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SUBSIDY AND PRICING STRATEGIES OF AN AGRI-FOOD SUPPLY CHAIN
CONSIDERING THE APPLICATION OF BIG DATA AND BLOCKCHAIN

Pan Liu*, Ziran Zhang and Fen-Yi Dong

Abstract. Based on the advantages of Big Data and blockchain in food traceability area and informa-
tion sharing area, it has attracted widespread attentions. However, it is not so popular in agricultural
field, a vital reason is the scarcity of effective incentives. Government incentive as an important in-
centive measure is thought to be useful. To study the subsidy rules in the new background, we chose
an agri-food supply chain with one producer and one retailer as research object and divided govern-
ment incentive into direct incentive and indirect incentive. Then, considering the changes of consumer
perceived safety on agri-food in the new environment, the demand function was revised. Furthermore,
we proposed and analyzed three subsidy models and their benefit functions considering the informa-
tion service inputs based on Big Data and blockchain (BBIS). Findings: (1) The subsidy models will
not change the variation tendency of prices and benefits with the BBIS optimization coefficient, the
BBIS investment costs from the producer and the retailer, the ascension of the unreliability coefficient
of quality safety and the agri-food quality level. (2) When the subsidy coefficients about direct and
indirect subsidies can meet a relationship, benefits of chain members in the indirect subsidy model are
higher than them in the direct subsidy model. Findings offer a theoretical guidance for government
departments to make and implement the subsidy strategies. In addition, for company, it can provide a
theoretical guidance on setting pricing strategies in the new technology background.
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1. Introduction

In China, following the enhancement of consumer living standard, their consumption demands are also chang-
ing. Fresh, green and safe agricultural products were becoming more and more popular [5, 25]. However, over
the past 10 years, a series of agricultural product quality and safety incidents deeply hurt consumers’ confi-
dence [26]. Especially in the period of COVID-19 prevention and control, food safety incidents from cold chain
occurred frequently in China. To enhance consumers’ confidence and purchase intention, information traceabil-
ity and supervision based on the product life cycle was thought to be critical [6, 16, 37]. In addition, about
94% of participants would buy products with transparent sourcing information [64]. Although, many technolo-
gies (Internet of Things, Radio Frequency Identification, Near Field Communication, etc.) had been used to
monitor and track food quality, traceability system based on these technologies was a centralized server-client
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mechanism [33, 45]. The data managers in the centralized server-client mechanism are also the supply chain
members, when they found these data are adverse, these data may be modified. So, the credibility of the tradi-
tional traceability service is not high. Therefore, for consumers and chain partners, gaining the full information
about the product life cycle and tracking the agri-food origins were very difficult [20,56]. Blockchain technology
as a shared database is thought to be useful in solving the trust issues, but its statistical analysis ability for
data is weak, and the storage and statistical analysis of data are the strengths of Big Data. Thus, integrating
Big Data technology into blockchain could greatly explore the data value and usage potential in blockchain [62].

The fusion usage of big data and blockchain was a management revolution and can improve enterprises’
competitive advantage [32]. In fact, many enterprises had implement their Big Data and blockchain plan when
they realized that its application could help reduce operation costs [58], for instance, Zhongnan Group and
HeiLongJiang Agriculture Company Limited worked together to build an agri-food traceability platform based
on Big Data and blockchain [51]. JD (the second largest online retailer in China) and Ali Cloud have launched
their traceability service and retail service based on blockchain and Big Data. In fact, in other countries, some
information technology providers (ripe.io, IBM, etc.), producers and retailers (Tyson food, Walmart, etc.) have
themselves traceability plans.

Although the fusion application of Big Data and blockchain has huge advantages, in the past days, it is not so
popular in agri-food supply chain area because of the contradiction between investment and income. Currently,
in China, with more and more frozen products were detected with COVID-19 Virus in their outer packaging
[9, 47], blockchain-based traceability has attracted the attention and concern of enterprises and governments
again. However, facing big inputs in these technology, companies need government incentives. In addition, for
traditional agricultural producers or retailers, the integrated R&D of blockchain and big data is very challenging.
Therefore, many enterprises choose to purchase information services based on big data and blockchain (hereafter,
BBIS) from specialized information technology companies. For government, implementing this incentive can also
help them better supervise product. In these conditions, chain members should think over and focus on the
following questions.

(1) How many subsidy models? Which one is the best?
(2) In different subsidy models, how to price can gain more benefits?

The core of these questions is to discuss subsidy and pricing strategies of an agir-food supply chain considering
the BBIS application.

Although, applications of Big Data and blochchain in agri-food supply chain had attracted many researchers’
attention, most of them focused on technical integration and breakthrough, conceptual definition and division,
etc. [45, 68]. Based on game theory and considering the changes of demand function and quality in the new
environment, discussing subsidy and pricing strategies of an agri-food supply chain is few.

Therefore, the goal of our study is to research subsidy and pricing rules of an agir-food supply chain considering
the changes of consumers’ perceived product quality safety and the demand equation in the new background.
To gain these rules, we focused on government incentive and divided it into direct subsidy and indirect subsidy
based on previous efforts [52]. In addition, the perceived safety about agri-food was adopted to reflect the effects
of traceability on agri-food safety in the new environment. Then, considering the changes of demand function
because of using BBIS, an agri-food supply chain with one prouder and one retailer was chosen as the research
object, and then three game models were built. For government departments, results can offer theory bracings
and help them make and implement the subsidy strategies.

There are two innovations: (1) the perceived safety of agri-food was adopted to reflect the effects of traceability
on agri-food safety in the new environment, based on this, we revised the demand function. (2) Dividing
government incentives into direct subsidy and indirect subsidy, then, building three benefit models considering
BBIS and quality R&D inputs.

This study is organized as follows. Section 1 explains the study background. Section 2 is literature review.
Section 3 introduces parameter and model descriptions. Section 4 presents subsidy and pricing strategies in



SUBSIDY AND PRICING STRATEGIES OF AN AGRI-FOOD SUPPLY CHAIN 1997

different subsidy models. Section 5 shows a numerical simulation. Section 6 is conclusions and significances.
Section 6.3 is limitations and future researches.

2. Literature review

Researches related to this paper can divided three aspects. The first is agri-food supply chain management,
and the second is the fusion applications of Blockchain and Big Data, and the third is subsidy strategies in
agri-food supply chain.

2.1. Agri-food supply chain management

The concepts of agri-food supply chain management are from supply chain management. In the 21st century,
if an enterprise wants to gain more competitive advantage, paying attention to the effective management of
supply chain may help them [31]. In recent years, regarding the discussions of supply chain management are
very rich in agricultural product area. For instance, Ali and Gölgeci [1] discussed the effects of consortia and
social capital on mitigating climate risks in an agri-food supply chain. Stranieri et al. [48] studied the impact of
blockchain technology on supply chain profits by through semi-structured interviews to collect data. Rajagopal
et al. [42] offered a new method to predict the retailing resilience based on grey theory and Markov models.
Pérez-Mesa et al. [40] put forward a strategic analysis framework of agri-food supply chain. Hu et al. [18]
introduced management strategies of an online green agri-food supply chain.

There are many researches about the agri-food supply chain management. These researches offered us a big
and wide perspective to study this question. However, efforts closely related to this research also have the fusion
applications of Blockchain and Big Data, and subsidy strategies in an agri-food supply chain. Therefore, in the
next section, we will analyze and discuss the relevant literatures.

2.2. Fusion applications of Blockchain and Big Data

In the past ten years, Big Data have attracted widespread attention from scientific and engineering areas
because of its huge potential values. However, Big Data have also many challenges needing to solve for better
service, and privacy and security are thought to be important issues. For instance, Big Data saving in Cloud
will achieve effective management, but facing the risk of being distorted, and the data integrity cannot be
guaranteed. These would damage the value of data [34, 44]. Blockchain as a sharing database has appeared as
an attractive approach for solving the privacy and security problem of big data. In fact, many researches have
also brief mentioned the fusion application of blockchain and big data [12, 35, 36]. Recently, Deepa et al. [13]
deeply introduced opportunities about blockchain for big data (e.g., improving data security and integrity, fraud
prevention, enhancing data sharing and quality, etc.). Based on blockchain technology, Li and Zhao [25] built a
new public auditing model to verify data integrity in Cloud.

