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Competition for rail transport services in duopoly market: Case study of
China Railway(CR) Express in Chengdu and Chongqing

Abstract

Known as the Belt and Road Initiative, China Railway(CR) Express is driving China’s efforts to boost
connectivity and explore regional cooperation with Eurasian markets. In order to investigate the fierce hinter-
land competition between two neighbouring CR Express lines, this paper first formulates a non-cooperative
game model to explore strategic decisions on pricing accounting for competition in a spatial setting, given
frequency, government subsidy, local road infrastructure investment, and operation costs. We then extend
the model to analyze decisions on frequency and pricing together, and the implications for social welfare,
profits and market share as well. Based on a case study of CR Express lines originated from Chengdu and
Chongqing to Hamburg, we verify our model and conclude some findings. The results show that govern-
ment subsidy is the major factor that influences operators pricing strategy. Also, frequency and local road
infrastructure investment have effects on operators’ decisions. For the government, giving more freedom to
operators, that is letting operators decide their frequency, is a good way to bring benefits for both social
welfare and operator profits.

Keywords: the Belt and Road Initiative, China Railway Express, rail transport, spatial duopoly
competition, game theory

1. Introduction

The “B&R” Initiative, involving a few of new trade and development initiatives, is a blueprint for China
to explore good cooperation with new trade partners and to boost regional economic prosperity. There are
two main routes, i.e. the land-based “Silk Road Economic Belt” and the sea-going “Twenty-First-Century
Maritime Silk Road”, which are driving China’s efforts to boost connectivity with Eurasia markets, as
shown in Fig. 1. As for the infrastructure and strategy development for the “B&R” initiative, improving and
reconfiguring logistics and transport networks along the trade corridors and connectivity among participating
countries are primary goals of the initiative (Sheu and Kundu, 2018). In order to increase the transport and
trade connectivity with surrounding countries by land, the Chinese government has strongly supported the
cross-continent rail transport, which is known as China Railway Express (hereinafter referred to as CR
Express).

CR Express has been a crucial component for “Silk Road Economic Belt”. In 2011, the first CR Express
(Chongqing-Duisburg) started to operate. Currently, generating the west, the middle, and the east three
transport channels (Fig. 2) relying on the Siberia Continental Bridge and the new Eurasian Continental
Bridge, CR Express lines origin from 59 cities in China and reach 49 cities of 15 European countries, re-
spectively. Featuring the shorter transport time and the reasonable fee, CR Express have attracted a group
of customers. For example, it takes about 50 days to transport a cargo from Guangzhou, the most south-
east port of China, to a German port by shipping. However, a cargo from China’s midwestern inland city
Chongqing can reach Germany only in 14-16 days. The time saving helps cargo owners respond to market
uncertainty better and accelerate cash flow. Also, subsidies given by local governments could offset the gap
between CR Express price and the maritime transport fee to some degree. CR Express, therefore, has devel-
oped dramatically and has run 6,373 trains in total in 2018, which is greater than the sum of trains of the last
few years (Fig. 3). As a result, CR Express has reached cumulatively 14,000 trains by the end of February,
2019 (Official “B&R” initiative website, 2019), with a good balance of westbound (China to Europe) and
eastbound (Europe to China) transport as well.

There are nonetheless some challenges for CR Express operators and governments at this initial and
nurturing stage, although the development prospects are bright. From operators’ prospects, price competition
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Figure 1: The Belt and Road Initiative sketch map. Source: Xinhua News Agency

is the main means to attract customers in the CR Express transport market because there is no obvious
difference in transport services provided by different operators. That is to say, CR Express operators have
a strong substitutability. Optimal pricing competition strategy, therefore, is necessary and significant for
operators to obtain more benefits. CR Express have much less transport capacity than shipping, therefore,
it is an efficient way to increase running frequency to strengthen competitiveness for operators. However, in
the current situation, CR Express running frequency is decided by the railway authority. Another scenario,
therefore, where the government would like to let operators participate in the running frequency strategic
decision, is considered in this paper. It it meaningful to explore joint decisions of operators on pricing and
frequency under this scenario.

This study, therefore, attempts to give answers to the following questions: (1) How will CR Express
operators design their pricing competition strategy in the present situation to reap maximum profits? (2)
How could operators decide their price and frequency, respectively, if the fixed frequency constraint, currently
set by the railway authority, is relaxed? (3) What are the implications for social welfare of operators’ decisions
in above two cases, respectively?

This paper is organized as follows. Recent and related literature are reviewed in Section 2. Section 3 shows
detailed problem, a basic model and analytical solutions of equilibria. The extended model is put forward
in Section 4. Section 5 presents the analytical results based on the case of CR Express from Chengdu and
Chongqing, and managerial insights as well from sensitivity analysis. In Section 6, this paper is concluded
and the future research is suggested.

