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Abstract: As the strategy for building a robust agricultural nation gains momentum and agricultural science and tech-
nology advances, the quality of agricultural products has seen significant improvement, accompanied by an increase
in the economic income of agricultural producers and operators. Therefore, the fair and reasonable implementation
of the revenue distribution of the agricultural supply chain is of great significance in improving the quality of agricul-
tural products and ensuring the stable operation of the supply chain. The article focuses on the three main bodies of the
agricultural supply chain, namely production and price co-integration enterprises, logistics service enterprises and sales
enterprises, and utilises the matrix semi-tensor product to establish the Shapley value revenue allocation model of the
interval cooperation game, so as to make the revenue allocation of the governance of agricultural products' quality
in the digital supply chain more reasonable and scientific. Finally, numerical examples verify the Shapley value model,
demonstrating that this revenue allocation scheme, when applied, can boost the overall supply chain's revenue through
cooperative agricultural product quality management, elevate agricultural product quality and market competitiveness,
and foster collaboration to ensure the stability of supply chain operations.
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The governance of agricultural product quality and
safety is a crucial approach to ensuring the quality
and safety of these products and enhancing their market
competitiveness. With the rapid development of digi-
tal technology and the intelligent trend of supply chain
management, the quality and safety governance of agri-
cultural products under the perspective of a digital sup-
ply chain has become a hot spot of current research. The
development of agricultural science and technology has

stimulated the innovative vitality of the agricultural sup-
ply chain, and the construction and development of new
agricultural management subjects have driven the close
integration of agricultural parks with leading enterprises
and farmers. The integration and sharing of informa-
tion and other resources can reduce the cost of quality
management in the circulation of agricultural products,
disperse the risk of quality management subjects of ag-
ricultural products, and improve the economic benefits
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of supply chain participants. However, the agricultural
supply chain faces widespread issues during opera-
tion, including disconnected participants, inadequate
information flow, and unequal benefit distribution, all
of which harm the interests of the involved parties. The
problem of agriculture's large-scale but weak competi-
tiveness remains prominent. The quality, efficiency and
competitiveness of agricultural products need to be im-
proved urgently. The government plays an important
role in solving the problems of the agricultural supply
chain (Hamidoglu 2024). Through subsidies and rea-
sonable taxation, it can effectively promote the partic-
ipation of multiple subjects in the application of digital
technology and low-carbon technology to a certain ex-
tent, and promote the effective collaboration of multi-
ple subjects and links in the agricultural product supply
chain (Hamidoglu et al. 2024; Hamidoglu and Weber
2024), thus helping to improve the efficiency of the sup-
ply chain, reduce transaction costs, and enhance the
competitiveness of the entire supply chain. To meet the
high-quality, green, differentiated needs of consumers.
The newly revised Law on Quality and Safety of Agri-
cultural Products clearly stipulates the quality and safety
responsibilities to be borne by agricultural product
producers and operators, including wholesale markets
for agricultural products, agricultural product sales en-
terprises, cold chain logistics enterprises and network
operators. Studying the distribution of benefits of agri-
cultural product quality and safety governance can help
participants in each supply chain link better understand
the importance and risks of agricultural product quality
and safety. A reasonable benefit distribution mechanism
can make all parties more motivated to invest in quality
and safety governance to improve the quality, safety and
traceability of agricultural products. Through a fair ben-
efit distribution mechanism, all parties involved will ac-
tively cooperate and share the risks and responsibilities
to promote the efficient operation of the supply chain.
This will help reduce costs and improve efficiency while
also better meeting market demand and enhancing the
competitiveness and sustainability of the supply chain.
In addition, studying the distribution of benefits from
agricultural product quality and safety governance un-
der the supply chain perspective can promote the devel-
opment of the agricultural economy. The improvement
of agricultural product quality and safety will increase
consumers' trust and willingness to buy agricultural
products and improve the added value and market com-
petitiveness of products. At the same time, a reasonable
distribution of benefits will incentivise farmers and agri-
businesses to invest more resources and technology and
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promote the improvement of agricultural production
efficiency and the sustainable development of the agri-
cultural industry.

From the perspective of a digitalised chain, the thesis
researches the profit distribution mechanism obtained
by each participant with the help of digitalised techni-
cal means for agricultural product quality governance.
The thesis uses the interval Shapley value for revenue
allocation with reference to the use of matrix half ten-
sor product, the matrix calculation method of Shapley
interval value containing discount factor in the interval
cooperation game (Wang et al. 2019; Zhao et al. 2020;
Zhu et al. 2022). According to the different contribu-
tions of the three main bodies of digital supply chain
production and processing integrated enterprises, lo-
gistics enterprises and sales enterprises to the input
of agricultural product quality management, this paper
discusses the distribution of benetfits, so as to promote
the production of agricultural product management
enterprises, promote the efficient operation of supply
chain while improving the quality of agricultural prod-
ucts, and increase the profits of enterprises.

Literature review

Digital supply chain related research. The digital
transformation of the supply chain has a profound im-
pact on its operation and development. The integra-
tion of information flow, logistics and capital flow can
significantly enhance the elasticity of the supply chain,
promote the diversification of the supply chain (Yuan
et al. 2023), the concentration of suppliers and the di-
versification of the customer base, and improve the an-
ti-risk ability of the supply chain (Gao et al. 2022; Yin
and Ran 2022).

With the further application of blockchain tech-
nology in the supply chain, it has a positive impact
on product traceability, data and information trans-
parency, and operational efficiency. On the one hand,
blockchain technology can effectively improve the
production process of the supply chain, providing
long-term agility, resilience and responsiveness to the
existing supply chain (Mukherjee et al. 2022). On the
one hand, blockchain technology can also effectively
solve the challenges faced by supply chains in infor-
mation sharing, maintaining full process traceability,
and improving operational efficiency (Lim et al. 2021).
Especially in the agricultural supply chain, the appli-
cation of blockchain technology is crucial for achiev-
ing traceability, which is the most important reason
for its implementation in the agricultural sector (Criss
et al. 2020; Demestichas et al. 2020). In addition, the
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food supply chain is increasingly relying on big data
management solutions to facilitate collaboration across
the chain and improve business performance (Carmela
etal. 2021).

Research related to the governance of agricultural
product quality and safety. In the governance of ag-
ricultural product quality and safety, foreign scholars
have carried out extensive and in-depth research. The
research reveals that farmers' green production be-
haviour has a positive effect on improving the quality
of agricultural products, and this behaviour is influ-
enced by multiple factors such as farmers' personality
traits, government guidance, industrial organisation
promotion and market regulation (Teng et al. 2022).
At the same time, farmers' attitude towards green pro-
duction behaviour also determines their willingness
to participate in collaborative supervision of agricultur-
al product quality and safety to a certain extent (Wang
and Liu 2021). However, due to the lack of awareness
of agricultural product safety hazards, lack of food
safety knowledge and improper safety practices, farm-
ers' enthusiasm to participate in the co-management
and autonomy of agricultural products is relatively
low (Wang and Jiang 2020). At the same time, some
scholars pointed out that factors affecting the quali-
ty improvement of the agricultural supply chain also
include corporate social responsibility, altruistic rec-
iprocity and fairness issues (Qin and Xiang 2021),
as well as government regulation and market incentives
(Zhao et al. 2018). In the implementation of agricul-
tural product quality and safety management, process
control (such as unified production standards or uni-
fied agricultural input supply), outcome control (such
as safety inspection) and social control (such as re-
wards and punishments incentives or training) have
a positive impact on improving food quality and safety
capabilities (Zhou et al. 2019). In addition, enhanced
sampling intensity and information disclosure will also
help improve the traceability of suppliers, thus further
strengthening the effectiveness of the government
in food supervision (Zhou et al. 2022). At the same
time, the introduction of advanced technologies and
the application of big data methods are also regarded
as important means to improve the quality and safety
level of agricultural products (Shen et al. 2022). Specif-
ically, big data technology can be applied to the study
of critical control points in the traceability process
of agricultural products to provide a scientific basis
for the quality and safety management of agricultural
products (Wan 2022). The application of blockchain
technology can significantly improve the qualification

rate of agricultural products and the efficiency of the
agricultural products circulation system, thus bringing
significant economic benefits (Wang et al. 2022).

