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Abstract: Agricultural non-point source pollution (ANSP) has become one of the main sources
of pollution in water source areas. An effective solution to this problem is the use of ecological
compensation to encourage rural households to adopt agricultural pollution control measures.
This study aims to answer two questions: How much compensation should be given to encourage
rural households in water source areas to participate in ANSP control? What factors will influence
their participation? In this study, paddy rice planting in water source area has been used as an
example aiming to answer these questions. This study used the random parameter logit (RPL)
model with survey data from 632 rural households in the Qinba water source area to empirically
analyze rural households’ willingness to accept compensation for ANSP control and the influencing
factors of this willingness. From this information, the compensation standards for ANSP control
in a water source area were calculated. The results show that (1) compensation had a significant
incentive effect on rural households’ willingness to control ANSP. The marginal compensation
standard for reducing the use of fertilizer and pesticide was $3.40/ha and $2.00/ha, respectively.
The compensation standard for not applying chemical fertilizer and pesticide at all was $540.23/ha.
(2) There was heterogeneity in rural households’ preference for ANSP control compensation policies.
Rural households characterized by younger residents, higher family income, higher perception of the
ecological benefits, and higher perception of government policy were more willing to participate
in the compensation policy. It is suggested that rural households showed a strong preference for
ANSP control policies by considering both of their economic losses and ecological benefits. Our study
contributes to the literature by enriching the evaluation method in providing references for the
compensation of ANSP control policies

Keywords: compensation standard; water source area; agricultural non-point source pollution
control; choice experiment

1. Introduction

Water source area conservation is key to ensuring water security. However, the ecological security
of global water source areas is at risk caused by of agricultural non-point source pollution (ANSP) [1–4].
The use of large amounts of fertilizer and pesticides and the random disposal of agricultural film,
straw, livestock manure, and other contaminants all lead to N, P, and other pollutants entering the
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water through runoff and leakage, resulting in ANSP [5]. ANSP not only directly reduces water
quality but also causes serious eutrophication. Eutrophication severely degrades aquatic ecosystems
and precludes the use of water for industry, agriculture, fishery, recreation, and other purposes [6].
ANSP in water sources endangers the whole basin, and approaches that effectively control ANSP
have become critical to water source areas. Globally, measures for ANSP control include management
control, organizational design, regulation and taxation [1,7]. At present, the Chinese government
primarily relies on top-down administrative measures to protect water source areas. However, for the
control of ANSP, this method has several limitations. Firstly, administrative means often impose
mandatory restrictions on economic development, so this approach generates major conflicts between
environmental protection and economic development [8]. Secondly, because ANSP characteristics
are wide-ranging, concealed, random, and difficult to monitor, not only is the cost of monitoring
or improving water quality high, but wrongly identifying priority areas might lead to even higher
costs [9,10]. In fact, economic means are the most effective for controlling ANSP because economic
instruments are market-based and sustainable [11]. Therefore, scholars have proposed ecological
compensation [12–14] to control ANSP. Based on the compensation, rural households have economic
incentives to adopt ANSP control measures, thereby achieving two goals: protecting the environment
and developing the economy.

Reasonable compensation standards are central to ensuring the feasibility and effectiveness of the
compensation policy. Reasonable compensation standards must not only conform to the principle of
minimizing social expenditure but also be sufficient to motivate rural households [15]. At present,
the measurement methods of ecological compensation standards are divided into two main categories:
the benefit compensation method and the cost compensation method.

The benefit compensation standard is usually considered the “upper limit” of the compensation [16].
The basis of the benefit compensation method is the economic value of ecosystem services. In 1997,
Costanza et al. estimated the value of global ecosystem services with the use of market and non-market
values, providing a framework for the value of ecosystem services [17]. Then, scholars calculated the
ecological value of different ecosystems as a basis for compensation. For example, using the ecosystem
service value and location diversity indicators, Sheng Wenping et al. proposed three criteria for
ecological compensation for mountain ecological forests in Beijing: main functional zoning, population
density, and ecological importance and vulnerability [18]. Zhou Chen et al., using the analysis of
land use change in the water source area of the Middle Route Project of the South-to-North Water
Transfer from 2002–2010, assessed the ecosystem service value of the water source area. Then, on this
basis, they established the upper limit standard of the ecological compensation payment standard [19].
Gao Zhen-bin used the equivalence factor method and the equivalent weight table of ecosystem service
function value to determine the theoretical ecological compensation standard of the Dongjiang River
Basin. The conclusion was that the appropriate compensation standard of ecosystem services in the
Dongjiang River Basin is 171.141 billion yuan [20]. To investigate changes in ecosystem services,
Fan Min et al. assigned ecosystem service value per unit area. They found that the total ecosystem
service value is about 10,780 billion yuan/year, to which the woodland and grassland ecosystems
contributed the most [21].

