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Effect

Wendi Cai, Zongfa Wu and Yurong Lu*

School of Economics and Management, Tongji University, Shanghai, China

Under the background of the rapid development of high-speed rail (HSR), the urban spatial
distance has been significantly compressed. Exploring the impact of high-speed railways
on urban consumption from a spatial perspective is conducive to further understanding
and clarifying the spatial economic effects caused by the opening of high-speed railways
and providing a scientific basis for the future spatial layout of high-speed railways. Based
on the panel data of prefecture-level cities from 2008 to 2018, the spatial spillover effect of
high-speed railways on urban consumption is explored and decomposed by building a
spatial econometric model. The results show that urban consumption shows significant
spatial correlation, and the conclusion is still valid under three different forms of spatial
weight matrices. In addition, the high-speed railway network has a positive effect on local
urban consumption and acts on cities in neighboring areas through a spatial spillover
effect. Further analysis shows that the spillover effect has an effective radius of
100-500 km, which is inverted U-shaped with distance, and 300 km from the central
city is the optimal radius.

Keywords: high-speed rail, urban consumption, spatial metrology, effective radius, impact analysis

1 INTRODUCTION

For the most part, in the new economic geography theory, the development of traffic infrastructure is
considered one of the critical drivers of economic development (Wang et al., 2020). Under the
influence of the idea of “building roads before getting rich,” many people believe that transportation
infrastructure, especially modern highways and high-speed rails, is always beneficial to all aspects of
regional economic development. In terms of rail construction, since the first high-speed rail opened
in 2008, China’s high-speed rail construction has shown a “blowout” of growth. By the end of 2020,
China’s operational mileage of high-speed rails has reached 38,000 km, more than 70% of the “eight
vertical and eight horizontal” main high-speed rail network skeletons have been built, and the
national high-speed rail network has covered 94.7% of cities with a population of more than 1
million. China has become the country with the longest operational mileage and the largest
construction scale of high-speed rail all around the world, entering the “high-speed rail era.”
The relationship between transportation infrastructure and economic growth has been confirmed
by numerous theoretical and empirical studies (Straub, 2011; Magazzino and Mele, 2021). As a large-
scale inter-regional transportation infrastructure, the massive investment, construction, and
operation of high-speed rail have not only changed passengers’ travel choices and transportation
patterns (Chen, 2012) but also reshaped China’s spatial economic layout and accelerated the pace of
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TABLE 1 | Four modes of local autocorrelation.

Quadrant Type
| H-H
1] L-H
1] L-L
v H-L

urbanization in an unprecedented way (Li et al., 2016). The
launch of HSR has made cities more accessible (Levinson,
2012) and expanded the space for the agglomeration and
diffusion of economic factors (Banerjee et al., 2020). However,
according to existing study evidences, the impact of HSR on the
economic growth of cities still does not seem to reach a certain
conclusion. Some studies have found that the accessibility and
lower transportation costs brought by HSR can stimulate regional
economic growth (Ahlfeldt and Feddersen, 2018; Shirley and
Winston, 2004; Zhang et al., 2019). While some other studies
found that HSR is expected to have different impacts on core
cities and surrounding cities, especially while promoting
economic growth in core cities, it may lead to a negative
economic impact on surrounding cities (Garmendia et al,
2012; Cao et al.,, 2013; Faber, 2014; Qin, 2017).

Although the present article focuses primarily on the
economic impact and social impact of HSR, research on the
direct impact on consumption is still lacking. Consumption is
inextricably related to regional economic development, but it is
not the same as the regional economy. It is an important link in
regional economic development and a key factor in promoting
regional economic development (Zhang et al., 2021). The launch
of HSR has greatly improved the convenience of travel conditions
for passengers and reduced inter-city transportation costs of
persons and goods (Hong et al, 2011). Urban residents’
consumption is also affected by the launch of HSR, especially
in industries closely related to transportation infrastructure, such
as tourism, catering, and service industries (Chen et al., 2016;
Delaplace et al., 2014). Our study will focus on the consumption
impact of the launch of HSR. There is also a substantial body of
literature that has verified that transportation infrastructure has
significant spatial spillover effects (Hulten et al., 2006; Yu et al.,
2013). Based on these studies, our research will answer the
following questions: Can the launch of HSR bring a spatial
increase in urban consumption? Does this consumption effect
have a differential impact on local-adjacent cities? Is this spatial
spillover effect related to geographical distance?

Our study will systematically and scientifically analyze the
spatial spillover effect of high-speed rail on urban consumption.
The findings of this study can not only deepen the research on
local urban consumption but also help analyze the effect of its
influence on urban consumption in the adjacent areas, so as to
better play the driving role of the central city, narrow the
consumption gap in the surrounding cities, and change the
spatial structure of the region. At the same time, our study
will provide valuable experience for the construction of high-
speed railways in other countries and regions, so that the spatial
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Characteristic

High-level observation cities surrounded by equally high-level observation cities
Low-level observation cities surrounded by high-level observation cities
Low-level observation cities surrounded by equally low-level observation cities
High-level observation cities surrounded by low-level observation cities

TABLE 2 | LM test and robust LM.

LM test Robust LM
z P z P
SLM 9.381 0.003 4.872 0.026
SEM 20.743 0.000 10.482 0.001

pattern of urban consumption as well as the regional economy
can be planned more rationally.

There are three possible contributions to the previous
literature. First, many articles have mainly focused on the
effect of HSR on regional economies, but ignored the
exploration of urban consumption. We separate urban
consumption from regional economic research and consider
the uniqueness of urban consumption. By applying panel data
to prefecture-level cities from 2008 to 2018, we empirically
explore the spatial effect of HSR on urban consumption with
three different types of spatial matrices. Second, differing from
existing studies that focus only on the local urban consumption
effects of high-speed rail networks, we examine the urban
consumption effects of high-speed rail networks in adjacent
cities and examine the spatial role characteristics of urban
consumption effects in adjacent cities on this basis, which
enriches the relevant studies on the effects of HSR on urban
consumption. Third, according to the law of spatial distance
decay effect, this study tries to explore the effective radius of the
impact of HSR on urban consumption, which enables to provide a
scientific support for urban consumption development and
decision-making.

