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Abstract: As one of the most important grain protection policies in China, the minimum purchase
price policy prevents the fluctuation of grain output and protects the interests of farmers by regulating
the prices of major grain varieties. For developing countries with a shortage of agricultural resources,
represented by China, an in-depth study on the implementation effect and public satisfaction of
this policy is of great significance for promoting the sustainable development of the grain industry.
Based on the interest demands of the government, farmers, grain enterprises and consumers,
this paper constructs a policy satisfaction evaluation model based on the Analytic Hierarchy Process
and Fuzzy Comprehensive Evaluation. The research shows that the implementation effect of this
policy has promoted the sustainable development of China’s grain in four aspects: improving farmers’
enthusiasm for planting, optimizing the structure of supply and demand, reducing the adverse impact
of disasters, and ensuring the steady increase of output. However, due to the differences in natural
resources and folk customs, the implementation effect of this policy varies in different regions.

Keywords: Grain; Minimum purchase price policy; Hierarchical fuzzy comprehensive evaluation
model; Industrial sustainability; Public satisfaction

1. Introduction

Grain is the basis for the survival and development of human society, and its irreplaceable
characteristic determines that grain is not only a strategic supply to maintain social harmony and
stability, but also an important factor to promote national economic prosperity. Although the total global
grain output has maintained a steady growth at present, due to differences in the level of productivity,
the distribution of natural resources and the growth rate of the population in various countries,
problems of periodic and regional grain shortages in the world are still prominent [1]. The Food and
Agriculture Organization of the United Nations (FAO) and other international organizations jointly
wrote the report “The state of food security and nutrition in the world 2019”. The report shows that,
in the face of volatile regional conflicts, severe weather events and the global financial crisis, the world’s
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hungry population has increased for the third consecutive year, with an estimated 820 million people
worldwide without enough food in 2018 [2]. A study on the development of the grain industry in
140 countries shows that global grain security is still at great risk of uncertainty [3].

The phenomenon of grain shortage is likely to cause grain price fluctuation, which will lead to
an economic downturn and will even endanger social stability [4]. Therefore, only on the basis of
sustainable grain growth can countries promote overall economic and social development in the context
of limited agricultural resources and sudden natural disasters [5]. In order to promote the continuous
equilibrium of grain supply and demand, many countries and regions give priority to supporting grain
prices [6]. For example, America has the fixed direct payment policy and the counter-cyclical payment
policy. The fixed direct payment policy refers to the determination of specific subsidy amounts based
on the criteria stipulated by government legislation. The counter-cyclical payment policy belongs to
the grain protection policy, and its subsidy amounts are related to the current year’s grain prices [7].
The grain price policy system of the European Union is quite different from that of the United States.
Grain price policies of the European Union focus more on how to deal with the relationship between
the market price and intervention price. Typical policies include intervention price policy and target
price policy [8]. Japanese grain subsidy policies mainly include the price support policy, the direct
subsidy policy and the grain insurance policy [9]. Due to the different scope of formulation and
implementation, the Japanese government has carried out a reasonable combination among various
policies. Although the grain price policies of various countries have been formed in different periods,
it is undeniable that every policy has played an important role in promoting the healthy development
of the domestic grain industry.

In addition to governments, many scholars have also made outstanding research contributions
in the field of grain policies. Anderson et al. [10] thought that a reasonable policy intervention
was conducive to slowing down the volatility of domestic agricultural product prices relative to the
international market. Hansen [11] compared the welfare surplus of the two policies of protection
price and target price, and found that the policy of protection price promoted the increase of producer
surplus and the decrease of consumer surplus, and that both producer surplus and consumer surplus
would increase under the target price system. Marina et al. [12] proved that financial support from
the agricultural sector could guarantee the healthy development of the grain industry in Sub-Saharan
Africa. Duangbootsee et al. [13] studied the price support policy and deficiency payment policy of
rice in Thailand, and found that the deficiency payment policy was more conducive to increasing
producer surplus and reducing the net loss of total welfare. Liang et al. [14] thought that providing
subsidies based on market prices was conducive to avoiding market risks and increasing grain output.
Ali et al. [15] found that the minimum support price policy for rice in India promoted rice output
and improved production efficiency, but the policy effect in different planting regions varied greatly.
Rashid et al. [16] compared the agricultural subsidy policies of some African and Asian countries,
and they found that the transfer payment policy was conducive to the improvement of agricultural
production efficiency.

The main directions of research on grain prices include not only policy assessments but also price
fluctuation factors and financial support projects. For example, by using trigonometric and sawtooth
models, Gilbert et al. [17] systematically analyzed the seasonal price difference in 193 markets of
13 grains in seven African countries. This study demonstrated that, among the major African crops,
the seasonal price difference of maize was the highest (33% on average) and that of the rice was the
lowest (16% on average). Benfica et al. [18] assessed the relationship between agricultural productivity
and market participation following market prices in Mozambique. Their results showed that the market
participation rate and intensity promoted the increase of the grain price and that the price increase
further led to the rise of grain production. Morea et al. [19] proposed a public—private partnership
business model for the sustainable development of modern agricultural projects in Sub-Saharan Africa.
By means of financial and technical cooperation among the project authority, the commercial farmers
and the processing industrialists, the effective balance between grain output and investment income
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could be realized. Reeves et al. [20] took data from 21 European Union countries as examples to prove
that food price inflation and wage stagnation would lead to food scarcity, especially in poor areas.
They also proved that food scarcity can be alleviated through generous welfare projects. Although the
above studies analyzed the grain industry in various regions of the world from different perspectives,
without exception they emphasized the far-reaching significance of the long-term healthy development
of grain for national economic prosperity and social stability.

When we look back at the development of China’s grain industry around the 20th century,
we can find a common phenomenon: the increase and decrease of grain output alternated for several
years. In addition to external factors such as changes in natural conditions, the main reason for this
phenomenon is the inverse relation between grain output and grain price [18]. Years of bumper
harvests are likely to cause a drop in grain prices, which will hurt farmers’ profits and reduce their
enthusiasm to grow grain, leading to the next year of production cuts. Over time, the alternation of
good harvest years and bad harvest years was formed [21]. In order to prevent the fluctuation of grain
output and protect the interests of farmers, China implements the minimum purchase price policy
(hereinafter referred to as MPP policy) in major grain-producing areas, and announces the minimum
purchase price for key grain varieties in advance every year. During the MPP policy implementation
period (grain harvest period, generally within 2-5 months), when the actual purchase price of grain in
the market is lower than the minimum purchase price determined by the state, the state entrusts grain
enterprises that meet certain qualifications to purchase grain at the policy price [22], so as to protect
farmers’ planting income and promote farmers’ planting enthusiasm.

