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Abstract
This paper investigates the payment scheme and forecast information sharing issues in the express delivery logistics with 
the high-speed railway. The HSR carriers need to coordinate the transportation capacity between passenger and freight. It 
is widely recognized that the advance payment scheme (APS) using as deposit is a beneficial way for the HSR carriers to 
make decisions on the transportation capacity preserved for express delivery. However, the express service providers, who 
possess private forecast information of express delivery demand, may share inaccurate information with the HSR carriers 
to acquire sufficient preserved transportation capacity. This paper discusses what payment scheme is preferred by the HSR 
carrier, the express service provider through discussing the deposit decisions with or without forecast information sharing. 
We show that sharing demand forecast information can reduce the prereserved capacity and increase the profits of the HSR 
carrier. With the delayed payment scheme (DPS), the express service provider has no motivation to share the information; 
while with the APS, the HSR carrier can reasonably choose the deposit to encourage the express service provider to share 
the demand information. Our analysis also shows that the HSR carrier’s profits with the APS is restricted by the investment 
returns and the express service provider’s information sharing decisions. We also analyze the value range of the deposit, 
which is a proportion of the overall payment, that allows both the HSR carrier and the express service provider to prefer the 
APS, as well as to encourage the express service provider to share the demand information.

Keywords Express delivery logistics · Advance payment · Forecast information sharing

Introduction

Over the past decade, the quantity of express delivery par-
cels in China has climbed up from 1.9 billion pieces to 64 
billion pieces. With the rapid development of e-commerce 
and online grocery, the market demand of express delivery 
continues surging. Even during the massive quarantines in 
case of the outbreak of COVID-19 pandemic, the express 
delivery business has surprisingly risen by 11.5% over the 
same period of the last year. In contrast, the shortage of 
express transportation capacity is always the bottleneck in 
response to the cost and time efficiency required by express 
industry [1]. The average intercity delivery time of a parcel 

excesses 3 days. Even for one of the busiest lines of express 
business, from Beijing to Shanghai, it generally needs more 
than 24 h to ensure the delivery of a parcel. To improve the 
shipping performance between some main cities, one of the 
leading express service providers in China, the SF express, 
has cooperated with the China Railway Express that provides 
speedy express delivery service within 10 h by utilizing the 
surplus capacity of Fuxing bullet passenger trains running 
along the Beijing–Shanghai high-speed railway. As the net-
work scale of high-speed railways expands across the nation, 
the high-speed rail express delivery (HSReD) becomes pre-
ferred by the express service providers who accommodate 
time-sensitive delivery services. Shipping with mid-long 
distances (i.e., 1,000–2,400 km), HSReD has superior time 
efficiency and punctuality rate than air transportation owing 
to quicker cargo security check and minor impacts of bad 
weather and traffic control. The HSReD capacity of SF 
express was soon fully loaded after the delivery service was 
launched with 100% punctuality rate. Meanwhile, HSReD 
can offer considerable shipping capacity. During the “double 
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11” shopping festival last year, the overall transportation 
volume of HSReD reached 2,650 tons, which effectively 
mitigated the overloaded stress of express service provid-
ers. Compared to shipping by air or by road, HSReD is 
also competitive in terms of lower transportation cost, less 
economic investments, smaller environmental impacts and 
lower energy consumption [2]. For instance, the mainline 
transportation cost in China of HSReD is 25% less than air 
express delivery, while the energy consumption per cargo 
turnover and the carbon emission per shipping unit by high-
speed rail are respective 1/7 and 1/13 of those by road. As 
the advantages of HSReD has been increasingly recognized 
by practitioners, express delivery services have grown up 
as the core business of high-speed rail (HSR) carriers. The 
2019 annual revenue of HSReD has increased 15%, ranking 
top of the business of the China Railway Express.

To take full advantage of the transportation capacity, the 
HSR carriers need to coordinate the space between passen-
ger and freight. There are four mainstream carrying modes 
adopted for HSReD, i.e., using the dynamic inspecting train, 
sharing the spare space of passenger carriages, transforming 
passenger carriages into freight carriages and operating spe-
cialized high-speed freight trains. All these carrying modes 
require HSR carriers to evaluate the transportation capac-
ity prereserved for express delivery services. In the face of 
uncertain express market demand and potential competition 
with other transportation modes (i.e., air or road transporta-
tion), the HSR carriers prefer to contract with the express 
service providers before the selling season to pre-determine 
the transportation volume. In practice, the Chinese HSR car-
riers, such as the China Railway Express, ask the express 
service providers to pay a deposit, which is a proportion of 
the overall freightage, for the transportation capacity pres-
ervation. By pulling the demand risk with express service 
providers, it is a beneficial way for the HSR carriers to better 
organize the shipping operations for express freight in coor-
dination with passenger carrying services. However, while 
the HSR carriers expect to increase the deposit to shift the 
demand risk, a high deposit may force the express service 
providers to quit the cooperation and use other transpor-
tation modes for express delivery. How much should the 
express service providers pay as a deposit for transportation 
capacity preservation? How does the deposit decision relate 
to the preserved transportation capacity decision? We are 
interested in these questions.

