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Fresh food quality grading is the basis of fresh food marketization. On the one hand, it can effectively improve the market
efficiency of fresh food and improve the earnings of retailers. On the other hand, it can alleviate the incompleteness of market
information and help consumers better identify the quality characteristics of fresh food. To address the issue of quality grading for
fresh food, this study constructs a retailer profit model for selling fresh food with two quality grades. Considering the quality level
distribution of fresh food and based on the quality selection model, the retailer’s optimal grading, pricing, and ordering of fresh
food are studied. Through numerical simulation and sensitivity analysis, some conclusions with managerial implications are
drawn. We find that the retailer has the optimal quality grading strategy for fresh food, which is influenced by the minimum
quality level and the unit cost of fresh food. Raising the quality standard at the lowest level or reducing the unit cost can help the

retailer increase the profits.

1. Introduction

Food quality is becoming an increasingly important issue in
our lives. Fresh food differs in appearance, size, color, defect
degree, and other quality characteristics. For example, apples
have different diameters. If a retailer adopts mixed pack-
aging and mixed sales of fresh food, it is not beneficial to his
sales nor can it meet the needs of consumers with different
quality preferences. Moreover, shoddy products will directly
affect consumers’ satisfaction with fresh food and their
purchase decisions in the mixed sales mode. Consequently,
the retailer needs to consider making pricing decisions based
on certain quality standards.

Consumers are willing to pay higher prices for higher
quality products [1]. Big data provide companies the means
of tracking customers’ preferences to make a business more
efficient and determines what future promotions, sales, and
inventory should be brought to the fore (https://techgyo.
com/using-big-data-track-customer-preferences). In the big
data era, some enterprises have successfully used the grading
management strategy of fresh food in real commercial

operations and realized income growth. For example, Pa-
goda and Yonghui Superstores in China have practiced fresh
food gradation. For the same batch of cherries, Pagoda first
divides cherries into three grades based on fruit diameter
and then further separates each of the three grades based on
three quality characteristics (hardness, sugar acidity, and
freshness), leading to nine grades in total. Similarly, Yonghui
supermarkets sell high quality goods at high prices and low
quality goods at average prices. In Western countries, more
than 70% of fresh food is sold according to national or
industry standards [2]. Agriproduct grading can meet the
diverse needs of consumers and can bring additional benefits
to supply chain members [3, 4].

However, many retailers have not realized the impor-
tance of quality grading for fresh food. They adopt a mixed
sales approach and rely on low prices to attract users. These
retailers are lagging behind the current trend of the fresh
food market and thus may result in a small profit or even
loss. For example, at the B2B website of “Yimutian” (a fresh
food information service platform), fresh food from many
suppliers (farmers) is in mixed sales at a low wholesale price.
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Meanwhile, little research has been performed on modeling
how to determine the optimal quality grading and how the
quality grading standard influences the pricing strategy for
fresh food. Quality grading based on objective quality
standards of fresh food is a key step for standardization. For
example, enterprises can use quality standards based on
product characteristics such as appearance and freshness to
properly grade the quality of fresh food and quantify the
corresponding consumer experience. These quality stan-
dards also have certain rules to follow. For example, the
diameter of an apple tends to have a normal distribution
distributed [5]. The distribution of a specific quality variable
has a certain influence on the optimal quality grading
standards, thus affecting retailers’ purchase and pricing
strategies. Based on this understanding, we study how to
determine the optimal quality grading standard, pricing, and
ordering strategies of fresh food based on consumers’ quality
preference and the quality distribution characteristics of
fresh food.

This article mainly has the following contributions. First,
the quality grading standard of fresh food is taken as an
endogenous decision-making variable by retailers based on
consumers’ quality preference for fresh food. Second, we
further study the retailer’s pricing and ordering decisions
based on quality grading standards.

Our research aims to address the following questions:

(1) How to present the demand function according to
consumers’ quality preference

(2) How to establish the quality grading standard of
fresh food

(3) How does the optimal quality grading standard affect
the retailer’s decision

(4) How do the parameters and variables in the model
affect the retailer’s optimal pricing and ordering
strategies

The rest of the study is arranged as follows. Section 2
analyzes the relevant literature. We introduce the problem
description and model assumptions in Section 3, and the
utility model based on quality selection describes the market
demand for fresh food. Section 4 obtains the retailer’s op-
timal decisions for pricing, inventory, and quality grading.
Section 5 presents a numerical simulation. In Section 6, we
draw conclusions from our findings and indicate future
research directions.

2. Literature Review

This study is mainly related to three streams of literature: (1)
quality grading of fresh food, (2) consumers’ purchase pref-
erence, and (3) pricing and inventory strategies of fresh food.

Several researchers have studied the effects of quality
grading. It is important to grade fresh food as it meets
consumers’ demand and preferences of different quality
levels and improves the marketing efficiency of fresh food
[6]. Zusman [7] proposed that fresh food quality grading is
beneficial for retailers as they can use product quality
grading to implement price discrimination and product
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differentiation and obtain monopoly profits. Zago and Pick
[8] established a vertical difference model based on quality
selection behavior and analyzed the impacts of the optimal
production quantity, pricing, and quality grading of fresh
food on producers and consumers. Some researchers studied
various methods for grading product quality. Lee et al. [9]
developed a machine vision system based on digital reflective
near-infrared imaging that is used to detect fruit size. Hong
et al. [10] used machine vision to measure the size, shape,
and color of aquatic products. Baigvand et al. [11] applied an
image processing algorithm to develop the machine vision
for grading figs. According to the volume and maturity
feature, Jadhav et al. [12] proposed a fruit grading system to
reconstruct fruit volume. Deplomo et al. [13] employed
image processing methods to classify the size, color, and
texture of onions.

Most of the studies in this direction take the quality
grading standard of fresh food as an exogenous variable for
decision-making and do not explore the optimal quality
grading standard. This study aims to determine the optimal
quality grading standard of fresh agricultural products,
which is the main contribution of this study.

With the help of the Internet and big data, companies
can better understand customer behaviors and extract
consumer preferences [14, 15]. Mishra et al. used data from
social media (Twitter) to find consumers’ purchasing
preferences such as quality, taste, carbon footprint, organic/
inorganic, and nutrition while purchasing beef [16]. Re-
tailers can also predict consumers’ demand preferences for
fresh food of different quality grades based on past sales
experience [17, 18]. In the food industry, Ma [19] established
demand functions for fresh food with different quality
grades based on consumers’ preferences. He found that the
retailer’s profit is only related to the factors at the high
quality level as well as ordering and preservation costs, but
not to those at alow quality level. Transchel [20] analyzed the
substitution situation between products of different quality
levels. Chen et al. [21] suggested that managers should use
consumers’ preference information carefully to formulate
policies. Wongprawmas and Canavari [22] used the discrete
choice experiment to study the preferences of Thai con-
sumers for food safety labels and brands of fresh food.
Taking the tomato industry, for example, Yin et al. [23]
studied consumers’ preferences for brand, price, and safety
labels based on a mixed logit model. Considering con-
sumers’ service preference, Liu et al. [24] built a three-stage
dynamic game model considering the online and offline
distribution of fresh food. Wang et al. [25] confirmed that
the online channel has advantages of keeping the consumers
loyal than the offline channel.

Customers’ quality preference drives the quality grading
and pricing strategy of fresh food. Although the customers’
quality preference can be well captured in the big data era,
little is known about how the decision of quality grading
standard is related to customers’ quality preference. This
study contributes to the extant literature by considering
customers’ quality preferences when making quality grading
and pricing decisions. Furthermore, we analyze the effect of
the lowest product quality on the retailer’s optimal decisions.
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Due to the perishability of fresh food, pricing and in-
ventory strategies are important to the retailer’s profits.
Akcay et al. [26] studied the joint dynamic pricing of
multiple fresh products and showed that the markup of the
products depends only on the total inventory. Wang and Li
[27] proposed a dynamic pricing model to evaluate the
quality of fresh food. Sainathan [28] considered consumer
utility affected by freshness and studied the two-stage dy-
namic pricing and optimal replenishment strategies of fresh
food. Adenso-Diaz et al. [29] proved that dynamic pricing
can significantly reduce the waste of resources caused by the
deterioration of fresh food. Duan and Liu [30] analyzed the
effects of fresh food quality and reference price effects. The
preservation technology investment and ordering policy also
affect optimal dynamic pricing [31, 32]. Transchel [20]
studied the inventory and pricing issues of multiquality
agricultural products. Fan et al. [33] solved the dynamic
pricing and replenishment problem of multibatch fresh food
by using a heuristic method.

Pricing and ordering strategies for agriproducts have
been extensively studied, but little has been done on
modeling how the retailer determines the optimal quality
grading standards and makes pricing and ordering decisions
based on grading standards. Furthermore, we incorporated
the consumers’ quality preference for fresh food into the
model, which makes this research more realistic.

3. Model Setting

3.1. Problem Description and Notations. Due to different
planting conditions and growing environments, the same
batch of fresh food may differ in defect degree, maturity, and
appearance quality. If a retailer sells fresh food at the same
price, consumers tend to buy the products with higher
quality, leaving lower quality fresh food unsellable, making
the retailer suffer profit loss. Therefore, the retailer needs to
organise its fresh food into two or more quality grades
according to a certain quality level and sell them separately
to obtain higher profits [6, 7].

Before sales, the retailer purchases fresh food with
quantity Qand quality level R, R € [r,1],7; >0, where r| is
the minimum quality level of fresh food, while 1 is the
highest quality level. The quality level R follows a continuous
random function, whose probability density function is
f(x) and the cumulative distribution function is F(x).
When sales begin, to meet consumers’ different quality
demands and preferences, the retailer divides fresh food into
two quality grades (i.e., high and low) based on the grading
standard ». When R € [r, 7], the product is of low quality;
otherwise, it is of high quality R € (r, 1]. The retailer prices
high and low quality fresh products at P;(i € {H, L}), re-
spectively. To simplify the problem, we do not consider the
residual value and the shortage cost after the end of the sales
period. The quality grading model of fresh food is shown in
Figure 1.

Table 1 provides the variables and parameters involved
in this study.

Since consumers have a certain preference in purchasing
products of different quality levels, we study the overall

consumer demand by referring to the quality selection
model according to Tirole [34]. The function of consumers’
utility can be expressed as follows:

U;,=q0-P, ic{H,L). (1)

Due to the natural characteristics of fresh food, it is
difficult to have a unified quality level. In addition, market
information is incomplete, and consumers can only know
the lowest and highest quality levels of products through part
of the information disclosed by the retailer. Therefore, it is
assumed that consumers use average quality levels to esti-
mate the quality levels of high and low quality grades, i.e.,
gy = ((1+7)/2) and ¢q; = ((r+r)/2). According to
equation (1), consumer utility can be represented by

r+1
Uy =20~ Py,
(2)
+
U, =" erG—PL.

3.2. Quality Grading and Profit Functions. Retailers are
usually aware of the quality of the products they have
purchased and can describe the product quality distribution
through specific functions. According to the above problem
description and hypothesis, the actual supply quantity of
products with different quality grades is

1
Qu = Qj F(x)dx,

M (3)
Q, - QJ £ (x)dx.

In this study, we assume that consumers buy products
with only one quality grade during the sales period, and
every rational consumer will choose a product that maxi-
mizes utility. Therefore, the probability of consumers buying
high quality fresh food is

2(Py - Pp) 2Py
=P{U;>U;, U, >0} =P40 ,0> .
4951 { g>VYLVg } ‘I > 1-r, rrl

(4)

The probability of consumers buying low quality fresh
food is

2P 2(Py - P
ocL:P{UL>UH,UL20}:P{ L <f< (P L)}.
r+rp 1-rp

(5)

The retailer makes price decisions based on the actual
quantity of the two quality grades by maximizing its profit,
ie.,

max IT = Py min{Qy, Dy} + P, min{Q;,D;} - CQ. (6)

Lemma 1. According to the potential demand size of fresh
food above, the actual demand of consumers for the two
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| Ql7 f()dx | Qf}f ()dx

______ Vg
| 'r
L Low quality grading High quality grading 1
F1GURE 1: The quality grading model of fresh food.
TaBLE 1: Notations description.

Notations Description
D Potential total demand for fresh food
Ty The minimum quality level of fresh food
C The unit cost of fresh food
Q The total supply of fresh food from the retailer
r The fresh food quality grading standard, r € [r;,1]
Py Price of high quality fresh food
P, Price of low quality fresh food
D, Actual demand for fresh food with quality level 4, i € {H,L}
Q; Actual supply for fresh food with quality level 7, i € {H, L}
2 The probability that consumers buy fresh food with quality level i, i € {H, L}
R The quality level of fresh food, R € [r},1]
I Profit of the retailer

quality grades can be obtained, respectively, based on the
quality selection model. Table 2 provides the actual demand
for fresh food of high and low quality grades.

In Table 2, consumers’ actual demand for fresh food is
mainly divided into the following three situations as shown in
Figure 2. They are as follows: (i) all consumers choose to buy
high quality products, (ii) some consumers choose to buy high
quality products and others choose to buy low quality products,
and (iii) all consumers choose to buy low quality products.

4. Model Analysis

To make the research more practical, we mainly consider the
situation of market demand in scenario II in Figure 2. The
demand with two quality grades coexists when (P;/(r +r)) <
(Pu/(1+7) < ((Py—-P)/(1-ry))< (1/2).

4.1. Optimal Pricing Decision. In this situation, all con-
sumers who choose to buy products are divided into two
groups: one group chooses to buy high quality products and
the other chooses to buy low quality products. Consumers’
demands for high and low grade products are as follows:

" =D[1—2(€H_7;Lm]’
1 (7)
2(Py—P,) 2P, ]

DL=D[ -
1-r; r+ryp

The retailer’s profit function can be expressed as follows:

maxH:PHmin{D[l —M],lef(x)dx} +PLmin{D|:2(PH_PL)— 2P, :|,er f(x)dx}—CQ. (8)

1-r;

According to equation (8), there are four types of supply
and demand relations as shown in Figure 3 for fresh food of
high and low quality grades.

According to Figure 3, in part 1, there is an oversupply
of both high and low quality products, i.e., Qy>Dy,
Q; =D;. In part 2, the supply of high quality products
exceeds their demand, and the supply of low quality
products falls short of their demand, i.e., Qg > Dy;,Q; < D;.
Part 3 shows the opposite of part 2. The supply of high

1-r; r+rg

quality products falls short of demand, and the supply of
low  quality  products exceeds demand, e,
Qy <Dy, Q> D;. In part 4, both high quality and low
quality products are short of supply, i.e., Qg <Dy and
Q. < Dj.

For the convenience of analysis, we assume that the
quality level of products follows the uniform distribution of
[r1,1]. We find that the supply of high and low quality
products can be expressed as follows:
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Fi1GURE 2: Actual market demand for fresh food.
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Proposition 1. When the total purchase quantity Q, po-
tential demand size D, and grading standard R are given, the
optimal pricing strategy of the retailer is presented in Table 3
and Figure 4.

The proof of Proposition 1 is in Appendix A.

(1+7r
8

D-CQ,

DQ(1 —rL)(l—r)—Qz(l—r)2+
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FiGure 3: Supply and demand relations for fresh food.

We analyze how the retailer makes pricing decisions
when the demand for fresh food with both high and low
quality levels coexists. According to Proposition 1, there are
three optimal solutions for the retailer’s optimal prices of
fresh food with high and low quality grades, which are af-
fected by the relationship between supply and demand. The
prices of fresh food with high and low quality grades are
positively correlated with the quality grading standard. A
higher quality grading standard leads to a higher price of the
product.

4.2. Optimal Ordering and Grading Decisions. The retailer
needs to determine the total order quantity Q and the quality
grading standard R before pricing the product. According to
the above analysis, the retailer’s profit function is

D
—<Qy<Qry<r<l,

Q) =1 2D(1-r,)

DQ(I —ri) - [(1 +r)(1-7) +(

2D(1-ry)

Proposition 2. When the potential demand size D, mini-
mum quality level v}, and unit cost of fresh food C are given,
the retailer’s optimal quality grading standard, optimal order
quantity, and profit can be expressed as follows:

(1) When C< ((1—1;)/8), the optimal quality grading
standard and the optimal order quantity of fresh food
arer™ = 6,Q" = ((1 - 08)D/8C), respectively, and the
retailer’s optimal profit is II* = ((1 - 8)’D/16C) —
(((1-8)*D)/16C (1= 7)) + (((28 + r, — 1)D)/8).

(2) When ((1-r.)/8)<C< ((1+7r.)/2), the optimal
quality grading standard and the optimal order
quantity are r* = ((1+r;)/2),Q" = (2D(1-

2
(r+r,)D D
3 —CQ) QHSESQ,TLSTSI, (10)
2 2\1A2
r—r;)|Q D
V)] -CQ 0<Qs_rysrsl

2C + 1))/ (3 +5ry)), respectively, and the retailer’s
optimal profit is II" = ((D(1 —2C+rL)2)/(6+

101’L));
(3) When C= ((1 +r)/2), the optimal order quantity is
Q" =0, where 6 satisfies

(1-0)°-4C(1-r)(1-8)+8C*(1-r) =0,
rp<r<1-4C.

The proof of Proposition 2 is in Appendix B.

According to Proposition 2, we mainly obtain the re-
tailer’s optimal quality grading, optimal order quantity, and
profit. Under different supply and demand relations, the
retailer’s optimal grading standard and optimal order
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TaBLE 3: The retailer’s optimal pricing decision.

Conditions

Py Py

((D/2)<Qu<Q), (rp<r<1)
(Qu < (D2)<Q), (rp<r<l)
(0<Q< (D/2)), (rp<r<l)

((1+7)/4)
((r+r)/4)+ ((D-Qg)(1-r.)/2D)
((D(1+7)- (1-r,)Q)/2D)

((r+rp)/4)
((r+rp)/4)
((D-Q)2D)(r +ry)

Q=(D (1 -2 (1-1)
Q ~

1I

D/2

III

»
L4

. (I+rp)/2 1 r

FIGURE 4: Retailer’s optimal pricing strategy under the influence of
Q and R.

quantity are affected by the unit cost of fresh food. Under
different unit costs, the retailer will adjust his optimal de-
cisions to increase profit.

Corollary 1. (1) When 0<C< ((1+7ry)/2), the optimal
quality grading standard r* of fresh food increases with the
lowest quality level r;. (2) When 0<C< ((1-1r.)/8), the
optimal grading standard r* for fresh food decreases with the
unit cost of fresh food. And when ((1-1;)/8)<C<
((1+1)/2), the optimal grading standard remains un-
changed, regardless of the unit cost of fresh food.

The proof of Corollary 1 is in Appendix C.

To ensure that high quality fresh food is sold at high prices
and to reduce the quantity of low quality fresh food, the retailer
will increase the quality grading standard as the minimum
quality level of fresh food increases. However, as the unit cost of
fresh food increases, the retailer will gradually reduce the op-
timal quality grading standard for fresh food to avoid the profit
loss caused by an excessive quantity of low quality products and
to ensure the profit of high quality products. When the unit cost
of fresh food is high, the retailer will keep the quality grading
standard unchanged to achieve a balance between the supply
and demand of both high and low quality products.

Corollary 2. When ((1-r;)/8)<C< ((L+1)/2), the re-
tailer’s profit w* is positively correlated with the lowest quality level
of fresh food and negatively correlated with the cost of fresh food.

The proof of Corollary 2 is in Appendix D.

When the unit cost of fresh food is moderate, the increase
of the minimum quality level of fresh food raises its price,
further increasing the retailer’s profit. As the unit cost of fresh

food increases, the retailer will decrease the order quantity and
quality grading standard to keep a balance between the supply
and demand of both high and low quality fresh food. The
retailer’s profit falls as the unit cost rises because the increase of
revenue from a higher price cannot compensate for the de-
crease of revenue from reduced demand.

Corollary 3. (1) The optimal purchase quantity Q* of fresh
food is negatively correlated with the cost of fresh food. When
the cost of fresh food is too high, the retailer will give up selling
products with two quality grades. (2) When 0 < C < (1/5), the
optimal purchase quantity Q*of fresh food decreases with the
minimum quality level r;. (3) When (1/5) <C < ((1 +1;)/2),
the optimal purchase quantity Q* of fresh food increases with
the minimum quality level r|.

The proof of Corollary 3 is in Appendix E.

