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Abstract: Incorporated as a highly integrated system of science and technology that has been
assimilated in the field of transportation, high-speed railways not only meet the green travel needs of
people but also promote the development of correlated industries. Considering the differences in
each stage, primarily based on the input-output table for 149 sectors from the Chinese economy taken
from the year 2017, an input-output model has been developed and applied in order to measure the
economic pull of high-speed railway construction investment for various industries. Moreover, the
shift-share spatial structure model has also been taken into account to quantitatively analyze the
effect of the high-speed railway operation on related industries, and the three high-speed railway hub
cities of Zhengzhou, Xi’an, and Wuhan in China have been taken as the specimens for the application
of this model. The results show that the construction and operation of a high-speed railway has an
optimization effect on the development of related industries, which provides a basis for industrial
layout and structural optimization. This research provides a reference for the formulation of high-
speed rail industry policy, is of great significance for the maintenance of sustainable economic
development, and thus, promotes the sustainable development of transportation systems, cities and
society as a whole.

Keywords: high-speed railway; input-output method; shift-share structure model; related industry;
economic impact

1. Introduction

High-speed railways are an environmentally friendly, and sustainable mode of trans-
portation. As one of the most advanced passenger transportation technologies in the world,
they are an important lever used to promote the transformation of China’s development
mode, and subsequently, the development of the industrial economy. The planning, con-
struction, and formal operation of high-speed railways can all affect the circulation of
elements and resource allocation, industrial structure and spatial layout, development
scales and market competitiveness, industrialization, and the urbanization processes in
the areas along the railway lines [1,2]. While meeting the travel needs of its passengers,
the high-speed railway has the capability to save energy, and promote the sustainable
development of transportation systems, cities and society as a whole.

The social utility of a high-speed railway, especially during the construction phase and
operation process, plays an important role in the development of the regional industrial
economy [3]. This includes strong service utility, strong accessibility utility, low-cost
transportation utility, external spillover utility, high-speed railway network utility, and so
on. Eventually, as a result, these social spillover effects have a considerable impact on the
industries that are related to a high-speed railway [4].
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The examination of the impact of a high-speed railway on the upstream industrial
chain shows that China’s high-speed railway investment is significant, and the industrial
chain is long. This can potentially increase the effective demand for steel, cement and other
building materials, and plays an important role in expanding employment opportunities,
increasing the income of low- and middle-income earners, and promoting the growth
of consumption [5]. According to statistics from the Economic Planning Department [6],
for every 100 million yuan of investment in the high-speed railway, an average of 33,300
tons of steel, 20,000 tons of cement, 31,100 tons of sand, 51,600 cubic meters of stone,
and 88.5 million yuan of equipment are consumed, and 228,600 man-hours are spent in
terms of the required labor for this initiative. The demand for investment, caused by the
construction of a high-speed railway, can directly promote the consumption of construction
materials, such as steel and cement, and also increase the benefits extracted from local
construction, metal products, electrical machinery and equipment manufacturing, and
high-end manufacturing that is capital-intensive in nature.

The analysis of the impact of a high-speed railway on the downstream industrial chain
shows that the operation of a high-speed railway has a transport effect. This primarily
improves the accessibility of transportation between regions, accelerates the rapid flow of
production factors, such as information and technology, and drives the development of
tertiary industries such as real estate, catering, leasing and business services, transporta-
tion and logistics, along the railway line [7]. At the same time, China’s self-developed
high-speed railway technology can also promote innovation and a revolution in the tech-
nical field. Therefore, the high-speed railway is capable of leaving an impact on both
the upstream and downstream enterprises, and also promotes the improvement of the
corporate efficiency.

The rapid construction and operation of high-speed railways not only directly con-
sumes the production capacity of related industries, but also strengthens the economic
exchanges and industrial connections that have the potential to flourish between various
regions. One can claim that it is considered to be an industrial breakthrough in the con-
temporary economic context, and an important opportunity for the implementation of the
“Belt and Road” national strategy [8]. The analysis of the impact of a high-speed railway
can provide a reference for the adjustment of industrial structure and the formulation of
industrial policies, promoting the sustainable development of transportation and the econ-
omy. Therefore, studying the impact of the high-speed railway on industry has important
theoretical and practical significance.

Many intellectuals have studied the impact mechanism of a high-speed railway on
related industries. However, most of them ignore the difference of the impact in different
stages of high-speed railway, and tend to concentrate on the theoretical system and the
internal formation mechanism [9], including the factor analysis, industrial relevance, and
impact effects. This paper uses the input-output method, and the shift-share space structure
model, in order to calculate the impact of the related industries from two main aspects:
high-speed railway construction and the opening operation. Additionally, this paper also
provides quantitative support for the development of industries along the high-speed
railway line.

