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Abstract

With the in-depth implementation of the “One Belt One Road” initiative, the
number of cities, which have opened direct train to European countries, is
increasing in China. With the rapid development of China Railway Express
(CR Express) market, the problems of insufficient supply, disorderly competi-
tion and high operation cost are becoming more and more prominent, which
leads to increasingly disordered competition among CR Express. Finding a ba-
lanced subsidy among local governments is a key way to solve the above
problems. This paper constructs a Hotelling model which is in line with the
characteristics of the development of CR Express from the aspects of consig-
nor’s utility and land port company’s revenue. Then the equilibrium price,
market share and revenue of land port company are solved, and the optimal
local government subsidy under equilibrium condition is analyzed. Subse-
quently, the land port company (Xi’an) and land port company (Zhengzhou)
are chosen for empirical analysis. The establishment of government subsidy
policies conducive to market development can effectively reduce the disor-
dered competition among land port companies and contribute to the sus-
tainable development of CR Express.

Keywords
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1. Introduction

With the in-depth implementation of the “One Belt and One Road” (B & R) in-
itiative, the economic and trade development of inland cities has been develop-
ing well. China Railway Express (CR Express), as a new way of freight transpor-

tation, is running between China and Europe and the countries along the B & R.
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It quickly became an important carrier of economic and trade cooperation be-
tween China and European countries. After Yu Xin Ou between Chongqing and
Duisburg of Germany was operated in 2011, as of October 2019, the number of
CR Express had already accumulated to 20000 (http://www.chinanews.com/).

China had formed train networks composed of 65 domestic routes and 65 origin
cities for operating direct train. CR Express passes through the inland exit ports
of Alashankou, Erlianhot, and Manzhouli along the three main railway corridors
(the western, central, and eastern corridors), and reaches 56 cities in 17 coun-
tries in Europe. During the operation of the CR Express service, the train service
company acts as a platform, and is mainly established by the origin cities. For
example, the operating platform of the “Zhengxinou” line is “Zhengzhou Lugang
International Development and Construction Co., Ltd.”, the company was estab-
lished on June 27, 2013 and is mainly engaged in customs clearance, cross-border
trade and e-commerce; Xi’an “Chang an hao” line operation platform company
is “Xi’an International Land Port Investment Development Group Co., Ltd.”, the
company was established in June 2009, and its business involves various fields
such as port operations and logistics, international trade, production and living
facilities, investment and financial services; Chongqing’s “Yuxinou” line opera-
tion platform company is “Yuxinou Logistics Co., Ltd.”, this company was es-
tablished on April 12, 2012. It mainly provides two-way “station-to-station” ser-
vices between Chongqing and European countries, and so on. Different types of
CR Express enterprise in different origin city. Whether it is a state-owned enter-
prise, a private enterprise, or a local government-led model, the train operating
companies are collectively referred to as “land port company” in this paper. For
CR Express, which is still in the early stages of development, although the trans-
portation scale of CR Express continues to expand, the phenomenon of low full
load ratio still exists. In order to absorb more cargoes in the fiercely competitive
market, land port companies have successively reduced prices to expand market
share rate, thereby increasing its own profits. However, most of the revenue of
land port companies comes from local government subsidies. In the long run,
the government’s excessive subsidies will interfere the orderly development of
the market, and thus limited the independent ability to absorb cargo for land
port company. Especially the “Zheng Xin ou” train, it has the largest marketing
efforts at present, and proposes free pickup of cargo within 1500 kilometers of
highways, which seriously affects the existing market order in the eastern region.
In order to solve the problems of insufficient supply and disorderly competition
for CR Express, based on the game theory, this paper analyzes and obtains the
effective government subsidy scheme when the profit of the land port company
is maximized. And from the perspective of the intensity of the distribution of
the originating cities and the strength of the subsidies, land port company
(Xi’an) and land port company (Zhengzhou) located in the central and west-
ern regions of China were selected as the object of empirical analysis in this
paper, so as to provide the corresponding business strategy for the land port