2. Literature review

Many researchers have focused on problems with the context of “B&R” Initiative since it was put forward.
At the early stage of this topic, scholars mostly used the qualitative analysis to explain the motivation,
content, and framework of “B&R”. Huang (2016) and Cheng (2016) conducted a quantitative assessment of
“B&R” Initiative and found that it would offer opportunities to develop the world economy in terms of trade
and social welfare. Specifically, Schinas and von Westarp (2017) assessed the impact of the maritime silk road
and determined that it has a positive effect on economic and environmental development for “B&R” involved
countries. Then, some researchers turn their attentions to problems related to trade and logistics network.
Sheu and Kundu (2018) forecasted the time-varying international logistics distribution flow of a three-layer
supply chain framework under the initiative induced stochastic and dynamic challenges, and they carried out
the numerical analysis on two cases of an oil supply chain. Also, transport infrastructure plays an important
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Figure 2: Three logistics channel of CR Express in China.

role in the regions’ economic growth and also has a spatial spillover effect on the surrounding areas (Li et al.,
2017). Therefore, scholars have explored transport infrastructure related problems, especially problems with
the focus on maritime transport (Lee et al., 2018), such as transport efficiency evaluation (Shao et al., 2018),
transport corridors (Zeng et al., 2018), transport network (Ruan et al., 2018; Yang et al., 2018) and marine
port competition (Chen et al., 2017).

Recently, with the rapid development of CR Express, there is a trend to explore the development strategy
for this new transport mode. Some earlier studies discussed the opportunities and challenges of CR Express
in Chinese. Researchers have sought to analyse the specific problems, such as the government subsidy
mechanism (Du and Shi, 2017), the consolidation center capacity and location evaluation (Zhao et al., 2018),
and hinterland pattern (Jiang et al., 2018). Existing studies have mainly concentrated on the macroscopic
strategy from the perspective of governments or the CR Express networks in the “B&R” Initiative context.
However, the sustainable development of CR Express also relies heavily on the competition strategy of
operators who affect the customers’ choices as well as the industrial market structure, which is not considered
in the literature. This paper contributes to filling this gap.

With regard to competition between transport operators, there is a rich body of literature discussing it,
especially in marine port competition. Many scholars provided empirical evidence to show their points and
conclusion (Veenstra and Notteboom, 2011; Ng and Ducruet, 2014; Ng et al., 2014; Li et al., 2015; Tian
et al., 2015; Knatz, 2017). Game theory approaches have been widely adopted in this field. From spatial
differentiation, game theory applications in competition between transport operators can be classified by two
categories. A majority of works explore competition based on non-spatial game theory. Ishii et al. (2013)
constructed a non-cooperative game theoretic model to examine the effects of inter-port price competition
with different timing of port capacity investment, and they applied the propositions to the case of competition
between the ports of Busan and Kobe. Chen and Liu (2016) set up a two-period game theoretic model to
investigate the facility investment strategy of risk-averse ports with congestion and uncertain demand. Song
et al. (2016) formulated a non-cooperative game model to analyse duopoly inter-port competition from
the transport chain’s cost perspective, and illustrated the results using a case study of Southampton and
Liverpool ports. In recent years, the spatial game theory application in transport operators competition
is emerging because of the more intense hinterland competition. Spatial game theory describes the links
between ports and inland market with road transportation, first introduced by Hotelling (1929). Then, the
modified versions and extensions of this model have been used to investigate the port spatial competition
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Figure 3: Total trains of CR Express transport from 2011 to 2018. Source: Public reports and investigations

problems. Kaselimi et al. (2011) developed a framework for Cournot competition between multi-user terminals
based on the Hotelling model to explore the impact of the shift to a dedicated terminal. Álvarez-SanJaime
et al. (2015) examined the economic incentives and welfare implications to the port integration with inland
transport activities under inter-port competition using a Hotelling model. Lien et al. (2016) studied the
Wardrop equilibrium for a transport network under social optimum scenario, price-free scenario and duopoly
market scenario, respectively. Adopting the spatial game theory approach, Kuang et al. (2020) investigated
and compared different structures, which are serial versus parallel, for a transport market, solved for the
equilibrium, and conducted welfare analysis. Zhang et al. (2017) developed a spatial duopoly model to
explore how the introduction of rail transport service affects the port competition, and found that there is a
negative effect on ports’ prices and profits after introducing rail transport.

As listed above, the spatial game theory model can be applied successfully to explore the hinterland com-
petition between inter-ports/stations. Based on the observation and investigation of CR Express transport in
real life, in this paper, we aim to formulate a spatial game theory model to discuss the competition strategy
between two neighbouring CR Express operators from the spatial perspective, and to answer the questions
mentioned in Section 1.

3. Methodology

3.1. Problem Description

In this paper, we firstly build a basic model in a regulated market (given frequency is decided by the
railway authority) to consider the competition between CR Express operators with regard to cargo owners’
transport choices. CR Express operators heavily depend on local government subsidy to compete on price.
According to our investigation, the highest subsidy could reach up to 4000-5000 USD per FEU, 40%-50% of
total cost. For this reason, government subsidy becomes an important factor in this duopoly rail transport
competition. Moreover, inland accessibility, having an impact on total cost, is another aspect cargo owners
consider differences of CR Express operators in this problem.