Research related to income distribution. In the
study of profit distribution among agricultural sup-
ply chain disciplines, scholars use different methods
to distribute profit according to the different charac-
teristics of the supply chain composed of different dis-
ciplines. One is to adopt the core distribution method.
For example, Wang (2015) adopted the minimum
core method to reasonably distribute the comprehen-
sive profits of enterprise technology alliances. The
first method is Nash negotiation. For example, Chen
et al. (2023) used asymmetric Nash bargaining theory
to build a profit distribution model for participants
to ensure that cooperation surplus can be fairly dis-
tributed between buyers and sellers. However, Shapley
value method is more commonly used. For example,
Meng et al. (2023) constructed a cooperative game
model of suppliers, manufacturers and retailers under
the cross-level guarantee of order decomposition and
used Shapley to reasonably allocate the value of the
cooperative game to the total revenue of the supply
chain. Sha and Zheng (2021) study a mixed-channel
supply chain model consisting of manufacturers, tradi-
tional retailers, and online retailers, using production
and sales costs to modify traditional Shapley values
to achieve a reasonable distribution of individual ben-
efits. Zhao et al. (2023) based on the Aumann-Shapley
value method, a cost allocation strategy ensures a rea-
sonable distribution of benefits among multiple agents.
Gan et al. (2018) proposed an improved interval Shap-
ley value method that considers both satisfaction and
contribution, so as to provide a guarantee for improv-
ing stakeholder satisfaction and promoting social lo-
gistics providers to establish strategic alliances. Wang
etal. (2023) established a multi-weight interval Shapley
value model of profit distribution to ensure the scien-
tific and reasonable profit distribution of agricultural
products co-investment, considering that the profit
distribution of cooperation is affected by the dynamic
changes of resource input ratio, distribution operation
scale, risk bearing and other factors.

According to the characteristics and applicability
analysis of each model, the interval Shapley value is more
applicable than the core allocation method, Nash negoti-
ation method and Aumann-Shapley in solving the prob-
lem of benefit allocation of agricultural product quality
management. Compared with Aumann-Shapley pricing,
the interval Shapley value is more flexible in dealing with
uncertainties and dynamic changes. Compared with the
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core allocation method, the possible stable distribution
solution can be found in a wider range, thus improving
the feasibility of distribution. Compared with Nash ne-
gotiation rule, it pays more attention to the contribution
and overall benefit in the process of cooperation and
strives to reflect fairness and efficiency in the distribu-
tion, rather than just the distribution based on bargain-
ing power. Compared with traditional Shapley values, the
interval Shapley method allows for a more flexible and
comprehensive assessment of participants' contributions
in situations of uncertainty or incomplete information.
In the quality management of agricultural products, the
contribution of participants is often difficult to quantify
precisely due to a variety of factors (such as weather,
pests and diseases, market fluctuations, etc.), and the in-
terval Shapley model can deal with this uncertainty.
Research gap. By analysing the current research
status of related scholars on the quality and safety
governance of agricultural products under the per-
spective of the digital supply chain, it can be found that
the research results in this area are relatively new and
the existing results are relatively few, and the scholars
generally carry out research on the quality and safety
governance of agricultural products in the aspects
of agricultural product production, incentive and con-
straint mechanism and government supervision. In ad-
dition, to the application of digital technology in the
agricultural supply chain, scholars mostly focus on the
digital transformation of the supply chain, supply
chain resilience and supply chain operational efficien-
cy. As a result, scholars have gained a lot of research
results in the quality and safety governance of agri-
cultural products under the perspective of the supply
chain, and a few of the results stay in the qualitative
analysis of the current problem of agricultural product
quality or quantitative analysis of the cost-benefit coor-
dination contract of agricultural product supply chain.
In view of this, this study starts from the governance
mechanism of agricultural product quality and safety
under the perspective of the digital supply chain, quan-
titatively analyses the governance behaviour of agri-
cultural product supply chain subjects and explores
the effective mechanism to enhance the effectiveness
of agricultural product quality and safety governance.

Analysis of agricultural product quality governance
from the perspective of digital supply chain
Closed-loop supply chain for digital quality gov-
ernance of agricultural products. The formation
of a digitalised closed-loop supply chain for agricul-
tural product quality governance relies mainly on the
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organic combination of data collection and sharing,
quality control and monitoring, quality traceability
and certification, risk early warning and emergency
management, and participant synergy and coopera-
tion. The application of digital technology can enhance
the efficacy and effectiveness of agricultural product
quality governance and promote the whole process
of quality control and optimisation. Utilising technolo-
gies such as the Internet of Things (IoT) and sensors,
data collection is carried out at all stages of the pro-
duction and supply chain, including the production
environment, cultivation, processing, storage and dis-
tribution of agricultural products. Utilise digital tech-
nology to establish monitoring systems and combine
sensors and real-time data for quality control. For ex-
ample, using temperature sensors, humidity sensors
and other equipment, real-time monitoring of the stor-
age environment of agricultural products, timely warn-
ing and adjustment to ensure that the quality is not
compromised. Record and trace the data of the pro-
duction environment, production process, transporta-
tion process and other aspects of agricultural products,
and establish a complete quality traceability system.

A digitised closed-loop supply chain allows for syn-
ergy and cooperation among participants (Figure 1).
By sharing data and information, the participants can
better collaborate and work together to address issues
and risks that arise in the process of agricultural quality
governance.

The main body and function of digital quality man-
agement of agricultural products

Production and processing integrated enterprise.
The production and processing chain is the most im-
portant link in improving the quality of agricultural
products. Environmental pollution in the production
area, irrational use of agricultural inputs (pesticides
and veterinary drugs, chemical fertilisers, feed, etc.),
and the use of illegal additives are the main challenges
facing the production and processing of agricultural
products. The characteristics of the small-scale and
decentralised operation of China's agriculture make
the quality management of the production and pro-
cessing of agricultural products even more arduous.
In recent years, with the cultivation and development
of new agricultural production and management bod-
ies (family farms, agricultural enterprises, farmers' co-
operatives), the production and management bodies
of the 'production-type + service-type' production and
management bodies have driven the support of small
farmers, provided land trusteeship, substitute plowing
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Figure 1. Collaborative process of agricultural product quality governance from a digital supply chain perspective

Source: Author's own elaboration

and planting, unified prevention and control, and agro-
technology promotion services to agricultural produc-
ers, solved the problems of large-scale operation, and
cultivated the Agricultural industrialisation consorti-
um. Agricultural enterprise is a new type of main body
of agricultural production and management.

Smart agriculture is the combination of digital
technology and agricultural science and technology,
which is a specific form of digitalisation of the agri-
cultural industry. Digital technology, as a new input
element, makes the production and processing of ag-
ricultural products more refined, standardised and
scientific. Information technology service providers
assist agribusinesses in completing the digitalised
control of the upstream production and processing
of agricultural products. Big data helps the produc-
tion process to provide predictive insights and drive
real-time decision-making (Xie et al. 2021). Rational
deployment of agricultural machinery, automated
and scientific management and control of agricultural
products such as seeding, fertilisation, irrigation, etc.,
agricultural land monitoring, optimisation of resource
consumption, and improvement of agricultural pro-
duction and quality. Through the application of digi-
tal technology in the agricultural production process,
the traceability of the production chain is guaranteed,
and the ability of agricultural enterprises to collect,
store and process agricultural products is improved,
and the freshness and quality of agricultural prod-
ucts are preserved more effectively. Optimise the
agricultural industry with the help of digitalisation
and realise the upgrading of the agricultural industry

(Trivelli et al. 2019; Valecce et al. 2019; Hrustek 2020).
As shown in Figure 2.

Logistics service enterprises. The process of cir-
culation of agricultural products, from production
to consumption will inevitably go through the logis-
tics and transportation links. Outdated transportation
equipment and non-standard operation during logis-
tics transportation can cause microbial and chemical
pollution of agricultural products. In addition, China's
fresh agricultural products cold chain transportation
equipment and other infrastructure are lagging behind,
the transportation efficiency is not high. Therefore, lo-
gistics service area enterprises are the important main
body of agricultural product quality management.