The rest of the article is organized as follows: Section 2
provides theoretical analysis and hypotheses. Section 3
describes the data and spatial model. Section 4 presents the
results and analysis. Section 5 discusses further study to explore
the effective impact radius. The implications and conclusion are
in Section 6. Limitations and future research are in Section 7.

2 THEORETICAL ANALYSIS AND
HYPOTHESES

The positive spatial spillover effects of transportation
infrastructure on the regional economy have been widely
confirmed (Yu et al, 2013; Liu et al., 2019; Magazzino and
Giolli, 2021). As a large-scale transportation infrastructure,
high-speed rail has had an unprecedented impact on people’s
travel and life. During the long-time form establishing to opening,
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TABLE 3 | Wald test and LR test.

Two-way fixed Space-fixed Time-fixed
SLM Wald test 9.384* 28.485"* 31.592"*
LR test 9.185™ 21.058™ 29.193*
SEM Wald test 12.039* 6.898" 46.812**
LR test 11.320" 7.084* 21.981**

Note: *, ™, and *** indicate significance at the 10%, 5%, and 1% levels, respectively.

HSR have contribute to increase a large amount of job
opportunities (Hiramatsu, 2018), which will attract more labor
people. Undoubtedly, labor growth will lead to an increase in the
total population and then boost total consumption. Urban
residents’ income and consumption levels are also promoted
by HSR, which has significantly reduced geographical distance
and economic distance. Hiramatsu. (2018) pointed out that
opening HSR and lowering the travel cost may lead to
population migration, changing the spatial distribution of
population. Several empirical studies have demonstrated that
transportation infrastructure plays an important role in
realizing urbanization and regional integration (Atack et al,
2010; Verma et al., 2013). On the other hand, some cities in
China choose to establish HSR stations in the suburbs or new
districts. The areas near the stations are often where public service
facilities gather. Therefore, the area around high-speed rail
stations will gradually develop into a new economic growth
point in cities, which will reshape the urban economic spatial
pattern.

The spatial effect of opening HSR has exerted an
agglomeration force and a dispersion force on urban space at
the same time (Holl, 2004). Under the combined influence of the
two forces, two spatial patterns will take shape, i.e., the “core-
edge” spatial pattern and the “multi-center” pattern. On the one
hand, HSR lines have significantly enhanced the accessibility of
cities. The reduction of inter-city trade costs may make the
agglomeration force bigger than the dispersion force, resulting
in the spatial competition and disparity between core cities and
surrounding cities (Zhang et al, 2019). Because of location
advantages and city development levels, core cities have
natural advantages in transportation, manpower, knowledge,
and information compared with surrounding cities (Guirao
et al, 2017). On the other hand, with the increase of

High-Speed Rails and Urban Consumption

population density in core cities, the limited land resources
will become tense, the land price will rise and the cost of
commercial housing and industrial land will also be raised. At
the same time, the production and labor costs of enterprises will
also increase, and the production and living cost of core cities will
rise accordingly. Zheng and Kahn. (2013) found that the HSR
promotes cooperation and exchange between the surrounding
cities and the core cities. The high housing prices and relatively
lower quality of life in big cities make many families choose to
work in big cities and live in nearby small cities to save costs. The
launch of HSR has also influenced enterprises’ locational
decisions (Urena et al, 2009). Some consumption-related
companies have been attracted to move to surrounding cities
to save labor costs, which will further influence the relative
location and the distribution of consumption resources,
narrowing the economic gap between surrounding cities and
core cities. The high-speed rail made cities connected with a
railway network, which brought accessibility to shift production
market and labor structure (Cheng et al., 2015).

The impact of the high-speed rail network on urban
consumption is complex and multifaceted. Previous studies
have shown that the opening of high-speed rail can
significantly improve the level of urban consumption (Zhang
et al,, 2021). The temporal and spatial distance between cities is
compressed, and the high-density high-speed rail network makes
the effect of urbanization and regional integration more obvious.
The realization of 1-h, 2-h and 3-5-h high-speed rail traffic circles
centered on the core cities allows cross-regional mobility
consumption such as working and living in two places; cross-
city consumption; medical treatment in different places gradually
changes to normalization. On the other hand, the convergence
effect of the opening of high-speed rail on the regional spatial
pattern has promoted the rapid flow and redistribution of urban
human capital, information resources, knowledge, and
technology in the region. The boundaries of urban
administration have gradually become blurred, the
administrative boundaries of production factors flow have
been broken, more and more public infrastructure and service
functions have been shared, which drives the flow and
reorganization of elements and resources in a wider space to
achieve a closer economic space community (Vickerman, 2018).
The optimization of consumption space enables enterprises to
obtain production factors in a larger market geographical space,

TABLE 4 | Descriptive statistics of main variables.

Variable symbol Variable meaning

Average value

Standard deviation Minimum value Maximum value

CONS Per capita retail sales of consumer goods 9.151
HDC Degree centrality 1.239
HSR High-speed rail open or not 0.272
PerGDP Economic level 4.042
Income Residence income 10.396
Ind Industrial structure 0.887
Gov Degree of government intervention 0.196
Inform Informatization level 0.004

Data source: calculated by the author.

0.922 5.622 11.890
3.192 0.000 12.447
0.445 0.000 1.000
2.801 0.548 14.845
0.567 8.509 11.917
0.493 0.094 9.482
0.221 0.011 6.041
0.004 0.001 0.121
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TABLE 5 | Global Moran’s | index of the urban consumption level.

