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Abstract: With the advent of the “ear of high-speed railways”, the space–time distance between
cities has drastically decreased. The opening of high-speed railways has not only increased the
factor-flow speed across regions, but has also reduced the cost of factor movement. However, there
is some controversy about whether high-speed railways can be used to promote regional economic
growth. The Wuhan–Guangzhou high-speed railway is the earliest section of the Beijing–Guangzhou
high-speed railway, and it was the first high-speed railway in China with a real speed of 350 km per
hour. The Wuhan–Guangzhou high-speed railway opening spawned a three-hour economic circle in
the south of China, injected new vitality into the economic and social development along the line,
and had an important impact on accelerating regional economic interoperability and integration.
Taking this into account, this paper took the Wuhan–Guangzhou high-speed railway as the case
study. Firstly, this paper used the theory of system dynamics to analyze the mechanism of the
impact of high-speed railway opening on regional economic growth. Secondly, the accessibility
model was used to analyze the impact of the high-speed railway opening on the accessibility of
cities along the line, and a difference-in-differences model (DID) was used to explore the impact of
the high-speed railway opening on regional economic growth. Finally, on the basis of the analysis
of the previous mechanism, the mechanism of the impact of the high-speed railway on regional
economic growth is discussed. The results of this study show the following: (1) Since the opening
of the high-speed railway, the accessibility of cities along the line has grown by more than 60%.
(2) The opening of the high-speed railway has promoted regional economic growth, mainly through
the influence mechanism of “increasing the total cargo volume”. This study not only scientifically
and quantitatively analyzed the impact of the opening of high-speed rail on regional economic
growth, taking the Wuhan–Guangzhou high-speed railway as an example for empirical analysis, but
also further summarized the high-speed railway construction achievements in China and provides
reference experience for planning the opening of high-speed railways.

Keywords: regional economic growth; high-speed railway; system dynamics; accessibility model;
difference-in-differences model

1. Introduction

As a foundation for national economic development, every change in transporta-
tion infrastructure contributes significantly to economic growth [1]. Before the birth of
high-speed rail (hereinafter referred to as HSR), the four major transportation systems,
including waterway transportation, air transportation, railway transportation, and road
transportation, had a clear division of labor and complementary advantages. Additionally,
since the birth of HSR, it has become an important long-distance transport tool because of
its security, comfort, efficiency, and applicability. Moreover, compared to traditional roads
and railways, HSR is more energy-efficient and respectful of the environment. The results
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from Lin et al. showed that the expansion of China’s HSR network between 2008 and 2016
reduced annual greenhouse gas emissions by 14.758 million tons of carbon dioxide [2].
In 2003, China officially opened the first dedicated passenger line, the Qinhuangdao–
Shenyang railway, which allowed China to gradually enter the “high-speed railway era”.
In 2008, China officially opened the first HSR with full intellectual property rights and
a speed of 350 km per hour, the Beijing–Tianjin HSR, which was the first HSR in the real
sense of China. Since then, China’s HSR construction has entered an accelerated period [3].
By the end of 2021, the total mileage of China’s high-speed railway operations exceeded
40,000 km, exceeding two-thirds of the world’s total HSR mileage [4]. The opening of HSR
has had an impact on the cities along the line, promoting the formation of a higher-quality
economic geography pattern. Specifically, HSR runs at two to three times the speed of
traditional railroads, which greatly reduces people’s travel time and has an important
impact on the regional economy. Therefore, the opening of HSR will have an impact on the
accessibility of cities along the line and the regional economy, regardless of whether this
impact is positive or negative. Academics have paid a great deal of attention to the above
issues and have conducted research on various aspects. Ahlfeldt and Feddersen argued
that the opening of HSR has brought economic activities closer together and effectively
improved accessibility between regions [5]. Kim analyzed the impact of the opening of
HSR on regional economic inequalities in Korea. The results showed that the new HSR
connections from less developed regions to the capital region with pre-developed HSR lines
have led to regional economic development inequalities. However, regional differences
may decrease due to increased inter-regional mobility of labor and capital [6]. Cascetta
studied the impact of HSR on accessibility and regional economic growth in Italy. The
results of the study showed that the opening of HSR has increased accessibility by 32%
and has contributed to regional economic growth [7]. The above studies provide a better
research basis and insight for examining the impact of the opening of HSR on regional
economic growth.

The Wuhan–Guangzhou Passenger Dedicated Line is referred to as the Wuhan–
Guangzhou HSR. In the early years of China’s HSR network, the Wuhan–Guangzhou
HSR was one of the “four columns”. On 26 December 2009, the Wuhan–Guangzhou HSR
officially opened for operation. The Wuhan–Guangzhou HSR opening marks the point
when China’s HSR was put into operation, and China’s HSR construction has since entered
a new era. The Wuhan–Guangzhou HSR starts in Wuhan and ends in Guangzhou, with a
total length of 1069 km and 15 stations. The Wuhan–Guangzhou HSR line passes through
the Wuhan city circle, the Chang Zhu Tan city circle, and the Pearl River Delta city cluster.
In terms of fares, compared to air passenger transport, Wuhan–Guangzhou HSR fares only
cost 50% of daily airfares. At the same time, with the increasing disposable income of
the residents, most of them can afford the fare of the Wuhan–Guangzhou HSR [8]. This
has allowed the opening of the Wuhan–Guangzhou HSR to accelerate the flow of talents
and other factors between cities, strengthen the connections between cities, and promote
further economic development [9]. In 2021, according to the relevant statistics of the Na-
tional Bureau of Statistics, the regional GDP of the Wuhan city circle was approximately
441.369 billion USD, the regional GDP of the Chang Zhu Tan city circle was approximately
282.1 billion USD, and the regional GDP of the Pearl River Delta city cluster exceeded
approximately 1.46 trillion USD. Based on this, the Wuhan–Guangzhou HSR has an im-
portant representative value for studying the impact of the opening of HSR on regional
economic growth. At present, a few scholars have taken the Wuhan–Guangzhou HSR as
an example to study the impact of the opening of the HSR on regional economic growth.
For example, Lai used the Granger causality test model to analyze the causal relationship
between the opening of HSR and the regional economic aggregate, and on this basis, he
explored the impact of the opening of HSR on industrial structure and three industries,
taking the Wuhan–Guangzhou HSR as an example for empirical testing [10]. Yu et al. used
a synthetic control method to analyze the impact of the HSR on the economic growth of
county-level regions with different economic bases, and the research results showed that
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the Wuhan–Guangzhou HSR opening has had a significant effect on the economic growth
of Chibi City, which has a good economic foundation [11]. Based on the above background,
on the basis of the existing research, this paper chose the Wuhan–Guangzhou HSR as an
example to discuss the impact of the opening of HSR on regional economic growth. The
marginal contribution of this paper lies in three main aspects: Firstly, in terms of the re-
search content, this paper explored the impact of the opening of HSR on regional economic
growth and used the Wuhan–Guangzhou HSR as an example for empirical testing. This
not only enriches the existing research on the impact of the opening of HSR on regional
economic growth and better summarizes the Wuhan–Guangzhou HSR construction results,
but also provides a relevant theoretical basis for promoting the coordinated development
of the opening of HSR and regional economic growth. Secondly, in terms of the research
methodology, system-dynamics-related research theories were used to study the influence
mechanism of the opening of the HSR on regional economic growth, and Vensim software
was used to draw a causality diagram, which is better able to reflect the relationship be-
tween variables more intuitively and provides a good theoretical basis for the following
research hypothesis. In addition, a DID model was chosen for the empirical study, which
can effectively overcome the endogeneity problem caused by omitted variables and bring
the policy treatment effect closer to reality. Finally, in terms of the measurement tools, this
paper selected Stata13 combined with GIS to conduct the measurement analysis, which can
more effectively reflect the impact of the opening of the HSR on regional economic growth.

