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Abstract: China has continuously stepped up its efforts to protect the ecological environment of the
Ganjiang River Basin. The government has played a leading role, but the residents, who have also
played an important role in this issue, are often overlooked. Consequently, it is necessary and urgent to
study the willingness of the residents, who are the direct stakeholders, to pay for the protection of the
ecological environment of the Ganjiang River Basin. Based on a survey of 773 households, this study
examines the downstream residents’ willingness to pay (WTP) and their payout levels. Using the
payment card (PC) contingent valuation method (CVM), we measure the payment probability of the
downstream residents and the amount they are willing to pay. Additionally, Heckman’s two-stage
model is adopted for exploring the influencing factors of the surveyed residents’ WTP and payout
levels and avoiding the possible presence of sample selection bias. The results showed that 75.03% of
the surveyed residents are willing to pay for ecological compensation in the Ganjiang River Basin.
The downstream residents are willing to pay an annual average amount of about $47.62/household
for ecological compensation. The factors that significantly influence their WTP include the educational
background, work type, residential location, and water quality and quantity. In the case of payout
levels, the influencing factors include the education background, work type, household annual
disposable income, and water quality and quantity. In addition, the factor of value recognition is
marginal and significantly related to WTP and payout levels. The results of this empirical study
have important policy implications and recommendations that the government should intensify its
propaganda about the ecological value, increase investment in education, and establish a variety of
ecological compensation payments, in order to protect and improve the ecological environment of
the Ganjiang River Basin.
Keywords: ganjiang river basin; ecological compensation; willingness to pay; influencing factors;
Heckman’s two-stage model

