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1  Introduction
With the support of national policies and the promotion of Internet technology, cross-
border e-commerce industry has contributed an important force to China’s economic 
growth. China’s cross-border e-commerce enterprises are growing rapidly and the mar-
ket scale is expanding continuously. In 2019, more than 6000 cross-border e-commerce 
enterprises have been added, with 300 million packages being sent to the world, and the 
total import and export volume of cross-border e-commerce has reached 186.21 bil-
lion yuan. Cross-border e-commerce has gradually become an important part of for-
eign trade. However, the development of cross-border e-commerce is still faced with the 
problems of slow logistics, high price and difficulty for users to directly contact products, 
which has affected consumer satisfaction. Therefore, we can improve consumer satisfac-
tion, improve enterprise profits and achieve win–win cooperation through online and 
offline channels.

From the perspective of cross-border e-commerce, in the context of the develop-
ment of Internet technology and economic globalization, cross-border e-commerce has 
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gradually penetrated into all aspects of social life. Under the background of big data, 
considering the personalized needs of customers, Li Jiahua studied the intelligent recom-
mendation algorithm of cross-border e-commerce shopping guide platform through big 
data technology [1]. In order to solve the problem of privacy leakage in gene research, 
Wu Xiang et al. proposed a motif search algorithm, which can protect privacy and obtain 
high-quality model results [2]. Liang Haibo et al. used the improved genetic algorithm to 
optimize the traditional controller and proved the superiority of the method by compar-
ing the model of the traditional controller with the optimized controller [3]. Under the 
background of the development of artificial intelligence, Chen Zhijun and others know 
the driver’s driving state through unsupervised road test [4]. Zheng Haifeng and others 
proposed a data relay scheme to improve the performance of wireless sensor networks 
[5]. Liu Dingrui et al. take overseas manufacturers and cross-border manufacturers as 
research objects and take the service level and product perceived value of offline and 
online channels as key indicators to analyze the optimal decision-making and profit 
change of each member of the dual channel supply chain [6]. Based on the establish-
ment of trade gravity model, Zhao Y N analyzes the factors influencing the cooperation 
between other countries and China [7]. Wu Xiang et al. use natural language process-
ing (NLP) technology and grey relational analysis (GRA) to improve the performance 
and resource utilization of applications [8]. Considering the competition and coopera-
tion between upstream and downstream enterprises, Liu Zheng et al. studied how to use 
the responsibility sharing and resource sharing among enterprises to manage the carbon 
emission of supply chain [9]. Liang Haibo et al. applied artificial intelligence to oil drill-
ing leakage cases and proposed an algorithm based on PSO-SVR to dynamically evaluate 
the risk in the drilling process [10].

From the perspective of algorithm optimization, relying on cloud computing, big data, 
artificial intelligence and other advanced technologies, it can realize the accurate and 
efficient matching between massive information and cross-border e-commerce users, 
which is conducive to improving the user experience. According to the trajectory of 
human behavior, we can observe people’s movement. In order to ensure public safety, 
Chen Zhijun and others proposed a method that can automatically identify the trajec-
tory of pedestrian behavior to reduce the workload of monitoring work [11]. Based on 
association rules, Yang Hongyan et al. track the consumer satisfaction data of a prov-
ince and analyze the change trend of consumer satisfaction and the factors that affect 
these changes [12]. Liu Zheng and others used the bus simulation data to design the 
bus pricing model to improve the company’s profit and customer satisfaction [13]. Ma 
Fengcai et al. used the review information of Jingdong e-commerce platform, selected 
logistics speed, product packaging, service quality and product price as key indicators 
to study the overall situation of customer satisfaction with fresh products [14]. Xiong 
N et  al. analyzed and summarized the network-based GCC scheme by combing the 
background of green cloud computing [15]. SEO et al. conducted a questionnaire sur-
vey on consumers to study the influence of the image of imported products and word-
of-mouth on consumer satisfaction and purchase intention and evaluated the influence 
of familiarity on consumer satisfaction and purchase intention [16]. Based on the prob-
ability model, Zhang Mingyang et al. evaluated the human error in ship navigation and 
reduced the probability of risk occurrence [17]. Guo Wenzhong et al. have developed an 
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algorithm that can schedule tasks in wireless sensor networks, and its effectiveness has 
been proved by simulation [18].