In order to make the problem more clearer, we illustrate the game in Fig. 4. The game has two players,
which are neighbouring CR Express operator 1 and operator 2. They have a strong competition for attracting
more customers and gaining more market share because they have an overlapping hinterland. With a given
running frequency (which is decided by the railway authority) and government subsidy (which is decided by
the local government), the operators will decide the CR Express transport price charged to cargo owners
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in order to gain maximum profits. Cargo owners are customers to CR Express operators. They will decide
to choose the CR Express transport service provided by one of the two operators, considering their prices,
service quality (the running frequency) and the inland transport costs.

 Player 1: CR Express

Operator 1
 Player 2: CR Express

Operator 2

Local Government 1 Local Government 2

Customer 1

Consider:

- CR Express price
- Inland transportation cost
- Frequency of CR Express

Decide:

- Choose which operator

Consider:

- Subsidies by local government
- CR Express operation cost
- Frequency decided by railway authority
- Accessibility of CR Express station

Decide:

- Price to maximise profit

Railway Authority

- Give subsidy
- Decide road infrastructure investment

Decide Frequency

Customer 2 Customer n…

Price (Supply) Market Share (Demand)

- Give subsidy
- Decide road infrastructure investment

 The Game

Figure 4: Explanation of the game in the basic model.

In order to solve this duopoly spatial competition problem, we construct a basic model with the following
characteristics:

(1) two neighbouring CR Express operators provide homogeneous services, and their difference is their loca-
tion;

(2) two neighbouring CR Express operators compete for the same hinterland market;

(3) the strategy of each operator is to determine the transport price based on different government subsidies,
different running frequencies, and different inland accessibility;

(4) CR Express operators aim to maximize their profits.

Compared with marine transport, time-saving is the key benefit of CR Express, however, the capacity
is the weakness. For now, adjusting running frequency is an effective way to improve capacity. We then
formulate an extended model in the next section which considers the situation in which the railway authority
gives operators more flexibility to decide not only their prices but also their running frequencies. In other
words, frequency is endogenous and is the decision variable together with price in the extended model.

3.2. Assumption and Notation

According to the above problem description, the model assumptions are as below:

(1) there are two operators between [0,1], and their railway stations are located at zero and one, respectively;

(2) customers are uniformly distributed between [0,1], and the location is expressed as x. D(x) is the
distribution function of demand, and every customer has just one unit demand;

(3) customers are rational and independent;

(4) cargoes are transported to the same destination.

Table 1 shows the notation definitions for the basic model.

3.3. Function and equilibrium

We formulate customers’ utility function, operators’ profit function and social welfare, respectively, in the
following basic model to solve the problem.
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Table 1: Notation definitions.

Notation Definition

Sets

I set of CR Express operators, i, j ∈ I

Parameters

Ui(x)
customer’s utility while choosing CR Express operator i (service
provided by operator i), i ∈ I

V maximum willingness to pay by customers to use CR Express service
ti unit inland transport cost from customers to rail station i, i ∈ I

x location of customers, x ∈ [0, 1]
d distance of two operators in reality
θ station disutility parameter
fi CR Express running frequency of operator i, i ∈ I

n total FEU carried by per CR Express train
Xi market share of CR Express operator i, i ∈ I

D total demand of customers
δi unit government subsidy for operator i, i ∈ I

Ci unit CR Express variable operation cost of operator i, i ∈ I

C0 CR Express fixed operation cost per train

Decision variables

pi unit price operator i charged to customers, i ∈ I

3.3.1. The basic model

CR Express operators with static location supply rail transport service to the same hinterland market in
this problem. Customers in this market choose operators on the basis of the lowest ”full price”, and the ”full
price” consists of CR Express transport fee and inland transport cost. Based on the above assumptions, we
express customers’ utility function as Eq. (1).

Ui(x) =

(

V − pi − tix− θ
XiD
fin

if choosing port 1, i=1

V − pi − ti(1− x)− θ
XiD
fin

if choosing port 2, i=2
(1)

where Ui(x) is customers’ utility while choosing CR Express service provided by operator i, x is the
location of customers, and also the distance between customers and port 1 which locates at zero. V denotes
the maximum willingness to pay, and is assumed to be large enough to make sure the hinterland market
is fully covered. pi is the decision variable of this basic model, and is the price of operator i. ti denotes
the unit road transport fee from customers to operator i. Time-saving is the key advantage of CR Express
transport. Customers will not choose some operators when their rail terminals are too busy or too congested.
In addition to monetary transport costs, therefore, we consider the rail terminal disutility with the level of
rail service capacity, similar to port congestion mentioned by Álvarez-SanJaime et al. (2015). The term θ

XiD
fin

measures such rail service disutility, where θ is a monetary disutility parameter; Xi denotes market share of
operator i; D is the total demand of the whole market; fi represents the given frequency of operator i and
also the supply provided by operator i to the market; n is number of FEUs carried per CR Express train.

Let hi =
θD

fin
, the formulation can be simplified to Eq. (2).