The rest of this paper is organized as follows. The next section looks into the extant
literature that is based on this discipline of study. The research is based on the industry
association theory, and the input-output method is used to analyze the impact mechanism
of high-speed railway construction on the related industries. Based on the theory of
industrial ripple effects, we have taken into account the areas pertaining to Zhengzhou,
Xi’an and Wuhan as the research objects, and used the shift-share spatial structure model,
in order to empirically analyze the impact mechanism of high-speed railway operations on
the related industries.
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2. Literature Review

As a colossal industrial chain dominated by innovation-driven technology, a high-
speed railway is bound to bring considerable industrial forward and backward linkage
effects. This happens to be of great significance when considering the acceleration of
China’s industrial structure adjustment and promoting industrial structure optimization
and upgrading. Academics have mostly focused on high-speed railways for tourism,
manufacturing, productive services and other industries. They have found that high-speed
railways can, in fact, also promote knowledge creation and business exchanges, encourage
the knowledge economy, help develop productive services, and aid in the transformation
of the industrial structure [10]. The available research on the impact of high-speed railways
on industrial development mainly focuses on the theoretical overviews, or specific case-by-
case analysis.

From the aspect of theoretical foundations, the extant research focuses on the theo-
retical systems and the internal formation mechanisms, including the factor analysis [11],
industrial relevance [12], and impact effects [13]. Researchers believe that the operation
of a high-speed railway promotes the convergence of cities and industries [14], produces
co-city effects [15], integration effects [16], and agglomeration effects [17], which further
leave an important impact on the industrial structure and sustainable economic and social
development of the regions along the line. However, most of the researches are qualitative
researches, and concentrated on the aspects of the industrial structure [18,19], regional ac-
cessibility [20,21], factor flow [22,23] and regional spatial structure that might be impacted
and altered due to this initiative [24,25]. It has led to a dearth in the systematic analysis of
the effective mechanisms and logical pathways, which pave the way for the high-speed
railway’s impact on related industries and, therefore, the analysis is relatively one-sided.

From the aspect of empirical studies, the extant research has mostly been carried
out from the perspective of the impact coefficient, using the empirical analysis, using the
with and without method [26,27], the multi-factor comprehensive evaluation method [28],
geographic information system (GIS) analysis method [29,30], elastic analysis method [31],
gray measurement model [32,33], regression analysis model [34], differences-in-differences
method [35,36] and the panel structural equation model [37]. By measuring the data
available, in order to verify the impact of high-speed railway on related industries, it is
evident through the results that high-speed railway has a critical influence and impact on
the industrial structure of the regions that lie along the line. The construction of high-speed
railway has altered, and modified the regional industrial structure, made the industrial
structure more reasonable, transformed and upgraded as well. This, most definitely,
has important implications for the national industrial layout. However, prior studies
lack acknowledgement of the two aspects of construction and operation, and also fail to
highlight the differences between the construction and operation stages of high-speed
railway. Moreover, the extant literature is also unsuccessful in reflecting the impact of the
benefits brought by the construction and operation of high-speed railways.

Therefore, this paper combines the changes that take place in the related industries, as
well as the impact of the benefits of the development of high-speed railways. Moreover, it
also stipulates and categorizes the impact of the development of high-speed railway related
industries, from the consideration of the two main variables that are taken into account,
i.e., the high-speed railway construction and operation, which helps us to understand the
development status of high-speed rail and its role in the city, economy and society, and
provides guidance for the government and high-speed railway related enterprises to make
decisions and formulate development strategies.

3. Effects of High-Speed Railway Construction Investment on Related Industries
3.1. Industry Association Theory

Industrial relevance theory [38], in actuality, describes the quantitative relationship of
the input and output between industries. In this regard, it also reflects the intermediate
input and demand of each industry, and intuitively quantifies the characteristics of the input
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and output between industries. Its essence lies in the technical and economic connections
that are established between the final industry and the intermediate industry it decides to
invest in. The industrial relevance analysis and input-output analysis method was initially
coined in by the American economist, Wassily Leontief. He not only combined together
the classical economic theory, Marx’s reproduction theory and Walras’ equilibrium theory,
but also regarded production, circulation and consumption as a whole, and ultimately
described the economic activities that take place in various industrial sectors. With the
continuous development and modification of this theory, countries around the world have
also used the basic principles of the input-output method in order to study issues such as
energy [39], finance [40], population [41], education [42], and the environment [43]. This
can describe the internal relationship between the various departments of the national
economy, which not only reflect the strength of the industrial agglomeration effect, but also
reflect the specific benefits. Therefore, it is convenient to study the relationship between
different departments of a complex economic entity quantitatively and systematically. It is
noteworthy that this theory provides an effective method of analysis for the development
and establishment of the high-speed railway industry.

3.2. Input-Output Model

The input-output model is divided into two categories [44]. These categories entail a
physical input-output model, and a value input-output model. The comparison between
the two is shown in Table 1.