The cost compensation method is the most widely used compensation principle. The basis of the
cost compensation method is opportunity cost, governance cost, replacement cost, etc. Examples of
cost compensation perspectives and several studies that applied them are provided in the following.
(1) The expected opportunity cost is usually considered the income abandoned by an individual due to
an environmental protection action [22,23]. On the basis of the opportunity cost perspective, Thomas
et al. calculated a compensation of $375/(ha·year) to convince every decision maker to maintain a
secondary forest in Monte Carlo, Chile [22]. Mashayekhi et al. quantified the economic opportunity
cost of conservation for coastal communities living in areas adjacent to mangrove forests in the southern
coasts of Iran. The results showed that the local communities had an estimated mean willingness to
accept (WTA) of 2026 USD/(household·year), which was generally lower than opportunity costs in the
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form of foregone income [23]. (2) The expected governance cost refers to the cost directly invested in
the process of ecological protection [24] and pollution treatment [25]. On the basis of the governance
cost perspective, Bovenberg et al. explored how the costs of meeting the given aggregate targets for
pollution emissions change when imposing the requirement that key pollution-related industries be
compensated for potential losses of profit due to the pollution regulation in USA. The conclusion
was that the cost of pollution control should be included in the design of sewage discharge fees [26].
(3) The expected replacement cost refers to the cost of repurchasing an asset under existing conditions.
Applied to ecological protection, it can be expressed as all of the costs of repairing the environment
to a good state [27]. On the basis of the replacement cost perspective, Geng Xiangyan et al. used the
Comprehensive Water Quality Index (WQI) to evaluate the water quality of the basin in Shandong
Province, China. Due to the difficulty involved with considering the different concentrations of
pollutants, a differentiated ecological compensation standard model that incorporated the reset cost
was constructed [28].

Rural households are both land managers and beneficiaries of environmental improvement.
Neither the benefit compensation method nor the cost compensation method can express the
comprehensive benefits that correspond to the dual status of rural households. In recent years,
researchers have started to pay attention to the comprehensive benefits of rural households’ participation
in environmental protection [29,30]; however, as far as we know, there has been no research on the
calculation of compensation standards for rural households participating in ANSP in water source
areas, particularly in China. The two key questions are: How much compensation should be given to
encourage rural households to control ANSP? What factors will affect rural households’ willingness to
participate in the ANSP control compensation policy? These issues are very important, but they have
not attracted enough attention from scholars.

In order to analyze households’ preferences, as well as preference heterogeneity, for the ANSP
control compensation policy, a choice experiment (CE) survey has been applied to gather the households’
voting data, and the random parameter logit (RPL) model has been further used to analyze the collected
data. According to paddy rice planting, attributes included in our CE questionnaire are fertilizer
reduction, pesticide reduction, agricultural waste recovery rate, and compensation, and the surveyed
rural respondents’ tasks are to vote for their most preferred option within each choice set. On this basis,
the compensation standard was measured. This paper contributes to the literature as follows: the
compensation standards which are our investigated households’ willingness to accept for the ANSP
control policy have been estimated; and farmers’ potential opportunity lost caused by ANSP control
policy outweighs the compensation standards which proves that farmers also get benefits from the
ANSP control policy.

2. Study Area

Shaanxi Province, located in the middle reaches of the Yellow River in Central China, is a major
grain province in China. The south of Shaanxi Province is an important source of water. It includes the
Qinba Mountains and the upper reaches of the Jialing River and the Hanjiang River Basin, a tributary
of the Yangtze River. The research area of this study is Ankang City and Hanzhong City, which are
located in the south of Shaanxi Province, as shown in Figure 1.