Corollary 3 indicates that the unit cost of fresh food and the
minimum level of quality affect the retailer’s order quantity.
When the unit cost of fresh food is low, with the increase of the
minimum quality level, high and low quality products are more
competitive and substitutable. To prevent profit loss caused by an
excessive surplus of products, the retailer will reduce the purchase
quantity. When the unit cost of fresh food is high, the retailer will
raise its price, leading to the increase of quality grading standard.
Meanwhile, the supply of high quality fresh food will decrease as
the quality grading standard increases. Therefore, the retailer will
gradually increase the supply of fresh food to ensure that all fresh
foods can be sold at relatively higher prices.

5. Numerical Simulation

5.1. Numerical Example. To better analyze how relevant
parameters affect the retailer’s optimal decisions, this section
assumes that the value of parameters satisfies r; = 0.5,
D =10, and C =0.02, and the product quality obeys the
uniform distribution on (r;,1). The influences of quality
grading standard and order quantity on the retailer’s profit
are shown in Figure 5.

Figure 5 shows that the retailer’s profit is a concave
function of the quality grading standard and order quantity,
and there is a unique and optimal solution to maximize the
retailer’s profit. The retailer’s profit first increases and then
decreases with the increase of order quantity, and the speed of
increase is greater than that of decrease. When the purchase
quantity is larger than the potential market demand, the
retailer’s profit will gradually decrease or even suffer a loss due
to the increase of surplus of high and low quality fresh foods.
When the purchase quantity is low, although it can avoid the
profit reduction caused by the surplus, it cannot compensate
for the profit reduction caused by unmet consumer demand.
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Journal of Food Quality

— P
—

(0

14 T T T T T T

12 +

10 |

—e—Q* _‘_DH

—— Dy + Dy

(d)

FiGure 7: The influences of unit cost C on the retailer’s optimal decisions. (a) The influence of C on r, (b) the influence of C on D and Q,

(c) the influence of C on P, and (d) the influence of C on II.

5.2. Sensitivity Analysis

5.2.1. 'The Influences of the Lowest Quality on the Retailer’s
Optimal Decisions. We set the value of parameters D and C
as D =10 and C = 0.02, respectively, and the lowest quality
level r; varies between [0.3,0.99]. We obtain the optimal
decisions of the retailer from Proposition 2. We mainly
analyze the influences of the lowest quality level r; on the
retailer’s optimal decisions as shown in Figure 6.

Figure 6 reveals that the optimal quality grading stan-
dard and selling price increase with the lowest quality level of
fresh food. The selling price gap between high and low
quality grades gradually narrows with the increase of r;.
Meanwhile, the total purchase amount, the supply, and the
total market demand for the two quality grades are gradually

decreasing. Interestingly, with the decline in the total pur-
chase quantity of fresh food, the retailer’s revenue is
growing. The reason can be interpreted as follows. With the
increase of the lowest quality level, the quality gap between
the fresh food with two quality grades decreases, and the
competition between products increases. Therefore, when
consumer demand for the two quality grades declines, the
retailer reduces the total order quantity accordingly. To
maintain his sales profits, the retailer will raise the standards
of quality grading. On the one hand, it can ensure that high
quality fresh food can be sold at high prices, and on the other
hand, low quality grades can guide the market demand and
supply to match reasonably with a higher price.

The above analyzes indicate that when the unit cost of
fresh food is constant, the retailer can increase profits by
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improving the minimum level of quality. Meanwhile, with
the increase of the minimum quality level, the market
competition of products with two quality grades is en-
hanced. The retailer can achieve profit growth by reducing
the total order quantity with two quality grades and increase
the standards of quality grading.

5.2.2. The Influences of Unit Cost on the Retailer’s Optimal
Decisions. First, we set the value of parameters D and r; as
D =10, and r; = 0.4, respectively, and r; varies between
[0,0.7]. Then, we obtain the optimal decisions of the retailer
via Proposition 2. And the influences of the unit cost C on
the retailer’s optimal decisions as shown in Figure 7.

As shown in Figure 7, with the increase of the unit cost,
the prices of products with two quality grades also increase,
while the total order quantity and sales profits of high and
low quality grades decrease. When the cost is too high, the
retailer will forgo purchasing fresh food. It is worth noting
that the grading standard of the two quality grades first
decreases and then remains unchanged with the increase in
the unit cost of fresh food. This indicates that the retailer
should be dedicated to providing more fresh food with high
quality. As the retailer continues to reduce his total purchase
quantity of fresh food, he cannot have the advantage of small
profits but quick turnover. Consequently, the retailer can
only increase the sales prices of the two quality levels to
ensure profitability. With the increase in the cost of fresh
food, the retailer will increase prices and adjust grading
standards to avoid the surplus of the products. However, the
loss from reduced supply clearly outweighs the gain from
higher selling prices. As a result, the retailer’s profit tends to
decline. Therefore, the cost of fresh food is an important
factor affecting the profitability of the retailer who can use
the cost advantages of fresh food to be more competitive in
the market and ensure profit growth.

6. Conclusion

Based on the above analysis, it is clear that the mixed sales
mode for fresh food has a number of disadvantages. On the
one hand, it is difficult to meet the needs of consumers with
different quality preferences. On the other hand, the failure
of selling low quality products will cause the retailer to lose
profits. Due to the timeliness and perishability of fresh food,
the differentiated sales mode based on quality grading of
fresh food can effectively promote the sales of fresh food and
reduce the profit loss caused by unsalable products.

Therefore, we consider a situation in which a retailer sells
fresh food of two quality grades. That is, fresh food is divided
into high and low quality grades based on its quality dis-
tribution. Considering consumers’ preferences of quality
levels, a quality selection model is used to describe con-
sumers’ purchase behavior. By building the retailer’s profit
function, we analyze its optimal purchase quantity, grading
standard, pricing, and profit under the condition of quality
grading, as well as the effects of the lowest quality and unit
cost on the retailer’s optimal decisions. The main conclu-
sions are as follows:

Journal of Food Quality

(1) There is an optimal strategy for quality grading of
fresh food, which is affected by factors such as the
lowest quality, unit cost, and quality level distribu-
tion of fresh food. The retailer can explore the op-
timal quality grading strategy according to the actual
situation and make pricing and ordering decisions
based on quality grading to maximize his profit.

(2) When the lowest quality level of fresh food remains
unchanged, the retailer’s total profits may not be
positively correlated with the total order quantity.
For example, if the unit cost of fresh food is very low,
the retailer’s profit in the situation of “oversupply”
may be higher than that when there is a good
“balance of supply and demand.”

(3) Raising the lowest quality level is conducive to in-
creasing the retailer’s profit from differentiated sales.
The prices of products with high and low quality
grades increase with the minimum quality level.

This study also has some limitations. First, we consider
only two grades of quality (i.e., high and low), and product
quality obeys uniform distribution. Nonetheless, the real
situation may be more complex. For example, product
quality is classified into multiple levels and has a more
complex distribution. Second, we only study quality grading
and pricing strategies of fresh food from the perspective of
retailers. The decisions from the perspective of food supply
chains by considering the interests of upstream producers
are short of study. By analyzing these issues, we hope to
provide retailers with some management insights and
practical guidance in decision-making.

Appendix

A. Proof of Proposition 1

According to the retailer’s revenue function, the retailer’s
optimal decision can be divided into four scenarios as shown
in Figure 3. Since the optimal decision point of scenario 2, 3,
and 4 falls on the boundary of scenario 1 region, only the
optimal solution of scenario 1 needs to be discussed to
obtain the overall optimal solution of the objective function.

Scenario 1: maxII(Py, P;) = PyD[1 - ((2(Py — Pp))/
A=r N]+P.D[(2(Py —P)/(1-7p))— P/ (r +
)] - CQ

S.t. D[Z(PH_PL)— 2Py ]SQJr f(rdr,

L-rp r+rp r
P P Py-P;) 1
—LS—HS( a L)sf, Py>P,>0,0<r <r<l.
L r+r, 1+ 1-r; 2
(A.1)

The first derivative is
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oI (Py;, P;) I 4(Py - P;) D, Due to second derivative,
oPy 1-r;,
(A.2)
ON(Py,P) _[4(Py—Py) 4P ],
o, | 1-r, r+r|
OIl" (Py, P 4
( oL <0,
opr;, 1-r;
oIT* (Pyy, P -4 4
( o <0
aPL 1-r, r+rg
4 -4 4 4 16
* - - * = > 0.
1-r, \l-r, l-r, 1-r, (L-r)(r+ry)
Therefore, the profit function of the retailer is the joint
concave function of Pj; and P;, where the maximum value
exists, and its Lagrangian function is
2(Py - Py) 2(Py-P) 2P
L(Py, Pi A A A50,) =Py D| 1 —-——=2| + P, D - -C
(P> PpoAis Ay AssAy) = Py [ -7, L 1-7r, rrr, Q
! 2(Py - P r
+A1<QJ f(r)dr—D[l -MD +A2(QI F(r)dr - D[
r 1-rp L
1- r+r
+/1< L_p +P>+A( Lp —P).
3 HT L \75, 51

KKT conditions are as follows:

oPy 1-rp

oP; 1-r; r+ryp

LN FRTCAELR) Y

aL:(4(PH—PL)_ 4P, )D+A1(
1

2 -2
>D+/12<
rL 1-r
2 )D +)L2<
ry

1-rp

+

r+rgp

1
AI(QI f(r)dr—D[l

)Lz(Q J:L f(r)dr - [

)D_A3+A4<l+r

)D+A3—)L4:O,

r+rp

1

(Py = Py)

2(PH_— PL)]

)L3(1

1-rp

Y

r+rp

r+rL]

+P;

PH Py

2(Py—Py)

pH) =0,

0)

0)

=0.

0
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(A.3)

(A.4)
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Three possible solutions are obtained:
1+ + D
Py = Tr, =TT 00, 20,0, = 0,1, =0, when 2<Qu<Qs<D,
P, T (D—QH)(l"’L)’pLZT"""L))L1 _(D-2Qy)(1-ry)
4 2D 4 2D

) (D—Q)(l+r)+Q(1—rL)_[:Lf(r)dr . _ (P-Q

H 2D L 2D

_ -2+ (1-r)QJ, fdr (D-2Q)(r+ry)

D
A, =0,A; =0,4, =0, whenQy SESQSD,
(A.6)

(r+r.),

A b
! 2D D 2

B. Proof of Proposition 2

According to equation (10), when (D/2)<Qy<Q and
rp<r<l, the  retailer’s  profit  function is
II=(1+r/8)D—-CQ; due to (dIl/or) = (D/8)> 0, (oIl/
0Q) = —-C <0, and Qp = (D/2), the optimal solution to the
retailer’s profit function must fall on Qg = (D/2), ie.
Q= ((1-r;)*D/2(1 —r)). By Proposition 1, the retailer’s
profit function is a continuous differentiable function about
r and Q. When Qy; < (D/2)<Q and r; < <1, the retailer’s
profit function is a strictly concave function about r and Q,

D
LAy =0,1, =0, when0<Q$5.

and (0I1/0r) (Qy = (D/2)) = (D/8) > 0. The retailer’s profit
in the scenario when Qy; < (D/2) <Qand r; <r < 1isalways
less than the profit in the scenario when Qy < (D/2) < Q and
rp<r<l.

And when Qg < (D/2)<Q and r; <r<1, the optimal
price for the two quality grades is P}, = ((r+r;)/
4)+ ((D-Qy)(1 =ry)2D), P; = ((r+r;)/4), and the
retailer’s profit function is IT* = ((DQ(1 -r;)(1-r) —-Q?
(1-7r)»/(2D(1- 1)) + (((r +r,)D)/8) - CQ.

The Hessian matrix is

-2Q° 4Q(1-7r)-D(1-1;)
H, H, 2D(l—TL) ZD(I—YL)
H= = (B.1)
H; H, 4Q(1-r)-D(1-r,) 2(1-1)
2D(1-r1) 2D(1-ry)
Due to achieves the optimal value at (r,Q) = ((1 +r./2), (D/2)).
On the other hand, if C< ((1 —r;)/8), the optimal solution
|H,| = -2Q° <0 of the objective function lies within the domain. Solving for
"oap(i-r) (0I1/0Q) = 0, (OI1/0r) =0, we get the internal optimal
, , , solution is (r*,Q*) = (&, ((1 — §)D/8C)), where & meets the
Hl< -2Q -2(1-r° (4Q(1-r)-D(1-ry) o. following conditions.
i 2|_4D2(1 2'2D _ _ >0
) (1-7p) 2D(1-rp)

(B.2)

The Hessian matrix is a negative definite matrix, the
objective function is strictly concave, and there is a
maximum.

Owing to (0Il/0r)(Qy = (D/2)) = (D/8) >0, (0Il/0r)
(r=1) = (D/8) - (Q/2) <0(Q> (D/2)), the optimal solu-
tion of the objective function is not on the boundary of the
domain Qpy = (D/2),r =1. In addition, due to (JIl/
0Q) =-C+ ((2Q(1-r)*+D(1 -r)(1 -r;))/2D), when
r=((1+r.)/2),Q=(D/2), we find (9I1/0Q)+C-
((1-7ry)/8) =0, (dll/or) =0, and if C>(1-1r./8), the
derivative is OIl/0Q(r = (1 +1;/2),Q = (D/2))<0 , oIl/
or (r = (1 +r;/2)) = 0. At this point, the objective function

{ (1-8)°-4C(1-r,)(1-8)+8C*(1-r,) =0,
rp<r<1-4C.
(B.3)

Therefore, when Q < (D/2)<Q and r; <r<1, the re-
tailer’s optimal ordering and grading decisions are as
follows:

(DIf C>(1-r./8), the optimal decisions are
r=(1+r./2), Q= (D/2), and the retailer’s profit is
IT* = ((5+3r;, —16C)/32)D;

(2) If C< (1 —r;/8), the optimal decisions are r = § and
Q= ((1-9)D/8C), and the retailer’s profit is
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_(1-80’D (1-8'D  (20+r,-1)D

_ B.4
16C 16C (1 -1) i 8 (B4)

H*

And when 0<Q< (D/2) and r; <r<1, the retailer’s
profit function is
— DQ(I - ri) - [(1 +r)(1-71) +(1’2 - ri)]Qz
- 2D(1-ry)

-CQ.
(B.5)

According to the KKT condition, the two sets of solu-
tions are

(1-8)*D
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(1) r=((1+7r.)/2),Q= (D/2),A; = ((1-8C—r)/8),
A, =0,A; = 0; the retailer’s profit is II* = ((5-
16C + 3r;)/32)D, and C< ((1- r,)/8);

(2)r=1+7r./2),Q=((2D(1-2C+1))/ (3+57r.)),A
=0,1, = 0,A; = 0; the retailer’s profit is IT* = ((D(1
—2C+r;)?)/(6+10r,)) and C> ((1-7,)/8).

To sum up, by comparing the optimal profit values of the
three subregions of the profit function, the following con-
clusions can be drawn:

(1) When C< ((1 —r;)/8), the profit function is

(1-8'D (20+r,-1)D

. 5-16C +3 1-96)°D
I :max{( i rL)D,( )

32 16C  16C(1-ry)

The retailer’s optimal decision is r*=4§ and
Q" = (((1 - 8)D)/8C)

(2) When C> ((1 —r;)/8), the profit function is I1* =
max{( (5 + 3r, - 16C)/32)D, ((D(1-2C+r;)*)/(6
+ 10r,))} = (D(1 = 2C +r,)*/ (6 + 10r,)). The re-
tailer’s optimal decision is r* = ((1+7r,)/2), Q" =
(2D =2C+7r )/ (3+5r));

(3) When C=> ((1+7r;)/2), we find Q* =0

C. Proof of Corollary 1

(1) When 0<C< ((1+7ry)/2), the optimal quality
grading r* of fresh food raises with the improvement
of the lowest quality 7

(i) When 0<C< ((1—-r;)/8), we obtain r* =4,
that & should satisfy the following conditions:
-8’ -4c-r)(1-0)+8C(1-r) =
Or; <8<1-4C.Dueto (1-¢)° = 4C(1-rp)
(1-0)-8C*(1-r,)>0,3(1-08)° —4C(1-r))
(1- 8)=8C(1-r)(1-86-C), we find 3(1-
8)*— 4C(1-r,)>0. And due to [3(1-0)*
—4C(1-r;)](88/0r;) = 4C(1 - §)- 8C* >0, we
obtain (96/0r;) > 0.

(ii)) When ((1-r,)/8)<C< ((1+7r)/2), the re-
tailer’s optimal quality rating standard and
purchase quantity are, respectively, r* = ((1 +
r)/2),Q* = ((2D(1- 2C + 1))/ (3 + 5ry)), and
(or*/ory) = (1/2)>0.

(2) When 0<C< ((1-r;)/8), the optimal quality
grading standard of fresh food decreases with the
increase of the wunit cost. And when
((1=rp)/8)<C< ((1+7r)/2), the optimal quality
grading standard remains unchanged.

When 0 <C < ((1 —r;)/8), according to the proof of the
above, we can obtain that 1 — > 2C and 3(1 — §)*— 4C(1 -

(28 +7; - l)D} _ (- 8)’D

8 16C 16C(1-1;) 8

(B.6)

r;)>0, and since 0<C< ((1—-1;)/8), §>r;, (1— 8)3-
8C*(1-r,)=4C(1-r)[(1-8)-4C], and (1-96)
>(1-r.)3 0<8C*(1-r)<((1-r;)>%8), and we get
(1-6)>4C. And due to [4C (1 —r;) -3 (1 - 8)*] (38/0C) =
4(1-7r)(1-8-4C),3(1-68)*-4C(1-r;)>0,and (1-
§) >4C, we get (06/0C) <0.

And when ((1-7r;)/8)<C<((1+7.)/2), the optimal
quality grading standard remains unchanged. It can be easily
obtained in Proposition 2.

D. Proof of Corollary 2

According to Proposition 2, when ((1-r;)/8) <C<
((1+7)/2), the retailer’s profit is II* = ((D(1-
2C +1,)%)/ (6 + 10r;)). The first derivative of the profit
function with respect to r; and C are (JIT*/dr;) = (((1 -
2C +7;) (145, +10C)D)/(2(3 +5r;)*)) >0 and (oI1*/
0C) = ((-4D(1 - 2C +ry))/ (6 + 10r,)) <0, so that the view
is true in Corollary 2.

E. Proof of Corollary 3

(1) According to Appendix 3, we «can get
3(1-6)*-4C(1 —r.)>0, (1-6)>4C. Respect to
(06/0C) = ((4(1 —rp)[(1 = 98) —4C]/(4(1- r)C -
3(1-96)%)<0, and we get (0Q*/0C) = (( - [C
(08/0C) + (1 —8)]1D)/8C?) = (((1 - 8)°D)/(8C?* [4
(1-7r,)C=3(1-8)*]))<0. When ((1 - r;)/8)<
C<((1+rp)/2) and Q* = ((2D(1-2C+ ry)/
(3+5r;)), we obtain (0Q*/dC) = ((-4D)/
(3+57r;))<0. And when C= ((1 +r;)/2), the op-
timal purchase quantity Q* = 0.

(2) (i) When 0<C<((1-r;)/8), we get that
3(1-6)*-4C(1-r;)>0, (1-8)>4C,  (dd/
or;) >0, and (0Q*/dr;) = ((—(08/0r;)D)/8C); as a
result, (0Q*/0r;)<0. (ii)) When ((1-7r.)/8)<
C< ((1+7;)/2), the optimal purchase quantity is
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Q* = ((2D(1-2C+r)/(3+5r)), and (0Q*/
or;) = ((4D(5C - 1))/ (3 +5r;)*). Hence, when
(1/5)<C< ((1+r;)/2), the optimal purchase
quantity is a monotonically decreasing function of
the lowest quality level.