Table 1. Comparison of input-output models.

Model Content Scope of Application

Physical input-output
model

Taking the various products as the object and
compiling the content according to different

physical measurement units

The scope of application is narrow and only
reflects the physical flow process of various

industries

Value input-output model
The national economic system is divided into

several subsystems-industrial categories, and the
specific data is calculated in the form of currency

The scope of application is wider, which reflects
the physical flow and value flow processes of

various industries, at the same time.

Through the comparative analysis of the physical input-output model, and the value
input-output model, as seen in Table 1, it can be observed that the value input-output
model has a wider scope of application. Therefore, the value input-output model has been
selected in order to study the pulling effect of high-speed railway in terms of the derivative
industries. Additionally, the value input-output model is shown in Table 2.

Table 2. Value-based input-output table.

Sector 1
Intermediate

Output

Sector 2
Intermediate

Output
. . .

Sector n
Intermediate

Output

Final
Output

Total
Output

Department 1 Intermediate Input x11 x12 . . . x1n y1 x1

Department 2 Intermediate Input x21 x12 . . . x1n y1 x2

...
...

...
...

...
...

Department n Intermediate Input xn1 xn2 . . . x11 yn xn

Intermediate input (Civil construction cost) v1 v2 . . . vn

Workers’ compensation m1 m2 . . . mn

Production tax, operating surplus and
depreciation of fixed assets r1 r2 . . . rn

Total z1 z1 . . . zn

Total revenue x1 x2 . . . xn
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From the perspective of the input-output table, the balance between the output of
intermediate products, the output of total products, and the output of the final products in
each production department, can be expressed as follows:

x11 + x12 + · · ·+ x1n + y1 = x1
x21 + x22 + · · ·+ x2n + y2 = x2

· · ·
xn1 + xn2 + · · ·+ xnn + yn = xn

(1)

The system of equations can be simplified to Equation (2), which is shown as:

∑n
j=1 xij + yi = xi(i = 1, 2, . . . , n) (2)

From the column orientation of the table, the input-output table describes the balance
between the input volume of intermediate products, the newly created value, and the total
input of each industry. Thus, the newly created value can be expressed as follows:

x11 + x21 + · · ·+ xn1 + z1 = x1
x12 + x22 + · · ·+ xn2 + z2 = x2

· · ·
x1n + x2n + · · ·+ xnn + zn = xn

(3)

where, zj = vj + mj + rj(j = 1, 2, . . . n), which represents the newly created value.
Therefore, the system of equations can be simplified to Equation (4):

∑n
i=1 xij + zj = xj(j = 1, 2, . . . , n) (4)

The total input in the final row, and the total output in the final column are quantita-
tively balanced, which can be expressed as follows:

∑n
i=1 xi = ∑n

j=1 xj(i = 1, 2 . . . n; j = 1, 2 . . . n) (5)

The final product, and newly created value are also balanced in terms of the quantity,
which can be expressed as follows:

∑n
j=1 zj = ∑n

i=1 yi(i = 1, 2 . . . n; j = 1, 2 . . . n) (6)

According to the principles of the input-output analysis model, in order to calculate
the newly created value of the high-speed railway, in the context of the related industries,
it is necessary to obtain specific index values according to the calculation formulas of the
row model and the column model:

1. The relationship between the total product and the final product in the line model.
The direct consumption coefficient often appears as an input coefficient or an interme-

diate input coefficient. In this regard, if aij represents the direct consumption coefficient,
then aij essentially refers to the number of i products consumed, per product unit j product,
of the j industry.

aij =
xij

xj
(i, j = 1, 2, . . . n) (7)

Moving further, In Equation (7), xij refers to the number of i products, consumed by j
industry, where xj refers to j industry’s total intermediate input.

Moreover, aij reflects the strength of the connection between the two industries i and j.
In interpretation of the equation, the larger the value, the closer the connection between the
two industries. Incorporating the direct consumption coefficient formula into Formula (2),
the relationship between the total product and the final product is shown in Equation (8).

∑n
j=1 aijxj + yi = xi(i = 1, 2, . . . , n) (8)
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In Equation (8), xi refers to the total product, and yi refers to the final product. The
deformation of Formula (8) can be obtained as: (I is the identity matrix).

A·X1 + Y = X1

which can be expressed as follows:

X1 = (I − A)−1·Y (9)

where, X1 = [x1, x2, . . . . . . xn]
T ,which is the total product matrix; Y = [y1, y2, . . . . . . yn]

T ,

which is the final product matrix; and A =

 a11 · · · a1n
...

