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Research on the sustainable
development of agricultural
product supply chain in three
northeast provinces in China

Xuemei Fan, Yingdan Zhang*, Yuanhang Ma, Cong Zhao,
Buxin Liang and Hao Chu

School of Business and Management, Jilin University, Changchun, China

Background: The sustainable development of the agricultural product supply
chain (APSC) is the key to protecting public health.

Methods: This paper explores the sustainable development status of the
APSC in three northeast provinces of China from 2007 to 2020 and the
development trend in the next 5 years by using the entropy weight—matter-
element extension model (MEEM) and autoregressive integrated moving
average model (ARIMA), taking into account the background of relatively
backward development and the high proportion of agricultural output in these
three provinces.

Results: According to the research results, the sustainable development of
the APSC in Jilin Province is relatively stable, Heilongjiang Province has made
considerable progress in the sustainable development of the APSC in recent
years, while Liaoning Province has shown a significant downward trend in
recent years in the sustainable development of the APSC, despite a strong
development momentum in previous years.

Conclusions: The findings of this paper can be applied to the governance
of APSC in other rural areas with uneven development. The assessment also
provides guidance on the quality and safety of agricultural products and
public health, and raises the awareness of policymakers on the importance
of the APSC.

KEYWORDS

sustainable development, agricultural product supply chain, entropy weight-matter-
element extension model (MEEM), autoregressive integrated moving average model
(ARIMA), three northeast provinces in China

Introduction

Sustainable development is an urgent and important development strategy to address
a myriad of challenges such as climate change and ecological crisis (1, 2). Sustainable
development offers a feasible solution for global challenges such as poverty, public health,
and climate change (3). Nowadays, both developed countries and developing countries,
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based on their consensus on sustainable development, have
come to realize the urgency of setting sustainability goals and the
need to incorporate them as part of the scientific and systematic
decision-making strategy, which further proves the necessity of
studying sustainable development in various fields. In particular,
agriculture as the basic industry of each country is related to the
national economy and social stability. Agricultural products are
a basic human need (4).

The agricultural product supply chain (APSC) is an
important means to ensure consumers have access to healthy
fresh food. However, the process of turning agricultural products
from raw materials into finished products involves a process
that will impose a huge burden on the environment, which
is part of the management of APSC (5). The sustainable
development of the APSC exerts critical impacts in various areas,
such as employment, income growth, market opportunities
for consumers and producers, and existing businesses running
through supply chains in many countries (6-8). Many scholars
have found that a focus on the APSC can improve social,
economic, and environmental impacts, improve product quality
and public health, and lead to better sustainable development
(9, 10).

Government support is required for the sustainable
development of the APSC. On the basis that all APSC
stakeholders should work together, government initiatives are
the causal category with the greatest impact on the sustainability
of APSC (11). Government subsidies are the main driver of
agricultural supply chain sustainability (12). There is a need
to increase the investment and management of infrastructure
related to APSC to give full play to its leading role (13, 14). At
the same time, it is necessary for the government to improve the
policies and regulations related to APSC (15).

Through the collation of the literature, it can be concluded
that most scholars have noticed that each process involved
in the APSC will have an impact on the environment,
society, and economy, which is contrary to the meaning of
sustainable development. Meanwhile, some scholars mentioned
the importance of government participation in management,
which can effectively improve the potential of sustainable
development. In terms of research methods, some scholars
conducted micro-level evaluation and analysis by establishing
measurement and stage models, and most of them used case
and policy analysis to study from a macro perspective. Few
research methods combine theory with practice. Combined with
some scholars’ analysis of China’s agriculture, the three northeast
provinces of China have a relatively well-established agricultural
structure, rich land resources, and abundant agricultural
output. However, the development model of APSC is relatively
extensive, and there are not much relevant theoretical research
and case analysis, especially the overall comparative analysis of
the three provinces.

Therefore, combined with the principle of the barrel
effect, it is imperative to systematically study the sustainable
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development of APSC in the three northeast provinces of
China from a macro perspective, so as to offer inspiration
for promoting rural revitalization in northeast China and the
sustainable development of Chinas APSC. In addition, this
paper adopts the MEEM to solve the contradictory problems
both qualitatively and quantitatively, and then used the ARIMA
model to make a short-term prediction, which can produce
more systematic and scientific results, and will better combine
theory and practice in evaluation and management. This paper
also provides guidance for ensuring the health and life safety of
residents, which is of great value for the sustainable development
of APSC in regions with similar conditions in other countries.

Methods and indexes
MEEM model

The matter-element extension method is introduced by
Cai Wen and other Chinese scholars to solve contradictory
problems and it can also be applied to comprehensive evaluation
research. The entropy weight—matter-element extension model
(MEEM) can greatly reduce the influence of subjective factors in
evaluations and combine described objects, characteristics and
value into matter-elements for analysis (16-18).

1. Define the matter-element matrix to be evaluated

Matter-element is a unity of a set of described objects, their
characteristics, and eigenvalue. The matter-element matrix is
shown as follows:

M G Wi
C, Vp
R:(M>C> V): . . (1)
Cn Vi
where M is the described object, C is the characteristics of
the object and V is the value.

2. Set up classical domain and joint domain matter-element
The classical domain mainly describes the range of

eigenvalue changes of the described object:

M C] (ajl’ b]l)

C2 (ajp,bp)

Ry = (M}, G, Vj) = @)

Cn (ajm bjn)
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The joint domain:

C1 (a1, b1)
Cy (a2, b7)

My

Ry = (Mu» C, Vu) = (3)

Cn (an,bn)

Ry indicates the collection of grades, V,, indicates the value
range of the evaluation index, a, indicates the lower bound of
the evaluation index Cy;, and by, indicates the upper bound.

Since most of the classical domains and joint domains are
defined by norms or standards, this paper improves grade ranges
with the time-series approach based on its data structure (19):

Time series of a certain index C; is index is defined as grade
J in the following steps:

1) Calculate the interval’s length L of the time series

L = max C; — min C; (4)
2) Calculate the average interval G of the time series
G E _ max C; — min C; )

J J

3) Calculate the range bounds of each grade. The difference
between the upper and lower bounds of each grade is G and
the lower bound of each grade equals the upper bound of its
adjacent grade.