(3) When (1/5) < C< ((1 +7p)/2), we get
(0Q*/0r;)>0. The optimal purchase quantity in-
creases with the improvement of the lowest quality
level.
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As the demand for safe food has been rapidly increasing these years, more and more stakeholders are dedicated to the safety of the food in
the supply chain of this sector. To expand the market share of safe food, governments of some countries also provide subsidies to encourage
food processors to invest in better food safety efforts. This paper establishes a three-stage game model between the government and a two-
stage food supply chain that consists of one supplier and one processor, where the government subsidizes processors to invest in food safety
efforts; furthermore, this paper determines the optimal wholesale price, marginal profit, food safety investment, and government subsidies.
This paper analyzes the effects of the government subsidies and risk aversion of the food processor and introduces the mode of order
quantity-based payment and demand-based payment; moreover, it also analyzes the impacts of subsidies and different payment methods
on demands. The results show that suppliers can increase the market share of products by adopting the demand-based payment, but this
method does not always benefit the members of the supply chain. As the processor is more risk-averse, the optimal subsidy is higher,
encouraging the processor to invest in more efforts. Finally, the supplier’s profit increases with the processor’s risk aversion indicator.

1. Introduction

Consumers across the world are increasingly adopting healthy
lifestyles and thus changing their eating habits which leads to the
rapid growth of the global health and wellness of the food
market. The intensification and industrialization of agriculture
and animal production create both opportunities and challenges
of food safety in order to meet the increasing demand for food.
Since the customer demand for food is an important role of
formulating various agricultural and food policies, governments
should make food safety a public health priority, as they play a
pivotal essence in developing policies and regulatory frame-
works, as well as establishing and implementing effective food
safety systems. Governments in Canada subsidize food pro-
cessors to reopen or upgrade facilities of processing domestic
food or to modernize and automate plants that have closed or
are operating at less than full capacity. India subsidizes unor-
ganized food processing sector to provide infrastructure and
services supporting the growth of new food businesses. Recently,
literature on government subsidy in a supply chain is quite rich.
Different forms of subsidies are also compared [1-3].

International Organization for Standardization (ISO)
defines quality as the totality of features and characteristics of
a product that bears its ability to satisfy stated or implied
needs. It is analyzed by experts that safety is the most im-
portant factor or component of quality as lack of safety can
lead to serious consequences like the serious injury or even
death of a person (see https://www.fssaifoodlicense.com/
different-food-safety-food-quality). Qin et al. indicated that
quality is the term based on some subjective and
objective measurements of the food product including
measures of sensory, nutrition, safety, wholesomeness, or any
other attribute of the product [4]. Although ultra-processed
foods tend to taste good, they usually contain ingredients that
could be harmful if consumed in excess, such as saturated fats,
added sugar, and salt (see https://www.medicalnewstoday.
com/articles/318630#what-is-processed-food). It was found
that eating more than 4 servings of processed food daily may
result in an increased risk of all-cause mortality (see https://
www.bmj.com/content/365/bmj.11949). Customers therefore
hold different attitudes towards processed food, making the
food supply chain members uncertain about the customers’
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perceived quality. Big data, combined with reliable infor-
mation on food consumption, makes it possible for risk as-
sessors to assess consumers (see https://www.efsa.europa.eu/
en/topics/topic/data). In this context, we assume that the
initial customers’ perceived quality is observable and fluc-
tuates within a certain range, and this paper studies the
situation where the food processor is risk-averse and con-
siders risk attitude towards pricing and safety investment
decisions.

This paper focuses on studying the effects of different
payment methods and government subsidies on increasing
customer demands for safe food. The decisions about selling
price, wholesale price, safety investment, order quantity, and
government subsidies are optimized to maximize the profits
of channel members and social welfare. Different from
previous studies, this paper expands three aspects as follows.
Firstly, this paper studies the impacts of food processing
subsidies on the food safety investment, as well as pricing
and market share. Secondly, the heterogeneity of the cos-
tumers’ quality perception leads to demand volatility. This
paper highlights the impact of food processor’s risk aversion
on the decision making in a food supply chain. Thirdly, we
compare two payment methods, one is the order quantity-
based payment in which the food processor pays the supplier
regarding the order quantity and undertakes all the dete-
rioration costs, and the other is the demand-based payment
in which the supplier shares parts of the deterioration costs.
The further parts of this paper are organized as follows.
Section 2 summarizes relevant literature. Section 3 describes
the issue, formulates the model, and solves the issue. Section
4 analyzes the influence of parameters on optimal decisions
and compares different cases under different payment
methods by using the numerical simulation. Finally, findings
and future research directions are discussed in Section 5.

2. Relevant Literature

Our research mainly focuses on food pricing and food
safety. An apparent gap exists between perceptions of the
costumers and between the facts to innovative processed
meat products [5]. However, food processors can affect
perceived quality by adopting safety measures. Lee et al.
analyzed the understanding of Chinese customers’
perceptions of nonthermal processing technologies and
ways to mitigate negative perceptions [6]. Asseldonk et al.
found that understanding growers’ preferences regarding
interventions to improve the microbiological safety of their
production could help to design more effective strategies
for the adoption of such food safety measures by growers
[7]. Regulations and specifications on processing tech-
nology in the food industry could improve product quality
and customer trust [8] and could affect the expected price
in the spot markets [9]. Food safety investment is con-
firmed to improve food quality. Hoffmann et al. reviewed
the empirical research of the safety of produced and
consumed food; furthermore, they suggested that midsize
and larger firms should be in co-regulation and should also
reward farmers and firms for investing in food safety [10].
Zheng and Fan investigated how product freshness and risk
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preference affect the profits of the fresh agricultural
products supply chain. They found that increasing in-
vestment of science and technology on fresh agricultural
products can greatly improve the quality and safety of fresh
products [11]. The decisions about food pricing and quality
investment are also studied. Lin studied an optimal re-
plenishment model with dynamic pricing and quality in-
vestment for perishable products to maximize the total
profit per unit time [12]. Moon et al. investigated freshness
coordination decisions under the consideration of con-
sumers’ freshness preferences [13]. Wang and Zhao de-
termined the optimal investment levels of the cold chain
construction, advertisement, and optimal pricing in a fresh
tood supply chain. They found that collaborative cold chain
investment and collaborative pricing are superior strategies
for the supply chain [14].

Similar to the research above, we also investigate the
operations management problems for food pricing and food
safety. Differently, we focus on investigating the optimal
safety improvement efforts and the corresponding pricing
strategies of the risk-averse food processor which faces
uncertain perceived quality. Moreover, the government
subsidy on food processing is integrated into the decision
framework, the feasible region and amount of government
subsidy are provided, and the effects of deterioration co-
efficient and the food processor’s risk aversion indicator on
the decision of subsidy are studied, which are novel in the
food quality and food safety literature.

Our research is also related to the cooperation in food
supply chain. The relations between the suppliers and the
degree of integration of the activities along with the supply
chain are studied [15]. The benefits of cooperation are also
investigated. Mesa and Gomez found that a more stable
relationship between suppliers and retailers in the perishable
produce market will render the supply firm more cooper-
ative, competitive, and profitable. The retail channel and
market diversification have a positive effect on the rela-
tionship between cooperation and the performance of the
supplier [16]. Labrecque et al. found that in order to prosper
in an uncertain marketplace, it needs to reduce its pro-
duction costs, increase product awareness in the domestic
market, and promote cooperation among industry members
[17]. Rucabado and Cuellar suggested that small producers
that are interested in short food supply chains must be aware
of the special importance of social linkages and of the need to
take care of them as well as of the need of establishing
synergies and cooperation with other producers and
stakeholders [18]. Cooperation of the perspective of oper-
ations management is also studied. Chen and Dan analyzed
the cooperation based on a benefit-sharing contract used
within a two-level supply chain with random production and
demand [19]. Huang et al. established a Stackelberg game
model for a three-level food supply chain consisting of one
retailer, one vendor, and one supplier with production
disruption. They found that the retailer’s preservation in-
vestment can benefit all the supply chain members [20]. He
et al. designed the green innovation effort level parameters
and discussed the incentive strategy of cost-sharing led by
manufacturers. They found that manufacturers need to
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stimulate their green innovation efforts by sharing the cost of
suppliers, and the cost-sharing contract can optimize the
overall income of the food supply chain [21]. Wang and
Zhao found that collaborative cold chain investment and
collaborative pricing are superior strategies for the supply
chain [14].

We study the method where the processor pays the
supplier based on the actual demand, and the processor and
the supplier undertake the deterioration loss together, which
contributes to the market expansion of the product; in
addition, we also compare two payment methods, order
quantity-based payment and demand-based method, re-
spectively. Furthermore, the joint effects of government
subsidies and different payment methods on the market
expansion, as well as the profits of the supply chain
members, are also examined.

Big data has been employed to manage food quality or
food safety problems in the supply chain. Singh et al.
proposed a big-data analytics-based approach that considers
social media (Twitter) data to identify supply chain man-
agement issues in food industries [22]. Qian et al. presented
novel technologies, including batch mixing optimization
with AI, quality forecasting with big data, and credible
traceability with blockchain, in the context of improving
traceability performance in food processing [23]. Kappel-
man and Sinha considered a dynamic food supply chain with
multiple process steps where the decisions at each step
include supplier selection and settings for their process
parameters. They proposed an integrated approach that uses
big data mining techniques to study the effect of these
decisions on the quality of the final product and determined
the state transition matrix [24]. In terms of customers’ food
quality perception, Mishra et al. identified factors
influencing consumer’s beef purchasing decisions and
established interrelationships between these factors by using
big data supplemented with ISM and fuzzy MICMAC
analysis [25]. Nardi et al. reviewed 128 empirical studies and
found that trust, knowledge, subjective characteristics, and
sociodemographic characteristics are critical driving factors
of food safety risk perception (FSRP). They also analyzed the
negative effects of FSRP on consumers’ willingness to pay.
The effects of a supply chain member’s food safety risks on
other members’ decisions are also investigated [26]. Hou
et al. surveyed Chinese fruit farmers to study the effect of
farmers’ risk attitude and contract arrangements on contract
implementation by using a probit model [27]. Schoenherr
et al. developed a framework for ensuring food safety
through relationship networks. They found that consumers’
stress can positively affect a firm’s learning orientation and
risk aversion, which in turn affected informal and formal
relationship networks [28].

Big data makes the customer’s perceived quality be
observable. Therefore, this paper assumes that the cus-
tomer’s perceived quality is fixed and fluctuates within a
certain range. Then, this paper studies the situation where
the food processor is risk-averse and considers risk attitude
towards pricing, safety investment, and subsidy decisions.

Another stream of our research is the risk-averse in-
dividual’s optimal decision by using the mean-variance

(mv) method. Chiu et al. considered the coordination
problem with a risk-neutral manufacturer that supplies to
multiple heterogeneous retailers [29]. Cui et al. studied a
risk-averse retailer’s optimal decision of introducing her
store brand product by using the mean-variance formu-
lation [30]. Chiu et al. considered a luxury fashion firm
serving a conspicuous market consisting of two groups of
customers who influence each other and investigated the
optimal customer portfolios and budget allocation problem
using the mean-variance framework [31]. Zhao and Zhu
explored a risk-averse marketing strategy for a remanu-
facturer and a retailer in a remanufacturing supply chain
[32]. The decision of the government is also incorporated
into the model. Deng et al. studied a Stackelberg game
where the government, as the leader, designs the subsidy
policy to reach the electric vehicle adoption target and the
risk-averse electric vehicle manufacturer, as the follower,
determines the production quantity and selling price. They
found that the manufacturer’s profit does not necessarily
decrease with the risk aversion because the production
subsidy improves profit effectively [33]. Chiu and Choi
[34], Choi et al. [35], and Wen and Siqin [36] provided
comprehensive reviews of the applications of the mv theory
in supply chains.

Different from the extant literature, this study incor-
porates food safety investment into the food supply chain.
We consider the uncertain and endogenous customers’
perceived quality which can be improved by the food
processor’s food safety investment and government subsidy
together. We study the joint effects of two payment methods
and government subsidies on market expansion and the
profit of supply chain members, and we further investigate
the effects of the food processor’s risk aversion and dete-
rioration coefficient on decisions.

3. The Model

Fresh food may suffer deterioration loss during the
transportation and sales process due to the perishable
teatures; similar to He et al. [37], we use f to represent the
deterioration ratio of the food and 1 - f to represent the
surviving ratio of the food. Cai et al. characterized the
optimal decisions of a fresh product supply chain where the
freshness-keeping effort of the distributor impacts the
quality and the quantity of the product delivered to the
market [38]. In this article, the distributor is responsible for
sales and takes on all deterioration costs. Yu and Xiao
investigated the pricing and service level decisions of a
fresh agri-products supply chain consisting of one supplier,
one retailer, and one third-party logistics [39]. In their
model, the retailer is responsible for sales, while the sup-
plier takes on all deterioration costs. We compare two
payment methods, one is the order quantity-based payment
in which the food processor pays the supplier based on the
order quantity and undertakes all the deterioration costs,
and the other is the demand-based payment in which the
supplier shares parts of the deterioration costs. We study
the effects of government subsidies and different payment
methods on the increasing demands for safe food.



When neglecting the government subsidy for processing the
product, this paper considers a supply chain consisting of a
leading food processor and a supplier. Due to the fact that the
share of small-scale food producers in terms of all food pro-
ducers in countries in Africa, Asia, and Latin America ranges
from 40 to 85 per cent (see https://sdgs.un.org/goals/goal2), this
paper assumes that the food processor dominates the supplier.
We study the pricing and order decisions, and we compare the
optimal decisions under order quantity-based payment and
demand-based payment, respectively. Furthermore, we study
the situation of a food processor who invests in the safety efforts
to improve customers’ belief in the quality of products and the
situation of a government who dominates the whole supply
chain providing the food processor subsidies to increase cus-
tomer demands. We study the pricing, safety investment, order,
and subsidy decisions and compare two payment methods.

3.1. Notations. The notations shown in Table 1 are used to
model our problem.

3.2. Assumptions

(1) The government is the leader in the three-stage game,
and it firstly determines the food processing subsidy.
Secondly, the food processor determines the mar-
ginal profit and processing investment decisions, and
finally, the supplier determines the wholesale price.

(2) The deterioration coefficient is a constant; this as-
sumption can be found in [40-42]. If the order quantity
is Q, the products with a portion of f will deteriorate,
and the remainder of the products can be sold.

(3) The perceived quality of the product is s,. When the
food processor does not invest in additional pro-
cessing efforts, s, = s + &;; when the food processor
invests in additional processing efforts, such as
reopening or upgrading facilities for food processing
or educating staff on how to ensure food safety
practices,s, = q + &,, where ¢ and ¢, are indepen-
dent random variables, satisfying the distribution of
mean value 0 and variance o7, (i = 1 or2).

(4) The utility of the customers when purchasing the
products is the linear function of the retail price p
and the perceived quality s., and it is assumed to be
downward sloping in retail price and upward sloping
in perceived quality. Thus, the utility function can be
denoted by y = v+ ﬁsq - p.

(5) Since the customers’ perceived quality of products is
uncertain, it is assumed that the food processor is
risk-averse, and the risk aversion indicator is k.

3.3. Model Construction and Analysis. According to Wen
and Sigin [36], we assume that the customers’ product
valuations (v) are uniformly distributed in [0, 1], namely,
v ~U(0,1). The utility of the customer when buying the
product with the selling price p can be expressed as
p=v+pPs;—p. When p>0, the customer will buy
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the product. The market size is normalized to 1, and the demand
can be expressed as D =1+ s, — p. Since the customer’s
perceived quality remains uncertain to the food processor, now
we explore the impact of the food processor’s risk attitudes on
the equilibrium solutions. The valuation measure used herein is
known in preference theory as the mean-variance approach
(e.g., [43, 44]), whose form is expressed by the following
equation: U () = E () — (kVar(m)/2). We compare the op-
timal decisions of members based on different modes of pay-
ments and subsidies, trying to examine the combined effects of
the payment mode and the subsidy on increasing customer
demands. Mode 1 represents the order quantity-based payment,
and mode 2 represents the demand-based payment.

3.3.1. The Optimal Solutions without Subsidy. When the
food processor does not incur safety investment to improve
the customers’ belief towards the products’ quality, it is
supposed that the government does not intervene in the
supply chain. Thus, the supply chain consists of a supplier
and a leading food processor, and the decision sequence is
shown in Figure 1.

The customer’s perceived quality of the product satisfies
s, =s+¢, where ¢ is a normally distributed random
factor, with mean zero and variance o7. The order quantity
in this paper includes customer demands and product
deterioration. Two methods based on different payments
are analyzed. One method is the order quantity-based
payment, where the food processor pays the supplier based
on the order quantity. The other method is the demand-
based payment, where the deterioration cost ¢(Q — D) is
undertaken by the processor and the supplier together.
Particularly, when r = 0, the food processor will take on all
deterioration costs, and when r = 1, the supplier will take
on all deterioration costs. The event sequence is defined as
follows: (i) the food processor determines the marginal
profit m and orders products from the supplier at the
beginning of sales cycle by taking the potential product
decay into account; (ii) the supplier determines wholesale
price w (and a fixed deterioration cost-sharing proportion r
under the mode of demand-based payment); then, he
transports the products to the destination market of the
food processor; (iii) the decay occurs and the food
processor sells the remaining products to the customers.

Case 1. Order quantity-based payment.

The food processor’s expected order quantity is
(1+Bs—py)l, and the actual customer demand is
(1+Bs—p;;)- The quantity of deterioration is
(1+Bs—p;;)(I-1). Since the food processor pays the
supplier based on the order quantity, the supplier’s expected
profit can be represented by

I{})f‘lXE(”sn) = (wy; =) (1 + Bs = (wyy +myy))L. (1)

Letting (0E (1 ,)/0w,;) = 0, we get
l+c—my +sp

3 (2)

wy, (my;) =


https://sdgs.un.org/goals/goal2
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TaBLE 1: Notation and explanation.

Parameters Definition

v The heterogeneous customer valuation,v ~ U (0, 1)

S, Customers’ perceived quality about food

Y The customer utility

f Deterioration coefficient, which is positively correlated with the deterioration rate, (1/1 - f) =1

B Nonnegative coefficient representing demand sensitivity to the product’s perceived quality

c The constant production cost per unit

k The risk aversion indicator of the processor

A Cost coeflicient of the safety investment

r Fixed proportion of deterioration cost-sharing

Decision variables:

m The marginal profit per unit
w The wholesale price per unit
p The selling price per unit, p = w +m
q The optimal safety investment
S The government subsidy per unit
Functions:
D The total demand during the whole sales cycle
The total order quantity during the whole sales cycle. Since the product may undergo deterioration during the process of
Q transportation and sales, to satisfy demands, the retailer will set Q = (E(D)/1 — f). To simplify the model, we denote
(1/1-£) =1
CS(S) Customer’s surplus, which is a function of government subsidies
SW(S) Social welfare, which is a function of government subsidies
E(m,) Expected profit of the food processor during the whole sales cycle
E(m,) Expected profit of the supplier during the whole sales cycle
U (m,) Expected utility of the risk-averse processor during the whole sales cycle

The food processor determines the The supplier determines the

order quantity and marginal profit wholesale price

F1Gure 1: The decision sequence of supply chain members without
safety investment.

As (0°E (my,)/0w?,) = 21, the expected profit function
of the supplier is concave.
The food processor’s expected profit is

E(m,1y) = (wy, +myy —wy 1)Dy,. (3)
The conditional variance of the profit is
Var(,,) = /’)2 (wy, +my, - wlll)zaf’ (4)
and the food processor’s utility can be defined as
n}ﬂiXU(”m) = (wyy +my, —wyl)Dy,
. (5)
ey ?(wyy +myy —wyl) o],
Substituting  wj, (m,;) into (5), by letting
(dU (m,,;)/0my;) = 0, we can obtain
2(=c+1(1+sP) + k(P = 1)B* (1 + c + sP)a}
mll = . (6)

(1+0)(2+k(1+DB7)

As (Q*U (m,y)/0m?) = —(1/4) (1 + ) (2 + k(1 + )B*a?)
<0, the expected utility function of the food processor is
concave.

Substituting (6) into (2), we can obtain
(I+cQ+D+sp)+k(1+DF (1 +c+sp)o

(1+D(2+k1+DpT) '

(7)

wy =

Combing (6) and (7), we can get the optimal decisions as
shown in Table 2.

Case 2. Demand-based payment.

