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Reasonable ecological compensation standard is the key to solve farmland non-point
source pollution. In the design of compensation standards, the current investigation
included ecological benefits in selecting the experimental method. The Multinomial
Logit model is used to analyze the willingness of farmers to receive compensation for
non-point source pollution control of cultivated land. The results are as follows: 1) Financial
compensation can effectively stimulate farmers’ willingness to control non-point source
pollution. 2) The wilingness of farmers to participate in the ecological compensation is
greater when there prevails a higher level of risk preferences and higher understanding of
farmland non-point source pollution control policy. Also, willingness is higher in younger,
highly educated, and highly involved in a part-time family business with higher recognition
degree in the ecological function of farmland non-point source pollution control. 3) The
difference in treatment measures and compensation methods should be included in the
standard compensation design. Therefore, the design of the ecological compensation
standard should take into account the economic loss and ecological benefits of farmers at
the same time, and environmental protection publicity and education for farmers can also
be carried out with the help of modern media.

Keywords: cultivated land non-point pollution, pollution control, ecological benefit, environmental protection,
compensation standard

INTRODUCTION

The cultivated land provides people with a survival guarantee and provides peasant households with
an employment guarantee. The cultivated land has economic and social value in China with a large
agricultural population and plays an essential role in social stability (Ozdemir, 2020; Sharma and
Mahajan, 2019). Meanwhile, the cultivated land also has ecological benefits such as water
conservation, climate regulation, and biodiversity maintenance. However, with the socio-
economic development, peasant households use a large number of chemical fertilizers and
pesticides to pursue higher agricultural output, which inevitably leads to the issue of non-point
source pollution1 of cultivated land (Lu et al., 2020a). The cultivated land is a non-renewable resource
with high pollution frequency, wide harm range, and control difficulty. Thus it has gradually evolved

"It mean diffusion of contamination or pollution in the water/air that does not originate from a single discrete source. This type
of pollution is often cause cumulative effect of small amounts of contaminants that dispersed on a large area. For example excess
use of fertilizers, herbicides and insecticides diffuse in agricultural lands and air
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into a worldwide issue. To ensure the sustainable and sound
development of China’s agriculture, non-point source pollution
of cultivated land needs to be solved urgently.

In terms of the causes of pollution, reducing the use of chemical
fertilizers and pesticides and the discharge of agricultural wastes
from the source is the most effective measure to improve the
ecological value of the cultivated land system. However, peasant
households’ enthusiasm for adopting the source mentioned above
is low due to the shortage of technology and the risk of yield
reduction (Valentine, 2014). Therefore, ecological compensation
has become an effective economic means to adjust the relationship
between stakeholders and realize the internalization of external
benefits. Peasant households are mainly encouraged to actively
reduce the application of chemical fertilizers and pesticides and
reduce agricultural waste discharge in the production process by
giving them economic compensation, thereby promoting the
coordinated development of cultivated land ecosystem
protection and peasants’ steady and increasing income.
Therefore, adopting ecological compensation standards by
considering the ecological benefits is a suitable method that
shows the motivation of doing this research.

Ecological footprint cause ravid environmental degradation
(Ulucak et al, 2020). Stated that ecological footprint caused
rapid environmental degradation and discriminated liabilities for
countries, while the government remains unnoticed environmental
conservation either in policy priorities and in academic literature.
Moreover (Kassouri and Altintas, 2020), highlighted the strong
association between ecological footprints and human development
from the panel data of thirteen countries and demonstrated that
economic institutions can play a crucial role in the mitigation of
such trade-off (Zheng et al, 2021). suggested the mechanism of
ecological compensation for the solution of environmental and
economic dilemmas in order to achieve sustainable development.
By using panel data, their results showed that industrial areas tend
to be advanced and rational after the implementation of the
ecological compensation policy.