An intelligent logistics system is a kind of intelligent
logistics management system based on the Internet
of Things, big data, cloud computing, and other tech-
nologies (Dawkins 2016). It realises real-time moni-
toring and data collection of logistics links through
sensors, RFID, GPS and other technologies, and real-
ises optimisation of the logistics process and intelligent
decision-making through cloud computing and big data
analysis, so as to improve the logistics efficiency, reduce
the logistics cost, and improve the logistics service qual-
ity. Real-time monitoring of logistics links through sen-
sors and other technologies, collecting data on logistics
links, including cargo information, transportation in-
formation, storage information, etc. The collected data
are analysed through cloud computing and big data
analysis to achieve optimisation of the logistics process
and intelligent decision-making. The precise match-
ing of supply and demand is realised. In China, the de-
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Figure 2. Application of digital technology in the production and processing of integrated enterprise

Source: Author's own elaboration

mand for agricultural intelligent logistics technology
has greatly increased due to the large market size, low
cold chain circulation rate, and large post-production
losses of agricultural products. Agricultural intelligent
logistics not only helps to meet the strong domestic
demand but also improves the competitiveness of Chi-
nese agricultural products in the international market,
promotes industrial modernisation, and helps to ensure
food safety. As shown in Figure 3.

The fresh and perishable characteristics of fresh ag-
ricultural products require the whole process of cold
chain logistics to be coherent and intelligently regu-
lated. The development of intelligent + cold chain lo-
gistics provides users with intelligent, precise, efficient
and operable intelligent logistics solutions, improves
logistics efficiency, and reduces cargo losses and de-
lays. 'Intelligent + cold chain logistics' can ensure that

GPS, GIS, wireless communication
technology, monitoring center
technology and other technologies
are used to track the location,
speed, driving route and other
information of transport vehicles
in real time to ensure the safety
and timeliness of agricultural

the goods maintain a stable temperature and humid-
ity throughout the transportation process, safeguard
the quality of the goods, and reduce the loss of goods.
It reduces logistics costs by optimising transportation
routes and saving energy.

Sales companies. Consumption of agricultural prod-
ucts is the final link in the quality management of ag-
ricultural products. Consumer demand for agricultural
products is large, and the consumer demand shows un-
certainty due to different consumer ages, habits, cogni-
tion, i.e. income level and so on. With the development
of the economy and society, the diversification of mar-
ket competition, consumer demand is not only affected
by the price, but also by the quality of products. Con-
sumer demand preferences are gradually upgraded
to the direction of quality, diversity, green and health.
Sellers need to accurately capture consumer demand

The intellingent scheduling system
based on big data and algorithm can
automatically analyse transportation

tasks, vehicle resources, road

conditions and other factors, and plan
the optimal driving route and
distribution order for transport

Figure 3. Application of digital
technology in logistics service

enterprises

products in the transportation vehicles
process
Sensor . Artificial
[ GPS GIS technology Big data intelligence J

Source: Author's own elaboration
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for agricultural products, help consumers establish the
last line of defence in the consumption of agricultural
products, identify problematic agricultural products,
and avoid the inflow of low-quality agricultural products
that do not meet the quality standards into the market.

Under the digital economy, the new sales model
of agricultural products is constantly exploring and
developing new paths, and the innovative new retail
marketing model of agricultural products of 'new
retail + agricultural products + digital precision
marketing' has been constructed. Using big data
technology, machine learning and other methods
from social media, search engines, online shopping
platforms, mobile applications and other channels
to collect multi-dimensional data, including user ba-
sic information, purchase history, browsing habits,
social interaction and other multi-dimensional data,
analyse user data, find the user's potential demand,
purchase intention and behaviour pattern, according
to the analysis results, the user is divided into differ-
ent groups. Achieve more accurate targeting of the
target market. At the same time, build detailed user
portraits for each user group, including age, gender,
occupation, interests, hobbies, consumption habits
and other characteristics, based on user portraits and
behavioural analysis, recommend suitable products
and services for different users to achieve precision
marketing. As shown in Figure 4.

Distribution of benefits from agricultural quality
governance

Parametrisation of agricultural product quality
governance based on interval cooperative game. The
main players in the agricultural supply chain — pro-

Achieve precision marketing ‘\

Precise market positioning

User preference analysis

Digital technology application

Figure 4. Application of digital technology in sales com-
panies

Source: Author's own elaboration

duction and processing enterprises, logistics service
enterprises, and marketing enterprises — often face
uncertainties and risks in the process of agricultural
product quality management. Influenced by seasonal
changes, market demand fluctuations, natural disasters
and other factors, the gains from quality management
in the agricultural supply chain will also fluctuate. The
interval cooperation game method sets the benefits
of the participating subjects as an interval, which can
take the uncertainty and risk factors into account, con-
sider the cooperation and competition between multi-
ple participants, and better simulate the actual situation,
guarantee the reasonableness and fairness of the ben-
efit distribution of enterprises in each link of the supply
chain, and improve the effect of the digital quality man-
agement of agricultural products.

An interval cooperative game can be represented
byabinary structure (N, v), where a finite set of elements
N ={x;, x5 ..., x,} denotes a finite set of participants
in the supply chain of agricultural products, including
integrated production and processing enterprises, lo-
gistics enterprises, and sales enterprises. Interval co-
operative game characteristic function v: 2N — t(R),
satisfies v(@) = (0.0), and the set of all formed supply
chain alliances of set N is denoted as 2, = {SISEN}. For
supply chain participation as the main coalition SE2%,
v(S) is the gain function of the subset S. The function
value is an interval, denoted as (ag, ag), v(S) € (ag, ay)
denotes the value of the interval of the gain of the sup-
ply chain participation in the main coalition §, agis the
minimum value of the gain of the supply chain coali-
tion S, ag is the maximum value of the gain of the sup-
ply chain coalition S gain the maximum value. When
ag = @, the interval cooperation game degenerates into
a classical cooperation game.

In the digital agricultural supply chain alliance,
the profit distribution obtained by the participant's
conducting agricultural product quality governance
is expressed using the Shapley value of the interval co-
operation game:

v(SUD)-v(S)] 1)

S|l(n-1-|S))!
D, (v)= Zsez’”" w[

where: [v(SUi — v(S)] — the contribution of supply
chain participant i to the cooperation on agricultural
quality governance; ISI!(n—1-I1SI)! / n! — the weight
of the cooperative contribution to agricultural qual-
ity governance as determined by the number of actors
involved in the supply chain; [v(SUi — v(S)] € T(R),
T oM x IS (n=-1-1S)! / ! = 1

363



Original Paper

Agricultural Economics — Czech, 71, 2025 (7): 357-377

Introducing the discount factor into the interval co-
operative game Shapley value gives the interval dis-
count Shapley value:

S|t —1|S]r ., ,
(DL‘ (V) = Zsezf\'/t Tk [V(S U l) - 7“1/(5)] (2)

where: A € [0.1]x\ — discount factor, i.e. the contribution
of different supply chain alliance subjects to the total
benefits of agricultural product quality management.
The introduction of a discount factor may hinder the
equitable distribution of benefits, reduce participants'
motivation for ensuring agricultural product quality
control, and mitigate the effects of uncertainty factors
on the allocation of benefits derived from such quality
control measures.

Under the digital supply chain perspective, three en-
terprises’ Aproduction»pracessing’ Blogistics’ Csales form a closed-
loop supply chain in the process of agricultural product
quality governance.