On the other hand, information structure plays a vital 
role in the trade-off problems. When the express service 
providers are equipped with private information about the 
demand, forecast information sharing will help the HSR 
carriers make more accurate decisions on the preservation 
of transportation capacity for express freight. However, the 
express service providers, who share the demand risk with 
the HSR carriers, are possibly reluctant to share the demand 

information in contracting, depending on the deposit they 
paid. If the overall freightage is paid afterwards, it is difficult 
to guarantee that the express service providers would share 
real-demand information [3]. What decision should the HSR 
carriers make to encourage the express service providers 
to share real-demand information? What payment scheme 
is beneficial for the HSR carrier, the express service pro-
vider? These important decision-making issues, to the best 
of our knowledge, have very few discussions in the existing 
literature.

In this paper, we will investigate what payment scheme 
is preferred by the HSR carrier, the express service provider 
through discussing the deposit decisions with or without 
forecast information sharing. Our model is based on the clas-
sic newsvendor model and we assume that the HSR carrier 
and the express service provider play a Stackelberg game. 
By giving the thresholds of the deposit, we first analyze the 
impact of advance payment scheme (APS) on the preser-
vation decision of transportation capacity and discuss the 
conditions that encourage the express service providers to 
voluntarily accept the APS. Then, we analyze the value of 
information sharing to HSR carriers, express service pro-
viders with APS and show the conditions under which 
the express service providers would voluntarily share the 
demand forecast information.

This paper contributes to the state of the art research in 
three ways. First, as the HSReD has become competitive 
in the express delivery market, the revenue management of 
express delivery logistics from the perspective of payment 
scheme has not been emphasized by the literature. Second, 
the APS is considered as a beneficial way for the HSR car-
riers to better organize the shipping operations for express 
freight in coordination with passenger carrying services. 
However, a high deposit may force the express service pro-
vider to turn to air transportation carriers. We determine the 
optimal deposit decisions that encourage the express service 
provider to voluntarily accept the APS. Third, we investi-
gate the role of demand forecast information sharing in the 
decision-making of the transportation capacity preservation 
and the deposit, which is a critical issue but has not yet been 
well explored in the relevant literature.

The rest of the paper is organized as follows. We review 
the relevant literature in the next section. We introduce the 
model framework and build the basic model with delayed 
payment scheme (DPS) in the third section and discuss the 
equilibrium results with APS in the fourth section. Based 
on our equilibrium results with two payment schemes, we 
discuss the respective conditions for the HSR carrier and 
the express service providers to adopt APS, and the express 
service providers to share the demand information. The sixth 
section is the numerical study and in the last section, we 
summarize our conclusions and provide additional manage-
rial insights for additional discussions.
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Literature review

The present study is correlated to the previous work on 
revenue management in HSReD logistics. At present, some 
scholars have begun to carry out theoretical research on 
China’s HSReD logistics: Liu et al. [4] put forward the 
market positioning and product series of HSReD, in com-
bination with the development status of China’s HRS car-
rier. Based on Stackelberg game theory, Duan et al. [5] and 
Lyu et al. [6] construct the pricing game model of HSReD 
supply chain under the stochastic market demand. Bi et al. 
[2] analyze the adaptability of HSReD to the HSR network 
according to the capacity utilization ratios of various HSR 
lines. These above studies mainly focused on the design 
and pricing of HSReD products, and the adaptability of 
HSReD. As far as it is known, few studies have inves-
tigated capacity reservation decision, in relation to the 
HSReD supply chain. However, capacity reservation and 
allocation has been widely considered in related industries 
[7, 8], such as the air-cargo industry [9]. In the case that 
the market demand is determined by the efforts of freight 
forwarders, and the efforts of freight forwarders cannot be 
verified, Gupta [10] designed two kinds of capacity con-
tracts. Hellermann et al. [11] designed the option contract 
in the case of freight forwarder overbooking. The optimal 
booking strategy was drawn, and the impact of overbook-
ing on airline profits was analyzed. Tao [12] designed an 
option contract with reservation cost and execution cost, 
in the case of competition among multiple freight forward-
ers, and analyzed the impact of competition among freight 
forwarders on contract design. All these above-mentioned 
literatures investigated the design of transportation vol-
ume allocation contract under the condition of symmetric 
information, adopting the DPS. However, we study on the 
capacity reservation when HSR carriers adopt the APS 
under the condition of asymmetry information.

Inventory management with the Advance Payment 
Scheme is also a popular research topic in recent years. 
Taleizadeh [13] investigated EOQ models allowing mul-
tiple prepayments scheme instead of a single prepayment 
option. Then, proposed an advance payment related inven-
tory model for an evaporating item. Zia and Taleizadeh 
[14] extended the previous models by taking the concept 
of both advance payments and delayed payment. Lashgari 
et al. [15] proposed an inventory model using financial 
considerations under two levels credit policy. Taleizadeh 
[16] established an advance payment related lot-sizing 
model along with planned backordering. In a recent study, 
Khan et al. [17] studied a two-warehouse inventory model 
under multiple advance payments with partial backorder-
ing. Chang et al. [18] investigated optimal pricing and 
lot-sizing decisions for perishable products when the 

supplier demands that the manufacturer use a combina-
tion of advance, cash, and credit payments for the total 
purchase cost. Currently, Taleizadeh et al. [19] proposed 
an EOQ model with mixed sales when the payment scheme 
is mixed with multiple advance payment and partial credit 
payment. However, all of these papers studied the inven-
tory model with advance payments under the condition of 
symmetric information.