Based on the aforementioned advantages, in supply chain management area, the fusion application of big
data and blockchain also caused widespread concern. For instance, Tian [53] analyzed the superiorities and
deficiencies of adopting big data and blockchain in building traceability system of an agri-food supply chain.
Rubio et al. [43] proposed a decentralized supply chain model in the fusion application environment of big
data and blockchain. Based on lightweight blockchain, Jangirala et al. [21] proposed an authentication system
for supply chain in the background of 5G mobile edge computing. In practice, Thomas Bocek used blockchain
to ensure the public availability and immutability of product temperature data in a drag supply chain [11].
IBM worked with Walmart to construct a platform based on blockchain, Cloud technology and big data. This
traceability platform could greatly shorten the agri-food traceability time and improve the transparency of
supply chain information [4]. A blockchain-based platform for supply chain management could help to collect
product information and share it credibly and securely [24]. Research showed that the fusion application of Big
Data and blockchain could help to enhance the sustainability of supply chain [66]. “Blockchain + Big Data”
can rely on its above advantages to solve many challenges faced by the supply chain [54]. Sundarakani et al.
[49] proposed big data-driven blockchain implementation measures in supply chain management. Unal et al.
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[57] proposed a practical method that integrates blockchain and FL-based big data analysis to provide privacy
protection and secure big data analysis services.

In the agri-food supply chain area, the related researches are not so rich, especially, from the aspect of
game theory, studies are rarely. In 2018, Rabah [41] introduced the application of big data and blockchain in
agriculture area. Facing the problems of data collection and analysis in the process of agri-food production
and currency, a new model was developed based on big data and blockchain [59]. Kamble et al. [23] thought
if decision makers wanted to build a data-driven green supply chain, Big Data and blockchain would help
them. However, the aforementioned efforts did not consider how to encourage chain members to use the new
technology. In the combination application of big data and blockchain, Liu [26] explored the investment and
coordination strategies considering the changes of agri-food freshness and greenness. Wu et al. [61] studied the
optimal decisions of supply chain members when the blockchain-based traceability was constructed in different
modes, and found that whether adopting blockchain technology was the optimal decision was related to factors
such as consumers’ acceptance of products without blockchain. Collart and Canales [10] discussed whether
blockchain can improve the operation of the fresh agricultural product supply chain and the limitations and
challenges of future development. However, they did not consider the changes of agri-food quality in the new
environment.

In summary, existing researches believe that the fusion application of blockchain and big data has great value
in enhancing the information value. The related tractability system can improve consumers’ perceived value
about product quality. However, studying the subsidy and pricing things is failing considering the changes of
agri-food quality in the new environment. Therefore, in this study, we will discuss this problem. Before that,
we should know government subsidy strategies in agriculture field.

2.3. Subsidy Strategies in agri-food supply chain

Although, about the effects of agricultural subsidies, there is controversy, many studies thought that appro-
priate subsidy policies could increase farmers’ incomes and added the agricultural yield [46, 67]. To encourage
grow crops, many countries had implemented agricultural subsidy policies. In China, over the past 40 years,
there was a dramatic shift in agricultural policy, which now involved a wide range of policy tools (including
output policy, input policy, public infrastructure, etc.) [30]. According to the objects of government subsidies, it
can be divided into the following two aspects [68]. Firstly, the government subsidizes the supply side of produce.
Secondly, the government subsidizes the demand side of agricultural products. From the view of supply chain
management, researches about government subsidy polices are relatively abundant. For instance, based on a
three-stage contract-farming supply chainf and considering chain members’ risk preference characteristics, Peng
and Pang [39] analyzed the optimal benefits strategies and the effects of the subsidy on chain partners’ profits.
Considering the budgetary constraints of subsidies, the environmental benefits of bioenergy usage, farmers’ risk
aversion and the output uncertainty of raw material, Ye et al. [63] studied the optimal government subsidy plan
for chain members. Zhang et al. [66] and Chen et al. [7] studied the impact of quantitative subsidies and emission
reduction innovation subsidies on agricultural pollution. Zhang et al. [66] thought that neither environmental
innovation subsidy nor production subsidy could solve the dilemma of increasing production and environmental
protection, and only a mixed subsidy scheme was the most effective. A survey from Wang et al. [60] indicated
that input subsidies (i.e., the direct grain subsidy, the machinery subsidy, etc.) could add the incomes of Chi-
nese farmers. In addition, there are many efforts focusing on subsidy rules of fresh-keeping effort. For instance,
Liu and Wang [27] constructed an evolutionary game model of logistics outsourcing considering fresh-keeping
subsidies, and analyzed the realization path that fresh companies and third-party logistics were willing to invest
in fresh-keeping effort. The subsidy about BBIS belongs to the input subsidy strategy. However, from a supply
chain perspective, discussing the subsidy policies about BBIS and pricing rules of an agri-food supply chain is
few.

Our research are closely related with government subsidies on agri-food traceability. In fact, using blockchain
technology was a promising method to encourage agri-food traceability system application and applying subsidy
strategy [16,55]. Meanwhile, to better monitor the quality and safety of products and realize the rapid traceability
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about the safety incident reasons, government subsidy for agri-food traceability system or application were
implemented in many countries [2, 3]. In China, although government subsidy for agri-food traceability system
could reduce firms’ extra costs, the company could not continue to receive government subsidies [8]. It received
government support in the initial stage of the traceability system establishment. However, a survey from China
indicated that 76% consumers did not know the traceability system [8]. Based on the incomplete information
game, Fu et al. [15] discussed the optimal subsidy polices about IoT investment and investment decision issues.
Hou et al. [17] investigated consumers’ preferences for traceable pork with different safety levels and found that
consumers were willing to pay extra to obtain traceability information, and the government should increase
subsidies for the construction of the traceability system. Hu et al. [18] researched dynamic strategy of food supply
chain partners considering government subsidy for green innovation and traceability technology. However, the
traditional traceability systems usually did not cover the entire supply chain, nor could they ensure the openness
and transparency of data [50], while “Blockchain + Big Data” could realize information sharing across the entire
chain. However, they did not analyzed the effects of blockchain and big data application on agri-food traceability.

In summary, based on the aforementioned analyses, we can find the following shortages: (1) government
subsidy for agri-food traceability can motivate participants to adopt traceability systems or services. However,
existing researches about the subsidy polices do not fully consider the effects of traceability system or service
(e.g., BBIS) on the quality and safety of agricultural products and operating costs. (2) Pricing rules considering
government subsidy strategies are not discussed in different subsidy models. Therefore, in this paper, we will
further enrich these studies.

3. Parameter and model descriptions

3.1. Parameter description

𝜇 is the retail price discount coefficient.
𝑝𝑖 indicates the retail price in different subsidy models, here, 𝑖 = {NI, WID, WII}. The NI model demonstrates

that agri-food chain members will invest in BBIS and government will not provide any subsidy policy. The WID
model indicates that agri-food chain members will invest in BBIS and government will provide direct subsidy
policy. The WII model shows that agri-food chain members will invest in BBIS and government will provide
indirect subsidy policy.

𝜆𝑖 is the unreliability coefficient of quality safety in different subsidy models.
𝑞 shows the product quality safety.
𝐶(𝑞) is the unit cost of product quality, here, 𝐶(𝑞) = 𝑧𝑞2

⧸︀
2, and 𝑧 > 0.

𝑤𝑖 expresses the wholesale price in different models.
𝑐𝑝 is the production cost of producer.
𝑐𝑟 is the sale cost of retailer.
𝜗 is the cost optimization coefficient because of using BBIS. According to the research Liu [26], the fusion

application of BBIS and firms’ internal information can help to optimize production and sale costs. Therefore,
we make 𝜗 as the cost optimization coefficient.