. . .
...

an1 · · · ann

, which is the direct con-

sumption coefficient matrix.
2. The relationship between the incremental output value created by each industry

sector, and the total input in the column model.
Substituting the direct consumption coefficient formula into Formula (4), the product

distribution equation relationship between the total incremental input and output value,
created by each industrial sector, is shown in Equation (10):

∑n
i=1 aijxj + zj = xj(j = 1, 2, · · · , n) (10)

In this regard, the above Equation (10) can be transformed into Equation (11):

(I − C)·X2 = Z (11)

which can further be expressed as follows:

X2 = (I − C)−1·Z (12)

where, X2 = [x1, x2, · · · xn]
T which is the total input matrix; Z = [z1, z2, · · · zn]

T ,which is the
value increment matrix created by various industrial sectors; and

C =


∑n

i=1 ai1 0 · · · 0
0 ∑n

i=1 ai2 · · · 0
...

... · · ·
...

0 0 · · · ∑n
i=1 a1n

, which is the consumption coefficient ma-

trix of each substance.
According to the principles of the input-output balance, the total output and total

input are numerically equal:
X1 = X2 (13)

Therefore, the above formulas are combined into Equation (14):

(I − C)−1·Z = (I − A)−1·Y (14)

which can also be expressed as follows:

Z = (I − C)·(I − A)−1·Y (15)

Thus, we can observe that in order to calculate the incremental increase in the output
value that is created by the investment driven demand of a high-speed railway, in various
industrial sectors, we only need to take into account the final products produced by various
sectors of the national economic system, and the consumption coefficient matrix (the
formula derivation above refers to References [38,44]).
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3.3. Quantitative Analysis

The input-output table is compiled once every five years. Moreover, the input-output
coefficient related data referred to in this study has been extracted from China’s input-
output table, based on 149 departments, specifically pertaining to the year 2017. In this
table, the railway passenger transportation industry, railway freight transportation and
transportation auxiliary activities industry, and railway transportation equipment manu-
facturing industry, are categorized as independent industries. Moreover, the high-speed
railway investment data comes from China’s Railway Yearbook 2018.

3.3.1. Connections and Linkages between High-Speed Railway and Related Industries

Table 3 shows the top 15 industries in the input-output table that are related to the
complete consumption coefficient of high-speed railway-related industries. that is to say,
the most important supply sectors related to the high-speed railway, ordered in terms of
their critical factor, include: monetary finance and other financial services, electricity, heat
production and supply, electronic components et al., and the three least important supply
sectors in the table are road goods transportation and auxiliary transportation activities, real
estate and, finally, coal mining and washing products. From the perspective of the complete
consumption coefficient, the high-speed railway industry carries the largest sum of direct
and indirect consumption in the following 15 sectors, and is the most closely related to
them. That is to say, the increase in high-speed railway investment has a significant amount
of direct and indirect consumption in the related industries that are mentioned in Table 3,
and thus, this puts this initiative in a sturdy leading role as well.

Table 3. Total consumption coefficients of railway-related industries in 2017.

Output
Invest

Railway
Transportation

Equipment
Manufacturing

Railway
Passenger
Transport

Railway Freight
Transportation and

Transportation Auxiliary
Activities

Total Industry Type

Monetary finance and other
financial services 0.066396 0.180586 0.184693 0.431675 Tertiary Industry

Electricity, heat production
and supply 0.099433 0.127262 0.103795 0.33049 Secondary industry

Electronic Components 0.132647 0.028681 0.02293 0.184258 Secondary industry

Business services 0.076422 0.044156 0.04318 0.163758 Tertiary Industry

Non-ferrous metals and
their alloys 0.130176 0.016515 0.015418 0.162108 Secondary industry

Wholesale 0.096759 0.023868 0.02303 0.143656 Tertiary Industry

Rolled steel products 0.105457 0.010933 0.016792 0.133183 Secondary industry

Rolled non-ferrous metal
products 0.102045 0.011658 0.011051 0.124754 Secondary industry

Transmission, distribution
and control equipment 0.090426 0.015284 0.013488 0.119198 Secondary industry

Metal products 0.085227 0.012911 0.014832 0.11297 Secondary industry

Refined petroleum and
nuclear fuel processed

products
0.03822 0.024513 0.039333 0.102066 Secondary industry

Other general equipment 0.07817 0.009056 0.013967 0.101193 Secondary industry

Road goods transportation
and auxiliary

transportation activities
0.053699 0.015997 0.019603 0.0893 Tertiary Industry

Real estate 0.025531 0.031053 0.030667 0.08725 Tertiary Industry

Coal mining and washing
products 0.036197 0.025317 0.02303 0.084544 Secondary industry
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3.3.2. High-Speed Railway’s Contribution to the Total Output of Various Industries

According to the complete consumption coefficient presented in the input-output
table, the simple output multiplier value of the high-speed railway initiative is 4.39. The
complete consumption coefficient table shows that, for every unit of investment provided
by high-speed railway, it can generate a total demand of 4.39 units, for each related industry.
In 2017, the total investment scale of China’s railway’s fixed assets was 823.08 billion Yuan.
After the year 2012, the growth rate of high-speed railway investment has stabilized, and
has also been connected to the inland sector. According to the China Railway Corporation’s
“Completion of National Railway Major Indicators” statistics, after the year 2011 most of
China’s investment pertaining to railway capital construction was dedicated to high-speed
railway construction. Therefore, the total investment of China’s railway’s fixed assets, in
the year 2017, can be deliberated as exclusively high-speed railway investment. According
to formula 15, the pulling effect of high-speed railway investment on the output of various
industries can thus be calculated accordingly.

