
Research Article
Tracing Information for Agricultural Product and IdentifyingKey
Regulatory Decisions towards Eco-Economics Sustainability

Xinyu Ma 1,2 and Qing Zhang 1

1College of Economics and Management, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, Jiangsu, China
2Department of Civil and Environmental Engineering, Imperial College London, London SW7 2AZ, UK

Correspondence should be addressed to Qing Zhang; karlnuaa@nuaa.edu.cn

Received 13 January 2022; Revised 5 March 2022; Accepted 9 March 2022; Published 25 April 2022

Academic Editor: Liu Zhi

Copyright © 2022 XinyuMa and Qing Zhang.�is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Information traceability of agricultural products is of vital importance in the supply chain in the ongoing wave of big data relying
on a group of advanced technologies, such as blockchain. �is paper investigates how to e�ectively supervise and manage the
agricultural supply chain with regard to information traceability. Starting from establishing a system framework for tracing and
querying information by applying BigchainDB, this paper combines Decision Making Trial and Evaluation Laboratory
(DEMATEL) and Analytic Network Process (ANP) to identify and assess the key regulatory decisions for the government for both
economic and ecological purposes. �e �nal results obtained by DEMATEL and ANP are consistent. �e vital role of the planting
link in eco-economics sustainability is a�rmed. �rough analyzing the demands of supply chain practitioners, as well as both
economic and ecologic views of key points, the quali�cation information is attached signi�cance. And the preservation and
storage processes also deserve attention.

1. Introduction

Fresh agricultural products play an increasingly important
role in the health level of the general public and have been
attached notable attention by consumers, industrial prac-
titioners, and government regulators involved in the agricul-
tural supply chain (ASC, hereafter). Appropriate regulatory
policies of the government for agricultural products are of
great signi�cance to the economy and social community
[1]. As a special type of product that is highly perishable
with circulative loss and obvious seasonal and regional
characteristics, the freshness of the agricultural product has
a great impact on its quality, by which the price and market
demand �uctuate [2]. Moreover, the freshness of the ag-
ricultural product is time-sensitive, which puts much
stricter requirements from the farmland to the dining table,
throughout the entire supply chain such as planting,
picking, shortage, transportation, and selling. Various ag-
riculture-related members are expected to collaborate,
share information, and wisely allocate resources without

any waste in all activities. �erefore, tracing information
for agricultural products has become a vital issue in ASC.

With the development of advanced technology, tracing
agricultural products has been widely seen around the world.
�e European Union took the lead in establishing the
traceability system at the legal level in the 1990s. Since then,
Japan, America, and China successively promoted the de-
velopment of relevant traceability systems in ASC. Several
technologies have been applied, such as radio-frequency
identi�cation (RFID) [3], QR code [4], and NFC. Among
them, Blockchain is a technology that can be used to achieve
transparency and reliability with its unique proof-of-work
system that allows two parties to trade without a third party
involved, avoiding problems that data are easy to tamper
with, and data chains are easy to be broken. Evidence has
shown its advantages of application in information tracing,
and this technology has been used in many �elds like
medical care, cloud computing, and public services [5]. For
information �ow in the supply chain, which requires timely
transmission accompanied by being processed and updated,
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diverse new technologies bring potential to tracing and
tracking [6], which gives a new chance for better supervision.

Along with the mode diversity, the addition of multiple
entities makes the agricultural supply chain development
show longitudinal extension, which is easy to result in poor
quality and repeated treatments. Meanwhile, the competi-
tion within supply chains becomes fiercer. Although the
development of e-commerce could speed up information
sharing, profit orientation triggers malpractices like trans-
mitting wrong information for price pushing. As the be-
havior of practitioners has a direct impact on final products
and the development of the supply chain, the attention of
regulators deserves to be shifted from final products to how
people behave in the supply chain. On the other hand, the
resources are gradually worn out, and the release of pollution
is swiftly increasing. In addition, because of the improve-
ment of living standards, people are more likely to pursue
eating “healthier” and “more diverse.” *e trend of demand
changing drives products with characteristics such as “out-
of-season,” “ecological,” and “additive-free” to market
hotspots that an increasing group of people is willing to pay
more for environment-friendly products [7]. *e new
market demand and realistic problems raise new challenges
to the operation of the supply chain, making it a crucial
indicator to judge the quality of the supply chain as whether
“sustainable enough.” And the goal to be more environ-
mental-friendly makes the targets of supervision change
from only focusing on food safety to the balance of eco-
economics based on quality guarantee. *e upgrade calls for
more information transparency and accuracy, which puts
more pressure on data collecting and processing [8].

To bridge the gap between industrial practice and aca-
demia, this paper aims to trace agricultural products and
identify the key regulatory decisions for both economic and
ecological purposes. By applying BigchainDB, a database
with Blockchain characteristics, this paper establishes a
system framework to trace the information of agricultural
products, based on which we identify and assess the key
regulatory decisions of the government. To be specific, this
paper mainly addresses the following research questions:

(1) How to apply the new technology to address the
problem that data is easy to be tampered with during
the process of information tracking;

(2) *e specific information input of the whole agri-
cultural supply chain traceability system, divided by
different links;

(3) How to identify the key regulatory points among
supply chain information points, especially taking
“eco-economics’ as the goal.