Ui(x) =

(

V − pi − tix− hiXi if choosing port 1, i=1

V − pi − ti(1− x)− hiXi if choosing port 2, i=2
(2)

Let D(x) denotes the distribution function of demand. Then, market share Xi of each operator can be
derived as Eq. (3) and Eq. (4).
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X1 =

R x

0
D(x)dx

R 1

0
D(x)dx

= x (3)

X2 =

R x

0
D(x)dx

R 1−x

0
D(x)dx

= 1− x (4)

If x∗ is the indifferent location where customers have equal utility either choosing port 1 or choosing port
2; that is U1 = U2, when x = x∗. Therefore, market shares and the indifferent point are shown as Eq. (5)
and Eq. (6).

X1 = x∗ =
p2 − p1 + t2 + h2

h1 + h2 + t1 + t2
(5)

X2 = 1− x∗ =
p1 − p2 + t1 + h1

h1 + h2 + t1 + t2
(6)

From Eq. (5) and Eq. (6), we could find that when the frequency of port 1 increases through h1, the more
customers for port 1 while fewer customers for port 2.

We let πi represent the profit of CR Express operator i. Considering revenue, costs and government
subsidy, the operator’s profit function is shown as Eq. (7).

πi = (pi + δi − Ci)XiD − C0fi (7)

3.3.2. Nash equilibrium

Operators’ objective is to maximize own profits through p∗i to give ∂πi

∂pi
= 0. Substituting Eq. (5) and

Eq. (6) into Eq. (7), equilibrium price formulations are derived as Eq. (8) and Eq. (9).

p∗1 =
t1

3
+

2t2
3

+
h1

3
+

2h2

3
+

2(C1 − δ1)

3
+

C2 − δ2

3
(8)

p∗2 =
2t1
3

+
t2

3
+

2h1

3
+

h2

3
+

(C1 − δ1)

3
+

2(C2 − δ2)

3
(9)

The price difference is given by Eq. (10).

p∗1 − p∗2 =
1

3
(t2 − t1) +

1

3
(h2 − h1) +

1

3
[(C1 − δ1)− (C2 − δ2)] (10)

Substituting Eq. (8) and Eq. (9) into Eq. (5) and Eq. (7), we could derive the equilibrium market share
and the equilibrium profit functions as Eq. (11) and Eq. (12).

X∗

i =
ti + 2tj + (δi − Ci)− (δj − Cj) + hi + 2hj

3(hi + hj + ti + tj)
(11)

π
∗

i =
D[ti + 2tj + (δi − Ci)− (δj − Cj) + hi + 2hj ]

2

9(hi + hj + ti + tj)
− C0fi (12)

Social welfare is equal to the sum of operator surplus, consumer surplus and government surplus, therefore,
social welfare can be calculated by Eq. (13).

SW ∗ =π
∗

1 + π
∗

2 +

Z x∗

0

(V − p∗1 − t1x− h1X
∗

1 )D(x)dx

+

Z 1

x∗

(V − p∗2 − t2(1− x)− h2X
∗

2 )D(x)dx− δ1X
∗

1D − δ2X
∗

2D

(13)

3.4. Sensitivity Analysis

CR Express operators need to realize how different parameters affect customers’ choices and their own
profits, therefore, the impacts of some parameters on the equilibria are explored using analytical method in
this section. We will verify the results in the following empirical analysis as well.
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3.4.1. Impacts on equlibrium price

Impact of frequency on equlibrium price.

∂p∗1
∂h1

=
∂p∗2
∂h2

=
1

3
> 0 (14)

∂p∗1
∂h2

=
∂p∗2
∂h1

=
2

3
> 0 (15)

Because hi = d
fiw

, we can conclude that the more frequently CR Express run, the stronger the price
competition. This is because total supply increases with CR Express running more frequently, therefore,
operators need more efforts (lower price) to attract customers assuming total demand level does not change.

Impact of government subsidy on equlibrium price.

∂p∗1
∂δ1

=
∂p∗2
∂δ2

= −
2

3
< 0 (16)

∂p∗1
∂δ2

=
∂p∗2
∂δ1

= −
1

3
< 0 (17)

The more subsidies given by government, the stronger the price competition. This is because higher
subsidy can cover more operation costs, and then operators will give more benefits to customers in order to
attract more demands. This is why there is a fierce subsidized price fight in the period of early development.

Impact of inland transport cost on equilibrium price.

∂p∗1
∂t1

=
∂p∗2
∂t2

=
1

3
> 0 (18)

∂p∗1
∂t2

=
∂p∗2
∂t1

=
2

3
> 0 (19)

Equilibrium price is positively related to inland transport cost. This is because the difference between two
operators become bigger when the inland transport cost increases. That is to say the high inland transport
cost can decrease the price competition.

3.4.2. Impacts on equlibrium profit

Impact of frequency on equilibrium profit.