According to the Shaanxi Statistical Yearbook 2017 [31], the populations of Ankang and Hanzhong
were 264,000 and 343,000, respectively. The total agricultural output value of the two cities is
$91.76 million and $178.04 million, and the common cultivated land area is 197,300 hectares and
205,150 hectares, respectively. In Ankang city, there are 73 rivers, with a catchment area of more than
100 square kilometers and a total annual runoff of 10.7 billion cubic meters. In Hanzhong City, the
main stream of the Hanjiang River is 277.8 km long, accounting for 18.1% of the total length of the
Hanjiang River; the basin area is 19,692 square kilometers, accounting for 72.3% of the total land area
of Hanzhong City.
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There are four reasons that Ankang City and Hanzhong City were chosen as research areas.
First, in 2008, the Ministry of Environmental Protection and the Chinese Academy of Sciences jointly
promulgated the "National Ecological Function Zoning" for the first time to establish an important
water conservation area in the Qinba Mountains. Ankang City and Hanzhong City are the central
areas of Qinba’s water source area. Second, these two cities are the origin of not only the Hanjiang
River but also the water conservation area of the Middle Route of South-to-North Water Transfer
Project. Third, Ankang City is the pilot demonstration city for the construction of the main functional
areas of the country, and Hanzhong City is the pilot area for the construction of the national ecological
demonstration area. It is of great significance to carry out ANSP control in these two cities. Fourth,
and more importantly, people in Ankang City and Hanzhong City eat rice as their staple food.
Rice agricultural activities very easily cause ANSP. In 2017, the rice planting area of Ankang City was
325,400 hectares, and that of Hanzhong City was 989,900 hectares.

ANSP has become the top source of water pollution in the study area [32]. For example, in the
Hanjiang River, which is the largest tributary in the research area, nitrogen content was found to
be 1.7 mg/L [33] when it flows out of Ankang City. This is an alarming level of water pollution.
In addition, for the period between 2012 and 2014, research found that the fertilizer input of these two
cities was above 272.6 kg/ha [34], which was much higher than the global average level for the same
time period (120 kg/ha). The most obvious evidence is that the pre-survey results of the research team
showed that the chemical fertilizers input per hectare of rice, wheat, and rape in the sample area were
328.35 kg, 297.15 kg, and 319.65 kg, respectively. Given the characteristics of double-cropping rotation
in the study area (rice rotates with wheat and oilseed rape, respectively), the annual average input of
chemical fertilizers per hectare is 625.5–648 kg, which is 2.78–2.88 times the internationally recognized
upper limit of fertilizer application (225 kg/ha). The excessive input of agricultural chemicals poses a
challenge to the farmland ecosystem and water resource security.

3. Methodology

3.1. Choice Experiment Design

A variety of revealed preference and stated preference (SP) valuation methods can be used to
determine public preference related to pollution control policies [35–37]. Among them, SP methods
predominate over other methods as these methods measure both use and nonuse values [38]. Although
contingent valuation (CV) is the commonly used SP technique in pollution control studies [29],
the greater flexibility of CE has raised its growing popularity over recent years in willingness to
accept studies [30,39,40]. The CE asks the respondents vote for their preferred option among different
alternatives described by a bundle of attributes. Of particular relevance is that CE is capable to estimate
shadow prices, or marginal willingness to accept associated with each of the policy attributes [41,42].
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Attribute and level are the key factors to determine the authenticity and reliability of the choice
scenario [43]. ANSP mainly comes from agricultural waste, such as fertilizer, pesticide, agricultural
film and crop straw, livestock and poultry urine, rural domestic sewage, domestic refuse, etc. [44].
From these pollutants, after consulting experts in relevant fields and discussing the issue with local
agricultural practitioners, the chosen attributes of the CE were, ultimately, fertilizer reduction, pesticide
reduction [14], and agricultural waste recovery rate [45].

The CE question scenario is: “Assuming that the government encourages you to use less fertilizer
and pesticides in rice cultivation through economic compensation and recycle agricultural wastes,
taking into account the ecological benefits, net economic losses from decrease of both investment and
production, and compensation benefits of pollution control, which of the following alternatives will
you choose?” Each choice set consists of two ANSP control selections and one status quo. The levels of
attributes are as follows:

Fertilizer reduction: The international consensus is that excessive fertilizer input is a major source
of water pollution [1–3,44]. China’s fertilizer input per unit area is 382.5 kg/ha, much higher than the
world average (120 kg/ha), 2.6 times that of the United States, 2.5 times that of the European Union,
and 1.93 times the internationally recognized safety limit [46]. Given the above situation, the values of
the five levels of fertilizer reduction are no reduction (status quo), reducing by 1/4, reducing by 1/2,
reducing by 3/4, and no application (organic) [11].

Pesticide reduction: Excessive application of pesticides has caused serious pollution of soil, air,
and water around the world [47]. At present, the unit dosage of pesticides in China is 2.5 times the
world average level, and more than 70% of them are washed into the environment [48]. Given the
above situation and the design of fertilizer reduction levels, the values of the five levels of pesticide
reduction are no reduction (status quo), reducing by 1/4, reducing by 1/2, reducing by 3/4, and no
application (organic).