Parametrisation of costs and benefits for supply
chain participants. Assuming that the integrated
production and processing enterprise (hereinafter
denoted by Apraduction»pmcessing)
and scientific management and control of agricultural
products at the production stage, such as sowing, fer-
tilising, and irrigating, and carries out processing such
as sorting and packaging, to preserve the freshness
and quality of agricultural products more effectively.
Costs are incurred in this process (k;, K,), At the same
time A, ction-processing firms sell agricultural products
at wholesale prices (p4, p3). The logistics enterprise
(hereinafter denoted by Blogimcs) adopts the Internet
of Things, cloud computing and other technologies
to collect data and plan intelligently to realise the
precise matching of supply and demand and improve
the efficiency of logistics. Costs ([}, /,) are incurred
in the process, and the logistics offer is (m,, m,). The
sales enterprise (hereinafter denoted by C_,,,) collects
data on sales and purchases of agricultural products,
analyses consumer demand with precision, and guar-
antees that the quality of agricultural products meets
consumer demand. Costs (#;, 1,) are incurred in this
process, and the selling price of the agricultural prod-
ucts is (p¢, pd). When the agricultural products are
transported to the sales enterprise C . to be sold
to the consumers, the agricultural products will in-
cur a certain degree of loss, and the assumption of ag-
ricultural products preservation rate is (g, g,). The
model parameter settings are shown in Table 1.

carries out automated
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A roduction-processing the €arnings range for the business is:

(ay, a,) = (Pf{ - ky; P/% — k)

B)ygistics the earnings range for the business is:

(bp bz) = (Wll - ll; my — 12)

C.,..s the earnings range for the business is:

(cppcy) = (%Pé_ ny; ‘121’3* —1,)

Parametrisation of alliance costs and benefits for
different supply chain participants. When A produc-
tion-processing aNd B are in alliance, the warehous-
ing cost of A, ., crion-processing Will e reduced (Ak;, Ak,),
meanwhile, the B, ;... obtains stable orders, and the
operation cost will be reduced (Al;, Al,). Let the re-
turns to the alliance between firms A
and Blogistics be (dl’ dZ)

Therefore,

logistics

‘production-processing

d, =p +m, —(k, —Ak,)—(, - Al)
d, = p’ +m, —(k, — Ak,)— (I, — AL)

and C,

When A - ales are in alliance, A

‘production-processing produc-
tion-processing a1 €ffectively predict the demand for agricul-

tural products from C_,,

demand information, thus saving part of the production
and processing costs (Ak;, Ak,), C,. with A

sales production-process-
for a long period of time, so the wholesale price is re-

sales information and consumer

ing
duced (Ap;, Ap?). Let the returns to the alliance between
firms Aproduction-processing and Csales be (dl’ dZ)

Therefore,

1=p}4—Ap}4+pé—n1—(kl—Akl)
p) :pf\_Apf\"'pé_nz_(kz_Akz)

and C

When By, . ales are in alliance, logistics com-

panies to ensure that agricultural products are fresher
and faster to reach the hands of consumers, will provide
better quality services, the corresponding logistics offer
will be increased (Am,, Am,), Higher logistics operating
costs to ensure quality and timeliness of services (Al;,
Al), At the same time, produce losses are reduced and
freshness is improved (Aq,, Ag,), C, .
prove storage techniques to guarantee the quality of ag-
ricultural products before they are sold to consumers,
thus increasing costs (An,, An,). Let the returns to the
alliance between firms Blogimcs and C_,, be (f;, f).
Therefore,

also need to im-

fi=m, +Am, +(q, +Aq,)ps —(n, + An))— (I, + AL)
S, =m, +Am, +(q, + Aq,) pl —(n, + An,) — (I, + Al,)
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After forming the supply chain alliance, the three
enterprises Aproduction-processing’ Blogistics’ Csales cooperate
more smoothly, so that the whole supply chain alliance
gets better opportunities in the market and realises
higher market profits. Let Aprodumon_pmmsmg,
C. .., three enterprises alliance gains as (g;, g,).

Therefore,

logistics’

& =Py —Ap)+(m, + Am,) +(q, +Aqy)
—(k, = Ak)—(, +AL) — (1, + An));

2, =(p% —ApY) +(m, + Am,) +(q, + Aq,)
—(k, = Ak (1, + AL)— (1, + An,)

The values of the interval returns for each of the par-
ticipating subject coalitions are shown in Table 2.

Based on the interval gain values of agricultural
product quality governance under different alliances
in Table 1 and Equation (2), the interval Shapley values
of the three supply chain participants' quality govern-
ance of agricultural products using digital technol-
ogy when the discount factor A = 1 is first calculated
(shown in Tables 3, 4, 5).

Table 1. Model parameters and their meanings

Table 2. Value of interval gains in agricultural product
quality governance under different alliances

S v(S) ag ag
A production-processing Blaglstws’ Cotess (€1 &) & £
(A production-processing Biogistics) dyd,) 4, dy
A production-processing Caatest (ey, €)) € )
A production-, processmg} (ay, ay) ay a
Biogistics Coates) ) A f
{Blogistics) (by, b)) by b,
{Coatest (e ) S )
(%) (0, 0) 0 0

Source: Author's own processing

Benefit distribution matrix for agricultural product
quality governance based on matrix semi-tensor
product-interval Shapley values

Definition of matrix semi-tensor product function.
Matrix semi-tensor product is the main tool of the state
space method of logic system, using the semi-tensor

Parameter Meaning

k cost of quality and safety management of A, ,crion-processing
P4 unit wholesale price of agricultural products

l cost of quality and safety management of By, ;.

m transport unit price of agricultural products

n cost of quality and safety management of C_,,,

Pc unit selling price of agricultural products

a A production-processing ENtETPrise profit

b Bjygistics €nterprise profit

c Jles €Nterprise profit

d A production-processing @14 Byogii enterprise alliance profit

e A production-processing 214 Cyq €nterprise alliance profit

f Blygisics and Cy,y, enterprise alliance profit

g A production-processing Blogistics ad Cyy,s enterprise alliance profit

q agricultural products preservation rate

A quality and safety governance digital input coefficient

Ak cost change parameters of enterprise A,/ ion-processing after the alliance
Al cost change parameters of enterprise By, after the alliance
Ap, unit wholesale price change parameters of agricultural products
Am transport unit price change parameters of agricultural products
An cost change parameters of enterprise C,,,, after the alliance
Apc unit selling price change parameters of agricultural products

Source: Author's own processing
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Table 3. Interval Shapley values for firm A

production-processing
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Table 4. Interval Shapley values for firm B,

s w WSU{A}) v(S) wSU@AD-vS) S w WSU{BY) WS) vSUI{BY -v(S)
n: n:

(%) 1/3 (ay, ay) 0 (ay, ay) (0] 1/3 (by, by) 0 (byy by)

{B} 1/6 (dydy) (b,b,) (d—byd —by) {A} 1/6 (dydy) (apay) (dy—apyd,—a,)

{C} 1/6 (61, ez) (Cl, Cz) (31 —Cyp €1 — Cz) {C 1/6 (fpfz) (Cl’ 62) (fl - Cz’fz - Cl)

{BC} 1/6 @ g (uf) @ -fr&-1f) {AG 1/6 @& () @-exg—e)

Source: Author's own processing

product theory of matrices to represent the interval co-
operation game characteristic function by matrix. In the
limited game of agricultural product quality governance,
the revenue functions of the supply chain participating
subjects production and processing integration enter-
prises, logistics service enterprises, and sales enterprises
can be regarded as pseudo-Boolean functions. It plays
a key role in the matrix calculation method of Shapley
value. Referring to relevant literature (Cheng 2001; Guo
et al. 2013; Wang and Cheng 2017), the following defini-
tions, propositions, and lemmas can be obtained.

Definition 1: Let matrix A € M,,..,, B € M,,,,, and
remember that £ =1 cm (n, p) is the least common mul-
tiple of # and p. The semi-tensor product of matrices
A and B is defined as follows:

AxB=(A®I, )B®IL, )eM,, ,.n (3)

When #n = p, the half-tensor product of matrices
is the ordinary matrix multiplication. In this paper, all
matrix multiplications are half-tensor products, and x
is usually omitted.

Definition 2: Define the permutation matrix W, €
M

mnxmmn’

W

i) = O (11 + 1111+ (n = Dpmeeomm + me-m + (n — 1)m] (4)

The exchange of vector multiplications in the sense
of semi-tensor products can be realised under the ac-
tion of permutation matrices. Let the vectors a = &),
B = 82, be calculated that 81x §3 = 83, 53 81 =83.