∂π∗

1

∂h1
=

D(2A−A2)

9
+D

θD

nh1
(20)

∂π∗

2

∂h2
=

D(2B −B2)

9
+D

θD

nh2
(21)

∂π∗

1

∂h2
=

D(4A−A2)

9
(22)

∂π∗

2

∂h1
=

D(4B −B2)

9
(23)

Where A = t1+2t2+(δ1−C1)−(δ2−C2)+h1+2h2

t1+t2+h1+h2

, B = 2t1+t2+(δ2−C2)−(δ1−C1)+2h1+h2

t1+t2+h1+h2

. According to Eq. (20) -
Eq. (23) and expressions of A and B, impacts of frequency on the equilibrium profit are very dependent on the
comparative advantage of operators’ government subsidy, which is the value of (δ1−C1)−(δ2−C2). However,
it’s hard to analyze the specific impacts because there are too many cases need to consider, therefore, we
analyze this part in the following empirical analysis.
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Impact of government subsidy on equilibrium profit.

∂π∗

1

∂δ1
= −

∂π∗

1

∂δ2
=

2DA

9
=

2D(t1 + 2t2 + (δ1 − C1)− (δ2 − C2) + h1 + 2h2)

9(t1 + t2 + h1 + h2)
(24)

∂π∗

2

∂δ2
= −

∂π∗

2

∂δ1
=

2DB

9
=

2D(2t1 + t2 + (δ2 − C2)− (δ1 − C1) + 2h1 + h2)

9(t1 + t2 + h1 + h2)
(25)

Government subsidy plays an important role in CR Express transport competition; operators prefer to
receive substantial subsidy to increase competitiveness. Therefore, we discuss in three cases. The first is
operator 1 having the advantage of government subsidy, δ1 − C1 > δ2 − C2 expressed by formulation, when
subsidy given to operator 1 can cover more of operation cost. Through Eq. (24) and Eq. (25), ∂π1

∂δ1
> 0,

∂π2

∂δ1
> 0, ∂π1

∂δ2
< 0, and ∂π2

∂δ2
< 0 can be derived under this case. Then, we could conclude both operators make

more profits with increasing government subsidy given to operator 1, if operator 1 is in the advantageous
position in terms of subsidy; similarly, both operators lose benefits with subsidy given to operator 2 going
up. The second is opposite and is denoted by δ1 − C1 < δ2 − C2; consequently,

∂π1

∂δ1
< 0, ∂π2

∂δ1
< 0, ∂π1

∂δ2
> 0,

and ∂π2

∂δ2
> 0 are derived, and operators’ profits go in the opposite direction to the first case. The last is two

operators have no difference on government subsidy level, representing δ1 − C1 = δ2 − C2. Then, we can
obtain ∂πi

∂δi
= 0 and ∂πi

∂δj
= 0; as a result, profits have no relationship with any operator’s subsidy.

Impact of inland transport cost on equilibrium profit.

∂π∗

1

∂t1
=

D(2A−A2)

9
(26)

∂π∗

2

∂t2
=

D(2B −B2)

9
(27)

∂π∗

1

∂t2
=

D(4A−A2)

9
(28)

∂π∗

2

∂t1
=

D(4B −B2)

9
(29)

The impacts of inland transport cost on the equilibrium profit are similar to the impacts of frequency
on the equilibrium profit, that is heavily dependent on the comparative advantage of operators’ government
subsidy (the value of (δ1 − C1)− (δ2 − C2)). We will discuss this part in the following empirical analysis as
well.

3.4.3. Impacts on equlibrium market share

Impact of frequency on equilibrium market share.

∂X∗

1

∂h1
= −

∂X∗

2

∂h1
= −

(δ1 − C1)− (δ2 − C2) + h2 + t2

3(t1 + t2 + h1 + h2)2
(30)

∂X∗

2

∂h2
= −

∂X∗

1

∂h2
= −

(δ2 − C2)− (δ1 − C1) + h1 + t1

3(t1 + t2 + h1 + h2)2
(31)

According to Eq. (30) and Eq. (31), we discuss the impacts of frequency on the equilibrium market share
in two cases. The first case is operator 1 having the advantage of government subsidy, δ1 − C1 ≤ δ2 − C2

expressed by formulation, when subsidy given to operator 1 can cover more of operation cost. Because of
hi = d

fiw
, we can derive that ∂X1

∂f1
> 0, ∂X2

∂f2
> 0, ∂X2

∂f1
< 0, and ∂X1

∂f2
< 0. Then, we can conclude that

operators gain more market share with increasing running frequency and lose market share with increasing
competitor’s running frequency. The second is opposite and is denoted by δ1 − C1 < δ2 − C2; however, we
couldn’t discuss the impacts directly, and we will analyze this part in the following empirical analysis.
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Impact of government subsidy on equilibrium market share.

∂X∗

1

∂δ1
=

∂X∗

2

∂δ2
= 1 (32)

∂X∗

1

∂δ2
=

∂X∗

2

∂δ1
= −1 (33)

Operators can gain more market share with increasing government subsidy, and lose market share when
competitor receive more government subsidy, which could be concluded through Eq. (32) and Eq. (33). This
is because operators have more competitiveness to decrease their prices with more government subsidy so
that operators can attract more customers and expand the market share.

Impact of inland transport cost on equilibrium market share.