2. Literature Review and Hypothesis Formulation
2.1. The Impact of the Opening of HSR on Regional Economic Growth

The impact of the opening of HSR on regional economic growth is mainly manifested
in two aspects: the impact of the opening of HSR on regional economic growth, and the
impact of the opening of HSR on regional economic growth imbalance.

There are currently different arguments on whether the impact of the opening of
HSR on regional economic growth is positive or negative. Most research findings are
optimistic about the impact of the opening of HSR on regional economic growth. The
opening of HSR has improved regional accessibility and brought economic agents closer
together due to improved transportation [5], which in turn has promoted regional economic
growth. For example, Kim conducted research on HSR in Japan and Europe. The results
showed that the opening of HSR has improved regional accessibility and changed residents’
living and travel patterns to a certain extent, thus, promoting economic growth [12]. The
opening of HSR has expanded the “point-axis” spatial consumption pattern into a “grid”
pattern, created new consumption corridors along high-speed railway lines, and thus
promoted economic growth [13]. The opening of HSR promotes GDP growth and enhances
employment levels, industrial development, etc., which in turn promotes regional economic
growth [14–16]. The opening of HSR accelerates the movement of labor factors and brings
with it production factors, such as knowledge and technology. This further promotes the
high-quality development of enterprises, which brings more economic benefits to them
and, to some extent, promotes regional economic development [17]. The opening of HSR
facilitates the flow of innovation factors in cities along the line, which in turn helps to
increase green innovation [18], which contributes to sustainable development and enhances
awareness of environmental protection, thereby boosting regional economic growth [19].
Conversely, some studies believe that the opening of HSR has had a negative impact on
regional economic growth. Gao et al. used county-level panel data from the Yangtze
River Delta in China to study the impact of the opening of HSR on the local economy, and
the results showed that the opening of HSR has caused the population to shift from the
peripheral areas to the core areas, along with related industries. This is detrimental to the
development of the peripheral regions and has brought negative effects to the regional
economic growth in general [20]. Qin took 957 counties in China as the study objects and
assessed the impact of the opening of HSR on economic growth in 2004 and 2007 [21].
The research results showed that the opening of HSR led to an average reduction of 3–5%



Sustainability 2022, 14, 11390 4 of 22

in the GDP and per capita GDP. The main reason is that the opening of HSR reduced
transportation costs, which in turn has caused more economic activities to transfer to core
areas. Roger studied the relationship between the opening of HSR and regional economic
growth. The results showed that the opening of HSR had an adverse effect on capital input,
industrial output, labor productivity, and labor mobility in peripheral cities, which made
the development differences between regions widen, and thus had a negative effect on
economic growth in general [22]. There is also no consensus on the impact of the opening
of HSR on regional economic growth imbalances. Vickerman argued that the opening of
HSR has created new locational advantages for cities and regions along the line, bringing
more jobs to the core area, as well as boosting consumption in the core area, thus, increasing
the income of the core area. However, at the same time, it caused the economic growth
rate of peripheral cities to decrease, and the regional economic development, in general,
shows an unbalanced trend [23]. Hall also pointed out that the opening of HSR has caused
production, labor, and other factors to move to core regions, especially to the central cities
in core regions, rendering labor and other factors in the peripheral areas insufficient, which
has a negative impact on the peripheral areas and may even have a polarization effect [24].
There are also scholars who hold a different view. They argue that the opening of HSR has
not only accelerated the trend towards colocation within urban agglomerations, but also
promoted economic linkages between major urban agglomerations, allowing the regional
economy to develop in a balanced direction [25,26].

Established studies have used different approaches to study the impact of the opening
of HSR on regional economic growth. Wang et al. [27] used the “presence or absence
method” to empirically analyze the impact of the Shanghai–Hangzhou HSR opening on
regional economic growth. Ke et al. used a new regression control method proposed
by Hsiao, Ching, and Wan (HCW) to assess the impact of the opening of HSR on urban
economic growth [28]. Liang et al. used the National Polar-orbiting Partnership-Visible
Infrared Imaging Radiometer Suite (NPP-VIIRS) remote sensing data from 2012 to 2017
to represent the economic growth level of regions along the line, and the propensity score
matching method coupled with the difference-in-differences (PSM-DID) method was used
to quantify the impact of the opening of HSR on economic growth [29]. Zou developed a
general equilibrium trade model using a “market access” approach to measure the impact
of the opening of HSR on the economic growth of 110 major prefecture-level cities in
China [30]. It is estimated that before 2014, 70% of the literature on the impact of HSR on
regional economic growth was analyzed under the assumption of both with and without
HSR, but this “with or without comparison method” lacks a factual basis. Starting in
2014, some scholars began to use the difference-in-differences method to study the impact
of the opening of HSR on regional economic growth. Jia et al. used the DID model to
study the impact of HSR on regional economic growth, and the results showed that the
HSR construction in China has had a positive effect on economic growth [31]. Li et al.
used the DID model to study the impact and heterogeneity of the opening of HSR on
the economic growth of cities along the Silk Road Economic Belt, and the results showed
that the impact of the opening of HSR on regional economic growth exhibited significant
heterogeneity [32]. It is estimated that 60% of domestic and foreign research scholars have
chosen this method. The difference-in-differences method effectively combines “before and
after comparison” and “with or without comparison”. Compared with the “with or without
comparison method”, it has provided great progress in identifying the causal effects of
estimated policies.

2.2. The Impact Mechanism of the Opening of HSR on Regional Economic Growth

The impact of the opening of HSR on regional economic growth is complex. The
influencing elements provide feedback to each other and constitute a complex nonlinear
dynamic feedback system. System dynamics (SD) abstracts the intrinsic connections and
structures of phenomena from the complex real world by exploring the feedback between
elements within the system boundaries. Additionally, it clarifies the interaction between
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elements and the mechanisms of mutual influence, which can better deal with the nonlin-
earity, feedback, and dynamic integration of economic and social management issues. This
feature is suitable for an in-depth investigation of the mechanism of the impact of HSR on
regional economic growth. Based on this, this paper used theoretical knowledge related to
system dynamics. With the help of Vensim software, the causal relationship between the
opening of HSR and regional economic growth was drawn, as shown in Figure 1 below.
Additionally, on this basis, an analysis of the impact mechanism was carried out.
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source: self-organized by the author.

As seen in the figure above, the causality diagram contains four main causal feedback
loops as follows.

First feedback loop: regional economy→ + transportation infrastructure→ + HSR
opening→ + regional accessibility→ + transportation speed→ + total cargo volume→ +
regional GDP. Second feedback loop: regional economy→ + transportation infrastructure
→ + HSR opening → + regional accessibility → − transportation cost → + total cargo
volume → + regional economy. The first and second feedback loops suggest that the
opening of HSR improves regional development conditions, facilitating the clustering of
economic factors and the spatial reconfiguration of diffusion, which in turn enhances the
accessibility of regional space. The increase in accessibility in turn increases the freight
transport speed and decreases transport costs, which in turn increases the total cargo
volume [33]. The increase in demand for total cargo volume drives the development of
employment, industry, and other aspects of the entire region, creating favorable conditions
for the sound development of the regional economy, which in turn promotes regional
economic growth.