The concept of ecological compensation was put forward with the
outbreak of the environmental crisis in western countries in the
1960s and 1970s (Lu et al, 2016; Meng et al, 2016). With the
continuous improvement of material living standards, the ecological
environment was also extensively damaged. Thus people began to
explore the path of sustainable development, and all sectors of society
raised ecological compensation (Gao et al,, 2019; Lu et al., 2020b).
China’s industrialization process starts late, but the deterioration rate
of the ecological environment in China in recent years is no less than
that of western developed countries, which seriously threatens
people’s safety and future development. Therefore, China pays
more and more attention to the research on ecological
compensation issues and carries out many practical activities.

As for the research on ecological compensation of cultivated
land, some studies in the U.S. show that fallow is the main way for
soil protection (Xu et al, 2019; Chen et al., 2020a). Peasant
households can apply to the government and sign long-term
contracts according to their actual situation and wish to convert
those ecologically fragile cultivated land into grassland and
woodland or stop farming. The European Union (EU)
implements graded ecological compensation for cultivated
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land. Baylis K stated that each EU member state determines
its minimum level of good farming practice (GFP) and obtains
government subsidies in the first stage, including agricultural
subsidies and price support (Chen et al., 2018). Peasants can
obtain more subsidy support accordingly if making continuous
efforts to increase GFP beyond the baseline level. In this way, the
EU ecological compensation of cultivated land has a strong
correlation with the quality of cultivated land. The higher the
quality of cultivated land, the more compensation can be
obtained. According to the practice, this policy can better
encourage peasants to improve cultivated land quality and
protect cultivated land resources.

There are some foreign experiences in ecological compensation
that we can learn from (Lu et al, 2021; Zhao et al., 2021). For
example, it systematically explains why compensation shall be
made and who shall make compensation in theory. However,
the compensation standard cannot be copied due to the
different national and agricultural conditions. Many domestic
scholars have drawn lessons from the research results of foreign
scholars in their theoretical discussions on related issues. At the
same time, the compensation standards are quite different
according to their different research fields and time and space
(Deng et al,, 2017; Guan et al., 2018). Given the research trends of
ecological compensation in China and other countries, this paper
will fully absorb the experience of ecological compensation in
various fields in China and other countries. The actual situation
will be introduced into the design of compensation standards for
non-point source pollution control of cultivated land.

Therefore, it is necessary to formulate a reasonable
compensation standard for non-point source pollution control
of cultivated land to generate effective incentives for peasant
households and conform to the principle of minimizing social
expenditure. The various costs of peasant households’ ecological
protection behavior and the value of cultivated land ecosystem
obtained by peasant households due to environmental
improvement shall be considered in the compensation
standard to avoid the low compensation efficiency caused by
high compensation standards. It is difficult to evaluate the
ecological benefits of cultivated land by the existing market
value evaluation methods. Thus the selection experiment
method, that is, the non-market value evaluation method
based on the hypothetical market will be used in this paper to
quantify the economic losses and ecological benefits obtained by
peasant households in the process of non-point source pollution
control of cultivated land, and then to obtain the ecological
compensation standard for non-point source pollution control
of cultivated land that takes into account the interests of peasant
households and the principle of minimizing social expenditure.

THEORETICAL ANALYSIS AND RESEARCH
METHODS

Necessity of Considering Ecological

Benefits in Compensation Standards
Peasant households enjoy the ecosystem value of cultivated land
while participating in pollution control of cultivated land (Lu
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et al., 2019a). To maximize the effectiveness of control policies, it
is necessary to incorporate ecological benefits into the
compensation standard for non-point source pollution control
of cultivated land.

Assuming that the utility function of peasant households is U
= U (A, E), the production function of agricultural products is F
(X), and the production function of ecological products is G (Y).
Where, A represents the net income of agriculture, E
represents the ecological products provided by non-point
source pollution control of cultivated land, X is the input
factor of agricultural product production, its unit cost is W, Y
is the input factor of non-point source pollution control of
cultivated land, and its unit cost is R. In addition, assuming
that P1 is the price vector of unit agricultural products and P2
is the price vector of ecological products, its economic
meaning is the ecological benefits obtained by peasant
households. Utility function U (A, E), production function
of agricultural products F (X), and production function of
ecological products G (Y) are monotone increasing concave
functions respectively. To ensure the accuracy of the
theoretical model, the following assumptions are put
forward in this paper:

H1: Peasant households are rational economic men who
clearly understand their wishes, preferences, and behavior
results, and the purpose of their economic behavior is to
maximize welfare.