Cij = [min C; + (j — 1)Gj, min C; + jG] (6)

3. Evaluate the matter-element correlation

The distance from X to the classical domain range Xj; and to
the joint domain range Xy; is calculated as follows respectively:

1 1
(i, Xji) = |xi — S (aji + bji)| — 5 (bji — aji) ™)
1 1
(i, Xyi) = |xj — E(aui + byi)| — E(bui —au) (8)
The correlation function Kj(Xn) is:
_P();ij(ji))xl € X;
Kj(Xi) = | ©)
] P(XDXJI) X ¢ X
Pl Xui)—p(x,X;) 1 T T
where ‘in‘ = ‘bji — aﬁ|
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4. Determine the index weight

To ensure that index weights are scientific and effective
and to minimize errors, this paper adopts the entropy value
method to determine index weights. Entropy represents the
measurement of uncertainty, in other words, it evaluates the
index’s disorder degree and reflects the differentiation degree
of evaluated units. The higher the entropy value, the more
disordered the sample; the less information it includes, the
smaller the weight. In this method, each index’s entropy value
is firstly calculated according to the entropy function, then the
entropy value is normalized into index weight. The specific steps
are as follows (20, 21):

1) Normalize the index

+ ......
xiiT = . (10)
’ max {x1j,....xpj} — min {x1j_.._%uj}
_ max {x1j,.. %} — Xjj
Xjj = - (11)
max {x1j,....xpj} — min {x1j_._%u;}
where xjj indicates the jth index in the ith year.
2) Calculate the entropy
n
ej=—k Y _ PylIn(P;) (12)

i—1

Entropy is the total contribution of the selected year to the
jth index and K is a constant:

1
k= —(0<e <1 (13)
In
Xji
Pj=—-" (14)
> Xjj
i=1
3) Calculate the index’s difference coefficient
dj =1-g¢ (15)
4) Determine the weight index
dj
wj—T,J=l,2, ,m (16)

5) Calculate the comprehensive correlation degree of
evaluated elements in each level
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Kj(My) = ) 0iKj(X;) (17)
i=1

where w; is the weight of the ith index.

6) Calculate the eigenvalue of the object to be evaluated and
its class

j0, with:

Kj(Mx)_ min K](Mx)

1<j<m

Ki(M) = 18
M = e KO — min Koo Y
I<j=m I<j=m
then the grade eigenvalue of M is j*
m
Y je KM
5 J=1
JfEm— 19)
Ki()
j=1

7) Prediction of the eigenvalue of the object.

ARIMA model

Autoregressive integrated moving average model (ARIMA)
emerged mainly to solve the prediction problem of non-
stationary time series. The ARIMA model is a combination
of an auto-regressive moving average (ARMA) model and a
differential model. The ARMA model is composed of an auto
regressive (AR) model and a moving average (MA) model (22).
The ARIMA model performs a d-order difference operation on
the non-stationary time series to obtain a stationary series, which
is then predicted by the ARMA (p, q) model. The mathematical
expression of the ARMA model is as follows:

P q
Xw=§:ﬁlmM—r+ur+§:h1%wﬂ

Where «; is the autoregressive parameter, u; is a white-

(20

noise process. The first part of the formula is the autoregressive
process, and the second part is the moving average process. p, d,
q represent the autoregressive order, the number of differences,
and the moving average order, respectively.

The modeling steps of the ARIMA model are divided into
the following points:

0 Smoothness test of the time series and differencing of the
unsteady data.

0 Determination of the order by autocorrelation and partial
autocorrelation tests, while the specific p and q values are
determined by the AIC criterion.
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[0 White noise test of the residuals of the model, and ¢-test of
the parameters.

O Establishment of the model to select the appropriate
interval for forecasting.

Index selection

The APSC involves the production and circulation of
agricultural products. It provides a channel to deliver products
to the market before, during, and post-production in a smooth
operation process, which is an important means to increase
farmers’ income and holds the key to ensuring food safety
(23-25). The sustainable development concept emphasizes the
coordinated development of nature, science and technology,
economy, and society (26). To conduct in-depth research on the
sustainable development of the APSC and to adapt to the long-
term and efficient development of the supply chain, this paper
adopts the analysis method to select indexes (27). By screening
existing literature and referring to research and conclusions
of related scholars, this paper selects a set of comprehensive,
representative, and reasonable indexes (28) to reflect the nature
of sustainable development of APSC. The chosen indexes are
classified into technical conditions, ecological environment,
economic and social, and infrastructure, as shown in Table 1.
The paper also considers that the indexes selected should reflect
reality and be accurate. The selected indexes and processed data
are obtained from publicly available statistics in China.

Data explanation

In terms of technical conditions, rural generating capacity
and the total power of rural machinery both reflect the level
of rural modernization, so they both play a positive role in
promoting the sustainable development of APSC (29). The level
of device connectivity to the Internet indicates the ratio of the
number of users with rural broadband access to the number of
rural households; it can better reflect the level of information-
based rural life and facilitate the intelligent development of
APSC (30).

In terms of ecological environment, the sustainable
development of APSC necessarily requires an emphasis
on environmental impacts; only green and low-carbon
development is sustainable (31-33); this paper selects the
widely-recognized index of carbon emission of agricultural
product logistics as a negative index; this index is estimated with
the energy consumption coefficient method proposed by IPCC.
Multiply energies consumed in the circulation of agricultural
products by the standard coal coefficient respectively and then
multiply by the carbon emission coefficient to obtain the index.
The formula can be referred to in the paper of Wang Xin (34).
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TABLE 1 Indexes, and their definition and nature.