Third feedback loop: regional economy→ + transportation infrastructure→ + HSR
opening→ + fixed asset investment→ + employed population→ + regional economy.
The fourth feedback loop: regional economy→ + transportation infrastructure→ + HSR
opening→ + fixed asset investment→ + national income→ + regional economy. The third
and fourth feedback loops indicate that the initial opening of HSR requires the consumption
of high-quality steel, electronic equipment, and machinery and equipment, which will
prompt an increase in fixed asset investment. The opening of HSR is a project with a large
investment scale and a long construction cycle. This puts the fixed asset investments in
the initial stage of the opening of HSR in a state that is not yet saturated. Additionally,
Koczewska used the net present value model to observe the post-investment economic
change performance and marginal investment multiplier; his findings indicated that when
investment is still in an unsaturated state, there is still a certain degree of investment
capacity, and at this time, continuing to increase investments will increase the related
income [34]. Therefore, in the initial opening of HSR, fixed asset investments will continue
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to increase, and the investment after a period of time will boost the national income through
the investment multiplier [35], which in turn will promote regional economic development.

Fifth feedback loop: regional economy→ + transportation infrastructure→ + high-
speed railway opening → + foreign direct investment → + employed population → +
regional economy. This shows that the opening of HSR shortens the space–time distance
between countries and promotes the enhancement of foreign direct investment. The
enhancement of foreign direct investment accelerates the process of knowledge spillover
and promotes the flow of talents between countries, which is beneficial to the acquisition of
workers’ knowledge and the introduction of advanced technology in enterprises between
countries [36]. At the same time, the appropriate supporting facilities of HSR stations
will also attract a large number of foreign-funded enterprises and modern manufacturing
industries, laying the foundation for fostering a good entrepreneurial and employment
environment, and thus achieving rapid regional economic growth.

Sixth feedback loop: regional economy→ + transportation infrastructure→ + HSR
opening→ + speed of goods circulation→ + convenience of consumption→ + consump-
tion index→ + regional economy. It is shown that the opening of HSR drives the inflow
of various resource factors, such as regional businesses, logistics, and information flows,
and production and living factors are optimized. This improves the living conditions of
consumers [12]. At the same time, the opening of HSR speeds up the circulation of goods
between regional cities, enhances the convenience of residents’ consumption, and promotes
the improvement in residents’ consumption level, which in turn promotes the rapid growth
of the regional economy.

Based on the analysis of the impact mechanism, combined with the relevant literature,
such as Jiang et al., who established a convergence model to study the mechanism of the
effect of the opening of HSR on regional economic growth [37], the following hypotheses
are proposed:

H1. The opening of HSR will boost regional economic growth.

H2a. The opening of HSR promotes higher freight volumes, which in turn boosts regional economic
growth.

H2b. The opening of HSR promotes increased investment in fixed assets, which in turn promotes
regional economic growth.

H2c. The opening of HSR promotes increased foreign-direct investment, which in turn promotes
regional economic growth.

H2d. The opening of HSR promotes the consumer index, which in turn boosts regional economic
growth.

3. Model and Data
3.1. Model Construction

DID is often used to assess the impact of an event or policy [38]. To some extent, DID
controls for the influence of factors other than the intervention factor [39]. Therefore, this
paper chose the DID method to construct the model, taking “HSR cities” as the experimental
group and “non-HSR cities” as the control group. The basic hypothetical model is shown
in Equation (1):

Yit = β0 + β1cityit + β2yearit + β3yearit × cityit + αi + εit (1)

where Yit is the policy implementation outcome for city i in period t, that is, the explanatory
variable; cityit is a policy dummy variable for whether city i opens a high-speed railway
in period t (it takes the value of one if an HSR is opened, and zero otherwise); yearit
is the policy period time dummy variable, that is, after the year of HSR completion (it
takes the value of one if the HSR is completed, and zero otherwise); the interaction term
(yearit × cityit) represents the city dummy variable after the opening of the HSR; the
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coefficient β3 measures the impact of the opening of the HSR on regional economic growth,
that is, the HSR effect, which is the focus of this paper; αi is the individual fixed effect; and
εit is the residual.

Model (1) explains the difference between the experimental group and the control
group in terms of the presence or absence of the opening of an HSR, assuming that all else
is equal. However, there are all kinds of obvious differences between regions, and these
differences should not be ignored. Therefore, on the basis of Model (1), this paper added
other control variables to more comprehensively consider the factors affecting regional
economic growth. In this paper, we used Xit to denote a set of control variables. The model
equation is as follows:

Yit = β0 + β1cityit + β2yearit + β3yearit × cityit + γXit + αi + εit (2)

The specific model is shown below:

Ygdp
it = β0 + β1cityit + β2yearit + β3yearit × cityit + γXit + αiεit (3)

Yspeed
it = β0 + β1cityit + β2yearit + β3yearit × cityit + γXit + αi + εit (4)

where the regional gross national product (Ygdp
it ) and regional economic growth speed

(Yspeed
it ) are used as explanatory variables; the specific meaning is basically the same as in

Model (1).

3.2. Variable Selection

We referred to the approach of Dai and Hotako [40] in studying the impact of
Shinkansen on the regional economy in Japan for the selection of variables, and the specific
variables are shown in Table 1. For the selection of control variables, according to the
input–output model, the amount of labor and social and human capital were selected as
the variables for consideration. Referring to the “troika” that affects economic growth,
foreign direct investment and total retail consumption were selected as control variables.
In addition, the total amount of freight transported as a transport-derived demand and the
industry structure of the regional economic growth quality were also variables considered
in this paper.

Table 1. Description of variables.

Variable Category Variable Representation Meaning of Variables

Time dummy variables yearit Takes the value of 1 when the HSR is completed, and 0 otherwise.

Spatial dummy variables cityit Takes the value of 1 when the HSR is opened, and 0 otherwise.

HSR utility variables yearit × cityit Time and space dummy variable interaction terms

Relevant control variables

capitalit Capital

labourit Labor force

industryit Industry structure

popcapitalit Human capital

cargoit Total cargo volume

f diit Foreign direct investment

trcit Consumption index

In terms of capital, the total social fixed asset investments in each prefecture-level city
were selected as the research variables. In terms of labor force, it is expressed by the total
labor force statistics of the city at the end of the year. In terms of industrial structure, it uses
the sum of the ratio of secondary industry and the ratio of tertiary industry to represent the
industry structure. In terms of human capital, the ratio of education expenditure to total
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financial expenditure was selected to measure the level of regional human resources. This
paper used the sum of rail freight, road freight, water freight, and air freight to measure
the total cargo volume. The total amount of actual foreign investment used in the year
was calculated based on the annual average exchange rate, which was used as the total
amount of foreign direct investment. The consumption index is the wind vane of economic
growth. In this paper, the total consumption of social retail goods was chosen to measure
the consumption index.

3.3. Data Description

In view of the current situation of China’s HSR development and the Wuhan–
Guangzhou HSR construction history, we considered that the commercial operation of
HSR construction in China started in 2008. Additionally, there was no new HSR along the
Wuhan–Guangzhou HSR before 2015, and the overall sample was relatively stable.

The data were selected for the time period 2005–2017, and all data were obtained from
the China City Statistical Yearbook for 2005–2017. The experimental group was selected
from ten prefecture-level cities along the Wuhan–Guangzhou HSR. The selection process of
the control group was as follows: 1© In order to avoid confusion in the assessment of the
HSR effect, and the time lag of the effect after the opening of the HSR in different periods,
except for the cities that the Wuhan–Guangzhou HSR passes through, cities that opened
HSR between 2005 and 2017 were excluded. 2© To ensure that the regions were as similar
as possible, priority was given to the selection of “non-HSR cities” that are geographically
close to the HSR cities. Based on this, 17 prefecture-level cities were selected as the control
group, and the regional distribution of the sample cities using the difference-in-differences
method is shown in Figure 2.
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Considering that the Wuhan–Guangzhou HSR was only opened at the end of 2009,
the experimental period was defined as 2010, and the impact of the Wuhan–Guangzhou
HSR on the economic growth of cities along the line was evaluated. Variable descriptive
statistics are shown in Table 2 below.
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Table 2. Variable descriptive statistics.