*is paper analyzes the demands from the perspectives
of different supply chain entities and establishes a conceptual
model and an information flow figure for the supply chain
information storage and traceability system based on
decentralized databases with the strengths of blockchain. To
determine the weights of the importance, the Decision
Making Trial and Evaluation Laboratory (DEMATEL) and
Analytic Network Process (ANP) methods are applied to the

processes of obtaining views of actual participants in the
field. From the key point results, the link which plays a vital
role in the eco-economics sustainable development of the
agricultural supply chain can be concluded, and based on
which targeted suggestions could then be proposed.

*e section arrangement is as follows: Section 1 intro-
duces the background of the issue proposal that the devel-
opment of the agricultural supply chain as well as social
requirements triggers the demand for information tracing
and eco-economics sustainability supervision, and the cur-
rent technologies applied to this field. And this part shortly
introduces the general framework of this paper. Section 2
summarizes the existing research statutes. In Section 3 a
tracing system is established based on blockchain technology,
and themain points to be considered are stated fromdifferent
perspectives. Section 4 mainly combines DEMATEL and
ANPmethods to identify thekeycontrolpoints andconcludes
witha regulatoryflowdiagrambasedoncritical controlpoints
obtained. Section 5 concluded the findings and points out
some limitations of this paper for future improvement.

2. Literature Review

*e role of supervision in the supply chain is gradually
attached more significance in both practice and research.
Scholars like Sahim et al. [9] have confirmed the positive
effects of supervision on supply chain performance in
practical cases. New methods, policies, and technologies to
better regulate the operation of the supply chain are being
researched. Chen et al. [10] applied NFC Technology to build
a real-time traceability monitoring system for agricultural
product supply chain and verified its effectiveness. Wen et al.
[11] targeted quality issues in remanufacturing the supply
chain with nonwaste returns, proposing different quality
regulation policies to explore the impacts on supply chain
performance, and pointed out that adjusting the quality
regulation probability was more efficient than adjusting the
penalty for inferior products. Song et al. [12] established the
quality and safety traceability system of agricultural products
based on the multiagent method to provide a systematic
evaluation basis for the quality supply. Due to the special
nature of perishable food as the final product, the super-
vision in this field is mainly in the dimension of food quality
and safety. With the developing trend, more researchers
have noticed the supervision on ecology dimension. Zhao
et al. [13] took strategies selected by manufacturers to reduce
the life cycle environmental risk of materials and carbon
emissions as the research contents, exploring their optimal
decision under government policies. Qu et al. [14] explored
the issue of multiparty collaborative governance of energy
conservation and emission reduction under the perspective
of the low-carbon supply chain. However, there are still
more researches on the macro system construction than on
the specific regulatory link, more on the application of in-
formation technology than on the specific regulatory con-
tents, and the eco-economics related contents are far from
enough, failing to meet the practical demands.

To achieve the traceability in supply chain, many scholars
have talked about it from technology andmechanism aspects.
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Feng et al. [15] talked about the strengths, challenges, and
developing methods of food traceability systems based on
blockchain, pointing out a revised structure for better ap-
plication. Behnke and Janssen [16] used a template analysis
method to research on four cases of food supply chain,
identifying 18 boundary conditions in the commercial, reg-
ulatory, quality, and traceability categories to improve supply
chain traceability. Besides helping break the boundaries be-
tween supply chain entities and establish more efficient co-
operation mechanisms, blockchain is also beneficial to
government regulation. As Jabbar et al. [17] said, the appli-
cation of blockchain in governance and services could allow
for the transformation of government roles and functions.
Yong et al. [18] developed a “Vaccine Blockchain” system
basedonblockchain andmachine learning technology,which
was designed to support vaccine traceability and smart
contract features that could be used to address the issues of
expired vaccines and falsifying vaccine records. However,
researches on the application of blockchain technology in the
supply chain field are still insufficient, and most of them are
focused on supply chain finance, information security, and
quality security. Few researchers paid attention to the po-
tential application of blockchain technology to supply chain
behavior supervision, and researches on information su-
pervision based on blockchain technology for agricultural
supply chain are even fewer, not to mention the ecological
problems in ASC.

In researches that talk about decision-making and
comparing influential factors, many methods were applied.
Because the judging processes are subjective, and the degree
is hard to describe, it worked out in reality by comparing
indicators in pairs to identify the important factors de-
serving attention. *e most commonly used method is the
Analytic Hierarchy Process (AHP) method [19, 20], and it
has been improved by integrating with other analyzing and
calculating methods [21, 22]. However, the shortcomings
such as high subjectivity and ignorance of the interplay
among influential factors of AHP method are obvious.
*erefore, the Decision Making Trial and Evaluation Lab-
oratory (DEMATEL) and Analytic Network Process (ANP)
methods are applied to studies on the influential factors and
performance evaluation. Scholars such as Govindan andVan
Horenbeek have taken advantage of these two methods to
make evaluations in specific fields [23, 24], and the two
methods are gradually combined to explore the internal
mutual effects among indicators [25–27], in order to better
improve the performance of decision-making and evalua-
tion by reducing the error probability of interactions [28].