Year Moran’s| p-value Moran’sl p-value Moran’s|l p-value
(W4) (W2) (W3)
2005 0.176 0.000 0.076 0.000 0.237 0.003
2006 0.272 0.000 0.101 0.000 0.240 0.003
2007 0.291 0.000 0.108 0.000 0.241 0.003
2008 0.305 0.000 0.111 0.000 0.242 0.003
2009 0.317 0.000 0.114 0.000 0.243 0.003
2010 0.327 0.000 0.118 0.000 0.242 0.003
2011 0.325 0.000 0.117 0.000 0.244 0.002
2012 0.325 0.000 0.113 0.000 0.242 0.003
2013 0.333 0.000 0.112 0.000 0.237 0.003
2014 0.339 0.000 0.113 0.000 0.243 0.003
2015 0.338 0.000 0.111 0.000 0.244 0.003
2016 0.346 0.000 0.113 0.000 0.245 0.002
2017 0.347 0.000 0.111 0.000 0.245 0.002
2018 0.343 0.000 0.112 0.000 0.246 0.002

and consumers can also purchase higher-quality services and
heterogeneous goods. According to the theory of spatial
externality, within a certain spatial scope, the economic
development of a certain region will be affected not only by its
own development conditions and capital investment, but also by
the surrounding regions, and it will also have an economic impact
on the surrounding regions (Long et al., 2018). Therefore, while
promoting the overall improvement of consumption in high-
speed rail core cities, high-speed rail will also have a spatial
spillover effect on urban consumption in adjacent areas (Liang
et al., 2020). High-speed rail relies on its own advantages to drive
the circulation of factors between regions, connect economic
activities, and produce positive spatial spillover effects. That is
to say, the high-speed rail makes the cross-regional flow of
production factors such as knowledge, information, capital,
and technology a reality, which will further drive the
consumption level of surrounding cities and show the positive
spatial correlation of urban consumption (Ortega et al., 2012;
Zheng et al,, 2019).

Therefore, based on the aforementioned analysis, this study
proposes the following hypotheses:

Hypothesis 1. HSR network has a positive effect on local urban
consumption, and it also acts on adjacent consumption through a
spatial spillover effect.

The “First Law of Geography” holds that everything has a
certain spatial dependence (Campante and Yanagizawa-Drott,
2018), and this dependence will show different strengths
depending on the distance. The closer the distance is, the
more significant the effect will be (Anselin, 1988). However,
following the geographic distance decay characteristics, with
the increase of geographic distance, the rise of transportation
costs and time costs will suppress the possibility of spillover to a
certain extent. Based on spatial measurement methods, most
scholars have also verified that the spillover effect of regional
economic growth is affected by geographical distance to a certain
extent. The opening of high-speed rail has greatly reduced the
temporal and spatial distances between cities, but the influence of
distance shortening on core cities and surrounding cities is

High-Speed Rails and Urban Consumption

different (Monzon et al., 2013). For core cities, the shortening
of city distance promotes the flow of production factors, expands
the scope of consumption, and increases the trading space for
high-quality commodities, which has a positive effect on
promoting urban consumption. On the other hand, due to
core cities have natural economic advantages, the opening of
the high-speed rail has consolidated their central advantages and
accelerated the speed and frequency of resources flowing into core
cities, thereby promoting consumption in core cities (Wang et al.,
2018). For the surrounding cities, the opening of high-speed rail
reduces the distance between the surrounding cities and the
central city and increases the economic resources, human
capital, knowledge, technology, information, and other
elements that the surrounding cities obtain from the central
city, thereby driving the improvement of urban consumption
levels (Babalik-Sutcliffe, 2016); on the one hand, the opening of
high-speed rail has accelerated the flow of resources from
surrounding cities to core cities, and the convenience of
residents in surrounding cities to consume in core cities,
which also led to the loss of consumption and inhibited urban
consumption. Therefore, distance has two sides to the city. There
are two directions of action, “the agglomeration force” and “the
dispersion force.” Under the dual action of these two forces, the
spatial spillover effect of high-speed rail on urban consumption
may have an optimal radius. Considering that the spatial spillover
effect has obvious geographical attenuation characteristics, the
expansion of distance between cities will significantly weaken the
spillover effect (Ahlfeldt and Feddersen, 2018). Between nearby
cities, the construction of high-speed rail provides convenient
channels for urban consumption, expands the spatial scope of
consumption, promotes the flow of production factors and
technical information among cities through the high-speed rail
network, and accelerates the circulation and sharing of goods and
services within the region, which is helpful to promote the spatial
spillover of urban consumption power and improve the
consumption level of regional cities (Diao, 2018). However,
between cities with farther distances, the time cost and
economic cost of consumers taking high-speed rail will
increase significantly with the increase of distance. The
increase in cost due to distance changes will lead to a
weakening of the effect of high-speed rails on urban
consumption in adjacent areas.

Therefore, based on the aforementioned analysis, this study
proposes the following hypotheses:

Hypothesis 2. The spillover range of the impact of high-speed rail
on urban consumption is limited, that is, there is an effective
radius.

3 RESEARCH METHODS AND VARIABLE
DESCRIPTION

Considering the variability of urban consumption levels in
various regions of China, this article adopts a spatial
autocorrelation test and establishes a spatial econometric
model to empirically analyze the impact of high-speed rail on
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FIGURE 1 | Moran’s | scatter plot of urban consumption in 2005, 2008, 2013, and 2018.

urban consumption levels, with a view to provide useful
references for promoting the improvement of urban
consumption levels.

Spatial autocorrelation is a valid measure of the degree of
aggregation of spatial unit attributes. It is called “Tobler’s first law
of geography” and includes two types of indicators: global
autocorrelation and local autocorrelation (LeSage, 2014).