10.3389/fpubh.2022.1007486

Level | Index Level Il index Definition Nature
Technical conditions Al Rural generating capacity C1 Reflects the level of support for agricultural production +
Total power of agricultural machinery C2 Reflects production efficiency +
Level of device connectivity to the Internet C3 Measures the level of information-based life in rural +
areas
Ecological environment A2 Carbon emission of agricultural product logistics C4 Reflects the impact on the environment -
Economic and social A3 Gross output value of farming, forestry, animal Shows economic benefits produced +
husbandry and fishery C5
Capital investment in agricultural product circulation Measures the level of importance attached to +
Cé agricultural product circulation
Labor input in agricultural product circulation C7 Indicates the labor cost
Infrastructure A4 Quantity of comprehensive markets for agricultural Measures the intermediate sales level +
products C8
Total mileage of agricultural product transportation C9 Reflects transportation capacity -
Total nominal volume required for refrigeration C10 Indicates refrigeration volume required -

On the economic and social fronts, the indexes of capital
investment and labor input in agricultural product circulation
are calculated by referring to Wang Renxiang’s (35) method
of multiplying by agricultural product circulation coefficient
and the coeflicient is measured by the final consumption
rate multiplied by the proportion of household consumption
in final consumption multiplied by Engel’s coefficient. Many
scholars have adopted this method to calculate data related to
agricultural products.

In terms of infrastructure, comprehensive markets for
agricultural products constitute a key part of the APSC.
They are key places where various types of information
gather, which will greatly improve the efficiency of agricultural
product sales. In addition, the total mileage of agricultural
product transportation can reflect the transportation efficiency
and capacity of the APSC. The freight volume of railway,
road, and waterway accounts for over 98% of the total
freight volume in northeast China, then the total mileage
of agricultural product transportation can be obtained by
multiplying the sum of the lengths of the three routes by
the coefficient of agricultural product circulation (36). With
the rapid development of cold chain transportation and
the increased quantity of fresh agricultural products, more
emphasis should be put on the development of cold chain
if the sustainable development of APSC is achieved (37);
relevant data shows that cold chain transportation facilities in
northeast China are yet to be improved; therefore, the total
nominal volume required for refrigeration is selected in this
paper as an index. The total nominal volume required for
refrigeration reflects the demand for the infrastructure of fresh
agricultural products, which can be calculated with formulas
and volume utilization coeflicient in the latest Design Standards
for Refrigeration.
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In conclusion, this paper selects data from Jilin, Liaoning,
and Heilongjiang provinces in the period from 2007 to 2020
and adopts the entropy method and the matter-element tension
model for analysis. Sources of the above index data include
China Population and Employment Statistics Yearbook, China
Statistical Yearbook of the Tertiary Industry, China Agricultural
Statistics, China Energy Statistical Yearbook, Jilin Statistical
Yearbook, Liaoning Statistical Yearbook, and Heilongjiang
Statistical Yearbook.

Results

Classical domain and joint domain

The following panel data from 2007 to 2020 of the three
northeast provinces in China are constructed according to
the acquisition and calculation of the above indexes; the
classical domain, determined by the improved index grading
method, is divided into the following grades of basically
sustainable, generally sustainable, comparatively sustainable,
well sustainable:

(M, CI (30614.00,70745.25)
C,  (1678.30,2952.50)
C3 (0.05,0.17)
Cy (312.10, 404.40)

Ri— Cs  (1418.90,2673.70)

Cs (31.14,71.30)
Cy (3.87,7.97)
Cs (2.00, 8.25)
Co  (19241.56,23356.07)

| Cio (4844019.49,6144181.33) |
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My C;  (70745.25110876.50)
Cy (2952.504226.70)
Cs (0.170.28)
Cy (219.80312.10)
Ry Cs (2673.703928.50)
Cs (71.30111.46)
C; (7.9712.07)
Cs (8.2514.50)
Co  (15127.05,19241.56)
| Cio (3543857.66,4844019.49) |
M3 C;  (110876.50,151007.75) |
C,  (4226.70,5500.90)
C3 (0.28,0.40)
Cy (127.49, 219.80)
Rae Cs  (3928.50,5183.30)
Cs (111.46,151.62)
Cy (12.07,16.18)
Cs (14.50,20.75)
Co  (11012.55,15127.05)
| Cio (2243695.82,3543857.66) |
M, C; (151007.75,191139.00) |
C,  (5500.90,6775.10)
C3 (0.40,0.52)
Cs (35.19, 127.49)
Rie Cs  (5183.30,6438.10)
Cs (151.62,191.78)
Cr (16.18,20.28)
Cs (20.75,27.00)
Co  (6898.04,11012.55)
| Cio (943533.99,2243695.82) |

Based on the above classical domains, the value range of the
joint domain Ry is determined as follows:

[ My, C1 (30614.00,191139.00) |
C,  (1678.30,6775.10)
C3 (0.05,0.52)
Cy (35.19, 404.40)
. Cs  (1418.90,6438.10)
v Cs (31.14,191.78)
o (3.87,20.28)
Cs (2.00,27.00)
Co  (6898.04,23356.07)
| Cio (943533.99,6144181.33) |

Index weight and correlation

This paper uses Stata 15 software to calculate the weight of
each index by the entropy value method, as is shown in Table 2.
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It can be seen from the above table that the total
power of agricultural machinery, level of device connectivity
to the Internet, capital investment in agricultural product
circulation, and labor input in agricultural product circulation
has relatively higher weights, followed by the total mileage
of agricultural product transportation and carbon emission
of agricultural product logistics. It can be seen that in the
process of sustainable development of APSC, human and
financial resources provide the main support, and a fresh
focus has been put on science and technology. In addition,
the total mileage of transporting agricultural products and the
amount of carbon emission generated during transportation are
crucial to enhance transportation efficiency and environmental
protection. Subsequently, the correlation of each grade from
2007 to 2020 in Jilin, Liaoning, and Heilongjiang provinces is
calculated with the Matlab R2018b software, as is shown in
Table 3.

Grade variable eigenvalue and evaluation
categories

Based on the above calculated weights and the correlation of
each evaluation grade from 2007 to 2020 of the three provinces,
the comprehensive correlation is calculated by using the Matlab
R2018b software, then the grade variable eigenvalue is calculated
based on the principle of maximum correlation, as is shown in
Table 4.