From the perspective of supply chain coordination, with the changes of consum-
ers’ requirements for product quality and time, how to design a scientific coordination 
mechanism for the supply chain is a problem that enterprises need to solve [19]. Tak-
ing the channel disputes caused by customers’ delivery time requirements into account, 
Xu Fei et al. established an optimization model for the cooperation between manufac-
turers and retailers with different delivery dates and designed a scheme for online and 
offline channel optimization and coordination [20]. Shu et al. constructed a supply chain 
composed of manufacturers and online retailers and considered the logistics service 
and product price under the condition of whether they cooperated or not, and real-
ized the supply chain coordination through contract [21]. Taking the two-level supply 
chain composed of suppliers and retailers as the research object, Li Yanbing et al. ana-
lyzed the optimal decision-making under the conditions of centralized decision-making, 
decentralized decision-making and repurchase contract and conceived a coordination 
optimization method of repurchase contract considering cost profit rate [22]. Ma Xueli 
et al. constructed a three-level supply chain composed of farmers, logistics suppliers and 
retailers. Taking agricultural products as the research object, they conceived coordina-
tion contracts to realize the income balance of supply chain members [23]. Liu Zheng 
et al. studied the optimization of supply chain through the comparison of optimal deci-
sions and met the requirements of carbon emission and profit of enterprises [24]. Based 
on the uncertainty of retailers’ demand and risk attitude, HêrişGolpîra et al. designed a 
profit-oriented contract and considered the coordination problem of power supply chain 
by using newsboy model [25].

After literature review on cross-border e-commerce, consumer satisfaction and sup-
ply chain coordination, we can see that cross-border e-commerce is closely related to 
consumer satisfaction, and consumer satisfaction is an important factor to evaluate 
cross-border e-commerce enterprises  [26–28]. However, few literature can consider 
improving consumer satisfaction from the perspective of cross-border e-commerce sup-
ply chain coordination [29–32]. Through the coordination of online and offline channels 
of cross-border e-commerce enterprises, it not only brings better consumer experience, 
improves consumer satisfaction, but also improves the profits of the main body of the 
supply chain [33–35]. From the perspective of consumer satisfaction, this paper consid-
ers the coordination and optimization between online and offline channels in the supply 
chain of cross-border e-commerce enterprises [36–39].

The remainder of this paper is organized as follows: the hypothesis and basic deci-
sion-making model under the constraint of the carbon tax are introduced in Sect. 2 and 
Sect. 3. Experimental results are presented in Sect. 4 and Conclusions are drawn in the 
last section.

2 � Related work
2.1 � Model hypothesis

Taking the supply chain of cross-border e-commerce enterprises as the research object, 
this paper constructs a dual channel supply chain composed of cross-border suppliers, 
cross-border e-commerce enterprises, overseas retailers and overseas consumers, as 
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shown in Fig. 1. Based on consumers’ satisfaction with products, this paper analyzes and 
compares the optimal decision-making of supply chain in three situations: decentral-
ized decision-making centralized decision-making and revenue and cost sharing con-
tract, with online channel as the leading factor. This paper aims to study the following 
problems:

1.	 The game models of centralized decision-making, decentralized decision-making 
and revenue and cost sharing contract are established, and the optimal decision-
making under different modes is compared, and the optimal way is selected to coor-
dinate the cross-border e-commerce supply chain [40–42].

2.	 We should improve consumers’ satisfaction with products, improve their online and 
offline consumption experience, establish brand image, improve product competi-
tiveness and attract consumers to become loyal users of cross-border products [43–
46].

3.	 One of the purposes of supply chain coordination of cross-border e-commerce 
enterprises is to improve the overall profit of the supply chain. By comparing the 
profits of the supply chain system under different modes, the most suitable mode of 
supply chain optimization is selected [47–50].

2.2 � Parameters description

In Table  1, we can see affected by the estimated utility of products, product price and 
logistics speed, it can be assumed that the consumer satisfaction function of online chan-
nels is S1 = α�− P1− ηT  . When overseas consumers purchase products through offline 
channels, they can directly contact the products. At this time,� = 1 , and not limited by the 
delivery time, but by the travel factors of consumers, resulting in travel and time costs, the 
consumer satisfaction function of offline channels is S2 = α − P2− β . If the consumer’s 
offline product satisfaction is greater than the online product satisfaction, there is S1 < S2 , 
consumers choose offline channel to purchase products. If the consumer’s offline prod-
uct satisfaction is less than the online product satisfaction, there is S1 > S2 , consumers 
choose online channel to purchase products. α1 is used to represent the estimated utility 
value (critical value) when the online channel customer satisfaction is zero, α1 = P1+ηT

�
 , 

α2 is the estimated utility value (critical value) when the offline channel consumer satis-
faction is 0, α2 = P2+ β , and α3 is the estimated utility value when the online and offline 

Fig. 1  Cross-border e-commerce dual-channel supply chain



Page 5 of 19Wang and Li ﻿J Wireless Com Network         (2021) 2021:23 	

channel satisfaction is equal, α3 = P2+β−P1−ηT
1−�

 . In order to ensure the existence of dual 
channels, we only consider the case of α1 < α2 < α2 , that is, when P2 >

P1+ηT
�

− β , 
because the estimated utility a of the consumer to the product obeys (0,1) uniform distribu-
tion, we can get that the demand of cross-border products of online and offline channels is 
Q1 =

∫ α3
α1

1dx =
P2+β−P1−ηT

1−�
−

P1+ηT
�

 , Q2 =
∫ 1

α3
1dx = 1−

P2+β−P1−ηT
1−�

 , respectively. In 
addition, it is assumed that the costs of customs duties and late penalties generated in the 
online circulation of cross-border products per unit are c1 = a+ (t − T )b . In the process 
of offline sales, the storage cost and staff service cost are c2 = kβ2

2
.