Research on supply chain information sharing has been 
very rich. Previous studies have concentrated on the incen-
tive to share information and the value of information. The 
bulk of the extant literature on this topic has investigated 
how information sharing affects pricing decisions within a 
supply chain [20–27]. Another stream of research on this 
topic has investigated inventory-related issues in a supply 
chain where asymmetric demand information exists [28–32]. 
Recently, scholars have explored the incentive of informa-
tion sharing in some special supply chain and analyzed the 
impact of the information sharing. Mittendorf et al. [33] find 
that it benefits not only the retailer but also the manufacturer 
and consumers when the retailer chooses to share its infor-
mation in a supply chain which the manufacturer undertakes 
services to increase product demand. Zhang et al. [34] find 
that the retailer prefers to share the information with the 
manufacturer on the condition of highly cost efficiency for 
the manufacturer’s after-sale service, when the manufac-
turer undertakes the after-sale service. Liu et al. [35] show 
that information sharing cooperation is more likely to occur 
when the supplier is more economical in terms of freshness-
keeping investment, or when the e-tailer is more efficient 
in terms of service investment in a fresh produce supply 
chain. Lai [36] find that the forecast sharing from the port 
in a maritime supply chain can not only improve the profits 
for both parties, but also facilitate the sustainability invest-
ment, even when the carrier is risk averse. Nazifa et al. [37, 
38] and Ongus et al. [39]  explore the role of information 
sharing and using information technology from empirical 
study. However, none of those literature have concentrated 
on how information sharing affects the capacity reservation 
decision with APS.

The present study is more closely related to the literature 
focus on the capacity reservation decision in a supply chain 
where asymmetric demand information exists. Özalp Özer  
[3] has concentrated on the supplier’s capacity decision in 
the supply chain that supplier is responsible for acquiring 
the necessary capacity before receiving an order from the 
manufacturer who possesses private forecast information for 
her end product. They develop two contracts to enable cred-
ible forecast information sharing, and address how different 
contracts affect the supplier’s capacity decision. Mishra [40] 
examine the incentives and the value of demand forecast 
sharing in different production strategies such as Make-
to-Order and Make-to-Stock. They analyze the production 
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quantity decision in make-to-stock scenario that manufac-
turer sets the production quantity before the demand is real-
ized. They show that if the savings from inventory hold-
ing and shortage costs because of information sharing are 
sufficiently high, then a side payment contract that induces 
Pareto-optimal and information sharing is feasible in the 
make-to-stock scenario. Especially, Amaruchkul [41] focus 
on the capacity contract between a carrier and a forwarder in 
air-cargo supply chain when certain parameters such as the 
forwarder’s demand, operating cost to the carrier, margin, 
and reservation profit are forwarder’s private information. 
They propose contracts in which the forwarder pays a lump 
sum in exchange for a guaranteed capacity allotment and 
receives a refund for each unit of unused capacity according 
to a pre-announced refund rate. Above literatures show that 
the manufacturer who possesses private forecast information 
does not have the incentive to share information although 
forecast information share benefits the supplier. Therefore, 
they all have concentrated on developing contracts to enable 
credible forecast information sharing.

All these above-mentioned literatures realized informa-
tion sharing through the relevant design of supply chain 
contracts. The present focus the optimal deposit decision, 
which makes express service providers voluntarily share the 
real-demand forecast information. If the feasibility can be 
demonstrated in theory, this would provide an economical 
and easy way for both sides to realize information sharing.

Model framework

Considering a HSReD supply chain that comprises of a HSR 
carrier selling transport service at a agreed freight rate w to 
an express service provider, who sells the express product to 
consumers at the fixed market price p. HSR carrier is respon-
sible for acquiring the necessary capacity before receiving 
an order from the express service provider who possesses 
private forecast information for end express product. HSR 
carrier reserves high-speed rail transport capacity Q with the 
unit capacity reservation cost CQ, and provides high-speed 
rail express service with unit volume service cost c.

It was assumed that p > w > c + cQ . Otherwise, the high-
speed rail express will not make profit. In addition, when the 
market demand is less than the reserve capacity, the unused 
reserve capacity does not generate inventory cost, and the 
value of the remaining reserve capacity may not be tempo-
rarily considered. When the market demand is greater than 
the reserve capacity, it is assumed that the penalty cost of 
the unsatisfying market demand is 0.

The sequence of events is as follows: (1) when the two 
sides establish a cooperative relationship, HSR carrier 
determines the agreed freight rate w and the proportion of 
the overall freightage paid in advance (1-t), express service 

provider forecasts market demand and determines whether to 
share information with HSR carrier; (2) in the HSReD plan-
ning period, HSR carrier determines the reserve capacity Q, 
express service provider need to pay part of the freight in 
advance according to (1-t); (3) in the sales period of HSReD, 
the market demand D is clear, express service provider 
orders the actual needed high-speed rail express service 
according to the market demand D, HSR carrier provides 
service which is not greater than the reserve capacity Q. 
After the completion of the service, express service provider 
needs to pay the remaining freight.

Demand function

The demand function was set as D = � + � , where: � refers 
to the market size; � represents the randomness of the market 
demand, which is a random variable with normal distribu-
tion, with a mean value of 0 and a variance of �2 . Assuming 
that the express service provider can obtain a private demand 
forecast information � , � = � + � , where: � captures the noise 
in the forecast error, which is a random variable of normal 
distribution, with a mean value of 0 and a variance of �2

0
 . 

According to an existing literature [36, 40], it was concluded 
that E[�|� ] = �2�

�2+�2

0

 , �2
�
= Var[�|� ] = �2�2

0

�2+�2

0

.