The eigenvalues of the sustainable development level
variables of the APSC in the three provinces have changed to
varying degrees from 2007 to 2020. To show the change more
clearly, we made a graph, as shown in Figure 1.

We can visually see through Figure 1 that Jilin province
as a whole shows a growing trend, basically consistent with
the trend observed in Heilongjiang province from 2007-2014,
and then grows slowly. 2007-2015, Liaoning province grade
variable eigenvalue is greater than the other two provinces, and
begins to decrease after 2015 shows and stabilizes at about 1.7.
Heilongjiang province showed an overall up trend, flatter from
2007-2015, with rapid growth after 2014 and an inflection point
in 2019, when it began to decline slightly, largely due to the
impact of COVID-19 in 2020.

Corresponding evaluation categories can be obtained by
analyzing the above grade variable eigenvalues. We have
compiled the value, as shown in Table 5:

The evaluation categories in Table 5 show the sustainability
status of the APSC in the three provinces from 2007 to 2020.

»

In Table 5, “1” indicates basically sustainable, “2” indicates

generally sustainable, “3” indicates comparatively sustainable,
and “4” indicates well sustainable. Except for 2017-2019, the
APSC in Jilin province remains “basically sustainable,” but

on the whole, it shows a slow upward trend. The APSC
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TABLE 2 Index weight.

C1 Cc2 C3 C4 C5

0.0684151 0.1265362 0.1291354 0.1051519 0.0910188

C10

0.0638371

Index weight

Index weight ‘ 0.1306379 ‘ 0.1355876 ‘ 0.0433803 ‘ 0.1062997 ‘

TABLE 3 Correlation of the evaluation matter-elements in the three provinces.

Jilin Liaoning Heilongjiang
Grade Grade Grade Grade Grade Grade Grade Grade Grade Grade Grade Grade
1 2 3 4 1 2 3 4 1 2 3 4

2007 | —0.160 —0.773 —0.691 —0.612 —0.192 —0.413 —0.328 —0.498 —0.101 —0471 —0.704 —0.619
2008 | —0.093 —0.690 —0.699 —0.599 —0.176 —0.262 —0.166 —0.485 —0.013 —0.394 —0.626 —0.615
2009 | —0.023 —0.614 —0.652 —0.565 —0.195 —0.264 —0.298 —0.388 —0.118 —0.232 —0.585 —0.540
2010 | —0.089 —0.606 —0.634 —0.487 —0.237 —0.223 —0.024 —0.426 —0.141 —0.204 —0.521 —0.496
2011 —0.028 —0.551 —0.600 —0.523 —0.230 —0.063 —0.141 —0.430 —0.119 —0.203 —0.484 —0.504
2012 | —0.125 —0.537 —0.628 —0.425 —0277 —0.130 —0.050 —0.401 —0.145 —0.272 —0.467 —0.486
2013 | —0.168 —0.484 —0.614 —0.399 —0.334 —0.288 —0.253 —0.359 —0.173 —0.178 —0.234 —0.439
2014 | —0.226 —0.483 —0.620 —0.446 —0.384 —0.213 —0.205 —0.383 —0.238 —0.250 —0.369 —0.411
2015 | —0.272 —0.420 —0.573 —0.431 —0.304 —0.156 —0.083 —0.422 —0.296 —0.294 —0227 —0.380
2016 | —0.253 —0.449 —0.653 —0.393 —0.226 —0.192 —0.363 —0.479 —0.353 —0.296 —0.245 —0.343
2017 | —0.265 —0.261 —0.485 —0.301 —0.181 —0.224 —0.291 —0.513 —0.444 —0.350 —0.265 —0.217
2018 | —0.342 —0.408 —0.498 —0.240 —0.051 —0.112 —0.287 —0.555 —0.471 —0.363 —0314 —0.118
2019 | —0.305 —0213 —0.496 —0.358 0.031 —0212 —0.346 —0.604 —0.515 —0.469 —0.319 —0.143
2020 | —0.267 —0.319 —0.532 —0.303 0.060 —0.303 —0.381 —0.609 —0.452 —0.373 —0.301 —0.281

sustainability status of Liaoning province was significantly better
than the other two provinces until 2015, but in recent years it
has displayed a “basically sustainable” status and an undesirable
development level. Similar to Jilin province, the APSC level in
Heilongjiang province was maintained at “basically sustainable”
until 2014, and after 2015, the sustainability level of the APSC
in Heilongjiang province improved significantly and showed

«

a strong growth trend, reaching and maintaining at a “well

sustainable” status.

Prediction of variable eigenvalues

Based on the above analysis, to further understand the
sustainable development trend of the APSC in each province in
the future, this paper uses the Autoregressive Integrated Moving
Average (38) method to predict the time series of the eigenvalues
of the level variables in the three northeast provinces from 2007
to 2020. This paper uses Anaconda software based on python
3.6.6 for analysis.

Frontiersin Public Health

First of all, the author conducted the stationarity test of the
time series data, and it is found that the data has strong volatility.
After the test, this paper selects the second-order difference for
processing to minimize data fluctuation and pass the relevant
test. Next, the corresponding ARIMA model was constructed
and tested for significance and normality of residuals and white
noise tests, all of which passed the test. Finally, according to
the Akaike information criterion, the model ARIMA (p, d, q)
with the smallest AIC value is selected to predict and analyze the
eigenvalues of the level variables of the sustainable development
of the APSC in the three northeast provinces from 2021 to
2025 (39). Use the Matplotlib library for plotting, as shown in
Figures 2-4 below:

We can see that the sustainable development of APSC in Jilin
province will maintain a relatively stable upward trend in the
next 5 years. The sustainable development of APSC in Liaoning
province will be in a downward trend in the next 5 years, and
a decrease of a relatively large margin will be recorded. The
sustainable development of APSC in Heilongjiang province will
show a rising trend in the next 5 years.
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Discussion

Based on the existing research, this paper proposes to
study the sustainable development level of APSC from a
macro perspective, which can provide better guidance for the
sustainable development of the regional APSC. Based on the
data related to the sustainable development of the APSC in the
three northeast provinces from 2007 to 2020, we used the MEEM

TABLE 4 Grade variable eigenvalue.