Previous literature has contributed a lot to the super-
vision of ASC, but there are still some gaps to be filled. *e
differences between the existing research and this paper are
as follows: (1) as the majority of researches that talk about
supervision in ASC are product quality-oriented or eco-
nomics-oriented, this paper takes the eco-economics sus-
tainability as the goal, to combine demands from different
dimensions; (2) few researches study both the technology
applied and the contents of regulations in the supply chain,
but more concentrating on one part.*is paper puts forward
more practical thinking regarding, based on a specific

blockchain database, what is the concrete system like and
how to decide the key points; (3) faced with a large amount
of information, this paper applies DEMATEL and ANP
methods together to achieve the identification of key points,
based on which we are to put forward specific suggestions.
*e combination of analyzing methods is an innovation
compared to previous relative researches.

3. Constructing a Tracing Information
System for the Agricultural Supply Chain
System Based on Blockchain

To identify the key control points for supervision, a system to
achieve the whole supply chain information input is a basis.
In this part, by analyzing the features of the products as well
as supply chain operations to obtain the practical require-
ments, a storage and traceability system is established based
on the BigchainDB database. And then, the whole processes
of the product circulation in ASC are divided into four parts,
and the main source data are proposed.

3.1. Storage and Traceability System of Agricultural Supply
Chain Based on BigchainDB. *e current mode of supply
chain information tracing is mainly focused on food safety.
It creates a unique identifiable identification code for
products, with the help of RFID, QR code, and other similar
technologies to realize the information traceability of the
whole processes of production and establish the system
through three steps, namely, product identification, infor-
mation collection, and terminal query. Data in the tradi-
tional information system of supply chain are relatively
isolated and limited and are mainly source data and
quantitative data that reflect product ownership. In the
current cases, data are stored separately, hard to reflect the
whole processes of the supply chain. *e uniqueness of the
identification codes would cause the loss of information and
the interruption of traceability once new products are
produced or processed during circulation. Furthermore, the
“one-to-one” transmission mechanism makes the whole
process of information in the supply chain unable to be open
and transparent, and members of the supply chain are prone
to make decision-making mistakes due to information
asymmetry and other reasons. In addition, the centralized
structure of the existing supply chain information trace-
ability systems makes it vulnerable to external attacks and
information tampering, and the misinformation transmitted
will eventually lead to the economic and even health damage
to consumers. In general, high centralization of structure,
data vulnerable to tampering, and difficulty in verifying the
integrity of tampered data have become the three major pain
points for information traceability and market supervision.

Blockchain technology, with the characteristics of de-
centralization, distribution, immutability, and consensus
mechanism, can solve the problem of information credibility
when it is applied to information traceability. It makes the
information source of supply chain members no longer
solely from the previous links, and its diverse and com-
prehensive input of information can help supply chain
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members and end consumers make more scientific deci-
sions, rather than just taking price or experience as the
decision-making guide.

*e agricultural supply chain contains links of planting,
storing, fresh-keeping, packaging, selling, recycling, and
transporting, and only through transmitting real data of all
these links, the quality of products can be guaranteed [29].
Figure 1 shows the main links of an agricultural supply chain
that an information tracing system should contain and the
main functions of the system. Based on the characteristics of
this kind of products, the requirements of information
tracing can be drawn:

3.1.1. It Involves Many Subjects and Complicated Processes.
Products in other fields are mostly from raw materials to
treatments and then to sales. *ere are no excessive pro-
cessing procedures, and their forms will not change greatly.
Because fresh agricultural products undergo complex and
lengthy processing procedures, their appearance and quality
will change with time. *e whole supply chain involves
many entities, including not only farmers and sellers, but
also processing and outsourcing enterprises [30].

3.1.2. High Information Correlation. Because the whole
processes of the fresh agricultural supply chain, from
planting to selling, all have impacts on the quality of the final
products, especially freshness, the operation of each link
matters to the decision-making of the next link. *e high
information correlation requires high accuracy and au-
thenticity of the information.

3.1.3. Many Query Ports. Asmentioned above, the operation
of every link will affect the following decision-making, so the

problems that information asymmetry and distrust among
supply chain members would occur if only providing in-
formation query ports at supply chain terminals. Multiple
query ports allow practitioners to acquire information
throughout the whole chain, so they can timely grasp the
chances of decision-making, achieving better cooperation.

BigchainDB is a distributed database with blockchain
characteristics. It has decentralized control. Data stored
cannot be tampered with, and assets can be created and
transmitted without the help of central nodes. *e data can
be guaranteed to be real and effective, responsibilities can be
clearly checked, and the whole supply chain information can
be input and queried under the protocol specifications.

According to the characteristics of information trace-
ability in the supply chain of fresh agricultural products, the
following requirements for an information traceability
system can be obtained:

(1) Set up information collection, storage, and query for
the whole process from planting to the final market.

(2) Open the multiagent port; the input information
cannot be modified to ensure the authenticity of the
information, to quickly locate the problem when it
happens, and responsibility.

(3) Establish the correlation between information, and
get through each link of the whole supply chain.

Figure 2 shows the information transmission process in a
storage and traceability system and presents the information
owner and importer.