3.1 Research Method

3.1.1 Global Autocorrelation

In econometrics, it leads to the use of the global Moran’s index,
which is more widely applicable and stable, to measure the overall
spatial global correlation of the region. Eq. 1 is shown as follows:

n LYW (X - X)(X; - X)
Z?:lzyzlwij ZL (Xi - X)z

where X; and X; represents the urban consumption of city i and
city j, respectively; X is the expected average of X; and X ;; W; is
the spatial weight matrix; and n is the total number of cities
within the research scope. The value range of spatial correlation
of Moran’s I indexis I € [-1, 1]. If the value of I is greater than 0,
it means that the eigenvalues of adjacent regions are similar,
which is a positive spatial correlation. The larger the value is, the
more obvious the spatial correlation is; if the value of I is less

Moran'sl =

> (1)

than 0, it indicates that the eigenvalues of adjacent areas are
different, which is a spatial negative correlation. The smaller the
value is, the greater the spatial difference is; if the value of I is
equal to 0, it means that the consumption of each city is not
related to each other, and it presents a state of independent
distribution in space.

3.1.2 Local Autocorrelation

In order to analyze the spatial differences of different regions
within the study area, we introduced a local spatial
autocorrelation model, which is calculated as (2):

I = (Xi _1X)Zj=1Wij(7X£ B X)) 2)
w2 (X = X)

where I; is the local autocorrelation value. Similar to the global
autocorrelation, if the I value is greater than 0, it means that the
feature values of neighboring regions are similar and are spatially
positively correlated, and a larger value indicates a more obvious
spatial correlation; if the I value is less than 0, it means that the
feature values of neighboring regions differ and are spatially
negatively correlated, and a smaller value indicates a greater
spatial difference; if the I value is equal to 0, it means that
there is no spatial correlation in the study sample, and it
presents a state of random distribution.
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FIGURE 2 | Spatial correlation distribution of urban consumption in 2005.

In addition, Moran scatter plots are often used to observe local
spatial correlation characteristics, which can divide the whole
space into four quadrants to correspond to four local spatial
correlation patterns (Table 1).

Cities located in quadrant I and quadrant III indicate a strong
positive spatial correlation in consumption levels, while cities
located in quadrant II and quadrant IV have a strong negative
spatial correlation in consumption.

3.1.3 Spatial Weight Matrix Selection

The spatial spillover effect can be accurately measured by setting a
reasonable spatial weight matrix, which is the fundamental work
for conducting spatial econometric analysis. Given all possible
spatial weight matrices, we will select three spatial weight
matrices to test the local-adjacent city effect of a high-speed
rail network.

(1) Adjacent spatial weight matrix (W)

The geographical adjacency space matrix is selected to measure
the spatial effect between cities; that is, if there are geographically
connected edges or points between geospatial unit i and geospatial
unit j, it is considered that there is a spatial adjacency relationship.
On the contrary, if there are no geographically connected edges or

points between geospatial unit i and geospatial unit j, it is
considered that there is no spatial adjacency relationship. The
specific publicity expression is as follows:

1, If city Lis adjacent to city J,

Wij = { 0, If city Lis not adjacent to city J. (3)

Standardized processing is adopted to reflect the spatial
weighted average value of other adjacent geospatial units to
this geospatial unit more reasonably. Specifically, each element
in the matrix is divided by the sum of elements in the row at the
same time, so as to ensure that the sum of elements in each row is
1, wi + Wiy + - +w,-]- =1

(2) Geography distance spatial weight matrix (W,)

The adjacent spatial weight matrix is only based on whether
different geographical spatial units are geographically connected,
but there is a deviation from the objective reality in practical
application, so it is necessary to further use geographical distance
to construct spatial weight indicators. Common geographical
distance spatial weight matrices are as follows:

w. = | Vdi ifi# ], @)
K 0, ifi=j.
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FIGURE 3 | Spatial correlation distribution of urban consumption in 2008.

In Eq. 5, d;; represents the distance between the center
position of space unit i and space unit j. For this study, the
longitude and latitude coordinates of the administrative center of
each prefecture-level city will be used for calculation.

(3) Economy distance spatial weight matrix (W3)

The absolute or relative position of geographical units in space
is not the only factor that influences spatial correlation. Economic
activities such as trade exchanges and financial transactions
between regions will also have an effect on spatial units. Cities
with different economic levels have different impacts on
neighboring cities, so the spatial weight matrix can be
constructed according to the reciprocal of the per capita GDP
gap. The specific publicity expression is as follows:

wy - 1/<Y,- —Yj), ifi#j, 5)
0, ifi=j,
— T —
where Y; =72 ¥ Yi,Y;,Y; represent the per capita GDP
T=

variables of city i"and city j, respectively. If the per capita
GDP gap is large, the corresponding spatial weight is relatively
small; on the contrary, if the per capita GDP gap is small, the
corresponding spatial weight is large.

3.1.4 Model Selection and Construction

Spatial econometric models can effectively analyze the spatial
effects among elements, especially when there are spatial
autocorrelations among the studied elements, and the
estimation by spatial econometric models can make the
research results more accurate. Spatial lag model (SLM),
spatial error model (SEM) and spatial Durbin model (SDM)
are three common spatial econometric models. Their models are
constructed as follows:

CONS;; = pY Wy CONS;; + aHCD;; + BY W HCD;; + &
i=1 i=1

Eir = Az"vitfit +¢

i=1

>

(6)

where CONS;; represents the urban consumption in province i in
year t; HCD;; is the explanatory variable; p and A are the spatial
autocorrelation coefficients; « is the coefficient of the explanatory
variable; 8 is the spatial spillover coefficient of the explanatory
variable; and W, is the spatial weight matrix; and ¢&;; is the error
term. The spatial Durbin model (SDM) is the generalized form,
and the spatial lag model (SLM) and the spatial error model
(SEM) are special forms of the spatial Durbin model (SDM).
When f=0,1=0, and p # 0 in the SDM model, Eq. 6 can be
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FIGURE 4 | Spatial correlation distribution of urban consumption in 2013.

simplified to the spatial lag model (SLM); when = 0,p = 0 and
A # 0, Eq. 6 can be simplified to the spatial error model (SEM).
Compared with the SLM and SEM, the SDM has more
comprehensive advantages, which can avoid biased estimation
due to endogeneity problems and improve the robustness of
estimation results.