H2: There is only one peasant household in the market, and
the ecological products E enjoyed by the peasant household
depend on the number of ecological products G (Y) provided
by individuals; thus there is E = G (Y).

H3: Assuming that the benchmark state t = 0, the agricultural
income is A = A0, the input for non-point source pollution
control of cultivated land is YO = 0, that is, G (Y0) = 0, and the
utility level before participating in non-point source pollution
control of cultivated land is UO; at the time of t = 1 for ecological
compensation of non-point source pollution control of cultivated
land, A > A0, Y 2 0, U > U0.

The basic principle of ecological compensation is that the
welfare level of peasant households will not decline after
participating in the non-point source pollution control of
cultivated land (Guan et al., 2018). Therefore, the economic
model for peasant households to participate in the decision-
making of non-point source pollution control of cultivated land is
as follows:

Max U(A, E)
s.tP1F(X) + P2G(Y)
X,Y>0

~ WX -RY>A0 (1)

Forming a Lagrangian Function:
L=U(AE) + A\[PIF(X)+P2G(Y)-WX - RY-A0] (2)

According to Kuhn-Tucker first-order conditions, we can
obtain the following:

oL oL
—<0,X>0,andX=—=0
oX oX
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oL 0,y50,andY = =0 (3)
oy = T ey T

oL oL
520 A>0, and)\a

According to the principle of complementary slackness, when = 0
and X >0,Y > 0:

oL aUA

X" [PIF(X) w]=0 (4)
% aaLLA[PZG(X) R]+alG(X) (5)

According to Formulas 4, 5, we can obtain

R OUE JUA
P2 =™~ 35 ©
Similarly, if
QUE QUA
(X) aE BA (7)

we can obtain Y = 0.

The results show that: marginal compensation standard = cost
per unit ecological product - monetization utility per unit
ecological product. It can be concluded that the difference
between the economic cost of peasant households’
participation in pollution control and the ecological benefits
obtained by peasant households due to ecological
improvement is the minimum compensation standard to
encourage peasant households to participate in pollution
control. Peasant households will not be willing to participate
in the non-point source pollution control of cultivated land when
the compensation standard is lower than this difference.
Moreover, in the current investigation, we assumed that the
farmers have the same land size and did not categorize the
farmers into groups (large/small farmers). So we assumed that
there is no heterogeneity prevails.

Research Methods

The ecological benefits of cultivated land are difficult to be
evaluated by the existing market value evaluation methods.
The selection experiment method will be used in this paper to
evaluate and measure the reasonable compensation standard
(Chen et al., 2020b). The selection experiment method is
based on the hypothetical market to obtain stakeholders’
willingness to pay or be compensated for cultivated land’s
ecological improvement. Assuming that the peasant
household i selects the non-point source pollution control
scheme m of cultivated land from the j attribute combination
schemes of the selection set, the utility obtained is Ujy,
including the deterministic term V;, and the random
term g,

Uim = Vim + €im
The basis for the peasant household i to select scheme m is Uy,

> Uj, (m, n € j, m # n). Assuming that D is the combination of all
selection sets, the probability of selection is as follows:
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Pim = prob (Vim + &m > Vin + €0, Vj € D,n#m)
= prob (Vim— Vin > €n — &m, Vj € D,n# m)
To obtain the exact expression of the above formula, assuming
that € obeys Gumbel distribution and independent identical
distribution, the Multinomial Logit model is obtained. At this
time, the probability of consumer i selecting scheme m is as follows:
_ exp(AVim)
Zyexp (AVij)

The linear function expression of observable utility Vi, is as
follows:

Prob (im) (8)

Vim = (XASCim + Bxim + )/iASCimZim (9)

In the above formula, a, B and y; are the parameter matrices to be
estimated, ASCy, is a specific alternative constant. when the
alternative scheme is the benchmark scheme, ASC is assigned a
value of 1. At this time, the coefficient o; of ASC is the possibility of
peasant households selecting the benchmark scheme. If a; is positive,
peasant households are unwilling to change the traditional production
mode; on the contrary, it means that peasant households are willing to
accept the non-point source pollution control scheme of cultivated
land. Xj,,, represents the vector-matrix of non-point source pollution
control measures of cultivated land; z,, is the social information
characteristic variable, family resource endowment, psychological
perception variable, and policy cognition variable of the
experiment participants; ASCinzy, is a cross term of specific
alternative constant and social information characteristic variables,
reflecting the influence of social information characteristic variables
on participants” selection of traditional production methods.

The implied price is the marginal willingness of experiment
participants to be compensated for a single non-point source
pollution control measure of cultivated land, with the formula as
follows:

IP,= MWTA, = - & (10)
B

In Formula 10, B, and P}, represent the coefficient of non-
point source pollution control measures of cultivated land and
compensation respectively. The greater IP, the higher the
marginal willingness of peasant households to be compensated
for non-point source pollution control measures of
cultivated land.

As the change of peasant households’ welfare after recovering
from the benchmark scheme to the specific treatment situation,
the compensation surplus is used to calculate the willingness of
peasant households to be compensated WTA for non-point
source pollution control scheme m of cultivated land in this
paper, with the specific calculation formula as follows:

1
-— (Vo—Vn 11
g VoV (an
Where V, and V., represent the utility level of peasant
households under the benchmark scheme and control scheme
m, respectively.

WTA,,=CS,, =
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FIGURE 1 | Schematic diagram of areas investigated.

EXPERIMENTAL DESIGN

Data Source

The data of this paper comes from the field investigation in
Changsha County, Wangcheng District, Liuyang City, Ningxiang
City, Xiangtan County, and Xiangxiang City, Hunan Province
(Lu et al., 2019a). A total of 289 questionnaires were distributed
and collected, of which 238 were valid questionnaires. The
investigation objects are mainly peasant households who have
participated in cultivated land management activities and have
certain expression abilities.

According to Figure 1, the areas investigated are mainly
distributed in Changsha City and the surrounding two
counties and cities. In recent years, the agricultural economy
of Changsha City has developed rapidly, but the non-point source
pollution of cultivated land caused by the surge and unreasonable
use of agricultural inputs such as chemical fertilizers and
pesticides, as well as the unreasonable disposal of agricultural
wastes and domestic garbage, cannot be ignored. According to
statistics, the proportion of high-yield farmland in cultivated land
of Hunan Province has dropped from 34% in the 1970s to 26% at
present due to the expansion and spread of agricultural non-point
source pollution, and the area of water and soil loss has more than
doubled compared with that in the 1960s (Lu et al., 2019b; Chen
et al, 2019). Wetland resources, especially Dongting Lake
Wetland, are suffering from both natural and man-made
damage. 26% of cultivated land, 27% of farmland irrigation
water, and 25% of farmland atmosphere have been polluted to
varying degrees in Hunan Province, and more than 60% of river
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FIGURE 2 | Amount of peasant households’ willingness to be
compensated.

sections in the four water systems including Xiangjiang River,
Zijiang River, Yuanshui River, and Lishui River have not met the
requirements of fishery water quality standards (Do et al., 2019;
Hong et al., 2020). Therefore, Changsha City and its surrounding
counties and cities are selected as investigation objects in this
paper. The compensation standard for non-point source
pollution control of cultivated land is calculated, which helps
to improve the local ecological environment.