1. Introduction
The ecological depravation of the river basin has become prominent, and has accompanied
the rapid growth of China’s economy [1,2]. Furthermore, due to the absence of an ecological
structural compensation policy and linkage mechanism [3], the relationship between the upstream
Sustainability 2018, 10, 2149; doi:10.3390/su10072149
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and downstream stakeholders has increasingly gotten worse [4]. After the central government put
forward a strategy of ecological civilization construction [5], a series of ecological compensation
measures for river basins was proposed. For example, at the end of 2015, Jiangxi Province introduced
an implementation scheme (The Implementation Scheme of River Basin Ecological Compensation
in Jiangxi Province (Trial)), which further increased ecological protection, in response to a tighter
constraint on water resources, water pollution, and the serious situation of water degradation [6].
Such policies have to some extent ameliorated the ecological environment and improved the ecosystem
of the river basin. However, most policies attach importance to the role of government control on
the macroeconomy and market regulation mechanism, while ignoring the importance of stimulating
public participation. Meanwhile, they pay close attention to the economic attributes of environmental
products, while losing sight of the social and ecological attributes that are more likely to inspire public
participation, which could affect the formulation and improvement of relevant policies. In April 2015,
China issued a notice (The Notice of the State Council on the Action Plan for the Prevention and
Control of Water Pollution), which outlined 10 specific requirements for water pollution control,
and for the first time highlighted the importance of public participation [7]. The process of watershed
ecological governance needs to consider the will of various stakeholders, especially third parties
(i.e., the public). In February 2017, Document No. 1 (The Central Committee’s Document No.1 of
the Chinese Communist Party) put forward the issue of focusing on the pollution of rivers and lakes,
and strengthening the construction of major ecological projects [8].
However, in the process of watershed ecological management, there are still some problems,
such as the lack of public participation in some areas [9]. The Ganjiang River Basin is the most important
river in Jiangxi Province [10]. This problem is especially obvious. The upstream of the Ganjiang River
Basin is about 270.95 hectare (ha), and the annual ecological value is about $7996.33 per ha [11].
Meanwhile, the upper reaches of the Ganjiang River Basin are mainly concentrated in Ganzhou City,
which is located in the south of Jiangxi Province. Ganzhou has an excellent ecological environment
where the forest coverage rate exceeds 76%. However, the living standard of the residents is relatively
low, and 8 of the 18 counties within the jurisdiction of Ganzhou City are designated as poverty-stricken
counties at the state level. In addition, the water quality of the Ganjiang River Basin maintained a
good level for a long time. In order to prevent the deterioration of water quality and further improve
the ecological environment of the downstream area, the central and local governments continue to
strengthen environmental protection to the upstream area of the Ganjiang River Basin, which limits the
development of impoverished regions, and results in positive externalities. Although the government
has paid a certain amount of compensation for the upstream, yet due to the lack of an effective
compensation mechanism, the actual rights of subsistence and development of the upstream and
downstream counties are different [12], which leads to a contradiction between regional economic
development and environmental protection in the river basin. As a terminal experience of the water
resource allocation program, public support for the policy will ultimately effect its implementation [13].
According to the principle of “Who Benefits Whom Compensation”, the lower reaches of the Ganjiang
River Basin should be paid as ecological compensation beneficiaries to make up for the benefits of
the upper reaches to protect or improve the watershed ecological environment [14]. Although the
Jiangxi provincial government has promulgated and implemented the compensation approach
(Jiangxi Province Watershed Ecological Compensation Approach (Trial)), influenced by the promotion
of “Jiangxi Example of Beautiful China”, the calculation of the ecological compensation funds of the
river basin is mainly on account of the cost (i.e., construction and maintenance costs) of the upstream
area to protect the river basin environment. The calculation method does not take market factors and
public participation into account, and the estimated compensation for the smaller funds may lead to a
compensation effect, which may not be fully apparent. Therefore, since the upstream residents and
the government have been engaged in environmental protection of the river basin, the downstream
residents should pay for the positive externalities derived from these activities. Thus, it is necessary
to evaluate the willingness to pay (WTP) of the downstream residents. Willingness to pay is used
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as the basis of ecological compensation, which can effectively solve the above problems [15], and it
is also an important link for the construction of social and economic relations between upstream
and downstream areas [16]. Additionally, it is helpful for the government to establish a watershed
ecological compensation mechanism [17].
In this context, we try to explore the downstream residents’ WTP and payout level on the basis of
a field data survey. The survey was conducted by the Institute of Ecological Economics at the Jiangxi
University of Finance and Economics once to twice a year from 2016 to 2017. This paper focuses
on the following three questions to theoretically contribute to the policy initiatives of the Ganjiang
River Basin: first, are downstream residents willing to pay for ecological protection; second, what is
the payout level of the residents who are willing to pay; and third, what are the factors affecting the
residents’ WTP and payout level? Through the study of the above problems, we can provide some
reference and support for the construction of an ecological compensation mechanism and for policy
making. It is noteworthy that there are no studies focusing on the downstream residents’ WTP for the
preservation of the Ganjiang River Basin in China. Hence, this research would fill the gap in this area.
The remainder of this article is arranged as shown below.
Section 2 reviews the relevant research about ecological compensation and the factors influencing
residents’ WTP and payout level. Section 3 elaborates on the data source and research method of this
paper. Section 4 expounds and interprets the empirical results. Section 5 summarizes the article and
puts forward some relevant policy suggestions
2. Literature Review
Watershed ecosystems are of vital importance to human beings [18]. In recent years, many scholars
have done research on the beneficiarys’ willingness to pay in regard to watershed ecological protection
by adopting the contingent valuation method (CVM) [19]. Bhandari [20] has used the contingent
valuation method to explore residents’ WTP for the lower reaches of the Chure region of Nepal,
and has found that beneficiaries living in the downstream of the river basin are willing to pay a
higher amount for potable water services if the water quality can be guaranteed and sustainable.
Moreno-Sanchez et al. [21] has adopted CVM to research the downstream residents’ willingness to
pay in the Andean watershed in Colombia, and the research results may help to design user-driven
payment for ecological environment services (PES) schemes that meet the requirements of efficiency
and equity objectives. Hecken et al. [22] has employed CVM to study residents’ willingness to
pay in the lower reaches of Matiguás, Nicaragua, and the study results reveal that a definite local
consciousness of upstream–downstream interdependencies and a considerable WTP for improved
drinking water services imply a successful PES. Li Chaoxian [23] used CVM to evaluate the WTP of
residents who are living in the Changsha reach of the Xiang Jiang River Basin and used the structural
equation model to further study the factors affecting the willingness to pay. Zhou Chen et al. [17]
researched the residents who are living in the intake area of Zhengzhou City in the South-to-North
Water Diversion Project. In this case, the Tobit model was employed to inquire into the factors affecting
the willingness to pay. In addition, Guan Xinjian et al. [24] has studied the residents’ willingness to pay
for ecological protection of the Xiao Honghe River Basin. All of the above research results found that if
the upstream environment gets better and better, the residents who are living in the downstream region
have a strong willingness to pay. Thus, scholars have made great efforts in studying the residents’
willingness to pay for the river basin.
Methodologically, Zhou and Li [17] used the Tobit model to analyze the influencing factors for
residents’ willingness to pay for the watershed services, and the results show that residents’ individual
heterogeneity were significantly related to the residents’ willingness to pay. Zheng et al. [25] adopted
the Probit model to study the influence factors for residents’ willingness to pay for the Jinhua River
Basin, and the empirical results reveal that the education levels and incomes have significant correlation
with the residents’ WTP. In general, previous studies mainly employed the Tobit [17], Probit [25],
logistic [26] or structural equation models [23] to analyze the factors influencing the willingness to pay
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on the basis of the contingent valuation method. However, the disadvantage of the models is that the
factors affecting the residents’ willingness to pay and payout level cannot be examined simultaneously.
Notably, the models could not eliminate the interference of “WTP = 0” samples while analyzing the
influencing factors of the residents’ payout level [27]. It is gratifying that Heckman’s two-stage model
is capable of solving the above problems and avoiding the sample selection bias [28]. More importantly,
in terms of the research object, there are still a few studies on the beneficiaries’ willingness to pay
and the influencing factors in the case of the Ganjiang River Basin, which gives a major push to
accelerate the construction of the “Jiangxi sample” of ecological civilization. Based on the above
considerations, this paper analyzes the WTP and the payout level of the residents, who are living in
the downstream section of the Ganjiang River, by using the payment card contingent value evaluation
(CVM). The Heckman’s two-stage model will be adopted to study the affecting factors of the residents’
WTP and their payout level. We hope that this research can provide important supplementary value
for formulating eco-compensation policies for the Ganjiang River Basin and a certain reference value
for the application of ecological compensation policies for drainage areas in China.
3. Data Sources and Research Methods
3.1. Study Area and Data Sources
Ganjiang is situated in the middle–lower Yangtze region, which covers the entire Jiangxi Province
from south to north [29]. The source of the river is from the west foothills of Wuyi Mountain on the
border of Jiangxi and Fujian provinces [30,31]. Ganjiang is the largest river basin in the Poyang Lake
water area [32], and the total length of the main stream is about 766 km, which is also one of the seven
tributaries of the Yangtze River [33,34]. This paper studies the influencing factors for the residents’
WTP and payout level for the ecological protection of the Ganjiang River Basin. The main research
areas are the lower reaches of the basin, including Le’an, Suichuan, Yongxin, Wan’an, Wanzai, Lianhua,
Yuanzhou, Taihe, Jishui, Yongfeng, Fengcheng, Ji’an, Anfu, Xingan, Yifeng, Xiajiang, Shanggao, Shangli,
Jingangshan, Jizhou, Qingyuan, Gao’an, Luxi, Xiangdong, Zhangshu, Xinjian, Anyuan, Nanchang,
Fenyi, Donghu, Yushui, Xihu, Qingyunpu, and Qingshanhu (as shown in Figure 1).
The data applied in the study originated from the 2016 and 2017 residents’ survey designed to
evaluate beneficiaries’ WTP for ecological protection in the lower reaches of the Ganjiang River Basin.
The survey was administered through a face-to-face questionnaire, which concentrated on the public
awareness of ecological compensation for the Ganjiang River Basin in Jiangxi Province. The face-to-face
questionnaire was adopted primarily due to the relatively specialized questions that need to be
elaborated, and we could recover a higher percentage of valid questionnaires by using this method [35].
More critically, the face-to-face questionnaire is an excellent way to enhance communication with the
respondents and transmit messages [36], which are necessary for the contingent valuation method
(CVM). In addition, a pilot test was used to determine the minimum number of respondents to ensure
that a representative sample was taken. Simple random sampling was adopted in our pilot test, and we
found that at least 384 respondents met the requirements. Through the pilot survey, we could also
improve issues related to the questionnaire design, expression approach, payment vehicle, and so
on [37].
The questionnaire was divided into the following four parts. Part one was the introduction of the
background of the Ganjiang River Basin, which included its general background and characteristics,
in order to make the surveyed residents clearly understand the current situation of the river basin.
Part two consisted of demographic and social questions, which included the surveyed residents’ age,
gender, education, work type, and other information. Through this part of the questionnaire, we could
get explanatory variables of the residents’ willingness to pay and payout level. Part three was the
presentation of the contingent valuation scenario and dichotomous questions for acquiring information
related to the residents’ willingness to pay and payout level. The last part was to get the residents’
payment method. Through the survey, we found that the residents were more than willing to adopt
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Figure 1. The schematic diagram of the Ganjiang River Basin.