Agricultural waste recovery rate: Agricultural waste from the process of arable land utilization
mainly includes straw, pesticide packaging, plastic film, and so on. They enter soil and water and
aggravate ANSP [45]. Agricultural waste recovery technology mainly includes returning straw to the
field and fixed-point recovery of pesticide packaging technology, agricultural film, and other wastes.
Statistical data show that, in 2016, the utilization rates of straw recovery in Hanzhong and Ankang
were 71% and 57.2%, respectively. The recovery rate of agricultural film in Ankang was 12.8%. On this
basis, the levels of the attribute “agricultural waste recovery” are classified as all recovery and partial
recovery, and the latter is the benchmark level.

Setting the levels of compensation attributes is a key part of the CE. We made several trips to
traditional and organic rice production areas in Ankang City and Hanzhong City. According to
preliminary research, it was found that the production of organic rice in the study area, without using
chemical fertilizers and pesticides at all, would be reduced by about half. The average yield per
hectare of rice under traditional cultivation in the study area is 2382 USD. By our rough estimate, the
net economic loss without using chemical fertilizers and pesticides is 1296 USD per hectare (after
adjusting for input differences). Therefore, we have set the upper limit for compensation as 1355 USD
per hectare (
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600 per mu, the measurement unit “mu” is used for measuring area in China, and
1 ha = 15 mu). Combining these numbers with the economic benefits obtained by the rural households
due to ANSP control, the levels of compensation are divided into
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random part can be set as any form of mixed distribution, with high flexibility, and the preference 
heterogeneity of different attribute variables can be tested by the standard deviation of each of the 
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600 per mu ($1355/ha).
After determining the attributes and their values, the next step for the CE is to design the choice

sets. From previous research experience, each set includes two ANSP control alternatives and one
status quo. It is impossible for the participants to choose among 122,500 alternatives, which is the
number of permutations according to the levels set above ((5 × 5 × 2 × 7)2 = 122,500). In this study,
all alternatives were generated by Ngene 1.1.1 software (ChoiceMetrics, Sydeny, NSW, Australia).
Through orthogonal experimental design, 36 choice sets were finally generated and simultaneously
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been distributed to 12 blocks, each of which had three choice alternatives. Thus, we obtained 12
questionnaire versions and each version included three choice tasks with no dominant or redundant
alternatives in each task. Each respondent would be asked to complete only one questionnaire and
vote three times within the questionnaire. One specific choice set is shown in Table 1. Selection 3 is the
status quo, which is no reduction in fertilizer and pesticide use, partial recovery of agricultural waste,
and 0 USD.

Table 1. A sample of the choice set.

Attribute Selection 1 Selection 2 Selection 3
Fertilizer reduction Reducing by 1/4 Reducing by 1/2 No reduction of fertilizer
Pesticide reduction Reducing by 1/2 No reduction and pesticides,

Agricultural waste recovery rate No reduction All classified recovery part recovery of
agricultural waste

Compensation (
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The survey questionnaire is mainly divided into three parts: The first part is the rural households’
perception of local ANSP, including the degree of understanding ANSP and their attitude toward
ANSP control. The second part is the CE. We introduce ANSP control attributes and their levels, which
may change the welfare of the respondents. The third part is the respondents’ personal information
and family socioeconomic characteristics.

3.2. RPL Model

The theoretical basis of CEM is Mcfadden’s stochastic utility theory [49], that is, the respondent
will choose the most preferred option from a set of choice alternatives. On this basis, this paper assumes
that the respondent i chooses alternative m if and only if Uim > Uin (m, n ε j and m , n). Uim consists of
deterministic utility function Vim and stochastic utility function εim, as shown in Equation (1):

Uim = Vim + εim (1)

The deterministic part of Uim, Vim depends on the households’ preferences for the attributes xim,
as well as the households’ socio-economic condition Zim. Assuming a linear represent utility, Vim can
be expressed as follows:

Vim = αiASCim + βixim + γiASCimZim (2)

Within Equation (2), ASC is the Alternative Specific Constant (ASC), which is a dummy variable
representing the non-control alternative. The coefficient of ASC, αi indicates the households’ preference
for the status quo. The positive αi means that rural households prefer to choose the status quo, which is
the traditional production scheme. On the contrary, the negative αi means that rural households prefer
to choose the ANSP control alternatives. The commonly used models for data collected by CE include
the multinomial logit (MNL) model, conditional logit (CL) model, and random parameter logit (RPL)
model. This paper chooses RPL model, which not only relaxes the assumption of independent and
identical distribution of the stochastic εij in the MNL model and the CL model, but also allows for the
test of preference heterogeneity, thus reducing the model estimation error [50]. RPL is different from
the general logit model the distribution of its random part can be set as any form of mixed distribution,
with high flexibility, and the preference heterogeneity of different attribute variables can be tested by
the standard deviation of each of the coefficients, which is closer to the reality [51].