∂X∗

1

∂t1
= −

∂X∗

2

∂t1
= −

(δ1 − C1)− (δ2 − C2) + h2 + t2

3(t1 + t2 + h1 + h2)2
(34)

∂X∗

2

∂t2
= −

∂X∗

1

∂t2
= −

(δ2 − C2)− (δ1 − C1) + h1 + t1

3(t1 + t2 + h1 + h2)2
(35)

Through Eq. (34) and Eq. (35) we can conclude that the impacts on inland transport cost on equilibrium
market share have the same pattern of the impacts on frequency on equilibrium market share.

4. Extended model

In the basic model, the frequency is exogenous; operators cannot decide their running frequencies but the
railway authority decides them. In other words, the basic model describes problems of a regulated market. In
order to improve competitiveness of CR Express through adjusting frequency, in this section, we consider the
situation in a partially regulated market, where operators could decide their prices and frequencies together.

In this extended model, operators maximize their profits Eq. (36) through determining their prices and
frequency. In this partially regulated market, running frequency is a longer-term decision compared to price
while considering the logistics planning. Operators cannot change the running frequency at any time even if
the railway authority could let operators decide their frequencies. In general, operators make their frequency
decisions for a quarter and publish their schedules to customers first, and then make their pricing decisions
more flexible considering different market conditions and customers’ choices. Therefore, we adopt a sequential
decision approach to analyze this extended model based on the observation of facts. In other words, this
problem can be solved as a two-stage game in duopoly market. In the first stage, operators decide their
frequencies and in the second stage, each operator decide their price given a frequency. As usual in such a
model, the solution is derived backwards, i.e. calculating price solution first and then deriving the frequency
equilibrium using this solution.

πi = (pi + δi − Ci)XiD − C0fi (36)

Using the profit function Eq. (36), the second stage price solution for operator i is calculated from the
first order condition, which is seen as Eq. (37).

∂πi

∂pi
= (pi + δi − Ci)

∂Xi

∂pi
+Xi = 0 (37)

Denoting the price solution as p∗i , the first stage problem is

max
fi

πi = (p∗i + δi − Ci)Xi(p
∗

i , p
∗

j , fi, fj)D − C0fi, i = 1, 2, j = 1, 2 (38)

Under the Nash assumption that the competitor’s price is fixed, the first order condition for this problem
is
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∂πi

∂fi
=

dp∗i
dfi

XiD + (p∗i + δi − Ci)
dXi

dfi
D − C0 = 0, i = 1, 2 (39)

To simplify the function, firstly, we have

dXi

dfi
=

∂Xi

∂fi
+

∂Xi

∂pi

dp∗i
dfi

+
∂Xi

∂pj

dp∗j
dfi

, i = 1, 2, j = 1, 2 (40)

Eq. (40) represents the direct effect on the market demand of a frequency change and also the indirect
effects through the effect on their own and competitor’s prices.

In order to get a simplified function, we derive Eq. (41) from Eq. (37) as the following.

Xi = −(pi + δi − Ci)
∂Xi

∂pi
(41)

Substituting Eq. (40) and Eq. (41) into Eq. (39), we could obtain

∂πi

∂fi
=

dp∗i
dfi

XiD + (p∗i + δi − Ci)
dXi

dfi
D − C0

= −(pi + δi − Ci)
∂Xi

∂pi

dp∗i
dfi

D + (p∗i + δi − Ci)[
∂Xi

∂fi
+

∂Xi

∂pi

dp∗i
dfi

+
∂Xi

∂pj

dp∗j
dfi

]D − C0

= (p∗i + δi − Ci)(
∂Xi

∂fi
+

∂Xj

∂pj

dp∗j
dfi

)D − C0 = 0, i = 1, 2, j = 1, 2

(42)

Therefore, the frequency solution in the first stage is the solution [f∗

1 , f
∗

2 ] to Eq. (42), which is the
frequency equilibrium.

From the above section, we have obtained the analytical expression of X1, X2, p
∗

1 and p∗2, therefore, we
can calculate the equilibrium prices, equilibrium profits and equilibrium social welfare, respectively, using
the real data in the following section.

5. Empirical analysis

We look at CR Express from Chengdu and Chongqing as our case study because they both operate well,
and the sum of their market share is almost 50% of the whole CR Express industrial market in 2018. Chengdu
and Chongqing are very close to each other as well, both located in the midwestern region of China (as shown
in Fig. 5), so that the two CR Express lines have an overlapping hinterland. Besides, most of their routes
have the same or nearby destinations. Accordingly, most researchers and operators think that CR Express
from Chengdu and Chongqing have a strong competition. For this reason, this is a good example to verify
the model and conduct some managerial insights for the research questions in this paper.