10.3389/fpubh.2022.1007486

to obtain the level of sustainable development of the APSC in
each province. Then ARIMA prediction is performed to obtain
the sustainable development trend of APSC in each province in
the next 5 years.

We found that the total power of agricultural machinery,
level of device connectivity to the Internet, capital investment in
agricultural product circulation, and labor input in agricultural
product circulation occupy relatively high weights in the
sustainable development of the APSC in the three northeast
provinces, followed by the total mileage of agricultural product
transportation and carbon emission of agricultural product
logistics. Therefore, the three northeast provinces should put
more emphasis on building a modern circulation system
for agricultural products by fully harnessing the power of
science and technology. Given the status quo of brain drain,
more efforts should be made to enhance the attractiveness of
human and financial resources. In this way, we can realize
the smooth flow of agricultural products circulation process,
reduce carbon emissions of agricultural products transportation,
increase farmers’ income, guarantee food quality and security,
and make an important contribution to maintaining public
health and wellness.

In addition, the sustainable state of the APSC in Jilin
province has been gradually improved in recent years
and maintained a slowly growing trend. The sustainable
development of the APSC in Liaoning province showed strong
momentum several years ago but has declined significantly
in recent years, pointing to a bigger decrease in the future.
The APSC in Heilongjiang province is in a good state of
sustainability and shows a tendency for marked growth. As
such, Jilin province should take bold steps in innovation

Jilin Liaoning Heilongjiang
2007 1.75547 1.75642 1.52799
2008 1.43408 201131 1.30824
2009 1.39543 1.74777 1.56263
2010 1.65140 2.26819 1.54497
2011 1.40091 2.10460 1.48331
2012 1.87867 230427 1.43758
2013 1.97967 240233 1.91690
2014 1.93373 251569 1.64956
2015 1.97426 230664 221337
2016 213874 1.79096 273636
2017 223609 1.86959 3.26540
2018 271421 1.80560 3.39443
2019 2.14024 1.70675 3.53108
2020 227193 1.63436 3.22977
Jilin

4

3.5

3

2.5

2

1.5

1

0.5

0

FIGURE 1

-Liao Ning  ==#—Hei Longjiang

20072008200920102011201220132014201520162017201820192020

Line chart of evaluation grade changes of the sustainable development of APSC in the three provinces in Northeast China.
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TABLE 5 Evaluation grade of sustainable development of APSC in the
three northeast provinces.

JiLin Liao Ning Heilongjiang
2007 1 1 1
2008 1 3 1
2009 1 1 1
2010 1 3 1
2011 1 2 1
2012 1 3 1
2013 1 3 1
2014 1 3 1
2015 1 3 3
2016 1 2 3
2017 2 1 4
2018 4 1 4
2019 2 1 4
2020 1 1 4

while maintaining the status quo, and work on scientific and
technological fronts to fully utilize its resources. Liaoning
province, with much room for improvement, can draw
inspiration from Heilongjiang province. Liaoning province
needs to solve the issue of resource mismatch as soon as possible
and focus more on the coordination of the overall operation of
the APSC. All participants need to increase the importance of
APSC and make the timely adjustment to relevant strategies to
prevent the weakening of the sustainable development capacity
of the APSC. Heilongjiang province should set a benchmark for
the sustainable development of the APSC, strengthen regional
cooperation and sharing, and amplify positive influences.

The research results obtained in this paper can be verified
in the research of other scholars. Dainan Hou concluded
that Heilongjiang, Jilin, and Liaoning provinces should be
placed in descending order in exploring the relationship
between agriculture and environmental friendliness in the
three northeast provinces (27). Chen Xu’s analysis of indexes
in the Rural Vitalization Plan of Jilin Province (2018-2022)
indicates that Jilin province is endowed with abundant natural
resources, but without being fully utilized. The improvement
of agricultural machinery driven by the implementation of the
rural vitalization strategy represents the increased total power
of agricultural machinery and more efficient production at
the source of the APSC; planning is also underway for the
agricultural product circulation system, which has a promising
prospect (40). In addition, according to the research of Zhang
Xue et al., the agricultural infrastructure in Liaoning province
is fully-fledged, but matching resources are not put in place in
recent years. The migration of young and middle-aged labor
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force to cities has led to the shrink of large-scale agricultural
operations and the development of industries with local
advantages. Meanwhile, it restricts the sustainable development
of APSC, putting a bottleneck on the sustainable development
of the APSC of Liaoning province (41, 42). At the same time,
according to the research of the Heilongjiang Agricultural
and Rural Development Research Center and Heilongjiang
Academy of Agricultural Sciences on the implementation of the
rural vitalization strategy, Heilongjiang province attaches great
importance to the sustainable development of the APSC. It’s
gaining momentum in the digitalization drive by integrating
upstream and downstream systems in the supply chain and
connecting the sales of key agricultural products to the Internet.
A provincial e-commerce platform for agricultural products is
gradually taking shape. Meanwhile, Heilongjiang does well in
cultivating the labor force capable of engaging in the circulation
of agricultural products (43, 44).

Through the above policy research and analysis, it can be
seen that the research results of some scholars on the sustainable
development of agriculture and APSC in the three northeast
provinces are consistent with the data analysis results and
development trends of some indicators in this paper. This not
only demonstrates the authenticity and accuracy of the research
in this paper but also enhances the credibility of innovative
research conducted in this paper. In addition, the analysis from a
systematic perspective in this paper complements and connects
the above studies, making up for the data deficiencies in policy
analysis and management suggestions from empirical research.