Proposition 1: Let f = (x, %), ... x,) : Dm — R
be a pseudo-logic function, then there exists a unique
matrix M;€ M,,,", such that:

S =009%y,02,) = M, X2 X,

where: M, — structure matrix of the pseudo-logic func-
tion f.
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Table 5. Interval Shapley values for firm C

sales

s ““LA WSULCH WS SULCH -u(S)
(%) 1/3 (Cl’ CZ) 0 (Cp 02)

(A} 1/6 (epe) (apa) (e,—aye,—ay)
{B} 1/6 (fp,fg) (bp bz) (fl - bZ’-fZ - bl)

{AB} 1/6 (grg) @dy,dy) (g-dyg—-d)

Source: Author's own processing

Lemma 1: Let f= (x, %, ... x,) : Dm — 1(R) a pseudo-
logistic interval function, then there exists a unique in-
terval matrix M [, that:

=0 %y,.2,)=M, %", x,

M= M, M] (M, M € M, ) is called the structure
matrix of the pseudo-logic interval function f.

Construct the interval Shapley value matrix. The
integrated production and processing enterprises, lo-
gistics enterprises and sales enterprises in the supply
chain are different due to their own enterprise scale
and business scope. They have different inputs, re-
source contributions and quality control effects in the
quality control of agricultural products. The Shapley
value can measure the contribution of each partici-
pant in the supply chain in forming alliances for qual-
ity control of agricultural products, so as to avoid the
reduction of inputs and motivation of quality control
of agricultural products caused by the simple average
distribution method.

Agricultural supply chain subjects for quality gov-
ernance interval cooperation game (N, v), for any coa-
lition of supply chain participating subjects S € 2V,
v(S) denotes the characteristic function of the inter-
val cooperation game, construct X, = Xf, Xg, e X;f),
where:
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F]8, ies ®)

From Lemma 1, the characteristic function v(S) of the
interval cooperation game can be expressed as:

v(S) = Mx®

where: M = [M, M]
participating subject coalition for agricultural product

— interval of the gain value of the

quality governance under the perspective of digital
supply chain. M denotes the minimum value of the ben-
efit value, and M denotes the maximum value of the
benefit distribution. x5 denotes the different subject
coalition benefit distribution solutions in the process
of agricultural product quality governance.

M, Me M %% =x XXX, €A,

Below the interval cooperative game eigenfunctions
are represented as matrices using the semi-tensor
product theory of matrices in . Noting x,% - x°, | a5,
wx,5 =8/, |, the calculation of the quality govern-
ance coalition returns in Equation (2) can be trans-
formed into:

v(SUi)= LIS
= [M,M]qu_z, 530
v(SUi)= S Sax e
= MM]W,, ., 85,
WSUi)-1u(S) = [M,M]Wm, 0N+
+ MMM, ., 85,

. 2k
Constructing a vector sequence o, € R

1 o, +1,
(xl :[0:|’ ak+1:|: kakz }

k :1$21"'112k :(1)11 e} l)T

Lemma 2: Let the set S © N = {x, x,, - x,}, and re-
member that % = &7 & - X x5 = §J , and then s = IS|
= of, where o/ denotes the ™ component of a,.

n-1
o, =la,a,0,,] eR?

. T
Constructing a vector sequence Y =[c,,¢,,~c,. ] ,

. AT -, = 1)) a)!
which ¢, = ( . Me,) ,j=12,.,2""
n:

Equalise the vector into k-block vectors in turn,
where k = 1,2,22 ..., 2"}, these are denoted as:

yl
T v
2 i n-1
’Y:’Yi :[YZJ: vevene = | 3 s ,Y{ ERZ
2 .
,}/2”71
=120, j=1,2,0,2""

Theorem 1: The interval cooperative game (N, v)
of agricultural product quality governance, where the
{1,2, -, n} and
is the structure matrix of the interval eigenfunctions
v(S), then the Shapley value of this interval cooperative
game matrix is:

number of participating subjects N =

(v) =[ME - .MF, ME — MF] ©6)

E=[E,E,, ~E ], F=[F, E, - FE] are the vector
matrices constructed according to Lemma 2, M and M
are the minimum and maximum values of each supply
chain alliance's gain interval, and A is a measure of the
contribution of subjects A, cvion-processing Biogisties aNd
C,.s to quality governance of agricultural products.
The subsequent distribution of earnings based on A

in the text primarily utilises Equation (6).

,i=12, mn

0,.
Y

Agricultural product quality governance interval
Shapley value gain distribution

The enterprises form a cooperative and win-win rela-
tionship and jointly promote the digital quality govern-
ance of agricultural products through consultation and
cooperation. From the calculation results of Table 2,
Table 3, and Table 4, the Shapley values of the benefit

distribution of the three enterprises, A production-processing
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Bl ygistics and C, participating in the supply chain of ag-
ricultural products, when they invest in the application
of different digitalisation technologies for quality gov-
ernance at the production-processing end, the logistics
end, and the sales end, respectively, are as follows:

The interval shapley value of A

production-processing 15°
¢(A)=1/3(a,, a,)®1/6 (d,-b,,d,~b,)®
®1/6 (e,—c,, e,—¢,)®1/3 (g,~f,, g&,—f,)
1/3 a,+1/6 (d,-b,)+1/6 (e,—c,)+1/3 (g,—f,),
N {1/3 a,+1/6 (d,~b,)+1/6 (e,—¢,)+1/3 0 (g, —fl)}

The interval shapley value of B, ; ;.. is:
¢(B)=1/3 (b,b,)®1/6 (d, —a,,d,—a,)®
@1/6 (f,—c,, f, —¢,)P1/3 (g, —e,,8,—¢€)
1/3b,+1/6 (d,—a,)+1/6 (f,—c,)+1/3 (g, —e,),
{1/3 b,+1/6 (d,—a,)+1/6 (f,—c,)+1/3 (gz—el),:l
is:

The interval shapley value of C,

ales
¢(C)=1/3(c,,c,)®1/6(e, —a,,e, —a,)®
@L1/6(f, -b,,f,—-b)D®1/3(g, -d,, g, —d,)=
1/3c, +1/6(e, —a,)+1/6(f, —b,)+1/3(g, —d,),
=[1/3c2 +1/6(e, —al)+1/6(f2—b1)+1/3(g2—d1)}

According to Theorem 1, the set of benefits of dif-
ferent coalitions consisting of Apmduction_pmessmg,
Biygisticss Coates Which are involved in the agricultural
supply chain for quality governance, is M, = [(a,, a,)
(b1, by) (¢, ¢;) (dy, dy) (e, &) (1, 1) (€1 &) (0, 0)]. The
minimum value of the quality governance benefit in-
terval under different coalitions is M = [a,, b}, ¢}, d;,
e f1» &> 0], and the maximum value is M= [ay by, Cy,
dy, €, f5 8 0].

When the participating subjects #n = 3 and the dis-
count factor A = 1, the vectors o, = [21 1 017

Y, =[2112]7, which gives that:

T T
21120000 00002112
E:§;21001200 ,F:§;00210012
120101020 102010102

According to the above equation, the income distri-
bution interval of the Shapley value of the cooperative
game in the agricultural product quality and safety
governance interval can be calculated, as shown below.

The minimum value interval for the distribution
of gains from agricultural product quality governance is:

368

https://doi.org/10.17221/311/2023-AGRICECON

21120000]
ym—xiﬁ=mpbpcpdpeuﬁ,&,m§;21001200
(20101020
00002112

1
1y by €11y €, f;, £, 0121002100 12 =

02010102
_2a1 +b +c +2d, -2e,- f, - g, i
6 )
| 2a,+b +e +2f -2c,-d, - g,
= . ,
2a,+c, +e +2g,-2b,—d, - f,
6

The maximum interval of the distribution of the ben-
efits of agricultural quality governance is:

r T
. 21120000
ME—)\MF=[az,bz,cz,drez,fz,gz,o]; 21001200 -
120101020
- T
. 00002112
Mphmvimvﬂgﬁﬂ5700210012 =
102010102
2a,+b,+c,+2d,-2e - f, - g,
6
B 2a,+b,+e,+2f, —2c,—d, - g,
6
2a,+c,+e,+2g,-2b —d, - f,
6

In summary, under the perspective of digital sup-
ply chain, the gain intervals obtained by three supply
chain participants, Aproduction-processing’ logistics’ Csales
in the governance of agricultural product quality
is shown in Table 6.

Depending on the value of A taken, the distribution
of benefits among the three subjects of the agricultural
supply chain is discussed.