Selection of Experiment Attribute and

Status Value Design
In this investigation, the specific situational question designed is
“Assuming that the government gives your family a certain
amount of economic compensation to encourage the reduction
of the use of chemical fertilizers and pesticides in the planting
process of cultivated land, which scheme would you select after
comprehensively considering the ecosystem value, economic loss,
and compensation amount brought to your family by non-point
source pollution control of cultivated land?” In order to enhance
the scenario reliability, the attributes and status values of
chemical fertilizer application reduction, pesticide application
reduction, agricultural waste recovery, and compensation
amount are selected to form attributes and status values.
Through in-depth investigation, 95% of peasant households
are willing to adopt a safe and cleaner production mode under
certain economic compensation from the government, which
shows that most of the peasant households are willing to improve
the cultivated land environment with compensation. By taking
rice planting as an example, these peasants who are willing to be
compensated believe that the compensation per mu of land shall
be between RMB 0 and RMB 1,000 as shown in Figure 2.
However, pre-investigation shows that the yield of rice will be
reduced by about half if chemical fertilizers and pesticides are not
applied. The average income per mu of ordinary rice is RMB
1,055. In case of being converted according to this standard, about
RMB 530 will be lost if chemical fertilizers and pesticides are not
applied. Therefore, the upper limit of compensation amount is set
at RMB 600 and divided into 6 state values, as shown in Table 1.
The source control technology of non-point source protection
of cultivated land is mainly to try not to use chemical products

A Design of Ecological Compensation Standards

such as chemical fertilizers and pesticides in the production
process and recycle agricultural wastes such as straw.
Therefore, it is formulating four attributes: chemical fertilizer
application reduction, pesticide application reduction, and
agricultural waste recovery rate. According to international
fertilizer application standards (Dai et al., 2021; Yin et al,
2021), China needs to reduce the application of chemical
fertilizer per mu by about 75% to reach the average world
level and reduce the application by about 50% to reach the
internationally recognized safety ceiling. Thus, four status
values are set, as shown in Table 1.

The questionnaire is designed for investigation according to
the determined attributes and status values of non-point source
pollution control of cultivated land. The three improvement
measures and compensation amounts in the above table have
4, 4,2,and 7 state values, respectively, which will produce (4 x 4 x
2 x 7) 2 =50,176 possible selection sets. However, it is challenging
to realize that in the actual investigation. Therefore, 12
representative  experimental combinations are obtained
through orthogonal experimental design, as shown in Table 2.

RESULT AND ANALYSIS

Descriptive Analysis of Sample
Characteristics

As shown in Table 3, these 238 peasant households are mainly
men, accounting for 87.39% of the total samples. The investigated
peasant households involve all age groups, including 59 under
35 years old, 62 over 60 years old, and 117 between 35 and
60 years old, accounting for 49.16% of the total samples. The
educational level of the investigated peasant households is
generally not high. Only one person has an education level of
university or above, accounting for 0.42% of the total samples, 44
have an education level of high school, accounting for 18.49%. In
contrast, more people have an educational level of junior high
school and primary school, 115 and 78, respectively, accounting
for 48.32 and 32.77% of the total samples. There are 141 people
whose household income comes from working, accounting for
59.24%. The number of people whose income comes from
farming and doing business is equivalent, 45 and 48,
respectively. There are four people who rely on government
relief, accounting for 1.68% of the total samples. There are 49
households with an annual household income of less than RMB
10,000, accounting for 20.59%, 62 households with an annual
income of RMB 10,000-30,000, accounting for 26.05%, 69
households with an annual income of RMB 30,000-50,000,
accounting for 28.99%, and 58 households with an annual
income of more than RMB 50,000, accounting for 24.37%.

Estimated Results of MNL Model

The estimated results are shown in Table 4. Both models pass the
significance test of 1%, with consistent estimation coefficients,
which shows that the estimated results are robust. In addition, the
fitting effect of Model 2 is better than that of Model 1 through the
likelihood ratio test. Thus the results of model 2 are analyzed in
this paper.
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TABLE 1 | Attributes and status values.