2.3 � Basic operation mode of cross‑border e‑commerce dual‑channel supply chain

2.3.1 � Centralized decision mode

Under centralized decision-making, the online and offline channels of cross-border e-com-
merce cooperate. At this time, the profit function πsc of the whole supply chain system can 
be obtained.

(1)πsc = (P1− w − c1)Q1 + (P2− w − c2)Q2

Table 1  Description of each parameter

parameters Description of each parameter

w Wholesale price of products sold by cross-border suppliers to cross-border e-commerce enter-
prises

r Cross-border suppliers mark up their products and sell them to retailers

P1 Price of cross-border e-commerce online channel products (domestic delivery)

P2 Cross-border e-commerce offline channel product price (offline physical store)

T Stipulated delivery time of products sold by cross-border e-commerce through online channels

t Actual arrival time of cross-border e-commerce products sold through online channels

α The estimated utility of a product by a consumer means that the consumer has estimated the 
quality, material and other characteristics of the product before receiving the product

� The consumer’s use experience of the product indicates the impact of contact with the product 
on the estimated value of the product, 0 ≤ � ≤ 1

S1 Consumers’ satisfaction of purchasing products through cross-border e-commerce online chan-
nels

S2 Consumers’ satisfaction of purchasing products through cross-border e-commerce offline chan-
nels

η Consumer sensitivity index of cross-border logistics speed, 0 < η < 1

β When consumers purchase cross-border products offline, the inconvenience costs such as time 
and travel caused by the distance are too far, β > 1

a Tariff cost in the process of cross-border product transportation

b Unit penalty cost of cross-border products not arriving on schedule,  b > 1

k Product storage service cost coefficient

θ The cost ratio of online channel to offline channel

z Proportion of revenue shared by offline channels to online channels

Q1 Consumer demand for online channels of cross-border products

Q2 Consumer demand for offline channels of cross-border products

πsc Supply chain system profit

π1 Online channel profit of cross-border e-commerce

π2 Cross-border e-commerce offline channel profit
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The first-order and second-order partial derivatives of online channel price P1 , offline 
channel price P2 and planned arrival time T  of cross-border e-commerce are obtained 
from Eq.  (1): ∂2πsc

∂P12
= 2

�(�−1)
 , ∂2πsc

∂P22
= 2

�−1
 , ∂2πsc

∂T 2 =
2bη

�(�−1)
 , ∂2πsc

∂P2∂P1
=

∂2πsc
∂P1∂P2

= − 2
�−1

 , 
∂2πsc
∂P2∂T

=
∂2πsc
∂T∂P2

= −
b+η
�−1

 , ∂2πsc
∂T∂P1

=
∂2πsc
∂P1∂T

=
b+η

�(�−1)
 . Based on this, we can get that the 

profit of supply chain system is a strictly concave function about P1 , P2 and T  . Accord-
ing to the order of the function H1 =

2
�(�−1)

< 0 , H2 =
4

�(1−�)
> 0 , H = −

8bη

�2(�−1)2
< 0 , 

Hess are negative qualitative, so there is a unique solution to the function. By solving the 
first-order partial derivative equations of online channel price P1 , offline channel price 
P2 and planned arrival time of cross-border e-commerce T  , we can get the following 
results:

2.3.2 � Decentralized decision mode

Under decentralized decision-making, the online and offline channels of cross-border 
e-commerce pursue their own profit maximization. At this time, the profit functions π1 
and π2 of online and offline channels can be obtained, respectively.

Lemma 1   Under decentralized decision-making, the online and offline product prices, 
demand, consumer satisfaction and total profit of cross-border e-commerce lines are, 
respectively, P1N , P2N , TN , SN1  , SN2  , πN

sc .

(2)P1 =
�(2β + 2w + β2k)(b+ η)− 4η(a+ w − bt)

4(b− η)
+

�

2

(3)P2 =
kβ2 − 2β + 2w + 2

4

(4)T =
2a+ 2w + 2bt − k�β2 − 2�β − 2�w

2(b− η)

(5)S1 =
�(4α − 2β − 2w − kβ2 − 2)

4

(6)S2 =
4α − 2β − 2w − kβ2 − 2

4

(7)πsc =
(kβ2 + 2β + 2w − 2)2

16

(8)πN
1 = (P1− w − c1)Q1

(9)πN
2 = (P2− w − c2)Q2
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Prove   The online channel of cross-border e-commerce enterprises, as the leading 
party, first defines the price P1N and the prescribed arrival time of products TN , and 

then uses the reverse induction method to obtain P2N =
kβ2−2β+2P1N−2�+2w+2TN η+2

4
 . 