company.
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Our research makes two contributions to the study. 1) In view of the abnor-
mal development of CR Express market, we construct a Hotelling model to meet
the characteristics of CR Express. Through the analysis of the relationship
among the main stakeholders, such as land port companies, consignors and local
governments, the subsidy policies to meet the market-oriented development are
obtained. 2) In the Hotelling model construction, we consider government sub-
sidies in both the land port company’s revenue and the consignor’s utility func-
tion to comprehensively analyze the equilibrium subsidies of the local govern-
ment when the consignor’s utility and the land port company’s revenue are
maximized, thereby studying the problem of unordered competition for CR Ex-

press.

2. Literature Review

2.1. Operational Performance of CR Express

The continuous enrichment of trade channels and modes between China and the
European countries has brought rare development opportunities to the CR Ex-
press. Most scholars analyze the advantages and problems of CR Express in the
development from a qualitative perspective, and make an in-depth analysis of its
basic operation and layout (Wang, 2018; Zhao et al., 2018). Yang et al. (2018)
improved the operation of the New Asia-Europe Bridge Railway and Budapest
Railway by building a bi-level programming model aimed at optimizing the
shipping network between Asia and Europe. Wang (2015) analyzed the advan-
tages and disadvantages of different transportation modes, such as sea transpor-
tation and railway transportation, and qualitatively sorted out the comparative
advantages of high punctuality rate and strong safety for CR Express. Compar-
ing with the advantages of CR Express, the existing problems still cannot be un-
derestimated. He (2016) qualitatively examined the key factors that influence
smooth railway transportation in the Silk Road Economic Belt, and proposed
solutions. Ma (2018) qualitatively analyzed the problems such as unclear market
positioning, insufficient supporting facilities, fierce price competition and se-
rious train congestion. At present, local government subsidies have almost be-
come the prerequisite for operation of CR Express, which has created a good en-
vironment for the sustainable development of CR Express. Each train operation
enterprise adopts various preferential policies to absorb the cargoes. Among
them, government financial subsidies are the most common, thereby leading to
the financial damage of the government (Zhang, 2018b). However, throughout
the literature, researchers mainly focused on the status quo for operating CR
Express, operational problems, and corresponding strategies to improve train

transport between China and Europe.

2.2. Application of Hotelling Model

Hotelling model is mainly used in the competition among multi-agent with

product difference, and the application of classic Hotelling model for spatial dif-
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ference is very extensive. Le et al. (2018) based on the competition of multiple
ports, used Hotelling model to analyze the competition relationship between
ports in terms of price, revenue and other aspects of iron ore business. Based on
the differentiated network effects, the Hotelling model was used to analyze the
pricing and strategy choices of oligopolies, and its application in this field was
promoted (Wang et al., 2016). Xu and Zhu (2007) introduced network externali-
ties into the Hotelling model under linear transportation costs, and studied the
location and price competition of two network product manufacturers to ana-
lyze the effects of network externalities on them. In research on the influencing
factors of price competition among CR Express companies, Zhang (2018a) be-
lieved that network externalities have an impact on the satisfaction of shippers in
obtaining services, and government subsidies only affect the revenue of train
companies. Therefore, she researched on the equilibrium prices and equilibrium
incomes of the train companies using the Hotelling model. However, it is not
found that government subsidies are considered in the function of both shipper
and the land port company’s income, so as to analyze the problem of disorderly
competition in the operation of CR Express.

To sum up, in the study of the equilibrium strategy of the Hotelling price
competition model, scholars are more likely to analyze the price competition
with network externalities and product differences to find the equilibrium con-
ditions that affect the pricing and location of enterprises. However, there are rel-
atively few studies using this model on CR Express. Among them, there is a lack
of research on the impact of government subsidy on the operation of train com-

panies from multiple perspectives.

3. Construction and Solution of Hotelling Model Considering
Government Subsidy

3.1. Model Hypothesis and Variable Definition
1) Model hypothesis

Hypothesis 1: consignors are evenly distributed in [0, 1], and the transporta-
tion cost from the source to the departure station of CR Express is a linear func-
tion. Considering the independence of the consignor, the consignor’s demand
for container is accounted for as a single 40 foot’s container. Consignor’s basic
utility U, is large enough that the market can be completely covered.