In order to analyse more accurately, we use CR Express lines that origin from Chengdu and Chongqing
respectively, and have the same destination Hamburg (Chongqing/Chengdu-Alashankou-Hamburg) as our
case study. Parameters of these lines that we collected from public reports and our investigations are shown
as Table 2, where unit inland transport fee is equal to USD 0.55/(FEU*km) according to container road
transport rules (CNY 4.2/(FEU*km)) made by the Ministry of Transport of China and considering market
fluctuation as well. Moreover, we consider the real distance between two neighbouring CR Express operators
not normalized 1 mentioned in the above models. Therefore, we calculate hinterland connectivity costs based
on real distance between Chengdu rail terminal and Chongqing rail terminal, which is 333 kilometers as
shown in the map. Based on the whole rail transport distance, we estimate CR Express transport costs from
Chengdu and Chongqing to be USD 6369 and USD 6562 per FEU according to pricing rules from the railway
authority. There is no setup cost for CR Express transport, therefore, we only consider fixed organization
cost per train as USD 100. With regard to local government subsidy, policy is diverse in different regions and
at different times, therefore, we assume unit subsidy for Chengdu and Chongqing are USD 3000 and USD
3500 according to our interviews with eight managers from three CR Express operation firms, and six official
staff from three local governments. Similarly, the total demand is hard to estimate, therefore, we assume
the total demand level is equal to 400 FEU to conduct analysis, and then set different demand levels to see
whether we could get the same pattern. Generally, the number of FEU every CR Express train is 41 while
fully loaded.
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Mianyang

Chengdu

Chongqing

Figure 5: Location of Chengdu and Chongqing in China.

Table 2: Parameters in empirical analysis.

Parameter Value

Inland transport cost ti ($/FEU*km) 0.55
Subsidy given by Chengdu government θ1 ($/FEU) 3000
Subsidy given by Chongqing government θ2 ($/FEU) 3500
Variable operation cost of Chengdu C1 ($/FEU) 6369
Variable operation cost of Chongqing C2 ($/FEU) 6562
Fixed operation cost C0 ($/train) 100
Frequency of Chengdu f1 (trains/week) 3
Frequency of Chongqing f2 (trains/week) 5
Total demand D (FEU/week) 400
Port disutility parameter θ 10
Total FEU carried by per CR Express n (FEU/train) 41

5.1. Equilibrium price and profit in the basic model

Using parameters in Table 2, we explore the relationship between price and profits of CR Express operators
first in the basic model, where only prices are decision variables.

From Fig. 6, the red and blue dotted lines are isoprofit curves of operator 1 and operator 2, respectively.
In addition, the blue and cyan lines show the reaction functions of operator 1 and operator 2, respectively,
i.e. the best response of each operator given the price decision of another. The red star point, therefore,
is the Nash equilibrium in the basic model, where operators could obtain their respective maximum profits.
We found the equilibrium prices for two operators are $3489.7 and $3383.7, respectively, and the equilibrium
profits are $8.63 ∗ 103 and $98.46 ∗ 103.

Fig. 7 illustrates how operator 2’s profit changes with own price while considering different competi-
tor’s price decisions. From this figure, we could conclude that profit of an operator will increase first and
then decrease with his own price increasing. This is because operators will get more profits when they
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Figure 6: Isoprofit curves and reaction functions of the game.

charge customers more but only within a “reasonable” range. However, they will lose revenue because of
the lower market share when the price is too high. At this time, the competitor will get more profits.
Also, this reasonable range of price depends on competitor’s price. Another interesting finding is every
line cross at one point where the unit price is equal to the difference between the unit government sub-
sidy and the unit FEU operation cost, which is the breakeven price. (that is to say, unit FEU price =
unit FEU operation cost− unit FEU government subsidy).

Besides, the relationship between profits of operators and the prices of their competitor varies. When
the operators decide a lower price than the breakeven price, their profits will decrease with an increase in
their competitor’s price. When they charge higher than the breakeven price to customers, their profits will
increase with an increase in their competitor’s price. This is because the difference between two operators
gets smaller with the competitor increase their price.

5.2. Influence of parameters on equilibrium profits

In Section 3.4, we analyse the influence of parameters on equilibrium price using numerical equation. In
this section, we use empirical method to see the influence of parameters on equilibrium price and profit.

Impact of frequency. From Fig. 8, we see the equilibrium price will decrease with increasing frequency. This
is because there is stronger competition when the frequency increasing as there is more supply for the whole
market. In order to keep the market share and gain profits, operators will decrease their prices and pass
some benefits to customers. Also, an operator will decrease their price to attract customers when competitor
increase running frequency. But, we could see that frequency seems not the key factor that influences the price
strategy. Operator’s profits increase first and decrease slightly with running CR Express more frequently,
as shown in Fig. 9. The reason for this is that operators could gain more profits when supply in the whole
market is insufficient, but they have to transfer some benefits to retain customers when the supply is excess.

Impact of government subsidy. It’s clear that government subsidy has a strong influence on the equilibrium
price from Fig. 10. The price will decrease linearly with either his own or competitor’s subsidy increasing.
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Figure 7: CR Express operators’ profit distribution.
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Figure 8: Influence of frequency on equilibrium prices.
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Figure 9: influence of frequency on equilibrium profits.