By substituting the obtained function expression about P2N into Eq. (9), we can get new 
functional expressions about P1N and TN . We can get the first and second partial deriv-
atives of the two variables in the formula to get the determinant of Hess matrix. Because 
of ∂2π1

∂(P1N )2
= 2−�

�(�−1)
< 0 , the online price P1N and the required arrival time of the prod-

uct TN have unique solutions. Through the calculation of simultaneous equations, we 
can get the online price P1N and the product arrival time TN , and then get the offline 
channel price P2N , the online and offline channel consumer satisfaction SN1  and SN2  , and 
the online and offline channel total profit πN

sc  . The results were as follows:

Lemma 2   Under decentralized decision-making, the offline channel product price, the 
prescribed arrival time, the online and offline channel consumer satisfaction and the sup-
ply chain system profit of cross-border e-commerce enterprises are lower than the optimal 
value under centralized decision-making. When � >

2η
b+η

 , the online channel product 
price of cross-border e-commerce enterprises is greater than that under centralized 
decision-making.

Prove   According to the hypothesis of the model and the symbol setting β > 1 in 
the symbol description part, kβ2 + 2β + 2w − 2 = kβ2 + 2w + 2(β − 1) > 0 can be 
obtained. Through calculation, we compare the online product price, offline product 
price, prescribed arrival time, online channel consumer satisfaction, offline channel con-
sumer satisfaction and supply chain system profit under decentralized and centralized 
decision-making. The results were as follows:

(10)P1N =
2b�(1− �+ w + ηt)+ b�β(2+ kβ)

2(b− η)(�− 2)
+

η(a+ w)

b− η

(11)P2N =
2�+ 2β − kβ2 − 2− 2�β − 2w

2(�− 2)

(12)TN =
4w(�− 1)+ �(2β − 2�+ kβ2 − 2)

2(b− η)(�− 2)
+

a+ bt

b− η

(13)SN1 =
�(kβ2 + 2β − 4α − 2�+ 2w + 2α�+ 2)

2(�− 2)

(14)SN2 =
kβ2 + 2β − 4α − 2�+ 2w + 2α�+ 2

2(�− 2)

(15)πN
sc =

(kβ2 + 2β + 2w − 2)2(1− �)

4(�− 2)2
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From the proof of Lemma 2, it can be found that under decentralized decision-mak-
ing, the offline channel product price, the prescribed arrival time, the online and offline 
channel consumer satisfaction and the supply chain system profit of cross-border 
e-commerce enterprises are lower than the optimal value under centralized decision-
making. However, through Eq.  (16), it can be found that only when b�− 2η + �η > 0 , 
that is � >

2η
b+η

 , the online product price under decentralized decision is higher than that 
under centralized decision. Under the decentralized decision-making, the product price 
rises, but the prescribed arrival time of the product is prolonged, the consumer’s satis-
faction with the product decreases, and the profit of the whole supply chain system also 
decreases. This is because there is competition between online and offline channels 
under decentralized decision-making. In order to ensure product quality, infrastructure 
purchase and product storage increase product cost and price. When the online and 
offline channels cooperate, the basic cost is reduced, the logistics speed is accelerated, 
and the consumers can receive the products in time with lower price, and the overall 
profit is improved.

Lemma 3   Under decentralized and centralized decision-making, consumer satisfac-
tion is affected by both the consumer experience and the estimated utility of the product. 
Under centralized decision-making, with the increase of consumers’ experience of using 
products, the satisfaction of online and offline channels increases. With the increase of 
estimated utility of products, the satisfaction of consumers in online and offline chan-
nels will not be affected; in decentralized decision-making, with the increase of consum-
ers’ experience of using products, the satisfaction of both online and offline channels will 
increase with the increase of the estimated utility of products, the consumer satisfaction of 
online channel first increases and then decreases, while that of offline channel decreases.

(16)P1− P1N =
�(b�− 2η + �η)(kβ2 + 2β + 2w − 2)

4(b− η)(�− 2)

(17)P2− P2N =
�(kβ2 + 2β + 2w − 2)

4(�− 2)
< 0

(18)T − TN =
−�(�− 1)(kβ2 + 2β + 2w − 2)

2(�− 2)(b− η)
< 0

(19)S1− S1N =
−�

2(kβ2 + 2β + 2w − 2)

4(�− 2)
> 0

(20)S2− S2N =
−�(kβ2 + 2β + 2w − 2)

4(�− 2)
> 0

(21)πsc − πN
sc =

�
2(kβ2 + 2β + 2w − 2)2

16(�− 2)2
> 0
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Prove   The first-order partial derivatives of S1 and S1N with respect to the estimated 
utility of the product and the consumer’s experience of the product are obtained, respec-
tively, and ∂S1

∂α
= � > 0,∂S1

∂�
=

4α−2β−2w−kβ2−2

4
> 0 , ∂S1N

∂α
= � > 0 , 

∂S1N

∂�
=

4α−2β+4�−2w−4α�−kβ2+α�2−�
2−2

(�−2)2
 are obtained. Because we cannot distinguish the 

positive and negative of ∂S1
N

∂�
 , we can get ∂

2S1N

∂�2
=

2(kβ2+2β+2w−2)

