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Abstract. Considering a two-echelon supply chain consisting of one overseas warehouse logistics provider 
and one cross-border e-commerce retailer with cold chain products over a finite time horizon, this paper 
studies the optimal decision-making of logistics pricing, freshness-keeping effort level and cold chain product 
pricing under the Stackelberg game and the cooperative game, and makes a comparative analysis of the two 
models. Through two-person cooperative game of transferable payment, it is proved that (1)both the total 
supply chain profit and individual profit of the two parties are greater than the Stackelberg game;(2) the 
freshness level is higher than that of the Stackelberg game;(3) the logistics price is lower than that of the 
Stackelberg game;(4) e-commerce transaction scale (i.e. logistics demand scale) is higher than that of the 
Stackelberg game; and (5) the retail price of the cold chain product is lower than the Stackelberg game. 
Numerical results bear out the validity of the theoretical models.  

1 Introduction  

In recent years, with the rapid development of Internet 
technology, cross-border e-commerce has achieved 
blowout growth, and has become an important way of 
traditional trade transformation. According to statistics, 
China's cross-border e-commerce transaction scale 
increased from 1.3 trillion Yuan in 2010 to 10.5 trillion 
Yuan in 2019. Of which, with the improvement of living 
standards, more and more consumers buy products, such 
as frozen fish/meat or fresh fruits from cross-border e-
commerce. Cold chain products are prone to deterioration 
in the process of storage, transportation and other logistics 
links. Thus, the goods should be preserved well to 
guarantee the quality of the product. Thus, the 
development of cross-border e-commerce necessarily 
requires the rapid development of cross-border logistics. 
In detail, cross-border e-commerce logistics mode is 
classified into postal packet, international express service, 
special line logistics, overseas warehouse, etc. Low prices 
and wide coverage of postal packet have made it a widely 
used delivery mode for most cross-border e-commerce 
retailer, but its high loss rate and long cycle time hinders 
its further development greatly. To settle the drawbacks, 
overseas warehouse logistics integrator emerges as the 
times requires.  

Overseas warehouse logistics is a one-stop control and 
management service for warehousing, sorting, packaging 
and delivery of goods provided by the seller of the network, 
foreign trade trading platform and logistics service 
providers independently or jointly (Sun et al., 2017). It can 
improve overseas customer confidence, shorten the 
delivery cycle, speed up, and reduce cross-border defect 

transaction rate(Ramanathan, 2010).  
Under the environment of outsourcing the overseas 

warehouse logistics to a public third party, cross-border e-
commerce supply chain has raised the concern for cross 
border e-commerce retailers to seek high profit and good 
logistics service/cold chain freshness level. The focus on 
cold chain overseas warehouse logistics operations can 
increase efficiency in order delivery and guarantee the 
freshness level by considering cross-border e-commerce 
requirements.  

This research will make in-depth discussions on 
logistics price, the freshness-keeping effort level and the 
cooperative performance of supply chain to realize a win-
win relationship between cold chain overseas warehouses 
logistics provider and cross-border e-commerce retailers.  

The remainder of the paper is organized as follows. 
Section 2 presents the problem description. Section 3 
constructs and compares two mathematical models for the 
Stackelberg game and cooperative game considered. 
Section 4 present numerical example analysis. 
Conclusions are presented in the final section.   

2 Problem description and assumptions 

This model intends to establish a two-echelon supply 
chain consisting of an overseas warehouse logistics 
provider and a cross-border e-commerce retailer with cold 
chain products over a finite time horizon. In this e-
commerce supply chain system, the cross-border e-
commerce retailer purchases cold chain products from 
suppliers with wholesale price w , and sells them to final 
consumers with price P .The overseas warehouse logistics 
provider is responsible for the collection of goods from 
suppliers, and transportation, warehousing & storage and 
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distribution of goods to consumers. During all the logistics 
process, the logistics provider provides seamless 
freshness-keeping effort for customers to guarantee the 
quality of the cold chain product. The logistics price is 
expressed as L,and logistics cost as m. Of which,

mwLwP  . The market demand rate generally 
increases with service level or freshness level and 
decreases with sales price (Lu, Liu,2013; Xiao, Xu, 2013; 
Zhang, et al, 2016; Yu, Xiao, 2017; Song et al.,2018; Li et 
al., 2019). In this paper, the market demand rate is 
depicted as beaPAePD ),( ,where Ais the inherent 

demand for cold chain products, a  is the price ( P ) 
coefficient of market demand, b is the sensitive factor of 
freshness level ( e ). When the freshness level is non-
difference, the market demand for cold chain product is 
also positive, that is, 0 aPA  . The freshness-keeping 
effort cost of )(ec  is a strictly increasing differentiable 

function of e . Hence, the freshness-keeping effort cost is 

depicted as 2

2

1
)( keec  (Lu, Liu,2013; Choi et al., 2013; 

Jørgensen and Zaccour,2014; Zhang et al., 2016; Yu and 
Xiao, 2017). Assuming that 2bak   , and the logistics 
provider and cross-border e-commerce retailer are 
completely rational and risk-neutral, and information in 
the supply chain is symmetrical, and out of stock is not 
allowed in the system. In order to differentiate easily, the 
model uses subscript symbols of Tlr ,, to represent cross-
border e-commerce retailer, overseas warehouse logistics 
provider and supply chains, and superscript symbols of 1 
and 2 to represent the corresponding parameters of 
Stackelberg and cooperative games respectively.  