This is because, for operator himself, higher government subsidy could cover more cost so that operator
could gain considerable profit as well when they charge customers lower prices. Operators also have to
reduce prices to retain market share if the competitor gives a lower price because of high government subsidy.
From this aspect, the competition between two CR Express operators is the competition between two local
governments to some degree. Fig. 11 shows that the equilibrium profits decrease first and then increase with
its own subsidy increasing. Profit will decrease first because of the lower price, but it will rebound while the
price is lower than a point because of the high subsidy. The extreme point depends on the difference between
subsidy and cost.

Impact of local road infrastructure investment. Local road infrastructure investment could largely decide
the transport fee, so we use inland transport cost to represent the influence of local road infrastructure
investment. From Fig. 12, we can conclude that local road infrastructure investment, that is also accessibility
of CR Express, determines the equilibrium price. The better accessibility, the lower inland transport cost,
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Figure 10: Influence of government subsidy on equilibrium

prices.
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Figure 11: Influence of government subsidy on equilibrium

profits.

and the lower price operators could charge. Improved accessibility means that the difference between two
neighbouring CR Express becomes effectively smaller if it is easy to reach; therefore, operators tend to reduce
prices to enhance competitiveness. However, the equilibrium profits of operators will decrease when inland
transport cost increases, which is seen as Fig. 13.
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Figure 12: Influence of local road infrastructure investment

on equilibrium prices.
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Figure 13: Influence of local road infrastructure investment

on equilibrium profits.

5.3. Comparison between regulated market and partially regulated market

Considering the partially regulated market, i.e. when frequency is endogenous, using the parameters in
Table 2 and function in Eq. (42), we solve the problem to find that the equilibrium frequency levels are
f1 = 1.9 and f2 = 7.8, and the equilibrium prices are p1 = 3491.3 and p2 = 3393.9. Then, we calculate the
equilibrium profits as π1 = 8.79 ∗ 103, π2 = 101.65 ∗ 103 and the social welfare as SW = V − 124.8 ∗ 104.
Contrasting with results in the basic model which is given frequencies f1 = 3 and f2 = 5, the equilibrium
prices are p1 = 3489.7, p2 = 3383.7, the equilibrium profits are p1 = 8.63 ∗ 103, p2 = 98.46 ∗ 103, and the
social welfare is SW = V − 125.1 ∗ 104. It is obvious that not only both operators can make more profits but
also social welfare increases.

In order to explore whether operators could make more benefits and social welfare is higher in different
scenarios, we solve the equilibria for different demand levels, as shown in Table 3.

Through comparing results of regulated market and partially regulated market, we see operators could
get more profits and social welfare becomes higher under different demand scenarios. Another finding is
that operators will let their own frequency just meet demand if they could decide frequencies by themselves.
Therefore, it seems beneficial for both government and operators that governments relax the given frequency
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Table 3: Comparison between results of the basic model and the extended model

Regulated market Demand p∗1($) p∗2($) π∗

1(10
3$) π∗

2(10
3$) SW(106$)

f1 = 3, f2 = 5
400 3489.7 3383.7 8.63 98.46 V-1.251
328 3485.4 3378.6 6.54 78.89 V-1.028
280 3482.5 3375.2 5.27 67.71 V-0.879

Partial regulated market
f1 = 1.9, f2 = 7.8 400 3491.3 3393.9 8.79 101.65 V-1.248
f1 = 1.6, f2 = 6.4 328 3490.8 3393.0 7.16 83.16 V-1.024
f1 = 1.4, f2 = 5.5 280 3490.4 3392.1 6.07 70.84 V-0.871

constraint to make the market more flexible, which means allowing operators to make frequency decisions
according to market demand.

6. Conclusion

CR Express has been a crucial component in the context of the “B&R” Initiative to increase connectivity
and to develop more cooperation with involved Eurasian countries. CR Express has shown a dramatic
development, however, different CR Express operators have strong competition in this initial stage because
of the fierce hinterland competition and substitutability between neighbouring lines. In order to explore
CR Express competition and their pricing strategy, this study developed a non-cooperative game model
in a spatial setting with regard to a regulated market and also an extended model for partially regulated
market. Our basic model accounts for strategic decisions about pricing for operators while considering given
frequencies, local government subsidies, local road infrastructure investments, and operation costs. Then,
we extend the model to explore strategic decisions about running frequency for operators if the government
relax the regulated frequency constraint. Further, we investigate whether social welfare would be higher if
the government let the market become a partially regulated market. We then verify our models and conclude
some results using the real data of two CR Express lines from Chengdu and Chongqing.

With regard to pricing strategy, it’s best for operators to be flexible in pricing based on their own and
competitor’s running frequencies, government subsidies, local road infrastructure investments, and operation
costs. Government subsidy is the most important factor that influences operators’ pricing strategy and
profits. Operators would like to set a lower price and give some benefits to customers if government subsidies
could cover much of their operation costs. Frequency and local road infrastructure investment both have an
effect on pricing decisions.

It will have benefits for social welfare and operators if the government give operators freedom to decide
their own frequency. Also we found that the best frequency decision for operators is to just meet the market
demand based on different scenarios.
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