(�−2)3
< 0 by solving the sec-

ond partial derivative. Therefore, affected by the estimated utility of products, the con-
sumer satisfaction of online channels under centralized decision-making and decentral-
ized decision-making is on the rise; affected by the use experience of consumers on 
products, the consumer satisfaction of online channels under centralized decision-mak-
ing is increasing, while that of online channels under decentralized decision-making first 
rises and then decreases. We obtain the first-order partial derivatives of S2 and S2N with 
respect to the estimated utility of the product and the consumer’s experience of the 

product, respectively, and obtain ∂S2
∂α

= ∂S2N

∂α
= 1 , ∂S2

∂�
= 0 , ∂S2

N

∂�
=

2−2β−2w−kβ2

2(�−2)2
< 0 . 

Therefore, affected by the estimated utility of products, the consumer satisfaction of 
online channels under centralized decision-making and decentralized decision-making 
shows an upward trend; the consumer satisfaction of online channels under centralized 
decision-making is not affected by consumers’ use experience of products, and the con-
sumer satisfaction of online channels under decentralized decision-making continues to 
decrease under the influence of consumers’ use experience of products.

3 � Methods
Relying on cloud computing, big data, artificial intelligence and other advanced tech-
nologies, it can realize the accurate and efficient matching between massive informa-
tion and users, improve the service quality of cross-border e-commerce enterprises 
and improve the user experience. When the online and offline channels of cross-border 
e-commerce enterprises cooperate in the form of revenue and expense sharing contract, 
it is assumed that the online channel shares part of the cost for the offline channel, and 
the sharing proportion is θ . Meanwhile, the offline channel can share part of its revenue 
to the online channel, and the sharing proportion is z . At this time, the profit functions 
of the online channel and the offline channel are obtained as follows:

Lemma 4   If the online and offline channels of cross-border e-commerce enterprises 
cooperate in the form of revenue and cost sharing contract, the decision-making combina-
tion of online and offline channels is (P1Y ,P2Y ,TY ) , and the consumer satisfaction and 
profit of online and offline channels can be obtained as S1Y  , S2Y  , πY

1  , πY
2 .

Prove   When online channels and offline channels cooperate by contract, online and 
offline channels pursue their own profit maximization. The online channel of 

(22)πY
1 = (P1− w − c1)Q1 − θc2Q2 + zP2Q2

(23)πY
2 = [(1− z)P2− w − (1− θ)c2]Q2
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cross-border e-commerce determines the price of online products and the specified 
arrival time of products, and the offline channel determines the price of its offline prod-
ucts. The first and second partial derivatives of πY

1  with respect to P1Y  and TY  are 
obtained, and the first and second partial derivatives of πY

2  with respect to P2Y  are 

obtained. We can get ∂2πY
1

∂(P1Y )2
= 2

�(�−1)
 , ∂2πY

1

∂(TY )2
= 0 , ∂2πY

1

∂PY
1
∂TY =

∂2πY
1

∂TY ∂PY
1

=
η

�(�−1)
 , 

∂2πY
1

∂PY
1
∂PY

2

=
−(z+1)
�−1

 , ∂2πY
1

∂TY ∂PY
2

=
−ηz
�−1

 , ∂2πY
2

∂(P2Y )2
=

−2(z−1)
�−1

 , ∂2πY
2

∂PY
2
∂TY =

η(z−1)
�−1

 , ∂2πY
2

∂PY
2
∂PY

1

= z−1
�−1

 . 

Therefore, the Hess matrix of cross-border e-commerce dual channel profit function 

with respect to P1Y  , TY  and P2Y  is |H | =

∣

∣

∣

∣

∣

∣

∣

2
�(�−1)

−(z+1)
�−1

η
�(�−1)

z−1
�−1

−2(z−1)
�−1

η(z−1)
�−1

η
�(�−1)

−ηz
�−1

0

∣

∣

∣

∣

∣

∣

∣

 . According to the 

order principal subformula of the function H1 =
2

�(�−1)
< 0 , H2 =

(1−z)(4−�z−�)

�(1−�)2
> 0 , 

H =
η(z−1)(�z+�−4)

�2(�−1)3
< 0 , it can be known that the Hessian matrix is negative definite, 

and the unique optimal solution of the function can be obtained by solving after judg-
ment. By solving the first-order partial derivative equations and taking the solution 
results into the response function of offline product price, the decision combination can 
be obtained as follows:

(24)

P1Y =
1

2(b− η)(�− 2)2(z − 1)
[2bηt(�2 − 4z)+ 4�

2ηz(β − 1)

− 2b�2z(3− n)+ 4�ηz2(1− �)(β − 1)

+ 2�ηz(4 − �)(a+ bt)+ k�β2(�− 2)(b− θb+ θη)