Hypothesis 2: in the region [0, 1], there are two land port companies provid-
ing services, i.e. land port company 1 and land port company 2. They are distri-
buted in a and b respectively. Without losing generality, itissetas 0<a<b<1.

2) variable definition

The variables involved in the model construction of this paper are described
in Table 1.

3.2. Model Building

As the decision-making body in the operation of CR Express market, land port
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Table 1. Symbolic explanation.

variable definition

P; Service pricing of land port company 7

q; Market share of land port company 7

, Profit of land port company 7

9, Local government subsidy

g, Coefficient of subsidy from land port company to consignor, &, €[0,1]

t Highway transportation rate from consignor to departure station, $/(FEU-km)

a, The network externality coefficient of land port company, a, €[0,1]

N; Unit cost paid by land port company 7to china railway container company, $/(FEU-km)
G Fixed cost of land port company 7

Hg) Externality utility vector, F(q)=(F (q).F,(q))
G(x) End transportation cost vector, G (x)=(G,(x),G,(x))

@ The number of consignors that select land port company 4 m, (x)>0,
m{x)
m, (x)+m,(x)=1

A The basic utility of consignor to complete cargo transportation

Note: /=1, 2, it represents land port company 1 and land port 2 respectively.

company and consignor can influence each other. Consignor’s choice of land
port company directly affects the revenue of land port company. The preferen-
tial subsidies provided by the land port company for the consignor also directly
affect the effectiveness of the consignor, thereby affecting the selection of the
consignor.

1) Consignor utility

According to the principle of utility maximization of rational consignors, the
consignor’s choice of land port company is to meet the personal interest max-
imization in this paper. There are many factors that consignors will consider
when choosing a land port company for service, such as, whether it has attractive
service price, quality of service provided by land port company and other rele-
vant preferential strategies. Therefore, the cost, timeliness and profit are three

key factors in the consignor utility. The consignor utility function is as follows:
Ul(x)=U0+(xlq1—|x—a|t—pl+8161q1 (1
U, (X)=U0+0qu2—|x—b|t—p2+£262q2 (2)

U, is the basic utility of consignor to complete cargo transportation; a,g;
represents the network externality utility obtained by the consignor; (x—a)t
and (x—b)r are terminal cargo transportation expenses of consignor to land
port company respectively; p; is the service pricing provided by the land port
company; €9 ,q; is the effect of government indirect subsidy enjoyed by consignor.
Consignors need to compare the effectiveness of two land port companies to

themselves, and then choose the land port company that they want to cooperate
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with.

2) Division of market share of land port company

In this paper, the problem of consignor’s choice of land port company is
transformed into the problem of traveler’s choice of road in transportation net-
work (i.e., travelers choose the road according to the principle of cost minimiza-
tion). We use the method of variational inequality to analyze the market share of

land port company (Zhu et al., 2014). The variational inequality is as follows:
<p—U0—F(q)+G(x)+T(q),m(x)—y>SO, Vy e Q(x) (3)

Among them, () is the inner product vector, P is the price vector of train
service provided by land port company, recorded as Ap,, p,). Fq) is the net-
work externality vector of CR Express service, G(g) is the end transportation

cost vector, 7{q) is the indirect subsidy cost vector, the details are as follows:

F(q)= (%Iolml(x)dwzﬂmz (x)dx) @)
G(x)=(|x—a|t|x—bJt) (5)
T(q)=(2841:€,5,4,) (6)

m(x)z(ml(x),m2 (x)) (7)

According to formula (3) - (7) and m, (x)+m,(x) =1, the variational inequa-

lity is transformed into:
<p1 -, —(ocl +0L2)q1 +a, +(|x—a|—|x—b|)t

(8)
+(&,8, +€,8,)q, —€,0,,m (x) -y, (x)> <0, VyeQ(x)