Because the effective supply of grain is based on the premise of keeping farmers’ planting
enthusiasm, the long-term healthy development of the grain industry can be realized only when the
grain supply keeps increasing steadily. Therefore, the MPP policy is an important method to ensure
the sustainable development of grain in China. China began to implement the MPP policy plan in 2004,
and it has been officially implemented since 2005. During this period, China’s grain industry mainly
faced four severe challenges [23,24]. First, the distribution of water resources in China is very uneven,
and per capita water resources are very small, leading to water shortage in some grain-producing areas.
Second, China’s cultivated land resources are scarce, and there are problems of high-quality cultivated
land scarcity and cultivated resources shortage. Third, the excessive use of fertilizers and pesticides
has led to environmental pollution in the cultivated areas. Fourth, because young and middle-aged
people from rural areas flood into cities in search of higher incomes, the rural population is dominated
by the elderly who cannot afford to plant grain. China has adjusted the minimum purchase price
several times to promote the development of the grain industry, so it is necessary to further consider
whether the implementation effect of the MPP policy can optimize the industrial structure and promote
resource conservation.

Studies about the MPP policy mainly focus on the implementation effect [25,26]. Zhang et al. [27]
established a grain farmers’ supply response model based on the theory of farmers’ supply behavior
and price expectation. Its empirical analysis reflected that the MPP policy had a significant positive
impact on the grain supply of farmers in major grain-producing areas. In another study, impacts of
the MPP policy on the cultivated areas were analyzed based on a mixed linear model, and its results
proved that this policy significantly stimulated the increase of rice-cultivated areas in Hubei Province,
China [28]. Based on the influence of the minimum purchase price for performance assessment,
legal questions and market pricing, Yan et al. [29] established an evaluation model to analyze the MPP
policy implementation mechanism. Gale [30] studied the evolution process of China’s agricultural
price policies and evaluated the impact of the MPP policy on agricultural production. He pointed out
that the rise of non-agricultural wages weakened the motivation of agricultural production.

Through the analysis of existing studies on the MPP policy, it is found that comparing the change
of grain-cultivated areas before and after the policy implementation is the most commonly used
standard to measure the implementation effect of the MPP policy, because the cultivated area is the key
factor determining the grain output [31]. However, there are many natural and human factors affecting
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the area of grain cultivation [32], so it is unfair to evaluate the MPP policy effect from this standard
only. At the same time, most studies on MPP policy only consider the government and farmers.
In practice, the implementation effect of the MPP policy is not only related to the macro-control of
the government [33] and the response degree of farmers [34], but also closely related to the operation
measures of grain enterprises [35] and the purchase demand of consumers [36]. The MPP policy can be
understood as adjusting the grain purchase price to change the interest relationship between different
groups behind the price, so as to balance the supply side and the demand side in the new benefit
distribution pattern. Therefore, in order to objectively and accurately evaluate the implementation
effect of the MPP policy and its impact on the sustainable development of Chinese grain, it is necessary
to comprehensively consider the demands of the government, farmers, grain enterprises and consumers.
At the same time, it is also necessary to combine important standards such as the grain acquisition cost
and urban-rural income gap with the grain-cultivated area.

The rest of this paper is organized as follows: In Chapter 2, the relevant data sources of this
paper are firstly introduced, then the MPP policy satisfaction evaluation model composed of the Fuzzy
Comprehensive Evaluation (FCE) and Analytic Hierarchy Process (AHP) is constructed, and finally
the concepts of the FCE and the AHP are introduced. In Chapter 3, on the basis of determining the
membership function and weight of each evaluation index, the implementation effect of the MPP
policy and its impact on grain sustainable development are comprehensively analyzed from three
aspects: a comparison before and after policy implementation, a satisfaction trend analysis and the
disaster response. In Chapter 4, the main conclusions of this paper are summarized, the corresponding
policy suggestions are put forward and future research is prospected.

2. Materials and Methods

2.1. Data Sources

The data sources of this paper are from four of China’s official websites: State Administration of
Grain, National Bureau of Statistics, National Food and Strategic Reserves Administration, and National
Development and Reform Commission. Table 1 shows the minimum purchase price of major grains in
China from 2004 to 2019. Compared with the first implementation of the minimum purchase prices,
the minimum purchase prices of the four grain varieties announced by the National Development and
Reform Commission increased by more than 55% in 2019.

Table 1. Minimum purchase prices of major grains in China from 2004 to 2019.

Variety 2004 2005 2006 2007 2008 2009 2010 2011
Wheat — — 0.72 0.72 0.77 0.87 0.9 0.95
Early indica rice 0.7 0.7 0.7 0.7 0.77 0.9 0.93 1.02
Middle and late indica rice 0.72 0.72 0.72 0.72 0.79 0.92 0.97 1.07
Japonica rice 0.75 0.75 0.75 0.75 0.82 0.95 1.05 1.28
Variety 2012 2013 2014 2015 2016 2017 2018 2019
Wheat 1.02 1.12 1.18 1.18 1.18 1.18 1.15 1.12
Early indica rice 1.2 1.32 1.35 1.35 1.33 1.3 1.2 1.2
Middle and late indica rice 1.25 1.35 1.38 1.38 1.38 1.36 1.26 1.26
Japonica rice 1.4 1.5 1.55 1.55 1.55 1.5 1.3 1.3

Unit: yuan per 0.5 kg.

Data source: notices of the minimum purchase price of wheat and rice issued by National
Development and Reform Commission over the years. Wheat, middle and late indica rice, early indica
rice and japonica rice are all third grade.

According to the grain minimum purchase prices over the years, the key grain varieties in China
are wheat and rice [37] (early indica rice, middle and late indica rice, japonica rice). The main wheat
planting regions are six provinces: Hebei, Jiangsu, Anhui, Shandong, Henan and Hubei [38]. The
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main rice-planting regions are 11 provinces: Anhui, Jiangxi, Hubei, Hunan, Guangxi, Liaoning, Jilin,
Heilongjiang, Jiangsu, Sichuan and Henan [39]. Therefore, this paper selects 13 major grain-growing
provinces as research objects, including Hebei, Jiangsu, Anhui, Shandong, Henan, Hubei, Jiangxi,
Hunan, Guangxi, Liaoning, Jilin, Heilongjiang and Sichuan.