For the purpose of facilitating subsequent comparative research, we acquired data from the
“2016 Statistic Bureau of Jiangxi” and “Statistical Communique of the counties in the research areas
on the 2015 National Economic and Social Development” and classified 34 counties into three
types in terms of the per capita gross domestic product (GDP). The categories were demarcated
as small, medium, and large depicting the following amounts: <$4500, $4501–$7400, and >$7400
(in order to make readers understand more clearly, we converted Chinese yuan into US dollars.
Meanwhile, the value measured as the Chinese currency (RMB Yuan) is converted into US dollar value
by the average exchange rate during 2016 (i.e., RMB 6.6423 yuan to one dollar) per household per
year), respectively (as shown in Table 1).
The total population includes the residents living in the lower reaches of the Ganjiang River Basin.
We chose simple random sampling for the pilot test and found that at least 441 respondents were
required to meet the demand. In order to ensure that the investigation was unbiased and effective,
we employed the three-stage sampling approach to conduct face-to-face investigations of 816 residents
(Table 2).
In the first phase, we adopted a stratified sampling method to extract one town from each county
(or district). In the second phase, the PPS (probability proportionate to size sampling) method was
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employed to select two villages (or neighborhoods) from every town that was chosen. In the third phase,
we chose simple random sampling to pick 12 residents from the selected villages (or neighborhoods),
and then we conducted a survey of the residents. Finally, 773 valid questionnaires that were found to
provide reliable data were collected, which accounts for 94.73% of the total questionnaires. The number
of valid questionnaires was larger than the required sample size; therefore, the various parameters
estimated by the sample data can reflect the overall correlation characteristics.
Table 1. Classification of the research area.
Type

Region

Per Capita GDP $)

Area

I

Le’an, Suichuan, Yongxin, Wan’an, Wanzai, Lianhua,
Yuanzhou, Taihe, Jishui, Yongfeng, Fengcheng, Ji’an, Anfu,