The deterioration cost ¢ (Q,, — D) is undertaken by the
processor and the supplier together; particularly, when r = 0,
the food processor will take on all deterioration costs, and
when r = 1, the supplier will take on all deterioration costs.
The supplier’s expected profit can be represented by

I?Uzlasz(nslz) = (wy, = ¢)Dy, = rc(Qy, — Dyy). (8)

As (0%E(m,),)/0w?,) = -2, the expected profit function
of the supplier is concave.
The food processor’s utility can be defined as

r?niXU(n,lz) =my,Dy, = (1-7)c(Q), — Dyy)

k
- 5[32 (my—c-1)(1- r))za%.
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As (3°U(m,,)/0m2,) = -1 — kf?0? <0, the expected
utility function of the food processor is concave.

Similarly, we can get the optimal decisions as shown in
Table 2.

Proposition 1. When the risk-averse food processor does not
adopt safety investment,

(i) The selling price and the expected utility of the food
processor decrease with k.

(ii) The wholesale price and the expected utility of the
supplier increase with k.

All proofs are given in the Appendix.

Proposition 1 shows that the risk-averse food processor
is inclined to lower the selling price, leading to a lower utility.
Meanwhile, the food processor’s expected utility will be
weakened. We find that the suppliers can benefit from the
risk aversion of the food processor. This can be explained by
the fact that a lower selling price leads to more demands, and
thus the food processor tends to order more products from
the supplier. The supplier will increase the wholesale price
with the increase of customer demands. Therefore, the
supplier will obtain more profits due to a higher wholesale
price and more customer demands.

Proposition 2. When the risk-averse food processor does not
adopt safety investment, the food processor can obtain more
demands and higher utility under the mode of demand-based
payment.

Proposition 2 shows that when the risk-averse food
processor does not adopt safety investment, the customer
demand is higher under the mode of demand-based pay-
ment. However, the supplier will benefit from the demand-
based payment only when (1+1)(1+ ZkG%ﬁz) 2+k
2B (1+1))>4VI (1 +ka?B*) (1 + ko> (1 +1)).  Particu-
larly, the food processor will be risk-neutral when k = 0, and
the supplier here will always benefit from the demand-based
payment.

3.3.2. The Optimal Solutions with Subsidy. When the food
processor adopts additional safety investment, the average
perceived quality of the product changes from s to g, and the
cost is (A/2)(q - s)?. The actual perceived quality of the
product satisfies s, =q+¢,, and the government here
subsidizes the food processor Sq in total. The decision here
follows a three-stage process, in which the government acts
as the leader and decides the subsidy S, the food processor
then determines the marginal profit m and the safety in-
vestment ¢, and the supplier finally decides the wholesale

price w. The decision sequence is shown in Figure 2. Using
the backwards induction, we first assume that the subsidy,
the marginal profit, and safety investment are known, and
the supplier determines the optimal wholesale price by profit
maximization. Then, the food processor determines the
optimal marginal profit and safety investment by utility
maximization. Finally, the government determines the op-
timal subsidy based on social welfare maximization.

Case 3. Order quantity-based payment.

The food processor’s expected order quantity is
(1+ gy — p)l, and the actual customer demand is
(1 + gy, — p21)- The quantity of deteriorating products is
(1445, — p1)(I—1). Since the food processor pays the
supplier based on the order quantity, the supplier’s expected
profit can be represented by

n;l)'zXE(ﬂle) = (wy =€) (1 +Bga — pa)l. (10)
Letting (0E (,,)/0w,,) = 0, we get
" l+c—m,, +

wy (my;) = 221 q21ﬁ~ (11)

As (0°E(my;)/0w?)) = 21, the expected profit function
of the supplier is concave.
The food processor’s expected profit can be represented

by

E(7,51) = (wy; + my; —wy 1)Dyy + S5,y — /Zl(q21 -s).
(12)
The conditional variance of the profit is
Var(7,5,) = B (w,, +my; — w,,1)’ 05, (13)

and the food processor’s utility can be defined as

A
U (7,51) = (wyy +my; — wy ) Dy + 85,951 — 5(421 - 5)2

2 2 2
- 5/3 (wyy +my; —wyl) 05

(14)

As (DU () (0md) =—(1/4) (1 + D)2 +k(1+1)
B*02) <0, (0*U (,5,)))/ (0g3,) = (1/4) (2(1 = B* - 4A~
k(=1+1)*B*02) <0, (3°U (11,5,))/ (3 my0qy,) = (1/4) (2B +
k(=1+12) B’a3), we get (3°U (1,,))/ (3 m3,) (3°U (7,,))/
(0g3,) — (0°U (71,5)))! (Omy,0q5,)* = (1/4) (=% +2(1 +1) A
+k(1+1)*B*A02) > 0. Therefore, when 1/4 (—f* + 2 (1 + )A +
k(1 +1)? [32 Ao3) >0, the expected utility function of the food
processor is concave.
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8
The government The food processor chooses the order The supplier determines
determines the subsidy quantity and determines the quality the wholesale price
safety investment and the marginal profit
FiGure 2: The decision sequence of supply chain members with safety investment.
Substituting w3, (m,;) into  (14), by letting

(0U (11,51 )/0my,) = (0U (71,,,)/0¢,;) = 0, we can obtain

((1B(2S5, = cP) + 21 (1 + sPIA + c(B* = 21) ) + k(> = 1)B* (Sy, B + (1 + ¢ + sB)A) a3 )

my =

(2(1+ DA+ A (k(1+1)*Ao5 - 1))

_+DS; —dp+2(1+Dsh) +B(1+ k(1 +D*B(Sy +5M)03)

» (15)

921

Substituting (15) and (16) into (11), we can obtain

(T +c@+D+sp) +k(1+DF (1 +c+3P)a)
B (1+D(2+k(1 +Dp03) '

Wy

(17)

Combing (15), (16), and (17), we can get the optimal
decisions as shown in Table 3.

Case 4. Demand-based payment.

The quantity of deteriorating products is
(1 + gy, — P2z) (I = 1). The deterioration cost ¢(Q,, — D5,)
is undertaken by the processor and the supplier together;
particularly, when » = 0, the food processor will take on all
deterioration costs, and when r = 1, the supplier will take on
all deterioration costs. The supplier’s expected profit can be
represented by

n}UiXE(”szz) = (wy —€)Dyy —7¢(Qyy — D)
=(wy, —c—rc(l-1)) (18)
(14 Bay — (wyy +my,)).

As (0°E (my,)/0w?,) = 21, the expected profit function
of the supplier is concave.
The food processor’s utility can be defined as

max U (71,5,) = My, Dy — (1= 17)c(Qyy — Dyy) + S30922

22>
A k
- 5(‘122 - 5)2 - Eﬁz
(my —c(1-1)(1 -1)) 0

(19)

As (0°U (m,5))/ (0m2,) = -1 —kf?02 <0, (0°U (m,5,)/
0q%,) = -1 <0, (0*U (71,15))! (Om5,045,) = P12, we

21+ DA+ pA(k(1+1)%Aos - 1)

: (16)

get  (0°U (m,,))] (0m32,) (0°U (71,5,)/0g%,) — (0°U (1,2,))/
(0m,0qy,)* = — (B*/4) + A + kB*Aa? > 0, the expected utility
function of the food processor is concave. Therefore, to
ensure the joint concavity of expected utility function of the

food processor on (myy, qa1)s (M3, Ga2)s
A> (B14(1 + kB*02)) is needed.

Proposition 3. When the risk-averse food processor adopts
safety investment strategy, if the subsidy is fixed (S5; = Sy,),

(i) The safety investment, the selling price, and the utility
of the food processor decrease with k.

(ii) If the food processor pays the supplier based on the
order quantity, and if the customer’s quality sensi-
tivity B < (> )+ (1 + DA, the wholesale price and the
expected profit of the supplier increase (decrease)
with k.

(iii) If the food processor pays the supplier based on the
customer demand, and if the customer’s quality
sensitivity B< (>)V2A, the wholesale price and the
expected profit of the supplier increase (decrease)
with k.

Proposition 3 shows that risk aversion discourages re-
tailers from adopting safety investment strategy. Meanwhile,
the food processor will reduce the selling price, resulting in a
lower expected utility. When the customers are less sensitive
to the perceived quality, e.g., < v/ (1 + )A under the method
of order quantity-based payment or f< V21 under the
method of demand-based payment, the suppliers still ben-
efits from the food processor’s risk aversion behavior. When
the customers are more sensitive to the perceived quality, the
safety investment will decrease with the risk aversion in-
dicator, weakening customer demands seriously. The sup-
plier tends to reduce the wholesale price to mitigate the
decrease of customer demands, but it still leads to profit loss.
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Proposition 4. When the government subsidy is fixed
(S =Sy, =), if the food processor pays the supplier based
on the customer demand, the food processor will invest in
more safety efforts and obtain more demands and higher
utility.

Proposition 4 shows that when the subsidy is fixed, if the
food processor pays the supplier based on the demand and
the supplier shares a portion of the deterioration costs, the
food processor will benefit from investing in more safety
efforts. However, the supplier will benefit from the demand-
based payment only when (1+1)(1+ 2ka§ﬁ2) 2+ (1+
Dko?B*) > aVT (1 +ko?B*) (1 + (1 + Dk 03f%). Particularly,
the food processor will be risk-neutral when k = 0, and the
supplier will always benefit from the demand-based
payment.

The above analysis is based on the fixed government
subsidy. Using the backwards induction, the government
finally decides the optimal subsidy by maximizing social
welfare. The social welfare function CS(S) constructed in
this paper consists of the following parts:

(1) Customer surplus, CS(S): as commonly defined in
the literature (e.g., [45, 46]), we obtain the function
of customer surplus as follows:

E(CS) = E<J;_ﬁs (v+Bs, - p)f(v)dv) = %_

(20)

(2) Supplier chain’s profit: it is calculated as follows:

A
E(739;) = (Pyi = cl)Dy; + Sy — E(qzi - 5)2- (21)

(3) Subsidy expense.

Combining components (1), (2), and (3), the total social
welfare in case 3 and case 4 for a given §,; is

(1 — P2 +/3Q2j)2

ngaxSsz:(pzj—cl)(l—p2j+ﬁq2j)+ 3
2j

A
Yoo

(22)

The problem to be solved by the government (Stackel-
berg leader) is to determine the subsidy S,; that would
maximize the total social welfare; finally, we can obtain the
optimal subsidy as shown in Proposition 5.

Proposition 5. When the food processor is risk-averse, the

government’s optimal subsidy under different payment modes
can be expressed as

(i) If the food processor pays the food supplier based on

the order quantity and if A > matx{(ﬁ2 (B+4l+k(1+

NP2 (4+6l+k(1+1)(1+2D)F o))/ (1+1)*(2+k

Journal of Food Quality

(1+1) B2 A> (B2/4(1+kB*a2)}, Sy = (B(1 -
d+sPA(-(1+2D) —k(1+1)(3+5l) pod -k (1+
D*(1+ 2D/ (K2 (1 +1)* (1 +2)B%04 —4 (1 +1)
A+ B2 (3+4l—ak(1+1)°Aad) +kB*o2 (1 +D)(2+
31) - k(1 +1)*Aa 2))).

(ii) If the food processor pays the food supplier based on
the  demand  and if A> max{(ﬁ2 (1+2k
B202) (7 + 6kB202)/16 (1 + kB*a2)), A > (B*/4(1+
kB2 Sy = (B(1—cl + sPIA(3 + 16kB*0% + 12k
Blod)/ (161 — 12k*B00% + 4kB*o?  (4khad - 5) +
(32kAa3 = 7))).

Proposition 5 shows that only when the safety invest-
ment cost is large, the government will provide subsidies. In
order to further analyze the influence of other parameters on
the decision of government subsidy, this paper further as-
sumesk = 0.3, =0.6,05 = 1,1 =0.5,s = 0.5,andc = 0.1 in
Figure 3(a) to study the effect of deterioration coefficient on
the decision of government subsidy. It assumes [ = 1.1,
B=0.6,05=1,1=0.55=0.5and c = 0.1 in Figure 3(b) to
study the effect of the risk aversion indicator on the decision
of government subsidy.

To ensure A> (B*/4(1+kB*02)), 1>0.0812 and
A>(0.09/1 + 0.36k) are needed in Figures 3(a) and 3(b),
respectively. Figure 3(a) is divided into regions (A), (B), and
(C), and Figure 3(b) is divided into regions (A), (B), (C), and
(D). The regions where the government can maximize
social welfare by providing subsidies under order quantity-
based payment are (B) and (C), and that under demand-
based payment is (C). Figures 3(a) and 3(b) show that the
government is more inclined to provide subsidies under
order quantity-based payment. The government does not
provide subsidies in regions (A) and (D). Figure 3(a) shows
that when A is very small, the government does not provide
subsidies under two methods; when / and A are both
relatively small, the government does not provide sub-
sidies under the mode of order quantity-based payment;
the decision of subsidies is not affected by I under the
method of demand-based payment. Figure 3(b) shows that
when A is very small or when k is greater than a threshold
and A is relatively small, the government does not provide
subsidies. This implies that although the subsidy increases
with k (see Proposition 6 (i)), a too high-risk aversion
indicator will discourage the government from providing
subsidies.

Proposition 6. When the government decides the subsidy,

(i) The subsidy increases with k.
(ii) The safety investment increases with k.
(iii) The supplier’s profit increases with k.

(iv) The customer demand will be higher if the food
processor pays the supplier based on the demand.

Proposition 6 shows that when the government decides
the subsidy, in order to encourage the risk-averse food
processors to invest in more efforts, the optimal subsidy
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FIGURE 4: (a) The food processor’s utility as k changes. (b) The supplier’s profit as k changes.

increases with the food processor’s risk aversion indicator.
Different from Proposition 3, the supplier here always
benefits from the food processor’s risk-averse behavior. This
can be explained by the fact that the subsidy here can in-
crease the wholesale price and the demand; therefore,
Proposition 6 shows that the supplier’s profit always in-
creases with k. Combining Proposition 2, Proposition 4, and
Proposition 6 (iv), it can be concluded that the customer
demand will increase under the method of demand-based
payment. Therefore, from the perspective of increasing
market share, it is necessary for suppliers to share a part of
the food processor’s deterioration costs.

4. Numerical Simulation

This part makes numerical experiments to analyze the effects
of the food processor’s risk aversion coeflicient, deteriora-
tion coefficient on the food processor’s expected utility, the
supplier’s profit, and the social welfare.

4.1. The Effects of Risk Aversion Coefficient on the Food Pro-
cessor’s Expected Utility and the Supplier’s Profit When the
Government Provides Subsidies. When we study the impact
of the food processor’s risk aversion coefficient on the
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FIGURE 6: (a) The food processor’s utility as I changes. (b) The supplier’s profit as I changes.

decisions, we assume that [ = 1.1, $=0.6, 05 = 1, A = 0.5,
s=0.5,and ¢ =0.1.

As can be seen from Figure 4(a), the food processor’s
utility increases with the risk-averse indicator. This is be-
cause the government tends to subsidize the food processor
more to encourage the risk-averse food processor to carry
out safety investment. Figure 4(a) also shows that the food
processor’s expected utility under the method of demand-
based payment is greater than that under the method of
order quantity-based payment. Figure 4(b) shows that the
supplier’s profit increases with the food processor’s risk
aversion indicator, which verifies Proposition 6 (iii).
Figure 4(b) shows that suppliers can obtain more profits
under the method of demand-based payment. Combining
Figures 4(a) and 4(b), we find when the government en-
dogenously decides the subsidy, the demand-based payment
can improve the supplier’s profit and the food processor’s
utility. When the government provides endogenous subsidy,
it is necessary for the food supplier to share a portion of
deterioration costs. As the government provides higher
subsidy facing a more risk-averse food processor, risk
aversion will benefit supply chain members.

4.2. The Effects of Risk Aversion Coefficient on Government
Subsidies, Safety Investment, and Social ~Welfare.
Figures 5(a) and 5(b) show that when the government
decides the subsidy, as the food processor is more risk-
averse, the government will provide higher subsidies.
This also encourages food processors to invest in more
efforts and obtain more subsidies. As the per-unit sub-
sidy and subsidy quantity (the amount of safety in-
vestment) under the method of demand-based payment
are higher than those under the method of order
quantity-based payment, the total government expen-
diture under the method of demand-based payment is

larger, and Figure 5(c) validates it. Figure 5(d) shows that
the demand-based payment can lead to a higher social
welfare, and the social welfare increases with k when the
government decides the subsidy. When the government
does not provide the subsidy, Figure 5(e) shows that the
social welfare decreases with k under the method of order
quantity-based payment, whereas the social welfare in-
creases with k under the method of demand-based
payment. Comparing Figures 5(d) and 5(e), we find the
demand-based payment is beneficial to the social welfare
no matter whether the government provides subsidies or
not. When the government does not provide subsidies, it
is necessary for the food processor to reduce risk aversion
under the mode of order quantity-based payment from
the perspective of social welfare. However, if two
members adopt demand-based payment, risk aversion
will benefit social welfare.

4.3. The Effects of Deterioration Coefficient on the Food Pro-
cessor’s Expected Utility and the Supplier’s Profit When the
Government Provides Subsidies. When we study the effects
of deterioration coefficient on the decisions, we assume that
k=03,$=0.6,0%=1,1=0.55=0.5,and c=0.1.

Figures 6(a) and 6(b) show that the demand-based
payment is a better method for supply chain members, and
the gap between the demand-based payment and the order
quantity-based payment increases with I. However, the
supplier’s profit and the food processor’s utility will decrease
with L.

4.4. The Effects of Deterioration Coefficient on Government
Subsidies, Safety Investment, and Social Welfare When the
Government Provides Subsidies. As shown in Figure 7(a), the
unit government subsidy decreases as [ increases, discour-
aging food processors from investing in safety investment
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efforts. Figures 7(a) and 7(b) show that the per-unit subsidy
and subsidy quantity both decrease with I, and thus
Figure 7(c) finally shows that the overall government ex-
penditure will decrease with [. Figure 7(d) shows that the
demand-based payment can lead to a higher social welfare,
and the social welfare decreases with [ when the government
decides the subsidy. Figures 7(d) and 7(e) also show that the
demand-based payment is beneficial to the social welfare.
Combing Sections 4.3 and 4.4, it is essential for food supply
chain members to reduce the deterioration coeflicient. As
the deterioration coefficient is larger, it is necessary for the
members to adopt demand-based payment to obtain higher
profit or utility.

5. Conclusion

5.1. Summary of Findings. This paper studies the food supply
chain where the food processor is the leader of the channel
and processes the food which intrinsically attributes as
nutritive, organoleptic, or other biochemical and biophysical
characteristic values are unknown to the customers. Thus,
the demand will depend on the customer’s perception
quality, which is uncertain for the food processor; however,
the food processor can adopt safety investment to improve
the customers’ belief towards quality. The government as the
leader in the three-stage game provides the food processor
subsidies to raise the demand for safe food. Meanwhile, this
paper compares the order quantity-based payment and the
demand-based payment to discover the effects of payment
methods on customer demands, the supplier’s profit, and the
food processor’s utility. This paper also studies four cases
based on different government subsidies and payment
methods and determines the optimal wholesale price,
marginal profit, safety investment, and government
subsidies.

The main findings of this paper are as follows. (1)
Suppliers can increase customer demands by sharing parts of
the deterioration costs, but the demand-based payment is
not always beneficial to supply chain members. (2) To en-
courage the risk-averse food processor to adopt safety in-
vestment, the subsidy increases with the food processor’s
risk-averse coeflicient. The supplier’s profit increases with
the retailer’s risk aversion indicator. (3) If the food processor
does not adopt safety investment or the government en-
dogenously decides the subsidy, the supplier’s profit will
increase with the retailer’s risk aversion indicator. If the food
processor adopts safety investment and the government does
not decide subsidies, i.e., the subsidy is fixed at value, when
the customer is relatively quality-sensitive, the supplier’s
profits will decrease with the food processor’s risk aversion
indicator.

5.2. Management Implications. In accordance with the
conclusions of this research, the following suggestions are
offered to the government and supply chain members. (1)
Government subsidies can encourage the risk-averse pro-
cessors to invest more in safety and improve the social
welfare. When the cost coefficient of safety efforts is greater
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than a threshold, the government can maximize the social
welfare by providing processing subsidies. (2) If the gov-
ernment does not provide subsidies, the processor should
reduce risk aversion to improve utility. However, if the
government decides the subsidy level aimed at social welfare
maximization, the processor’s utility will increase with the
risk aversion indicator, but the government will increase
expenditure. (3) It is necessary for the supplier to share parts
of deterioration costs to increase the product demand;
however, supply chain members may suffer profit loss.