The data collected in this paper are listed as follows:

1.  The minimum purchase prices of early indica rice (third class), middle and late indica rice (third
class), japonica rice and wheat in China from 2004 to 2019.
2. Theaverage market purchase prices of wheat and rice in China’s 13 major grain-growing provinces

from 1995 to 2018.

3. The per unit yield of wheat and rice in China’s 13 major grain-growing provinces from 2002
to 2018.

4. The cultivated area of wheat and rice in China’s 13 major grain-growing provinces from 1995
to 2018.

5. China’s grain imports and exports from 2002 to 2018.

6. The number of agricultural workers in China’s 13 major grain-growing provinces from 2002
to 2018.

7. The urban-rural income gap in China’s 13 major grain-growing provinces from 2002 to 2018.

8.  The average schooling year of the rural household labor force in China’s 13 major grain-growing
provinces from 2002 to 2018.

2.2. Methods

2.2.1. Model Design

This paper combines the AHP and the FCE to establish the MPP policy satisfaction evaluation
model. The overall modeling architecture is shown in Figure 1, in which the AHP is used to determine
the index weight of the factor set, and the overall idea of policy satisfaction evaluation follows the FCE.
The reason for combining the two methods is firstly because both of them can realize the combination
of qualitative and quantitative factors well [40,41], and the AHP can decompose the complex system
on the basis of less quantitative data [42]. Second, the FCE can consider the hierarchy of evaluation
objects, so the fuzzification of evaluation indexes and influencing factors can be reflected [43]. Third,
the FCE needs to determine the weight vector of evaluation indexes, but not all evaluation indexes
have corresponding sample values [44], so the AHP is selected to determine the index weight.

The Factor Set The Comment Set

Membership
Function
Index Weights Fuzzy Relation Matrices
The Fuzzy Vector

Figure 1. Modeling architecture.

There are four reasons to measure the effect of the MPP policy on grain sustainable development
by constructing a satisfaction model. First, the government’s satisfaction directly reflects whether
the government has made a reasonable financial expenditure to promote the healthy development of
the grain industry. Second, farmers’ satisfaction directly determines their enthusiasm for planting,
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and only a higher enthusiasm for planting can ensure the sustainable supply of grain. Third, enterprises
are the main buyers of grain, so the satisfaction of enterprises directly determines the feasibility of
long-term cooperation and the persistence of the MPP policy. Fourth, consumers’ satisfaction directly
reflects the rationality of the relationship between grain supply and demand, and only a reasonable
relationship between supply and demand can ensure the sustainability of the grain industry. Table 2
shows the satisfaction evaluation indexes of the four groups.

Table 2. Evaluation indexes.

Group Evaluation Index

Satisfaction of cultivated area (Cy1)
The Government (By) Satisfaction of grain reserves (Cyy)
Satisfaction of acquisition cost (Cy3)
Satisfaction of planting income (Cp1)
Farmers (B,) Satisfaction of educational level (Cpp)
Satisfaction of urban-rural income gap (Cp3)
Satisfaction of acquisition income (C31)
Satisfaction of business risk (Cs,)
Satisfaction of grain price (C41)
Satisfaction of grain supply (Cyp)

Grain enterprises (B3)

Consumers (By)

2.2.2. Fuzzy Comprehensive Evaluation

The concept of fuzzy set theory was first proposed by professor Zadeh, an American expert
on automatic control, in 1965 to express the uncertainty of things [45]. The Fuzzy Comprehensive
Evaluation (FCE) is a method based on fuzzy mathematics, which has good economic and social
benefits. This method applies the principle of fuzzy relation synthesis and comprehensively evaluates
the subordinate status of the things from multiple factors [46]. The steps of the FCE are shown
below [47]:

1.  The factor set

The performance of evaluation objects needs to be comprehensively analyzed from multiple
factors, all of which constitute the set of the evaluation index system, namely, factor set U, denoted in
Equation (1):

U= {uy,uy,... uy} 1)

2. The comment set

Due to the diverse evaluation values of each index, different grades are often formed. The set
composed of various decision sets is called comment set V, denoted in Equation (2):

V={v1,v2,...,0m (2)

3. The fuzzy weight set

In the actual situation, each factor in the factor set plays a different role in the comprehensive
evaluation. The comprehensive evaluation results are not only related to the evaluation of each factor,
but also depend on the role of each factor in the comprehensive evaluation. Thus, it is important to
determine the weight distribution among factors to obtain the fuzzy weight set A, which is a fuzzy
vector on U and is found as in Equation (3):

A=lay,a,...,0,) 3)

a; represents the weight of the ith factor and satisfies }.;' ; 4; = 1. There are many methods to
determine the weight, such as the Delphi method, weighted average method, expert evaluation method
and so on.
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4. The fuzzy comprehensive judgment matrix

The membership degree of the index u; to each comment is a fuzzy subset of V. The evaluation of
index u; is computed as shown in Equation (4):

Ry ={rii,rio, .-/ Tim) 4)

The fuzzy comprehensive judgment matrix of each index can be obtained via Equation (5), which
is a fuzzy relation matrix from U to V:

1 "2 o Tim
21 T2 ot Tom

R=| . . | ) @)
Tl T2 - Tum

5. Comprehensive evaluation

A fuzzy transformation can be obtained by using the fuzzy comprehensive judgment matrix R,
as shown in Equation (6):
Tr: F(U) = F(V) (6)

From this transformation, the comprehensive evaluation result B = AR can be obtained.
The evaluation after synthesis can be regarded as the fuzzy vector of V, denoted as B = [by, by, ..., by).

2.2.3. Analytic Hierarchy Process

American operations research scientist Saaty put forward the famous Analytic Hierarchy Process
(AHP) in the early 1970s [48]. The AHP decomposes the elements related to decision-making into target
layer, criterion layer and scheme layer. Then, a qualitative and quantitative analysis is carried out [49].
This method has advantages of flexibility and conciseness. The specific steps of the methodology
applied in this paper are as follows [50]:

1.  Constructing the pairwise comparison matrix

From the second layer of the hierarchical model to the lowest layer, pairwise comparisons were
made for each factor in the same layer based on the preference scale. For example, to compare the
influences of n factors ¢y, ¢, . .., ¢, at a certain layer on one factor at the upper layer, two factors ¢; and
¢ are taken at a time, and 4;; is used to represent the influence ratio of ¢; and ¢; on the target layer.
All comparison results can be constructed into the pairwise comparison matrix A, which is shown in
Equation (7):

1
A= (aij)nxn’aij > 0,511‘]‘ = — (7)

ﬂ]l

the relative scale a;; can be determined according to the preference scale, as shown in Table 3.