𝛾 is the undertaken cost coefficient of chain members and we can call it cost discount coefficient
𝑐𝑜𝑝 and 𝑐𝑜𝑟 expresses the BBIS costs from the producer and the retailer, respectively.

3.2. Model description

The demand forecasting based on Big Data and Blockchain will be more precise. In this paper, we assume that
the total demand in the market is 1. In addition, the market demand will be affected by the retail price and the
product quality. In the traditional environment, the market demand has a negative relationship with the retail
price and has a positive relationship with the product quality. However, in the fusion application environment
about Big Data and blockchain, the unreliability of quality information can be better to express the relationship
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between the market demand and the product quality. In fact, it is similar with previous researches [28,29]. Based
on the study of Liu [26], we get formula (3.1).

𝐷𝑖 = 1− 𝜇𝑥𝑝𝑖 − 𝜆𝑖𝑞. (3.1)

In this formula, 𝐷𝑖 indicates the market demand in different subsidy models. Here, 𝑖 = {NI, WID, WII}.
When 𝑖 = {NI, WID}, 𝑥 = 0, otherwise, 𝑥 = 1.

3.3. Assumptions

(a) The producer provides only an agri-food and sells these product monopoly. In addition, it has enough
production capacity. Chain members are risk neutral and completely rational.

(b) Target consumers are very concerned about the product quality. In other words, buyers are very like the
product with high quality and low price.

(c) To better meet the market demand and add the reliability of product quality, producer should know
the demand information timely, correctly and accurately, thus, the producer will adopt BBIS. To better
implement ordering decisions and add the reliability of product quality, the retailer should also grasp the
demand information, thus, the retailer will adopt BBIS.

4. Subsidy and pricing strategies in different subsidy models

4.1. NI model

Before discussing the subsidy rules and pricing policies of the proposed three subsidy models, we should
know the investment threshold value. Therefore, benefits of chain members in the no subsidy condition should
be explored, in this paper, we call it NN model.

In the NN model, agri-food chain members will not invest in BBIS. The producer as the decision leader will
set the agri-food wholesale price. Based on the wholesale price, the retailer will set the agri-food retail price.
Revenue functions of the retailer and the agri-food producer see formulas (4.1) and (4.2), respectively.

𝜋NN
𝑝 =

(︀
𝑤NN − 𝑐𝑝

)︀
𝐷NN (4.1)

𝜋NN
𝑟 =

(︀
𝑝NN − 𝑤NN − 𝑐𝑟

)︀
𝐷NN. (4.2)

Based on the backward induction method and formula (4.2), we get 𝑝NN(𝑤NN). Then we put 𝑝NN(𝑤NN) into
formula (4.1) and get the optimal wholesale price 𝑤NN*

. According to 𝑤NN*
, we get the optimal retail price

𝑝NN*
. Putting 𝑤NN*

and 𝑝NN*
into formulas (4.1) and (4.2), we get the optimal revenues of chain members and

Inference 4.1.

Inference 4.1. The optimal prices and revenues of chain members are expressed as (𝜋NN*

𝑝 , 𝜋NN*

𝑟 , 𝑤NN*
,

𝑝NN*
), here,

(︀
𝜋NN*

𝑝 , 𝜋NN*

𝑟 , 𝑤NN*
, 𝑝NN*)︀

= {(1− 𝜆NN𝑞 − 𝑐𝑟 − 𝑐𝑝)2
⧸︀
8 − 𝑧𝑞2

⧸︀
2,

(︀
1− 𝜆NN𝑞 − 𝑐𝑟 − 𝑐𝑝

)︀2⧸︀16,(︀
1 + 𝑐𝑝 − 𝑐𝑟 − 𝜆NN𝑞

)︀⧸︀
2,

(︀
3 + 𝑐𝑝 + 𝑐𝑟 − 3𝜆NN𝑞

)︀⧸︀
4}.

In the NI model, agri-food chain members will invest in BBIS, however, government will not provide any
subsidy policy to encourage chain member to adopt these new technologies. In this condition, the producer as
the decision leader will set the agri-food wholesale price. Based on this wholesale price, the retailer will set the
agri-food retail price. Revenue functions of the retailer and the agri-food producer see formulas (4.3) and (4.4),
respectively.

𝜋NI
𝑝 =

(︀
𝑤NI − 𝜗𝑐𝑝 − 𝑐𝑜𝑝

)︀
𝐷NI − 𝑧𝑞2

⧸︀
2 (4.3)

𝜋NI
𝑟 =

(︀
𝑝NI − 𝑤NI − 𝜗𝑐𝑟 − 𝑐𝑜𝑟

)︀
𝐷NI. (4.4)
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Based on the backward induction method and formula (4.4), we get 𝑝NI
(︀
𝑤NI

)︀
. Then we put 𝑝NI

(︀
𝑤NI

)︀
into

formula (4.3) and get the optimal wholesale price 𝑤NI* . According to 𝑤NI* , we get the optimal retail price
𝑝NI* . Putting 𝑤NI* and 𝑝NI* into formulas (4.3) and (4.4), we get the optimal revenues of chain members and
Inference 4.2.

Inference 4.2. The optimal prices and revenues of chain members are expressed as (𝜋NI*

𝑝 , 𝜋NI*

𝑟 ,

𝑤NI* , 𝑝NI*), here,
(︀
𝜋NI*

𝑝 , 𝜋NI*

𝑟 , 𝑤NI* , 𝑝NI*
)︀

=
{︀(︀

1− 𝜆NI𝑞 − 𝜗𝑐𝑟 − 𝜗𝑐𝑝 − 𝑐𝑜𝑟 − 𝑐𝑜𝑝

)︀2⧸︀8 − 𝑧𝑞2
⧸︀
2, (1 − 𝜆NI

𝑞 − 𝜗𝑐𝑟 − 𝜗𝑐𝑝 − 𝑐𝑜𝑟 − 𝑐𝑜𝑝)2
⧸︀
16,

(︀
1 + 𝜗𝑐𝑝 − 𝜗𝑐𝑟 − 𝜆NI𝑞 + 𝑐𝑜𝑝 − 𝑐𝑜𝑟

)︀⧸︀
2, (3 + 𝜗𝑐𝑝 + 𝜗𝑐𝑟 + 𝑐𝑜𝑝 + 𝑐𝑜𝑟 − 3𝜆NI𝑞)

⧸︀
4
}︀
.

Through comparing Inferences 4.1 and 4.2, we can get that if chain members want to gain more benefits after
using Big Data and blockchain, 𝜋NI*

𝑝 ≥ 𝜋NN*

𝑝 and 𝜋NI*

𝑟 ≥ 𝜋NN*

𝑟 should be satisfied. Namely, 𝜋NI*

𝑝 − 𝜋NN*

𝑝 ≥ 0
and 𝜋NI*

𝑟 − 𝜋NN*

𝑟 ≥ 0, based on these, we get formula (4.5).

𝑐𝑜𝑝 + 𝑐𝑜𝑟 ≤ (1− 𝜗)(𝑐𝑟 + 𝑐𝑝) +
(︀
𝜆NN − 𝜆NI

)︀
𝑞. (4.5)

It tells us that the investment costs about BBIS have a negative relationship with the industry cost optimiza-
tion coefficient 𝜗 and a positive relationship with the perceived safety failure rate 𝜆NN − 𝜆NI. In other words, if
chain members want to gain a big investment threshold about Big Data and blockchain, they should reduce the
industry cost optimization coefficient 𝜗 and the perceived safety failure rate 𝜆NI. An effective way is to excavate
the information value from Big Data and blockchain and produce agri-food needed by consumers.