Analysis of Shapley value — X change in agricultural
quality governance benefits

In the process of agricultural product quality man-
agement, the supply chain participating subjects
of production-processing integrated enterprises, logis-
tics enterprises and marketing enterprises have differ-
ent degrees of contribution to the quality management
of agricultural products, bear different risks, and there-
fore the distribution of benefits is also different.
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Table 6. The benefits of the participants

Supply chain participants

Minimum benefits

Maximum benefits

2a,+b +c +2d, -2e,- f, - g,

2a,+b,+c,+2d,-2e - f,— g

Aproduction»processing 6

B 2a,+b +e+2f —2c,-d,—g, 2a,+b,+e,+2f,-2¢,—d, — g,
logistics 6

c 2a,+c¢ +e +2g,-2b,-d, - f, 2a,+c,+e,+2g,-2b —d, — f,

sales

6

Source: Author's own processing

The interval Shapley values can be categorised into
two extreme cases when discount factors are considered:
When A = 1, Equation (2) degenerates into Equation
(1) to avoid evenly distributed interval Shapley values.
The process of calculating Shapley values for the three

subjects Aproduction—processing’ logistics’ Csales for A =1 can
be obtained:
[ 2a,+b,+c, +2d, —2e,— f,— g, |
6 )
ME_ME = 2a,+b +e +2f -2c,-d,— g,
—_— 6 ’
2a, +c,+e +2g, -2b,—d, - f,
i 6 J
[2a, +b, +c, +2d, —2¢, - f, - g, |
6 )
ME — AME — 2a,+b,+e,+2f,—-2¢c,—d, — g,

6
2a,+c,+e,+2g,-2b —d, - f,
6

When ) = 0, it is the case of average distribution ac-
cording to the total benefits of the cooperative union.

— 1
ME_AMF:[“17b1761’d1’61’f1’g1’0];
r T
20000000
20000000| =| &4 %N
3'3"3

20000000

— 1
ME_AMF:[az’bz’cz’dz’ez’fz’gz’o]g
i !
et
3°3°3

The three participating subjects of the supply chain,
in order to ensure the benefits of agricultural product
quality governance, continuously increase their own in-

(00002000
00200000
02000000

puts. As the discount factor increases, the Shapley value
of the participating subjects produces different degrees
of increase. This means that the contribution of partici-
pating subjects in the cooperative game also becomes
larger when considering future benefits. When the un-
certainties in the supply chain can be solved and the
return of the alliance is a definite value, the interval dis-
count Shapley value degrades to the classical discount
Shapley value.

Numerical analysis

This study takes Wuchang rice in China as the re-
search object. A Wuchang rice producer and processor
(Apmdmm_pmessmg) has 6 international rice production
lines, an annual rice processing capacity of 400 000
tons, and uses advanced intelligent three-dimension-
al silos to realise the information of grain input and
storage, inventory management, storage operations
and other businesses. In the process of rice planting,
the whole process of cultivated land management, in-
tegration of water and fertiliser, disease and pest con-
trol, agricultural planning and monitoring, and precise
crop cultivation are realised based on digital technol-
ogy. In the process of processing, rice husking, grind-
ing white, polishing colour selection, packaging as one
of the automatic production lines, to achieve intelli-
gent processing, automation. A Wuchang rice logis-
tics service enterprise (B,,,;.,) provides supply chain
services of an intelligent logistics backbone network,
avoiding problems such as cross-goods and switching
in commodity circulation links. A Wuchang rice sales
enterprise (C,,,) marketing network throughout the
country's more than 300 cities, online settled in a num-
ber of e-commerce platforms, the offline layout of na-
tional supermarkets, grain and oil stores and other
retail systems as well as chain catering systems, while
combining community marketing, private customised
and other new retail models, to create a combination
of the online and offline global marketing model.
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Table 7. Benefits of mutual alliance and cooperation among

subjects

S v(S) Min. Max.
(ABC} (6.45, 7.88) 6.45 7.88

{AB} (2.86,3.71) 2.86 3.71

(AC) (3.62, 4.78) 3.62 4.78

(BC} (3.47, 4.44) 3.47 4.44

(A} (1.07, 1.58) 1.07 1.58

(B} (0.92, 1.19) 0.92 1.19

() (1.95, 2.50) 1.95 2.50

(%] (0, 0) 0 0

Source: Author's own processing

Assume that in a certain period of time, the produc-
tion and processing integration enterprise (A, ,csion-pro-
cessing 10Gistics service enterprise B, ;. sales enterprise
C., s of the three main bodies of the independent opera-
tion of the gain are [1.07, 1.58], [0.92, 1.19], [1.95, 2.5],
respectively. The gains from mutual alliance and coop-
eration between the subjects are shown in Table 7.

As shown in Table 7, compared with the quality gov-
ernance of each participating subject in the agricultur-
al supply chain alone, the participation of each supply
chain subject in the quality governance cooperative al-
liance can increase the benefits, and the three subjects
jointly participate in the cooperative formation of ag-
ricultural products quality governance alliance brings
the greatest benefits.

Consider the impact of the discount factor on the
distribution of gains from agricultural product quality
governance of the three subjects. First, calculate the
interval Shapley value of each participant when the
discount factor A = 1.

From Table 8, it can be concluded that firm A

produc-
1 .
tion-processing S Share of the proceeds is:

0, () =§><(1.07,1.58)@%><(1.67,2.79)@%

><(1.12,2.83)(-B%>< (2.01,4.41) = (1.16,2.20)

Similarly, the firm Blogistics share of the revenue for
A = 1 can be calculated as ¢, (v) = (0.96, 1.96). C_,,,,
share of the proceeds is ¢ (v) = (1.83, 2.88).

Then the set of returns for the three firms
is M, = [(645, 7.88)(3.62, 4.78)(3.47, 4.44)(2.86, 3.71)
(1.96, 2.50)(1.07, 1.58)(0.92, 1.19)(0, 0)]. The set of re-
turn minima is M = (645, 3.62, 347, 2.86, 1.96, 1.07,
092, 0). The set of maximum values of returns
is M = (7.88, 4.78, 4.4, 3.71, 2.50, 1.58, 1.19, 0). According to
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¢(v) = (ME — \MF, ME - AMF).
Whenn=3,A=10a,=[2110]%,y,=[2110]"

T
21120000
E,=;|21001200],
120101020

T
) 00002112
szy 00210012
102010102

Therefore, ME — 1 x MF =[1.83,1.16,0.96]; ME — 1xMF
= [2.88, 2.20, 1.96]; ¢, (v) € [1.16, 2.20]; ¢ (v) € [0.96,
1.96]; ¢ (v) € [1.83, 2.88]. It can be concluded that when
the digital input coefficient A = 1, the revenue interval
obtained by A, .. ction-processing 18 [1.16, 2.20], the revenue
interval obtained by By, ;.. is [0.96, 1.96], and the rev-
enue interval obtained by C_ ;. is [1.83, 2.88].

When A = 0.8,

ales

T

120.80.81.280 0 0 0
E,=—{2080 0 081280 0
20 08 0 08 0 1280

T

1000 0 208 0.8 1.28
FK:§0020.800 0.8 1.28
102008008 0 128

Therefore, ME - 1xMF = [2.74, 141, 1.23],
ME — 1xMF = [3.92, 2.61, 2.42].

¢, (v) € [1.41, 2.61], ¢, (v) € [1.23, 2.42], ¢ (v) €
[2.74, 3.92]. It can be concluded that when the digital
input coefficient \ = 0.8, the revenue interval obtained
bY A, ouuction-processing 1S [141, 2.61], the revenue interval
obtained by Bl ogistics 18 [1.23, 2.42], and the revenue in-
terval obtained by C_,__is [2.74, 3.92].

sales
When \ = 0.6,

T

(206060720 0 0 0
EA=—{206 0 0 060720 0
190 06 0 06 0 0720

r T
0000 206 06 0.72
sz% 002060 0 0.6 072
102006006 0 0.72

Therefore, ME - 0.6 MFE = [2.54, 1.65, 1.53],
ME - 0.6 MF = [3.48, 2.62, 2.50]. ¢, (v) € [1.65, 2.62],
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¢p (v) € [1.53,2.50], ¢ (v) € [2.54, 3.48]. It can be con-
cluded that when the digital input coefficient A = 0.6,
the revenue interval obtained by A,,,u.crion processing
is [1.65, 2.62], the revenue interval obtained by B,
tics 18 [1.53, 2.50], and the revenue interval obtained
by C,,,,, is [3.54, 2.48].