Under the assumption of RPL model, the probability of rural households i choosing the mth
alternative from all j selections can be expressed as follows:
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Pim =

∫
exp(Vim)∑
j

exp(Vi j)
f (β)dβ (3)

The households’ marginal willingness to accept (MWTA) of the ANSP attribute can be calculated
as follows:

MWTAa = IP = −βa/βb (4)

In Equation (4), βa and βb represent coefficients of certain ANSP attribute and the coefficients of
the compensation attribute, respectively. At the same time, the compensation standard can be derived
by households’ change in welfare from the change in observed utility, and the specific calculation
formula is as follows:

WTA = −
1
βb

(V0 −V1) (5)

In the above formula, V0 represents the welfare level of the rural households under the benchmark
production mode, and V1 represents the welfare level of the rural households in a certain
governance scenario.

3.3. Bias Handling

The criticism of the CE method has been focused primarily on the reliability and validity of the
survey results and various biases [52,53]. In the present paper, various measures have been taken to
ensure the accuracy and reliability of the investigation by mitigating the hypothetical bias, including:
(1) Prior to the questionnaire development, we made several trips to the study area to gather data
on the input and output differences between traditional and organic rice cultivation, as this helps
to determine a reasonable range for the compensation attribute; (2) a pre-survey, involving 75 rural
households (15 households from each county) from both Ankang and Hanzhogn cities, was conducted
in the case study area to help improve the questionnaire’s wording, which made the questionnaire more
relevant and understandable; (3) a cheap talk was included to reduce hypothesis bias by describing
the background, attributes, and governance level of the study in detail with colored pictures [54–56]
(see appendix); (4) the face-to-face interview method was adopted, and before the investigation, our
investigators had been trained to describe the background and choice scenario objectively, which
helped avoid elicitation bias caused by the investigators; and (5) during the survey, the investigators
were asked to wear their identification badges, which convinced the respondents of the survey’s
scientific purpose.

3.4. Data

Our data was obtained from field survey in Ankang City and Hanzhong City. We carried out
two surveys in December 2016 and December 2017, separately. During the entire data collecting
period, there was no change in policy toward ecological condition and rice production. The results
of RPL model by including one period as a dummy variable show that the influence of the data
collecting period is not significant. Thus, the data, collected from two separate periods, was combined
for further analysis. Considering the agricultural production situation, topography, and the scale
of the study area, we selected Hanyin County, Hanbin District, Pingli County, Qixian County, and
Chenggu County, and then we randomly selected 13 villages. The research team conducted random
sampling. The investigator conducted a one-on-one interview with the head of household to fill
out the questionnaire. A total of 670 questionnaires were distributed in two surveys, and 632 valid
questionnaires were returned. Among them, the number of valid questionnaires in Ankang City and
Hanzhong City were 311 (49.21%) and 321 (50.79%), respectively. The specific sampling points are
shown in Figure 1.
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Rural households’ socio-economic characteristic variables include individual characteristic
variables, rural households’ capital endowments, and psychological perception variables. Next,
we explain the selection basis of these variables.

Firstly, individual characteristics are expressed in terms of age and education attained. Studies
have shown that age affects rural households’ personal awareness and risk preference [57], and the
level of education affects rural households’ understanding and learning ability, so these factors may
affect rural households’ willingness to accept ANSP control measures. The descriptive statistics show
that the average age of the head of rural households is 57.13 years old, and the average educational
level is 6.36 years. The data are basically consistent with the sampling characteristics of Shaanxi
Statistical Yearbook 2017 and Liang Fan [58].

Secondly, the rural households’ capital endowment is defined as the number of labor forces,
annual household income, and cultivated land. Generally speaking, the number of labor forces
and the area of cultivated land greatly affect the rice planting pattern, so it may further affect rural
households’ willingness to participate in ANSP control. Annual rural household income further
affects rural households’ participation in environmental policy by affecting their risk tolerance and
demand preferences.