4.2. WID model

In the WID model, agri-food chain members will invest in BBIS. Meanwhile, government will provide direct
subsidy policy to encourage the producer and the retailer to adopt these new technologies. In this paper,
we assume that after direct subsidy, the BBIS costs of the retailer and the producer change into 𝛾𝑐𝑜𝑟 and
𝛾𝑐𝑜𝑝, respectively. Here, 𝛾 is the undertaken cost coefficient of chain members and we can call it cost discount
coefficient, and the direct subsidy rate 𝛾′ = 1 − 𝛾. The producer as the decision leader will set the agri-food
wholesale price. Based on this wholesale price, the retailer will set the agri-food retail price. Revenue functions
of the retailer and the agri-food producer see formulas (4.6) and (4.7), respectively.

𝜋WID
𝑝 =

(︀
𝑤WID − 𝜗𝑐𝑝 − 𝛾𝑐𝑜𝑝

)︀
𝐷WID − 𝑧𝑞2

⧸︀
2 (4.6)

𝜋WID
𝑟 =

(︀
𝑝WID − 𝑤WID − 𝜗𝑐𝑟 − 𝛾𝑐𝑜𝑟

)︀
𝐷WID. (4.7)

Based on the backward induction method and formula (4.7), we get 𝑝WID
(︀
𝑤WID

)︀
. Then we put 𝑝WID

(︀
𝑤WID

)︀
into formula (4.6) and get the optimal wholesale price 𝑤WID*

. According to 𝑤WID*
, we get the optimal retail

price 𝑝WID*
. Putting 𝑤WID*

and 𝑝WID*
into formulas (4.6) and (4.7), we get the optimal revenues of chain

members and Inference 4.3.

Inference 4.3. The optimal prices and revenues of chain members are expressed as (𝜋WID*

𝑝 ,
𝜋WID*

𝑟 , 𝑤WID*
, 𝑝WID*

), here,
(︀
𝜋WID*

𝑝 , 𝜋WID*

𝑟 , 𝑤WID*
, 𝑝WID*)︀

= {(1− 𝜆WID𝑞 − 𝜗𝑐𝑟 − 𝜗𝑐𝑝 − 𝛾𝑐𝑜𝑟 − 𝛾𝑐𝑜𝑝)2
⧸︀
8 −

𝑧𝑞2
⧸︀
2,

(︀
1− 𝜆WID𝑞 − 𝜗𝑐𝑟 − 𝜗𝑐𝑝 − 𝛾𝑐𝑜𝑟 − 𝛾𝑐𝑜𝑝

)︀2⧸︀16,
(︀
1 + 𝜗𝑐𝑝 − 𝜗𝑐𝑟 − 𝜆WID𝑞 + 𝛾𝑐𝑜𝑝 − 𝛾𝑐𝑜𝑟

)︀⧸︀
2, (3+𝜗𝑐𝑝 + 𝜗𝑐𝑟 +

𝛾𝑐𝑜𝑝 + 𝛾𝑐𝑜𝑟 − 3𝜆WID𝑞) /4}.

Based on Inference 4.3, by finding the first partial derivative of dependent variable(︀
𝑤WID*

, 𝜕𝑝WID*
, 𝜋WID*

𝑟 and 𝜋WID*

𝑝

)︀
about independent variable

(︀
𝜗, 𝑐𝑜𝑟, 𝑐𝑜𝑝, 𝜆

WID, 𝑞, 𝜇
)︀
, we get Property 4.4.

Property 4.4.

1○ 𝜕𝜋WID
𝑟

𝜕𝜗
=

(𝑐𝑝 + 𝑐𝑟)𝑀
8

< 0;
𝜕𝜋WID

𝑝

𝜕𝜗
=

(𝑐𝑝 + 𝑐𝑟)𝑀
4

< 0;
𝜕𝑝WID

𝜕𝜗
=

𝑐𝑝 + 𝑐𝑟

4
> 0;

𝜕𝑤WID

𝜕𝜗
=

𝑐𝑝 − 𝑐𝑟

2
;
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2○ 𝜕𝜋WID
𝑟

𝜕𝑐𝑜𝑟
=

𝛾𝑀

8
< 0;

𝜕𝜋WID
𝑝

𝜕𝑐𝑜𝑟
=

𝛾𝑀

4
< 0;

𝜕𝑝WID

𝜕𝑐𝑜𝑟
=

𝛾

4
> 0;

𝜕𝑤WID

𝜕𝑐𝑜𝑟
= −𝛾

2
< 0;

3○ 𝜕𝜋WID
𝑟

𝜕𝑐𝑜𝑝
=

𝛾𝑀

4
< 0;

𝜕𝜋WID
𝑝

𝜕𝑐𝑜𝑝
=

𝛾𝑀

4
< 0;

𝜕𝑝WID

𝜕𝑐𝑜𝑝
=

𝛾

4
> 0;

𝜕𝑤WID

𝜕𝑐𝑜𝑝
=

𝛾

2
> 0;

4○ 𝜕𝜋WID
𝑟

𝜕𝜆WID
=

𝑞𝑀

8
< 0;

𝜕𝜋WID
𝑝

𝜕𝜆WID
=

𝑞𝑀

4
< 0;

𝜕𝑝WID

𝜕𝜆WID
= −3𝑞

4
< 0;

𝜕𝑤WID

𝜕𝜆WID
= −𝑞

2
< 0;

5○ 𝜕𝜋WID
𝑟

𝜕𝑞
=

𝜆WID𝑀

8
< 0;

𝜕𝜋WID
𝑝

𝜕𝑞
=

𝜆WID𝑀

4
< 0;

𝜕𝑝WID

𝜕𝑞
= −3𝜆WID

4
< 0;

𝜕𝑤WID

𝜕𝑞
= −𝜆WID

2
< 0;

6○ 𝜕𝜋WID
𝑟

𝜕𝛾
=

(𝑐𝑜𝑝 + 𝑐𝑜𝑟)𝑀
8

< 0;
𝜕𝜋WID

𝑝

𝜕𝛾
=

(𝑐𝑜𝑝 + 𝑐𝑜𝑟)𝑀
4

< 0;
𝜕𝑝WID

𝜕𝛾
=

𝑐𝑜𝑝 + 𝑐𝑜𝑟

4
> 0;

𝜕𝑤WID

𝜕𝛾
=

𝑐𝑜𝑝 − 𝑐𝑜𝑟

2
·

Here, 𝑀 = 𝜗𝑐𝑝 + 𝜗𝑐𝑟 + 𝜆WID𝑞 + 𝛾𝑐𝑜𝑝 + 𝛾𝑐𝑜𝑟 − 1 < 0.

According to 1○ in Property 4.4, we can get that with the ascension of BBIS optimization coefficient, the
optimal retail price will add, and the diversification trend of the optimal wholesale price is related to the value
of 𝑐𝑝 − 𝑐𝑟. Namely, when 𝑐𝑝 > 𝑐𝑟, with the ascension of BBIS optimization coefficient, the optimal wholesale
price will increase, conversely, it will reduce. However, following the growth of BBIS optimization coefficient 𝜗,
benefits of agri-food the producer and the retailer will decrease. Perhaps it is because the retail price growth
will reduce the market demand, and then the optimal revenues of chain members will go down. Meanwhile,
about the change of BBIS optimization coefficient 𝜗, the producer’s benefit is more sensitive than the retailer’s
revenue.

According to 2○ and 3○ in Property 4.4, we can get that with the ascension of BBIS investment costs from the
producer and the retailer, the optimal retail price will add, benefits of agri-food the producer and the retailer
will decrease. Perhaps it is because the retail price growth will reduce the market demand, and then the optimal
revenues of chain members will go down. Meanwhile, about the changes of BBIS investment costs from the
producer and the retailer, the producer’s benefit is more sensitive than the retailer’s revenue. However, with
the ascension of BBIS investment costs from the producer and the retailer, the optimal wholesale price will add
and reduce, respectively.