Variable Name Symbols Unit Observation Average Value Standard
Deviation Maximum Value Minimum Value

Time factor yearit - 338 0.5 0.501 1 0
Spatial factor cityit - 338 0.370 0.484 1 0

High-speed railway factor yearit × cityit - 338 0.185 0.389 1 0

Capital capitalit Billion 338 15.559 0.950 18.122 13.359
Workforce labourit Million people 338 3.543 0.740 5.797 1.977

Industrial structure industryit Percentage 338 98.487 2.280 100 86.720
Human capital popcapitalit 338 0.012 0.014 0.163 0.001
Cargo volume cargoit Million tons 338 8.890 0.764 11.422 7.024

Foreign direct investment f diit Billion USD 338 3.033 1.324 6.88 0
Consumption index trcit - 338 15.268 1.003 18.359 12.601

Data source: calculated and compiled from the 2005–2017 China Urban Statistical Yearbook (http://www.stas.gov.
cn/tjsj/ndsj/, accessed on 29 July 2022), where variables, such as capital and labor force were indexed in order to
keep the data on the same benchmark for comparison.

4. Empirical Results and Analysis
4.1. The Impact of the Wuhan–Guangzhou HSR on the Accessibility of Cities along the Line

Accessibility can be considered as the basis for other impacts of transportation facilities.
HSR significantly reduces the time and space distance between different regions and
promotes economic growth by reducing time and travel costs. Considering the advantages
of the HSR transportation mode, the distance attenuation factor can be considered next.
Instead, the differences between cities in the line of each site should be looked at more.
Therefore, this paper chose the weighted average travel time to calculate the accessibility
index of cities along the Wuhan–Guangzhou HSR line, which can better reflect the economic
quality differences among cities along the line and the connection between stations.

Referring to Fang [41], Zou et al. [42], and Diao et al. [43], the weighted average travel
time is calculated as follows:

Ait =
n

∑
j

(
Tijt ×Mjt

)
/

n

∑
j

Mjt (5)

where Ait denotes the accessibility of node i in year t in the region; Tijt denotes the shortest
commuting time spent by some mode of transport to reach node j from node i; and Mjt is
the weight value, which measures the attractiveness of node j, such as the total regional
economic growth, job opportunities, and market potential. When performing the weighted
average travel time calculation, the heterogeneity between regions is taken into account,
and the weight Mjt is introduced to differentiate the calculation. For the calculation of
the weights, we referred to Jiao et al. [44], Wang [45], and Wu [46] because the gross
regional product and population are generally considered to reflect the differences in the
attractiveness of regions. The specific calculation method is as follows:

Mjt = (GDPjt × POPjt)
1/2 (6)

where GDPjt is the gross regional product of city j in year t, and POPjt is the total city-wide
year-end population of city j in year t.

This paper took samples of 10 cities passed by the Wuhan–Guangzhou HSR as the
measurement object and obtained the accessibility index corresponding to each city. In
terms of the travel time measurement, this paper obtained the shortest travel commuting
time between cities before (Table 3) and after (Table 4) the opening of the HSR according to
the railway train operation schedule.

http://www.stas.gov.cn/tjsj/ndsj/
http://www.stas.gov.cn/tjsj/ndsj/
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Table 3. Minimum travel time between cities along the Wuhan–Guangzhou railway before the
opening of the HSR (unit: hours).

City Wuhan Xianning Yueyang Changsha Zhuzhou Hengyang Chenzhou Shaoguan Qingyuan Guangzhou

Wuhan 0.00 0.78 2.25 3.75 4.62 5.87 7.65 9.40 12.60 12.25
Xianning 0.88 0.00 1.63 3.17 4.03 5.55 7.58 9.50 11.35 12.23
Yueyang 2.28 1.50 0.00 1.43 2.27 3.55 5.35 7.10 9.22 9.78

Changsha 3.87 3.00 1.38 0.00 0.63 2.00 3.77 5.50 7.62 8.00
Zhuzhou 4.80 3.83 2.17 0.63 0.00 1.38 3.17 4.87 6.60 7.38

Hengyang 6.35 5.40 3.53 2.00 1.40 0.00 1.67 3.37 5.07 5.88
Chenzhou 8.20 7.38 5.53 3.82 3.23 1.73 0.00 1.63 3.28 4.10
Shaoguan 10.00 9.40 7.23 5.53 4.85 3.35 1.62 0.00 1.53 2.32
Qingyuan 12.88 11.92 9.88 8.00 7.05 5.32 3.47 1.62 0.00 1.00

Guangzhou 12.45 11.98 9.75 8.00 7.27 5.72 4.00 2.30 0.75 0.00

Data source: the data came from the 12,306-train schedule and the authors’ own calculation and collation.

Table 4. The shortest travel time between cities along the Wuhan–Guangzhou HSR after the opening
of the HSR (unit: hours).

City Wuhan Xianning Yueyang Changsha Zhuzhou Hengyang Chenzhou Shaoguan Qingyuan Guangzhou

Wuhan 0.00 0.40 0.82 1.30 1.60 1.97 2.47 3.00 3.55 3.68
Xianning 0.40 0.00 0.50 1.00 1.32 1.65 2.13 2.78 3.12 3.42
Yueyang 0.83 0.50 0.00 0.55 0.87 1.22 1.73 2.27 2.80 3.05

Changsha 1.28 0.97 0.55 0.00 0.25 0.62 1.08 1.58 2.07 2.32
Zhuzhou 1.75 1.45 0.92 0.28 0.00 0.45 0.92 1.47 2.00 2.15

Hengyang 2.12 2.67 1.27 0.65 0.45 0.00 0.53 0.97 1.42 1.67
Chenzhou 2.55 2.38 1.85 1.15 0.92 0.55 0.00 0.52 0.95 1.08
Shaoguan 3.10 2.77 2.32 1.63 1.47 0.98 0.52 0.00 0.52 0.65
Qingyuan 3.72 3.52 2.88 2.25 2.03 1.43 0.97 0.53 0.00 0.20

Guangzhou 3.68 3.65 3.17 2.78 2.23 1.75 1.28 0.85 0.40 0.00

Data source: the data came from the 12,306-train schedule and the authors’ own calculation and collation.

In order to observe the impact on the total commuting time between cities along the
line before and after the Wuhan–Guangzhou HSR opening, the comparison of the total
commuting time between cities along the line before and after the Wuhan–Guangzhou
HSR opening was calculated (Figure 3). The total commuting time between cities along the
Wuhan–Guangzhou HSR line has dropped from approximately 60 h before the opening to
less than 20 h after the opening, with the improvement rate generally being greater than 60%.
Among them, Qingyuan, Xianning, and Changsha have particularly obvious improvement
rates, at more than 70%. From the data, we can see that the Wuhan–Guangzhou HSR
opening has greatly reduced the commuting time between cities along the line. The cities
along the Wuhan–Guangzhou HSR have more obvious enhancement effects due to their
advantages in terms of geographical distance.
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Figure 3. Comparison of the total commuting time between cities along the line before and after the
Wuhan–Guangzhou HSR opening.
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In calculating the weighted average travel time weights, the total GDP in 2008 before
the opening of the HSR, the total GDP in 2010 after the opening of the HSR, and the
corresponding population in each year were selected for each city (Table 5).