Table 3. Preference scale.

Relative Scale a;; Definition
1 Equal importance between ¢; and c¢;
3 Moderate importance of c; over ¢;
5 Essential or strong importance of ¢; over c;
7 Demonstrated importance of ¢; over ¢;
9 Extreme importance of ¢; over c;
2,4,6,8 Intermediate values between two adjacent judgments

2. Sorting single hierarchy and consistency check
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Because the pairwise comparison matrix is usually not a uniform matrix, it is necessary to check its
consistency. In this paper, the numerical value of A — 1 is used to measure the inconsistency degree of
the pairwise comparison matrix A, where A is the maximum characteristic root of the paired comparison
matrix. CI is the general consistency index and is computed as shown in Equation (8):

_A-n

CI p—

®)

In order to determine the tolerance range of the inconsistency degree of the pairwise comparison
matrix A, a random consistency index RI can be introduced, whose values are shown in Table 4.

Table 4. Values of the random consistency index RI.

n 1 2 3 4 5 6 7 8 9 10 11
RI 0 0 058 112 124 132 141 145 145 149 1.51

For the established hierarchical model, it is necessary to calculate the ratio of its consistency index
CI and the random consistency index RI of the same hierarchy, namely the consistency ratio, as shown
in Equation (9):
CI
=R ©)
When CR < 0.1, the eigenvector of the pairwise comparison matrix obtained by the characteristic
root method can be used as the weight vector.

CR

3. Sorting total hierarchy and consistency check

The composite weight of each layer of factors to the overall target is calculated. According to the weight
vector of the pairwise comparison matrix, the final weight vector can be obtained by using Equation (10).
At the same time, the consistency check is carried out for the total ordering of the hierarchy.

We W (i)

_ 10
2?21 WBiWA(i) ( )

3. Results

3.1. Membership Function

In this section, while determining the membership function of each index in the MPP policy
satisfaction evaluation model, the selection reasons of each index and the calculation methods of
related variables are explained. Because of the uneven distribution of natural resources in China, not all
provinces rely on grain as the main plant. This paper selects 13 major grain growing provinces in China
to represent the grain situation of the whole country, including Hebei, Jiangsu, Anhui, Shandong,
Henan, Hubei, Jiangxi, Hunan, Guangxi, Liaoning, Jilin, Heilongjiang and Sichuan. In addition, wheat
and rice are the main grain varieties in China, so these two crops are selected to represent the grain
varieties in the country.

3.1.1. The Government

1.  Satisfaction of cultivated area

The increase of grain-cultivated areas reflects the improvement of farmers’ planting enthusiasm,
and the increase of planting income can promote the improvement of farmers’ planting enthusiasm.
Therefore, this index can be used to measure the effect of the MPP policy in protecting farmers’ income.
Suppose the change rate of the cultivated area is x7p, the grain-cultivated area of the previous year is
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x1 and the grain-cultivated area of the current year is x7,. The change rate of the cultivated area xrp is
constructed as shown in Equation (11):
X[g—X
xp = 4 "Lr (11)
XLa

In Equation (11), The grain-cultivated area refers to the total area of wheat and rice planted in
13 provinces.

The change rate of the cultivated area x; p is converted into the satisfaction of the cultivated area
xs.p by the subsection function in Equation (12):

0 xip <0
02 0<xp<0.01
xsip =4 0.5 0.01 <x;p <0.02 (12)
0.8 0.02 <x;p <0.05
1 0.05 < x1p

2. Satisfaction of grain reserves

Because grain reserves can reflect the grain output, this index can be used to measure the effect of
the MPP policy in protecting the grain supply. Let the satisfaction of grain reserves be xy¢, and the
grain reserves of each province be x; . The calculation formula of xyc is shown in Equation (13):

0 xb, > xmax

) CL CL
13 i XEHZX_XZCL mid.i i < ymax
i ZCL_TCL .
Yisi f (xCL) ; o Yo Sfasta
rye=——=— fleb) =1 L N (13)
13 CL_CL i o 4i < xmzd.z
xé’i" CL CL —~CL
i min
0 Xep <X0p

In Equation (13), i = 1,2,...,13, the grain reserves refer to reserves of rice and wheat. Grain
reserves need to be maintained in a reasonable state, too many or too few reserves are not conducive
to the sustainable development of the grain industry [51]. Set the most reasonable grain reserve of
each province as x4, set " as the threshold of 0 for the satisfaction of grain reserves when grain

cL -’ CL
¥ as the threshold of 0 for the satisfaction of grain reserves when the

reserves are small, and set XCr
grain inventory is large.

mid.i ;
¢ " of each province

refers to the grain reserve threshold set by the government for that province in 2004, x’gi” is the

max
. CL
in 13 provinces in 2004 and x; of each province is the actual grain reserves of that province in 2004.

According to Equation (13), the average grain reserves satisfaction of the 13 provinces is xy¢ in 2004.

Take calculating the satisfaction of grain reserves xyc in 2004 as an example. x,

minimum grain reserve threshold in 13 provinces in 2004, x/*/* is the maximum grain reserve threshold

3.  Satisfaction of acquisition cost

Because the acquisition cost of grain is the most important expenditure of policy implementation,
this index can be used to measure the reasonable degree of the MPP policy in terms of financial
distribution. Let the grain acquisition cost of each province be x%P and the satisfaction of the acquisition
cost be xgkp. The calculation formula of xgkp is shown in Equation (14):

13 ; 0 Xip > Xgp'
S e) e
YSkP = T3 fp) = e Yp < X < X' (14)
i min
1 Xgp < Xgp
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In Equation (14),i = 1,2,...,13, the grain acquisition cost refers to the acquisition cost of rice and
wheat. Set x’I’gll;" as the threshold of 1 for the satisfaction of the acquisition cost when the acquisition
cost is small, and set x%x
acquisition cost is large.