5.3. Future Studies. Finally, the research detailed within this
paper is summarized, along with its limitations, and possible
directions for future research are also presented. In future
research, one can incorporate the cooperation on safety
investment into the model and examine the joint effects of
supply chain members’ cooperation and government sub-
sidies on the demand for safe food. Since the supplier can
improve the quality or safety of the food, we will consider the
endogenous initial quality of food by taking the food sup-
plier’s safety efforts into account.

Appendix

Proof of Proposition 1

(i) Opy/ok) =—(B*(1—cl+sP)a?/2+k(1+1) B
02)’) <0,  (3U (m,,,)10k) = —(B* (1 —cl + sB)*a?/
22+ k(1+ D202 <0, (3p,,/0k) = —(B*(1— cl+
sP)o3/a(1 +kB*a?)?) <0, (U (m,,,)/0k) = —(B*
(1 —cl+ sp)* 2/8(1 + kB*0?)*) <.

(ii) (Qw,,/0k) = (B*(1—cl+sP)o/(2+k(1+])  p*
02)%) >0, (3E (7,,,)/0k) = (2IB% (1 — cl + sp)* o? (1+
k(1 +DB2a?)/ (1 +1) (2 + k(1 +D)*0?)’) >0, (dw,,/
k) = (B (1 —cl +sP)a2/a(1 + kB*0?)*) >0,  (OE
(7512)/0K) = (B*(1 —cl +sB)*a? (1 + 2kB*a?)/ 8(1+

kB*a?)’) > 0. O

Proof of Proposition 2

(U (m,)/U (m,1) = (L + 1) 2+ k(1 +D)B%0D)/2 (2+
2kB?0D) > 1, Q- Qy =11 —c+sB)((I-1) (2+k
B+ DB + 2K (1 + DBtoh)/a(1 + ko) (1 +1) (2+
k(1 +1)B*?))>0. O

Proof of Proposition 3

(i) (9py/0k) = —((1+ B> (B> + (1 +DA) (Sy B+ (1-
d+sp)  Nod (1 +DA+ B (k(1+1)*Ao? - 1))
<0, (3g,,/0k) = —((1 +1)*B* (S, B+ (1 = cl+ sB)A)
o2/ (2(1+ DA+ B2 (k(1+1)°Ao% - 1))*)<0, (U
(71,5,)/0k) = = (1 + 1)*B*(S,, B+ (1 —cl+  sP)A)?
02122 (1 + DA+ B* (k(1 +1)*A0% — 1))*) <0, (Opy/
0k) = —(2B* (B +2) (S8 + (1 —cl+sB)A) a3/
(41 + B* (4kAa2 — 1))*) <0,  (3qy/dk) = — (45
(SyB + (1 —cl + sPIN)o2/ (41 + B* (4kAa? — 1))%)
<0, (QU (11,,)/0k) = — (2* (S + (1 = cl + sP)A)?
0%/ (41 + B (4kho? - 1))%) < 0.
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(i) (Qwy,/0k) = (1 +DB* (B> + (L +DA) (S, B+ (1-
c + sPA)02/ (2(1 + DA+ B> (k(1 +1)°A 02 - 1))%), if
B2< (1+DA, (dwy/0k)>0, else, (dw,,/dk)<O0.
(OE (my,)/0k) = (2L(1 + DB* (=B*+ (1 +DA) (Sy,
B+ (1—cl+sPA)o(1+k(1+ Z)gzag)/(z (1+1)
A+ B (k(1+1)’Ao% - 1)), if B*<(1+1)A, (OE
(1,,)10k) > 0, else, (O (my,)/ Ok) <0. (0D,,/dk) =
(L + DB = A+ DA (S, B+ (1—cl+  sPA)
ag/(zu +DA+ B (-1+k  (1+D*Aad)),  if
B’ < (1 +1)A, (dD,,/0k) >0, else, (OD,,/0k) <0.

(iii) (dw,,/0k) = — (2% (B* - 21) (SpB+ (1=
cl + sP)A)02/ (4h + B° (-1 + 4kAad))®), if B*<2A,
(Ow3y/0k) > 0, else, (Ow;,/0k) < 0. (O (m,5,)/ k) =
— (487 (B = 21) (SpuB + (1 = cl + sP)A) a2 (1 + 2kp
02)/ (4L + B* (~1 + 4kAd2))?), if B> <2A, (OE(myy)
/0k) >0, else, (OE(m,,)/0k)<0. (0D,,/dk)=—
QIB* (B> =21)  (SyPf+ (1 —cl +sPA)a2/ (41 + B
(-1 +4kAod))?), if p*<2), OD,,/ 0k>0, else,
oD,,/0k < 0. O

Proof of Proposition 4

d2—4qa = (L=DP(=A+cA=B(S+sh) (2+k(3+])
B202)/ (4L + B (=1 + 4kAa2)) (1 + DA+ B2 (=1 +k (1 +1)°
A03))) >0, Q= Qy =1(Sf+A=cld+ s ((I-1)
QA+ kB3 (B + (3+ DA+ 2k (1 + DB*Aa2))/ (4A + B* (-1 +
4k102)) (2 (1 + DA + B (=1 + k(1 + 1)*Aa2))) > 0, U (m) -
U(rt,py) = L=1)(SB+ (1=l +sP)A)?* (2 +k(3+DB02)/
241 + B (-1 +4kAo2)) (1 + DA+ B2 (=1 + k (1 +1)*Aa2))
> 0. O

Proof of Proposition 5

(1) SWy = (121 + DA+ B (-1 + k(1 +1)* LAa2))?)

((~1+cl—sB)A - BS,,)* (1+k(1+1)p*a2)* +
2(((~1+cl = sPOA = BS,))* (1 + k(1 +DB*02)  (1+
A+K(1+D 02 -A (B(=1+cl—sB)— (1+1)S,,
(2+k  (1+DB%a2))H),(0SW,,/0S,;) = (1/2(2(1 +
DA+ B (=1 +k(1+1)*A02)?) (2B(1 —cl +sBA(1 +
2Ad+k (1+DBo2(3+51+k(1+1)(1+2Df*02)) +
28, (B+4l)p* —4(1+D*A+ k(1 +1) {3205 ((4 + 6l)
B -4 +1)A—k(1+DB*(~(1+ 2D+ (1+1)*A)
),
(0*SW,,/083) = (B+ 4> —4(1+ 1A+ k (1+1)
o2 ((4+6D)p* —4(1+1)°A-k(1+D)p* (—(1+2)
B+ (1+l)2/1)02§)/(2(1+Z)A+ﬂ2(—1+k(1+l)2
AoD)), if A> (BF(3+4l+k(1+DB*o2(4+6l+k
A+ +2D) B/ 1+ 2 +k(1+1)p02)),
(0*SW,,/ 3S23,) < 0. Therefore, when A > 8> (3 + 4l +
k(1+ D)0 (4+6l+k (1+1)(1+2)B%a2))/ (1 +1)*
2+k(1 +l)ﬁ2cr§)2, the social welfare function is
concave.

(ii) Since the proof here is similar to that in (i), we omit
them. O

Proof of Proposition 6

(i) 08,,/0k = (1 +1)*f (1 = cl + sP)Aa2 f (k) ((3 + 4l)
B4+ A+ k(1+ Do ((4+6D)p -4 (1+

Journal of Food Quality

D*A-k(1+DB*  (=(1+2D)B* + (1 +1)*D)ad)),
frlk)=—(5+8)B*+4(1+1) (2+3DA+k(1+
1p? 2 (2(1+2D) (2% +3(1+DA) + k(1 +
DEE((=(1+2) B+ A+1(4+3)A)0od));  since
A> (BPGB+4l+k(1+1) Brod(4+6l+k(1+1)
(1+ 21)/5%?))/(1 + D22+ k(1 +D)B%02)?), we get
fik)>2B"  QI+kBo2(1+51(1+1) +kI(1+1)
(1+20) BPo2)+1- (1/2+k(1+1)B%02)/1+1)>0,
and thus we get 9S,,/0k > 0.

0S,,/0k = (4B (1 —cl+sP)  Aaif,(k)/ (78> - 16
A+ 4kfro? (56° — 81 + kB> (3B° — 41)0d))?), £,
(k) = —13B% + 40) — 4kB*0% (6 (B* - 30)+ kB> (3p°
-8M)02); since A> (B*(1+2kB°02)(7+ 6kp*02)
116 (1 + kB*02)%), we get f,(k)> (1/2)B* (10—
(1/1 + kB*03) + 4kB*0% (11 + 6k 62)) > 0, and thus
we get (0S,,/0k) > 0.

(i) gy =-1/- B+4)F +4(1+ DA +k(1+D)

(243D +4(1+D°A+k(1+1) B (-(1+
B+ (1 + D)o/ ((B+4l) (-1+c)f—-4(1+
A+ k(1 +1D)p* 02 (2(2+30) (-1 +cl)
B-4(1+D)"  sA+k(1+DB (1 +2D)(~1+c)B-
(1+1)°s))a2),

G = (7(=1+cD)B - 16sA + 4kp*a? (5(-1+cl)B~
8sA + kB> (3(~1+cD)B - 4s0)02)/7B* — 161 + 4kp*
03 (58 - 81 + kB> (3% — 41)a2)).

0q 10k =2(1+ 1)’ (1 —cl+sPAa2 (2 +4l+k
1+ D2 (1+4l+KI(1+ D202 (-3 +4Dp?
41 +D* A+ k(1 + l)ﬁza%(—z(z + 3D+ 4(1+1)?°
A+k(1+DB(—=(1+ 20 + (1+1)*A)ad)* >0,
09,10k =328 (1 —cl+sB)Aa2 (1 +kp*02) (3 +
2kB*02)/ (7B% — 16\ + 4kp>a2 (56° — 8A + kB* (3B° -
41)02))* > 0.

(i) 7y = 1A+ D (-1 +c—spA (1 +k(1+1)p%02)

Q+k(1+Dp02) - (3+4l) f+4(1+D°A+k(1
)P (22 + 3D +4(1+D)*A+k (1+1)p?
(=(1+2D)B% + (1 +1)*N)02), Omyy/0k = 1(1 +1)*p
(1—cl+sPAa2f, MV ((B+4DB7 -4 (1+1)*A+
k(1+ Do ((4+6l)p> —4(1+1)°A-k(1+1) p°
(—(1+2DB* + (L +D*Vad))%, fL1 (W) =B +4(1+
DA+ k(1+ D202 (2% +4(1+1)* A+ k(1 +1)8°
(B + (1 +D*N)a2), A>P*(3+4l+k(1+D)B* o?
(4+6l+k(1+1]) (1+2DBPe2)/(1+ 1) (2+k
A +DB2)fLN>2 B +20+k(1+1)f0?
(1+31+kI(1+1)B%02 ) >0, 3 7y, 10k > 0.

Moy = 16 (1 —cl + sB)*A* (1 + kB02)* (1 + 2kp02)’
[(7B* - 16)+4kB*a3 (58 — 81 + kB> (3B° — 4A)
o)), Oy, /0k = 327 (1 — cl + sB)*A%a2 (1 +kp?
02 (1+2kB0%) f, (WD (7B* - 16) + 4kp* a2 (58°
—8A + kB (3% —41)ad))’, f,(A) = B> — 16 + 4kp?
o (B> - 8L + kB (B> — 4M)a3),  A>pE(1 +2kp 02)
(7 + 6kB*a2)/16 (1 + kB*a2)%, f,(A) < —2B% (3 + 4k
B202 (2 + kp*02)) <0, D7y, /0k > 0.
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(V) Q= A +D(A—c+sPA2+k(1+1) B (3+
k(1+D)  BPa/fs (L), f3(A) =—(3+4lp*+
41+ 1A+ k(L + D02 (22 + 3D +4 (1+1)°
A+k(L+DB(-=(1+2DF*+ (1+1)* Vod), Qp=
4(-1+c-sPr(+kB>  02)(1 +2kp*02)/7p*~
161 + 4kp*02 (58° — 8 + kB> (34% — 4))a?
Qy—Qy = (1=cl+sPA(I-1)/(78* - 16A + 4k
Blo3 (58" — 8L+ kB* (3B —4N)a2) (—f5 (M) (16
(1+ DA =2+ ko2 (3 + 1) (=3B* +16(1 + DA) +
kﬁ2 0%((15+l(12+l))(—/32+4(1+l)/\)+4k
(1+DBP2((B+D) (- +3(+DA) + k(1 +1)p* (-
B> +2(1+1)1)a2)))) >0. O
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Suppliers are important members of the agricultural supply chain. Moreover, their behavior decisions may affect the sustainable
development of the agricultural supply chain. Considering agricultural supplier trust, this study examines the direct impact of
trust perception on relationship quality and the indirect impact of supplier fairness perception on relationship quality. Based on
the survey data of agricultural product suppliers, this study uses the structural equation model method for empirical analysis. The
analysis results show that both fairness perception and trust perception have a significant positive impact on the relationship
quality of the agricultural supply chain. Trust perception particularly has a positive direct impact on the relationship quality of the
agricultural supply chain, while fairness perception has an indirect influence on the relationship quality of the agricultural supply
chain through trust perception. In addition, information sharing, price satisfaction, income level, and environmental certainty
have a significant positive impact on suppliers’ fairness perception. Therefore, retailers comprehensively consider both fairness
perception and trust perception of suppliers, which will help improve the relationship quality of the supply chain.

1. Introduction

Many experiments in behavioral economics have shown that
the fairness perception of decision-makers refers to the
comparison between the efforts and benefits of oneself and
that of others, wherein the idea of fairness is derived [1]. In
China, the agricultural supply chain is usually dominated by
retailers or wholesalers. The suppliers only obtain less
revenue and bear too many market risks [2]. The inequality
of distributed wealth could prompt suppliers to take certain
illegal actions to reduce production costs and increase their
own profits. These behaviors may cause agricultural product
quality safety incidents. For example, the Shanghai Shenglu
Food Company dyes white flour into cornmeal buns and
Heinz Meiweiyuan (Guangzhou) Food Company adds
“Sudan Red No. 1” to chili sauce. These incidents damage the
relationship quality between agricultural supply chains.
Therefore, supplier fairness perception is one of the key
factors affecting the stability of supply chain cooperation [3].
However, trust has a positive role in promoting relationship

quality [4]. If suppliers trust retailers, they will make effort to
maintain the stability of the quality of agricultural products
for long-term cooperation. It is helpful to improve the ef-
ficiency of cooperation and the stability of relationship
quality [5]. Once the agricultural product supplier loses trust
in the retailer, conducting behaviors that damage the rela-
tionship quality of the agricultural supply chain is possible
[6]. Suppliers’ trust to retailers is an important part of supply
chain management [7].

In supply chain management research, the relationship
quality of the supply chain is important for describing the
basic characteristics of the supply chain. Food safety and
quality issues have largely affected the relationship quality of
the supply chain [8]. Fairness perception and trust per-
ception of suppliers may affect the relationship quality of the
agricultural supply chain. As we have shown, some scholars
have conducted empirical studies on the influence of fairness
perception on relationship quality, and they found that
fairness perception has a positive effect on relationship
quality [9, 10]. In addition, other scholars have studied the
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influence of trust perception on relationship quality [11].
However, their main concern was the impact of the retailer’s
fairness perception or trust perception on relationship
quality. To the best of our knowledge, there has been little
research on the impact of both suppliers’ fairness perception
and trust perception on the relationship quality of the ag-
ricultural supply chain. Based on survey data sets of agri-
cultural product suppliers, this study analyzes the impact of
agricultural product suppliers’ fairness perception and trust
perception on the relationship quality of the supply chain.
The research results will provide scientific guidance and
suggestions for the sustainable development of agricultural
supply chains.

2. Theoretical Background and Assumptions

2.1. Factors Influencing Suppliers’ Fairness Perception.
Both distributive and procedural fairness are important
dimensions for measuring fairness perception and have been
widely used in previous literature. Many scholars have
studied the influence of distributive and procedural fairness
in the supply chain and their own influence [12, 13]. This
study uses both distributive and procedural fairness to
describe the fairness perception of agricultural product
suppliers. Informational fairness and interactional fairness
are also reflected in the article. Openness and transparency
of information and the equality of information exchange are
considered through information sharing, and equality of
both agricultural product suppliers’ transaction process and
interaction is considered through procedural fairness.
Price satisfaction is essential and affects fairness per-
ception [14]. Price satisfaction has a positive and significant
impact on fairness perception [15]. Simultaneously, price
satisfaction can affect not only the degree of fairness per-
ception but also the cooperation between suppliers and
retailers in the supply chain of agricultural products [16].
Higher price satisfaction will make cooperation between
agricultural product suppliers and retailers more stable and
lasting. This study makes the following assumptions:

Hla: price satisfaction has a positive impact on dis-
tributive fairness

H1b: price satisfaction has a positive impact on pro-
cedural fairness

Studies have shown that information sharing could
improve supply chain performance [17]. Therefore, infor-
mation sharing is an essential role in the cooperation process
of supply chain members. For example, information sharing
can promote operational performance improvement, reduce
supply chain costs, and increase supply chain profits [18, 19].
Simultaneously, information sharing has a positive impact
on fairness [20]. Information sharing and fairness percep-
tion are considered closely related, and information sharing
can have a certain impact on fairness perception. As the
degree of information sharing increases, agricultural
product suppliers can obtain more information. This study
makes the following assumptions:
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H2a: information sharing has a positive impact on
distributive fairness

H2b: information sharing has a positive impact on
procedural fairness

Income is the main indicator reflecting utility and sat-
isfaction [21]. Income inequality triggers the unfairness
perception of agricultural product suppliers, which can
significantly reduce the enthusiasm of agricultural product
suppliers. Changes in income levels significantly affect
fairness perception [22]. When the income level fluctuates
abnormally, it will even affect the fairness of the whole
society and cause people to change the concept of social
fairness [23]. An increase in income level will enhance the
fairness perception of suppliers of agricultural products and
promote cooperation between suppliers and retailers. This
study makes the following assumptions:

H3a: income level has a positive impact on distributive
fairness

H3b: income level has a positive impact on procedural
fairness

Environmental certainty has a significant impact on
fairness perception, namely, distributive fairness and pro-
cedural fairness, and has an impact on the stability of supply
chain partnerships [24]. Therefore, the uncertainty of the
agricultural product market environment brings risk and
unfairness perception to agricultural product suppliers.
Increasing environmental certainty promotes the fairness
perception of agricultural product suppliers and stabilizes
the cooperative relationship of agricultural supply chains.
This study makes the following assumptions:

H4a: environmental certainty has a positive impact on
distributive fairness

H4b: environmental certainty has a positive impact on
procedural fairness

2.2. Fairness Perception and Trust Perception. This study
divides trust perception into two dimensions: integrity trust
and good faith trust. Integrity trust means that the supplier
of agricultural products trusts the promise from the retailer
and regards the retailer as the most loyal partner. Good faith
trust shows that the supplier of agricultural products fully
trusts that the retailer can provide assistance, support, and
understanding.

In the agricultural supply chain, both fairness perception
and trust perception play very important roles. However, no
clear conclusion about the relationship between trust per-
ception and fairness perception exists. We assume that
fairness perception affects trust perception among members
of the agricultural supply chain.

On the one hand, distributive fairness has a significant
impact on trust perception. Distributive fairness is mainly
manifested in the fairness of income distribution. When the
income or benefits’ distribution was unfair, people’s par-
ticipation also became affected, thereby affecting trust
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[25, 26]. Christopher and Matthew [27] proved that trust
was affected by a social distribution or unfair income dis-
tribution, and unfair income distribution reduced public
trust. Sonja and Juan [28] highlighted that unfair income
distribution had a negative impact on trust. Distributive
fairness can be the decisive factor of trust perception. In the
agricultural supply chain, unfair income distribution will
stimulate conflicts between suppliers and retailers, affect the
trust of both parties, and damage the willingness of both
parties to continue cooperating. Therefore, distributive
fairness has a certain impact on trust perception.

On the other hand, procedural fairness could affect trust
perception. Procedural fairness is defined as the fairness of
participants during the planning process [29]. Trust is
usually formed during the planning process [30, 31].
Christoph [32] showed that procedural fairness directly
affected participants’ trust. Gross [33] proved that proce-
dural fairness has a positive impact on trust. Procedural
fairness is an important determinant of trust perception in
the agricultural supply chain because procedural fairness
reduces conflicts of interest, enhances the stability of the
supply chain, and increases trust between both parties. Good
mutual trust helps reduce the adverse effects of communi-
cation, stabilize the supply chain environment, and increase
market vitality. Thus, procedural fairness affects trust per-
ception to a certain extent.