Measures

Chemical fertilizer application
reduction

Pesticide application reduction

Agricultural waste recovery

rate

Compensation amount

The basis for
attribute selection

By taking nitrogen fertilizer as an example, about 52% enters the environment to
form non-point source pollution; 5% causes eutrophication of surface water
through runoff, 2% causes nitrate enrichment in groundwater through leaching,
34% forms acid rain or greenhouse gas through nitrification and denitrification, and
11% volatilizes to cause air pollution

The average pesticide application per mu in China is 2.5 times the world average
level. According to the investigation, 10-20% of pesticides adhere to plants,
40-60% fall on soil and water, and 5-30% diffuse into the atmosphere

Cultivated land waste mainly includes straw, chemical fertilizer, and pesticide
package and agricultural film, etc. Incineration of waste will cause severe air
pollution, and random disposal will cause soil hardening and water pollution and
endanger the survival of animals and plants

Compensation (RMB) is given to peasant households per mu every year when
implementing the control mentioned above scheme

A Design of Ecological Compensation Standards

Status value

Maintain the current situation

Chemical fertilizer reduction by 25%

Chemical fertilizer application reduction by 50%
Chemical fertilizer application reduction by 75%

Maintain the current situation

Pesticide application reduction by 25%
Pesticide application reduction by 50%
Pesticide application reduction by 75%
All recovered in categories

Maintain the current situation

RMB 0, RMB 150, RMB 200, RMB 300, RMB 400,
RMB 500 and RMB 600

TABLE 2 | Examples of selection cards in selecting experiment.

Attributes

Chemical fertilizer application reduction

Pesticide application reduction
Agricultural waste recovery rate

Scheme 1

Maintain the current situation
Application reduction by 25%
All recovered in categories

Scheme 2

Application reduction by 75%
Maintain the current situation
Maintain the current situation

Maintain the current
situation

Not participated
Not participated
Not participated

Compensation (year/mu) RMB 200 RMB 300 0

TABLE 3 | Descriptive analysis of sample characteristics.

Characteristics Groups Frequency Percentage (%)

Sex Male 208 87.39
Female 30 12.61

Age Under 35 years old 59 24.79
35-60 years old 117 49.16
60 years and above 62 26.05

Educational level Primary school 78 32.77
Junior high school 115 48.32
Senior high school 44 18.49
University or above 1 0.42

Source of household income Farming 45 18.91
Working 141 59.24
Doing business 48 20.17
Government relief 4 1.68

Annual household income Less than RMB 10,000 49 20.59
RMB 10,000-RMB 30,000 62 26.05
RMB 30,000-RMB 50,000 69 28.99
More than RMB 50,000 58 24.37

The coefficient of compensation is positive, indicating that
compensation can effectively stimulate peasant households’
willingness to participate in pollution control. The coefficient
of reducing the application of chemical fertilizers and pesticides is
positive, indicating that the losses brought to peasant households
by reducing the application of chemical fertilizers and pesticides
by 1% are 0.0068 and 0.0053, respectively. The coefficient of
agricultural waste recovery is negative, and its variable is not

significant, which may be caused by the large difference in
peasant households’ selection preference for waste recovery in
actual production. The cross-term coefficients of ASC and head of
household or not, years of education, degree of part-time farming,
ecological benefits, degree of risk preference, and degree of
understanding of policies and measures for non-point source
pollution control of cultivated land are negative. The coefficient
of the cross term with age and area of cultivated land is positive,
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TABLE 4 | Empirical results of MNL model.