Table 5. Total GDP and population of cities along the Wuhan–Guangzhou HSR line.

City 2008 2009 2010 2008 2009 2010

Wuhan 4064.62 4741.69 5458.35 833.24 835.55 836.73
Xianning 369.88 419.29 522.83 288.21 290.62 290.96
Yueyang 1073.01 1249.41 1447.47 551.51 548.34 565.62

Changsha 3000.98 3744.76 4547.06 645.14 646.84 652.4
Zhuzhou 909.57 1024.89 1275.48 383.04 383.8 390.27

Hengyang 1000.09 1168.01 1420.34 731.14 739.8 791.62
Chenzhou 734.06 843.23 1081.76 471.00 473.86 502.07
Shaoguan 545.87 578.75 683.1 323.09 325.54 328.1
Qingyuan 746.62 861.59 1088.18 405.8 408.82 413.47
Guangzhou 8215.8 9146.74 10,748.3 784.14 794.62 806.14

Data source: the 2008–2010 statistical yearbook of each city. http://www.stas.gov.cn/tjsj/ndsj/, accessed on
29 July 2022.

Meanwhile, in order to better compare the changes in the total GDP and total pop-
ulation before and after the opening of the HSR, this paper added the total GDP and
population of cities along the Wuhan–Guangzhou HSR in 2009 to the table.

In order to better understand the impact of the Wuhan–Guangzhou HSR opening on
the GDP and total population of cities along the line, they were compared with the GDP
and total population of cities not on the line of the Wuhan–Guangzhou HSR. The GDP and
total population of cities not on the line of the Wuhan–Guangzhou HSR are shown in the
Table 6.

Table 6. Total GDP and population of cities not on the Wuhan–Guangzhou HSR line.

City 2008 2009 2010 2008 2009 2010

Shiyan 487.94 551.94 734.43 351 353.22 353.19
Xiangyang 1002.46 1201.01 1538.27 584.4 588.88 592.38

Suizhou 310.2 341.91 401.66 256.11 257.77 257.12
Changsha 636.76 729.46 865.91 653.1 657.12 664.07
Jingzhou 183.98 203.1 242.48 163.95 164.27 164.75

Zhangjiajie 1049.7 1239.23 1491.57 614.16 616.69 623.11
Changde 503.79 559.48 674.92 504.63 508.88 509.72
Huaihua 511.28 591.62 712.27 467.66 470.55 476.36
Yiyang 528.4 568.31 678.71 418.4 420.5 432.99
Loudi 627.75 707.16 870.85 283.99 289.1 289.98

Xiangtan 549.43 600.69 727.29 754.09 764.14 793.97
Shaoyang 394.13 405.5 475.14 346.64 348.98 358.39
Heyuan 477.88 519.29 612.85 505.28 507.36 514.75
Meizhou 725.03 816.09 1009.51 641.24 649.11 661.79
Jieyang 350.23 390.04 465.08 335.99 340.61 344.98
Shanwei 483.84 527.27 639.84 273.29 275.67 282.81

Yangjiang 1280.59 1340.88 1570.42 389.93 391.52 392.28
Jiangem 487.94 551.94 734.43 351 353.22 353.19

Data source: the 2008–2010 statistical yearbook of each city. http://www.stas.gov.cn/tjsj/ndsj/, accessed on
29 July 2022.

By comparing Tables 5 and 6, it can be seen that after the Wuhan–Guangzhou HSR
opening, the average growth rate of the total population of the cities along the line was
higher than the average growth rate of the total population of the cities not on the line.
However, the average growth rate of the GDP in cities along the line was not much different
from the average growth rate of the GDP in cities not on the line. This may be due to the

http://www.stas.gov.cn/tjsj/ndsj/
http://www.stas.gov.cn/tjsj/ndsj/
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fact that the Wuhan–Guangzhou HSR only began officially operating at the end of 2009,
meaning that its impact on regional economic growth was somewhat lagging.

The average travel time, total GDP, and total population were introduced into the
accessibility index model to produce a weighted average travel time for each city (Table 7).

Table 7. Results of accessibility index measurements of the Wuhan–Guangzhou HSR line.

City Before Opening After Opening Accessibility Change Rate

Wuhan 6.24 1.94 68.96%
Xianning 6.11 1.76 71.16%
Yueyang 4.77 1.53 67.94%

Changsha 4.08 1.21 70.38%
Zhuzhou 4.06 1.29 68.24%

Hengyang 4.04 1.27 68.62%
Chenzhou 4.38 1.31 70.14%
Shaoguan 4.87 1.48 69.57%
Qingyuan 6.09 1.74 71.53%

Guangzhou 5.90 1.88 68.14%
Data source: calculated by the author.

As can be seen from the above table, the accessibility of cities along the line has
been significantly improved since the Wuhan–Guangzhou HSR opening. Among them,
Qingyuan had the largest change in its accessibility index, reaching 71.53%. This was
followed by Xianning, Changsha, and Chenzhou, whose accessibility indices improved by
71.16%, 70.38%, and 70.14%, respectively. While Wuhan and Guangzhou are important hubs
of transportation in China, the true accessibility of these two cities is not accurately reflected
when considering the accessibility on only one line. Therefore, from this perspective, the
accessibility index ranking of Wuhan and Guangzhou before and after the opening of the
Wuhan–Guangzhou high-speed railway is not outstanding. However, the opening of the
Wuhan–Guangzhou high-speed railway has improved their accessibility by more than 60%.

4.2. The Impact of the Wuhan–Guangzhou HSR on Regional Economic Growth
4.2.1. Parallel Trend Test

Before using the DID model, a parallel trend test is needed. Referring to Beck [47],
this paper conducted a dynamic event test by constructing the multiplication term of the
dummy variable and the experimental group quasi-variable for the years before and after
the policy implementation. The following model was constructed for the parallel trend test:

Yit = β +
4

∑
k=−2

βK × yeart0+k × cityit + αi + εit (7)

where t0 denotes the first year when city i opened the Wuhan–Guangzhou HSR (that is,
2010), and K denotes the Kth year before and after the Wuhan–Guangzhou HSR opening.
For example, K = −2 denotes the first two years before the Wuhan–Guangzhou HSR
opening, and K = 1 denotes the year after the Wuhan–Guangzhou HSR opening. In this
model, the key coefficient is βK, which indicates whether there is a significant difference in
regional economic growth between the experimental and control groups in year K before
and after the Wuhan–Guangzhou HSR opening. If the coefficient βK is not significant
during K < 0, this indicates that the experimental group has a parallel trend with the control
group. Conversely, if the coefficient βK is significant during K < 0, this indicates that there
was a significant difference before the Wuhan–Guangzhou HSR opening. The results of the
parallel trend test are shown in Figure 4 below.
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As can be seen in Figure 4, in the first two years before the opening of the Wuhan–
Guangzhou HSR, coefficients β−2 and β−1 were not significant. In the year when the
Wuhan–Guangzhou HSR was opened, the coefficients were negative. This may be because
the policy effect only gradually appears two years after the implementation of a policy [10].
Two years after the opening of the Wuhan–Guangzhou HSR, the coefficient β2 was sig-
nificantly positive. This proves that the DID model constructed in this paper passes the
parallel trend test.

4.2.2. The Impact of the Wuhan–Guangzhou HSR on Regional GDP along the Line

Model (1)–(8) are the regression results with the GDP as the explanatory variable, as
shown in Table 8.

Table 8. Results of the impact of the Wuhan–Guangzhou HSR on the regional GDP along the line.