Thirdly, the perception variables are defined as heads of households’ perceived ecological
benefits from the ANSP control [59]. These types of perception can positively stimulate rural
households’ environmental protection behaviors, which may further influence their expectations for
ANSP control compensation.

Table 2 reports the definitions, assignments, and descriptive statistics of these variables.

Table 2. Statistical description of sample variables.

Indicator Definitions and Assignments Mean Standard Deviation

Age Age of rural households surveyed 57.13 110.27
Education attained Years of schooling 6.36 12.94

Number of labor forces Number of labor forces in rural households 2.95 1.80

Households’ income
[0, $3011) = 1; [$3011, $6022) = 2; [$6022, $9033)
= 3; [$9033, $12,044) = 4; [$12,044, $15,055) = 5;

[$15,055,+∞) = 6
3.12 3.08

Cultivated land Cultivated land of rural households 4.23 19.85

Ecological benefit
perception

ANSP control has ecological benefits: total
disapproval = 1; disapproval = 2; general = 3;
comparative approval = 4; total approval = 5

3.99 1.21

Government policy
perception

I understand NASP control policy: total
disapproval = 1; disapproval = 2; general = 3;
comparative approval = 4; total approval = 5

2.36 1.59

4. Results and Analysis

4.1. Multicollinearity Test of Socio-Economic Variables of Rural Households

Considering that multicollinearity might exist among the socioeconomic variables of rural
households, we carried out the multicollinearity test, detected by the variation inflation factor (VIF).
According to the relevant diagnostic criteria, if VIF > 3, there is a certain degree of multicollinearity
between the independent variables; if VIF > 10, the independent variables are highly correlated [29].
Due to space constraints, only “age” is shown as the diagnostic result (as shown in Table 3). The test
results show that the multicollinearity among all independent variables is reasonable.
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Table 3. Multicollinearity diagnostic results.

Dependent Variables Independent Variables Collinearity Statistics

Tolerance VIF

Age

Number of labor forces 0.93 1.08
Ecological benefit Perception 0.95 1.05

rural household income 0.95 1.05
Government policy perception 0.97 1.04

Education attained 0.97 1.04
Cultivated land 0.99 1.02

Mean VIF 1.05

4.2. Influencing Factors of Rural Households’ Willingness to Accept Compensation

In this study, we used mixlogit [60] command in Stata 15.0 (Statacorp, College Station, TX, USA)
to analyze the survey data. The results are shown in Table 4. According to the content reported in
this paper, combined with the existing research [49], the compensation coefficient was set as a fixed
value, and the other attribute variables and socioeconomic characteristic variables were set to follow a
normal distribution.

Table 4. Estimation result of RPL model.

Indicator
Model 1 Model2

Mean Std. Error Std. Dev. Mean Std. Error Std. Dev.

ASC −29.009 *** 9.081 −24.786 *** −19.875 ** 8.706 27.042 ***
Compensation 0.004 *** 0.000 - 0.004 *** 0.000 -

Fertilizer reduction −0.006 ** 0.002 0.006 −0.006 *** 0.002 −0.007
Pesticide reduction −0.004 ** 0.002 −0.009 * −0.004 ** 0.002 0.013 ***

Agricultural waste recovery rate 0.090 0.084 0.593 ** 0.111 0.095 0.943 ***
ASC × Age 0.275 ** 0.123 0.509 ***

ASC × Education attained −0.250 0.205 0.097
ASC × Number of labor forces −0.579 0.504 −3.012 ***

ASC × Rural household income −0.706 ** 0.336 1.805 ***
ASC × Cultivated land 0.028 0.101 −0.121

ASC × Ecological benefit
perception −5.712 *** 1.533 -4.914 ***

ASC × Government policy
perception −11.184 *** 2.909 0.481

Log likelihood −1354.814 −790.34772
Prob > chi2 0.000 0.000

Note: *, **, and *** indicate the significant level of 10%, 5%, and 1%, respectively.

In order to test the robustness of the RPL model estimation results, the model estimates were
divided into model 1 with only the attribute variables and model 2 with interaction terms among
socioeconomic variables. From the estimation results of model 1 and model 2, we can see that the
log-likelihood of the two models reaches a significance level of 1%, and the estimation results of the
attribute variables are basically the same. Thus, the results of the model are robust and effective.