Take calculating the satisfaction of the acquisition cost xsxp in 2004 as an example. x%P of each
min

as the threshold of 0 for the satisfaction of the acquisition cost when the

province is the actual acquisition cost of that province in 2004, x}/p
cost of 13 provinces in 2004 and x¢;" is the maximum actual acquisition cost of 13 provinces in 2004.

According to Equation (14), the average acquisition cost satisfaction of the 13 provinces is xggp in 2004.

is the minimum actual acquisition

3.1.2. Farmers

1.  Satisfaction of planting income

Because the planting income directly determines the enthusiasm of farmers to continue to grow
grain and indirectly determines the grain output the next year, this index can be used to measure
the support degree of farmers for the MPP policy. Set the average planting income of each province
as x;, and the satisfaction of the planting income as xgp. The calculation formula of xgp is shown in
Equation (15):

i w.i
13 ; , ‘1 Xp > Xp
i=1 /%P i P min o i o qwi
i min
0 Xp S Xp

In Equation (15),i = 1,2,...,13, the average planting income refers to the average income from

the cultivation of rice and wheat. x;,"j
in cities, and x}"" is the minimum income that villagers can accept.

Take calculating the satisfaction of the planting income xgp in 2004 as an example. x;,”'i is the
average income of villagers in each province from working in cities in 2004. x;, is the average income
of farmers in each province frpm planting grain in 2004. x;""
composed of all x;*' and all x;, in 2004. According to Equation (15), the average planting income

satisfaction of the 13 provinces is xgp in 2004.

is the average income of villagers in each province from working

is the minimum value in the dataset

2.  Satisfaction of educational level

The higher the education level of farmers, the more their understanding of policies and the higher
the utilization rate of high-tech farming equipment. Therefore, this index can not only reflect the
popularity rate of the MPP policy among farmers, but it can also reflect farmers’ planting efficiency.
Let the improvement of farmers’ education level be xrp. Let the farmers’ average schooling year of the
previous year in the 13 provinces be xr,, and the farmers’ average schooling year of the current year in
the 13 provinces be xr,. The calculation formula of xrp is shown in Equation (16):

xpp = (16)
XFa

In Equation (16), the average schooling year = illiterate (semiliterate) ratio X 1 + ratio of primary
school level X 6 + ratio of middle school level X 9 + ratio of high school level x 12 + ratio of technical
secondary school level x 12 + ratio of junior college level and above x 15.5.

The improvement of farmers’ education level xrp is converted into the satisfaction of the
educational level xgpp by the subsection function in Equation (17):

0 xpp <0
0.2 0<xpp <0.02
xs;gp =< 0.5 0.02 < xpp <0.05 (17)

0.8 0.05<xrp <0.1
1 0.1< XED
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3. Satisfaction of urban-rural income gap

Because the reduction of the urban—rural income gap will reduce the amount of rural labor
transferring to cities, it will ensure that there are enough farmers to plant grain. Meanwhile,
the reduction of the income gap means the increase of farmers’ planting income. Therefore, this index
can reflect the number and income of farmers under the implementation of the MPP policy. Let the
reduction degree of the urban-rural income gap be xsp, let the urban-rural income gap in the previous
year be xg, and let the urban-rural income gap in the current year be xg,. The calculation formula of
xsp is shown in Equation (18):

xsp = L5 a8)
XSy

In Equation (18), the rural-urban income gap refers to the average rural-urban income gap in
13 provinces, and income refers to per capita disposable income.

The reduction degree of the urban-rural income gap xsp is converted into the satisfaction of the
urban-rural income gap xssp by the subsection function in Equation (19):

0 xsp <0
0.2 0<xgp <0.02
xssp =4 0.5 0.02 < xgp <0.05 (19)

0.8 0.05< xgp < 0.1
1 0.1 <xsp

3.1.3. Grain Enterprises

1.  Satisfaction of acquisition income

One of the preconditions for the implementation of the MPP policy is to balance the interests
of both supply and demand. Therefore, this index can reflect the impact of the MPP policy on the
;P and the satisfaction of
the acquisition income as xsyp. The calculation formula of xsyp is shown in Equation (20):

interests of grain enterprises. Set the acquisition income in each province as x

1 xi > ylnax

13 (i yp = Yyp
=1 f Yyp i Y p min i max 2
Ysyp = 13 f(xYP> = am - Xyp < Xyp < Xyp (20)

i min
0 xXyp <xyp

In Equation (20),i =1,2,...,13, the acquisition income refers to the acquisition income of wheat
and rice. Set xJ/7" as a threshold of 1 for the acquisition income satisfaction when the acquisition income

is large, and set x7

Vp' as a threshold of 0 for the acquisition income satisfaction when the acquisition

income is small.
Take calculating the satisfaction of the acquisition income xsyp in 2004 as an example. x|, of each
province is the average income of grain enterprises in that province in 2004, x%* is the maximum

YP

of the average income of grain enterprises in 13 provinces in 2004 and x%” is the minimum of the
average income of grain enterprises in 13 provinces in 2004. According to Equation (20), the average

acquisition income satisfaction of the 13 provinces is xgyp in 2004.
2. Satisfaction of business risk

Because the implementation of the MPP policy is based on the willingness of grain enterprises to
carry out long-term cooperation, it is necessary to ensure that the business risk of grain enterprises
can be controlled within a reasonable range. Therefore, this index can reflect the persistence of MPP
policy implementation. Let the change rate of the enterprise business risk be xgp. Let the enterprise
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business risk in the previous year be xg, and the enterprise business risk in the current year be xg,.
The calculation formula of xgp is shown in Equation (21):
rop = @ o
XQr

In Equation (21), the enterprise business risk refers to the average business risk of grain enterprises
in 13 provinces.

The business risk of grain enterprises in one province = (total grain acquisition earnings of
enterprises in the province - total variable cost of enterprises in the province) / (total grain acquisition
earnings of enterprises in the province — total variable cost of enterprises in the province — total fixed
cost of enterprises in the province).