When \ = 0.4,

r T
204040320 0 0 O
Ex=—[204 0 0 040320 O
120 04 0 04 0 0320

r T
000 0 204 04 0.32
EA=—|002040 0 0.4 0.32
102004004 0 0.32

Therefore, ME — 0.4 MF = [2.37,1.86,1.79], ME - 0.4 MF
=[3.13, 2.63, 2.57].

¢, (v) € [1.86, 2.63], ¢y (v) € [1.79, 2.57], ¢ (v) €
[2.37, 3.13]. It can be concluded that when the digi-
tal input coefficient A = 0.4, the revenue interval ob-
tained by Apmdumon_pmmsmg is , the revenue interval
obtained by By, is [1.79, 2.57], and the revenue
interval obtained by C_,,. is [2.37, 3.13].

When A = 0.2,

ales

T
202020080 0 0 0

1
E,=—[2020 0 020080 0
120 02 0 02 0 0080

T
000 0 20202 0.08

1
5:50020.20 0 0.2 0.08
102002002 0 0.08

Therefore, ME — 0.2 MF = [2.24, 2.02, 1.99],
ME - 0.2 MF = [2.84, 2.63, 2.61]. ¢, (v) € [2.02, 2.63],
¢ (v) € [1.99, 2.61], ¢ (v) € [2.24, 2.84].

It can be concluded that when the digital input
coefficient X = 0.2, the revenue interval obtained
by A, oiuction-processing 1S [2:02, 2.63], the revenue inter-
val obtained by Bl ogistics 1S [1.99, 2.61] and the revenue
interval obtained by C,,,,. is [2.24, 2.84].

When A = 0, the benefits of quality governance are
equally distributed across subjects.

Therefore, ME — 0 x MF = [2.15, 2.15, 2.15],
ME - 0 x MF = [2.63, 2.63, 2.63]. ¢, (v) € [2.15, 2.63],
¢ (v) € [2.15, 2.63], - (v) € [2.15,2.63].

It can be concluded that when the digital input coef-
ficient = 0, the revenue interval obtained by A4 ,,,,,,..
tion-processing is [2.15, 2.63], the revenue interval obtained
by Bjygissics 18 [2-15, 2.63], and the revenue interval ob-
tained by C_,,. is [2.15, 2.63].

Compare Table 9, Figure 5, Figure 6, and Figure 7 that
when A = 0.8, the revenue range divided by the three
enterprise subjects Aproduction-processing’ Blogistics and Csales
has the most obvious change. Among them, as increas-
es between [0, 1], the returns shared by A, .crion-pro-
cessing AN B show a decreasing change, while the
returns shared by C_ .. show a first increasing and then
decreasing change, and the maximum value is reached
when A =0.8.

The revenue distribution interval of A

production-pro-
B and C_,,. under different values of is

cessing’

logistics

duction-processin

—&— min.
—— max.

I
wn

Revenue of A,

o

0 02 04 06 08 1
\ (digital input coefficient)

Figure 5. Trend in earnings received by firm A

with A

processing

production-

Source: Author's own processing

Table 9. Revenue interval of A ., s,.crion-processing’ Blogistics 3 Csates a1d under different A values

Stage A=0 A=0.2 A=04 A=0.6 A=038 A=1

A production-processing [2.15, 2.63] [2.02, 2.63] [1.86, 2.63] [1.65, 2.62] [1.41, 2.61] [1.16, 2.20]
ogistis [2.15, 2.63] [1.99, 2.61] [1.79, 2.57] [1.53, 2.50] [1.23, 2.42] [0.96, 1.96]

Cotes [2.15, 2.63] [2.24, 2.84] [2.37,3.13] [2.54, 3.48] [2.74, 3.92] [1.83,2.88]

Source: Author's own processing
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33.30%

Different A values

obtained by taking the middle number to obtain the
histogram of income percentage. As can be seen from
Figure 5-8, under different values, the income shared
by the three subjects A, B, and C accounted for differ-
ent proportions of the whole. The closer the value of A
is to O, the closer the income distribution of the three
subjects is to the average distribution.

In the actual application, the coalition of agricultural
supply chain participants can choose the appropriate
value of A and the corresponding benefit distribution
scheme according to their respective factors such as re-
source input in agricultural quality management and
quality management effect.

DISCUSSION

Key findings

i) Digitalisation can effectively improve the
quality of agricultural products. Integrated pro-
duction and processing enterprises (A

production-pro-

cessing BOvern the quality of agricultural products
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‘production-processing’ ~ logistics
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saies
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from the source. As the planting and production
of agricultural products are affected by the natural
environment, seasons, pests and diseases, and other
uncertainties, the production and processing en-
terprises of agricultural products accordingly bear
greater risk factors. With the continuous investment
of enterprises in digitalisation, intelligent technolo-
gy has been applied to the production end of agri-
cultural products, promoting production to be more
scientific and standardised, and greatly avoiding the
impact of uncertain risk factors on the quality of ag-
ricultural products. Due to the characteristics
of agricultural products easy to rot, the process of lo-
gistics and transportation produce large, logistics
service enterprises (B in order to protect the
freshness of agricultural products in the transpor-
tation process, reduce the loss of rot into the cold
chain logistics transportation, intelligent monitoring
of the transport temperature, and greatly ensure that
agricultural products in the transportation process
of freshness issues. At the same time, in order to im-

logistics)
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prove transportation efficiency and reduce the waste
of resources, logistics service enterprises adopt digi-
tal technologies such as the Internet of Things and
big data to intelligently plan reasonable transporta-
tion routes, maximise the effectiveness of transpor-
tation vehicles, and reduce the transportation cost.
In order to satisfy consumers' demand for high-
quality agricultural products and avoid the phenom-
enon of 'lemon market' for high-quality agricultural
products, sales enterprises (C_,,,.) need to constantly
grasp the market demand and market changes and
adjust their marketing strategies.

ii) Differential digital input coefficient affects the
income distribution of quality governance.

Based on the cooperative game theory, considering
the quality and safety governance mechanism of agri-
cultural products from the perspective of digital supply
chain, and aiming at the quality and safety governance
behaviours of production-processing integrated enter-
prises, logistics enterprises and sales enterprises in ag-
ricultural product supply chain, the feature function
of interval cooperative game is represented by matrix
using the calculation method of matrix semi-tensor
product. The Shapley value income model of the main
range of the agricultural product supply chain was
constructed to analyse the income distribution scheme
of the quality and safety governance of each partici-
pant from the perspective of the digital supply chain.
It is found that under different digital input coefficients,
the benefits of each supply chain main body participat-
ing in agricultural product quality and safety gover-
nance are different, and the proportion of the whole
is also different. When A = 0.8, the revenue interval
divided by the three subjects changes most obviously.
When the value of A is closer to 0, the revenue distri-
bution of the three subjects is closer to the average dis-
tribution. Therefore, the multiple subjects should fully
consider the degree of digital technology investment,
which affects the benefit distribution, optimise the
benefit distribution plan, so that the income distrib-
uted by each subject is more fair and reasonable, and
achieve a virtuous cycle of agricultural product quality
and safety management and benefit distribution.

iii) The matrix half-tensor product method is used
to better measure the risk of each agent.