The estimated results of model 2 in Table 4 show rural households’ willingness to accept and
influencing factors of the willingness to accept ANSP control. The detailed analysis results are
as follows:

1. ASC. The mean of ASC is negative at the 5% significance level. This shows that compared
with the status quo, rural households in water source areas prefer the ANSP control compensation
selection. Rural households are generally willing to accept the ANSP control compensation policy
for two reasons: on the one hand, rural households are aware of the damage caused by ANSP and,
therefore, have a positive attitude toward ANSP control. On the other hand, the benefit from investing
in agriculture is relatively low compared to other sectors and continues to decline. The advantage of
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ANSP control compensation policy is that it not only guarantees agricultural income but also promotes
the transfer of the agricultural labor to other higher-income sectors.

2. Attribute variables. The mean of compensation is positive and passes the significance test at the
1% level; this finding shows that compensation is a positive incentive that increases rural households’
willingness to participate in ANSP control. The mean of both fertilizer reduction and pesticide
reduction are significantly negative, which indicates that farmers are reluctant to take measures to
reduce either fertilizer or pesticide.

The standard deviation of a variable’s mean reflects the heterogeneity of rural households’
preferences. The standard deviation of the fertilizer reduction mean does not pass the significance
test, which indicates that the size of fertilizer reduction has no significant impact on rural households’
preference. The standard deviation of the pesticide reduction mean is significant at the level of 1%,
which indicates that rural households’ preference for pesticide reduction is homogeneous, but their
preference for the level of pesticide reduction varies. The coefficient of the agricultural waste recovery
rate variable is not significant, but the coefficient of standard deviation is significant at the level of 1%,
which indicates that rural households have a significant preference for the agricultural waste recovery
variable. However, some rural households prefer partial recycling and others prefer the all-recovery
classification of recycling. It is this "reverse preference" that causes the lack of significance of the mean,
but the significance of the standard deviation, for agricultural waste recovery rate variable

3. The interaction term variable between ASC and socioeconomic characteristics. The mean of the
age interaction is significantly positive, indicating that as age decreases, farmers are more willing to
participate in ANSP control compensation policy. The reason may be that the current rural old-age
security is not perfect. Agricultural output is the main source of income for elderly rural households.
They are afraid of the decline of agricultural output and are unwilling to participate in ANSP control.

The mean of rural household income interaction is significantly negative, indicating that, as income
increases, willingness to participate in ANSP increases. The possible reason for this result is that, on the
one hand, the economic loss of reducing fertilizer and pesticide application has little negative impact
on high-income rural households. On the other hand, the demand of high-income rural households is
different from that of low-income rural households. High-income rural households often pay more
attention to the quality of life and environmental safety, so they are more willing to participate in
ANSP control.

The mean of the ecological benefit perception interaction is significantly negative, which indicates
that farmers with high ecological benefit awareness are more willing to participate in ANSP control
compensation policy when other conditions are unchanged. The reason may be that farmers with high
awareness of ecological benefits are often aware of the positive role of ANSP control in environmental
protection and human health.

The mean of government policy perception interaction is significantly negative, which indicates
that farmers with high ANSP control policy awareness are more willing to participate in ANSP control
compensation policy with the other conditions unchanged. The reason may be that, on the one hand,
farmers with high ANSP control policy perception have a better understanding of its significance
and sustainability. On the other hand, most rural households with high awareness of policy are
characterized by their caring about current affairs and abundant access to information. These rural
households usually have a higher awareness of public responsibility. They are “activists” in the
promotion of environment protection policies, so they have a higher enthusiasm for ANSP control
compensation policy.

The standard deviation of the age interaction coefficient, family income level coefficient, and
ecological benefit perception degree coefficient is significant at 1%, which indicates that the three
variables of age, rural household income, and ecological benefit perception have the same influence
on rural households’ willingness to accept ANSP ecological compensation policy, but there are some
differences in the strength of their influences. The standard deviation of government policy perception is
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not significant, which indicates that regardless of whether the perception degree of ANSP control policy
is high or low, there is no difference in rural households’ preference for ANSP control compensation.

4.3. Compensation Standard Calculation

According to Equations (4) and (5), combined with the RPL model estimation results in Table 3,
the marginal compensation for different attributes and ANSP control scenarios have been estimated,
as shown in Table 5.

Table 5. Compensation for different attributes and control scenarios.