The rate of change of the business risk xgp is converted into the satisfaction of the business risk
xsop by the subsection function in Equation (22):

0 Xop < 0
02 0<xgp <0.02
xsop =4 0.5 0.02 <xgp < 0.05 (22)
0.8 0.05<xgp <0.1
1 0.1< xQD

3.1.4. Consumers
1.  Satisfaction of grain price

Because the grain price not only directly determines the purchase quantity of consumers but
also indirectly reflects the grain supply quantity, this index can reflect the grain supply and demand
situation under the implementation of the MPP policy. Let the average grain price of each province
be x}R and the satisfaction of the grain price be xpp. The calculation formula of xpp is shown in
Equation (23):

0 b > xmax

213 f(xi ) . PR = "PR
_ Zi=1VPR) i\ _ ) YpR PR _min i max (23)
XPD = 13 f xPR - x;’ﬁx xPR < xPR < XPR
i min
1 Xpr < Xpp

In Equation (23),i = 1,2,...,13, the average grain price refers to the total average price of rice

and wheat. Set x)z" as a threshold of 0 for the price satisfaction when the actual price of grain is large,

and set x?};'{” as a threshold of 1 for the price satisfaction when the actual price of grain is small.

Take calculating the satisfaction of the grain price xpp in 2004 as an example. x},, for each province
is the average grain price in that province in 2004, x}z* is the maximum of the average grain price
in 13 provinces in 2004 and x7y" is the minimum of the average grain price in 13 provinces in 2004.

According to Equation (23), the average grain price satisfaction of the 13 provinces is xpp in 2004.
2. Satisfaction of grain supply

Grain supply refers to the amount of grain that can be bought by consumers. If the supply is
small, consumers will worry. If the supply is large, grain prices will fall. Therefore, this index can be
used to measure the rationality of the grain supply under the implementation of the MPP policy. Let
the change rate of the grain supply be xyp. Let the grain supply in the previous year be x, and the
grain supply in the current year be xy,. The calculation formula of xp is shown in Equation (24):

XWa — XWr (24)
XWa

XWD =

In Equation (24), the grain supply refers to the total supply of wheat and rice for retail use in
13 provinces.
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The change rate of the grain supply xwp is converted into the satisfaction of the grain supply
xswp by the subsection function in Equation (25):

0 xwp < 0.01
02 0.01 < xwp < 0.03
xswp =4 0.5 0.03 <xwp <0.05 (25)
0.8 0.05<xwp <0.1
1 0.1 < xwp

In conclusion, the results of the MPP policy satisfaction evaluation model can be calculated
according to the evaluation indexes of the four groups. The calculations for all the above indexes are
based on data from the China Statistical Yearbook and documents on China’s four official websites
mentioned in Section 2.1.

3.2. Index Weight

To determine the weight of each evaluation index through the AHP, the evaluation index hierarchy
of the MPP policy should be established, as shown in Table 5.

Table 5. Evaluation index hierarchy.

Target Layer Criterion Layer Scheme Layer

Satisfaction of cultivated area (Cq7)
The Government (By) Satisfaction of grain reserves (Ciy)
Satisfaction of acquisition cost (Cy3)
Satisfaction of planting income (Cp;)
Satisfaction of MPP policy (A) Farmers (B,) Satisfaction of educational level (Cy))
Satisfaction of urban-rural income gap (Cy3)
Satisfaction of acquisition income (Cz1)
Satisfaction of business risk (Cszp)
Satisfaction of grain price (Cy1)
Satisfaction of grain supply (Cyp)

Grain enterprises (B3)

Consumers (By)

According to the construction principle of the paired comparison matrix, the matrices of the
criterion layer and scheme layer are constructed as follows:

1 3 5 7
A |13 1 3 5
1/5 1/3 1 3
1/7 1/5 1/3 1
1 3 5 1 5 7
Bi=|1/3 1 3 |B=|1/5 1 3 B3—[1}3 ?]34_[1}5 i]
1/5 1/3 1 1/7 1/3 1

The consistency test result of each paired comparison matrix is shown in Table 6.

Table 6. The consistency test results of the paired comparison matrices.

Matrices A Bq B, B, By
Consistency ratio 0.0433 0.0332 0.0559 0 0

When CR < 0.1, the eigenvector of the paired comparison matrix obtained by the characteristic
root method can be used as the weight vector. Because the above paired comparison matrices
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pass the consistency test, the final weight of each evaluation index can be obtained, as shown in
Table 7. The evaluation value of each group can be obtained by multiplying the index results and the
corresponding weights.

Table 7. The final weight of each evaluation index.

Criterion Layer B1 B, B3 By
Weight 0.57 0.26 0.11 0.06
Scheme layer Ci G Cz Gy Cn Cpn G Cp Cy Cp

Weight 0.36 0.15 0.06 0.19 0.05 0.02 0.08 0.03 0.05 0.01

3.3. Comprehensive Evaluation

3.3.1. Comparison before and after Policy Implementation

In order to comprehensively analyze the implementation effect of the MPP policy and its
effect on China’s sustainable grain development, this paper focuses on the satisfaction of four
groups in 13 provinces in 2003 and 2018 for a comparative analysis before and after the MPP policy
implementation, as shown in Table 8.

Table 8. Satisfaction of 13 provinces in 2003 and 2018.

Government Farmers Enterprises Consumers Average
Year 2003 2018 2003 2018 2003 2018 2003 2018 2003 2018
Hebei 0.76 0.87 0.66 0.94 0.72 0.89 0.77 0.9 0.723 0.9
Jiangsu 0.75 0.8 0.66 0.9 0.79 0.95 0.78 0.99 0.745 0.91
Anhui 0.78 0.89 0.6 0.91 0.72 0.85 0.77 0.87 0.718 0.88
Shandong 0.79 0.9 0.65 0.9 0.72 0.84 0.76 0.88 0.73 0.88
Henan 0.8 0.91 0.67 0.95 0.76 0.86 0.74 0.85 0.743 0.893
Hubei 0.79 0.9 0.7 0.94 0.72 0.88 0.76 0.84 0.743 0.89
Jiangxi 0.8 0.91 0.64 0.95 0.73 0.83 0.71 0.85 0.738 0.885
Hunan 0.78 0.93 0.67 0.95 0.71 0.84 0.73 0.84 0.723 0.89
Guangxi 0.79 0.89 0.64 0.95 0.7 0.87 0.76 0.86 0.733 0.892
Liaoning 0.77 0.9 0.7 0.94 0.7 0.91 0.77 0.87 0.735 0.905
Jilin 0.76 0.91 0.69 0.93 0.76 0.9 0.7 0.9 0.728 0.91
Heilongjiang ~ 0.75 0.92 0.7 0.94 0.72 0.89 0.75 0.86 0.73 0.903
Sichuan 0.78 0.9 0.71 0.96 0.75 0.87 0.74 0.86 0.745 0.898

Average 0.777 0.895 0.675 0.935 0.731 0.875 0.749 0.875 0.733 0.895

Data source: China Statistical Yearbook, documents on China’s four official websites mentioned in Section 2.1.