In 2017, the investment that went into high-speed railway was 823.08 billion Yuan,
and the total output change of the 149 industries that have been taken into account was
3613 billion Yuan. Among these industries, the top 15 with the largest increase in total
output altogether produced 1950.53 billion-Yuan. This accounted for 54% of the total
output of the entire industry. It can be concluded that the input of high-speed railway has
had a colossal impact on the total output of secondary industry. As shown in Figure 1, the
total output changes of secondary industry totaled 2271.5 billion-Yuan, accounting for 63%
of the total output changes. Also, the total output of the tertiary industry was stipulated
to be 1300.35 billion-Yuan, accounting for 36% of the total output change. Thus we can
observe that this particular sector has had little effect on primary industry.
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Figure 1. The pulling effect of high-speed railway investment construction on three industries.

It can be grasped that the investment in the construction of high-speed railways has a
significant and complete economic pulling effect on the surrounding industries, such as non-
metallic mining and dressing, non-metallic mineral products, metal mining and dressing,
and metal smelting and rolling processing industries. Industries, transportation equipment
manufacturing, general purpose equipment manufacturing, and other industries also have
a greater direct economic pull effect.

High-speed railway construction investment has led to a boost in the economic scale
of industries, such as railway construction, railway transportation equipment manufactur-
ing, and communication signal manufacturing. It has also promoted and upgraded the
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industrial technology innovation processes. The spillover effects of China’s high-speed
railway technology economy are thus showing their impact in a positive manner.

4. Impacts of High-Speed Railway Operation on Related Industries
4.1. Industry Spread Effect Theory

The theory of the industrial ripple effect revolves around the idea that describes the
effect of the changes in one industry, on the strength of other industries, which is primarily
reflected in two distinct aspects. On the one hand, it reflects the impact on the regional
economic system, caused by changes in the final demand of the products and services
offered by other industries. While on the other hand, it shows the impact on the regional
economic system, caused by the changes in the value addition in the other industries.
The shift-share analysis method was first proposed by an American economist, Creamer,
which is an effective method to study the industrial spread effect and analyze the change
of industry structure. It was summarized and improved by Dunn [45], and other scholars,
and gradually took the form that is widely used now. In recent years, it has been widely
applied in the field of regional economics and urban economics [46,47]. At the same time,
its analytical model has been constantly improved and expanded [48,49]. Compared with
other methods, it has become more comprehensive and dynamic.

4.2. Shift-Share Model
4.2.1. Traditional Shift-Share Model

The shift-share model [50] decomposes the growth of an industry, in a specific region,
into three components. These include the share component Wij, industrial structure com-
ponent Sij, and the competitiveness component Cij. Among them, the share component
Wij refers to the incremental effect that is generated by the development of the average
growth rate of various industries in the country. The industrial structure component Sij
refers to the incremental effect produced by the difference between the average growth
rate of the j industry in the i region, and the average growth rate of all the industries in the
country. This reflects the growth rate of the j industry, as compared to the national average
growth rate. Moreover, the component of competitiveness Cij refers to the increase in the
difference between the growth rate of the j industry in the i region, and the average growth
rate of the national j industry, reflecting the average growth level of the industry in the
region, as compared to the national industry. It is widely applied to evaluate the regional
economic structure and the self-competitiveness, thereby promoting the adjustment of
industrial structure.

The share component Wij, the industrial structure component Sij, and the competitive-
ness component Cij can be expressed as Equation (16):

Wij = X0
ij·l

Sij = X0
ij·
(
lj − l

)
Cij = X0

ij·
(
lij − lj

) (16)

where X0
ij(i = 1, 2, · · · , m; j = 1, 2 · · · n) is the initial economic volume of j industry in i

region; l is the standard growth rate; lj is the growth rate of the structural effect of j industry
and lij is the real growth rate of j industry in i region.