Model (1) (2) (3) (4) (5) (6) (7) (8)

Variable lngdp lngdp lngdp lngdp lngdp lngdp lngdp lngdp

HSR
0.0653 ** 0.0702 ** 0.0672 ** 0.2315 *** 0.2244 *** 0.2209 *** 0.1511 *** 0.0884 *

(2.11) (2.24) (2.15) (3.79) (3.66) (3.68) (2.65) (1.72)

lncap
0.0634 ** 0.0641 ** 0.5551 *** 0.5376 *** 0.5305 *** 0.3357 *** 0.2340 ***

(2.48) (2.51) (19.44) (16.51) (16.63) (8.06) (5.99)

lncargo
0.0282 0.1051 *** 0.1049 *** 0.0845 ** 0.1292 *** 0.1626 ***

(1.19) (2.63) (2.63) (2.13) (3.43) (4.79)

hc
2.8934 * 2.8434 * 2.7549 * 1.3879 0.7888

(1.84) (1.81) (1.79) (0.96) (0.61)

industry
0.0141 0.0178 0.0186 0.0174 *

(1.12) (1.44) (1.61) (1.68)

lnfdi
0.1964 *** 0.1633 *** 0.2079 ***

(3.66) (3.24) (4.59)
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Table 8. Cont.

Model (1) (2) (3) (4) (5) (6) (7) (8)

Variable lngdp lngdp lngdp lngdp lngdp lngdp lngdp lngdp

lntrc
0.2857 *** 0.1740 ***

(6.69) (4.32)

lnlab
1.0641 ***

(8.69)

_cons
15.2738 *** 14.3829 *** 14.1272 *** 6.6759 *** 5.5547 *** 4.8892 *** 3.1404 *** 2.3190 **

(578.97) (39.68) (33.54) (12.43) (4.90) (4.35) (2.90) (2.39)

N 338 338 338 338 338 338 338 338

Data source: obtained by collating the results from the model estimation. In the table, values in parentheses are
standard deviations; *, **, and *** indicate significance at the 10%, 5%, and 1% statistical levels, respectively. The
above results were calculated using Stata13.1.

From the perspective of the HSR factor, as shown in Model (1), without adding any
control variables, the HSR factor was significantly positive. After gradually adding control
variables, as shown in Model (2)–(8), the HSR factor remained positive and significant,
but the coefficient value decreased. The results show that after the Wuhan–Guangzhou
HSR opening, the GDP of the cities along the line increased after 2010. That is, the Wuhan–
Guangzhou HSR opening has had a significant positive effect on the GDP of regional cities
along the line [48]. This may be due to the fact that the time distances between all levels
of cities have been drastically reduced since the opening of the HSR. Traditional travel
lines are no longer the only choice for people, and more small and medium-sized cities
have become hot spots for people to travel to and consume in. This has contributed to
the increase in the urban GDP along the line, which in turn has contributed to regional
economic growth.

The regression results from the other control variables are generally in line with the
expectations of this paper. The fixed asset investment (cap) factor had a significantly
positive effect on the GDP at the 1% level. This indicates that an increase in fixed asset
investment has a positive effect on the growth of the GDP per capita. This is mainly because
the increase in fixed asset investment in cities has promoted the consumption of people
in urban areas and provided new employment opportunities for citizens. In addition, the
increase in fixed asset investment also increases local tourism, which in turn can improve
regional economic growth, which is consistent with Givoni et al. findings [49]. The effect
of the total cargo volume (cargo) factor input on the GDP per capita was positive. This
may be due to the fact that when the total cargo volume increases in the regional cities
along the line, it speeds up the flow of goods between the regional cities and raises the
consumption level of people between the regional cities, which in turn contributes to the
increase in the GDP per capita [50]. Control variables, such as foreign direct investment
(infdi), consumption index (intrc), and labor force (inlab) all had a significant positive
impact on the GDP. This may be due to the fact that foreign direct investment can lead to
the improvement of local fixed assets and the creation of more employment opportunities,
thereby driving the increase in the local per capita GDP [51]. The input of the consumption
index factor represents the improvement in the consumption level, which promotes the
increase in demand and then drives local economic growth [52]. The labor factor plays
a key role in the impact of the GDP per capita, so the input of the labor factor directly
increases the GDP per capita [53]. Overall, from the measurement results, the GDP has
been significantly affected by the opening of the Wuhan–Guangzhou HSR.

4.2.3. The Impact of the Wuhan–Guangzhou HSR on the Regional Economic Growth Rate
along the Line

Model (1)–(8) are the regression results with the GDP growth rate as the explanatory
variable, as shown in Table 9.
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Table 9. Measurement results of the impact of the Wuhan–Guangzhou HSR on regional economic
growth along the line.

(1) (2) (3) (4) (5) (6) (7) (8)

gdpzzl gdpzzl gdpzzl gdpzzl gdpzzl gdpzzl gdpzzl gdpzzl

high-speed
railway

−1.7165 *** −1.5948 *** −1.6057 *** −1.6226 *** −1.6498 *** −1.6569 *** −1.6259 *** −1.6268 ***
(−2.86) (−2.79) (−2.79) (−2.78) (−2.82) (−2.83) (−2.77) (−2.78)

lncap 0.0925 0.0913 0.0929 0.0137 0.0086 0.0553 0.0180
(0.19) (0.19) (0.19) (0.03) (0.02) (0.11) (0.04)

lnhuoyun 0.0947 0.0894 0.0925 0.1200 0.1965 0.2162
(0.21) (0.20) (0.20) (0.25) (0.41) (0.45)

hc
2.9005 2.6417 2.4665 2.4262 2.2257
(0.19) (0.18) (0.16) (0.16) (0.15)

industry 0.0951 0.0978 0.1003 0.1494
(0.83) (0.85) (0.87) (1.26)

lnlab
0.3579 0.5009 0.8951
(0.22) (0.30) (0.53)

lnfdi
−0.1189 −0.2643
(−0.21) (−0.47)

lntrc
1.1940 *
(1.67)

_cons 12.7115 *** 11.3922 * 10.5840 10.6002 2.4569 0.8318 −0.7535 −23.2088
(25.53) (1.68) (1.36) (1.36) (0.20) (0.06) (−0.05) (−1.13)

N 338 338 338 338 338 338 338 338
R2 0.5175 0.5385 0.5386 0.5387 0.5399 0.5399 0.5417 0.5466

Data source: obtained by collating the results from the model estimation. In the table, values in parentheses are
standard deviations; *, and *** indicate significance at the 10%, 5%, and 1% statistical levels, respectively.

From the HSR factor, as shown in Model (1), without adding other control variables,
the HSR factor was significant at the 1% level, and the significance coefficient was negative.
Further, as shown in Model (2)–(8), when control variables were added successively, the
HSR factor was still significant at the 1% level, and all the coefficients were still negative, but
the coefficients tended to shrink gradually. The results show that the Wuhan–Guangzhou
HSR opening has had a negative impact on the regional economic growth rate along the
line, which is basically consistent with the conclusions of Vickerman [23].

Possible explanations for the above results are as follows: The Wuhan–Guangzhou
HSR opening has produced an urban agglomeration effect in cities. Additionally, this ag-
glomeration effect may cause an excessive concentration of production factors, and the scale
of cities exceeds the actual objective operating capacity. In turn, this may cause an increase
in production costs and environmental pollution, which may reduce the economic effect of
agglomeration and even have a negative effect on the regional economic growth rate. In ad-
dition, due to the high cost and long payback period of HSR, the Wuhan–Guangzhou HSR
opening may cause the government to miss the opportunity to develop other industries
and overlook the future development potential of the region. The existence of this negative
effect indicates that the opening of the HSR will gradually make the economic growth rate
of the experimental group and control group the same. This is conducive to narrowing the
gap between the economic growth rates of regions on and off the Wuhan–Guangzhou HSR
line, and promoting coordinated regional economic development.