3 Modelling formulation 

3.1 Logistics provider dominated Stackelberg 
game 

In the Stackelberg game scenario, the third-party overseas 
warehouse provider is considered as the leader and the 
cross-border e-commerce retailer as the follower.  

The profit of logistics provider is 

   
2

2ke
beaPAmLl       (1) 

The total profit of cross-border e-commerce retailer in 
finite time horizon is 

  beaPALwPr  .        (2) 

Taking the first-order derivative of r  of Eq.(1) with 
respect to P , we have 

   LwPabeaPA
P

r 



 

Taking the second-order derivative of r with respect 

to P , we have 02
2

2





a

P
r . This implies that r is 

concave in P  . Solving  ,0



P
r  the optimal selling 

price yields, 

 aLawbeA
a

P 
2

1*1       (3) 

Substituting Eq.(3) into Eq.(1), we have the profit of 
the logistics provider in the Stackelberg game as 

   
22

1 2ke
aLawbeAmLl     (4) 

Taking the first partial derivatives of l  with respect 

to L and e yields 
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Taking the second partial derivatives of l  with 

respect to L and S, we further have 
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which implies that the profit of the logistics provider is 
jointly concave in L and e.  

Solving ,0



L
l

 ,0



e
l the optimal logistics price 

and freshness level yields respectively. 
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Solving Eq.(3) yields 
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 2

2
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4
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Solving Eqs.(1) and (2) yields 
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3.2 Cooperative game 

In the cooperative game, the cross-border e-commerce 
retailer and overseas warehouse provider are vertically 
integrated in the same system. The objective of the supply 
chain is to determine the optimal selling price, the 
freshness level to maximize the total profit. The total profit 
of the supply chain in finite time horizon is 

   2

2

1
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  , the optimal selling price and the 

freshness level can be obtained respectively when the 
supply chain profit is maximized. 
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Solving Eq.(8),we obtain the optimal total profit of the 
supply chain, 
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Applying the two-person cooperative game model 
with transferable payment, the profits of cross-border e-
commerce retailer and logistics providers are respectively 
as the follows,  

  
  222

222
*2

42

3

bakbak

amawAbakak
r






    
(15) 

   
  222

24222
*2

422

610

bakbak

amawAbakbkak
l






 
 (16) 

Solving Eq.(1) yields 
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3.3 Comparison of two models 

Comparing the optimal decision variables of cold chain 
product supply chain between cooperative game and 
Stackelberg game, it is found that: 

Proposition 1 The optimal freshness level in the 
cooperative game is higher than that in the Stackelberg 

game. That is, 
*1*2 ee  . 

Prove: 
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TbakTbak 22 4
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Proposition 2 When    222 222 bakakbak  holds, 

applying the two-person cooperative game model with 
transferable payment, logistics price of cooperative game 
is less than the Stackelberg game, i.e. *1*2 LL  . 

Prove: 
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As the system assumes no shortage, the total market 
demand for cross-border e-commerce retailer is more than 
zero, that is, 0 beaPA , and hence, 

aPbeA  , amawbeA  . 
It is also assumed that when there is no freshness 

difference in the logistics market, the market demand is 
still more than zero, that is, the total market demand of 
cross-border e-commerce retailer degraded to 

0 aPA  , when 0b . Thus, 0 amawA . 
Proposition 2 obtains evidence. 
Proposition 3 Both the total optimal profits of the 

supply chain and the profits of two parties in the 
cooperative game are higher than those in the Stackelberg 
game, that is 
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4 Numerical example 

In order to to bear out the validity of the theoretical models, 
the parameters of cold chain cross-border e-commerce are 
as in Table 1.  

Table 1. the parameters of the example. 

m  A  a  w  b  k  
4 700 8 50 2 35 

 
By MATLAB, the optimal results from Stackelberg 

game and cooperative game are gained, in terms of the 
logistics service price, freshness level, product price, and 
the demand within a finite time horizon, and the profits are 
obtained as in Table 2. 

Table 2. The optimal results. 

Optimal results L e P D r  l  T  

Stackelberg game 20.81 0.48 79.21 67 565 1126 1691 

Cooperative game 14.57 0.96 70.78 135 850 1411 2261 
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In Table 2, it shows that, under cooperative game, the 
freshness level of 0.96 is much more than that of 0.48 in 
the Stackelberg game; and the optimal prices of logistics 
service and cold chain product, 14.57 and 70.78, are less 
than those of the Stackelberg game, which are 20.81 and 
79.21 respectively. All of them lead to an increase of 
demand, and the total profit, compared with the 
Stackelberg game. Thus, from the system perspective, 
cooperative game outperforms the Stackelberg game. 
Applying two-person cooperative game with transferable 
payment, it is found that both of the profits of the supply 
chain members are more that of the Stackelberg game. 
That is, win-win performance of the supply chain 
members are achieved. 

5 Conclusion 

This paper compares the cooperative game and the 
Stackelberg game of cross-border e-commerce supply 
chain composed of one e-commerce retailer and one 
integrated overseas warehouse logistics provider. 
Theoretical analysis find that if the cross-border e-
commerce retailer establishes cooperative relationship 
with overseas warehouse logistics providers to optimize 
decision-making with total system profit, it can not only 
obtain much more system profit, but also get a higher 
freshness level from the logistics provider, and make a 
lower retail price. Through two-person cooperative game 
of transferable payment, both of the two parties can obtain 
higher profit than the non-cooperative decision-making of 
Stackelberg game, meanwhile the logistics price is lower 
than that of the Stackelberg game. Numerical results 
verify the validity of the theoretical models. 
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