+ 2ηt(1− �)(4b+ β2θk�z)− 2βb�(2+ �z)+ 2ηw(�2 + 4)

+ �zη(8w + k�β2)+ 2aη(�− 2)2 − 2b�(�− 2)(�− 1− w)]

(25)P2Y =
2�+ 2β − 2w + 2z − 2�β − 2zβ − 2�z − kβ2 + 2β�z + kθβ2 − 2

2(�− 2)(1− z)

(26)

TY =
1

2(b− η)(�− 2)2(z − 1)
[8(w − az − wz)(�− 1)+ 4�(βz − w)(�− 1)

+ 2�(�+ 1)(�+ 2)− 2bt(�+ 2)2

− β�(�− 2)(2+ kβ)− 2�z(�− 1)(2z + �− 4)

+ 2btz(�− 2)2 − k�zβ2(�− 2θ�− 2θ)− 2�
2(βz + a− az)]

(27)SY1 =
2�(z − 1)(β − �+ 1)− 2�w + k�β2(θ − 1)

2(�− 2)(z − 1)
+ �α

(28)SY2 =
2(z − 1)(β − �+ 1)− 2w + kβ2(θ − 1)

2(�− 2)(z − 1)
+ α

(29)
πY
1
=
(2w + 2z + 2β + kβ2 − 2βz − kθβ2 − 2)

4(�− 2)2(z − 1)2

[kβ2(θ − z)+ 2z(�− 1)(1− z)(1− β)+ kθβ2(z − 1)(�− 1)− 2wz]
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Lemma 5  After the cooperation in the form of revenue and cost sharing contract, 
when the contract cooperation satisfies z(1+ 2w

kβ2 ) < θ <
�(1−z)

2
+ z +

�(β+w−1)(1−z)+2wz

kβ2  , 

there are PN
2 > PY

2 > P2 , TN > TY > T  , πsc > πY
sc > πN

sc  , S1 > SY1 > SN1  , S2 > SY2 > SN2

.

Prove  When the contractual cooperation satisfies z(1+ 2w
kβ2

) < θ <
�(1−z)

2
+ z+

�(β+w−1)(1−z)+2wz

kβ2
 

{

kθβ2 − 2wz − kzβ2 > 0

�(2− 2β − 2w − kβ2)(1− z)+ 2(kθβ2 − kzβ2 − 2wz) < 0
 can be 

obtained. And because of 
�(2− 2β − 2w − kβ2)(1− z)+ (kθβ2 − kzβ2 − 2wz) = �(2− 2β − 2w − kβ2)(1− z)

+2(kθβ2 − kzβ2 − 2wz)− (kθβ2 − kzβ2 − 2wz) < 0
 , 

so P2− P2Y =
�(2−2β−2w−kβ2)(1−z)+(kθβ2−kzβ2−2wz)

4(�−2)(z−1)
< 0

,P2Y − P2N =
kθβ2−kzβ2−2wz
2(�−2)(1−z)

< 0 , P2Y − P2N =
kθβ2−kzβ2−2wz
2(�−2)(1−z)

< 0 , PN
2 > PY

2 > P2 . At 
this time, by comparing the required arrival time of the product, it can be found that the 

product conforms to TY − TN =
�z(�−1)[2β(z−1)+kβ2(θ−1)+2(1−w−z)]

(�−2)2(z−1)(b−η)
< 0 and 

T − TY =
�(�−1)

2(�−2)2(1−z)(b−η)
[(2β + 2�+ 4w + 4z − 2�β − 4zβ − k�β2 + 2kβ2 −

4)(1− z)− 2kzβ2(1− θ)− 2z(β + 2w − �w)] < 0   . 
According to the πY

1  and πY
2  obtained above, the system profit of the supply chain is 

compared, and 

πY
sc =

(2w+2z+2β+kβ2−2βz−kθβ2−2)

4(�−2)2(z−1)2
[kθβ2 + (2β + 2w + kβ2 − 2)(1− �)(1− z)−

kzβ2 − 2wz]

 is 

calculated. Comparing the profit of supply chain system under contract with that under 
centralized decision, we can get 
πY
sc − πN

sc =
−(kθβ2−kzβ2−2wz)[�(2−2β−2w−kβ2)(1−z)+(kθβ2−kzβ2−2wz)]

4(�−2)2(z−1)2
> 0 and 

πsc − πY
sc =

[�(2−2β−2w−kβ2)(1−z)+2(kθβ2−kzβ2−2wz)]2

16(�−2)2(z−1)2
> 0 , so we can get πsc > πY

sc > πN
sc  . 

Comparing the changes of customer satisfaction, we can get that 

SY1 − SN1 =
�(kθβ2−kzβ2−2wz)

2(�−2)(z−1)
> 0 , SY2 − SN2 =

kθβ2−kzβ2−2wz
2(�−2)(z−1)

> 0 . 