The combined use of the MEEM and ARIMA prediction
model is pioneering in this type of research, which can
be replicated in other areas of research and advance the
development of evaluation type of research. We can not only
accurately obtain the weights of various influencing factors,
but also increase the objectivity of the evaluation results of
sustainable development of the APSC in the three northeast
provinces and make it more consistent with the actual situation.
The forecast section takes into account factors such as random
effects, allowing for more accurate short-term forecasts and
reliable results.

Conclusion

In summary, this study fills the research gap in the
sustainable development of the APSC in three northeast
provinces of China. In terms of modeling methods, the MEEM
and ARIMA prediction model are used for the first time,
which is proved to be innovative and transferable. The findings
of this paper can provide useful references for governments,
enterprises, and different stakeholders in the three provinces,
improve policymakers’ understanding of the value of the APSC,
and can be applied to the governance of the APSC in other areas
tackling the problem of unbalanced development. In practice,
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FIGURE 3
Prediction of variable eigenvalues of sustainable development level of APSC in Liaoning Province.

the assessment also guides the quality and safety of agricultural
products and public health and is important for the sustainable
development of agroecology and the environment. However,
there are still limitations on the research sample in this paper.
Although the three northeast provinces are three important
regions for agricultural supply in China, in the future, the sample
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scope can be increased to study the sustainable development
of the APSC at the national level to expand comparability. In
addition, we can also analyze the specific influencing factors
in detail and simulate the sustainable development paths, so
as to solve the sustainable development problem of APSC in
different countries.

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1007486
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Fan et al.

10.3389/fpubh.2022.1007486

- actual
61 -@ oredicted
— futures
54
44
3
24
7
14 ¢
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
FIGURE 4
Prediction of variable eigenvalues of sustainable development level of APSC in Heilongjiang Province.

Data availability statement

Publicly available datasets were analyzed in this study.
This data can be found here: https://data.stats.gov.cn/, https://
data.cnki.net/yearbook/Single/N2021050066, https://data.cnki.
net/yearbook/Single/N2020120488, http://tjj.jl.gov.cn/tjsj/tjnj/,
http://tjj.In.gov.cn/tjsj/sjcx/ndsj/, and http://tjj.hlj.gov.cn/tjsj/
tjnj/.

Author contributions

XF.
Methodology, software, resources, writing—review, and editing:
XF and YZ. Validation: CZ, BL, and YZ. Formal analysis: BL,
HC, and YM. Data curation: YM, BL, and CZ. Writing—original
draft preparation: XF, YZ, YM, and CZ. Visualization: YZ
and YM. Supervision and project administration: XF and HC.

Conceptualization and  funding  acquisition:

All authors have read and agreed to the published version of
the manuscript.

Funding

This research was funded by National Social

Science Foundation of China (21ZDA006), Philosophy

Frontiersin Public Health

11

and Social Science Think Tank Fund Project of Jilin
Province (2021JLSKZKZB012).

Acknowledgments

We appreciate all the people who contributed to this article,
especially the editors and reviewers.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those
of their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1007486
https://data.stats.gov.cn/
https://data.cnki.net/yearbook/Single/N2021050066
https://data.cnki.net/yearbook/Single/N2021050066
https://data.cnki.net/yearbook/Single/N2020120488
https://data.cnki.net/yearbook/Single/N2020120488
http://tjj.jl.gov.cn/tjsj/tjnj/
http://tjj.ln.gov.cn/tjsj/sjcx/ndsj/
http://tjj.hlj.gov.cn/tjsj/tjnj/
http://tjj.hlj.gov.cn/tjsj/tjnj/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Fan et al.

References

M, Clark
(2011)

1. Jerneck A, Olsson L, Ness
E, et al. Structuring sustainability
6:69-82. doi: 10.1007/s11625-010-0117-x

2. Lang DJ, Wiek A, Bergmann M, Stauffacher M, Martens P, Moll P, et al.
Transdisciplinary research in sustainability science: practice, principles, and
challenges. Sustainability Sci. (2012) 7:25-43. doi: 10.1007/s11625-011-0149-x

B, Anderberg S, Baier
science.  Sustainability ~ Sci.

3. Amanda M. Sustainability: environmental puzzle solvers. Nature. (2013)
494:507-09. doi: 10.1038/nj7438-507a

4. Manyi T, Manli T, Bin W, Tianyue Z, Hon Cg CA. Two-echelon agricultural
product supply chain with freshness and greenness concerns: a cost-sharing
contract perspective. Complexity. (2020) 2020:60102. doi: 10.1155/2020/8560102

5. Chung MMS, Bao Y, Zhang BY, Le TM, Huang JY. Life cycle assessment on
environmental sustainability of food processing. Annu Rev Food Sci Technol. (2022)
13:217-37. doi: 10.1146/annurev-food-062420-014630

6. Gaitan-Cremaschi D, Meuwissen MPM, Lansink AGJMO. Total
factor productivity: a framework for measuring agri-food supply chain
performance towards sustainability. Appl Econo Perspect Policy. (2017)
39:259-85. doi: 10.1093/aepp/ppw008

7. Jia F, Peng SJ, Green J, Koh L, Chen XW. Soybean supply chain management
and sustainability: a systematic literature review. ] Cleaner Product. (2020)
255:254. doi: 10.1016/j.jclepro.2020.120254

8. Kamble SS, Gunasekaran A, Gawankar SA. Achieving sustainable performance
in a data-driven agriculture supply chain: a review for research and applications. Int
J Producton Economics. (2020) 219:179-94. doi: 10.1016/j.ijpe.2019.05.022

9. Kazancoglu Yigit O, Melisa O. Minimizing losses in milk supply chain with
sustainability: an example from an emerging economy. Res Conserv Recycl. (2018)
139:270-9. doi: 10.1016/j.resconrec.2018.08.020

10. Leon-Bravo Veronica M, Raffaella C, Federico C. Innovation for sustainable
development in the food industry: retro and forward-looking innovation
approaches to improve quality and healthiness. Corporate Soc Respons Environ
Manag. (2019) 26:1049-62. doi: 10.1002/csr.1785

11. Singh Rajesh Kr L. Kumar MS, Surbhi U. Applications of information and
communication technology for sustainable growth of SMEs in India food industry.
Res Conserv Recycl. (2019) 147:10-8. doi: 10.1016/j.resconrec.2019.04.014

12. Muwen W, Yiwen Z, Yuan T, Kecheng Z. An integrated rough-fuzzy WINGS-
ISM method with an application in ASSCM. Expert Syst Appl. (2023) 212:118843.
doi: 10.1016/j.eswa.2022.118843

13. Mohammadreza N, Alireza T. Past, present, and prospective themes of
sustainable agricultural supply chains: a content analysis. ] Clean Product. (2020)
271:122201. doi: 10.1016/j.jclepro.2020.122201

14. Guan Y. Research on the development path of modern agricultural product
logistics under the rural vitalization strategy. Ag-ricul Econ. (2019) 10:124-5.