<4500

Small

II

Xingan, Yifeng, Xiajiang, Shanggao, Shangli, Jingangshan,
Jizhou, Qingyuan, Gao’an, Luxi, Xiangdong

4501–7400

Medium

III

Zhangshu, Xinjian, Anyuan, Nanchang, Fenyi, Donghu,
Yushui, Xihu, Qingyunpu, Qingshanhu

>7400

Large

Table 2. Sampling methods.
Stage

Sampling Unit

Number

Method

Frist
Second
Third

Town
Neighborhood/Village
Resident

1
2
12

Stratified sampling
Probability proportionate to size sampling
Simple random sampling

3.2. Research Methods
3.2.1. Contingent Valuation Method
Contingent valuation method is a simple and flexible nonmarket approach [38], commonly referred
to as the stated preference model [39]. It is widely used for cost-benefit analysis and environmental impact
assessments of nonmarket resources [40,41]. The method was first introduced to measure the value of
outdoor leisure in the Maine backwoods of the United States [42]. Although the contingent valuation
method has been criticized for the reliability and validity of the results, yet through the efforts of many
scholars, the above problems have been evaded [43]. The method has been applied to assess the value
for renewable energy [44], forests [15], wetlands [45], watersheds [17], hydrogen buses [46] and other
nonmarket resources [47,48]. The induction modes for willingness to pay include open, repeat bidding,
dichotomy, payment card, and so on [49], which are increasingly used to obtain the residents’ WTP
for environmental protection of the river basin. The payment card of the induction mode has the
advantages of easy access to the respondents’ willingness to pay, avoidance information deviation,
and circumvention extreme values [17]. Moreover, WTP analyses usually apply to households.
Therefore, this paper studies the residents’ WTP and payout level in the downstream section of
the Ganjiang River Basin by using the payment card (PC) contingent valuation method (CVM).
Specifically, the formula is as follows.
Ti

WTPi =

∑

δhi Phi

(1)

h i =1

In Equation (1), WTPi represents the average payout level of residents in the region i, and i can
be defined as I, II, III, and ALL. Meanwhile, δhi represents the payout level for the resident hi of the
surveyed inhabitants, Phi represents the frequency of the payment value of the resident hi , and Ti
represents the number of samples of the surveyed population.
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3.2.2. Heckman’s Two-Stage Model
Heckman’s two-stage model was developed by James Heckman who taught at the University of
Chicago from 1976 to 1979, and was awarded the Nobel Prize in Economics for the model in 2000 [50].
Heckman’s two-stage model could effectively correct the selectivity deviation, which is a unique
problem of econometrics [51]. In addition, we can utilize the model to analyze the factors affecting the
residents’ WTP and their payout level [52].
Model selection: The ecological compensation payment activities of residents studied in this
paper can be divided into two stages. The first stage is the behavioral decision stage, when the
residents decide whether or not to pay for ecological compensation based on river basin environmental
protection or improvement. Residents who do not have the willingness to pay are terminated as the
object of the next phase of the study, and the inhabitants who have the willingness to pay enter the
second stage.
The second stage is the payout level of the decision-making stage, which is the payout level of the
residents who are willing to pay for the environmental protection of the river basin. Hence, this paper
uses Heckman’s two-stage model to analyze the influencing factors of residents’ WTP and their payout
level, respectively. The model is expressed as follows and contains two sub-models (Model 1 and
Model 2).
Model 1 is a Probit model, which mainly examines the impacting factors for downstream residents
of the Ganjiang River Basin who are willing to pay. The specific model is shown below.
Y = µ0 + µ1 M1 + µ2 M2 + µ3 M3 + · · · + µn Mn + θ

(2)

In Equation (2), Y is the explained variable; M1 , M2 , M3 , · · · , Mn are the explanatory variables;
and µ0 , µ1 , µ2 , µ3 , · · · , µn are the solve for parameters; θ being the residual parameter.
Model 2 is a multiple linear regression model, which mainly examines the influencing factors of
the residents’ payout level. The specific model is as follows.
T = ϕ0 + ϕ1 M1 + ϕ2 M2 + ϕ3 M3 + · · · + ϕn Mn + ελ + δ

(3)

In Equation (3), T is the explained variable; M1 , M2 , M3 , · · · , Mn are the independent variables;
λ represents the Mills ratio; ϕ0 , ϕ1 , ϕ2 , ϕ3 , · · · , ϕn and ε are the solve-for parameters; and δ is the
residual parameter.
Variables: On the basis of reference literature and combined with the specific situation of the
Ganjiang River Basin in Jiangxi Province, ten indicators/variables are designed to evaluate the
changes in the residents’ WTP and their payout level of the Ganjiang River Basin as shown in
Table 3. Meanwhile, Table 4 shows the descriptive statistics of variables applied to Heckman two-stage
estimation. Table A2 in the appendix briefly shows the correlation between variables is weak.
Table 3. Variables’ description and interpretation.
Variable
Age (M1 )
Gender (M2 )
Education situation (M3 )

Work type (M4 )

Unit/Assignment
Years
Male = 1, Female = 2
Grades 1–6 = 1, Grades 7–9 = 2,
Grades 10–12 = 3, Grades 13–16 = 4,
Grades 17–19 = 5, Grades 20+ = 6.
State organs = 1, Public institution = 2,
State-owned enterprises = 3,
Private Enterprise = 4, Foreign-owned
enterprise = 5, Individual household = 6,
Agricultural production = 7,
Freelancers = 8, Others = 9

Description
We explore whether individual
information have an impact on the
residents’ WTP and their payout level.