Basic model (DPS)

To compare this with the APS, the present study initially 
constructs the basic game model and analyze the equilibrium 
with DPS. DPS refers to the payment of the express service 
provider for the freight, according to the actual transporta-
tion volume after the express transportation task was com-
pleted by HSR carrier. In fact, DPS is a special form of the 
APS. That is, when the deposit is 0, it is easier to implement, 
since there is no need to consider the setting of the deposit. 
Hence, this has been widely used in aviation and maritime 
transportation.

With DPS (D), express service provider often only pays 
the cost of the actual transportation volume after the com-
pletion of the express service. The loss caused by part of 
the reserve capacity, which is greater than the actual market 
demand, is borne by HSR carrier.

With DPS (D), the function of expected profit of the HSR 
carrier (R) is

In this function, (w − c)Emin(QC,D) represents the 
income from the service actually provided by HSR carrier, 
and cQQC represents the cost of reserve capacity.

The function of expected profit of express service pro-
vider (E) is

(1)E[�R
D
] = (w − c)Emin(QD,D) − cQQD.
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Based on the above profit function, it is easy to get 
Lemma 1.

Lemma 1 With DPS (D), the optimal reserve capacity of 
HSR carrier and the expected profit of both parties are as 
follows:

(i) Under the condition that express service provider does 
not share information (DN), the optimal reserve capacity of 
HSR carrier is

the profits of HSR carrier and express service provider are, 
respectively,

(ii) Under the condition that express service provider 
shares information (DY), the optimal reserve capacity of 
HSR carrier is

the profits of HSR carrier and express service provider are, 
respectively,

in which k = Φ−1

(
w−c−cQ

w−c

)
 , L(x) = ∫ x

−∞
(x − z)dΦ(z) , and Φ 

is the probability distribution function of the standard nor-
mal distribution.

Analysis of the APS (A)

With APS, HSR carrier needs to set a reasonable deposit, and 
determine the reserve capacity, to maximize its own profits, 
on the premise of ensuring that the express service provider 
participates in the cooperation. It is noteworthy that the HSR 
carrier uses the deposit in the investment, and obtains the 

(2)E[�E
D
] = (p − w)Emin(QD,D).

(3)Q∗
DN

= �+�Φ−1

(
w − c − cQ

w − c

)
,

(4)�R∗
DN

= (w − c − cQ)� − �(w − c)L(�k),

(5)�E∗
DN

= (p − w)� + �
(p − w)cQk

w − c
− �� (p − w)L(�k).

(6)Q∗
DY

= �+��Φ
−1

(
w − c − cQ

w − c

)
,

(7)�R∗
DY

= (w − c − cQ)� − �� (w − c)L(��k),

(8)�E∗
DY

= (p − w)� + ��

(p − w)cQk

w − c
− �� (p − w)L(��k),

corresponding investment returns. In the case of HSR carrier 
collects deposit in advance, and uses these for investment, the 
expected profit function of HSR carrier (R) is

Hence, (1 − t)wQA is the deposit collected in advance in 
the capacity reservation stage, and twEmin(QA,D) is the 
freightage collected after the completion of the service. In 
particular, with APS, HSR carrier will use the deposit for 
the investment. Assuming that the rate of return on invest-
ment is i, and for convenience, set I = 1 + i, then I(1 − t)wQA 
would be total value of the prepaid expenses including the 
investment income.

The expected profit function of express service provider 
(E) is

Hence, with APS, the express service provider needs 
to pay the deposit (1 − t)wQA in the stage of capacity 
reservation.

Based on the above-mentioned profit function, the game 
equilibrium analysis was carried out for the HSReD supply 
chain with APS under the conditions of sharing information 
and not sharing information.

No information sharing (N)

Since the express service provider does not share informa-
tion, HSR carrier can only determine the reserve capacity 
QAN based on the information on � shared by both parties. By 
substituting the demand function D into the profit function 
of HSR carrier, the following can be obtained:

By solving the above formula, we can get Lemma 2.

Lemma 2 When express service provider does not share 
demand forecast information (N), the optimal reserve capac-
ity is as follows:

The profits of HSR carrier and express service provider 
is as follows:

(9)E[�R
A
] = (tw − c)Emin(QA,D) + I(1 − t)wQA − cQQA.

(10)E[�E
A
] = (p − tw)Emin(QA,D) − (1 − t)wQA.

(11)

E[�R
AN

] = (tw − c)[∫
QAN−�

−∞

(� + �)f (�)d�

+ ∫
+∞

QAN−�

QANf (�)d�] + I(1 − t)wQAN − cQQAN.

(12)Q∗
AN

= �+�Φ−1

(
I(t)w − c − cQ

tw − c

)
.

(13)�R∗
AN

= (I(t)w − c − cQ)� − �(tw − c)L(�k(t)),
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w h e r e  I(t) = I(1 − t) + t  ,  k(t) = Φ−1

(
I(t)w−c−cQ

tw−c

)
 , 

L(x) = ∫ x

−∞
(x − z)dΦ(z) , and Φ is a probability distribution 

function of the standard normal distribution.
In Lemma 2, Q∗

AN
 is divided into two parts. One part is 

the reserve capacity � , according to the determined market 
demand, while the other part is the reserve capacity 
�Φ−1

(
I(t)w−c−cQ

tw−c

)
 to cope with the randomness of the market 

demand. The smaller the prepayment proportion 1 − t is, 
the smaller the reserve capacity becomes, which is in line 
with the actual situation of high-speed rail express 
operation.