S1 − SY1 =
�[�(2−2β−2w−kβ2)(1−z)+2(kθβ2−kzβ2−2wz)]

4(�−2)(1−z)
> 0 , and 

S2 − SY2 =
�(2−2β−2w−kβ2)(1−z)+2(kθβ2−kzβ2−2wz)

4(�−2)(1−z)
> 0 , so we can get S1 > SY1 > SN1  , 

S2 > SY2 > SN2  . This shows that the optimal decision of revenue sharing contract is 
between centralized decision and decentralized decision when the cost sharing ratio is in 
a certain range. Therefore, the decentralized decision-making can be optimized by 
adjusting the cost sharing ratio.

(30)πY
2 =

(2+ 2βz + kθβ2 − 2z − 2β − kβ2 − 2w)2(�− 1)

4(�− 2)2(z − 1)



Page 12 of 19Wang and Li ﻿J Wireless Com Network         (2021) 2021:23 

4 � Results and discussion
In order to verify the rationality of the model and reveal the changes of cross-border 
e-commerce supply chain system profit and optimal decision-making under differ-
ent modes, this section verifies the above conclusions. In the dual channel supply chain 
composed of cross-border suppliers, cross-border e-commerce enterprises and consum-
ers, the parameter values are selected according to the parameter range in the above 
model, assuming that consumers’ offline channel inconvenience cost β = 10 , consum-
ers’ sensitivity index to cross-border logistics speed η = 0.2 , wholesale price of products 
of cross-border suppliers w = 2 , tariff cost in the process of transportation a = 5 , and 
unit penalty for failing to arrive on schedule b = 3 , the cost coefficient of product stor-
age service k = 0.3 , the actual arrival time of online channel products t = 6 , and the rev-
enue ratio shared by offline channel to online channel z = 0.3.

4.1 � The impact of consumer experience � on optimal decision and supply chain profit

According to the condition � >
2η
b+η

 in Lemma 2, the consumer’s experience � > 0.125 is 
obtained, and according to the condition 
z(1+ 2w

kβ2 ) < θ <
�(1−z)

2
+ z +

�(β+w−1)(1−z)+2wz

kβ2  in lemma 5, θ > 0.34 is obtained. In 

order to study the impact of consumer experience on the optimal decision-making and 
system profit of cross-border e-commerce products, suppose θ = 0.4 , the following table 
shows the changes of online channel product price, offline channel product price, prod-
uct specified arrival time and supply chain system profit under decentralized decision-
making, centralized decision-making and revenue and cost sharing contract when � rises 
from 0.2 to 0.8. Table 2 shows the results of parameter changes under decentralized and 
centralized decision.

Table 2  Results of parameter changes under decentralized and centralized decision

Consumers’ experience of using 
products �

0.2 0.3 0.4 0.5 0.6 0.7 0.8

Product online price under centralized 
decision

1.4 2.9929 4.5857 6.1786 7.7714 9.3643 10.9571

Product online price under decentralized 
decision

1.5238 3.4517 5.6071 8.0357 10.7959 13.9643 17.6429

Product online price under contract mode 1.4333 3.3018 5.385 7.7248 10.3746 13.4036 16.9034

Product offline price under centralized 
decision

4 4 4 4 4 4 4

Product offline price under decentralized 
decision

5.4444 6.2941 7.25 8.3333 9.5714 11 12.6667

Products offline price under contract mode 4.7302 5.5378 6.4464 7.4762 8.6531 10.011 11.5952

Specified arrival time of products under 
centralized decision

7 6.0357 5.0714 4.1071 3.1429 2.1786 1.2143

Specified arrival time of products under 
decentralized decision

7.8254 7.1828 6.4643 5.6548 4.7347 3.6786 2.4524

Stipulated arrival time of products under 
contract mode

7.5639 6.7979 5.9678 5.0663 4.0862 3.0205 1.8639

System profit under centralized decision 169 169 169 169 169 169 169

System profit under decentralized decision 166.9136 163.737 158.438 150.222 137.959 120 93.8889

System profit under contract mode 168.4669 166.635 163.015 156.916 147.349 132.868 111.312
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It can be seen from the above table with the increase of consumers’ use experience of 
products, the online price of products under centralized decision-making presents an 
upward trend, while the specified arrival time of products presents a downward trend. 
However, since consumers can directly contact offline products, offline prices and sys-
tem profits are not affected by consumers’ use experience of products. Under decentral-
ized decision-making, the online and offline prices of products increase with the increase 
of consumers’ use experience of products, while the prescribed arrival time of products 
and the profit of supply chain system decrease with the increase of consumers’ use expe-
rience of products. Under the revenue and cost sharing contract, the online price, offline 
price, prescribed arrival time and system profit of supply chain have similar trend with 
decentralized decision. This is because, whether in the decentralized decision-making 
mode or the contract mode, the higher the consumer’s experience of using the product, 
the smaller the impact of consumer’s contact with the product on the estimated value 

Fig. 2  Change of product online prices P1 with consumer’s experience in using products

Fig. 3  Change of product offline price P2 with consumer’s experience in using products
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Fig. 4  Change of product arrival time T  with consumer’s experience in using products