Supporting
Documents
[25]
[25]
[25]

[17]
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Table 3. Cont.
Variable

Unit/Assignment
Less than or equal to $750 = 1,
$751–1500 = 2, $1501–3000 = 3,
$3001–4500 = 4, $4501–6000 = 5,
$6001–7500 = 6, $7501–9000 = 7,
$9001–10,500 = 8, $10,501–12,000 = 9,
$12,001–13,500 = 10, $13,501–15,000 = 11,
More than $15,000 = 12

Household annual
disposable income (M5 )

Number of family
members (M6 )
Residential location (M7 )
Value recognition (M8 )

Supporting
Documents

Description

We discuss whether household
information influences the residents’
WTP and their payout level.

[17]

Persons

[17]

Region I = 1, Region II = 2, Region III = 3

[53]
We evaluate whether the variable has
an impact on the residents’ WTP and
their payout level.

Identification = 1, Misidentification = 2

Water quality (M9 )

Very dissatisfied = 1, Dissatisfied = 2,
Normal = 3, Satisfied = 4, Very satisfied = 5

Water quantity (M10 )

Very dissatisfied = 1, Dissatisfied = 2,
Normal = 3, Satisfied = 4, Very satisfied = 5

We examine whether the degree of
satisfaction of the residents for water
quality and quantity affect the residents’
WTP and their payout level.

[25]

[17]
[17]

Table 4. Descriptive statistics for variables.
Variable

Observations

Minimal

Maximal

Mean

Standard Deviation

M1
M2
M3
M4
M5
M6
M7
M8
M9
M10

773
773
773
773
773
773
773
773
773
773

16
1
1
1
1
1
1
1
1
1

73
2
6
9
12
9
3
2
5
5

35.37
1.46
3.82
4.95
4.99
4.07
1.96
1.47
2.83
2.85

9.67
0.50
1.56
2.40
3.36
1.12
0.80
0.50
1.49
1.51

4. Empirical Research
4.1. Willingness to Pay and Payout Level
A total of 580 residents had a positive WTP, while 193 residents did not, and the two accounted
for 75.03% and 24.97%, respectively, as suggested in Table 5. It shows that if the ecological environment
of the Ganjiang River Basin is improved, the vast majority of the downstream residents will have a
positive WTP.
Table 5. Frequency of willingness to pay (WTP) for the downstream residents.
WTP

Number

Sample Size

Proportion

YES
NO

1
0

580
193

75.03%
24.97%

In the survey of the downstream residents, we found that the residents who have a willingness
to pay do so due to the improvement in the Ganjiang River Basin, which to some extent makes
upstream residents lose the right to develop, and makes the downstream ecological environment better.
However, the residents who do not have the willingness to pay mentioned that they have already paid
taxes and fees to the government, so compensation should be borne by the government.
We substitute the collected data into Equation (1), and the results are shown below (in order
to make downstream residents’ payout level clearer, we converted Chinese yuan into US dollars.
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Meanwhile, the value measured as the Chinese currency (RMB Yuan) is converted into US dollar value
by the average exchange rate during 2016 (RMB 6.6423 yuan to one dollar) per household per year).
TI

∑

E(WTPI ) =

δh I Ph I = $13.20

(4)

δh I I Ph I I = $46.80

(5)

h I =1
TI I

∑

E(WTPI I ) =
Sustainability 2017, 9, x FOR PEER REVIEW
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TI I I

∑

𝑇𝐴𝐿𝐿 δh I I I Ph I I I

= $87.66

h I I I =1

E(𝑊𝑇𝑃𝐴𝐿𝐿 ) = ∑ 𝛿ℎ𝐴𝐿𝐿 𝑃ℎ𝐴𝐿𝐿 = $47.62

(6)

(7)

T

ALL=1
ℎ𝐴𝐿𝐿

E(WTPALL ) = ∑ δh ALL Ph ALL = $47.62
(7)
=1
The research findings in Figure 2 andh ALL
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of(4)–(7)
the Ganjiang
Basin
is $47.62
year. The
The household
research findings
Figure 2 and
Equations
indicateRiver
that the
payout
level ofevery
the average
lowest payout
level
of the average
household
is $13.20
annually,
in The
region
I. The
household
for the
ecological
protection
of the Ganjiang
River
Basin iswhich
$47.62 happens
every year.
lowest
highest
payout
level
of
the
average
household
is
$87.66
annually,
which
appears
in
region
III.
payout level of the average household is $13.20 annually, which happens in region I. The highestThe
intermediate
level household
of the average
household
is which
$46.80appears
annually,
which III.
occurs
in region II. As
payout
level ofpayout
the average
is $87.66
annually,
in region
The intermediate
a
consequence,
the
results
reveal
that
bigger
the
regional
per
capita
GDP,
higher
is
the residents’
payout level of the average household is $46.80 annually, which occurs in region II. As a consequence,
payout
level
for ecological
compensation.
the
results
reveal
that bigger
the regional per capita GDP, higher is the residents’ payout level for
ecological compensation.