*e users of the agricultural supply chain information
traceability system are mainly farmers, market parties
(online platforms/offline stores), government regulatory
departments, and consumers. *e four types of users are
given different rights in the information traceability system

Marketing

Planting

Transport Transport Transport Transport

Fresh-keeping Packaging Selling Recycling

Information
Collection

(Input)

Information
Inquiry
(Trace)

Fresh agricultural
products supply chain

information tracing
system

Information
Storing

Figure 1: Conceptual model of information traceability system of agricultural supply chain.
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according to the overall supply chain specifications and their
own needs.

Farmer: as the source of the supply chain, farmers need
to take the role of importer of planting information,
which can serve as the basis for the behavior of sub-
sequent supply chain members and even consumers
and can also be used for the review, evaluation, and
accountability by government regulatory authorities.
Farmers have the right to inquire about the subsequent
product processing behavior and marketing behavior,
so that they can better understand the latest market
demand and product position, to reasonably adjust
their planting plan instead of blindly relying on ex-
perience to make decisions. Moreover, in the process of
bargaining with the market side, farmers often lack a
specific cognition of the real product price because of

the lack of knowledge of market sales strategy. *rough
the inquiry of the market side’s previous sales data,
farmers can also make a more reasonable valuation of
their products.
Marketing side: the data that the marketing side needs
to input is mainly its own behavior after production,
including storage, fresh-keeping, processing, trans-
portation, and sales. Compared with farmers, the in-
formation is more complex, and it is the key object that
the government regulatory authorities need to super-
vise. Since the behaviors of the marketing side are
directly related to the quality of the goods purchased by
the consumers in the final market, the authenticity and
effectiveness of its input data are vital. *e marketing
side should not be completely profit-oriented but
also take social and environmental responsibilities into
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Figure 2: Information flow diagram of agricultural supply chain information storage and traceability system.
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account and adopt certain ecological protection mea-
sures. Additionally, because the farmer is the products’
information source of the marketing side, sellers used
to be at an information disadvantage and often suffer
losses due to false information or misjudgment of
experience. By querying farmers’ planting information,
the marketing side can have a comprehensive under-
standing of the planting details and make reasonable
behavior decisions and price negotiations.
Government regulatory authority: in addition to supply
chain information, government regulatory depart-
ments need to input legal provisions and regulatory
standards that supply chain members need to abide by,
to release all the information that supply chain
members need to know in real-time. In the meanwhile,
for the government regulatory authority, the supply
chain information traceability system is more impor-
tant for information inquiry and inspection, so that the
regulatory authority can be directly associated with all
information data from planting to final sale, and the
errors caused by the multisubject transmission of in-
formation can be reduced. Because the environmental
performance of products is the combined output of all
operation processes involved, the behaviors in the
supply chain should be evaluated more comprehen-
sively and standardized.
Consumer: the main demand of market consumers in
the supply chain information traceability system of
agricultural products is information inquiry. According
to their own requirements for the characteristics of the
product, they can query a series of information about
the product from planting to the final product to make
a trade-off in mind, considering quality and price, to
avoid being misled by the market side’s false propa-
ganda. Furthermore, the feedback from consumers will
also be input into the traceability system, which will
serve as the evaluation criteria for the regulatory
authorities.

3.2.MainProcessAnalysis and SourceDataEntry. According
to the entities involved in the agricultural supply chain, this
paper divides the main links of the supply chain into the
planting link and the marketing link, supplemented by the
transportation link as the intermediate link and the su-
pervision link as the external constraint.

3.2.1. Planting. *e information owner is the farmer. *e
sublinks include not only the selection and treatment of
seeds, but also a series of processes including sowing, fer-
tilization, irrigation, and harvest. *e planting process de-
cides the products’ basic quality and quantity. Furthermore,
the operation of the farmer has a vital effect on the following
action of subsequent links.

3.2.2. Transaction. *e transaction link is the process in
which farmers negotiate the price on the marketing side and
determine the order quantity. In this link, both parties will

conduct a game with the goal of “maximizing revenue”
according to their own needs and the information they have
mastered, to reach the final subscription agreement.
*erefore, in this link, the information owners are the
farmers and the marketing side.

3.2.3. Marketing. *e information owner of this link is the
marketing side, specifically, all kinds of e-commerce plat-
forms of online channels and physical stores such as shops
and supermarkets of offline channels. *e sublinks are
relatively more complex. In addition to marketing, they also
include intermediate links such as product storage, pres-
ervation, processing, and packaging, as well as recycling
links after the sales process.

3.2.4. Transportation. Transportation exists in the whole
process of the supply chain as an intermediate link con-
necting the main behaviors of supply chain members. At the
end of the planting process, the fresh products produced by
the farmer need to be transported to the storage location on
the marketing side. Whether the farmer or the market is
responsible for this transport depends on the purchase
agreement between the two parties. In the market segment,
the warehoused products are sent to the market for sale, and
the marketing side takes on the transportation costs. *e
input data in the transportation process are mainly distance,
time, transportation mode, and partner’s qualification in-
formation, so that the subsequent members of the supply
chain can judge the quality, maintenance, and deterioration
of fresh agricultural products.