Overall, control variables, such as fixed asset investment (cap), total cargo volume
(cargo), human capital (hc), industry structure (industry), labor force (lab), and foreign
direct investment (FDI), did not play a significant role in the regional economic growth
rate, which is similar to the results obtained by Benson and Durham [54]. To some extent,
fixed asset investment (cap) can promote regional economic growth. However, under the
combined effects of other factors that are not conducive to regional economic growth, the
impact of fixed asset investment on the regional economic growth rate was not significant.
The effect of the total cargo volume (cargo) and industry structure (industry) on the regional
economic growth rate was not significant. There is a certain lag in the impact of these
two control variables on regional economic growth [10]. The insignificant effect of human
capital and labor force on the regional economic growth rate may be due to the fact that
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the opening of the Wuhan–Guangzhou HSR has accelerated the flow of human capital
and labor force to the areas along the HSR, which speeds up the economic growth rate of
cities along the line, while the economic growth of cities not on the line is less dynamic.
Thus, the impact on the regional economic growth rate was not significant from the overall
perspective [54]. Cities along the Wuhan–Guangzhou HSR are able to attract more FDI, but
this also puts nonline cities at a disadvantage in terms of FDI. Overall, the impact of FDI on
the regional economic growth rate was not significant [12]. The consumption index (trc)
was significant at the 10% level, and the significance coefficient was positive. This indicates
that the Wuhan–Guangzhou HSR opening has promoted the consumption level of people
along the line and boosted the regional economic growth rate, which is also similar to Kim’s
conclusions [12].

Considering the large amounts of investment in HSR projects, the long payback period,
and the lag in the economic effects generated by infrastructure construction, the effect of
HSR may not be fully visible in the short term. Therefore, in this paper, the experimental
period of the Wuhan–Guangzhou HSR opening was delayed by one year to observe the
effects, and the specific measurement results are shown in Table 10.

Table 10. Impact of the Wuhan–Guangzhou HSR opening on regional economic growth along the
line (2011).

Explanatory Variable: GDP Growth Rate (2011)

Model Variables (1) (2) (3) (4) (5) (6) (7) (8)

time1 −0.041 ***
(0.011)

−0.040 ***
(0.012)

−0.040 ***
(0.013)

−0.039 ***
(0.013)

−0.037 ***
(0.013)

−0.036 ***
(0.013)

−0.036 ***
(0.014)

−0.035 **
(0.014)

treat1 0.022 *
(0.012)

0.023 *
(0.014)

0.023 *
(0.014)

0.024 *
(0.014)

0.022
(0.014)

0.024 *
(0.014)

0.024 *
(0.014)

0.023
(0.014)

high-speed
railway1

−0.032 *
(0.018)

−0.032 *
(0.018)

−0.033 *
(0.018)

−0.033 *
(0.018)

−0.032 *
(0.017)

−0.031 *
(0.017)

−0.031 *
(0.017)

−0.030 *
(0.017)

lncapital −0.0007
(0.006)

−0.0019
(0.008)

0.0008
(0.009)

0.003
(0.008)

−0.001
(0.0087)

−0.0014
(0.010)

0.002
(0.010)

lnlabour 0.002
(0.009)

0.004
(0.010)

0.0008
(0.009)

0.007
(0.0113)

0.0067
(0.0119)

0.013
(0.0135)

industry −0.106
(0.087)

−0.0825
(0.0859)

−0.1059
(0.0873)

−0.109
(0.094)

−0.112
(0.0942)

popcapital −0.298 **
(0.118)

−0.321 ***
(0.124)

−0.323 **
(0.126)

−0.305 **
(0.129)

lnhuoyun −0.008
(0.0085)

−0.008
(0.0085)

−0.0079
(0.0086)

lnfdi 0.0006
(0.0078)

0.0027
(0.0083)

lntrc −0.012
(0.0124)

City FE Yes Yes Yes Yes Yes Yes Yes Yes

Time FE Yes Yes Yes Yes Yes Yes Yes Yes

cons 0.184 ***
(0.007)

0.194 **
(0.083)

0.206 **
(0.099)

0.245 **
(0.104)

0.351***
(0.112)

0.395 ***
(0.123)

0.397 ***
(0.128)

0.466 ***
(0.145)

Observations 338 338 338 338 338 338 338 338

R2 0.169 0.169 0.169 0.173 0.202 0.205 0.205 0.208

Data source: in the table, values in parentheses are standard deviations; *, **, and *** indicate significance at the
10%, 5%, and 1% statistical levels, respectively; the above results were calculated using Stata13.1 (College Station,
TX, USA).

From the measurement results with a lag of one year in the experimental period, as
shown in Model (1)–(8), first, in terms of the time factor, the time utility of the HSR increased
in significance and was significantly negative at the 1% level, but the coefficient tended
to become progressively larger. This shows that the negative growth effect of economic
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growth over time has slowed down. Secondly, from the spatial factor, the spatial utility
significance coefficients were all significantly positive at the 10% level, but the coefficients
decreased. This shows that, although the Wuhan–Guangzhou HSR opening increased the
economic growth rate of the regions passed by the HSR compared to those of the regions
that were not passed by the HSR in the short term, the difference was reduced in the long
run. Finally, in terms of the HSR effect, after a lag of one period in the experimental period,
the HSR effect was significantly negative at the 10% level with or without the inclusion of
other control variables, but the negative effect gradually slowed down.

5. Robustness Analysis
5.1. Robustness Tests

To test the robustness of the previous regression results, this paper followed Cheng
et al.’s practice and used the following three methods for robustness testing [55]. Firstly,
considering that the opening of the HSR may not have an immediate impact, the core
variable of the HSR factor was treated with a one-period lag. Meanwhile, all control
variables were also lagged by one period to avoid simultaneous equation bias. If the results
obtained remain significant, then the previous empirical results are proven to be robust.
The results are presented in column (1) of Table 11. Secondly, the opening period of the
Wuhan–Guangzhou HSR was preceded by one year, defined as 2009, and returned. If the
regression results are not significant, then this proves that the opening of the HSR has had
a catalytic effect on regional economic growth. The results are shown in column (2) of
Table 11. Thirdly, the highest and lowest 2% of the samples of the explanatory and control
variables were subjected to the tailing method to exclude outliers. The reliability of the
conclusions of this paper is further demonstrated if the results after the tailoring are still
significant and the significance increases. The results are shown in column (3) of Table 11.

Table 11. Robustness test regression results.

Explanatory Variable: GDP Growth Rate

(1) (2) (3)

All explanatory variables lagged by one period −1.318 *
(−2.05)

High-speed railway factor −1.553
(−0.97)

−1.55 **
(−2.62)

Control variable Yes Yes Yes

City FE Yes Yes Yes

Time FE Yes Yes Yes

R2 0.423 0.544 0.543
Note: values in parentheses are t-values; * and ** indicate 10%, 5%, and 1% significance levels, respectively.

As shown in the table, the policy variable in Model (1) was significantly negative at the
10% level of significance after one period of lagging, indicating that the empirical results in
the previous section were robust. In Model (2), the regression results after one year before
the opening period were no longer significant, which further shows that the opening of
the HSR has had a significant impact on regional economic growth. The results of the
reduced tail in Model (3) were significant at the 5% level, and the significance coefficient
was negative, which proves the reliability of the conclusions of this paper. In summary, the
regression results of the robustness test again support the conclusions of this paper.