Figure2.2.The
Thepayout
payoutlevels
levelsfor
forthe
thedownstream
downstream
residents
Ganjiang
River
Basin.
Figure
residents
of of
thethe
Ganjiang
River
Basin.

4.2. Results of the Regressions
Using the Stata12.0 software platform, Heckman’s two-stage model was used to study the
factors affecting WTP and payout level of the residents’ who are living in the lower reaches of the
Ganjiang River Basin. The residents’ WTP and their payout level were regarded as dependent
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4.2. Results of the Regressions
Using the Stata12.0 software platform, Heckman’s two-stage model was used to study the factors
affecting WTP and payout level of the residents’ who are living in the lower reaches of the Ganjiang
River Basin. The residents’ WTP and their payout level were regarded as dependent variables and
the independent variables were respondents’ characteristics. The empirical findings are shown in the
following table.
According to the data in Table 6, it can be found that the value of Wald is 533.96 and the P value is
0, indicating that rejecting the original hypothesis and the whole model is effective.
Table 6. Model validity analysis.
Observations

Restricted Observations

Unrestricted Observations

Wald

P > |z|

773

193

580

533.96

0.000

It needs to be emphasized that there are ten explanatory variables in Heckman’s first-stage model,
while only seven explanatory variables are incorporated in Heckman’s second-stage model. The reason
is that the number of variables in the second stage must be less than the number in the first stage.
In accordance with this principle, we excluded three explanatory variables (M1 , M2 , and M6 ) in the
second stage, which are not statistically significant with the residents’ WTP and their payout level.
4.3. Factors Influencing the Residents’ WTP
The empirical results indicated in Table 7 reveal that the education situation (M3 ), work type (M4 ),
residential location (M7 ), water quality (M9 ), and water quantity (M10 ) have significant correlation
with the residents’ WTP, nevertheless the age (M1 ), gender (M2 ), household annual disposable income
(M5 ), and number of family members (M6 ) did not show statistical significance. In addition, the value
recognition (M8 ) was marginally significant to WTP.
Table 7. Heckman’s first-stage model (Probit model/selection model) estimation results.
Variable

Coef.

Std. Err.

Z

P > |z|

M1
M2
M3
M4
M5
M6
M7
M8
M9
M10
Constant

−0.001
0.242
0.309 ***
−0.089 *
−0.032
0.061
0.287 **
−0.168
0.967 ***
1.070 ***
−3.990 ***

0.010
0.188
0.091
0.051
0.037
0.079
0.134
0.104
0.202
0.216
0.882

−0.050
1.290
3.410
−1.750
−0.870
0.770
2.140
−1.610
4.780
4.950
−4.520

0.959
0.198
0.001
0.081
0.383
0.441
0.032
0.107
0.000
0.000
0.000

Note: *, **, and *** represent the significance at 10%, 5%, and 1%, respectively.

M3 has significant positive correlation with the residents’ WTP, which means that higher the
residents’ education levels become, the stronger they are willing to pay. It may be that with the number
of years of education increasing, residents are able to understand the importance of the ecological
environment of the river basin for production and living. As a consequence, they have a stronger
WTP for the ecological compensation of the river basin. M4 has significant negative correlation with
the residents’ WTP, which indicates that residents with stable work have a stronger willingness to
pay. It may be that the residents with relatively stable work have relatively stable income, pay more
attention to the quality of life, and are therefore more concerned about the ecological environment
of the Ganjiang River Basin. Consequently, the residents have a stronger willingness to pay in order
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to improve the ecological environment of the river basin. M7 is significantly positively related to
the residents’ WTP, which means that the residents living in Region III with higher per capita GDP
have a stronger WTP for ecological protection of the river basin. It may be that the residents who
are living in the areas with higher per capita GDP are more focused on the impact of the ecological
environment to their own body. As a result, the residents with higher per capita GDP are more willing
to pay for the improvement of the ecological environment. M8 is marginally significant with residents’
WTP, indicating that the residents who consider that the Ganjiang River Basin has a huge ecological
value can better understand its importance. Thus, in order to protect and improve the ecological
environment of the Ganjiang River Basin, they have a stronger willingness to pay. M9 and M10 are
significantly positively related to the residents’ WTP. Therefore, the residents who are more satisfied
with the water quality and quantity of the Ganjiang River Basin have a stronger WTP. The reason is
that residents who are happier with the water quality and quantity will be able to get more from the
Ganjiang River Basin water resources. With the purpose of protecting or improving existing water
quality and quantity, they will have a stronger WTP.
4.4. Factors Influencing the Residents’ Payout Level
The empirical findings revealed in Table 8 show that the education situation (M3 ), work type
(M4 ), household annual disposable income (M5 ), water quality (M9 ), and water quantity (M10 ) are
significantly related to the residents’ payout level, while the residential location (M7 ) does not show
statistical significance. Besides, value recognition (M8 ) shows a marginal significant correlation with
their payout level.
Table 8. Heckman’s second-stage model (OLS model/payment model) estimation results.
Variable

Coef.