3.2.5. Supervision. *e information ownership of the su-
pervision link is government regulatory departments. *e
main input information is the policy issued by the regulatory
authority, so that supply chain members know the standards
of conduct they should abide by. It also includes the result
information obtained from the active qualification audit of
supply chain members by the regulatory authorities, as well
as the spot check and audit of link operations and output
products.

According to the analysis of five links of the agricultural
supply chain, we can conclude with an information flow
diagram consistent with the producing, processing, and
selling procedures of agri-food products. *e dimensions of
information input are considered from time (time point/
period/frequency), place, environment (condition), equip-
ment, method, information of entities, quantity, price, etc.
*e flow diagram of the whole processes of the agricultural
supply chain is shown in Figure 3:

4. IdentifyingKeyRegulatoryDecisions towards
Eco-Economics Sustainability in This
Agricultural Supply Chain

A supply chain that provides goods or services without
harming the environment can be regarded as sustainable
[31]. However, profit-orientation is more likely to be the
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priority of supply chain entities. To achieve the balance
between ecology and economy, specific demands and pro-
cesses should be analyzed to identify key control points in
the agricultural supply chain. Table 1 shows the main stage
links as well as corresponding information input according
to the goals and requirements of each link.

It is necessary to clarify key regulatory points, carrying
out scientific supervision in a targeted way. For better ex-
ploring the relationship among links and information
points, this paper establishes a DEMATEL-ANP model, to
first determine the interrelationships between primary in-
dicators and then calculate sublinks’ weights. *en, based on
the DEMATEL-ANP model, key regulatory points can be
concluded, in order to achieve comprehensive supervision.
A case study is presented to show how this model is applied
to agricultural supply chain.

4.1. 7e Establishment of First-Stage Link Influence Relation
Based on DEMATEL Method

4.1.1. Formation of Direct Relation Matrix. We invite 5
supply chain researchers, 5 industry experts from agrifood
enterprises, 5 farmers who plant fruits and vegetables, and 5
marketparticipantsworkingas themanagersof theprocessing

company, to fill out the questionnaire prepared. *rough
evaluation of the answers to the questionnaire, the validity of
the questionnaire reached 85%.*eyare required to judge and
grade the strength of the influence index Ui on Uj, taking
environmental influences into account, where 0 represents no
effect, 1 represents a slight effect, 2 represents an effect, 3
represents a high effect, and 4 represents an extremely strong
effect. *e direct relation matrix is obtained by using arith-
metic mean method.

U1 U2 U3 U4

M �

U1

U2

U3

U4

0 3.500 3.125 2.000

2.125 0 2.500 2.000

3.000 2.750 0 1.500

1.000 0.750 1.750 0

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
.

(1)

4.1.2. Calculate Standardized Direct Relation Matrix and
Comprehensive Influence Matrix

(1) We can get λ � 0.1159 by applying the following
formula:
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λ �
1

max
1≤i≤n

􏽐
n
j�1 Mij􏼐 􏼑

,
1

min max
1≤j≤n

􏽐
n
i�1 Mij􏼐 􏼑

⎧⎪⎪⎨

⎪⎪⎩

⎫⎪⎪⎬

⎪⎪⎭
. (2)

(2) *en, calculate X according to the following
formula:

X � λ × M,

X �

0 0.4058 0.3623 0.2319

0.2464 0 0.2899 0.2319

0.3478 0.3188 0 0.1739

0.1159 0.0870 0.2029 0

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
.

(3)

(3) Comprehensive influence matrix T can be obtained
by formula (3), and I represents fourth order identity
matrix.

T � X(I − X)
− 1

,

T �

0.8092 1.1898 1.1832 0.9012

0.8421 0.7122 0.9553 0.7584

0.9816 1.0466 0.8186 0.7866

0.4821 0.4992 0.5892 0.3300

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
.

(4)

4.1.3. Calculate Centrality and Causality. Row sum calcu-
lation by the following formula:

Di � 􏽘
n

j�1
tij, i � 1, 2, · · · , n. (5)

Line sum calculation by the following formula:

Rj � 􏽘
n

i�1
tij(j � 1, 2, · · · , n). (6)

Centrality calculation by the following formula, which
reflects the degree of factors’ effect.

Di + Rj � 􏽘
n

i�1
tij + 􏽘

n

j�1
tij (i � 1, 2, · · · , n; j � 1, 2, · · · , n).

(7)

Causality calculation by the following formula:

Di − Rj � 􏽘
n

i�1
tij − 􏽘

n

j�1
tij (i � 1, 2, · · · , n; j � 1, 2, · · · , n).

(8)

If Di − Rj > 0, it means that this factor is a causal factor
and has an impact on other indicators.

If Di − Rj < 0, then this factor is an affected factor and
has a lot of room for improvement.

*e calculated centrality and causality are shown in
Table 2.

4.1.4. Draw the Cause-and-Effect Diagram. According to the
direct relation matrix M calculated by DEMATEL, based on
whether the elements in the matrix interact, the relationship
is set as 1, and no relationship is set as 0, which can form a
binary matrix D.

U1 U2 U3 U4

D �

U1

U2

U3

U4

0 1 1 1

1 0 1 1

1 1 0 1

1 1 1 0

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
.