As can be seen from Table 8, before the implementation of the MPP policy, the government,
farmers, grain enterprises and consumers were all less satisfied with the grain industry, which did not
exceed 81%. In particular, the satisfaction of farmers in each province is at the lowest level among the
four groups. The lower satisfaction will lead farmers to seek other jobs for a higher income, which
will further increase the instability of grain production. After the implementation of the MPP policy,
the satisfaction of the four groups has been significantly improved, and the improvement degree of
farmers’ satisfaction is the highest. Therefore, this highlights the role of the MPP policy in ensuring
farmers’ income and planting enthusiasm, so as to promote the healthy development of the grain
industry from the perspective of planting.

From the average satisfaction of each province, it can be seen that both before and after the
implementation of the MPP policy, the satisfaction of grain enterprises is at a low level among the four
groups. This is partly because the interests of farmers and grain enterprises conflict: one wants to
sell grain at a high price, the other wants to buy grain at a low price. Therefore, when revising the
MPP policy in the future, the government should focus on how to improve the satisfaction of grain
enterprises while protecting the interests of farmers.
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In order to facilitate an intuitive analysis, this paper further gives graphs of farmers’ satisfaction
degree in major grain-growing provinces in 2003 and 2018, as shown in Figure 2. As can be seen from
the comparison of the two figures, farmers in Henan, Jiangxi, Hunan, Guangxi and Sichuan have the
highest satisfaction after the implementation of the MPP policy, which are all above 95%. However,
before the implementation of the MPP policy, farmers’ satisfaction in these five provinces were relatively
low, especially in Guangxi and Jiangxi provinces, where farmers’ satisfaction levels were below 65%
The increase of farmers’ satisfaction in 13 provinces varied, indicating that the implementation effect of
the MPP policy has regional differences.

[l os5-1.00 W 0.95-1.00
W 089-094 W 0:89-094
il 0-83-088 | EERE]
o 7s-082 W 075052

0.72-0.77 072-0.77

0.66-0.71 0.66.0.71
W 0.60-0.65 W 060065

<0.60 <0.60

(b)

Figure 2. Farmers’ satisfaction degree in 13 Chinese provinces: (a) 2003 (b) 2018. Data Source: China
Statistical Yearbook, documents on the official website of the National Food and Strategic Reserves
Administration of China.

In the future, before the revision of the MPP policy, it will be necessary to analyze the causes of
low farmers’ satisfaction in some provinces and summarize the successful cases of provinces with high
farmers’ satisfaction. In addition, it can be seen from figures that the main grain planting provinces
in China are concentrated in the east, and that the provinces in the northwest have scarce grain
resources. Therefore, only through the effective use of limited grain resources to achieve a sustainable
development of the grain industry can one meet the grain needs of Chinese people.

3.3.2. Satisfaction Trend Analysis

China’s grain minimum purchase price policy has been implemented since 2004, and the relevant
data were recorded until 2018. Therefore, this paper evaluates the implementation effect of the
MPP policy from 2004 to 2018, and selects relevant data from 2002 and 2003 for a comparative
analysis. The farmers’ average satisfaction and the comprehensive average satisfaction are shown in
Figure 3. The farmers’ average satisfaction refers to the average satisfaction of farmers in 13 provinces.
The comprehensive average satisfaction is calculated by the government’s average satisfaction,
the farmers’ average satisfaction, the enterprises’ average satisfaction and the consumers’ average
satisfaction in 13 provinces according to the weights of the criterion layer.
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2002 2004 2006 2008 2010 2012 2014 2016 2018
—@—Farmers’ average satisfaction —#- Comprehensive average satisfaction

Figure 3. The farmers’ average satisfaction and the comprehensive average satisfaction. Data Source:
China Statistical Yearbook, documents on China’s four official websites mentioned in Section 2.1.

As can be seen from Figure 3, since the implementation of the MPP policy in 2004, the farmers’
average satisfaction and the comprehensive average satisfaction have been steadily increasing.
Compared with before the implementation of the MPP policy, the farmers’ average satisfaction
increased greatly after the implementation of the MPP policy. Because the evaluation index of farmers
satisfaction includes the planting income and urban-rural income gap, it indicates that the MPP policy
effectively improves farmers’ economic income and planting enthusiasm, ensuring a sufficient planting

7

labor force to maintain the stable growth of grain output.

There are two main reasons for the decline in comprehensive average satisfaction in 2004. On the
one hand, the MPP policy made it impossible for grain enterprises to purchase grain at a lower price
according to their own will, thus reducing their satisfaction with the acquisition income. On the
other hand, some consumers were concerned that the introduction of the MPP policy would distort
market behaviors and lead to higher grain prices, thus resulting in a lower consumer satisfaction. After
2004, the comprehensive average satisfaction began to increase and stabilized around 2014, indicating
that the satisfaction of grain enterprises and consumers was gradually increasing during this period.
This phenomenon reflects that the MPP policy is gradually promoting the interests balance of various
groups and the healthy development of the grain industry.

3.3.3. Natural Disasters Response

Cultivated areas of wheat in Hebei and Anhui, and cultivated areas of rice in Anhui and Sichuan in
the years before and after the implementation of the MPP policy (i.e., from 1995 to 2018) were collected
for a graphic analysis. By comparing Figures 4 and 5, it can be seen that before the implementation of
the MPP policy in 2004, cultivated areas in Hebei, Anhui and Sichuan fluctuated greatly. In Anhui
province, in particular, the phenomenon of alternation between the increase and decrease of grain
output mentioned in the introduction of this paper appeared. Wheat-cultivated areas in Hebei province
began to decline in 1998 and did not ease until 2004, when the MPP policy plan was implemented.
Since the official implementation of the MPP policy, wheat- and rice-cultivated areas in Anhui province
have steadily increased, and wheat-cultivated areas in Hebei province have stabilized at about 2,400,000
hectares after several years of improvement.
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Figure 4. Wheat-cultivated areas. Data Source: China Statistical Yearbook.
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Figure 5. Rice-cultivated areas. Data Source: China Statistical Yearbook.