For studying different issues and spatial effects, it is extremely
important to choose the appropriate spatial econometric model.
The steps of the determination are: first, the Lagrange multiplier
test (LM) and robust Lagrange multiplier test (Robust LM) are
selected to determine the model. Compared with the Wald test
and LR test, the LM test is more suitable for the spatial
econometric model. The suitable spatial econometric model
can be selected and determined by referring to the results of
the spatial interaction effects shown by the LM test. If there is only
spatial error in the results, the SEM is more suitable; if there is
only a spatial lag effect in the results, the SLM is more suitable; if
both effects are present, the SDM is more suitable; if neither effect
is present, the general econometric model is chosen. The LM test
results are listed in Table 2.

The results show that: both the SEM and the SLM results are
significant (p < 0.01), rejecting the original hypothesis, and the
SEM has better results compared to the SLM. Next, to test
whether the SDM can be reduced to a spatial lag model, the

Wald test and the LR test are performed, and the results are
shown in Table 3.

The results show that the Wald test and LR test results pass the
10% significance test for both the SLM and the SEM, rejecting the
original hypothesis that the SDM simplifies to a SLM, and the
optimal choice is a two-way fixed SDM according to the spatial
model discriminant criterion proposed by Elhorst (2010).

The focus of this article is on the impact of high-speed rail on
“local-adjacent” urban consumption, and the preliminary spatial
econometric model is constructed because of the possible spatial
dependence between regions, as shown in Eq. 7:

CONS;; = 8, + pY WyCONS;, + ay HCD;, + o, X,

i=1

+ ﬂlzwitHCDit + aZZW;tXi, + Hi + 6t + &ty (7)

i=1 i=1

where CONS;; represents the consumption level of city i in ¢
period; HCDj; is the variable of the high-speed rail network, which
is expressed by whether the city has opened high-speed rail and the
centrality of the high-speed rail network; WCONS represents the
product term of W and CONS variables; and WHDC represents the
product term of W and HDC variables. W is a spatial weight
matrix, and this study adopts three spatial weight matrices:
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FIGURE 5 | Spatial correlation distribution of urban consumption in 2018.

adjacent spatial weight matrix (W), geographic distance spatial
weight matrix (W,), and economic distance spatial weight matrix
(W3). p represents the spatial autocorrelation coefficient of urban
consumption level, and «;, B, represent the local urban
consumption effect and neighboring urban consumption effect
of a high-speed rail network, respectively. X is the control variable
and «; is the coefficient of the control variable. y;. &y, respectively,
represent the urban fixed effect and time fixed effect, and ¢;; is the
random error term of the model.

3.2 Index Selection and Data Source

The impact effects generated by high-speed rail need enough time
to manifest their effects, and a data set covering a sufficiently long
period of time is necessary to properly assess the impact of high-
speed rail on urban consumption (Ciccarelli, Magazzino, &
Marcucci, 2021). Therefore, based on the perspective of the
“local-neighborhood” effect, this article empirically analyzes
the spatial spillover effects of high-speed rail networks on
urban consumption in prefecture-level and above cities in
China from 2008 to 2018.

(1) Explained variable: urban consumption level (CONS). The
retail sales of social consumer goods are the most direct data
of urban consumption demand, which reflects the scale of the
retail market, commodity purchasing power, and the material

and cultural living conditions of urban residents in a certain
period. This article selects the total retail sales of social
consumer goods per capita in each prefecture-level city to
objectively measure the urban consumption level.

(2) Explanatory variables: the high-speed rail network centrality
(HDC) index is used to characterize high-speed rail network
variables. The interaction term of the dummy variable before
and after the opening of the high-speed rail and the degree
centrality are used. The dummy variable of the year before
the opening of high-speed rail is taken as 0, and the dummy
variable of the year after the opening of high-speed rail is
taken as 1. Referring to the practice of Arafat and Bressan,
(2017), the high-speed rail network is defined using the
undirected and weightless form of P space, that is, if the
same high-speed rail line passes through two cities, it is
assigned a value of 1; otherwise, it is assigned a value of 0. If
there are different routes passing through the same two cities,
the value is still 1. The specific calculation method is as
follows:DC;; = Lokiy, (8)

where k represents the number of cities connected with city i in
the high-speed rail network consisting of n-node cities. Degree
centrality measures the degree of direct connection between a
node and other nodes and reflects the importance of the node in
the network. The larger the index is, the more associated cities the
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TABLE 6 | Regression results of SDM.

(1) (2 @

W, W, Ws
HDC 0.072** 0.066™* 0.081***
(0.013) (0.022) (0.027)
W*HDC 0.432** 0.397* 0.5633**
(0.163) (0.092) (0.148)
PerGDP 0.291*** 0.123** 0.301*
(0.224) (0.220) (0.225)
Ind 0.845* 0.729"* 0.792"**
(0.433) (0.432) (0.434)
Income 0.287** 0.264* 0.285"
(0.224) (0.191) (0.220)
Gov -0.098 -0.072 —-0.080
(0.028) (0.023) (0.027)
Inform 0.120* 0.118™* 0.123"
(0.097) (0.088) (0.092)
rho 0.593"* 0.471% 0.5623"**
(0.231) (0.227) (0.230)
a° 20.01** 19.98** 21.03*
(7.968) (7.892) (7.608)
W* control Yes Yes Yes
City-fixed Yes Yes Yes
Time-fixed Yes Yes Yes
N 3,990 3,990 3,990
R? 0.634 0.621 0.642

Note: the standard deviations of the values in parentheses, *, **, and ***, indicate
significance at the 10%, 5%, and 1% levels, respectively. The below is same.

node city has, which means the network connection breadth is
stronger.