Moving further, the economic increment zij in period t is translated into Equation (17):

zij = Wij + Sij + Cij (17)

where Xt
ij is the economic volume of j industry in i region, at the end of period t.
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Among them:
l = ∑m

i=1 ∑n
j=1

(
Xt

ij − X0
ij

)
/ ∑m

i=1 ∑n
j=1 X0

ij

lj = ∑m
i=1

(
Xt

ij − X0
ij

)
/ ∑m

i=1 X0
ij

lij =
(

Xt
ij − X0

ij

)
/X0

ij

(18)

Therefore,
zij = Xt

ij − X0
ij = X0

ij·l + X0
ijlj − l + X0

ijlij − lj (19)

4.2.2. Improved Shift-Share Model

The shift-share spatial structure model is a modified version of the traditional shift-
share model, but after introducing the spatial weight matrix, and taking into account the
factors of spatial growth. This modified model can make full use of the data information, in
order to analyze the dynamic structural changes pertaining to the industrial sector’s impact,
on the regional economic development. The spatial weight matrix N reflects the strength of
interconnectedness between the regions. Moreover, the strength of the interconnectedness
between region i and k is represented by the element nik. In this regard, the larger the value,
the stronger the connection between the regions.

N =


0 n12 · · · n1k

n21 0 · · · n2k
...

... 0
...

nk1 nk2 · · · 0

 (20)

Among them,

nik =

1
|Xi−Xk |

∑ 1/|Xi − Xk|
, (i 6= k) (21)

where Xi, Xk are the economic variables such as gross domestic product (GDP) per capita,
and the ratio of industrial employees.

We can observe that the increase in the passenger traffic which is a result of the
operation of a high-speed railway will continue to strengthen the interconnection between
different regions f and k. Also, the economic activities of passengers in different regions
will also increase the output value of the tertiary industries in different regions. Therefore,
the output value of the tertiary industry, produced by the introduction of the variable
unit passenger volume, reflects the strength of inter-regional interconnection, which is
represented by nik. The greater the output value of the tertiary industry per unit passenger
volume, the stronger the inter-regional interconnection is, and vice versa. Therefore, the
growth rate of industrial structure can be expressed as Equation (22):

Lj =
∑k∈v nik·Xt

jk −∑k∈v nik·Xjk

∑k∈v nik·Xjk
(22)

where Lj is the growth rate of the industrial structure of industry j; nik is the output value of
the tertiary industry produced per unit of passenger traffic; Xjk denotes economic variables
of j industry in k region; and Xt

jk represents the economic variable of the j industry in the k
region during period t.

Thus, the industrial structure component, and component of competitiveness can be
reformed to Equation (23):

St
ij = XijLj − l

Ct
ij = Xij

(
lij − Lj

) c (23)

By analyzing the formulas of the share component and competitiveness component,
and taking the opening year of the high-speed railway as the node, the economic increment
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in period t after the introduction of the high-speed railway is calculated. This calculation
demonstrates the benefits of initiating the high-speed railway on the diffusion effect of the
j industry in i region, during the period t.

Zt
ij = Wij + St

ij + Ct
ij (24)

4.2.3. Model Assumption

1. Due to the characteristics of speed, comfort and safety, a high-speed railway greatly
saves on the travel time of passengers and provides a high-quality service, which induces
large passenger flow, improves the travel willingness of passengers and, finally, promotes
the development of the tourism industry. The high accessibility of high-speed railway can
reduce the travel time and promote the development of transportation, warehousing and
post industry. By compressing the space distance between cities, the development of the
real estate industry in the area where stations located is promoted. Therefore, in this case,
the research object in this study is the real estate industry, tourism industry, transportation,
warehousing and post industry within the tertiary industries, which are closely connected
to high-speed railway operation. The three high-speed railway hub cities, Zhengzhou,
Xi’an and Wuhan, have been taken into consideration, in the context of the operation of a
high-speed railway, for research purposes.

2. Moreover, another assumption is that this model explains the rationale of the
calculation of the spatial weight matrix, using the tertiary industry output value that has
been generated per unit of passenger traffic as the primary base. Considering that the
tertiary industry output value, created by Zhengzhou, Xi’an and Wuhan, is related to the
urban passenger volume and city size, the high-speed railway’s operation is a major factor
to be considered when taking into account the impact on the tertiary industry, however, it
is not the only one. Therefore, under the influence of other external factors, the successful
operation of a high-speed railway is considered one of the factors which leads to growth in
the industries that fall along the routes where the railway lines pass through. Thus, the
output value is used as a base to reflect changes in the transportation, storage, real estate,
tourism industries in tertiary industry. Furthermore, the industrial structure is analyzed by
comparing the time period before and after the operation of the high-speed railway, and
the calculation formula is included in the weight matrix.

3. The changes of the weight matrix elements, during their respective research periods,
are ignored.

4.2.4. Calculation of Spatial Weight Matrix

According to the statistical yearbooks of the provinces, the output value of the tertiary
industry, created by the per capita change in the volume of passenger traffic in major cities
along the high-speed railway, is calculated as shown in Table 4.

Table 4. Tertiary industry output value per capita created by the high-speed railway hub cities
(yuan/person).