According to 4○ and 5○ in Property 4.4, we can get that with the ascension of the unreliability coefficient of
quality safety and the agri-food quality, the optimal retail price and the optimal wholesale price will reduce, and
benefits of agri-food the producer and the retailer will decrease. Perhaps it is because the retail price growth
will reduce the market demand, and then the optimal revenues of chain members will go down. Meanwhile,
about the changes of BBIS investment costs from the producer and the retailer, the producer’s benefit is more
sensitive than the retailer’s revenue. These tell us that chain members should try their best to extract the value
from BBIS and reduce the unreliability coefficient of quality safety to gain more revenues.

According to 6○ in Property 4.4, we can get that with the undertaken cost coefficient of chain members, the
optimal retail price will add, and the diversification trend of the optimal wholesale price is related to the value
of 𝑐𝑝 − 𝑐𝑟. Namely, when 𝑐𝑝 > 𝑐𝑟, with the ascension of the undertaken cost coefficient of chain members, the
optimal wholesale price will increase, conversely, it will reduce. However, following the growth of the undertaken
cost coefficient of chain members, benefits of agri-food the producer and the retailer will decrease. Perhaps it is
because the retail price growth will reduce the market demand, and then the optimal revenues of chain members
will go down. Meanwhile, about the change of the undertaken cost coefficient of chain members, the producer’s
benefit is more sensitive than the retailer’s revenue. These tell us that government subsidy strategy will help
reduce the retail price and gain more benefits.

4.3. WII model

In the WII model, agri-food chain members will invest in BBIS. Meanwhile, government will provide indirect
subsidy policy to encourage the producer and the retailer to adopt these new technologies. In the indirect
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subsidy strategy, the subsidy model of government is retail price subsidy. In this paper, we assume that after
indirect subsidy, the retail price changes into 𝜇𝑝. Here, 𝜇 is the retail price discount coefficient, and the indirect
subsidy rate 𝜇′ = 1 − 𝜇. The producer as the decision leader will set the agri-food wholesale price. Based on
this wholesale price, the retailer will set the agri-food retail price. Revenue functions of the retailer and the
agri-food producer see formulas (4.8) and (4.9), respectively.

𝜋WII
𝑝 =

(︀
𝑤WII − 𝜗𝑐𝑝 − 𝑐𝑜𝑝

)︀(︀
1− 𝜇𝑝WII − 𝜆WII𝑞

)︀
− 𝑧𝑞2

⧸︀
2 (4.8)

𝜋WII
𝑟 =

(︀
𝑝WII − 𝑤WII − 𝜗𝑐𝑟 − 𝑐𝑜𝑟

)︀(︀
1− 𝜇𝑝WII − 𝜆WII𝑞

)︀
. (4.9)

Based on the backward induction method and formula (4.9), we get 𝑝WII
(︀
𝑤WII

)︀
. Then we put 𝑝WII

(︀
𝑤WII

)︀
into formula (4.8) and get the optimal wholesale price 𝑤WII* . According to 𝑤WII* , we get the optimal retail price
𝑝WII* . Putting 𝑤WII* and 𝑝WII* into formulas (4.8) and (4.9), we get the optimal revenues of chain members
and Inference 4.5.

Inference 4.5. The optimal prices and revenues of chain members are expressed as (𝜋WII*

𝑝 , 𝜋WII*

𝑟 ,

𝑤WII* , 𝑝WII*), here,
(︀
𝜋WII*

𝑝 , 𝜋WII*

𝑟 , 𝑤WII* , 𝑝WII*
)︀

=
{︁

[1 − 𝜆WII𝑞 − 𝜇(𝜗𝑐𝑟 + 𝜗𝑐𝑝 + 𝑐𝑜𝑟 +

𝑐𝑜𝑝)]2
⧸︀
8𝜇 − 𝑧𝑔2

⧸︀
2,

[︀
1− 𝜆WII𝑞 − 𝜇(𝜗𝑐𝑟 + 𝜗𝑐𝑝 + 𝑐𝑜𝑟 + 𝑐𝑜𝑝)

]︀2⧸︀16𝜇,
[︀
1 + 𝜇(𝜗𝑐𝑝 − 𝜗𝑐𝑟 + 𝑐𝑜𝑝 − 𝑐𝑜𝑟)− 𝜆WII𝑞

]︀⧸︀
2𝜇,[︀

3 + 𝜇(𝜗𝑐𝑝 + 𝜗𝑐𝑟 + 𝑐𝑜𝑝 + 𝑐𝑜𝑟)− 3𝜆WII𝑞
]︀⧸︀

4𝜇
}︁

.

Based on Inference 4.5, by finding the first partial derivative of dependent variable(︀
𝑤WII* , 𝜕𝑝WII* , 𝜋WII*

𝑟 and 𝜋WII*

𝑝

)︀
about independent variable

(︀
𝜗, 𝑐𝑜𝑟, 𝑐𝑜𝑝, 𝜆

WII, 𝑞, 𝜇
)︀
, we can Property 4.6.

Property 4.6.

1○ 𝜕𝑤WII*

𝜕𝜗
=

𝑐𝑝 − 𝑐𝑟

2𝜇
;
𝜕𝑝WII*

𝜕𝜗
=

𝑐𝑝 + 𝑐𝑟

4𝜇
> 0;

𝜕𝜋WII*

𝑝

𝜕𝜗
= − (𝑐𝑝 + 𝑐𝑟)𝐵

4
< 0;

𝜕𝜋WII*

𝑟

𝜕𝜗
= − (𝑐𝑝 + 𝑐𝑟)𝐵

8
< 0;

2○ 𝜕𝑤WII*

𝜕𝑐𝑜𝑟
= −1

2
< 0;

𝜕𝑝WII*

𝜕𝑐𝑜𝑟
=

1
4

> 0;
𝜕𝜋WII*

𝑝

𝜕𝑐𝑜𝑟
= −𝐵

4
< 0;

𝜕𝜋WII*

𝑟

𝜕𝑐𝑜𝑟
= −𝐵

8
< 0;

3○ 𝜕𝑤WII*

𝜕𝑐𝑜𝑝
=

1
2

> 0;
𝜕𝑝WII*

𝜕𝑐𝑜𝑝
=

1
4

> 0;
𝜕𝜋WII*

𝑝

𝜕𝑐𝑜𝑝
= −𝐵

4
< 0;

𝜕𝜋WII*

𝑟

𝜕𝑐𝑜𝑝
= −𝐵

8
< 0;

4○ 𝜕𝑤WII*

𝜕𝜆WII
= − 𝑞

2𝜇
< 0;

𝜕𝑝WII*

𝜕𝜆WII
= − 3𝑞

4𝜇
< 0;

𝜕𝜋WII*

𝑝

𝜕𝜆WII
= −𝑞𝐵

4
< 0;

𝜕𝜋WII*

𝑟

𝜕𝜆WII
= −𝑞𝐵

8
< 0;

5○ 𝜕𝑤WII*

𝜕𝑞
= −𝜆WII

2𝜇
< 0;

𝜕𝑝WII*

𝜕𝑞
= −3𝜆WII

4𝜇
< 0;

𝜕𝜋WII*

𝑝

𝜕𝑞
=
−𝜆WII𝐵 − 4𝑔𝑧

4𝜇
< 0;

𝜕𝜋WII*

𝑟

𝜕𝑞
= −𝜆WII𝐵

8𝜇
< 0;

6○ 𝜕𝑤WII*

𝜕𝜇
=

𝜆WII𝑔 − 1
2𝜇2

< 0;
𝜕𝑝WII*

𝜕𝜇
= −3(1− 𝜆WII𝑔)

4𝜇2
< 0;

𝜕𝜋WII*

𝑝

𝜕𝜇
= 𝐴 < 0;

𝜕𝜋WII*

𝑟

𝜕𝜇
=

𝐴

2
< 0.