Fig. 5  Change of system profit πsc with consumer’s experience in using products

Fig. 6  Change of product offline price P2 with cost share proportion
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Fig. 7  Change of product arrival time T  with cost share proportion

Fig. 8  Change of system profit πsc with cost share proportion

Fig. 9  Change of consumer online satisfaction S1 with cost share proportion
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of the product, and the closer the evaluation value of the product to the fixed value, the 
more stable the consumer’s demand will be. When cross-border e-commerce enterprises 
set the prices of online and offline channel products and the prescribed delivery time of 
products, they should provide different prices and product delivery time according to 
the consumers’ experience of using the products. That is to say, when consumers have 
high acceptance of products, they can be equipped with higher online and offline prices 
and shorter product receiving time to attract consumers and gain profits. In order to 
observe the trend of decentralized decision-making and revenue and cost sharing con-
tract mode more intuitively and clearly, and to select the more advantageous model 
among them, Figs. 2, 3, 4 and 5 are shown as follows.

It can be seen from Figs. 2, 3, 4 and 5 that with the increase of consumers’ experience of 
using products, the rising trend of product prices in online and offline channels of cross-
border e-commerce under contract mode is significantly lower than that of decentralized 
decision-making, while the downward trend of prescribed arrival time of products under 
contract mode is stronger than that of decentralized decision-making. Generally speak-
ing, the model under contract mode has more advantages than the model under decen-
tralized decision-making. Enterprises can obtain higher profits of supply chain system, 
and consumers can buy products with higher consumer experience with more affordable 
product price and faster expected arrival time. Cross-border e-commerce enterprises 
can choose to reoptimize decentralized decision-making by forming contracts through 
online and offline channels, so as to achieve effective coordination.

4.2 � The influence of cost sharing ratio θ on optimal decision

In the case of decentralized decision-making, centralized decision-making and rev-
enue and expense sharing contract, if the cost sharing ratio between the two channels 
changes, then the optimal decision-making in the three situations will change, and the 
optimization mode of enterprise selection will also change accordingly. In order to make 
a more intuitive and simple comparison, suppose α = 19 , � = 0.5 , and get the offline 
channel product price, product specified arrival time, supply chain system profit, online 

Fig. 10  Change of consumer offline satisfaction S2 with cost share proportion
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channel consumer satisfaction and offline channel consumer satisfaction in three cases, 
as shown in Figs. 6, 7, 8, 9 and 10.

It can be seen from these five pictures that the price of offline products under the con-
tract agreement decreases with the increase of cost sharing proportion, the specified 
arrival time of products and the satisfaction of online and offline consumers present an 
upward trend, while the profit of supply chain system increases first and then decreases 
with the increase of cost sharing proportion. This is because the offline channel as the 
leader, when the higher proportion of cost sharing, reduce the cost pressure of offline 
channel, the lower the product price of offline channel. With the increase of cost sharing 
ratio, cross-border e-commerce enterprises can provide better products for consumers, 
and consumer satisfaction of both channels will increase. At the same time, it is found 
that when the cost sharing ratio is in the range of [0.34, 0.643] , the offline channel prod-
uct price, the product specified arrival time, the online and offline channel consumer 
satisfaction and the supply chain system profit value are between decentralized deci-
sion and centralized decision. At this time, we can optimize the decision-making and 
improve customer satisfaction by adjusting the cost sharing ratio, and at the same time 
improve the profit of the supply chain. Therefore, the choice of revenue and cost sharing 
contract model can regulate the supply chain and achieve win–win cooperation.

5 � Conclusion
Based on the consideration of consumer satisfaction, this paper constructs a dual chan-
nel supply chain composed of cross-border suppliers, cross-border e-commerce enter-
prises and consumers and studies the decision-making optimization problems of the 
supply chain under the conditions of centralized decision-making, decentralized deci-
sion-making and revenue and cost sharing contract. The research shows that the profit 
of cross-border e-commerce supply chain system and the satisfaction of online and 
offline customers are low under decentralized decision-making, which cannot meet the 
profit demand of enterprises and satisfy consumers. The model under contract mode 
has more advantages than the model under decentralized decision-making. Enterprises 
can obtain higher profits of supply chain system, and consumers can buy products with 
higher consumer experience with more affordable product price and faster expected 
arrival time. Cooperation through revenue and cost sharing contract can play a very 
good regulatory role, which can improve consumer satisfaction and ensure the interests 
of the main supply chain, so as to achieve win–win cooperation. In order to improve 
the satisfaction of consumers, this paper chooses the optimal supply chain coordination 
method for research and finally finds that the revenue cost sharing contract can be used 
to coordinate the supply chain, which is meaningful to promote the decision-making 
optimization of the supply chain and improve the satisfaction of consumers. However, 
the consumer demand in this paper is continuous and stable, and the research on the 
supply chain of cross-border e-commerce enterprises under demand interruption needs 
to be discussed in the future.
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