15. Wang ], Tao Y. Reverse integration and optimisation of agricultural products
E-commerce omnichannel supply chain under Internet technology. Acta Agricult
Scand Sect B-Soil Plant Sci. (2021) 71: 604-12. doi: 10.1080/09064710.2021.1890202

16. Luo X.C, Wang ZL, Lu L, Guan Y. Supply chain flexibility
evaluation based on matter-element extension. Complexity. (2020)
2020:57984. doi: 10.1155/2020/8057924

17. Song JN, Li KX, RenJZ, Yang W, Liu XY. Holistic suitability
for regional biomass power generation development in China: an
application of matter-element extension model. | Environ Manag. (2020)
276:111294. doi: 10.1016/j.jenvman.2020.111294

18. Liu JK, Li GK. Comprehensive benefit evaluation on urban village micro-
transformation based on extension matter-element model. Int ] Construct Manag.
(2021) 21:524-37. doi: 10.1080/15623599.2019.1569817

19. Wang YL, Li E, Yang JL, Zhou MH, Song FH, Zhang DY, et al. Demand
response evaluation of RIES based on improved matter-element extension model.
Energy. (2020) 212:121. doi: 10.1016/j.energy.2020.118121

20. Artuzo FD, Allegretti G, Santos OIB, da Silva LX, Talamini E.
Emergy unsustainability index for agricultural systems assessment: a
proposal based on the laws of thermodynamics. Sci Total Environ. (2021)
759:143524. doi: 10.1016/j.scitotenv.2020.143524

21. Cao XT, Wei CF, Xie DT. Evaluation of scale management suitability based on
the Entropy-TOPSIS method. Land. (2021) 10:40416. doi: 10.3390/1and10040416

22. Xu Xiaoyan QiY, Zhongsheng H.
commodities after natural disasters. Expert Sys Appl.
7. doi: 10.1016/j.eswa.2009.11.069

Forecasting demand  of
(2010) 37:4313-

Frontiersin Public Health

12

10.3389/fpubh.2022.1007486

23. Leng KJ, Jin LB, Shi W, Van Nieuwenhuyse I. Research on
agricultural products supply chain inspection system based on internet
of things. Cluster Comput ] Networks Software Tools Appl. (2019)
22:58919-27. doi: 10.1007/s10586-018-2021-6

24. Gardas Bhaskar B, Raut Rakesh D, Naoufel C, Narkhede Balkrishna E.
A hybrid decision support system for analyzing challenges of the agricultural
supply chain. Sustain Product Consump. (2019) 18:19-32. doi: 10.1016/j.spc.2018.
11.007

25. Yan HR, Bun KH, Xu SY. Rural
the dynamics of the collective future
(2020). doi: 10.1080/03066150.2019.1694911

26. Rakesh R, Gardas Bhaskar B. Sustainable logistics barriers of fruits and
vegetables AN interpretive structural modeling approach. Benchmark Int J. (2018)
25:2589-2610. doi: 10.1108/BIJ-07-2017-0166

and
Stud.

revitalization, scholars,
in China. ] Peasant

27. Dainan H, Xin W. Measurement of agricultural green development level in
the three provinces of northeast China under the background of rural vitalization
strategy. Front Public Health. (2022) 10:824202. doi: 10.3389/fpubh.2022.
824202

28. Chen YM, Yao MR, Zhao QQ, Chen ZJ, Jiang PH, Li MC, et al. Delineation of
a basic farmland protection zone based on spatial connectivity and comprehensive
quality evaluation: a case study of Changsha City, China. Land Use Policy. (2021)
101:105145. doi: 10.1016/j.Jlandusepol.2020.105145

29. Labao AB, Naval PC, Yap DLT, Yap HT. Influencing rural livelihood
switching through equipment assets for agroecosystems to alleviate pressure on
resources. Agricult Ecosys Environ. (2017) 248:96-104. doi: 10.1016/j.agee.2017.
07.016

30. Yang X, Shu L, Chen JN, Ferrag MA, Wu J, Nurellari E, et al. Survey on
smart agriculture: development modes, technologies, and security and privacy
challenges. Ieee-Caa ] Automat Sin. (2021) 8:273-302. doi: 10.1109/JAS.2020.10
03536

31. Cui HR, Zhao T, Tao PJ. Evolutionary game study on the
development of green agriculture in china based on ambidexterity theory
perspective. Polish ] Environ Stud. (2019) 28:1093-104. doi: 10.15244/pjoes/
87139

32. Ruan JH, Wang YX, Chan FTS, Hu XP, Zhao MJ, Zhu FW,
et al. Life cycle framework of green iot-based agriculture and its
finance, operation, and management issues. Ieee Commun Magaz. (2019)
57:90-6. doi: 10.1109/MCOM.2019.1800332

33. Aivazidou E, Tsolakis N, Vlachos D, Iakovou E A water footprint
management framework for supply chains under green market behaviour.
J Clean Prod. (2018) 197:592-606. doi:  10.1016/j.jclepro.2018.06.
171

34. Wang X. Reasearch on the Mechanism and Route of Low Carbonization
Development of Regional Logistics. Doctor, Tianjin University, China, 2017.