Here, 𝐵 = 1 − 𝜆WII𝑞 − 𝜇(𝑐𝑜𝑝 + 𝑐𝑜𝑟 + 𝜗𝑐𝑝 + 𝜗𝑐𝑟) and 𝐴 = [1−𝜆WII𝑞+
√

𝜇(𝑐𝑜𝑝+𝑐𝑜𝑟+𝜗𝑐𝑝+𝜗𝑐𝑟)]
8𝜇 ×

[√𝜇(𝑐𝑜𝑝+𝑐𝑜𝑟+𝜗𝑐𝑝+𝜗𝑐𝑟)−1+𝜆WII𝑞]
8 .

According to 1○ in Properties 4.4 and 4.6, we can get that in the models of WII and WID, with the ascension of
the BBIS optimization coefficient, the change trends about the optimal prices and revenues do not alter. Namely,
following the growth of BBIS optimization coefficient 𝜗, benefits of agri-food the producer and the retailer will
decrease, and the optimal retail price will add, and the diversification trend of the optimal wholesale price is
related to the value of 𝑐𝑝 − 𝑐𝑟. These tell us that the subsidy models will not change the variation tendency of
prices and benefits with the BBIS optimization coefficient.
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According to 2○ and 3○ in Properties 4.4 and 4.6, we can get that in the models of WII and WID, with
the ascension of the BBIS investment costs from the producer and the retailer, the change trends about the
optimal prices and revenues do not alter. Namely, following the growth of the BBIS investment costs from the
producer and the retailer, the optimal retail price will add, benefits of agri-food the producer and the retailer
will decrease. Meanwhile, about the changes of BBIS investment costs from the producer and the retailer, the
producer’s benefit is more sensitive than the retailer’s revenue. These tell us that the subsidy models will not
change the variation tendency of prices and benefits with the BBIS investment costs from the producer and the
retailer.

According to 4○ and 5○ in Properties 4.4 and 4.6, we can get that in the models of WII and WID, with the
ascension of the unreliability coefficient of quality safety and the agri-food quality, the change trends about the
optimal prices and revenues do not alter. In other words, the optimal retail price and the optimal wholesale
price will reduce, and benefits of agri-food the producer and the retailer will decrease. Meanwhile, about the
changes of BBIS investment costs from the producer and the retailer, the producer’s benefit is more sensitive
than the retailer’s revenue. These tell us that the subsidy models will not change the variation tendency of
prices and benefits with the ascension of the unreliability coefficient of quality safety and the agri-food quality.

According to 6○ in Property 4.6, we can get that with the retail price discount coefficient, the optimal retail
price and the optimal wholesale price will go down, however, benefits will also decrease. These tell us that
government indirect subsidy strategy will help reduce the retail price.

4.4. Subsidy strategy analyses

Implementing the subsidy strategy about BBIS will encourage the producer and the retailer research and
adopt blockchain and Big Data technologies. Therefore, after implementing the subsidy strategy, benefits of
chain members should be higher than it before implementing the subsidy strategy. Namely, in the direct subsidy
condition, 𝜋WID*

𝑝 ≥ 𝜋NI*

𝑝 and 𝜋WID*

𝑟 ≥ 𝜋NI*

𝑟 . Meanwhile, 𝜋NI*

𝑝 ≥ 𝜋NN*

𝑝 and 𝜋NI*

𝑟 ≥ 𝜋NN*

𝑟 should also be met,
namely, without subsidy strategy, benefits of chain members in the NI model should be higher than it in the
NN model. Therefore, we get if chain members want to adopt BBIS, its investment costs 𝑐𝑜𝑝 + 𝑐𝑜𝑟 should be
lower than (1− 𝜗)(𝑐𝑝 + 𝑐𝑟) + 𝑞(𝜆NN − 𝜆NI). Namely,

𝑐𝑜𝑝 + 𝑐𝑜𝑟 ≤ (1− 𝜗)(𝑐𝑝 + 𝑐𝑟) + 𝑞
(︀
𝜆NN − 𝜆NI

)︀
. (4.10)

Based on formula (4.10), we can get Inference 4.7.

Inference 4.7. When 𝑐𝑜𝑝 + 𝑐𝑜𝑟 ≤ (1 − 𝜗)(𝑐𝑝 + 𝑐𝑟) + 𝑞
(︀
𝜆NN − 𝜆NI

)︀
and 0 < 𝛾 ≤ 1, implementing the direct

subsidy strategy will help chain members gain more benefits. In addition, when 𝑐𝑜𝑝 + 𝑐𝑜𝑟 ≤ (1− 𝜗)(𝑐𝑝 + 𝑐𝑟) +
𝑞
(︀
𝜆NN − 𝜆NI

)︀
, implementing the indirect subsidy strategy will help chain members gain more benefits.

Proof. In the direct subsidy condition, 𝜋WID*

𝑝 ≥ 𝜋NI*

𝑝 and 𝜋WID*

𝑟 ≥ 𝜋NI*

𝑟 should be met. Then, we

get
(︀
1− 𝜆WID𝑞 − 𝜗𝑐𝑟 − 𝜗𝑐𝑝 − 𝛾𝑐𝑜𝑟 − 𝛾𝑐𝑜𝑝

)︀2⧸︀8 − 𝑧𝑞2
⧸︀
2 ≥

(︀
1− 𝜆NI𝑞 − 𝜗𝑐𝑟 − 𝜗𝑐𝑝 − 𝑐𝑜𝑟 − 𝑐𝑜𝑝

)︀2⧸︀8 − 𝑧𝑞2
⧸︀
2 and(︀

1− 𝜆WID𝑞 − 𝜗𝑐𝑟 − 𝜗𝑐𝑝 − 𝛾𝑐𝑜𝑟 − 𝛾𝑐𝑜𝑝

)︀2⧸︀16 ≥
(︀
1− 𝜆NI𝑞 − 𝜗𝑐𝑟 − 𝜗𝑐𝑝 − 𝑐𝑜𝑟 − 𝑐𝑜𝑝

)︀2⧸︀16. We get 0 < 𝛾 ≤ 1
because of the hypothesis in Section 3 (namely, 𝜆NI = 𝜆WID), and it indicates that in the WID model, chain
members will gain more benefits than them in the WII model.

In indirect and direct subsidy conditions, 𝜋WII*

𝑝 ≥ 𝜋NI*

𝑝 , 𝜋WII*

𝑟 ≥ 𝜋NI*

𝑟 , 𝜋WID*

𝑝 ≥ 𝜋NI*

𝑝

and 𝜋WID*

𝑟 ≥ 𝜋NI*

𝑟 should be met. Then, we get
[︀
1− 𝜆WII𝑞 − 𝜇(𝜗𝑐𝑟 + 𝜗𝑐𝑝 + 𝑐𝑜𝑟 + 𝑐𝑜𝑝)

]︀2⧸︀8𝜇 −
𝑧𝑞2

⧸︀
2 ≥ (1− 𝜆NI𝑞 − 𝜗𝑐𝑟 − 𝜗𝑐𝑝 − 𝑐𝑜𝑟 − 𝑐𝑜𝑝)2

⧸︀
8 − 𝑧𝑞2

⧸︀
2 and

[︀
1− 𝜆WII𝑞 − 𝜇(𝜗𝑐𝑟 + 𝜗𝑐𝑝 + 𝑐𝑜𝑟 + 𝑐𝑜𝑝)

]︀2⧸︀16𝜇 ≥
(1− 𝜆NI𝑞 − 𝜗𝑐𝑟 − 𝜗𝑐𝑝 − 𝑐𝑜𝑟 − 𝑐𝑜𝑝)2

⧸︀
16. Due to the hypothesis in Section 3 (namely, 𝜆NI = 𝜆WII), we get

𝜋WII*

𝑝 > 𝜋NI*

𝑝 and 𝜋WII*

𝑟 > 𝜋NI*

𝑟 . Based on formula (4.9), Inference 4.7 was confirmed. �

According to Inference 4.7, we can get that the sum of the BBIS costs from the producer and the retailer has
a negative relationship with the cost optimization coefficient because of using BBIS, and it also has an positive
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relationship with the unreliability coefficient of quality safety in the NN model and has an negative relationship
with the unreliability coefficient of quality safety in the NI model. Namely, if chain members want to obtain
more benefits after using the BBIS, they should try their best to discovery and apply the BBIS value, and then
reduce the cost optimization coefficient because of using BBIS 𝜗. In addition, they can make every effort to
promote the reliability coefficient of quality safety after using the BBIS 𝜆.