(9)

Add the matrix to its transpose, D′, to form the matrix P.

P � D + D′ �

0 1 1 1

1 0 1 1

1 1 0 1

1 1 1 0

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
+

0 1 1 1

1 0 1 1

1 1 0 1

1 1 1 0

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
�

0 2 2 2

2 0 2 2

2 2 0 2

2 2 2 0

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
.

(10)

According to the following rules,

(i) Cij � 0: Indexes i and j have no influencing
relationship.

(ii) Cij � n d: Index i has no effect on index j but j has
effects on i.

(iii) Cij � 1: Index j has no effect on index i but i has
effects on j.

(iv) Cij � 2: Indexes i and j have an interactive
relationship.

*en, we can get

C � P �

0 2 2 2

2 0 2 2

2 2 0 2

2 2 2 0

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
, (11)

based on which the cause-and-effect diagram is drawn in
Figure 4.

We can conclude that planting link U1 and marketing
link U3 are causal in that they have major impacts on other
links because the major producing and processing happen
within these two links, which conforms to the existing
conclusions of researches. *e transaction link U2 and
transportation link U4 are result links. *ese two links
mainly represent the circulation process in the supply

Table 2: Centrality degree and cause degree of the first-stage link.

j
i

U1 U2 U3 U4 Di Di + Rj Di − Rj

U1 0.809 2 1.189 8 1.183 2 0.901 2 4.083 4 7.198 4 0.968 4
U2 0.842 1 0.712 2 0.955 3 0.758 4 3.26 8 6.715 8 −0.179 8
U3 0.981 6 1.046 6 0.818 6 0.786 6 3.633 4 7.179 7 0.087 1
U4 0.482 1 0.499 2 0.589 2 0.33 1.900 5 4.676 7 −0.875 7
Rj 3.115 3.447 8 3.546 3 2.776 2
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chain. *e technical input and planting methods carried
out by farmers in the planting process are directly related
to the cost paid and emissions produced. *e ware-
housing, preserving, and selling methods used by the
marketing side also determine the wholesale price
boundary of the product they are willing to pay. *e
market feedback obtained from the selling process has a
guiding role in the formulation of price agreements and
wholesale quantity between farmers and market parties as
well as the sustainable behaviors affected by consumers’
environmental tendencies. *e quality of the products
produced in the planting process and the efforts of the
marketing side to keep the products fresh and store the
products greatly affect the final state of the finished
products delivered to the market and the degree of sus-
tainability of the whole supply chain, thus affecting the
market demand and influencing the next order decisions.
Correspondingly, it also put forward a series of re-
quirements on the transportation conditions.

According to the ranking of center degree, the ranking of
importance among the four links can be obtained, which
shows U1 >U3 >U2 >U4. Planting link is a key link in the
output of fresh agricultural products, and its results directly
determine the decisions of the following three links, so it
deserves more attention.

As the information points within the four links are
interdependent and influential, it is necessary to further
explore their internal relations to determine the key points of
government supervision.

4.2. 7e Weight Determination of Secondary Information
Points Based on ANP Method. Based on the logical rela-
tionship between links defined by DEMATEL method, in
order to better explore the interrelation of information
points within the links, ANP network analytic hierarchy
process is used to determine the weight of information
points. *e correlation and structure network

relationships based on ANP method can be found in
Table 3 and Figure 5.

*e Delphi method is adopted to conduct a ques-
tionnaire survey on the importance of regulation of each
point. 20 interviewees in Section 4.1 were invited in
DEMATEL method in three groups, namely, the planting
aspect, the marketing aspect, and the ecology, to score the
importance of information points. It is not hard to un-
derstand that the two former aspects’ results are collected
from entities in supply chain, which are inevitably greatly
affected by profits orientation. And results from the
ecology aspects are more likely to be cost-irrespective.
*e software Super Decisions was used for input and
weight calculation. Each significant degree comparison
step must pass the consistency test. Different perspectives
determine their different preferences for key points of
regulation. If the government wants to regulate com-
prehensively, it is required to consider the preferences of
all parties.

*e weights calculated according to scores given from
different perspectives are shown in Table 4.

4.3. Key Control Point Analysis. According to the impor-
tance degree weights of 20 subdivided information points of
four links, namely, planting, trading, marketing, and
transportation, obtained from the perspectives of maxi-
mizing the interests of farmers and market, as well as from
the perspectives of ecology and quality orientation, it can be
concluded that:

(1) *e results of the first-stage link influence relation
based on DEMATEL method are basically consistent
with the importance ranking obtained from the
second-stage information points of ANP, and the
four links have interactive relationships. For all in-
tents and purposes, the planting process is consid-
ered the most important. From an economic point of
view, as the planting link is the main process of
commodity output; it plays a decisive role in the
quality of the final product. *e macroscopic supply
and demand relationship, as well as the wholesale
price and quantity negotiated by farmers with the
marketing side according to the harvest situation,
has a certain degree of decisive effect on the market
price of the final product put on the market, and the
quality of product output will put forward the
corresponding requirements for subsequent trans-
portation and storing conditions. *erefore, the
completion of planting links has a crucial impact on
the interests of supply chain members. From an
ecological point of view, every subdivision of the
planting process is closely related to the ecological
environment such as water and soil. *e major
producing and processing are both within this link.
*erefore, no matter from any aspect of view to score
the importance, information points in this link are
more likely to be given more attention. In addition,
compared with other links, this link is more applied
to the cultivation and planting of plants through