A Design of Ecological Compensation Standards

Variable Model 1 basic model Model 2 cross model
Coefficient SD Coefficient SD

ASC -2.337 3" 0.0810 1.1383 0.8373

Compensation 0.001 6™ 0.0002 0.0016™ 0.0002

Chemical fertilizer application reduction 0.0068™" 0.0010 0.0068"" 0.0010

Pesticide application reduction 0.0053" 0.0012 0.0053" 0.0012

Agricultural waste recovery —-0.0588 0.0487 -0.0588 0.0487

ASC_Head of the household or not - - -0.5414" 0.1839

ASC_Age - - 0.0292"" 0.0097

ASC_VYears of education — - -0.0430* 0.0256

ASC_Area of cultivated land — — 0.0370" 0.0172

ASC_Degree of engaging in two or more undertakings — — -0.3489™ 0.1178

ASC_Ecological benefit — — -0.2054" 0.0941

ASC_Health benefits — — -0.1027 0.0965

ASC_Degree of risk preference — — -0.709 6™ 0.1256

ASC_Know about the policies and measures for non-point source pollution control of cultivated land or not — — -0.6951"" 0.0919

ASC_Know about ecological compensation or not - - -0.016 0.089

Loglikelihood -3156.43 — -3 063.62 -

Prob > chi2 0.00 - 0.00 -

* M represent significance levels of 10, 5, and 1%, respectively.

TABLE 5 | Compensation standards for different restoration effects.

Compensation World average level Organic production level

item Attribute variation Compensation standard (RMB/ Attribute variation Compensation

hectare year) standard (RMB/
hectare-year)
Chemical fertilizer Chemical fertilizer application 4607.70 100% Chemical fertilizer application 6311.85
reduction by 73% reduction by 100%
Pesticides Pesticide application reduction 2981.25 100% Pesticide application reduction 4968.75
by 60% by 100%
Total — 7588.95 — 11280.60

indicating that the younger, the higher the education level, the
higher the degree of family part-time farming, the higher the
recognition degree of the ecological function of non-point source
pollution control of cultivated land, the higher the risk preference
and the greater the willingness of heads of households with a
better understanding of non-point source pollution control
policies of cultivated land to participate in ecological
compensation of non-point source pollution control of
cultivated land. However, the larger the area of cultivated land,
the more it will affect their willingness to participate in pollution
control, which may be because peasant households are unwilling
to change the current situation for their worries that the
compensation is not enough to make up for their losses.

Calculation of Compensation Standard

Both ecological benefits and economic losses of peasant
households shall be considered in the formulation of
compensation standards. According to Formula 10, the
marginal willingness of peasant households to be compensated
for reducing the application of chemical fertilizers and pesticides
by 1% is RMB 63.15/ha year and RMB 49.65/ha year. Ecological
compensation standards with different restoration effects can be
obtained from Formula (11), as shown in Table 5.

Suppose the average input of chemical fertilizers and pesticides
per mu in China is reduced to the world average level. In that case,
the ecological compensation standard is RMB 7,588.95/(ha year),
in which the application of chemical fertilizers and pesticides
needs to be reduced by 73 and 60%. The compensation standards
of the two are RMB 4,607.70/(ha year) and RMB 2,981.25/(ha
year), respectively. Suppose the traditional production mode is
restored to the organic production mode without applying any
chemical fertilizers and pesticides. In that case, the ecological
compensation standard is RMB 11,280.60/(ha year), in which the
compensation standards for reducing the application of chemical
fertilizers by 100% and pesticides by 100% are RMB 6,311.85/(ha
year) and RMB 4,968.75/(ha year), respectively.

DISCUSSION

Problem Analysis

The risk of yield reduction and the shortage of technology are also
the major issues that affect peasant households’ interest to
participate in non-point source pollution control (Huang
et al,, 2019; Arning et al, 2021). Regarding the question “Do
you think your rice has been polluted?” the results are shown in
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FIGURE 3 | Peasant households’ cognition of non-point source pollution
of cultivated land.

Figure 3, which shows that peasant households have a poor
understanding of non-point source pollution of cultivated land.
Therefore, in addition to financial compensation, in-kind
compensation and technical compensation are added in this
questionnaire to ask about peasant households’ compensation
preferences, with the results shown in Figure 4.