Std. Err.

Z

P > |z|

M3
M4
M5
M7
M8
M9
M10
Constant
λ
rho
sigma

0.660 ***
−0.481 ***
0.185 ***
0.203
−0.392
1.830 ***
1.516 ***
−2.796 **
3.630 ***
0.821
4.423

0.167
0.089
0.067
0.272
0.285
0.291
0.279
1.297
0.605

3.980
−5.400
2.750
0.740
−1.380
6.290
5.420
−2.160
5.990

0.000
0.000
0.006
0.456
0.169
0.000
0.000
0.031
0.000

Note: **, and *** represent the significance at 5%, and 1%, respectively.

M3 had significant positive correlation with the residents’ payout level, which means that with
the improvement of education levels, the residents who have a positive willingness to pay will have
a higher payout level. It may be that the perception and sensitivity to the ecological environment of
the residents who have a higher degree of education will be stronger, which makes them willing to
pay a higher payout level. M4 has significant negative correlation with the residents’ payout level,
indicating that the residents possessing a stable job have a higher payout level. This may be because
when the residents’ work in public institutions or state-owned enterprises, they can get a stable and
considerable income and are therefore more likely to be concerned about the ecological compensation
of the river basin. This might result in a higher payout level. M5 is significantly positively related to
the residents’ payout level, illustrating that the more the household annual disposable income of the
residents who have a positive willingness to pay, higher is their payout level. The reason is that the
households with higher disposable incomes are able to have more income to protect and improve the
ecological environment of the Ganjiang River Basin. M8 is marginally significant with the residents’
payout level, which indicates that the residents, who have the willingness to pay, recognize the value
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of the Ganjiang River Basin and these residents have a higher payout level than those who do not
recognize the value. M9 and M10 are significantly positively related to the residents’ payout level.
This may be because the residents who have a positive willingness to pay are more satisfied with
the water quality and quantity of Ganjiang, indicating that the water resources environment of the
Ganjiang River Basin meets the needs of the residents. Thus, the better the water environment of
the Ganjiang River Basin, the higher is the residents’ payout level. Meanwhile, λ shows statistical
significance, indicating that the sample does have a selection bias. As a consequence, this result
strengthens the necessity of using the Heckman’s two-step model.
5. Research Conclusions
We use the household-level survey data and adopt the CVM and Heckman’s two-step model to
examine the determinants of the residents’ WTP and their payout level for ecological protection in the
downstream section of the Ganjiang River Basin.
The results show that 75.03% of the surveyed residents have a positive WTP for ecological
protection of the river basin. Meanwhile, the residents who are living in the lower reaches of the basin
have a willingness to pay an annual average of about $47.62/household for ecological compensation.
The education background, work type, residential location, and water quality and quantity are
significantly related to the residents’ WTP. The education background, work type, household annual
disposable income, and water quality and quantity are also significantly correlated with their payout
level. In addition, the value recognition is marginally significant related to the residents’ WTP and
payout level.
It is important to establish the compensation mechanism for the watershed ecology of the
Ganjiang River Basin. On the basis of the above statement, an important factor is the compensation
fund. If we only rely on the unilateral power of the government, there will be a shortage of funds,
so we need to fully mobilize the majority of residents to participate in the ecological preservation of
the Ganjiang River Basin. In order to effectively raise the residents’ WTP and payout level, we can also
promote the ecological protection of the Ganjiang River Basin. Thus, the following five suggestions are
put forward.
First, the government should intensify its propaganda about the ecological value of the
Ganjiang River Basin. From the empirical results, we find that people who recognized the ecological
value of the river basin were more willing to pay for ecological compensation and have a higher
payout level. Therefore, in order to enhance the residents’ awareness of the ecological environment,
the government should propagate the important values of the Ganjiang River Basin through television,
radio, newspaper, internet, and other media. Only in this way can we improve the residents’ WTP and
payout level for the ecological protection of the Ganjiang River Basin.
Second, it is important for us to further promote the investment in education funding. What we
can conclude from the empirical results is that higher the residents’ education levels, stronger is their
willingness to pay. Consequently, we need to increase the investment in education, mostly aimed
at primary and secondary school students. We should set up related courses about environmental
protection and establish awareness of the ecology of the Ganjiang River Basin. We should target
children during their adolescence, in order to lay a solid foundation for the future. Meanwhile, we can
increase the investment in higher education and continuing re-education in the lower reaches of the
river basin, allowing more downstream residents to accept further education, so that more and more
people will provide ecological compensation for the Ganjiang River Basin.
Third, we should continue to improve the regional economic levels and per capita income.
The empirical results show that the residents’ WTP and payout levels are becoming higher as the per
capita GDP increases. Therefore, we must vigorously develop the economy, especially the development
of ecological services, in order to meet the requirements of ecological and environmental protection.
Meanwhile, we also find that higher the household annual disposable income of the residents, higher is
their payout level. In consequence, the government needs to raise the income of the residents as much
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as possible and constantly motivate residents to increase income channels and continuously enhance
the residents’ satisfaction and happiness, so that more and more residents will join the ecological
protection of the watershed.
Fourth, establish a variety of payment patterns for ecological compensation. In the questionnaire,
we find that most residents who have positive WTP want to pay by means of the ecological
tax, utility bills, donations or intellectual compensation instead of paying directly by currency.
Hence, the government needs to establish diversified modes of payment for the ecological protection
of the Ganjiang River Basin. The government can levy ecological tax or take a portion of utility
bills from the downstream residents to compensate the upstream residents and government who
provide the positive externalities so that the promotion of the environmental sustainability for the
Ganjiang River Basin may be achieved.
Fifth, we should strive to protect and stabilize the water quality and quantity of the
Ganjiang River Basin. Through the empirical results, we realize that when the residents are happy
with the water quality and quantity, they have a stronger WTP. The government should establish
the Management Coordination Commission of the Ganjiang River Basin, which is responsible for
formulating relevant development policy and strategic planning for the river basin. At the same time,
the government must actively build the authority of the Ganjiang River Basin, which is in charge of
the management, so as to improve the water quality and quantity of the river. Thus, we can promote
the residents’ willingness to pay and make a positive contribution to the protection of the river basin.
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Appendix A
Table A1. Major questions about the ecological compensation of Ganjiang River Basin.
Category