35. Wang RX, Kong DS. On Chinese agricultural produce circulation efficiency
evaluation model and its application. J Liaoning Univer (Philosophy Soc Sci). (2014)
42:64-73. doi: 10.16197/j.cnkilnupse.2014.04.026

36. Liu L, Wang H, Xing SH. Optimization of distribution planning for
agricultural products in logistics based on degree of maturity. Comput Electron
Agricul. (2019) 160:1-7. doi: 10.1016/j.compag.2019.02.030

37. Qi ZH, Keming Z. A new risk assessment model for agricultural
products cold chain logistics. Indust Manag Data Sys. (2017) 117:1800-
16. doi: 10.1108/IMDS-03-2016-0098

38. Wang XM. Prediction of demand trend of agricultural cold chain logistics
based on weight distribution combination method. Statis Decis. (2018) 34:55-8.
doi: 10.13546/j.cnki.tjyjc.2018.09.012

39. Maxim T, Sergey K, Petr N, Rimma G, Irina B, Denis S. Analysis of the forecast
price as a factor of sustainable development of agriculture. Agronomy-Basel. (2021)
11:1235. doi: 10.3390/agronomy11061235

40. Chen X. Research on Influencing Factors and Trends of Agricultural Machinery
Demand in Jilin Province under the Background of Rural Rejuvenation. (Thesis
Doctor), Jilin University, China. (2020).

41. Wang P. Promoting the modernization of agriculture and
rural areas in Liaoning province through the rural revitalization
strategy. ] Agricul Econom. (2020) 06:36-7. Available online at:

https://kns.cnki.net/kems/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST
2020&filename=NYJJ202006013&uniplatform=NZKPT&v=qtUrzmGYgQEuNI7
bNFoKegieTqD8VLBYcrTfQfD5ZYqdmeex9Om5DNiumS9ALOcH

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1007486
https://doi.org/10.1007/s11625-010-0117-x
https://doi.org/10.1007/s11625-011-0149-x
https://doi.org/10.1038/nj7438-507a
https://doi.org/10.1155/2020/8560102
https://doi.org/10.1146/annurev-food-062420-014630
https://doi.org/10.1093/aepp/ppw008
https://doi.org/10.1016/j.jclepro.2020.120254
https://doi.org/10.1016/j.ijpe.2019.05.022
https://doi.org/10.1016/j.resconrec.2018.08.020
https://doi.org/10.1002/csr.1785
https://doi.org/10.1016/j.resconrec.2019.04.014
https://doi.org/10.1016/j.eswa.2022.118843
https://doi.org/10.1016/j.jclepro.2020.122201
https://doi.org/10.1080/09064710.2021.1890202
https://doi.org/10.1155/2020/8057924
https://doi.org/10.1016/j.jenvman.2020.111294
https://doi.org/10.1080/15623599.2019.1569817
https://doi.org/10.1016/j.energy.2020.118121
https://doi.org/10.1016/j.scitotenv.2020.143524
https://doi.org/10.3390/land10040416
https://doi.org/10.1016/j.eswa.2009.11.069
https://doi.org/10.1007/s10586-018-2021-6
https://doi.org/10.1016/j.spc.2018.11.007
https://doi.org/10.1080/03066150.2019.1694911
https://doi.org/10.1108/BIJ-07-2017-0166
https://doi.org/10.3389/fpubh.2022.824202
https://doi.org/10.1016/j.landusepol.2020.105145
https://doi.org/10.1016/j.agee.2017.07.016
https://doi.org/10.1109/JAS.2020.1003536
https://doi.org/10.15244/pjoes/87139
https://doi.org/10.1109/MCOM.2019.1800332
https://doi.org/10.1016/j.jclepro.2018.06.171
https://doi.org/10.16197/j.cnki.lnupse.2014.04.026
https://doi.org/10.1016/j.compag.2019.02.030
https://doi.org/10.1108/IMDS-03-2016-0098
https://doi.org/10.13546/j.cnki.tjyjc.2018.09.012
https://doi.org/10.3390/agronomy11061235
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2020&filename=NYJJ202006013&uniplatform=NZKPT&v=qtUrzmGYgQEuNI7bNFoKegieTqD8VLBYcrTfQfD5ZYqdmeex9Om5DNiumS9ALOcH
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Fan et al.

42. Zhang X, Zhou M, Huang L, Zhao XL. Evaluation of the
Implementation ~ status  of rural revitalization strategy and route
optimization: based on the survey data of Liaoning Province. Issues
in  Agricul Econo. (2020) 02:97-106. doi: 10.13246/j.cnki.iae.2020.02.

010

43. Yu JY. The strategic turning from building a moderately properous to
rurual revitalization-research on precise poverty alleviation in Suibin County,

Frontiersin Public Health

10.3389/fpubh.2022.1007486

Heilongjiang Province. J Harbin Univer Commerce. (Soc Sci Edi) (2018)
05:3-15.

44. Pan G, Jiang Y. Research report on the implementation
of the rural revitalization strategy in  Heilongjiang  Province.
J  Heilongjiang ~ Grain. ~ (2020)  08:10-12.  Available  online  at:
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST
2020&filename=HLLK202008005&uniplatform=NZKPT&v=A2TvoLSbhawFWv
$9SAQbnUQiyqBHtynbfKBDhDINZAkvvCdzENuQeVV6I4LITVES

13 frontiersin.org


https://doi.org/10.3389/fpubh.2022.1007486
https://doi.org/10.13246/j.cnki.iae.2020.02.010
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2020&filename=HLLK202008005&uniplatform=NZKPT&v=A2TvoLSbhawFWvs9SAQbnUQiyqBHtynbfKBDhDlNZAkvvCdzENuQeVV6I4LITVF8
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Research on the sustainable development of agricultural product supply chain in three northeast provinces in China
	Introduction
	Methods and indexes
	MEEM model
	ARIMA model
	Index selection
	Data explanation

	Results
	Classical domain and joint domain
	Index weight and correlation
	Grade variable eigenvalue and evaluation categories
	Prediction of variable eigenvalues

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


