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Abstract: In 2017, China released the statement of High-Quality Development in response to the
sustainable development goals proposed by the United Nations. As the spatial carriers of hu-
man economic, social, and cultural development, cities should be updated in order to enter a new
period of high-quality urban development. In this paper, we use a multi-period DID model, con-
sider the opening of high-speed railways as a quasi-natural experiment, and use the panel data of
285 prefecture-level and above cities in China from 2007 to 2020 to empirically analyze the effect
of high-speed railway (HSR) opening on urban development quality and explore its transmission
mechanism. The empirical results find that the HSR opening can significantly promote the level
of high-quality urban development. The results remain the same after robustness tests such as
PSM-DID and placebo tests. The study mechanism suggests that the HSR opening can significantly
improve the quality of urban development through a population agglomeration effect, while capital
agglomeration has a masking effect between the HSR opening and high-quality urban development.
Further results show that there is heterogeneity in the impact of HSR opening on the high-quality
development of cities in different regions and sizes, in which the boosting effect of HSR opening on
the development quality of cities in eastern and western regions is more significant compared to
cities in central regions; the boosting effect of HSR opening on the high-quality development level of
medium-sized cities is stronger.
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1. Introduction

With the continuous development of the economy and society, China’s infrastructure
has also been continuously improved in recent years. Among them, the rapid development
of high-speed rail (HSR) as a category of important transportation infrastructure in China
is particularly remarkable. By the end of 2021, China’s high-speed rail operating mileage
had exceeded 40,000 km, ranking first in the world, and China’s total railroad operating
mileage exceeded 150,000 km, ranking second in the world [1]. The construction of high-
speed rail has enabled China’s economy to find a new growth point at a time when the
world economy is growing sluggishly, opening the way for a new round of counter-trend
upward development.

It is worth noting that while the HSR opening has brought huge economic growth
effects to China, more and more scholars have started to pay attention to the negative
externalities of the HSR opening, and studies have shown that high-grade cities may have
a siphon absorption effect on neighboring cities [2–4]. In addition, the transition of China’s
economy from a high-speed growth to a high-quality development stage also puts forward
new requirements for the development of high-speed rail. High-quality development
refers to an effective and sustainable way to meet the growing needs of society [5], based
on the five major development concepts of innovation, coordination, green, openness,
and sharing, and to achieve efficient economic and social operations. Since the concept
of high-quality development was proposed, scholars have conducted multiple studies

Land 2022, 11, 1596. https://doi.org/10.3390/land11091596 https://www.mdpi.com/journal/land

https://doi.org/10.3390/land11091596
https://doi.org/10.3390/land11091596
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/land
https://www.mdpi.com
https://orcid.org/0000-0002-2499-0542
https://orcid.org/0000-0003-3670-2779
https://doi.org/10.3390/land11091596
https://www.mdpi.com/journal/land
https://www.mdpi.com/article/10.3390/land11091596?type=check_update&version=2


Land 2022, 11, 1596 2 of 15

around its perspectives, themes, and evaluation criteria. In terms of research perspectives,
existing studies have mainly been conducted from macro and micro perspectives, based on
micro-level studies including the analysis of high-quality development of enterprises [6,7],
tourism [8,9], and logistics [10], while macro studies have focused on the current situation
of regional high-quality development [11,12]. In terms of research themes, scholars have
studied high-quality development from the themes of economic development [13–15],
environmental pollution [16–18], technological innovation and diffusion [19–21], and pop-
ulation mobility and changing spatial patterns [22,23]. In terms of evaluation criteria, some
scholars tend to construct a multi-dimensional comprehensive evaluation index system that
includes economic growth, innovation dynamics, resource allocation, regional coordination,
infrastructure, and ecological civilization [6,24], while other scholars prefer to evaluate
high-quality development by a single indicator such as total factor productivity [25,26].