When the location, transportation service price, network externalities, gov-
ernment subsidies and other factors of the land port company have been deter-
mined, formula (8) must have corresponding market division. According to the
actual situation, the following condition should be met when the two land port

companies jointly occupy the market:
—a, +(b—a)t+e,8,<p —p, <o, —(b—a)t—¢g?, 9)
3) Profit of land port company
As the main operating body of train service, the profit of land port company is
affected by many factors. It mainly includes the transportation fees charged to
the consignor, fees paid to china railway container company, subsidies from lo-

cal governments, fixed costs incurred by inland port company’s own construc-

tion. The revenue function is expressed as follows:
T, = pig, — Ny, +(1_81)81% -G, (10)
71:2=p2q2—N2q2+(1—82)82q2—C0 (11)
3.3. Model Solution

When the two companies share the market, there is indifference point &
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-p - o b)t
Therefore, from formula (8), we can get 6= P2 = P17 9% ¥ 8.0 +(a+ ) .

2t+¢0,+€,0,—a, -0,
The equilibrium market shares of land port companies are as follows:

Py — Py — 0, +6,0, +(a+b)t (12)

h (pl’pZ) T €90, +&,0,—a, —a,

PP~ +&d +(2—a—b)t (13)

0:(Prp2) = 20468 +€,8, -0, —a,

At this time, the revenue function of land port company 1 and land port

company 2 when they share the market is further transformed into:

—pl—a2+8282+(a+b)t

nl(pl,pz)z[pl—N1+(1—81)61:|-p2 -C, (14)

2t+€90,+€,0, -0, —0a,

p—pP,—0, +€0, +(2—a—>b)t
m(Plapz):[pz—N2+(1—82)52]. 1 2 1 191 ( )

-C, (15)
2t+€0, +€,0, —a, —a,

Then we get equilibrium price p*, equilibrium market share g¢", equilibrium

profit ©":
. —(oy+20,)+ N, +2N, +(2+a+b)t+(3¢g,—2)d, + (3¢, —1)8, (16)
P =
3
. —(20,+0,)+ N, +2N, +(4—a-b)t+ (3¢, - 1), + (3¢, - 2)3,
Py = 3 (17)
. =20, —a,— N, + N, +(2+a+b)t+5, +(3¢, -1)8, (18)
7= 3(2t+€8, +€,8, — o, — )
«  —20,—0,+N, - N, +(4—a-b)t+(3e -1)5 +53, (19)
= 3(2t+¢,8,+¢,8, -0, —a,)
2
n*:[al+2a2+N1—Nz—(2+a+b)t—61—(382—1)62] ¢ (20)
9(21+€8, +¢,8, —a,—a,)
2
ﬁ;:[2ocl+ot2—Nl+N2—(4—a—b)t—(381—1)81—82] e, o1

9(21+€8, +¢,8, —a,—0,)

4. Empirical Analysis

This paper chooses the land port company (Xi’an) and the land port company
(Zhengzhou) for empirical analysis. We will compare the balanced subsidy with
the local government subsidy obtained in the actual operation of inland port
company, and then get the government balanced subsidy which is suitable for

the market development.

4.1. Determination of Variable Parameters

1) Value of location a and b for two land port companies
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Considering the fact that Xi’an is in the west of Zhengzhou, set the land port
company (Xi’an) as the left node a in the region, and the land port company
(Zhengzhou) as the right node b in the region. According to the actual farthest
cargo collection range of land port company, 1500 km is taken as the cargo col-
lection radius of land port company (Zhengzhou) in this paper. Among all the
cargo collection cities in Xi’an, Shenzhen is the farthest, with a transportation
distance of about 1700 km. Therefore, 1700 km is taken as the cargo collection
radius of the land port company (Xi’an). Taking into account the economy and
timeliness of operation for CR Express, we measure the distance between two
land port companies, i.e. d = 495.4 km. The final value of the land port compa-
ny’s location is shown respectively: a =(1500—-495.4)/(3200-495.4)~ 0.4 ;
b =1500/(3200-495.4)~ 0.6 .