(3) Control variables: There are many factors that affect the level
of urban consumption. Drawing on the existing relevant
research on urban consumption and considering the
availability of data, this article selects the following control
variables: 1) economic level (PerGDP), which measures the
degree of urban economic development with per capita GDP;
2) income, whether it is the absolute income hypothesis, the
relative income hypothesis, the life cycle theory or the
permanent income hypothesis, all demonstrate the decisive
role of income on consumption, and the average wage is used
to measure the income level of residents; 3) industrial
structure (Ind), expressed by the ratio of the added value
of the tertiary industry to GDP; 4) government intervention
degree (Gov), calculated by the ratio of local fiscal budgetary
expenditure to GDP; and 5) information level (Inform),
which is expressed by the ratio of per capita total post and
telecommunications business to per capita GDP. In order to
eliminate the influence of data heteroscedasticity, this article
takes the logarithm of some economic variables, and the
descriptive statistical results of each variable are shown in
Table 4.

Data Sources: The economic data for this study covers
information on prefecture-level cities from 2008 to 2018,
sourced from the statistical yearbooks of each province and
city, the China City Statistical Yearbook, and the CSMAR
database. The data of the China’s high-speed rail network
comes from the high-speed rail route data (CRAD) from

(4)

High-Speed Rails and Urban Consumption

TABLE 7 | Decomposition of spillover effect of SDM.

Direct effect Indirect effect Total effect
Wy 0.071*** 0.063* 0.134*
(0.013) (0.018) (0.92)
Wo 0.067*** 0.042* 0.109**
(0.020) 0.171) (0.093)
Ws 0.081*** 0.051* 0.132*
(0.029) (0.034) (0.027)

P

Note: the standard deviations of the values in parentheses, *, **, and ***, indicate
significance at the 10%, 5%, and 1% levels, respectively. The below is same.

China Research Data Service Platform (CNRDS), and the
high-speed rail network data of each year is obtained by
matching the three data sets of high-speed rail train
information, high-speed rail line information, and high-
speed rail station opening times in CRAD. We match the
high-speed rail line information with the high-speed rail
station opening time and exclude the freight and stop
lines to get all the station names belonging to the high-
speed rail network from 2008 to 2018 and then match them
with the high-speed rail train information data to get the
high-speed rail network from 2008 to 2018.

4 EMPIRICAL RESULTS AND ANALYSIS

4.1 Characteristics of Urban Consumption
Space

We used three spatial weight matrices and Statal5 software to
examine global Moran’s I for the urban consumption of
285 prefecture-level cities in China from 2008 to 2018 (Table 5).

It can be seen from the results that the Moran’s I index of the
urban consumption level from 2008 to 2018 is all positive and
passes the test at the level of 1% significance, indicating that there
is a positive spatial dependence of the urban consumption level,
that is, a city with a higher consumption level often has a higher
consumption level in its surrounding cities, and vice versa. Under
the W, weight matrix, the maximum value of Moran’l is 0.347,
the minimum value is 0.176, and the p-value is 0.000, all at the 1%
significance level. Under the W, weight matrix, the maximum
value is 0.118, the minimum value is 0.076, and the p-value is
0.000, all at the 1% significance level. Under the W3 weight
matrix, the maximum value is 0.347, the minimum value is 0.237,
and the p-value is 0.000, all at 1% level of significance. Under the
W, weight matrix, the maximum value is 0.246, the minimum
value is 0.176, and the p-value is 0.000, all at the 1% significance
level. This indicates a clear global spatial agglomeration
characteristic of wurban consumption, and the spatial
correlation showed an upward trend year by year.

Figure 1 shows selected Moran’s I scatter plots for 2005, 2008,
2013, and 2018, respectively. It can be seen that Moran’s I index of
urban consumption at the national level is mainly distributed in
the first and the third quadrant, which indicates that urban
consumption presents a high-high (H-H) and low-low (L-L)
spatial agglomeration state, and there is a significant positive
correlation with spatiality.
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TABLE 8 | Robustness test.

High-speed rail opening variable

High-Speed Rails and Urban Consumption

High-speed rail line variable

L W, Ws Wy W, Ws
HSR1 0.231** 0.102** 0.127* 0.170* 0.097* 0.134*
(0.038) (0.033) (0.043)
W*HSR1 0.729*** 0.593** 0.719"*
HSR2 (0.431) (0.382) (0.399) (0.436) (0.433) (0.434)
W*HSR2 0.313* 0.281* 0.329"**
0.247) (0.226) (0.233)
Control Yes Yes
W* Control Yes Yes
City-fixed Yes Yes
Time-fixed Yes Yes
TABLE 9 | Spatial radius of the spatial spillover effect.
L e e S e e
Within 100 km 100-200 km 200-300 km 300-400 km 400-500 km More than
500 km
W*HDC 1.384 4.759* 5.385"* 5.274* 3.284** 2173
(0.074) (0.195) (0.485) (0.104) (0.338) (0.857)
W*HSR1 0.102 2173 4.546"* 3.324* 1.837** 0.482
(0.062) (0.345) (0.492) (0.264) (0.434) (0.261)
HDC 0.038* 0.198* 0.395* 0.485* 0.491* 0.427*
(0.387) (0.475) (0.028) (0.024) (0.284) 0.274)
HSR1 0.114* 0.345"* 0.694* 0.582** 0.487* 0.248*
(0.056) (0.384) (0.875) (0.747) (0.293) (0.382)
Control Yes Yes Yes Yes Yes Yes
City-fixed Yes Yes Yes Yes Yes Yes
Time-fixed Yes Yes Yes Yes Yes Yes
N 3,948 3,948 3,948 3,948 3,948 3,948
R? 0.683 0.625 0.674 0.633 0.672 0.661