Aryee et al. [34] proved that both distributive fairness
and procedural fairness affected trust. In addition, distrib-
utive and procedural fairness has a comprehensive impact
on trust fairness. Ghasem et al. [35] further highlighted that
distributive fairness has a more significant impact on trust.
Therefore, trust fairness in agricultural product suppliers
will be affected by fairness perception. This study makes the
following assumptions:

Hb5a: distributive fairness has a positive impact on
integrity trust

H5b: distributive fairness has a positive impact on good
faith trust

Hé6a: procedural fairness has a positive impact on in-
tegrity trust

Heéb: procedural fairness has a positive impact on good
faith trust

2.3.  Trust Perception and Relationship  Quality.
Commitment is essential in relationship quality, and sup-
plier trust will have a significant impact on commitment
[36]. From a psychological point of view, commitment is
largely affected by trust, and this effect is enduring [37].
Some scholars have found that fairness has an indirect
impact on commitment, and trust has a direct impact on
commitment [38, 39]. Suppliers will maintain stable com-
mitment and long-term cooperation with the retailer if they
trust the retailer. This study makes the following
assumptions:

H7a: integrity trust has a positive impact on
commitment

H7b: good faith trust has a positive impact on
commitment

Trust perception is critical to investment willingness.
Trust will affect investment willingness and income [40, 41].
The willingness of suppliers to continue investing is also
affected by trust [42]. Therefore, the trust perception of
agricultural product suppliers has an impact on investment
willingness. This study makes the following assumptions:

Ha8a: integrity trust has a positive impact on investment
willingness

H8b: good faith trust has a positive impact on in-
vestment willingness

Continuity expectation means that the agricultural
product suppliers do not want to change the relationship in a
short time but to keep cooperating with the retailer. Trust
will affect the continuity of the cooperative relationship and
has an intangible effect on future cooperation between two
parties [43]. Trust is related to fairness, which affects the
results of cooperation and the possibility of long-term co-
operation, that is, continuous expectations [44, 45]. Thus,
the continuity expectation is possibly affected by trust
perception. This study makes the following assumptions:

H9a: integrity trust has a positive impact on continuity
expectations

H9b: good faith trust has a positive impact on conti-
nuity expectations

Based on the above analysis, this study establishes a
theoretical model and research hypothesis framework of the
relationship between fairness perception, trust perception,
and agricultural supply chain quality, as shown in Figure 1.

3. Methods of Empirical Research

3.1. Variable Definitions and Measurements. This study ex-
amines the impact of both fairness perception and trust
perception on relationship quality. The factors influencing
fairness perception include price satisfaction, information
sharing, income level, and environmental certainty. Fairness
perception is separated into distributive and procedural
fairness. Trust perception includes integrity trust and good
faith trust. Relationship quality comprises commitment,
investment willingness, and continuity expectations. To
ensure the reliability and validity of the scale, this study
adopts a seven-point Likert scale widely used in empirical
research.

This article defines price satisfaction as the degree of
satisfaction of suppliers with agricultural product prices,
with five items, the scale of which comes from Hellberg and
Spiller [46]. This article defines information sharing as the
ability of agricultural product suppliers to share their own
information with retailers with six items, and its scale is
adapted from Frazier et al. [47]. Income level is defined as
the profit that the retailer can bring to the agricultural
product supplier. The scale is rooted in the study by
Anderson and Narus [48], with four items. Environmental
uncertainty means that the demand and sales forecasting of
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Ficure 1: Theoretical model.

suppliers on the agricultural product market is not ascer-
tainable, and its scale is adapted from Heide and John [49].

This study defines distributive fairness as the distribution
of profit being fair in the cooperation between agricultural
product suppliers and retailers and that procedural fairness
as the process of cooperation between suppliers and retailers
remaining fair. The scale of distributive fairness is measured
by five items, and the scale is derived from Price and Mueller
[50]. The scale of procedural fairness is adapted from Kim
and Mauborgne [51], with eight items. Integrity trust means
that agricultural product suppliers trust the retailer’s
promises and suggestions, and good faith trust means that
agricultural product suppliers trust the retailer’s support and
assistance. Integrity trust and good faith trust are measured
by five items, and the scale comes from Kumar et al. [52].

Commitment means that the supplier of agricultural
products is willing to make corresponding promises to the
retailers with three items, and the scale comes from Meyer
et al. [53]. Investment willingness is defined as the will-
ingness of agricultural product suppliers to invest and co-
operate with retailers. The scale is selected from Kumar et al.
[52], which is described by three items. This article defines
continuity expectation as the idea of long-term cooperation
between agricultural product suppliers and retailers with
three items, and the source of the scale is the study by Frazier
et al. [47].

3.2. Sample Selection and Data Collection. This article con-
ducts surveys via questionnaire. The objects of the ques-
tionnaire are representative suppliers from wholesale markets
of agricultural products in various cities, and most of them
have rich experience in the agricultural industry. The objects
of the questionnaire cover major cities in Jiangsu Province.
The questionnaire is distributed to agricultural product
suppliers through e-mail and visits. A total of 1,000 ques-
tionnaires were distributed, and 562 were returned. The

questionnaires were screened after the questionnaires were
returned, and 112 questionnaires were eliminated, because the
subjects of 53 questionnaires did not meet the requirements of
middle- and high-level supplier managers, and the result of 13
questionnaires had the same blockbuster options. In addition,
25 questionnaires contained missing information, and 21
questionnaires showed wrong answers to reverse questions
and polygraph questions. Finally, 450 valid questionnaires
were obtained with an effective recovery rate of 45%.

4. Empirical Research Results

4.1. Reliability and Validity Analysis. This study used SPSS
25.0 to test the reliability and validity of the questionnaire
based on the collected data. Both reliability and validity were
analyzed. The specific analysis results are shown in Table 1.

The study analyzes the Cronbach’s « coeflicient from 11
aspects such as price satisfaction, information sharing, in-
come level, environmental certainty, distributive fairness,
procedural fairness, integrity trust, good faith trust, com-
mitment, investment willingness, and continuity expecta-
tion. According to the reliability analysis, the Cronbach’s «
value of the total variable was 0.952, indicating that the
reliability of the total sample data was good. From Table 1,
that Cronbach’s « values in various aspects are 0.732-0.849,
which is all greater than 0.7 acceptable values. This shows
that each indicator has high internal consistency, and each
variable has good reliability.

The study also calculates KMO (Kaiser-Meyer-Olkin)
values of the total sample and the chi-square value of
Bartlett’s sphericity test and analyzes the factor load of each
variable. According to the validity analysis, the KMO value is
0.912, and Bartlett’s sphericity chi-square value is 15706.585.
This means that the sample data are very suitable for
analysis. Simultaneously, the factor load of each variable is
greater than 0.5, which indicates that the sample data have
good validity.



Journal of Food Quality

TaBLE 1: Reliability and validity analysis of variables.

Variable Question « Factor load
Q1-1 0.792
Ql1-2 0.764
Price satisfaction Q1-3 0.732 0.683
Q1-4 0.776
Ql-5 0.815
Q2-1 0.591
Q2-2 0.745
. . Q2-3 0.798
Information sharing Q24 0.787 0.634
Q2-5 0.739
Q2-6 0.719
Q3-1 0.846
Q3-2 0.684
Income level Q3-3 0.849 0735
Q3-4 0.572
Q4-1 0.742
. . Q4-2 0.847
Environmental certainty Q4-3 0.815 0.692
Q4-4 0.788
Q5-1 0.792
Q5-2 0.745
Distributive fairness Q5-3 0.774 0.761
Q5-4 0.831
Q5-5 0.579
Q5-6 0.543
Q5-7 0.861
Q5-8 0.789
. Q5-9 0.767
Procedural fairness Q5-10 0.831 0.668
Q5-11 0.812
Q5-12 0.792
Q5-13 0.755
Q6-1 0.696
Q6-2 0.867
Integrity trust Q6-3 0.792 0.571
Q6-4 0.724
Q6-5 0.761
Q6-6 0.740
Q6-7 0.716
Good faith trust Q6-8 0.763 0.763
Q6-9 0.738
Q6-10 0.762
Q7-1 0.849
Commitment Q7-2 0.826 0.654
Q7-3 0.737
Q8-1 0.799
Investment willingness Q8-2 0.779 0.782
Q8-3 0.813
Q9-1 0.726
Continuity expectation Q9-2 0.786 0.751
Q9-3 0.798

4.2. Model Fitness Analysis. This study uses AMOS25.0
software to perform confirmatory factor analysis (CFA) for
each variable. These variables include price satisfaction, in-
formation sharing, income levels, environmental certainty,
distributive fairness, procedural fairness, integrity trust, good
faith, trust, commitment, investment willingness, and

continuity expectation. The model’s goodness-of-fit is shown
in Table 2. According to the standard of goodness-of-fit [54],
x*/df <2, RMSEA < 0.05, GFI, AGFI, NFI, CFI, TLL RFI, and
IFI are all equal to or greater than 0.90, thereby confirming a
favorable goodness-of-fit. These data indicate that the model
has a great goodness-of-fit. The research results of the sample
data in this study show that the absolute fit index
x*/df =1.431, RMSEA=0.039, the relative fit index
GFI=0912, AGFI=0.964, NFI=0.937, CFI=0.957,
TLI=0.953, RFI =0.926, and IFI=0.971. The goodness-of-fit
of the model can be considered well (see Table 2).

The average variance extraction (AVE) of each variable is
0.551-0.741, and the combined reliability (CR) of each
variable is 0.739-0.956. Thus, all average variance extrac-
tions (AVEs) are greater than 0.5, and all combined reli-
abilities (CRs) are greater than 0.7. In short, all relative fitting
indexes satisfy the fitting standard. Model adaptability is
considered good in this study (see Table 3).

4.3. Path Analysis. The study conducts a path analysis using
AMOS 25.0 to analyze the influencing factors of fairness
perception of agricultural product suppliers, fairness per-
ception, trust perception, and relationship quality. The
analysis results are shown in Figure 2.

From Figure 2, all p<0.001 are established; that is, all
paths have reached a highly significant level. This study
further analyzes the correlation of variables, path coeffi-
cients, and the significant levels they reach, as shown in
Table 4. The correlation p reflects the degree of correlation.
When p <0.05, the correlation is significant; when p <0.01,
the correlation is more significant; when p<0.001, the
correlation is highly significant. From Table 4, hypotheses
Hla, H1b, H2a, H2b, H3a, H4a, H4b, H5a, H6a, H6b, H7b,
H8b, and H9b have proven to be highly significant
correlations.

4.4. Results Analysis. This article analyzes the reliability and
validity of the sample data. The analysis results show that the
data are all valid and reliable. The structural equation
modeling (SEM) method is used to test the hypothesis, and
the influence between all paths is tested.

The results showed that all assumptions about fairness
perception and trust perception have been verified. Con-
cerning influencing factors of fairness perception, both price
satisfaction and information sharing and environmental
certainty have a highly significant positive impact on the
fairness perception of suppliers. So, the supplies will feel
higher fairness if a more reasonable wholesale price is given
by the retailers. The increased information-sharing degree of
retailers will promote an increase of suppliers’ fairness
perception and then the increased fairness perception of
suppliers is conducive to mutual trust between suppliers and
retailers. Furthermore, when the demand market is more
predictable and the scale of market demand is more stable,
suppliers’ fairness perception will increase. In addition,
information sharing has strong positive impacts on sup-
pliers’ procedural fairness. Both price satisfaction and in-
come level have a more significant impact on distributive
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TABLE 2: Goodness-of-fit of the model.

Statistical test XZ/ df RMSEA GFI AGFI NFI CFI TLI RFI IFI
Adaptation standard <2 <0.05 >0.90 >0.90 >0.90 >0.90 >0.90 >0.90 >0.90
Fitted value 1.431 0.039 0.912 0.964 0.937 0.957 0.953 0.926 0.971
TaBLE 3: Model adaptability.
Variable M SD AVE CR
(1) Price satisfaction 4.757 1.135 0.589 0.877
(2) Information sharing 4.657 1.147 0.501 0.856
(3) Income level 4.692 1.171 0.513 0.805
(4) Environmental certainty 4.674 1.126 0.592 0.852
(5) Distributive fairness 4.781 1.119 0.557 0.861
(6) Procedural fairness 4.734 1.152 0.569 0.912
(7) Integrity trust 4.520 1.114 0.533 0.849
(8) Good faith trust 4.725 1.065 0.554 0.861
(9) Commitment 4.919 1.132 0.564 0.793
(10) Investment willingness 4.608 1.098 0.637 0.840
(11) Continuity expectation 4.510 1.157 0.576 0.803
Price satisfaction 0.557*** @
0.233*%
0.514™* Distributive Integrity
0.479* fairness trust 0.295**
Information
sharing 0.348""

0.678"**

0.541%*"

Income level 0.494"**

0.289**
Procedural

fairness

Environmental

0.512%**

certainty

ote: *** p <0.001, ** p < 0.01, * p < 0.
(N o 0.001, ** 0.01, " 0.05)

0.576"**

Investment

willingness

0.531"*

Good faith 0.466""

trust

0.517**

Continuity
expectation

FIGURE 2: Model path analysis diagram.

fairness than on procedural fairness. But environmental
certainty has a greater impact on procedural fairness than
distributive fairness.

Through the impact of fairness perception on trust
perception, it is found that procedural fairness and dis-
tributive fairness have a highly significant positive impact on
both integrity trust and good faith trust. Improving sup-
pliers’ fairness perception will increase the suppliers’ trust in
retailers and enhance the long-term cooperation between the
two sides. The impact of distributive fairness on integrity
trust is more significant than on good faith trust. Procedural
fairness has a highly significant positive impact on integrity

trust and a more significant positive impact on good faith
trust.

Considering the influence of trust perception on rela-
tionship quality, integrity trust and good faith trust both
have a significant positive impact on relationship quality. On
the one hand, a higher supplier’s trust perception will induce
a greater possibility of cooperation with the retailer. This will
be conducive to continuous and long-term cooperation
between suppliers and retailers. On the other hand, the
increased trust of suppliers in retailers will prompt suppliers
to make more reliable commitments to retailers, such as
long-term cooperation and quality assurance, which is
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TaBLE 4: Hypothesis verification results.
Suppose Path Path coefficient p Conclusion
Hla Price satisfaction—distributive fairness 0.557 e Stand by
H1b Price satisfaction—procedural fairness 0.514 e Stand by
H2a Information sharing—distributive fairness 0.479 e Stand by
H2b Information sharing—procedural fairness 0.678 o Stand by
H3a Income level—distributive fairness 0.541 e Stand by
H3b Income level— procedural fairness 0.289 - Stand by
H4a Environmental certainty—distributive fairness 0.436 e Stand by
H4b Environmental certainty—procedural fairness 0.512 e Stand by
H5a Distributive fairness—integrity trust 0.635 o Stand by
H5b Distributive fairness—good faith trust 0.327 - Stand by
Hé6a Procedural fairness—integrity trust 0.494 o Stand by
Héb Procedural fairness—good faith trust 0.576 e Stand by
H7a Integrity trust— commitment 0.233 . Stand by
H7b Good faith trust— commitment 0.531 e Stand by
H8a Integrity trust—sinvestment willingness 0.295 o Stand by
H8b Good faith trust—sinvestment willingness 0.466 o Stand by
H9a Integrity trust—continuity expectation 0.348 o Stand by
H9b Good faith trust—scontinuity expectation 0.517 e Stand by

***p<0.001, ** p<0.01, and *p<0.05.

conducive to the stable development of the supply chain.
Compared with integrity trust, good faith trust has a more
significant impact on relationship quality. The results of the
study show that integrity trust has the most significant
impact on continuity expectations. Good faith trust has
strong positive impacts on commitment.

Our study shows that the influencing factors of fairness
perception have a significant positive impact on supplier
perception. Simultaneously, supplier perception has a sig-
nificant positive impact on relationship quality.

Using Bollen’s analysis method [55], this study further
analyzes the indirect impact of fairness perception on the
relationship quality of the supply chain. The analysis results
show that the indirect effects of distributive fairness and
procedural fairness on commitments are 0.43 and 0.39, the
indirect effects on investment willingness are 0.45 and 0.40,
and the indirect effects on continuity expectations are 0.47
and 0.44, respectively. Therefore, fairness perception has a
positive indirect impact on the relationship quality of the
agricultural supply chain. Among them, distributive fairness
has the most significant indirect influence on commitment,
investment willingness, and continuity expectations. Dis-
tributive fairness is the key to improve the relationship
quality of the supply chain.

5. Main Conclusions and Research Prospects

5.1. Main Conclusion. Based on the perspective of agricul-
tural product suppliers, this study uses the structural
equation model to analyze the impact of agricultural product
suppliers’ fairness perception and trust perception on the
relationship quality of the agricultural supply chain. The
conclusions of this study mainly include the following four
aspects. (1) Price satisfaction, information sharing, and
income level have a significant positive impact on fairness
perception, wherein information sharing has the most sig-
nificant impact on fairness perception. (2) Fairness

perception has a significant positive impact on suppliers’
trust perception. (3) Suppliers’ trust perception has a sig-
nificant positive impact on the relationship quality of the
supply chain. (4) Fairness perception has a positive indirect
impact on the relationship quality of the supply chain
through trust perception.

Based on the above conclusions, this article presents four
management suggestions. First, retailers should strengthen
information sharing with suppliers, such as sharing product
information, business development, and company devel-
opment status. In the supply chain, information sharing has
become a key factor in supply chain cooperation. Enhancing
information sharing between retailers and suppliers will
improve suppliers’ fairness perception and promote coop-
eration between two parties.

Second, retailers need to reasonably set purchase prices
and conduct profit distribution so that the income of ag-
ricultural product suppliers can be guaranteed and suppliers’
distributive fairness perception can be improved. In addi-
tion, retailers also need to prohibit fraud in the transaction
process and enhance mutual frankness to improve suppliers’
procedural fairness perception. In the agricultural supply
chain, whether the profits and returns obtained by suppliers
are fair and whether they are treated fairly during trans-
actions with retailers are important factors affecting sup-
pliers’ trust perception.

Third, the retailer should ensure the fairness of the
supplier and enhance the sincerity of cooperation by pro-
actively requesting the expansion of the cooperation period
between the two parties and boosting willingness to coop-
erate, which can increase suppliers’ trust perception. Because
agricultural product quality risk and supply risk mainly
come from suppliers, increasing suppliers’ trust in retailers
will improve the relationship quality of the agricultural
supply chain.

Fourth, retailers should strengthen cooperation with
suppliers by increasing the quantity and frequency of



purchases of agricultural products and reduce conflicts in
the transaction process by satisfying supplier demand and
adopting supplier opinions. It will enhance suppliers’ fair-
ness perception and trust perception and improve the
positive impact on the relationship quality of the agricultural
supply chain. Retailers should not only pay attention to the
significant impact of trust perception on relationship quality
but also the impact of suppliers’ fairness perception on
relationship quality. When suppliers perceive that they are
being treated fairly, it will significantly promote trust be-
tween suppliers and retailers, thereby increasing the indirect
impact of the relationship quality of the agricultural supply
chain. Trust perception could improve the relationship
quality of the agricultural supply chain. The comprehensive
effect of the supplier’s fairness perception and trust per-
ception has a more significant impact on the relationship
quality of the agricultural supply chain.

5.2. Research Outlook. This study examines the impact of
fairness perception and trust perception on the relationship
quality of the agricultural supply chain from the suppliers’
perspective. The research conclusions provide a theoretical
basis for improving the stability of cooperation among
members of the agricultural supply chain and improving the
efficiency of the agricultural supply chain. In the future,
further consideration should be given to the influence of
retailers on improving the relationship quality of the agri-
cultural supply chain. In addition, this study analyzes the
influence of trust perception on the relationship quality of
the supply chain. In the future, we will consider the influence
of variables such as solidarity and vendor dependence on the
relationship quality of the supply chain.