However, for the government, how to choose the subsidy models is also an important issue. Through comparing
the revenues of chain members in the models of WID and WII, we get Inference 4.8.

Inference 4.8. When 𝛾 ≤ (
√

𝜇−1)(1−𝜆WID𝑞)+(𝜇+
√

𝜇)(𝜗𝑐𝑟+𝜗𝑐𝑝)+𝜇(𝑐𝑜𝑝+𝑐𝑜𝑟)√
𝜇(𝑐𝑜𝑝+𝑐𝑜𝑟) , benefits of chain members in the indi-

rect subsidy models are higher than them in the direct subsidy model. Otherwise, implementing the direct
subsidy strategy will be better for chain members.

Proof. To gain the optimal subsidy strategy, we should compare the revenues of chain members in the
models of WID and WII. If 𝜋WII*

𝑝 ≥ 𝜋WID*

𝑝 and 𝜋WII*

𝑟 ≥ 𝜋WID*

𝑟 , namely, benefits of chain mem-
bers in the indirect subsidy models are higher than them in the direct subsidy model. Therefore,(︀
1− 𝜆WII𝑞 − 𝜇𝜗𝑐𝑟 − 𝜇𝜗𝑐𝑝 − 𝜇𝑐𝑜𝑟 − 𝜇𝑐𝑜𝑝

)︀2⧸︀8𝜇 − 𝑧𝑞2
⧸︀
2 ≥

(︀
1− 𝜆WID𝑞 − 𝜗𝑐𝑟 − 𝜗𝑐𝑝 − 𝛾𝑐𝑜𝑟 − 𝛾𝑐𝑜𝑝

)︀2⧸︀8 − 𝑧𝑞2
⧸︀
2

and
(︀
1− 𝜆WII𝑞 − 𝜇𝜗𝑐𝑟 − 𝜇𝜗𝑐𝑝 − 𝜇𝑐𝑜𝑟 − 𝜇𝑐𝑜𝑝

)︀2⧸︀16𝜇 ≥
(︀
1− 𝜆WID𝑞 − 𝜗𝑐𝑟 − 𝜗𝑐𝑝 − 𝛾𝑐𝑜𝑟 − 𝛾𝑐𝑜𝑝

)︀2⧸︀16. Then, we

get 𝛾 ≤ (√𝜇−1)(1−𝜆WID𝑞)+(𝜇+
√

𝜇)(𝜗𝑐𝑟+𝜗𝑐𝑝)+𝜇(𝑐𝑜𝑝+𝑐𝑜𝑟)
√

𝜇(𝑐𝑜𝑝+𝑐𝑜𝑟) . Thus, Inference 4.8 was confirmed. �

According to Inference 4.8, we can discovery that the undertaken cost coefficient of chain members has a
negative relationship with the unreliability coefficient of quality safety, and has a positive relationship with t he
cost optimization coefficient because of using BBIS 𝜗. That is to say, the subsidy coefficient of government has
a negative relationship with the reliability coefficient of quality safety after using BBIS 𝜆, and has a negative
relationship with the cost optimization coefficient because of using BBIS. Therefore, for government, if the
perceived reliability of consumers on quality safety can be improved, he/she can set a low subsidy coefficient.
In addition, if the cost optimization coefficient because of using BBIS is higher, the government can set a low
subsidy coefficient. Thus, for governments, they should encourage chain members to try their best to discovery
and apply the BBIS value, and then reduce the cost optimization coefficient because of using BBIS and the
unreliability coefficient of quality safety.

5. Mathematical simulation

Based on the advantages in food traceability area and demand forecasting area, the fusion application of Big
Data and blockchain has attracted widespread attentions. Many information service providers have launched
information service business based on Big Data and blockchain. However, it is not so popular in agricultural field.
A vital reason is the lack of effective incentives. Therefore, in this paper, we focused on government incentives
and divided it into direct incentives and indirect incentives. In addition, the perceived safety of agri-food was
adopted to reflect the effects of traceability on agri-food safety in the new environment. Then, considering the
changes of demand function because of using Big Data and blockchain, we chose an agri-food supply chain with
one prouder and one retailer as research object and built three game models. Finally, we gain some meaningful
inferences and properties.

To verify the proposed inferences and properties, we adopt Matlab to implement a numerical case study.
According to the market demand should be bigger than zero and formulas (4.5) and (4.10), we set 𝑞 = 0.5,
𝑐𝑟 = 0.15, 𝑐𝑝 = 0.1, 𝑐𝑜𝑝 = 0.05, 𝑐𝑜𝑟 = 0.06, 𝑢 = 0.8, 𝑧 = 0.1, 𝜆𝑖 = 0.8 and 𝜗 = 0.65. Based on the proposed
inferences, we get the following figures (i.e., from Figs. 1 to 4). From Figure 1, we can get the change trends
of the optimal prices following the variation of 𝜗, 𝑐𝑜𝑟, 𝑐𝑜𝑝 and 𝜆𝑖. In the NN model, the variations of 𝜗, 𝑐𝑜𝑟

and 𝑐𝑜𝑝 will not affect the change tendencies of the optimal prices. However, in the models of NI, WID and
WII, the retail price has a positive relationship with the BBIS optimization coefficient and the BBIS investment
costs from the producer and the retailer, and it also has a negative relationship with the unreliability coefficient
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Figure 1. Change trend of prices with the variation of 𝜗, 𝑐𝑜𝑟, 𝑐𝑜𝑝 and 𝜆𝑖.

of quality safety. In the models of NI, WID and WII, the wholesale price has a negative relationship with
the BBIS optimization coefficient, the BBIS investment costs from the retailer and the unreliability coefficient
of quality safety. These tell us that the retailer adopted BBIS will help her/him get a low wholesale price.
This perhaps that using the BBIS can help improving the unreliability coefficient of quality safety, and then
promote the sales volume. The growth of the sales volume will help the retailer get a low wholesale price.
Moreover, the wholesale price has a negative relationship with the BBIS investment costs from the producer.
The aforementioned analyses tell us that if chain members want to gain bigger profit margins, they can achieve
it through improving the unreliability coefficient about product security, and reducing the BBIS investment
costs and the BBIS optimization coefficient.

From Figure 2, we can get the change trends of the optimal prices following the variation of 𝛾, 𝜇 and 𝑞.
Based on the Figure 2c, we find that in the proposed four models, with the ascension of the agri-food quality,
the optimal prices will reduce. This perhaps that the enhancement of the ascension of the agri-food quality will
lead to an increase in sales volume, therefore, chain members can set low prices. Due to 𝑐𝑝 = 0.1 < 𝑐𝑟 = 0.15,
therefore, Based on the Figure 2a, we find that with the undertaken cost coefficient of chain members, the
optimal retail price will add. This also demonstrates that with the growth of the direct subsidy rate, the
optimal retail price will reduce (based on 𝛾′ = 1 − 𝛾). The diversification trend of the optimal wholesale price
is related to the value of 𝑐𝑝 − 𝑐𝑟. Namely, when 𝑐𝑝 < 𝑐𝑟, with the undertaken cost coefficient of chain members,
the wholesale price will reduce, otherwise, it will add. From the Figure 2b, we find that with growth of the retail
price discount coefficient, the optimal retail price and the optimal wholesale price will go down. This indicates
that with the growth of the indirect subsidy rate, the optimal retail price and the optimal wholesale price will
add (based on 𝜇′ = 1 − 𝜇). Therefore, we can find the indirect subsidy strategies will not bring the decline of
the retail price and the wholesale price.
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Figure 2. Change trend of prices with the variation of 𝛾, 𝜇 and 𝑞.