As can be seen from the above figure, for “water management”,
the compensation method selected by peasant households is mainly
financial compensation, with a total of 217 households, accounting
for 91.18%. For “lime application”, 61 households select in-kind
compensation, accounting for 25.63%; 39 households select
“financial compensation”, accounting for 16.39%; 138 households
select “technical compensation”, accounting for 57.98%. For “soil
conditioner  application”, 113  households select in-kind
compensation, accounting for 47.48%; 107 households select
financial compensation, accounting for 44.96%; only 18
households select technical compensation, accounting for 7.56%.
For “organic fertilizer application”, peasant households mainly select
financial compensation, with a total of 177 households, accounting
for 74.37%; 53 households select in-kind compensation, accounting

A Design of Ecological Compensation Standards

for 22.27%; only 8 households select technical compensation,
accounting for 3.36%. For “green manure planting”, the number
of households selecting in-kind compensation and financial
compensation is close, 104 households and 117 households,
accounting for 43.70 and 49.16% respectively; 17 households
select technical compensation, accounting for 7.14%.

According to the results, peasant households have different
compensation modes for different ways of improving the
cultivated land environment. Generally speaking, peasant
households selecting in-kind compensation believe that the
materials provided by the government are more time-saving and
labor-saving, and the quality is guaranteed compared with those that
they go to the market for selection by themselves (Lu et al., 2019¢;
Chen et al,, 2021). However, peasant households who do not select in-
kind compensation usually believe that in-kind compensation is
lagging behind and fixed and cannot be adjusted flexibly. For
peasant households selecting financial compensation, this method
may be simpler and more direct, with great freedom, and coordination
can be done according to their actual farming situation. Peasant
households selecting technical compensation usually believe that they
don’t know the relevant knowledge of cultivated land management.
However, they can learn and implement management measures
through technical compensation provided by the government to
improve the quality of their cultivated land and food.

Research Limitations

This paper mainly studies the compensation standard for non-
point source pollution control of cultivated land in some counties
and cities of Hunan Province. In order to promote the
formulation of environmental protection compensation
policies, further research can be carried out from the following
two aspects due to the limitations of research methods and data:
1. There are significant differences between rural areas and
peasant  households. When formulating policies, the
differentiation of compensation methods shall be appropriately

B Material compensation Fund compensation B Technical compensation
250 -
217
200 -
177
150 - 138
I 117
113, - i64
100 - ;
61 |
50 39,
21 17
0 [ >j i
0 | . L,
Water Appli ' Applicate soxl Apply Plants
cate lime PP cate anting
management ‘PP conditioner organic femhzer green manure
FIGURE 4 | Compensation mode preference.
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considered, which shall start from the actual situation and vital
interests of peasant households as far as possible to ensure the
maximum benefit of ecological compensation. 2. There are also
differences in crop production and economic development in
different regions. General compensation standards that can be
further popularized will be obtained in the follow-up research
through benefit transfer and other methods.

CONCLUSION

In this paper, the ecological benefits are included in the
compensation standard for non-point source pollution control
of cultivated land by using the selection experiment method and
calculated. From the research results, the following conclusions
and policy recommendations can be drawn:

1. According to the results, financial compensation can effectively
stimulate peasant households’ willingness to participate in non-
point source pollution control of cultivated land. The
compensation standards for reducing the application of
chemical fertilizers and pesticides by 1% are RMB 63.15/(ha
year) and RMB 49.65/(ha year), respectively. Furthermore, the
compensation standards for reducing the application of
chemical fertilizers and pesticides in traditional production
methods to the international average level and the organic
production level are RMB 7,588.95/(ha year) and RMB
11,280.60/(ha year), respectively. The compensation standard
is obtained by comprehensively considering the economic losses
obtained by peasant households’ participation in control and the
ecosystem value. Therefore, peasant households’ interest
demands shall be considered when formulating ecological
compensation policies. The economic losses and ecological
benefits obtained by peasant households’ participation in
control shall be comprehensively considered.

2. Peasant households’ socio-economic characteristics are quite
different. Age, education level, and pollution awareness will
have a significant impact on their willingness to be
compensated. In addition to considering the actual
situation of peasant households as much as possible when
formulating policies, peasant households can also be educated
on environmental protection through modern media to
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