5.2. Placebo Test

For the DID model constructed in this paper, although most of the HSR character-
istic variables were controlled in the assessment of the HSR opening effect, there may
still be other unobservable HSR characteristics. Therefore, referring to the practice of
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Zhou et al. [56], this paper used the regional GDP (Ygdp
it ) and regional economic growth

rate speed (Yspeed
it ) as the explanatory variables. The following method was adopted for

the placebo test to observe whether the omission feature had an effect on the results. First,
expressions for the Ygdp

it and Yspeed
it coefficients were derived based on Equations (3) and (4).

β1r = β1 + δ× cov(cityit, ϑct|D)

var(cityit, D)
(8)

If a variable can be found that can substitute for the opening of the HSR and this
variable does not theoretically affect the corresponding Ygdp

it and Yspeed
it (that is, β1 = 0),

after estimating β1r = 0, it can be proved that δ = 0, indicating that the omitted features do
not affect the estimation results. Therefore, this paper regressed the shock of the opening of
the HSR after it became random and repeated this random regression process 1000 times so
that Ygdp

it and Yspeed
it would not be affected. The results are shown in Figure 5 below.
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Figure 5. Placebo test.

From the above results, it can be seen that the distribution of βrandom
1r in the

1000 random processes was always approximately x = 0 and normally distributed. This
indicates that unobservable HSR characteristics did not affect the estimation results, thus,
confirming the robustness of the baseline regression results.

6. Mechanism Testing

This paper referred to the practice of Chen et al. [57] and Zhang [58] and used a
combination of model regression and the literature to test the mechanism. In the first
step, based on Equations (3) and (4), the effect of the core explanatory variables on the
explanatory variables was verified. In the second part, based on Equations (3) and (4),
Equation (9) was constructed to test whether the core explanatory variables had a significant
effect on the mechanism variables. In the third step, if the coefficients of the core explanatory
variables were all significant, a logical analysis was conducted with the help of literature
analysis to explore whether the mechanism test was passed.

zjit = β0 + β1cityit + β2yearit + β3yearit × cityit + αi + εit (9)

This study introduced four mechanism variables to examine the mechanism of the
impact of the opening of HSR on regional economic growth: fixed asset investment, total
cargo volume, foreign direct investment, and consumption index. The four variables were
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sequentially included in Equation (9) for regression, and the regression results are shown
in Table 12 below.

Table 12. Mechanism test regression results.

(1) (2) (3) (4)

Variable lncap lnhuoyun lnfdi lntrc

HSR
−0.0033 0.2521 *** 0.0453 −0.0134

(−0.05) (3.47) (0.84) (−0.28)

City FE Yes Yes Yes Yes

Time FE Yes Yes Yes Yes

Control Yes Yes Yes Yes

_cons
14.1283 *** 8.8302 *** 3.0223 *** 14.3421 ***

(236.12) (317.07) (146.63) (351.25)

N 338 338 338 338

R2 0.7956 0.0373 0.0023 0.8881
Note: *** indicate 10%, 5%, and 1% significance levels, respectively.

The results from the above table show that, among others, the regression coefficient of
the policy effect in column (1) was −0.0033, but it was not significant. It may be that fixed
asset investment is related to the government’s fiscal status, and cities in the nonlateral
regions are unable to make significant fixed asset investments in a short period of time
due to their general government’s fiscal status [59]. Therefore, in general, the opening of
HSR cannot significantly contribute to the improvement of fixed asset investment. The
regression coefficient of the policy effect in column (2) was 0.2521 and was significantly
positive at the 1% level. This shows that the opening of the HSR has effectively contributed
to the growth of the total cargo volume, which is similar to the result of Masson et al. [50].
The regression coefficient of the policy effect in column (3) was 0.0453, but it was not
significant. This suggests that the opening of the HSR did not significantly contribute to
the increase in FDI, possibly because FDI is also influenced by external factors, such as the
human capital situation and financial market conditions [60]. The regression coefficient
of the policy effect in column (4) was −0.0134 but insignificant, which indicates that the
opening of the HSR has not significantly raised the consumption index. The possible reason
is that the opening of an HSR mainly drives up the consumption level of residents along the
line but may exacerbate the imbalance of regional development, affecting the convenience
of residents’ consumption in areas not on the HSR line, and thus making it insignificant in
general [24].

Therefore, the mechanism analysis showed that the opening of the HSR has promoted
regional economic growth mainly by increasing the total cargo volume, which verifies the
hypothesis H2a of the previous theory.

7. Conclusions

Assessing the impact of the opening of HSR on regional economic growth not only
offers an analysis of past HSR construction results but also provides experience for future
HSR planning, so that the construction of HSR can maximize its economic benefits and
promote regional economic growth along the HSR line. This paper used system dynamics
theory to analyze the impact mechanism of the opening of an HSR on regional economic
growth and then used the accessibility model and the DID model to analyze it, taking the
Wuhan–Guangzhou HSR as an example for empirical analysis. Through theoretical and
empirical analysis, the following conclusions were drawn:

Firstly, the opening of the HSR has had a positive impact on regional economic growth.
The opening of the HSR has not only boosted the demand for related production materials,



Sustainability 2022, 14, 11390 20 of 22

but also increased employment opportunities. At the same time, companies that use
transportation as a production variable can improve their efficiency and save opportunity
costs through the transportation of the HSR.

Secondly, the HSR has had a dampening effect on the regional economic growth rate,
and this dampening effect has stage differences. In the early days following the opening of
the HSR, the siphon effect generated by the HSR was obvious. However, as time moves on,
this siphon effect will gradually weaken.

Thirdly, the impact of the opening of the HSR on regional economic growth has had a
significant lag. The HSR opening had a significant dampening effect on regional economic
growth during the initial period. However, over time, this negative effect has gradually
slowed down.

Finally, the opening of the HSR promoted regional economic growth mainly through
the impact mechanism of an “increased total cargo volume”.

8. Limitations and Future Research

This study used DID to construct an econometric model to study the impact of the
opening of an HSR on regional economic growth, using the Wuhan–Guangzhou HSR as an
example for empirical analysis. This model can be used to better plan the opening of HSR,
providing the opening of the HSR and the realization of coordinated development of the
region along the route as important references. However, there are still some gaps in this
study, and further research needs to be carried out in the future, mainly in the following
two areas:

Firstly, in the theoretical mechanism portion of the analysis, the impact of the opening
of HSR on regional economic growth reflects many aspects. In this paper, only some of the
more important aspects of the regional GDP and economic growth rate were selected for
analysis, and the comprehensiveness of the analysis needs to be strengthened. Second, the
overall analysis of the impact mechanism of the opening of the HSR on regional economic
growth was presented. However, considering the differences in the frequency of opening
an HSR in different cities, a particular HSR can be taken as the research object in future
studies to explore its impact mechanism on regional economic growth.

Secondly, in terms of empirical analysis, the impact of the Wuhan–Guangzhou HSR
on regional economic growth was mainly studied. Although there was some descriptive
analysis of regional differences, quantitative comparisons were not performed in terms of
spatial heterogeneity. The economic and geographic space are not balanced, and the impact
of the opening of HSR on regional economic growth will be different due to the impact of
spatial heterogeneity. This part of the content needs to be further studied in the future.

Finally, in the model design, this paper applied logarithms to eliminate the effect of
the population. Future studies should consider expressing the GDP as per capita (not
logarithms) and adding the population or population changes as an explanatory factor. In
addition, the model designed in this paper did not examine the inclusion of temporal and
spatial variables. In upcoming studies, the inclusion of temporal and spatial variables can
be seen in the design of the model.
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