From Figure 3, we can get the change trends of revenues following the variation of 𝜗, 𝑐𝑜𝑟, 𝑐𝑜𝑝 and 𝜆𝑖. In the
NN model, the variation of 𝜗, 𝑐𝑜𝑟 and 𝑐𝑜𝑝 will not affect the change tendency of the optimal benefits. According
to Figures 3a–3d, we can understand that in the models of NI, WID and WII, when the BBIS investment costs
from the producer and the retailer met a certain value, the producer benefits and the retailer revenues have a
negative relationship with the BBIS optimization coefficient, the BBIS investment costs from the producer and
the retailer, and the unreliability coefficient of quality safety. The aforementioned analyses tell us that if chain
members want to gain bigger profit margins, they can achieve it through improving the unreliability coefficient
about product security and the BBIS optimization coefficient. That is to say, chain members should try their
best to discovery and apply the BBIS value, and then promote the reliability coefficient of quality safety after
using the BBIS and reduce the BBIS optimization coefficient. Furthermore, they can also gain more benefits
by reducing the BBIS investment costs, and this depends on the bargaining power of supply chain members in
purchase BBIS.

From Figure 4, we can get the change trends of the optimal benefits following the variation of 𝛾, 𝜇 and 𝑞.
In the proposed four models, with the ascension of the undertaken cost coefficient of chain members, and the
retail price discount coefficient, the optimal revenues will reduce. These demonstrate that in the WID model,
with the growth of the direct subsidy rate, the optimal revenues will add (based on 𝛾′ = 1− 𝛾). That is to say,
the direct subsidy strategies will help chain members obtain more revenues. Furthermore, in the WID model,
with the growth of the indirect subsidy rate, the optimal revenues will add (based on 𝜇′ = 1 − 𝜇). That is to
say, the indirect subsidy strategies will also help chain members obtain more revenues. Based on the Figure 4c,
we find that in the proposed four models, with the ascension of the agri-food quality, the optimal earnings of
chain members will reduce. This perhaps that the enhancement of the ascension of the agri-food quality may
lead to the increase of the retail price and the wholesale price, and then bring the decease of the sales volume,
therefore, chain members may gain low incomes. In summary, Properties 4.4 and 4.6 were confirmed.
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Figure 3. Change trend of benefits with the variation of 𝜗, 𝑐𝑜𝑟, 𝑐𝑜𝑝 and 𝜆𝑖.

From Figure 5, we can get that when the BBIS investment costs are lower than 𝑅, implementing the direct and
indirect subsidy strategies will help chain members gain more benefits. From Figure 6, we can know that when 𝛾

and 𝜇 can met a relationship (i.e., 𝛾 ≤ (√𝜇−1)(1−𝜆WID𝑞)+(𝜇+
√

𝜇)(𝜗𝑐𝑟+𝜗𝑐𝑝)+𝜇(𝑐𝑜𝑝+𝑐𝑜𝑟)
√

𝜇(𝑐𝑜𝑝+𝑐𝑜𝑟) ) benefits of chain members
in the indirect subsidy models are higher than them in the direct subsidy model. Otherwise, implementing the
direct subsidy strategy will be better for chain members. In summary, Inferences 4.7 and 4.8 were proved.

6. Conclusions and significances

6.1. Conclusions

The advantages of Blockchains in preventing data from being tampered, copied and plagiarized can increase
the trust levels among supply chain members [14, 38]. But its statistical analysis ability for data is weak, and
the storage and statistical analysis of data are the strengths of Big Data. Thus, integrating Big Data technology
into blockchain could greatly explore the data value and usage potential in blockchain [62]. The fusion usage
of big data and blockchain was a management revolution and can improve enterprises’ competitive advantage
[32]. Although the fusion usage of big data and blockchain has huge merits, its applications are not so popular.
A vital reason is the shortage of effective incentive mechanism. Government incentives as important incentive
measures were thought to be useful. However, how many subsidy models? Which one is the best? In different
subsidy models, how to price can gain more benefits? All of these are vital for agents.

To explore the aforementioned issues, we focused on government incentives and divided it into direct subsidy
and indirect subsidy. In addition, the perceived safety of agri-food was adopted to reflect the effects of traceability
on agri-food safety in the new environment. Then, considering the changes of demand function because of using
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Figure 4. Change trend of revenues with the variation of 𝛾, 𝜇 and 𝑞.

Figure 5. Relationships between investment costs and benefits of chain members after imple-
menting subsidy strategies.



2010 P. LIU ET AL.

Figure 6. Subsidy model selection.

Big Data and blockchain, we chose an agri-food supply chain with one prouder and one retailer as research
object and built four game models. Findings:

(1) When the BBIS investment costs from the producer and the retailer can meet a certain value, the producer
benefits and the retailer revenues have a negative relationship with the BBIS optimization coefficient, the
BBIS investment costs from the producer and the retailer, the unreliability coefficient of quality safety, the
agri-food quality, the undertaken cost coefficient of chain members, and the retail price discount coefficient.

(2) In the three investment models, the retail price has a positive relationship with the BBIS optimization
coefficient and the BBIS investment costs from the producer and the retailer, and has a negative relationship
with the unreliability coefficient of quality safety. The wholesale price has a negative relationship with the
BBIS optimization coefficient, the BBIS investment costs from the retailer and the unreliability coefficient
of quality safety, a negative relationship with the BBIS investment costs from the producer.

Namely, if chain members want to gain bigger profit margins, they should try their best to adjust related
parameters, for instance, reducing the BBIS investment costs and the BBIS optimization coefficient.

(3) The subsidy models will not change the variation tendency of prices and benefits with the BBIS optimization
coefficient, the BBIS investment costs from the producer and the retailer, the ascension of the unreliability
coefficient of quality safety and the agri-food quality.

(4) When the BBIS investment costs can meet a certain value, implementing the subsidy strategies will help
chain members gain more benefits. In addition, when subsidy coefficients about Direct and indirect subsidies
can meet a relationship, benefits of chain members in the indirect subsidy models are higher than them
in the direct subsidy model. Otherwise, implementing the direct subsidy strategy will be better for chain
members.

6.2. Significances

The significances of our research are as following. Academically, (1) the market demand was improved consid-
ering the product quality change in the new environment. It enriched the demand management theory. (2) Three
subsidy models were proposed considering BBIS inputs and the product quality change in the new environment,
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and the subsidy rules and pricing policies were gained. It was a new development of subsidy theory and pricing
theory in the fusion application environment of Big Data and blockchain.

In practice, (1) the proposed market demand provided a tool reference for forecast market demand and
demand management, meanwhile, our research method in discussing the market demand is a reference for future
research about the market demand. (2) The subsidy rules and pricing strategies will offer theory bracings for
government departments to make and implement the subsidy strategies, in addition, for company, it can provide
a theoretical guidance to make price strategies in the subsidy strategy environment and the new technology
background.

6.3. Limitations and future research

In this research, we only discussed the subsidy rules and the pricing policies of a two-stage agri-food supply
chain with one retailer and one producer. In fact, agri-food supply chain is a very complicated network. There
are multi-stage and multi-channel supply chain. In the future, we will focus on the dual-channel agri-food supply
chain to discuss the subsidy strategies. Furthermore, our research focused on the changes of the reliability of
quality safety and the effects of BBIS application on the cost optimization. In reality, after using BBIS, other
factors (such as, fraud behaviors of chain members and shopping time.) may change, too. In the next step, we
can also focus on the situations about fraud behaviors of chain members or the changes about shopping time.
In addition, in this paper, we did not discussed the coordination issues in the subsidy strategy environment and
the new technology background. Therefore, we will also consider to make a contract to achieve the supply chain
coordination in the subsidy strategy environment and the new technology background. In this paper, we assume
that the chain members are risk-neutral and completely rational. In reality, decision maker is risk appetite.
Therefore, in the future research, we should further liberalize the restrictions.
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