The cultivated areas of rice in Sichuan province decreased rapidly around 1997, which was due to
the severe flood disaster that began in 1997. 168 counties (cities and districts) in the province suffered
losses [52], and they were in the post-disaster recovery and reconstruction period for the next five years.
Although the implementation of the MPP policy prompted rice-cultivated areas in Sichuan province to
slowly increase, an 8.0 Richter scale earthquake occurred in Wenchuan county, Sichuan province in
2008, causing a direct economic loss of 845.215 billion yuan (about $120.274 billion) [53]. Comparing
the major natural disasters in Sichuan province in 1997 and 2008, it can be found that there was only
a small decline in rice-cultivated areas after the earthquake, and the recovery period was shortened.
In recent years, the rice-cultivated areas in Sichuan have stabilized at about 1,900,000 hectares.

Major natural disasters not only directly lead to the rapid decline of grain output, but also lead to
the huge fluctuation of grain output during the long post-disaster recovery and reconstruction period.
Therefore, natural disaster is the key factor hindering the grain sustainable development. Through the
analysis of grain-cultivated areas before and after the occurrence of natural disasters, it has been shown
that although the MPP policy cannot prevent the occurrence of natural disasters, it can effectively
reduce the damage of natural disasters. By enhancing the confidence of farmers and helping the
disaster-affected areas recover their planting capacity, the MPP policy minimizes the adverse impact of
uncertainties on the sustainable development of the grain industry and stabilizes the cultivated area
within a reasonable range.
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4. Discussion

Grain sustainable development is the premise of national social stability and economic
development, and its core goals include achieving a steady increase in output and ensuring a
balance between supply and demand. These goals cannot be achieved without the cooperation and
support of the government, farmers, grain enterprises and consumers. The MPP policy is one of
the most important grain protection policies in China. By constructing a satisfaction evaluation
model composed of four groups, the impact of the MPP policy on grain sustainable development
could be comprehensively analyzed. At the same time, effectively measuring the implementation
effect of the MPP policy is of great significance for the rational adjustment of the purchase price
level and grain industry structure. From the perspective of stakeholders in the grain industry,
this paper constructs a satisfaction evaluation model of the MPP policy based on the AHP and the
FCE. By applying grain-related data of 13 Chinese provinces from 1995 to 2018, this paper studied the
implementation effect of the MPP policy and its effect on grain sustainable development from three
aspects: a comparison before and after MPP policy implementation, a satisfaction trend analysis and
the natural disasters response.

1. Research Conclusions

According to the core goals of grain sustainable development and the calculation results of the
evaluation model, the main conclusions of this paper are summarized under the following three aspects.

(1) The MPP policy is conducive to achieving the goal of a steady increase in output. After
the implementation of the MPP policy, the satisfaction degree of farmers among the four groups
increased the most, indicating that the MPP policy can effectively improve farmers’ planting income
and planting enthusiasm. At the same time, the alternation between the increase and decrease of grain
output also weakened after the implementation of the MPP policy, and the cultivated area of rice and
wheat reached a stable state after a reasonable increase. Therefore, the MPP policy can guarantee the
improvement of planting enthusiasm and the increase of planting areas, thus promoting the steady
growth of grain output.

(2) The MPP policy is conducive to achieving the goal of a balance between supply and demand.
After the implementation of the MPP policy, the satisfaction of the government, grain enterprises
and consumers increased significantly. Thus, grain suppliers and buyers can have a long-term and
good cooperation, so that the grain retail market can be an orderly operation. By comparing natural
disasters around 2004, the grain damage after the implementation of the MPP policy was relatively
small, and the recovery time was relatively short, indicating that the MPP policy can effectively reduce
the adverse impact of uncertain factors on grain supply and demand.

(3) The implementation effect of the MPP policy in different regions varies, and the satisfaction
of different groups varies. The main reasons for regional differences are the influence of natural
factors such as topography, distribution of water resources and sudden disasters. The relatively low
satisfaction of grain enterprises and consumers is due to the impact of the MPP policy on the market
economy. On the one hand, it may aggravate the monopolistic acquisition behavior of state-owned
units and thus harm the interests of private enterprises. On the other hand, the grain retail price
may violate market rules, leading to the increase of consumers’ daily expenses while protecting
farmers’ interests.

2. Policy Suggestions

According to the research conclusions of this paper, the following four policy suggestions are
put forward.

(1) Implement targeted combinations of grain policies for different regions. In order to improve
policy effectiveness and public satisfaction, the government should adopt different combinations of
grain regulation policies according to the actual situation of different provinces, so as to meet the
planting habits of local farmers, utilize geographical conditions and protect natural resources.
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(2) Optimize grain varieties and improve the acquisition process. The government should promote
new varieties with a higher survival rate and stimulate the growth potential of the yield per unit
area through technical and financial support. At the same time, through mobile internet technology,
an online platform of grain acquisition should be built to track the acquisition process in real time
and strictly supervise the approval process, so as to prevent a situation involving illegal profit and
monopoly acquisition.

(3) Increase the construction of farmland water conservancy facilities and study water-saving
irrigation technology. Because there are many hills and mountains in the countryside of China, it is
difficult to grow grain. The development of three-dimensional agriculture through the design of
water-saving terraces can not only help increase the yield per unit area, but also improve the utilization
rate of natural resources.

(4) Increase the proportion of rural education investment to improve the cultural quality of farmers.
The improvement of farmers’ cultural quality can increase their acceptance and understanding of
policies. Meanwhile, high-quality farmers also have more access to agricultural learning technologies
and production information, so that they can master more scientific planting skills and reduce
planting costs.

3. Future Research Directions

Although the satisfaction evaluation model proposed in this paper could comprehensively analyze
the implementation effect of the current MPP policy, with the development of modern agriculture
and the reform of the production structure in China, the MPP policy will be continuously optimized.
As a result, the evaluation indexes and methods designed in this model are insufficient to analyze the
implementation scope and statistical data of the future MPP policy. In the future, we will follow up
the revision of the MPP policy in real time and constantly improve the indexes and methods of the
satisfaction evaluation model, so as to ensure the sustainability of grain industry research.

At the same time, because grain security is one of the important factors in ensuring the sustainable
development of the national grain industry, we will also focus on the design of a grain security early
warning mechanism in the future. An effective early warning mechanism can play a predictive role for
possible grain problems, so that the government and the public can be fully prepared to deal with risks.
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