2) Network externality coefficient—a,

In the operation process of CR Express, the frequency of operation, the com-
pleteness of the station infrastructure, and the service quality of the land port
company affect the consignor’s choice. For the CR Express, which is still in the
early stage of development, the service level gap of each land port company is
relatively small, and the infrastructure of each station is being improved. There-
fore, the network externalities of land port company are considered in the op-
timal state in this paper, ie., a,=1.

3) Unit transportation cost of CR Express— N,

At present, the fees paid by land port company to china railway container
company adopt the way of quantity price bundling. The specific cost is: base
price 1 (i.e., departure and arrival service charge of container cargo transporta-
tion) + base price 2 (i.e., transportation base price) x operation distance. Among
them, base price 1 is about 98$/FEU, base price 2 is about 0.4$/FEU-km. (Data
from national policy documents).Considering CR Express reaches European
countries through Moscow of Russia, we take “Xi’an (or Zhengzhou)-Alashan-
kou-Moscow” as the transportation route selected in this paper (Li et al., 2019).
Therefore, the railway transportation fee paid by the land port company (Xi’an)
to china railway container company is
98+ 0.4 x (3024 +4093) = 2944.8 $/FEU , and the land port company (Zhengzhou)
is 98+0.4x(3535+4093)=3149.2 $/FEU .

4) Consignor’s terminal transportation rate—¢

In general, domestic consignors often choose the way of highway transporta-
tion to transport the cargo to the departure center station of CR Express. Ac-

cording to lucky logistics network (http://www.haoyun56.com/), the unit cost of

highway transportation is about 0.35$/FEU-km, and we regard it as the indicator
value of the consignor’s transportation rate.

5) Fixed costs incurred in the operation of CR Express— G,

Considering that the fixed cost includes various factors such as infrastructure
construction cost and labor cost of each station, and their contribution to this
study is relatively weak, therefore, the fixed cost of the two land port companies

is regarded as equal and constant.
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om; —,87 +(28,8, - 2.6)8, —[202.45 +(3¢, - 1)82]~[2.6—282 ~204.35¢, +(3g8, — €, —282)82]

4.2. Discussion of Relevant Results

1) Discussion on the influence of government subsidy on the equilibrium price
of land port company

Put the values of parameters of land port company (Xi’an) and land port com-
pany (Zhengzhou) into p, and p, respectively. According to the first-order
partial derivative of equilibrium price-related government subsidy: when the
subsidy coefficient provided by the land port company to the consignor is less
than two-thirds (i.e., 0<g, <2/3), there is a reverse relationship between equi-
librium price and government subsidy of inland port company. On the contrary,
when 2/3<g, <1, the equilibrium price of land port company is positively cor-
related with government subsidy.

2) Discussion on the influence of government subsidy on the equilibrium share
of land port company

Put the values of parameters of land port company (Xi’an) and land port
company (Zhengzhou) into ¢, and ¢, respectively. The first-order partial
derivative of equilibrium share related government subsidy is as follows:

0q,  —202.45¢, + (e, —3e8, +€,)8, — 1.3
35, 3(g,8, +£,8, - 1.3)°

(22)

g, 206.35¢, + (&, — 3e .6, +£,)5, — 1.3

a8, 3(g,8, +8,8, - 1.3)°

(23)

It can be seen from formulas (22) and (23) that the positive and negative rela-
tionship between government subsidy and market share of land port company
mainly depends on the numerator. When 6, <101.225¢, +0.65, there is
oq, /881 <0, at this time, the market share of land port company (Xi’an) will
decrease with the increase of local government subsidy. Similarly, when
206.35¢, —1.3/3< 8, <1.3-206.35¢, /2, there is dq; /35, <0, the equilibrium
market share of the land port company (Zhengzhou) is in reverse relation to the
local government subsidy, that is, the more government subsidies, the less mar-
ket share. When 1.3-206.35¢,/2 <8, <206.35¢, —1.3/3, there is 6q;/652 >0,
the equilibrium market share of the land port company (Zhengzhou) is in posi-
tive relation to the local government subsidy, that is, the more government sub-
sidies, the more market share.