The profit of HSR carrier �R∗
AN

 is also divided into two parts. 
That is, (I(t)w − c − cQ)� represents the profit obtained by 
meeting the determined market demand, and �(tw − c)L(�k(t)) 
represents that the profit loss of HSR carrier, when the market 
demand is less than the reserve capacity.

The profit of the express service provider �E∗
AN

 can be 
divided into three parts. The first part (p − w)� represents 
the profit obtained in meeting the determined market 
demand; The second part �

[
p − w −

(p−tw)(I(t)w−c−cQ)

tw−c

]
k(t) 

represents the influence of the reserve capacity for HSR car-
rier on the profits of the express service provider. The 
reserve capacity of HSR carrier is positively correlated with 
the profits of the express service provider, when 
t[Ip + (1 − t)(I − 1)w − c − cQ] > Ip − c −

pcQ

w
 is satisfied. 

Otherwise, this is negatively correlated with the profits of 
the express service provider. The third part (p − tw)��L(�k(t)) 
represents to the profit loss of express service provider when 
the market demand is less than the reserve capacity.

Information sharing (Y)

When the express service provider shares its private 
demand forecast information � , HSR carrier determines 
the reserve capacity according to the information on � that 
is shared by both parties, and the private prediction infor-
mation � of the express service provider. In substituting the 
demand function D into the profit function of HSR carrier, 
the following can be obtained:

(14)

�E∗
AN

= (p − w)� + �

[
p − w −

(p − tw)(I(t)w − c − cQ)

tw − c

]
k(t)

− �� (p − tw)L(�k(t)),

(15)
E[�R

AY
|� ] = (1 − t)wQAY + (tw − c)Emin(QAY,D) − cQQAY

= (tw − c)E

{[

∫
QAY−�

−∞

(� + �)f (�)d� + QAY ∫
+∞

QAY−�

f (�)d�

]
|�
}

+ (w − tw − cQ)QAY.

By solving the above formula, Lemma 3 can be got.

Lemma 3 When express service provider shares information 
(Y), the optimal reserve capacity is as follows:

the profits of HSR carrier and express service provider 
are as follows:

w h e r e  I(t) = I(1 − t) + t  ,  k(t) = Φ−1

(
I(t)w−c−cQ

tw−c

)
 , 

L(x) = ∫ x

−∞
(x − z)dΦ(z) , and Φ is the probability distribu-

tion function of the standard normal distribution.

Analysis on value range of t

According to Lemmas 2 and 3, the feasible scope of 
t that indicates the proportion of the overall freightage 
paid after the service is completed is preliminarily ana-
lyzed. According to the value range of the probability dis-
tribution function in formula (13), the following can be 
obtained: tw − c > 0 . Hence, t > 1 −

cQ

Iw
 . In addition, t is the 

proportion and the following can be obtained: 0 ≤ t ≤ 1 . 
In conclusion, 1 − cQ

Iw
≤ t ≤ 1.

Furthermore, (1-t) indicates the proportion of the over-
all freightage paid in advance, and it should not exceed 
cQ

(1+i)w
 . That is, the max value of (1-t) is determined by the 

capacity reservation cost cQ , the agreed freight rate w , and 
the rate of return on investment i. When t = 1 ( 1 − t= 0 ), 
HSR carrier will not charge any deposit when determining 
the reserve capacity, the APS is equivalent to the DPS in 
essence.

(16)Q∗
AY

= �+��Φ
−1

(
I(t)w − c − cQ

tw − c

)
,

(17)�R∗
AY

= (I(t)w − c − cQ)� − �� (tw − c)L(��k(t)),

(18)

�E∗

AY
= (p − w)� + ��

[
p − w −

(p − tw)(I(t)w − c − cQ)

tw − c

]
k(t)

− �� (p − tw)L(��k(t)),
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Comparison and analyses

Comparison of two payment scheme

By comparing the relationship between the optimal reserve 
capacity and the profits of both parties with DPS and APS, 
the influence of payment scheme on the reserve capacity 
and profits of both parties can be obtained, and the value 
range of t that makes both parties accept the APS can be 
further determined. Refer to Result 1 and 2 for the details.

Result 1. In the case of information sharing and no infor-
mation sharing of express service provider, the relationship 
between the optimal reserve capacity with DPS and APS is 
as follows: Q∗

AY
> Q∗

DY, Q∗
AN

> Q∗
DN

.
It can be observed that regardless of whether express 

service provider shares demand forecast information, the 
reserve capacity with APS will be greater than that with 
DPS. With APS, the deposit made by express service pro-
vider can offset the cost for the reserve capacity, reducing 
the risk of profit loss of HSR carrier. Therefore, with APS, 
HSR carrier is willing to reserve more capacity for the 
express service provider, which can reduce the loss caused 
by the shortage of reservation.

According to Lemmas 1, 2 and 3, the conditions for avail-
ability of �R∗

AY
≥ �R∗

DY
 ,  �E∗

AY
≥ �E∗

DY
 can be concluded through 

the detailed analysis, and the value range of t that makes 
HSR carrier and express service provider both accept the 
APS could be worked out. Refer to Result 2 for the details.

Result 2. When express service provider shares informa-
tion, if t meets the following conditions, this can make HSR 
carrier and express service provider obtain more profits with 
APS:

(i) When t meets the following condition:

the profit obtained by HSR carrier with APS is greater 
than that with DPS, that is, HSR carrier adopts APS.