Area
Years

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Zhengzhou 3883 4801 4822 5318 5825 6755 7288 7441 7602 8178 8535 9153
Xi’an 3983 4169 4601 5683 6276 7387 8283 8876 8782 8676 9170 10209

Wuhan 1511 1686 2061 2370 2822 3290 4188 3568 3511 3689 3840 3951
The data comes from the statistical yearbooks of corresponding year of Zhengzhou, Wuhan and Xi’an.

By plugging in the data in Table 4 into formula 21, we are able to calculate the weight
matrix in 2009 (before high-speed railway was initiated), and 2017 (after high-speed railway
was initiated), as shown in Tables 5 and 6.
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Table 5. Weight matrix in 2009.

Zhengzhou Xi’an Wuhan

Zhengzhou 0.000 0.890 0.110
Xi’an 0.901 0.000 0.099

Wuhan 0.000 0.000 0.000

Table 6. Weight matrix in 2017.

Zhengzhou Xi’an Wuhan

Zhengzhou 0.000 0.831 0.169
Xi’an 0.856 0.000 0.144

Wuhan 0.546 0.454 0.000

By making a comparison of the changes in the spatial weight matrix of the main hub
cities which host the high-speed railway, before and after its operation, the changes are
expressed in the form of Table 7, where the rows represent the cities and the columns
represent the impact on the tertiary industry’s spread. The “+” symbol means that the
spread of the tertiary industry along the different cities has been enhanced, whereas, the
symbol “-” means that the spread of the tertiary industry along the different cities has been
weakened, and “0” means that the tertiary industry has had no influence among the cities
that have been taken into consideration.

Table 7. Changes due to the impact of high-speed railway on the tertiary industry, in hub cities.

Zhengzhou Xi’an Wuhan

Zhengzhou 0 − +
Xi’an − 0 +

Wuhan + + 0

It can be seen from Table 7 that Zhengzhou’s volatility effect on Xi’an has weakened,
whereas, its volatility effect on Wuhan has gained strength. This shows that after the opera-
tion of the high-speed railway, the strength of Zhengzhou’s tertiary industry’s economic ties
with Xi’an has weakened, whereas the same has strengthened in the case of Wuhan. Simi-
larly, the growth in Xi’an’s tertiary industry has strengthened its economic ties with Wuhan,
and weakened its economic ties with Zhengzhou. Moreover, the strength of Wuhan’s
tertiary industry’s economic ties with Zhengzhou and Xi’an has been strengthened. It is
noteworthy that Wuhan’s geographical position is in the central region of my country, and
its high-speed railway network is relatively well developed. Therefore, the high-speed
railway in Wuhan tends to have the greatest impact on Wuhan’s tertiary industry.

4.3. Case Study

The added value of real estate, tourism, transportation, warehousing and postal
industries in the main hub cities of the high-speed railway are shown in Table 8. Also,
the shift-share spatial structure model is used for running the relevant calculations. First,
the standard growth rate, the structural effect growth rate of the j industry, and the actual
growth rate of the j industry in the i region have been calculated.
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Table 8. Value added of real estate, tourism, transportation, warehousing and post industry (Unit:
100 million yuan).

Area
2010–2017

Transportation, Warehousing and Post Real Estate Tourism

Zhengzhou 260 423 243
Xi’an 198 224 185

Wuhan 231 881 218

Through the calculation, we can concur that:

1. Standard growth rate: l = 139.48%.
2. The growth rate of the industrial structure is shown in Table 9.

Table 9. Growth rate of industrial structure.

Transportation, Warehousing and Post Real Estate Tourism

Lj 98.38% 169.42% 158.20%

The actual growth rate is shown in Table 10.

Table 10. Real growth rate.

Real Growth Rate (Lij) Transportation, Warehousing and Post Real Estate Tourism

Zhengzhou 99.52% 225.07% 207.44%
Xi’an 146.15% 120.29% 180.33%

Wuhan 76.06% 165.50% 115.57%

For the purpose of this study, we have used the formula to calculate the share compo-
nent Wij, the industrial structure component Sij, and the competitiveness component Cij,
after the high-speed railway was made operational in 2010–2017, as shown in Table 11.

Table 11. Regional share, industrial structure, and competitiveness.

Area
Transportation, Warehousing and Post Real Estate Tourism

Wij Sij Cij Wij Sij Cij Wij Sij Cij

Zhengzhou 365 −107 3 262 56 105 163 22 58
Xi’an 189 −56 65 260 56 −92 143 19 23

Wuhan 423 −125 −68 463 99 −13 263 35 −80

1. Spatial deviation—conclusive analysis of each component in the improved shift-
share model.

Among the three hub cities, Wuhan’s transportation, warehousing, postal industry,
tourism, and real estate have the largest share of weightage as shown in Table 12. This
indicates that these industries have the largest growth in Wuhan. Wuhan’s competitiveness
in transportation, warehousing, post services, and tourism has been negative, indicating
that external factors such as the introduction and operation of Wuhan’s high-speed railway
have little dependence on transportation, warehousing, and tourism, and are also less
competitive in nature. The competitiveness component of the real estate industry in Xi’an
and Wuhan is observed to be negative, indicating that the external factors such as the
introduction and operation of the high-speed railway have had the weakest impact on the
competitiveness of the real estate industry in Xi’an and Wuhan.
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Table 12. Benefits and degree of contribution of the industrial diffusion effects in major cities along
the high-speed railway.