1
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1
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Figure 4: Causality diagram of the first-stage link.
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Determination of key points of fresh agricultural
supply chain supervision M

Planting U1

U11U12

U19 U14
U21 U22

U37
U32

U33

U41 U42
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U34
U31

U36 U35

U15U18

U17 U16

U13

Transaction U2 Marketing U3 Transporting U4
Control

layer

Network
layer

U41, U42U31, U32, U33, U34, U35, U36, U37

U11, U12, U13, U14, U15, U16, U17, U18, U19

Figure 5: ANP network structure.

Table 4: Subdivide index weights.

Farmer-oriented Sort Enterprise-oriented Sort Ecology-oriented Sort

U1 0.666 208 759

U11 0.170 22 1

U1 0.725 121 7

U11 0.204 1 2

U1 0.549 581 495

U11 0.169 403 1
U12 0.083 12 6 U12 0.051 071 6 U12 0.026 392 12
U13 0.028 09 9 U13 0.009 256 17 U13 0.006 534 19
U14 0.028 09 9 U14 0.009 256 17 U14 0.010 325 17
U15 0.086 04 5 U15 0.065 189 5 U15 0.036 827 10
U16 0.113 5 4 U16 0.096 658 4 U16 0.065 253 6
U17 0.015 48 13 U17 0.034 91 8 U17 0.057 468 8
U18 0.015 39 14 U18 0.034 91 8 U18 0.054 691 9
U19 0.126 28 3 U19 0.219 765 1 U19 0.122 693 2

U2 0.099 918 415 U21 0.039 19 8 U2 0.068 787 U21 0.022 212 11 U2 0.038 772 486 U21 0.009 419 18
U22 0.060 73 7 U22 0.046 575 7 U22 0.029 354 11

U3 0.217 949 174

U31 0.012 26 16

U3 0.160 398 4

U31 0.013 69 13

U3 0.375 472 317

U31 0.102 947 3
U32 0.011 28 17 U32 0.011 9 16 U32 0.059 997 7
U33 0.018 89 12 U33 0.013 629 15 U33 0.086 658 4
U34 0.003 75 20 U34 0.003 627 20 U34 0.019 871 15
U35 0.130 53 2 U35 0.096 72 3 U35 0.078 708 5
U36 0.013 2 15 U36 0.007 153 19 U36 0.022 98 13
U37 0.028 04 11 U37 0.013 684 14 U37 0.004 305 20

U4 0.015 931 964 U41 0.008 58 18 U4 0.045 697 2 U41 0.028 048 10 U4 0.036 173 619 U41 0.015 593 16
U42 0.007 35 19 U42 0.017 649 12 U42 0.020 581 14
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microorganisms, so it has a higher weight in eco-
logical importance.

(2) From the perspective of farmers and the marketing
side, the three information points with the highest
importance are as follows: farmer qualification, sales,
and harvest information. In the same way that the
importance of the planting process is the highest, the
farmer’s qualification means the corresponding
technical foundation, planting experience, product
reputation, and sustainability awareness, so for the
market side, this information point not only is an
important basis for establishing cooperation, but also
has a significant correlation with the final product
quality. Farmers themselves will also work to build a
better reputation for their qualifications, which in
turn will bring in more purchase orders. Sales on the
marketing side and harvest on the farmer’s side are
the end links of the planting and marketing pro-
cesses. *ese two links are directly connected with
product trading and, therefore, are directly related to
the income results of both sides. And though it is set
that “sustainability” should be taken into consider-
ation, practitioners in the supply chain inevitably
tend to think about profits when asked about the
importance of regulatory points. *erefore, intro-
ducing the third group to evaluate the importance of
supply chain information from an ecological per-
spective is vital.

(3) From the perspective of “ecology,” it can be found
that more attention is paid to the qualification in-
formation, as well as the link processes such as
storage, preservation, fertilization, and irrigation.
Qualification information reflects entities’ senses of
social responsibility, not only from products’ quality,
but also from sustainability. Profit-oriented supply
chain behaviors often lead to frequent violations at
the expense of the ecological environment. *ere-
fore, grasping the process points that are most di-
rectly related to the environment can effectively
regulate the behaviors of supply chain members,
conduct comprehensive supervision, and realize the
balanced development of the whole supply chain.

According to the identification and analysis of ecological
critical control points from different perspectives, it can be
concluded that the comprehensive supervision of govern-
ment departments not only needs to take into account the
profit-oriented behaviors of supply chain members, but also
needs to control from a macro perspective, to realize the
simultaneous maintenance of economic behaviors, ecolog-
ical environmental protection, and consumer food health.

4.4. Policy Suggestions on Government Supervision.
According to the obtained critical control points and the
basic characteristics of agricultural supply chain information
storage and traceability system, we put forward the following
suggestions on government supervision policy:

(1) Give full play to the regulatory role of the govern-
ment, unify the economic, ecological, and quality
regulatory standards of the same fresh agricultural
products in each region, and clarify the code of
conduct, norms and punishment measures of dif-
ferent subjects in the supply chain. Different regu-
latory policies must cooperate and coordinate with
each other well.