(ii) When t meets the following condition:

the profit obtained by express service provider with APS 
is greater than that with DPS, that is, express service pro-
vider accepts APS.

(iii) When t meets the following condition:

the profits of whole supply chain with APS are both 
greater than those with DPS.

(19)(I(t) − 1)wu − ��w[tM+(t − 1)L(��k))] − ��cM ≥ 0,

(20)
p(K − Q −M) − w[K − t(Q +M) + (1 − t)(kΦ(k)+L(��k))] ≥ 0,

(21)

p(K − Q −M)+w
{
(I(t) − 1)u − K − t[Q + (1 − �� )M]

+(1 − t)[kΦ(k)+(1 − �� )L(��k)]
}
− ��cM ≥ 0,

(iv) When the conditions in (i) and (ii) are met at the 
same time, the profits of HSR carrier and express service 
provider with APS are both greater than those with DPS, that 
is, APS is superior to DPS, where M = L(��k(t)) − L(��k) , 
Q = k(t)Φ(k(t)) − kΦ(k),K = k(t) − k.

Result 3. When express service provider does not share 
information, if t meets the following conditions, this can 
make HSR carrier and express service provider obtain more 
profits with APS:

(i) When t meets the following condition:

the profit obtained by HSR carrier with APS is greater 
than that with DPS, that is, HSR carrier adopts APS.

(ii) When t meets the following condition:

the profit obtained by express service provider with APS 
is greater than that with DPS, that is, express service pro-
vider accepts APS.

(iii) When t meets the following condition:

the profits of whole supply chain with APS are both 
greater than those with DPS.

(iv) When the conditions in (i) and (ii) are met at the same 
time, the profits of HSR carrier and express service provider 
with APS are both greater than those with DPS, that is, APS 
is superior to DPS.

Where N = L(�k(t)) − L(�k) , Q = k(t)Φ(k(t)) − kΦ(k)

,K = k(t) − k.

Comparison of no information sharing 
and information sharing

Initially, the present study analyzed the incentive of informa-
tion sharing of express service provider with DPS. Accord-
ing to Lemma 1, it is easy to obtain Result 4.

Result 4. With DPS, in the cases of information sharing 
(Y) and no information sharing (N), the relationship between 
the reserve capacity and the profits of both parties is as fol-
lows: Q∗

DY
< Q∗

DN
 , 𝜋R∗

DY
> 𝜋R∗

DN
 , 𝜋E∗

DY
< 𝜋E∗

DN
.

It can be observed that when express service provider 
shares information, this can improve the accuracy of the 
demand forecast of HSR carrier, reduce capacity reserva-
tion, and increase the profits of HSR carrier. However, HSR 
carrier reduce the reserved capacity, the risk that reserved 

(22)(I(t) − 1)wu − �w[tN+(t − 1)L(�k))] − �cN ≥ 0,

(23)
p(�K − �Q − ��N) − w[�K − t(�Q + ��N)

+ (1 − t)(�kΦ(k)+��L(�k))] ≥ 0,

(24)

p(�K − �Q − ��N)+w{(I(t) − 1)u − �K

+ t[�Q + (�� − �)N] − (1 − t)[�kΦ(k)

+(�� − �)L(�k)]} − �cN ≥ 0,
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capacity cannot meet the market demand increase, thereby 
reducing the profits of express service provider. Therefore, 
with DPS, express service provider will not voluntarily share 
the information. In existing research, information sharing 
was based on contract implementation.

Next, this analyzed the incentive of information sharing 
of express service provider with APS. According to Lemmas 
2 and 3, Result 5 can be obtained.

Result 5. With APS, and in the case of information shar-
ing (Y) and no information sharing (N), the relationship 
between the reserve capacity and profits of both parties is 
as follows:  Q∗

AY
< Q∗

AN
 , 𝜋R∗

AY
> 𝜋R∗

AN
.

It can be observed that with APS, sharing information can 
reduce the reserve capacity of HSR carrier, and increase its 
profits. However, the profits of the express service provider 
under information sharing and non-sharing, which are �R∗

AY
 

and �R∗
AN

 , were correlated to t. Therefore, with APS, HSR 
carrier can realize information sharing by adjusting the 
proportion of advance payment. The following presents the 
specific analysis of the value range of t, which can encourage 
the express service provider to voluntarily share information.

According to Lemmas 1 and 2, the value of information 
sharing to HSR carrier vR , the value to the express service 
provider vE , and the value to the supply chain v can be 
defined as follows:

where G = L(��k(t)) − L(�k(t)).
For further analysis of conditions that make vR > 0

,vE ≥ 0 , Lemma 4 can be concluded.
Lemma 4. (i) When t meets the following conditions, 

vR > 0:

(ii) When t meets the following condition, vE ≥ 0:

(iii) When t meets the following condition, v ≥ 0:

(25)
vR = �R∗

AY
− �R∗

AN
== (tw − c)[�L(�k(t)) − ��L(��k(t))],

(26)
vE = �E∗

AY
− �E∗

AN
= (�� − �)[p − w − (p − tw)Φ(k(t))]k(t)

− �� (p − tw)G,

(27)

v = vE + vR= (�� − �)[p − w − (p − tw)Φ(k(t)]k(t)

− �� (p − c)G − (�� − �)(tw − c)]L(�k(t)),

(28)1 −
cQ

Iw
≤ t ≤ 1,

(29)[p − w − (p − tw)Φ(k(t))]k(t) ≤ ��

�� − �
(p − tw)G,

(30)

[p − w − (p − tw)Φ(k(t))]k(t) ≤ ��

�� − �
(p − c)G+(tw − c)L(�k(t)).