Data Availability

The data used to support the findings of this study are
collected from agricultural products suppliers in China. The
objects of the questionnaire cover 13 major cities in Jiangsu
Province, including Changzhou, Zhenjiang, and Wuxi. The
data used to support the findings of this study are included
within the article. These data are open for the reader after the
paper is published in the future. The author can be contacted
at syl_nj@njtech.edu.cn.
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The advent of big data infrastructure has promoted the development of media forms and content. Food safety information
disclosure (FSID) is an effective solution to regulate food safety issues. The mass media, government regulatory agencies, and food
companies jointly participate in the disclosure of food safety information. Due to social responsibilities and common interests, a
tripartite game relationship is formed. After an evolutionary game model was established with China as an example, the mass
media’s participation in food safety information disclosure can affect the public’s decision-making, and true disclosure can
promote the process and effectiveness; however, false disclosure will have adverse effects on all three parties. The application of big
data technology doubles the positive and negative effects. Therefore, the government needs to strengthen the supervision of the
mass media’s participation, and food companies need to actively provide correct disclosure information. The media should
strengthen their management and use big data rationally, formulate corresponding disclosure strategies, and coordinate the three

parties to promote food safety information disclosure.

1. Introduction

Food is an important basis for human survival. With the
development of social economy and the improvement of
people’s living standards, people’s demand for food has
changed from quantity to quality, and food safety has been
paid more attention. However, at present, the outbreak of
incidents in food safety and the quality of food and food
safety are current concerns. Because of the asymmetry in
information, consumers often cannot always identify some
of the inherent attributes of food: whether they contain
harmful additives or if the source of food is contaminated. In
the long run, this will not only erode consumer trust in the
food industry but also raise questions about the credibility of
the government as a regulator [1, 2]. For example, the “Sanlu

melamine milk powder incident” in 2008, which killed six
children and sickened about 300,000 in January 2009, not
only led to the bankruptcy of the Sanlu group, but also
eventually made China’s dairy industry suffer a major blow.
Numerous dairy farmers went bankrupt. Therefore, im-
proving the food safety supervision system, strengthening
food safety management, and reestablishing consumer
confidence in food safety are the focus of the current food
safety work.

The system of disclosing food safety information is an
effective way to solve the problem of asymmetric food safety
information and an outlet for solving food safety problems.
Some developed countries, such as the United States, the
European Union, and Japan, have achieved solid results in
this regard [3]. For consumers, disclosing food safety
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information helps to trace the source of food production, so
as to ensure the safety of the food purchased. It is conducive
to building a good market for producers and avoiding the
“lemon market” caused by frequent food safety incidents
[4]. For the government departments as the supervisor, the
food safety information disclosure is conducive to im-
proving the level of food safety management, forming
strong supervision, reducing the occurrence of food safety
incidents, and avoiding the adverse impact on the credibility
of the government. In the process, mass media, government
supervision departments, and food enterprises constitute
the main body of information disclosure. Among them, the
government has a dominant position in the information
disclosure process because of its administrative powers. It
provides the most powerful administration for information
disclosure by formulating laws and regulations on food
safety information disclosure [5]. Food companies occupied
a relatively active position in this process. They fully grasp
the content of the information disclosed and can determine
the content and degree of disclosure of food safety infor-
mation. However, there are some problems in both of the
above; although under the constraints of relevant laws and
regulations food companies have to disclose food infor-
mation [6], they will selectively disclose information that is
beneficial to them and hide unfavorable information, and
the government may change and conceal the content of
disclosure due to an unclear division of responsibilities or
because of excessive protection of their own interests. The
reliability is difficult to guarantee [7]. Therefore, the in-
volvement of the mass media as a third-party entity can not
only supervise the disclosure behavior of government de-
partments and food companies, but also serve as an im-
portant tool for information disclosure in the process of
food safety [8].

Mass media spreads information to the masses via
newspapers, magazines, radio, television, movies, books, and
the Internet [9]. The advent of the big data era has brought
new opportunities and challenges to the mass media. First of
all, cloud computing and the Internet of Things have made
large-scale data production, storage, and processing a reality.
The media content is constantly enriched, and the trans-
mission speed is getting faster and faster, which increases the
audience’s demand for communication [10]. In addition, the
types of media continue to develop and merge, and the
emergence of interactive media platforms enhances the
wiliness of the audience to engage. Today, there are more
than 10 million photo updates and 3 billion clicks on
Facebook every day; Google processes more than 24PT data
every day, and more than 400 million micro blog posts
appear on Twitter every day. In the era of big data, the
communication power of the media cannot be ignored, and
it will play a better role in the disclosure of food safety
information.

Big data needs to be effectively used with the help of
new technological means to reflect its own stronger de-
cision-making power, observational powers, and inte-
gration of large-scale, fast-growing, and diversified assets
[11, 12]. It is not a single technology presentation but a
technology group composed of a variety of different forms,
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different functions, and different architectures, including
data collection and storage, data screening and processing,
data analysis and prediction, data mining and integration,
and data results display [13]. It analyzes massive amounts
of data to obtain products and services with great value and
deep insights [14]. Big data has four characteristics: super
large data scale, fast data flow, diverse data types, and low
value density [15]. Based on these characteristics, big data
will have new advantages when participating in the op-
eration of the media in food safety information disclosure.
First of all, big data promotes the innovation of media
types, promotes media integration, and jointly completes
the dissemination of the disclosure content through all
media in the food safety information disclosure. In the era
of big data, the boundaries of media types are increasingly
blurred, and they are integrated with each other to form an
all-media communication method. Media content can be
freely converted between multiple media, which provides a
more flexible medium for food safety information dis-
closure. Second, big data has promoted the innovation of
media content and changed the way that mass media
content is constructed. In the era of big data, the media can
use a variety of technical means to capture user infor-
mation such as identification number (ID), password, web
pages browsed, and stay time and then through a large
number of users across platforms, devices, and applica-
tions. The integration of data behavior is through dynamic
tracking and correlation analysis, the analysis and com-
parison of these information, the audience’s natural at-
tributes (demographic characteristics, region, and time)
and social attributes (hobbies, consumption habits, and
interpersonal relationships), and the behavior preferences
of the audience when receiving media information [16]. In
this way, big data can help the mass media to realize the
intelligent matching of the audience’s needs, complete the
precise positioning of the audience, and, by choosing
appropriate communication methods, construct a rea-
sonable and appropriate communication content, realize
the accurate communication of food safety information
disclosure, and enhance the mass media’s communication
effectiveness. Moreover, in the process of FSID (food safety
information disclosure), the use of data to analyze and
demonstrate food safety information and food safety in-
cidents, instead of just relying on superficial occurrences,
can increase the credibility of the media and enable the
audience to trust more in food safety [17]. Third, big data
technology facilitates the collection and analysis of audi-
ence feedback, which is conducive to better play the role of
mass media supervision.

Based on the technical background of big data, this
article focuses on the communication effectiveness and
authenticity of the mass media and, based on this, builds an
evolutionary game theory model, analyzes the interaction
mechanism of the tripartite game between the media,
government supervision departments, and food companies
in the process of food safety information disclosure, dem-
onstrates the value of media participation in FSID, and
explores how to use big data to make media accurately reach
more audiences.
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2. Multiagent Evolutionary Game
Construction of Food Safety Information
Disclosure in the Era of Big Data

2.1. Model Description. In the era of big data, the com-
munication power of the media has been continuously
strengthened and is more precise, and the role of the mass
media in the disclosure of food safety information has be-
come increasingly apparent. Based on the role of the mass
media as a “watchkeeper” and considering the authenticity
and accuracy of information disseminated by the mass
media in the context of big data, this paper takes China as an
example to construct an evolutionary game model for
stakeholders in food safety information disclosure. The
three-party game relationship is shown in Figure 1.

As shown in Figure 1, food safety information disclosure
involves four main stakeholders: the government, the food
companies, the public, and the mass media. The media,
government departments, and food companies constitute
the main body of information disclosure, and the public is
the audience of food safety information disclosure. There-
fore, this model mainly considers the interaction mechanism
of the government, food companies, and mass media. The
public is limited by their own ability to entrust the right to
supervise food safety to relevant government departments.
Through the use of administrative power, the government
regularly discloses food safety information to the society to
maintain market order. However, due to the complexity of
“unified” supervision, it is difficult for relevant government
departments to disclose food safety information in a timely
and effective manner. With the development of big data
technology, the disclosure of food safety information by the
mass media has become an effective supplement to gov-
ernment disclosure. The mass media uses big data to collect
information about food safety in a professional way and
discloses it to consumers objectively. To a certain extent, it
can alleviate the information asymmetry in the food trading
market, supervise the supervision of government depart-
ments, and affect public purchases. Decisions, in turn, affect
the market share and profits of food companies. However, in
the face of the massive information brought by the era of big
data, the mass media is affected by factors such as their own
interests, and exaggerated and inaccurate reports are not
uncommon. Exaggerated and inaccurate reports can lead to
misleading the public and food companies. Thus, the food
industry will have a bad influence, and the mass media will
also face the risk of losing credibility. Therefore, the gov-
ernment needs to regulate and guide the mass media, im-
prove the authenticity and accuracy of information
disclosed, and reduce social costs.

2.2. Model Symbol Description. Based on the above-
mentioned tripartite evolutionary game relationship dia-
gram, this paper sets the strategic space of relevant
government regulatory agencies as {supervision, no super-
vision}, in which the proportion of selected supervision is

x (0 <x < 1); the strategic space of the food business group is
set as {true disclosure, false disclosure}, where the propor-
tion of food companies that choose true disclosure is
y(0< y<1); the strategic space of the mass media group is
set to {accurate and realistic reports, exaggerated and in-
accurate reports}, of which the proportion of the mass media
groups who choose to report in reality is z(0<z<1).
Through the analysis of the game focus, the main parameters
involved in the evolutionary game of the three subjects in the
food safety information disclosure are shown in Table 1.

2.3. Model Assumptions

Hypothesis 1. The government supervision department
groups, food company groups, and mass media groups
participating in the game are all rationally bounded. They
learn and imitate continuously in the dynamic game process
and finally reach a stable state. It should be noted that the
behavioral norms of the participating subjects are affected by
many factors such as social systems and culture. This article
takes the subjects involved in food safety information dis-
closure under the national conditions in China as the re-
search object. It studies the interactive mechanism of the
participating subjects in information disclosure.

Hypothesis 2. This article assumes that all food companies
will actively disclose food safety information to the society.
Companies that produce high-quality food will truly disclose
food safety information, while companies that produce low-
quality food will hide unfavorable information and disclose
false food safety information to the public. Because of the
particularity of food, it is difficult for the public to identify
some internal attributes that are invisible to the naked eye,
such as whether it contains harmful additives and whether
the source of the food is contaminated. Therefore, food
companies that falsely disclose due to poor quality pro-
duction are not exposed. The former and the real disclosure
of high-quality production of food companies have the same
income. Because the true disclosure of food safety infor-
mation requires companies to pay more effort and cost, it is
shown as C; >Cy .

Hypothesis 3. Food safety issues are the focus of social at-
tention. It is assumed that the mass media will spontane-
ously increase their attention to food safety issues and
disclose food safety information of inferior manufacturers to
the public [18]. Because the mass media with exaggerated
and inaccurate reports failed to conduct thorough investi-
gations, their reporting costs are lower than the reporting
costs of the mass media when they report accurately, which
is C,, >C,, . In addition, because exaggerated and inaccu-
rate public reports can attract the public’s attention and
generate more clicks, the income of the mass media’s ac-
curate and true disclosure of food information is lower than
the income of exaggerated and inaccurate disclosure of food
safety information, which is R,, >R,, . However, the be-
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FiGure 1: Tripartite evolutionary game diagram.

TaBLE 1: Symbols and meanings.

Symbols Symbol meaning and description
M Based on the probability of serious supervision by government regulators; 1 — x is the probability of nonfalse disclosure
regulation.
y Based on the probability of true disclosure among food enterprise groups; 1 — y is the probability of false disclosure.
. The probability of accurate and realistic coverage by mass media groups; 1 — z is the probability of exaggerated and inaccurate
reporting.
R The reputation gain is dependent on the government carefully supervising the timely and correct disclosure of food safety
g information.
C The government does not supervise the timely and correct disclosure of food safety information; reputational damage arises from
9 food safety issues.
Because of mass media reports, the exaggerated and inaccurate safety information disclosure of high-quality produced food
C, caused reputational damage to the government.
g
Because of the exaggerated and inaccurate reports by the mass media, the rumors cause damage to the government.
Cy, The total cost of government is the oversight of food safety markets.
R The profit depends on the food enterprises when the quality production is truly disclosed.
fo The profit depends on the food enterprises before safety information is exposed due to false disclosure of inferior production.
Food enterprises make false disclosure because of inferior production; reputation loss when food safety information is exposed
Cr by the media (decline in brand influence).
c! When the quality production of food enterprises is truly disclosed, the reputation of the enterprises will be damaged due to the
f rumors generated by the exaggerated and inaccurate reports of mass media.
Cy, The cost is dependent on the true disclosure of high-quality products produced by food enterprises.
Cy, The cost is dependent on the false disclosure when a food company produces inferior products.
c The economic loss of food enterprises is dependent on when food insecurity information is exposed (sales to reduce, consumer
f3 claim, losses from product recalls).
p A fine paid by a food enterprise to the regulatory authorities is dependent on after its false disclosure of food safety information
f was exposed by the media.
R, The profit of accurate food safety information reporting is dependent on the mass media.
R,, The benefit of exaggerated and inaccurate reporting of food safety information is dependent on the mass media.
Con, The cost of accurately reporting food safety information is dependent on the mass media.
Con, The cost of exaggerated and inaccurate reporting of food safety information is dependent on mass media.
eputation gain is dependent on when the mass media accurately and faithfully reports the food safety information of inferior
R Reputation gain is dependent hen th di tely and faithfully reports the food safety infa tion of inferi
m .
production.
C Reputation loss is dependent on when mass media exaggzrates and misreports food safety information of poor quality
- .
production.
P, A fine paid by the government is dependent on when an exaggerated or inaccurate report is reported by the mass media.
o Reputational impact factor is dependent on the attention of event due to the application of big data (the reputation of all parties

changes in the impact).
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havior of the mass media to exaggerate and misrepresent
food safety information may expose them to the risk of being
eliminated by the market. Therefore, the reputation loss of
exaggerated and misrepresented food safety information is
not less than the reputation benefit of true and accurate
disclosure, which is R,, —C,, <0. At the same time, the
Chinese government, as a service-oriented government,
aims to maximize social welfare and will resolutely perform
its duties. Assuming that the government’s food regulatory
agency fulfills the regulatory responsibilities, it can always
disclose food safety information in a timely and correct
manner and punish problem companies, which will increase
government credibility; if the government does not carefully
supervise the information and the problematic food safety
information is reported by the mass media, it will have a
negative impact on the government’s credibility. The gov-
ernment will then penalize the problematic enterprises in
order to make up for the fault.

Hypothesis 4. Due to consumer misreporting or unfair
competition in the same industry, the mass media may
disclose relevant issues out of a sense of social responsibility
and may make exaggerated and false reports on the safety
information of high-quality produced food that is truly
disclosed. At this time, the exaggeration is false. The impact
of reports on the reputation of the mass media is negligible.
The mass media needs a strong sense of social responsibility
and scientific literacy in order to report accurately and
truthfully on food safety issues [19]. Therefore, this article
assumes that the mass media’s accurate disclosure of poor-
quality food safety information will affect the public’s
judgment on the media’s reputation. Exaggerated and false
reports of truly disclosed high-quality production food
safety information will have negative reputational effects on

the government and enterprises, C é and C Jﬁ, respectively,
and at this time, the reputation impact on the two parties is
less than the reputation loss caused by the government’s
nonregulation and the company’s poor quality production,
which are C,<C, and C;<Cy.

Hypothesis 5. The application of big data is becoming more
and more extensive. With the help of big data to realize the
personalized customization of user news content and news
feed form, this will undoubtedly increase the public’s at-
tention to news events. The higher the attention of news
events, the greater the impact on the reputation changes of
all parties. Therefore, this article mainly uses the influence
factor « for the reputation of all parties to reflect the impact
of the authenticity and accuracy of mass media food safety
information disclosure in the context of big data. It assumes
the reputation impact factor in the context of big data as
a>1.

2.4. Establishment of Multiagent Game Model. Based on the
game relationship diagram of government regulatory
agencies, food companies, and mass media and the above
basic assumptions, it is concluded that the mass media in the
food safety information disclosure in the era of big data
chooses accurate and practical strategies and exaggerated
and inaccurate strategies. The income matrix is shown in
Tables 2 and 3.

From the above income matrix, we can see the expected
income of the government by choosing the regulatory
strategy U, . The expected income of choosing the non-
regulatory strategy U, and the expected income U, of the
government group are

Uy, = Ug‘(ocRg —Cgl) +y(1 —z)(ocRg -C,, —ocCg’+Pm) +y(1 —y)(ocRg -C,, +Pf) +(1-y(Q1 —z)(ocRg -C, + Py +Pm)

=aR,~C, +P;+P, —yaCy~ yP; + yzaC, ~ zP,,

Uy, = y(1-2)(=aCy) + (1 = y)z(-aCy + Pf) + y (1 = ) (1 - 2)(-aC,)

= —aCy + yaC, — yaCy + yzaC, — yzP; + zP,

Ug=xU, + (1- x)ng.

(1)

(2)

(3)
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TaBLE 2: The income matrix under the mass media’s selection of accurate and practical reporting strategies (z).

Government .
True disclosure (y)

Food company
False disclosure (1 - y)

Supervision (x)
Not regulated (1 — x)

(OCRg _Cgl;Rfo _Cfl;le _le)
(07Rf0 _Cfl;Rm, _le)

(aR;=Cy + P Re =Cp —aCy=Cy =Py R, —C, +aR,)
(—(ng +Pf7an —sz - OCCf _Cf3 —Pf,le —le + OCRm)

The expected benefits of food companies choosing the
true disclosure strategies are U . The expected benefits of
choosing false disclosure strategies Uy, and the expected
benefits U of food business groups are

Uy = xz(Rfo—Cfl) +x(1 _Z)<Rfo_cf1 —och') +(1 —x)z(RfO—Cfl) +(1-x)(1 —;z)(RfO—Cf1 —ocC;)

! !
= Rfo _Cfl - (XCf‘I’ZOCCf,

Uy, = x2(Ry, = Cy,—aCy = Cy = Py) + x(1~2)(Ry, = Cf, —aCy ~ Cy, = Py)

(4)

+(1 —x)z(RfO ~Cj —aC;-Cy, —Pf) +(1-x)(1- z)(RfO —cfz)

=R; -C;, —x(och -Cy, —Pf) -1 —x)z(och +Cy, +Pf),

Uf = yUfl +(1 _y)Ufz

The expected benefits of food companies choosing true
disclosure strategies are U,,, the expected benefits of

ml’

choosing false disclosure strategies are U,,, , and the expected
benefits U,, of food business groups are

U, =xy(R, —C, ) +x(1-y(R, -C, +aR,)+(1-x)y(R, -C, )+(1-x)(1-y)(R, -C, +aR,,)

=R, -C, +aR, - yaR,,

U,, = xy(R,,-C,, - P,)+x(1-y)(R,, -C,, —aC, —P,)+(1-x)y(R, -C, )+ -x)(1-y)(R, -C, +aR,)

=R, -C, —aC, —xP, + yaC,,
Uy =2U,, +(1-2)U,,.

According to the evolutionary game replication dynamic
equation method, formulae (1) and (2) can be combined to

(5)

obtain the replication dynamic equation selected by the
government supervision strategy:

Fy(x) = i—f =x(1-x) [(ng +aC, ~Cy +P;+P, —y(Pf + (ng) —z(Pf - yP; +Pm)]. (6)

Similarly, the dynamic equations for the selection of food
safety information disclosure strategies of food companies

and the selection of mass media reporting strategies are as
follows:

d ! !

Ff(y) = d_{ =y(l-y) [sz —Cf1 + och +x(¢fo + Cf3 +Pf) +(1 —x)z(och +Cf3 +Pf) + zaCf], (7)
dz

Fy(2) = =2(1-2) [R,, - R, +C, —C, +a(R,+C,)+xP, - ya(R,+C,)]| (8)
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3. Evolutionary Game Analysis

3.1. Analysis of the Evolution Stability of Government Strategy.
According to the stability theorem of the differential
equation, when the government selects a strategy that sat-
isfies F 4(x) =0, and its first derivative is less than 0

F,(x) = (1 -2x)[aR, +aC, ~C, +P; +P,

Based on different value ranges, we will analyze the
stability of government supervision strategies.