Attribute

Marginal Compensation
Standard

Compensation of World
Average

Compensation of Organic
Production

Attribute
Change

Compensation
Standard ($/ha)

Attribute
Change

Compensation
Standard ($/ha)

Attribute
Change

Compensation
Standard ($/ha)

Fertilizer
reduction

Reducing by
1% 3.40 Reducing by

60% 204.06 Reducing by
100% 340.09

Pesticide
reduction

Reducing by
1% 2.00 Reducing by

73% 146.10 Reducing by
100% 200.14

Total 5.40 350.16 540.23

It can be seen from Table 4 that the marginal compensation standards for reducing fertilizer and
pesticide are $3.40/ha and $12.00/ha, respectively. As the farmers have a deep understanding of the
gains and losses from using pesticide and fertilizer, a lower marginal compensation for pesticide may
be caused by both fertilizers being more importance to the output and pesticides being more toxic
to humans and livestock [61]. The amount of fertilizer and pesticide used per unit area by Chinese
farmers is well above the global average. According to the statistics, China should use 73% less
chemical fertilizer and 60% less pesticide to keep in line with the world average, and the compensation
criteria would be $350.16/ha based on the implicit prices in Table 5. Moreover, for organic production
without the application of fertilizers and pesticides, the compensation standard would be $540.23/ha,
including $340.09/ha and $200.14/ha for fertilizers and pesticide, respectively.

4.4. Reasonableness Test of Compensation Standard

(1) Comparison with the opportunity cost of cultivated land: As above, the opportunity cost
of ANSP control is roughly $1296/ha for organic production. The cost is significantly greater than
the compensation standard for cultivated land organic production based on the perspective of rural
households’ acceptance for compensation ($540.23/ha). This result proves that the monetary result is
the lower limit of compensation; on the other hand, it also indicates a large benefit of rural households
can be derived from ANSP control, which is about $763/ha. (2) Comparison with fallow compensation
standards: The aim of fallow policy is to prevent water and metal pollution. The compensation
standard for fallow, which of cause using no fertilizer or pesticide, is $1581/ha, is much larger than the
compensation standard estimated in our research. This result confirms the rationality of our estimated
compensation standard and the advantages of easing the financial burden of the state.

5. Conclusions and Discussion

5.1. Discussion

In this paper, our estimated compensation standard for rural households’ acceptation of ANSP
control is a combination of the economic loss and the ecological benefits. This compensation standard
can be used to improve the compensation efficiency, realize the principle of minimizing social
expenditure, and helping to solve the predicament of rural households’ low enthusiasm toward
environmental protection under the state’s fiscal constraints [17]. However, the compensation standard
has not considered the positive ecological externalities brought by ANSP control to the whole region,
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and is unfair to rural households. In view of this, this paper suggests that our estimated compensation
standard in this paper should be used as the lower limit of compensation when designing ANSP
control policy. Where possible, the government should offer more fiscal stimulus by properly raising
the compensation standard, particularly in poor rural areas and for low-income households [62,63].

Moreover, CE provides implications towards the design of ANSP control policy. Rural households’
WTA for each attribute can be used by policy-makers to formulate the most cost-effective ANSP control
policies. Additionally, the variation of rural households’ preferences indicated the importance of policy
advocacy. The government should facilitate rural households’ engagement and collective action in
ANSP control by means of public education, relationship building through various traditional, or
modern media.

5.2. Conclusions and Policy Implication

The ecological security of the Qinba water source area is not only an important part of the China’s
building of ecological civilization but also closely related to the water security of Henan, Hebei, Beijing,
Tianjin, etc. In order to prevent and control ANSP in Qinba, this paper reports the analysis of rural
households’ WTA compensation policy and the corresponding compensation standard. First and most
importantly, compensation exerts a significant incentive effect on rural households’ willingness to
participate in ANSP control compensation policy. The marginal compensation standards for reducing
fertilizers and pesticides are $3.40/ha and $2.00/ha, respectively. The compensation standard for the
organic production mode is $540.23/ha. The policy implications of this conclusion are that rural
households’ willingness should be included in the process of designing the compensation policy.
Moreover, the compensation standard should also consider rural households’ economic loss and
ecological benefit.

Secondly, rural households are more willing to participate in the compensation policy if they are
characterized by younger residents, higher rural household income, higher perception of ecological
benefits, and higher perception of government policy of ANSP control. This means that rural households’
willingness to participate in ANSP control is not only limited by individual and family endowments
but also by their environmental awareness and policy-making environment. The implication of this
conclusion is that the government could make use of various traditional or modern media (such as
network, satellite TV, radio, etc.) to educate rural households on environmental protection in an effort
to enhance their enthusiasm to participate in ANSP control.
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