, the correlation coefficient between age and WTP is negative, indicating that age is negative to the WTP. Meanwhile, annual income and education level are positive for the WTP. That is, the higher the annual income and education level, the more willing people are to pay for eco-compensation. Furthermore, the correlation value between various factors is not large. Therefore, the influence of collinearity between factors on the results can be ignored. After analyzing the correlation relationship among factors, we adopt the RF model to measure the influence of each factor on the WTP (Figure 4).
[image: Figure 4]FIGURE 4 | Importance of factors.
Figure 4 shows the three most important factors are the importance of environmental protection of the watershed (X9), the impact of the watershed’s ecology on people’s lives (X6), annual income (X4), and the improvement in the ecology of the watershed over the past five years (X8). The greater the awareness of the ecological protection of the watershed, and the more affected people are by the environment, the greater their willingness to participate in eco-compensation. This is in accordance with the actual situation. Meanwhile, people’s annual income and improvement in the ecological environment also greatly affect their willingness to pay for eco-compensation. The government can therefore enhance its ecological protection work and improve public awareness of ecological protection. Meanwhile, when people’s incomes increase, they are more willing to pay for eco-compensation. Other important factors are education levels (X3), age (X2), and familiarity with paying for eco-compensation (X5). Generally, the more familiar people are with the mechanism of eco-compensation, the higher their education levels, and the more they are affected by the watershed ecosystem, the greater will be their willingness to pay for eco-compensation.
DISCUSSION
Ecological compensation (EC) funds are mainly based on transfer payments from the government, resulting in insufficient funding (Li et al., 2021). A diversified EC mechanism is effective in resolving the problem (Ding et al., 2022). People who live around a river basin are the main beneficiaries and participants in the implementation of diversified watershed EC, and their responses directly influence the efficiency of EC use (Ren, et al., 2020). However, the public’s willingness to pay for eco-compensation is affected by many factors. Thus, it is important to measure the importance of each factor and identify the most important. The CVM is effective in estimating the economic value of the watershed as a natural resource and has been widely adopted to estimate people’s willingness to pay for ecosystem services (Perni et al., 2021; He et al., 2022). Meanwhile, the random forest (RF) model is effective in solving the multi-features problem and can sequence features in terms of importance. Therefore, CVM and RF are coupled together to investigate the willingness to pay for eco-compensation and to identify the influencing factors.
Taking the Taihu Basin as the case study area, and by conducting a face-to-face questionnaire survey, the results show that 75.94% of respondents are not accustomed to paying for eco-compensation or have only heard of it. The government therefore needs to take measures to improve the public’s knowledge of EC. Meanwhile, nearly half the respondents think that the ecology of the Taihu Basin has improved over the past five years. It is gratifying that more than 90% of respondents believe it is important to protect the ecology of the watershed, with 88.24% of respondents willing to pay for eco-compensation, reflecting an average WTP of 287.344 CNY/person/year. Among the respondents willing to pay for ecological compensation, 52.12% are willing to pay through an ecological compensation fee. The main reason people give for refusing to pay for eco-compensation is the concern the payment will not be well used. This means that governments need to improve the transparency of their use of ecological compensation funds. Due to the diversity of eco-compensation, in terms of both individuals and regions, the value of WTP will vary accordingly. For example, in the Xin’an River Basin, the public’s willingness to pay is 20.04 USD per year (Ren et al., 2020). However, in the survey of Taipu River, the mean WTP was 51.08 RMB per month (Li, et al., 2021), i.e., approx. 85 USD per year. The difference here stems from economic and social development, natural attributes, and the budgets of respondents (Wang and Jia, 2012).
The influence analysis results show that the most three important ecological awareness factors are the perceived importance of watershed ecosystem protection, the impact of the watershed on people’s lives, and the improvement in the watershed ecosystem over the past five years. Personal factors of age, annual income, and education also have a distinct influence on people’s WTP. These results are consistent with previous studies. For example, people who recognize the importance of environmental protection are more inclined to pay eco-compensation (Peng et al., 2022). The public’s willingness to pay for eco-compensation may be triggered by improvements in the environment (Nie et al., 2022). As education levels and annual incomes rise, people are willing to pay more for eco-compensation (Chu et al., 2020). In relation to age, younger people are more inclined to pay for eco-compensation (Ren et al., 2020). Furthermore, awareness of environmental protection and knowledge about eco-compensation can also encourage public participation (Li, et al., 2021).
CONCLUSION
Eco-compensation (EC) plays an important role in balancing the protection of the environment and the development of the economy. To further promote improvement in the watershed environment, it is necessary to motivate the public to participate in eco-compensation and hence to improve its efficiency. Therefore, this paper involved a survey in the Taihu Basin, analyzing people’s willingness to pay for eco-compensation, and the factors influencing that willingness. The survey results show that the majority of respondents are willing to pay for eco-compensation. Meanwhile, public awareness of environmental protection is relatively high. The majority of the public have heard of, or are familiar with eco-compensation. Most respondents believe that the watershed environment is related to their lives and consider it necessary to protect its ecology and to implement eco-compensation. Based on the survey results, we have explored the key factors influencing willingness to pay by adopting the random forest algorithm. We found that the key influencing factors are awareness of the importance of watershed ecological protection, the impact of the watershed environment on people’s lives, annual incomes, and improvements in the watershed environment over the past five years. The reason why some respondents are unwilling to pay is because they consider the ecological compensation funds are poorly supervised and not well utilized. The government should therefore increase efforts to strengthen the supervision of ecological compensation funds.
This study has expanded the research into willingness to pay watershed eco-compensation. Although the influencing factors and the WTP of the public are mainly determined by the economic and social situations of target individuals and areas, the research models proposed in this paper can be used in other regions. This study fills certain gaps in the literature, but there are nevertheless some limitations. First, this study mainly focuses on the opinions of the public. However, eco-compensation involves multiple stakeholders, such as governments, NGOs, and others. In a future study, follow-up surveys will be conducted to analyze the WTP and the corresponding influencing factors under the interaction of multi-stakeholders. Second, it would be worth extending our research to other areas and comparing the factors influencing the people of different watersheds. Third, in future studies, it will be necessary to explore the spatial-temporal trends of WTP and its influencing factors, so as to provide decision-making references for eco-compensation.
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X2: Age

X3: Education level

X4: Annual income (ten thousand yuan)
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X5: Familiarity with payment for eco-compensation
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X8: Improvement in watershed environment over past five years

X9: Importance of watershed ecological environment protection
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No effect
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Neutral

Great impact

Unsatisfied
Neutral
Relatively satisfied

Very satisfied
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Mode of payment

Number willing to pay

Reasons for unvwillingness to pay

Number unwilling to pay
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Ecological compensation Fee
Water charge

Donation

I have not polluted Taihu
I do not care about the ecosystem of Taihu
It is the government’s issue

Concern the payment won't be well used

Frequency
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Proportion (%)
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Compensation WTP (CNY/person/year) Frequency Proportion (%)
option (CNY/person/year)

0 0 66 1176
0-200 100 153 27.27
200-400 300 178 31.73
400-600 500 17 2086
600-800 700 36 642
>800 800 11 1.96
Total 561 100
Number willing to pay 495 88.24

Number unwilling to pay 66 1176
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