From a regional perspective (Figures 2-5), the consumption
level of the southeastern coastal cities dominated by the Yangtze
River Delta and the Pearl River Delta shows a high-high
agglomeration feature, indicating that these cities have a high
consumption level, and the consumption level of the surrounding
cities is also high, with little difference. However, the local
Moran’s index of the consumption level of cities, mainly in
the western region and the northeast region, shows the
characteristics of a low-low agglomeration, indicating that the
consumption level of these cities is low, and the consumption
level of the surrounding cities is also low. Overall, China’s urban
consumption level still shows obvious regional differences and
gradient distribution characteristics, which also shows the
rationality of using spatial econometric models for research.

4.2 Benchmark Regression Analysis of

Spatial Effects

Table 6 reports the benchmark regression results based on the SDM
(Eq. 7). It can be seen from the results in Table 6 that, under the
assumptions of three different spatial weight matrices, the general
regression coefficient and spatial regression coefficient of the HSR
network variables are both greater than zero and pass the 1%
significance level test, which shows that the improvement of the

high-speed rail network also plays a positive role in promoting the
local urban consumption effect under the action of different spatial
weight matrices. Compared with the spatial weight matrix of adjacent
and economic distance, urban consumption under the spatial weight
matrix of geographical distance shows a weaker positive spatial
spillover effect, and it can be seen that the administrative division
is one of the hindering factors affecting economic spatial activities.

We believe that the relocation of labor and economic factors of
production between high-speed rail cities and non-high-speed
rail cities by means of high-speed rail will bring about changes in
urban consumption levels. Under the conditions of high-speed
rail travel, the transportation time and transportation costs of
production factors are significantly reduced. Consumers are also
able to purchase local quality services and goods from
geographically distant cities or businesses, and the availability
of heterogeneous goods is significantly enhanced. In China, cross-
regional consumption such as cross-province travel, cross-city
medical treatment, and cross-city shopping has already become
common (Shao et al., 2017). With the launch of HSR, the city’s
location advantage will be enhanced, which will attract more
talents and enterprises to gather. The improvement of enterprise
efficiency and the increase of jobs will attract more individuals to
participate in labor, and personal income will gradually increase
(Jia et al., 2017). With the increase of per capita income, the
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FIGURE 6 | Comparison of regression coefficients of cities with different distances.
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consumption ability will be enhanced, providing stronger growth
impetus for the increase of total consumption.

The model introduces control variables such as urban
economic level, residents’ income, industrial structure,
government behavior, and information technology. The effects
of urban economic development (PerGDP) and industrial
structure (Ind) on wurban consumption are significantly
positive, which indicates that the improvement of urban
economic development and the optimization of industrial
structure can significantly increase the consumption level of
urban residents. The results of Wang et al. (2020) are
consistent with the results reported in this article. HSR
improves regional accessibility and significantly reduces
transportation, information, and transaction costs, thereby
increasing market potential and expanding the spatial scope of
transactions. As a passenger-only railroad, high-speed railways
have a significant impact on the flow of people, increasing the
concentration density of the service industry, which in turn
increases the value added and share of the tertiary industry
(Wang et al,, 2020). Income has the most significant effect on
consumption, and the results are consistent with the income
determination theory, i.e., residents’ current income has an
absolute effect on consumption expenditure (Viceira, 2001;
Akerlof, 2007).

4.3 Spatial Spillover Effect Decomposition

According to the New Economy Geography theory introduced by
Krugman (1991), there are two economic forces that make the
flow of economic activities occur in space: the agglomeration
force and the dispersion force. The agglomeration force is

conducive to gathering economic activities and factors around
large core cities, gradually reinforcing the siphon effect and
thereby expanding the spatial disparity. At the same time, the
dispersion force is conducive to spreading economic activities
and factors to different locations, balancing the amount of
economic activities between core cities and surrounding small
cities. Chen and Hall (2012) pointed out that HSR’s effects are
differentially on different kinds of cites; large cities will be
reinforced, but smaller cities will not. In other words, the
effects of HSR may eventually reshape the spatial pattern of
the regional economy.

Therefore, we further try to decompose the spatial spillover
effect into direct and indirect effects, and the results are shown in
Table 7. It can be seen that under the assumptions of three
different spatial weight matrices, the direct effect, indirect effect,
and total effect of the high-speed rail network on urban
consumption are all positive and passed the significant test.
This indicates that not only the opening and development of
HSR in the local region will promote the increase of consumption
in the local region, but also the construction of high-speed rail in
other regions adjacent to the region will help to enhance local
consumption. In other words, HSR development will not only
enhance urban consumption in local regions but also help
enhance urban consumption in adjacent regions, i.e., there is a
spatial spillover effect of the high-speed railroads. Wang et al.
(2019) also reached the same conclusion. Numerically, compared
with the indirect effect, the direct effect of the high-speed rail
network is more significant, indicating that the opening of the
high-speed rail and the improvement of the network will first
promote the consumption level of the cities in the local region and
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then drive the consumption growth of adjacent cities, resulting in
a superimposed linkage effect. The H1 hypothesis is verified.

4.4 Robustness Test

In the above empirical results, under three different spatial weight
matrices, the spatial spillover estimation results of the high-speed
rail network on urban consumption have shown that the results
remain robust. However, considering the multi-angle
characterization of high-speed rail variables, this article selects
the dummy variable of high-speed rail opening and the number of
high-speed rail lines as replacement variables to test the
robustness again. The results are shown in Table 8. Both the
dummy variable of the opening of the high-speed rail and the
variable of the high-speed rail line have a significant positive
spillover effect on urban consumption, which is basically
consistent with the benchmark regression results, indicating
that the aforementioned results are robust.