According to Lemma 4, the relationship between the 
value range of t and the information sharing decision of 
express service provider is detailed in Result 6.

Result 6. When t meets the following conditions, demand 
forecast information sharing can increase the profits of HSR 
carrier, the express service provider, and the supply chain.

(i) When t meets the basic conditions for the optimal 
reserve capacity, the value of information sharing to HSR 
carrier vR will be greater than 0. That is, when express 
service provider shares its private demand information, 
this can increase the profits of HSR carrier.

(ii)When [p − w − (p − tw)Φ(k(t))]k(t) ≤ ��

��−�
(p − tw)G , 

vE will not be less than 0. That is, when the express service 
provider shares its private demand information, this could 
increase (at least not reduce) its own profits. At this time, 
express service provider will have incentive to share 
information.

(iii) When ��

��−�
(p − tw)G <[p − w − (p − tw)Φ(k(t))]k(t) ≤

��

��−�
(p − c)G+(tw − c)L(�k(t)) , vE will be less than 0, but 

the value to the supply chain v will be greater than 0. That 
is, when the express service provider shares its private 
demand information, this would reduce its own profits, but 
in turn, increases (at least not reduce) the overall profit of 
the supply chain. At this time, express service provider has 
no incentive to share information, but HSR carrier can 
promote express service provider to share information 
through Side Pay.

( i v )  W h e n  [p − w − (p − tw)Φ(k(t))]k(t) >
𝜎𝛾

𝜎𝛾−𝜎

(p − c)G+(tw − c)L(�k(t)),v will be less than 0. That is, 
when express service provider shares its private demand 
information, this would reduce the overall profit of the 
supply chain. At this time, HSR carrier can make the 
express service provider share information only through 
the implementation of the supply chain contract.

Impact of payment scheme and information 
sharing

The reserve capacity and expected profits of both parties 
with different payment schemes and information shar-
ing strategies can be calculated, the influence of payment 
scheme and information sharing can be analyzed, and the 
range of t that can make HSR carrier and express service 
provider accept APS and encourage the express service 
provider to share information can be further determined. 
According to the actual operation data of the high-speed 
rail express [5, 6, 27, 42], the relevant parameters were set 
as follows: �= 100 , �= 2 , �0= 1 , p = 20 , w = 12 , c = 6 , 
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cQ = 2 , and I = 1.1 , according to the feasible scope of t 
concluded in the present study, set t ∈ [0.85, 1].

Impact of payment scheme

Impact of payment scheme on HSR carrier

The expected profit of HSR carrier was calculated with 
DPS (D) and the APS (A), respectively, and the influence 
of the payment scheme on the profit of HSR carrier was 
analyzed. In the case of information that was not shared 
(N), the values of �R∗

DN
 and �R∗

AN
 is shown in Fig. 1, while in 

the case of information that was shared (Y), the values of 
�R∗
DY

 and �R∗
AY

 are shown in Fig. 2.
It can be observed that when express service provider 

does not share information (Fig.  1), HSR carrier may 
not necessarily obtain more profits with APS, but would 
instead damage its own profits when it charges a higher 
proportion of prepayment fees. When express service 

provider shares information (Fig. 2), HSR carrier can 
obtain more profits with APS.

Impact of payment scheme on express service provider

The expected profit of the express service provider with 
DPS (D) and APS (A) can be calculated. In the case of no 
information sharing (N), the values of �E∗

DN
 and �E∗

AN
 are 

presented in Fig. 3. In the case of information sharing (Y), 
the values of �E∗

DY
 and �E∗

AY
 are presented in Fig. 4.

It can be observed that when information is not shared 
(Fig. 3), the express service provider makes smaller profits 
with APS. That is, when express service provider does not 
share information, it will not voluntarily accept advance 
payments. In the case of information sharing (Fig. 4), that 
is, when t ∈ [0.97, 0.99] , express service provider makes 
greater profits with APS, and this would allow them to 
voluntarily accept the advance payment.

Fig. 1  Impact of payment scheme on HSR (N)

Fig. 2  Impact of payment scheme on HSR (Y)

Fig.  3  Impact of payment scheme on express (N)

Fig. 4  Impact of payment scheme on express (Y)
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Impact of payment scheme on reserve capacity

The reserve capacity with DPS (D) and APS (A) was calcu-
lated, respectively, and the influence of the payment scheme 
on reserve capacity was analyzed. In the case of no informa-
tion sharing (N), the values of Q∗

DN
 and Q∗

AN
 are presented in 

Fig. 5. In the case of information sharing (Y), the values of 
Q∗

DY
 and Q∗

AY
 are presented in Fig. 6.

As shown in Figs. 5 and , that is, regardless of whether 
the express service provider shares information, HSR carrier 
will reserve more capacity with APS, which is consistent 
with the conclusion of Result 1.

Impact of information sharing

Impact of information sharing on profits of both enterprise

The expected profit of HSR carrier and express ser-
vice provider were calculated in the case of no sharing 

information (N) and sharing information (Y), respectively. 
The expected profit of HSR carrier �R∗

AN
 and �R∗

AY
 are pre-

sented in Fig. 7, while that of express service provider �E∗
AN

 
and �E∗

AY
 , these are presented in Fig. 8.