To facilitate analysis, assume z,= (aR,+aC,
_Cgl+Pf+Pm_y(Pf+“Cg))/Pf+Pm_fo'

(1) When z = z;, Vx € [0, 1], there is F, (x) = 0, that is,
any proportions of behavioral strategies in the
government group are stable strategies. At this time,
the government’s choice of the supervision strategy
will not change over time.

(2) When z # 2z, then x = 0 and x = 1 are two possible
evolutionary stable equilibrium points.

If z,<0, then aR,-C,+(1- y)P +P, <
—aC, + yaC,, there are always z > zp, Fy '(0)<0, and
F (1) >0, and x =0 is an evolutionary stable strategy by
copylng the stability theorem of the dynamic equation, that
is, when the net income of the government choosing su-
pervision is lower than the net income of nonregulation, the
bounded rational government supervision department will
choose not to supervise the strategy.

Ifz,> 1, then aR +ocCg Cy +Ps+ Py, y(P +ocC)
>Ps+P, - yPy, that is, aR +ocCg C, y(xC >O and
there will always be z < z,,. Smce F, (0) > 0 F (1) <0, and
x =1 are an evolutionary stable strategy, at thlS time, the net
income of serious supervision by the government is greater
than the net income of nonregulation, and the government’s
penalties for problematic food companies and the mass
media for exaggerated and false reports are not considered.
When the net income is still greater than the unregulated net
income, bounded rational government regulatory agencies
will choose a regulatory strategy.

Fi(y)=(1-2y)[C; -

Based on different range values, the evolutionary stability
analysis of the recycling processor strategy is now
performed.

Assuming
xo=(Cp, —Cy + och' -2z(aCp+Cy +Pp) + zocCJﬁ)/(och
+Cy +Pr—z(aCy +Cy +Py)) and guarantee the exis-
tence of x,.

(1) At x = x5, Vy € [0,1], there are Fy (y) =0, that is,
the behavioral strategies of any proportion of the
food company group are stable strategies. In this

Journal of Food Quality

(F é (x) <0), the strategy is an evolutionary stable strategy of
the government.

To the government’s replicated dynamic equation (6),
the first derivative with respect to x is

-y(Ps+aC,)-z(P; - yP; +P,)]. 9)

When 0 < z,, < 1, there are two situations. First, when it is
0<z,<z<1, after long-term evolution, the government
tends to adopt a nonregulatory strategy. Second, as the
reputation of government supervision increases, the cost of
supervision decreases, the penalties for the mass media for
falsely disclosing food companies and exaggerated and in-
accurate reports increase, and the negative impact of non-
regulation of food safety issues on government credibility
increases. Then, it will be 0 <z <z, <1 situations when the
government group strategy changes from nonregulation to
regulation.

It can be seen that the choice of government supervision
strategy is not only affected by the strategy of food com-
panies and mass media, but also by the reputation gained by
government supervision, reputation loss after nonregulation
of food safety issues, and supervision costs, and the risk of
false disclosure of food companies and exaggerated and false
reports are influenced by factors such as the punishment of
the mass media. It is worth noting that the application of big
data has increased the degree of attention to food safety
incidents, which in turn affected the government’s strategic
choices for food safety information disclosure and promoted
the transformation of the government to a service-oriented
government.

3.2. Analysis of the Evolution Stability of Food Companies.
In the same way, to the food companies’ replicated dynamic
equation (7), the first derivative with respect to y is

Cy, +ocCJ§+x(och+Cf3 +Pf)+(1 —x)z(och+Cf3+Pf)+zoch']. (10)

case, the food safety information disclosure strategy
selection of the food company will not change over
time.

(2) When x # x;, then y = 0 and y = 1 are two possible
evolutionary stable equilibrium points.

If x,<0, Cs -Cy +(xC z(xC <z(ocC +Cy +P )
always have x > x,,. Because of Ff(O) >0 and Ff(l) <0, at
this time, y = 1 is an evolutionary stable strategy. When the
sum of the cost saved by the false disclosure of food
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companies and the reputation risk cost of high-quality food
companies due to media exaggerated and inaccurate reports
is lower than the risk of exposure due to false disclosure of
food information and due to the production of low-quality
food, food companies will choose to increase production
quality and then choose the true disclosure of food safety
information. Through the above formula, it is not difficult to
find that whether the mass media choosing accurate and
realistic reports has an important influence on the strategic
choices of food companies and the application of big data
technology in news reports deepens this influence.

If x,>1, then Cf — sz + (fo zoch>z((fo +Cp +
Pf) and C - Cf + och —zoch><fo +Cf3 + Py, there is
always x <x0 Because F (0)<0and Ff(l) >0,s50 y =0 are
evolutionary stable strategles That is to say, the cost saved by
the false disclosure of information by food companies is
greater than the loss caused by the exposure of false dis-
closure of food information due to the production low
quality, so food companies will choose false disclosure
strategies.

If 0 < x, <1, it can be divided into two situations. First,
when 0<x < x, <1, after a long period of evolution, food
companies tend to adopt false disclosure strategies; second,
with the reduction in cost savings of food companies’ false
disclosure of food safety information, the reduction in the
loss of reputation caused by the mass media’s exaggerated
and inaccurate reports on food companies that truly disclose
food companies, and the increase in the loss of companies’

F,(2) =(1-22)[R,, -R, +C,, -

my

Now, according to different value ranges, the stability
analysis of the mass media evolution strategy is carried out.

Assume y, = (R, - R, +C, -C, +a(R,+C,)+
xP,)/ («(R,, +C,,)).

(1) When y = y,, Vz € [0, 1], there are F,,(z) = 0, that
is, any proportions of behavioral strategies in the
mass media group are stable strategies. At this time,
the strategic choice of the mass media will not change
over time.

(2) When y # y,, then z = 0 and z = 1 are two possible
evolutionary stable equilibrium points.

If y0<0 then -C,, +aR, <R -G,
aC,, — xP,,, there is always y > yo Because of F, (0) <0and
F,,Z(I)>O at this time, z =10 is an evolutlonary stable
strategy. When the mass media accurately and effectively
reports that the net income of companies that falsely disclose
food safety information is lower than the net income of

exaggerated and misrepresented food safety information

C,, +a(R, +C,)+xP,

false disclosures, the probability of food companies choosing
true disclosure strategies increases. When 0 < x < x, < 1, the
behavioral strategy of food companies will shift from false
disclosure to true disclosure, thereby promoting the healthy
development of the food safety market.

Therefore, the strategic choices of food companies are
not only affected by government and mass media strategies,
but also by the cost savings of falsely disclosing food safety
information, the reputation loss caused by exaggerated and
inaccurate reports to true disclosure companies, and the
impact of false disclosure of food safety information on
production due to poor quality production. Through the
above analysis, it can be found that the choice of mass media
reporting strategies has an important impact on the choice of
food companies’ strategies, and the duality of the application
of big data to the supervision of corporate food safety in-
formation disclosure can also be verified in the above dis-
cussion; that is, it has increased accurate and effective
reporting which affects the reputation of those falsely dis-
closing companies and expands the negative impact of ex-
aggerated and false reports on those companies that truly
disclose.

3.3. Analysis of the Evolution Stability of Mass Media. In the
same way, to the mass media’ replicated dynamic equation
(8), the first derivative with respect to z is

—ya(Rm+Cm)]. (11)

companies, the mass media groups will choose the strategy
of exaggerated and misreported reports.

If y0>1 then R, -C, +0cR >R, —C, —
aC,, ., and R, —C,, >R Cm there is al-
waysy<y0 Atthistime F (0)>OandF (1)<O soz =1
are evolutionary stable strategies. That is to say, when the net
income of the mass media from accurately and realistically
reporting food safety information is higher than the net
income from exaggerating and inaccurate reporting of food
safety information, the mass media groups will choose ac-
curate and practical reporting strategies.

If 0< y,<1, it can be divided into two situations. First,
when 0 < y, < y <1, after long-term evolution, the mass media
tends to exaggerate and misrepresent reporting strategies;
second, with the increase in the net income of the mass media’s
accurate and effective reporting, the decrease in the net income
of exaggerated and inaccurate reporting, the increase in rep-
utation gains/losses due to accurate/exaggerated and false
reporting, the increase in government supervision, and the mass
media’s choice of exaggeration, the probability of misreporting
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strategies is reduced; when 0< y<y,<1, the behavioral
strategies of the mass media will change from exaggerated and
inaccurate reports to realistic and accurate reports.

The choice of the mass media strategy is not only affected
by government strategies and food business strategies, but
also by factors such as the cost/benefit of accurate and re-
alistic/exaggerated false reports, the profit/cost of accurate
and realistic/exaggerated false reports, and government
penalties. The positive effect of big data application in
regulating the behavior of mass media is reflected in the
above analysis, that is, it not only increases the reputation
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benefits of accurate and realistic reporting of enterprises, but
also increases the reputation cost of exaggerated and false
reports by mass media. The application of big data can
improve the social responsibility of the mass media and
regulate the development of the industry.

3.4. Stability Analysis of System Evolution Strategy.
Combining equations (6)-(8) together, the three-
dimensional copying power system of the government, food
companies, and mass media can be obtained as

F, (x)=x(1 —x)[ocRg +aC, —Cg1 +Pr+P, - y(Pf + ocCg) - z(Pf - yPs +Pm)],

Fi(y)=yQ —y)[sz—Cfl —ocCJﬁ+x(och+Cf3 +Pf)+(1 —x)z(och+Cf3 +Pf)+zoch'], (12)

F,(2)=z(1-2)[R, -R, +C, -C, +a(R,+C,)+xP, - ya(R,+C,)]

Let in formula (12), F, (x) = Fy (y) =Fz(z) =0, and it
is easy to get 8 pure strategy partial equilibrium points
E,(0,0,0),E, (1,0,0),E;(0,1,0),E, (0,0,1),E;(1,1,0),
E¢(1,0,1),E,(0,1,1),and Eg(1,1,1) and 1 mixed strategy
stable  equilibrium  point  E, = (x*,y*,2*).  For
Ey = (x*, y*,2%), it is established true if and only if
0<x*, y*,z* <1, among them:

! * * !
x* :Cfl—Cf2+(XCf—Z ((XCf+Cf3+Pf)—Z (XCf
(XCf+Cf3+Pf—Z ((XCf+Cf3+Pf)
., R,-C,+C, -C, +a(R,+C,)+x"P,
s = a(R, +C,,) ’
- :ocRg+(ng—Cgl+Pf+Pm—y (Pf+0cCg).

(13)

According to research by Ritzberger and Weibull [20],
three-party evolutionary game analysis only needs to analyze
the stability of the above eight equilibrium points. Following
Friedman’s method, the Jacobian matrix is used to perform
local stability analysis on 8 stable points to obtain the
evolutionary stability strategy, and the Jacobian matrix of the
system is

[OF, (x) OF,(x) OF,(x)]
0x oy 0z

]11 ]12 ]13

OF;(y) oF;(y) OF;(y)
]: gx afy gz = ]21 ]22 ]23 . (14)

]31 ]32 I33

L ox oy oz |

Substituting the eight equilibrium points into the Ja-
cobian matrix (14), the eigenvalues of the Jacobian matrix
corresponding to the equilibrium points can be obtained as
shown in Table 4.

According to the judgment method of the evolutionary
stable strategy, when the Jacobian matrix eigenvalues of a
certain equilibrium point are all nonpositive, the strategy is
an evolutionary stable strategy.

According to Hypothesis 2, there is a difference between
the cost of truly disclosing food safety information and false
disclosure of food safety information by food companies,
that is, C; >Cy, so —(Cy, ~Cy - ocC}) >0; therefore,
E5(0,1,0) cannot be an evolutionary strategy. According to
the different levels of perfection of the food safety infor-
mation disclosure mechanism in the market, this paper
divides it into two different development stages: develop-
ment stage E,(1,0,0) and mature stage Eg(1,1,1). The
following two stages will analyze the levels separately.

In the development stage, it must be satisfied that
/lfz, Afz, and Afz are all nonpositive, which is satisfied
ocRgTCgl+Pf+Pm>ocCg, Cr,+aCr+Cp +Pr<Cy
+aCy, and R, -C, +aR, <R, -C, —aC, -P,. At
this time, the total benefits of government supervision of
falsely disclosing companies and cracking down on the mass
media of exaggerated and inaccurate reports are greater than
the total benefits of nonregulation of food safety issues; the
sum of the cost of food companies’ false food safety dis-
closure and the food companies’ losses after exposure is
lower than the sum of the company’s true disclosure of food
safety information costs, and the sum of the reputation
losses caused by media is exaggerated and misrepresented
reports; in addition, in the face of problem companies, the
total revenue of accurate and realistic reports by the mass
media is less than the total revenue of exaggerated and false
reports. Therefore, as the leader of the food safety infor-
mation disclosure mechanism, the government will actively
supervise the food safety market. However, based on the
principle of maximizing their own interests, food companies
and mass media groups, respectively, choose to falsely
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TABLE 4: Jacobian matrix eigenvalues.

Eqnlhbnum Eigenvalues 1, Eigenvalues 1, Eigenvalues A,

point

E, (0,0,0) aR;+aC,=Cy +Ps+P, Cy,-Cy —ocC R, -R, +C, -C, +a(R, +C,)
E,(1,0,0) —(ocRg+ocCg—Cgl+Pf+Pm) sz—Cf (Cf Cf)+Cf + Py R, -R, +C, -C, +oc(R +C,)+P,
E;(0,1,0) C Lt P, Cf —och) R I—R +C -C,

E,(0,0,1) aR +ocC C Cf Cf +och+Cf +Py -[R,, -R, +C, -C, +o¢(R +C,)]
E;(1,1,0) —(ocR C +P ) —(sz Cy, —och+och+Cf +Pf) ‘R 1_R +C —C m, + P
E((1,0,1) —(aR ocC C) Cf Cf]+o¢Cf+Cf_+Pf —[le—R +C,, -C, +a(R +C,)+P,]
E,(0,1,1) (xR C —(Cy,=Cj +aCp+Cy +Py) (R R +C -Cy)
Eg(1,1,1) —(och—Cq‘) —(Cy,-C; +aC;+C; +P)) —(R,, R +C C +P )

disclose food safety information and exaggerate and mis-
represent food safety issues.

In addition, it can be seen from the above analysis that
the application of big data has different effects on different
subjects. For the government, big data plays a positive role in
promoting the government’s fulfillment of its regulatory
responsibilities; for food companies, the application of big
data has two sides. It will not only increase the supervision of
problem companies, but also increase the degree of harm to
“injure” companies. For the mass media, big data has a
positive effect on improving the accuracy and authenticity of
reports.

With the enhancement of government supervision, the
proportion of food companies choosing to truly disclose
food information continues to increase, and mass media
groups are gradually increasing the proportion of accurate
and practical reports under government regulations. The
food safety information disclosure mechanism continues to
improve to a mature stage E¢(1,1,1), satisfying (xR > C
Csp+aCr+Cy +P>Cy, and -C, >R
C, —-P, That is, when the reputation beneﬁts obtamed by
government supervision are higher than the cost of gov-
ernment supervision, the sum of the cost of food companies’
false disclosure of food safety information and the loss after
being exposed by the media is higher than the cost of
companies’ true disclosure of safety information; and in the
face of truly disclosed food companies, when the net income
of the mass media’s true reports is higher than the net in-
come of false reports, the government will play its leading
role in food safety information disclosure and choose to
supervise the food market. Food companies will choose to
improve food quality based on their own interests and then
truly disclose food safety information. The mass media will
play their complementary role in food safety disclosure and
choose accurate and practical reporting strategies. It is worth
noting that in the mature stage of the food safety infor-
mation disclosure mechanism, the negative impact of the
application of big data on food companies disappears.
Through the analysis of the two stages, it can be seen that the
choice of the mass media reporting strategy mainly depends
on the level of net income of different strategies. This
conclusion can be fully proved by the comparative analysis
of E5(1,1,0) and Eg (1, 1, 1). Therefore, in order to give full
play to the role of the mass media as a “watchkeeper,” it is
necessary to increase the net income of accurate and realistic
reports by the mass media and at the same time reduce the

net income of exaggerated and inaccurate reports through
government regulations and guidance measures.

4. Conclusions and Recommendations

The above research shows that mass media plays an im-
portant role in the disclosure of food safety information and
influences the strategic choice of government regulators and
food enterprises. Both in line with their own interests,
maximization principle, and mass media social responsi-
bility, positive real information disclosure will be beneficial
to food safety supervision and management. To participate
in the game of government regulators, food companies and
media have a positive development; on the other hand, false
information disclosure can make the three parties lose the
trust of the audience and have loss of economic benefits and
their reputation. Therefore, starting from the Chinese na-
tion, the government should strengthen the supervision of
the mass media to avoid false information; food enterprises
should actively cooperate with the mass media to improve
the strength and scope of information disclosure; the mass
media itself should strengthen media literacy where true
information shall be disclosed to put an end to false in-
formation. Although disparate countries will affect the
government’s regulatory actions and efforts due to their
different political systems, the participation of big data in
media communication will enhance the effectiveness of the
mass media’s participation in food safety information dis-
closure. In this case, both positive and negative effects will be
amplified. Therefore, rationally and maximally playing the
positive role of big data in mass media can double the value
of mass media in food safety information disclosure,
bringing maximum benefits to the three parties in the game
and also ensuring food safety to the maximum extent.
First: using big data to segment the audience to achieve
accurate communication. Accurate communication requires
mass media to carefully divide audiences into different
groups according to their psychological characteristics, in-
terest preferences, and psychological preferences and output
different communication contents for different groups. The
segmentation of audience needs to rely on big data for user
research, such as searching and browsing traces of Internet
users or viewing data on video platforms. In the process of
food safety information disclosure, the accurate push of
different disclosure content according to different user needs
can increase the public’s interest in reading and improve the
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reading rate of the disclosed contents, and at the same time,
different push times can be set for different audiences. All
these measures can improve the efficiency of food safety
information disclosure.

Second: choosing the media reasonably. In the era of big
data, the media preference of the audiences can be accurately
calculated, and mass media that are closer to their reading
preferences can be adopted. In addition, the concept of
Omnimedia is widely used in the selection of media.
Omnimedia can be regarded as a new mode of media op-
eration. It integrates content production and form and is a
comprehensive application of traditional media and new
media. Any two or more media can freely convert to each
other. In the food safety information disclosure, the dis-
closure can use their data analysis system for food safety
information as well as collecting and monitoring public
preferences, choosing the reasonable mass media in the
production process to push, and later in the use of the
Internet platform to accept their reading feedback and use
the feedback to adjust disclosure content.

Third: optimizing the communication content. On the
premise of audience segmentation, the subject of food safety
information disclosure needs to customize differentiated
communication content and produce accurate communi-
cation content for different audiences. In the process of
content production, attention should also be paid to content
processing to make the disclosed content more effective and
more in line with the audience’s aesthetic taste under the
guidance of big data. In terms of content expression, it
should be designed according to the ideological con-
sciousness, cultural leveling, and cognitive ability of different
audiences, so that the disclosure of food safety information
can improve the communication efficiency and encourage
more people to accept it.

Despite theoretical and managerial contributions of this
study, there are still limitations.

In different countries, due to political, historical, cul-
tural, and other factors, the unity of opposition between
government supervision, mass media communication, and
factory disclosure is complicated and cannot be general-
ized. In this article, we only adopt a method suitable for
China’s national conditions to establish an analysis of the
model. However, this does not mean that our topic does not
have universal value. These elements can still be harmo-
nized with each other to achieve a beneficial state for the
proposition of food safety. Therefore, this article can be
expanded from the following directions in the future: (1)
based on the differences in social environment, studying
the role of media in food safety information disclosure in
the era of big data under different social environment
backgrounds, conducting comparative analysis, proposing
strategies more suitable for the development of China, and
improving the food safety supervision system and
strengthening food safety management. (2) Studying this
issue based on the perspective of the global supply chain,
enhancing the international influence of Chinese media,
and at the same time enhancing the international com-
petitiveness of food companies, and providing the world
with effective Chinese solutions.
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