The matrix semi-tensor product can provide a clear
and simple method for calculating the relationship
between finite sets. For cooperative games, the ma-
trix semi-tensor product method can transform their
eigenfunctions into algebraic form and compute the
Shapley values by matrix operations. Compared with

previous methods, this matrix operation in algebraic
form greatly reduces the complexity of solving the
Shapley value. When A = 1 and A = 0, the interval Shap-
ley value with discount factor degenerates into two
extreme cases of avoiding the interval Shapley value
of equal distribution and equal distribution of the to-
tal cooperative alliance revenue, respectively. When
all uncertainties in the supply chain alliance are ac-
curately known and the supply chain alliance revenue
is deterministic, the interval discount Shapley value
degenerates to the classical discount Shapley value. The
Shapley value algorithm has been widely used in the
apportionment of cooperative revenue. However, there
are two problems with the method in practical appli-
cation: First, in the process of distributing the benefits
of the coalition, it is necessary to determine the ben-
efits of each subset when it forms a coalition. Second,
Shapley's algorithm takes into account the importance
of each participant to the total benefits of the coalition
and avoids an equal distribution of the benefits, but ig-
nores the fact that each participant 's position in the
coalition as well as the risks to be borne are different.
iv) Interval discount Shapley value is better for
simulating the actual income distribution scheme.
So the Shapley value algorithm does not consider the
full range. Artificial intelligence, big data, blockchain
and other digital intelligence technologies are gradu-
ally applied to the development of agricultural quality
and safety governance process, so that the real applica-
tion of the fussy alliance value of the cooperation game
problem is endless, interval discount Shapley value can
pay more attention to the actual supply chain of each
node of the enterprise's behaviour, such as agricul-
tural quality and safety of agricultural products, such
as technological inputs, agricultural products, quality
of the competitive advantage of agricultural products,
and other difficult to measure the value of a specif-
ic value. The Shapley value makes up for the fact that
the Shapley value ignores the behaviour of each node.
The Shapley value compensates for the fact that the
Shapley value ignores uncertain factors such as the size
of the investment of each participant in agricultural
quality and safety governance in the alliance, and the
degree of importance attached to the cooperation. Us-
ing the interval value to predict the contribution of the
node main enterprise to the governance benefit of ag-
ricultural product quality and safety helps promote the
formation of the supply chain ecosystem. In addition,
the discount factor, which determines the benefit dis-
tribution of any sub-coalition in the cooperative game,
makes the interval discount Shapley value closer to re-
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ality. In the actual application, the coalition of the agri-
cultural supply chain can choose the appropriate value
and the corresponding benefit distribution scheme ac-
cording to their respective resource inputs and quality
and safety management effects in the quality and safety
management of agricultural products.

Importance and limitations of the study

Through theoretical analysis and modelling, the ar-
ticle proposes a more reasonable and feasible benefit
distribution scheme of agricultural supply chain qual-
ity governance, which is of practical significance for
the operation practice of agricultural supply chain
subjects. Reasonable distribution of the benefits of ag-
ricultural product quality governance can motivate
each participating body of the agricultural supply
chain to jointly carry out quality governance. Through
the economic returns, they are prompted to be more
actively involved in the quality management of agri-
cultural products. At the same time, the reasonable
distribution of benefits can promote quality govern-
ance information sharing and cooperation among the
participating subjects, help to strengthen the coordi-
nation and communication between the various links
of the supply chain, and improve the effectiveness and
efficiency of agricultural quality governance. It helps
to enhance the competitiveness and sustainable de-
velopment of the whole industry. In addition, after
the quality of agricultural products is effectively regu-
lated and improved, it enhances consumers' trust and
satisfaction with agricultural products, and positive
feedback promotes the active participation of supply
chain actors. However, there are still some shortcom-
ings in the research. On the one hand, the application
of digital technologies such as big data, blockchain, and
cloud computing in the agricultural supply chain still
has certain deficiencies and barriers, and the fairness
of the distribution of benefits for supply chain mem-
bers is not guaranteed to a high degree. On the other
hand, the article selects the enterprises that have ap-
plied digital technology as the research object for ex-
ample research, and the model for the transformation
enterprises that have not yet carried out digital trans-
formation or are trying to apply digital technology
needs to be further verified, so as to make the conclu-
sion of the research more rigorous and more universal.

CONCLUSION

The article uses matrix semi-tensor product to trans-
form the interval cooperative game with discount fac-
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tor into matrix form, and through constructing the
Shapley value matrix of the interval cooperative game,
it calculates the distribution of benefits among the
three supply chain participants, namely, production,
processing and sales enterprises, logistics enterprises
and sales enterprises, in the process of agricultural
product quality management under the perspective
of digital supply chain. The results show that the Shap-
ley model of the interval cooperative game combined
with the semi-tensor product of the matrix makes the
weights of the influencing elements of the agricultural
supply chain quality management more scientific and
effective through certain constraints, and the calcula-
tion results are more in line with the actual state of the
cooperative game. In addition, by improving the effect
of digital quality management of agricultural products
in the supply chain as a whole, promoting the integra-
tion of scientific and technological innovation with
the agricultural industry, optimising and improving
the operating environment of agricultural enterprises
and the awareness of quality management of agricul-
tural products, the benefit of the quality management
cooperation of each supply chain subject is greater
than that of the individual subjects in the individual
quality management.

Based on the research results of the article, the
following countermeasures and suggestions are pro-
posed for the subjects involved in the distribution
of benefits of agricultural product quality and safety
governance under the perspective of the digital sup-
ply chain as well as the relevant government depart-
ments, so as to optimise the distribution of benefits
and make all subjects get fair and reasonable ben-
efits. In this way, we can promote the development
of agriculture to high quality, improve the quality
of agricultural products and economic returns.

i) Integration of digital technology to promote the
integration of the agricultural industry to achieve
profitability on multiple fronts.

The development of agricultural science and tech-
nology can improve the efficiency of agricultural pro-
duction, reduce production costs, and thus promote
the upgrading of the integration of the agricultural in-
dustry. For example, the integration of agriculture with
the Internet, finance, logistics and other industries can
realise the provision of e-commerce sales of agricul-
tural products, financial support, cold chain logistics
and other services, further enhancing the added value
of the agricultural industry. Collaboration and coop-
eration between different industries can promote the
sharing and optimisation of resources and improve
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production efficiency and quality. However, collabora-
tion and cooperation are not easy to realise due to con-
flicting interests and competition among industries.
Therefore, there is a need to strengthen communica-
tion and consultation and establish a good cooperation
mechanism. The government can introduce relevant
policies in the integration of agricultural industries,
providing financial support, tax incentives, land poli-
cies and other support to provide a favourable policy
environment for the integration of agricultural indus-
tries. The formulation and implementation of policies
need to take into account the actual situation of dif-
ferent regions and industries, as well as the interests
of various parties. At the same time, the implemen-
tation of policies needs to be strengthened in terms
of supervision and evaluation to ensure the effective-
ness and fairness of the policies.

ii) Building a science and technology platform for
intelligent data resource integration.

Integrate and share various agricultural data with
farmers, experts and policymakers through an agricul-
tural data cloud platform. Establish a data collection
and management system for agricultural product qual-
ity information to collect, record and manage data re-
lated to agricultural product quality through scientific
methods and tools. Utilise IoT technology to connect
data from farmland, warehousing, logistics and oth-
er links in real-time to form an intelligent data chain.
Through big data analysis, the correlations and patterns
in the data are mined to improve the prediction and
control of agricultural product quality. A data-sharing
mechanism is established in the technology platform
to allow different stakeholders, including farmers, en-
terprises, governments and consumers, to share data
on agricultural product quality. In this way, information
transparency can be increased, information asymmetry
can be reduced, and the participation and cooperation
efficiency of all parties can be improved.

iii) Clarify the main bodies responsible for quality
and safety governance and the differentiated inter-
ests among multiple main bodies.

Clarify the legal responsibilities and obligations of the
main parties responsible for quality and safety govern-
ance. Through legal constraints, promote all parties
to take responsibility and fulfil their obligations in the
governance of agricultural product quality and safety.
Establish a sound accountability mechanism to pursue
responsibility for responsible subjects involved in agricul-
tural product quality issues, including farmers, produc-
ers, processing enterprises, distribution enterprises, etc.,
to ensure that they assume the corresponding quality and

safety governance responsibilities. And through incen-
tive mechanisms to reward those producers, enterprises
and operators who proactively improve the quality of ag-
ricultural products. For example, preferential policies
such as quality certification, quality labelling, tax breaks
and exemptions, and financial support are given to en-
courage them to continue to maintain and improve their
quality level. In response to the differentiated demands
of different interest groups, establish a multi-participa-
tion mechanism, including the government, enterprises,
farmers, consumers and non-governmental organisa-
tions, to resolve conflicts of interest and safeguard the
balance of interests of all parties through communication,
consultation and cooperation. Promote transparency and
openness in quality and safety governance. Information
on the quality of agricultural products will be publicised
to the public, so that consumers can understand the
quality of products and enterprises and individuals will
be prompted to strengthen quality management.
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