Area

Transportation,
Warehousing and Post Real Estate Tourism

Benefit Contribution
Rate Benefit Contribution

Rate Benefit Contribution
Rate

Zhengzhou 260 49.88% 423 69.24% 243 67.47%
Xi’an 198 59.37% 224 40.75% 185 64.33%

Wuhan 231 43.20% 549 62.33% 218 53.61%

2. Horizontal comparative analysis of the same industry in different regions.
It can be observed from Tables 5–11 that the degree of contribution of the real estate

industry exceeds 50% in both Zhengzhou and Wuhan regions. This indicates that the high-
speed railway will have a significant impact on Wuhan and Zhengzhou after its successful
operation. When considering the transportation, warehousing and postal industries,
Xi’an’s transportation, warehousing and post industries are observed to be the most
significantly affected by the successful operation of high-speed railway. In the three cities,
high-speed railway operation tends to have a significant effect on the tourism industry.
The operation of the high-speed railway has a transportation effect, which leads to the
increase of industry benefits.

3. Longitudinal comparative analysis of different industries in the same region.
In the three hub cities that have been taken into account, the growth and changes

in the contribution of the transportation warehousing and postal industries, real estate
industry, and tourism industry’s diffusion effect in the actual industry have increased, as
shown in Figure 2.
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Figure 2. The efficiency contribution rate of the diffusion effect of each industry from 2010 to 2017.

It can be seen from Figure 2 that the efficiency contribution rate of the diffusion
effect of the tourism industry is significantly higher than that of the other two industries,
which shows that the operation of the high-speed railway has the strongest pull effect
on the tourism industry, and the least pull effect on the transportation, warehousing and
postal industries. Therefore, Zhengzhou, Xi’an and Wuhan should give full play to the
advantages of high-speed rail operation, select and develop industries with advantages so
as to improve regional economic benefits, which can drive the adjustment and optimization
of their industrial structure, and promote sustainable economic development.
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5. Conclusions

Considering the differences of effects in each stage, this paper analyzes the effects of
high-speed railways on related industries from two aspects. Firstly, it uses the industrial
correlation theory that is commonly applied in industrial economics. This theory is based on
the input-output analysis method and, specifically, the input-output tables pertaining to 149
departments of the Chinese economy, in the year 2017. The purpose of this consideration
was to quantitatively evaluate the impact of high-speed railway construction on the related
industries. The results show that a high-speed railway is capable of directly promoting
the development of related industries. The spillover effect of China’s high-speed railway
technology is positive in nature, and hence the economy is emerging and surging forward.
Then, making use of the theory of industrial spreading in the industrial economy, the three
cities that have mainly experienced development due to the establishment of high-speed
railway include Zhengzhou, Xi’an, and Wuhan. These have been used as the research
objects for the purpose of this study. Moreover, this study also uses the shift-share spatial
structure model in order to calculate and analyze the added value of the real estate industry,
tourism industry, transportation, warehousing and postal industries. Furthermore, this
research analyzes the impact of benefits according to the horizontal comparison of the
same industries in different regions, and the vertical comparison of different industries
in the same region. It also analyzes the economic significance of each component in the
shift-share model, which provides for the structural optimization of tertiary industry with
reasonable suggestions, promoting sustainable economic development.

As a green transport mode, high-speed railways not only contribute to the establish-
ment of resource-saving transport system in China, but also play an important role in
regional economic development. In the future domestic high-speed railway construction
and operation, more attention should be paid to scientific demonstration and reasonable
planning. It is also important to concentrate on the reform of the division of government
and enterprises, and achieve the balance of economic and social benefits. According to the
different impacts brought by a high-speed railway, each region can formulate the correct
development direction and focus on the development of advantageous industries, which
can drive the adjustment and optimization of industrial structure, and promote sustainable
economic development.

In the construction and operation of high-speed railways, in addition to positive effects
on related industries, there have also been some negative effects. For example, changes
in accessibility have tended to cause some industries to experience a decline. However,
this article does not aim to analyze the negative effects of high-speed railways. In future
research, this aspect pertaining to the negative spillover effects can be included, in order to
provide a more comprehensive basis for the impact of high-speed railways on the related
industries. At the same time, this paper selects the representative industries for analysis. In
future research, the primary industry, secondary industry, and tertiary industry can be used
as a complete system so as to study the impact of high-speed railways on related industries.
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