As shown in Fig. 7, as long as the express service pro-
vider shares information, regardless of whether it is with 
DPS (t = 1) or The APS (t < 1), HSR carrier can obtain 
more profits, which is consistent with the conclusions of 
Results 4 and 5. For express service provider (Fig. 8), 
with DPS (t = 1), the profit when sharing information is 
smaller. That is, sharing information would lead to profit 
loss, while with The APS (t < 1), by setting the deposit 
within the appropriate scope, express service provider 
can obtain more profits when sharing information. That 

Fig. 5  Impact of payment scheme on capacity (N)

Fig. 6  Impact of payment scheme on capacity (Y)

Fig.  7  Impact of information sharing on profits of HSR

Fig. 8  Impact of information sharing on profit of express
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is, express service provider can be encouraged to voluntar-
ily share information by reasonably setting the proportion 
of advance payment.

Impact of information sharing on reserve capacity

The optimal reserve capacity Q∗
AN

 and Q∗
AY

 were calculated 
under the condition of no information sharing (N) and infor-
mation sharing (Y), respectively, as shown in Fig. 9.

Regardless of whether it was with DPS or APS, as shown 
in Fig. 9, when express service provider shares information, 
reserve capacity would be smaller, which is consistent with 
Result 4 and 5.

The impact of rate of return on investment

If HSR carrier does not invest after collecting the fees in 
advance, the rate of return on investment is 0, that is, I = 1 . 
Under the condition of no information sharing (N), the profit 
of HSR carrier with DPS, the profit of HSR carrier with DPS 
when HSR carrier does not invest (I = 1) and the return on 
investment is 0.1 (I = 1.1), are shown in Fig. 10. The profits 
of HSR carrier in above three situation under the condition 
of information sharing (Y) are shown in Fig. 11.

As shown in Fig. 10, when the rate of return on invest-
ment is 0, the profit of HSR carrier with The APS is smaller 
than that with DPS. That is to say, if HSR carrier does not 
use the advance payment to invest, DPS would be more 
favorable for it. It can be observed that the key advantage of 
the APS is that HSR carrier can place the prepayment into 
the investment.

Discussion on the value range of t

As shown in Figs. 1 and 2, when t ∈ [0.87, 0.99] , HSR car-
rier would adapt APS when express service provider shares 

or does not share information. As shown in Fig. 3 and 4, 
when t ∈ [0.97, 0.99] , express service provider would accept 
APS under the condition of sharing information. It can be 
concluded that the value range of t for both parties to accept 
APS is t ∈ [0.97, 0.99].

As shown in Fig.  8, when t ∈ [0.85, 0.99] , the prof-
its of express service provider when sharing information 
are greater than those when it does not share information. 
It can be concluded that the value range of t, which can 
encourage express service provider to share information, is 
t ∈ [0.85, 0.99].

In summary, the value range of t for express service pro-
vider to voluntarily share information, and for both parties 
accept APS is t ∈ [0.97, 0.99].

Fig. 9  Impact of information sharing on reserve capacity

Fig.  10  Impact of investment on HRS (N)

Fig.  11  Impact of investment on HRS (Y)
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Conclusions

In the present study, a game model of the high-speed rail 
express supply chain was constructed with DPS and APS, 
when express service provider shares and does not share 
demand forecasting information. Then, the influence of the 
payment scheme and information sharing strategy on the 
reserve capacity and profits of both sides were analyzed by 
comparing the game equilibrium results. The following con-
clusions were drawn:

1. In terms of information sharing, with both payment 
schemes, the sharing of demand forecast information by 
express service provider can reduce the reserve capac-
ity, and increase its profits of HSR carrier. For express 
service provider, there is no motivation to share informa-
tion with DPS, but while with APS, a reasonable prepay-
ment proportion can be set according to Results 6, in 
order to make it voluntarily share information.

2. In terms of the payment scheme, HSR carrier reserves 
more capacity with APS. However, whether these two 
parties accept APS depends on the setting of the deposit. 
It is noteworthy that HSR carrier may not be able to 
obtain more profits with APS, especially when express 
service provider does not share information and charge 
a higher proportion of prepayment. This is because HSR 
carrier will reserve more capacity with APS, and the 
decision-making error of reserve capacity caused by the 
inaccurate market forecast information may be greater, 
and the profit loss may also be greater. Therefore, when 
HSR carrier adopts APS, it should pay more attention 
to encourage information sharing from express service 
provider.

3. The key advantage of HSR carrier to adopt APS is that 
the deposit collected in advance can be used to invest-
ment. If HSR carrier does not invest, or the return on 
investment is too low, the APS may be unfavorable.

In summary, the present study shows that HSR carrier 
can reasonably set the deposit, allowing both sides to accept 
APS, and encouraging the express service provider to share 
information. The present also worked out the value range 
of the proportion of the overall freightage paid in advance 
under these above two circumstances, providing a theoretical 
basis for HSR carrier to promote the APS, and an economi-
cal and easy approach to realize the information sharing of 
both sides in express delivery logistics with the high-speed 
railway.

The present study investigates and analyzes the possibility 
of encouraging express service providers to share demand 
forecasting information by adjusting the deposit. However, 
express service providers also have private information, such 

as operating cost, margin, and reservation profit. Hence, 
information sharing decision-making and incentive prob-
lems can be further considered when express service pro-
viders have a variety of private information. In addition, the 
present study only considered the cooperation between one 
HSR carrier and one express service provider. Hence, the 
follow-up research should consider the information sharing 
and incentive problems under the situation of different types 
of express service providers participating in the cooperation.
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