5 FURTHER DISCUSSION: EFFECT
OPTIMAL RADIUS

From the aforementioned regression results, we can see that the
neighborhood consumption effect of the HSR network is
consistent with the local effect, i.e., HSR helps to increase the
consumption level of adjacent cities. Then, what is the effective
spatial radius of this adjacent consumption effect? What is the
optimal radius of the high-speed rail network for the
consumption level of the adjacent cities? To answer these
questions, we constructed spatial weight matrices with
different distance thresholds using 100, 200, 300, 400, and
500 km as thresholds, to examine the spatial characteristics of
the effect of high-speed rail on the local-adjacent urban
consumption effect. The results are shown in Table 9.

It can be seen from Table 9 that the spatial spillover effect of
high-speed rail on urban consumption has different significance
under different spatial distance radii. The regression coefficient
within 100 km from the central city is not significant, which
indicates that there is a dividend gap in cities within 100 km
from the central city, which means that the opening of high-
speed rail has a significant siphon phenomenon for these cities,
so that the consumption effect of these cities is not significant.
Within 100-500km from the central city, the regression
coefficient is positive and all pass the significance test, but
the regression coefficient is not significant in the spatial
radius range above 500 km. The spillover effect results of
high-speed rail opening variables and high-speed rail
network variables are consistent, which shows that the
spillover range of the impact of high-speed rail on urban
consumption is limited, with an effective radius of 500 km,
and the H2 hypothesis is verified.

Figure 6 shows the variation curves of coefficient values of
different radius estimation results. It can be clearly seen from the
figure that 100-500 km away from the central city is the effective
range of high-speed rail, and the regression coefficient shows a
trend of first rising and then falling, indicating that the
effectiveness of high-speed rail shows the characteristics of an

High-Speed Rails and Urban Consumption

“inverted U,” and 300 km away from the central city is the effect
optimal radius. The results are consistent with the current
situation, and similar results with the same characteristics
were obtained in the study by Huang and Wang (2020).

6 IMPLICATION AND CONCLUSION

Since 2008, when China’s first high-speed railway was opened to
trafficc a boom in high-speed railway construction has
subsequently emerged across the country, driving China’s
high-speed railway network to continue to expand. We
collected the data from “cities with high-speed rail,”
constructed three different spatial weight matrices, and
combined them with the spatial Dubin model to explore and
test the spatial spillover effect of high-speed rail on urban
consumption. The following findings were obtained in this
study: first, there is a positive spatial dependence on China’s
urban consumption level, and the spatial correlation shows an
upward trend year by year. Second, the high-speed rail network
has a positive effect on local urban consumption, and at the same
time, it affects urban consumption in adjacent areas through the
spatial spillover effect. In the robustness test, the counterfactual
test was performed by replacing the measurement of HSR, and
consistent results were obtained. Third, the spillover range of the
impact of high-speed rail on urban consumption is limited. The
effective radius of the adjacent area of high-speed rail is
100-500 km away from the central city, and the optimal effect
occurs at 300 km. Cities within 100 km away from the central city
will have no significant consumption effect due to the siphon
phenomenon. If the distance from the central city exceeds
500 km, the driving effect of high-speed rail on urban
consumption will be weakened due to the long distance. This
also shows that being too close or too far is not conducive to the
role of high-speed rails.

According to the research results of this article, the following
insights are obtained: the government should give full play to the
consumption effect of high-speed railway networks on local and
adjacent cities, enhance the consumption level of the city itself
and neighboring cities, and gradually form a balanced
development trend of regional consumption. The construction
of urban high-speed railroad networks provides convenient
channels for inter-regional flows of people, information, and
capital, promotes the exchange and reintegration of factors,
drives the overflow of technology and products to neighboring
cities, and thus promotes the improvement of consumption levels
in neighboring cities. Therefore, local governments should
continue to promote the construction of high-speed rail
stations not only in cities that have not opened high-speed rail
but also in cities that have opened high-speed rail and should
continue to increase the number of open lines and strengthen the
density of the existing high-speed rail network. At the same time,
they should break the barriers to the flow of production factors
between regions within urban clusters, optimize the institutional
mechanism for the movement of people, and design sufficiently
attractive talent introduction programs to promote the inflow of
people, so as to more effectively exploit the consumption spillover
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effect of high-speed rail networks and thus promote the increase
in consumption levels in urban cluster cities.

7 LIMITATIONS AND FUTURE RESEARCH

In recent decades, China’s high-speed rail has been at the
forefront of the world. The impact on China’s economic
development status has been increasing. With the increase in
the number of high-speed rail lines, new consumer growth points
have emerged. However, the impact of high-speed rail on urban
consumption is a complex system project. Although this study
adopts the degree centrality, which can reflect the importance of
the high-speed rail network in which the node cities are located,
as an indicator of high-speed rail, the frequency and passenger
volume data of high-speed lines in China are difficult to obtain
and apply due to the limitation of data availability, which may
lead to the lack of more detailed impact analysis and
empirical tests.

Considering the vast territory of China, the obvious
differences and uniqueness of city locations and their own
economies, and the differences in the frequency of opening
high-speed railroad lines in different cities, future research can
select one or more high-speed railroad lines as research objects
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and further analyze the impact mechanism of specific high-speed
railroad lines on the consumption of cities along the routes and
surrounding cities, thus providing practical case support for the
economic development of more cities and the promotion of high-
speed railway construction. Future studies should also focus on
the micro-level and discuss how the opening of high-speed
railroads affects the segmented consumption structures of
residents, thus providing a new research perspective to
promote the upgrading of consumption structures and the
increase of consumption rates.
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