3) Discussion on the influence of government subsidy on the equilibrium profit
of land port company

Put the values of parameters of land port company (Xi’an) and land port
company (Zhengzhou) into m, and m, respectively. The first-order partial

derivative of equilibrium profit-related government subsidy is as follows:

- 2 (24)
09, 9(8181 +&,0, - 1.3)
om,  —€,8)+(2¢,8,-2.6)8, +[206.35— (3¢, ~1)3, |-[ 2.6 - 2, —204.35¢, +(3e,8, — &, — 2¢, ), | 03
a5, 9(£,8, +£,8, —1.3)°
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Combined with the profit function of land port company, this paper adopts
the method of numerical simulation to calculate its equilibrium subsidy using
MATLAB software. Through multiple simulation results, when ¢ =0.1 and
€, = 0.2, it is most suitable for the actual situation.

The relationship between the sum of the balanced income of the land port
company and the government subsidy is shown in Figure 1.

Figure 1 shows that the balanced income of land port companies does not
continue to increase with the increase of local government subsidies. The total
revenue of the two land port companies reached the largest when J,=4.3 and
8,=5 (i.e., the §, and 9§, corresponding to the highest point of the red part in
the figure), and the revenue is about 0.7 x 10°$/FEU. Correspondingly, there is
the largest equilibrium income between the land port company (Xi’an) and the
land port company (Zhengzhou). Then we calculated the government subsidy of
each CR Express in the theory. The subsidy result is shown in Table 2.

In the actual operation of CR Express, the subsidy amount of each train in
Xi’an is about 1.23 x 10° dollars, and Zhengzhou local government subsidizes
land port company by land plus fund subsidy, and the subsidies up to about 8.4
x 10°® dollars. This is a large gap from the subsidy amount of 1.56 x 10° dollars
received by Zhengzhou train. The local government subsidy of Zhengzhou is ob-
viously larger than the balanced subsidy when the interests are maximized. In
the long run, it will not be conducive to the normal operation of land port com-
pany. Comparatively, the subsidy policy of Xi’an at this stage is still within a
reasonable range. This is conducive to the healthy and orderly development of
the train for the local government and the land port companies operating the CR

Express.

income (7, +7,)

delta 1 dalta 2

Figure 1. The relationship between government subsidy and
the balanced income of land port companies.

Table 2. Reference value of balanced subsidy.

Origin city J; ($/FEU-km) Distance (km) Total subsidy ($/train)
Xi’an 4.3 7117 43%x41x7117=1.28x10°
Zhengzhou 5 7628 5x41x7628 =1.56x10°
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5. Conclusion

In order to solve the problems of insufficient supply and disorderly competition,
we construct Hotelling model which is in line with the characteristics of the de-
velopment of CR Express from the aspects of consignor’s utility and land port
company’s revenue. Then the equilibrium price, market share and revenue of
land port company are solved, and the optimal local government subsidy under
equilibrium condition is analyzed. The results show that when the subsidy
amount of each train in Xi’an is about 1.28 x 10° dollars and Zhengzhou is about
1.56 x 10° dollars, the revenue of land port company can be maximized and the
financial pressure can be reduced at the same time, thereby relieving the pheno-
menon of disordered competition.

Based on the characteristics of the development of CR Express, and consider-
ing the network externality, the terminal transportation cost of consignors, local
government subsidy, and indirect subsidy to consignors, we analyze the rela-
tionship between the local government subsidy and the equilibrium price, equi-
librium market share and equilibrium income of the land port company, then
find out the local government equilibrium subsidy that can meet the maximum
income under the equilibrium income. However, there is no comprehensive
analysis of the relationship between coefficient of subsidy from land port com-
pany to consignor and government subsidy. In the follow-up study, we can con-
sider the impact of different subsidies to consignors on the revenue of land port
company more comprehensively, thereby analyzing the balanced subsidy of the

local government.
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