Questions

Answers

Demographic and social questions

Age; Gender; Education situation;
Work type; Household annual disposable
income; Number of family members;
Residential location; Value recognition;
Water quality; Water quantity.

Keeping a record in accordance with
the specific situation.

Sample selection questions

In order to protect and improve the
ecological environment of the river basin,
we assume that the government will
increase the funds invested in the
Ganjiang River Basin. Therefore, we ask
the question is “Do you have the willing
to pay for the government’s protection?”

Yes, I have the WTP.
No, I don’t have the WTP.
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Table A1. Cont.
Category

Questions

Answers

If the answer is “Yes, I have the WTP”,
then we will ask: how much are you
willing to pay for the ecological protection
of Ganjiang River Basin (Chinese Yuan).

The interviewee chooses a payment
amount in the payment card.

If the answer is “No, I don’t have the
WTP”, then we will ask: what is
the reason.

The environmental protection of
Ganjiang River Basin is what the
government should do.
We have no need to pay for the
ecological protection of Ganjiang
River Basin, because it doesn’t have a
negative impact on me.
I’ve already paid taxes, and I
shouldn’t have to pay for it.

If the answer is “Yes, I have the WTP”,
we are going to ask the question is
“Which method of payment will
you adopt?”

The main answers are the ecological
tax, utility bills, donations,
intellectual compensation and so on.

The elicitation questions for WTP

The questions for
payment methods

Note: It is important to note that some other questions are also involved in the questionnaire survey, for the sake
of comprehensively investigating the residents’ attitude on the ecological compensation of the Ganjiang River
Basin. We do not make a list of all questions in the Table A1 on account of the space constraint. Other questions
are designed for researching related ecological compensation of the Ganjiang River Basin, which are used for the
further study.

Table A2. Variable correlation analysis.

M3

M4

M5

M6

M7

M8

M3

M4

M5

M6

M7

M8

1

−0.494 *
0.000
773

0.560 *
0.000
773

−0.121 *
0.001
773

0.282 *
0.000
773

−0.245
0.000
773

1

−0.410 *
0.000
773

0.105 *
0.003
773

−0.299 *
0.000
773

0.239 *
0.000
773

1

−0.235 *
0.000
773

0.207 *
0.000
773

−0.172 *
0.000
773

1

−0.097 *
0.007
773

0.046
0.205
773

1

−0.180 *
0.000
773

Pearson
Sig.
N

773

Pearson
Sig.
N

−0.494 *
0.000
773

773

Pearson
Sig.
N

0.560 *
0.000
773

−0.410 *
0.000
773

773

Pearson
Sig.
N

−0.121 *
0.001
773

0.105 *
0.003
773

−0.235 *
0.000
773

773

Pearson
Sig.
N

0.282
0.000
773

−0.299 *
0.000
773

0.207 *
0.000
773

−0.097 *
0.007
773

773

Pearson
Sig.
N

−0.245 *
0.000
773

0.239 *
0.000
773

−0.172 *
0.000
773

0.046
0.205
773

−0.180 *
0.000
773

1
773

Note: We have calculated the correlation between variables, as shown in Table A2. Except for the lack of correlation
between M6 and M8 , there are correlations among other variables. However, Pearson correlation coefficients are not
high. That is, correlation between variables is weak. Meanwhile, * represents the significance at 1%.
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