(2) Strengthen the supervision of the ecological behavior
of supply chain members. Focus on the qualification
information of supply chainmembers and the output
link of products, give full play to the advantages of
Blockchain and other advanced technologies to
collect comprehensive and true information, and
focus on supervision and review. Once the defective
link is detected by supervision, the government
department should immediately correct the fault and
order the rectification until the members of the
supply chain meet the standards.

(3) Comparedwith other products, the supervision of the
supply chain of fresh agricultural products shouldpay
more attention to timeliness. To attach importance to
the performance of supply chain supervision, the first
step is to shift the focus of supervision from economic
behavior to ecological behavior. *e improvement of
the system plays a certain role in promoting the
improvement of the supply chain ecosystem and
environmental quality, but if it lags behind the
technical level, it cannot play the interactive effect
between the two.*erefore, governmentdepartments
mustattach importance to the roleof supervision, take
the degree of “sustainability’ of supply chain as the
goal, regulate the economy-oriented behaviors of
supply chain members, and encourage and support
supply chain members to adopt more environmen-
tally friendly andquality-first behaviors andmeasures
by policy means.

(4) Both macroscopic and microscopic perspectives
should be taken into account. In addition to the
overall benefits of supply chain, government su-
pervision departments also need to consider the
collection of opinions from individual supply chain
subjects. Supply chain participants tend to provide
more realistic data and information to assist in
overall supervision. At the same time, the regulatory
standards set by the government departments should
be combined with the actual situation and demand
and should not set too high a threshold to bring
burdens to members of the supply chain.

(5) Punishment means, as well as reward and subsidy
measures, should be included. In addition to setting
regulatory standards and corresponding punitive
measures, the government should take incentives,
subsidies, and other measures to encourage supply
chain members to increase ecological investment in
production and sales behavior and guide them to
establish reasonable cooperation among members
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with the guidance of “sustainable development of
supply chain.”

(6) *rough the intervention of blockchain and other
technologies, the behavior of supply chain members
and the authenticity of reported information should be
more standardized. Focus on key links and information
point monitoring for “early discovery, early punish-
ment, early correction.” Regulatory information should
be timely fed back in the supply chain member
qualification information to play a certain warning role.

Combined with the supply chain process and key points
of information input, this paper puts forward the following
suggestions on the regulatory flow diagram as Figure 6:

5. Conclusion

Based on the characteristics of the agricultural supply chain
and the advantages of the decentralized database, this paper
established the system architecture of agricultural supply

chain information storage and traceability. At the same time,
in order to achieve comprehensive and sustainable super-
vision, this paper starts from several core links, discusses the
main information points worth attention in each link, and
applies the theoretical method of DEMATEL+ANP from
the perspectives of farmers, marketing side and the whole
supply chain ecology in the form of expert inquiry. With the
two methods applied, the interrelationships among indi-
cators are shown, and the causal and result factors are
identified to better locate the key points. *e critical control
points with the goal of “maximizing the benefit of supply
chain members” and “optimizing the ecological quality of
supply chain are determined, respectively. Finally, according
to the analysis of the critical control points and the trace-
ability system architecture, the corresponding suggestions
for supply chain supervision are put forward.

*e application of blockchain in the agricultural supply
chain in actual practice is still at the early stage, and this
paper only puts forward the vision of how to take advantage
of blockchain’s strength, to better apply methods of
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Figure 6: Regulatory flow diagram under critical control points.
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management science to assist supply chain operation.
However, it fails to point out how to put the traceability
system into practice, and it should be explored in the fol-
lowing research.
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C. Giagnocavo, “Management strategies and collaborative
relationships for sustainability in the agrifood supply chain,”
Sustainability, vol. 13, no. 2, p. 749, 2021.

[2] Z. Zhang, H. Xu, G. Y. Ke, and K. Chen, “Selecting online
distribution modes for differentiated products in a platform
supply chain,” International Journal of Production Economics,
vol. 244, p. 108384, 2022.

[3] L. He, M. Xue, and B. Gu, “Internet-of-things enabled supply
chain planning and coordination with big data services:
certain theoretic implications,” Journal of Management Sci-
ence and Engineering, vol. 5, no. 1, pp. 1–22, 2020.

[4] Z. Li, G. Liu, L. Liu, X. Lai, and G. Xu, “IoT-based Tracking
and Tracing Platform for Prepackaged Food Supply Chain,”
Industrial Management & Data Systems, vol. 117, pp. 1906–
1916, 2017.

[5] M. Yoo and Y.Won, “A study on the transparent price tracing
system in supply chain management based on blockchain,”
Sustainability, vol. 10, no. 11, p. 4037, 2018.

[6] J. M. Song, J. Sung, and T. Park, “Applications of blockchain
to improve supply chain traceability,” Procedia Computer
Science, vol. 162, pp. 119–122, 2019.

[7] S. Du, L. Hu, and L. Wang, “Low-carbon supply policies and
supply chain performance with carbon concerned demand,”
Annals of Operations Research, vol. 255, pp. 569–590, 2017.
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