The mechanism of the impact of the HSR opening on cities originates from studies
on the economic growth effects of transportation infrastructure. On the one hand, some
scholars have affirmed the positive economic externalities of HSR through empirical studies,
which can promote the economic growth of cities along the route [27–29]. On the other
hand, there are also empirical research results indicating that the HSR opening fails to
promote the economic growth of cities along the route in the short term but accelerates their
economic diffusion or makes cities become peripheral cities [15,30]. In addition, scholars’
studies around transportation infrastructure and cities have mostly focused on the changes
of high-speed rail on spatial patterns, including peripheral housing prices [31–33], land use
efficiency along the route [34,35], accessibility [36–38], and so on.

In summary, this paper uses the HSR opening as a quasi-natural experiment to empiri-
cally test the relationship between the opening of high-speed rail and high-quality urban
development and to investigate its mechanism of action from the perspective of population
agglomeration and capital agglomeration.

The marginal contributions are as follows: first, the research method chooses to make
a comprehensive measurement of urban high-quality development and constructs a com-
plete evaluation index system of urban high-quality development from four dimensions:
economic, social, environmental, and infrastructure, which is a supplement to the single
index to measure urban high-quality development and makes the evaluation of urban
high-quality development more objective and specific; second, the study focuses on the
impact of the HSR opening on the multifaceted development of the city, compared with
previous studies that focused more on the relationship between HSR and economic growth,
this paper provides a more comprehensive and objective evaluation of the comprehensive
benefits brought by the HSR opening; and third, the research topic is focused on high-
quality urban development. With the deepening of the concept of sustainable development
and the promotion of carbon emission reduction actions, new requirements have been put
forward for high-quality urban development, and this study further enriches and expands
the scope and topics of existing high-quality development research.

2. Theoretical Analysis and Research Hypothesis
2.1. The HSR Opening and High-Quality Development

High-quality urban development is an all-round development in many aspects, and
the quality of the urban economy, society, ecology, and infrastructure are all important indi-
cators to measure the quality of urban development. The spatial and temporal compression
and boundary breakthrough effects generated by the HSR opening break down the barriers
to the flow of factors between regions to a certain extent and promote the transfer of talents,
technology, production materials, capital, and other factors to a certain degree, which not
only reduces the cost of factor flow but also improves the efficiency of social resource
allocation and realizes factor agglomeration [39]. High-speed rail makes production factors
flow more conveniently to economically developed cities through the agglomeration effect,
and at the same time, drives the developing cities through the diffusion effect [14,15].
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In addition, some research has shown that the HSR opening meets the travel demand
of residents, improves commuting efficiency [40], influences the level of urbanization [41],
and has a certain improvement effect on air quality and the ecological environment [42]. It
has also been found that the high passenger carrying capacity and speed of rail transport
help to alleviate the employment pressure in large cities, causing positive employment im-
pacts [43,44]. The factor clustering brought by the HSR opening is conducive to enhancing
the sustainable development of cities and achieving high-quality development. Therefore,
the following hypothesis is proposed.

Hypothesis 1 (H1). The HSR opening helps to promote high-quality urban development.

2.2. The HSR Opening, Population Agglomeration, and High-Quality Development

Human resources are an important element essential to urban construction. The flow
and gathering of human resources inject momentum into urban development. High-speed
rail has the advantages of high carrying capacity, timeliness, and safety, which greatly
promote the cross-regional clustering of human capital. Some scholars believe that the HSR
opening will help balance labor mobility [45]. Many highly skilled workers are employed in
cities that are not their daily residence, and the HSR opening has greatly reduced commut-
ing time and improved work efficiency [46]. In addition, the HSR opening will change the
situation in the labor market, reduce the regional differences in employment, and provide
support for urban economic construction [47,48]. The process of population mobility is
usually accompanied by the diffusion of tacit knowledge [42]. Human capital is an impor-
tant element for urban development. Population agglomeration accelerates the spread of
new technologies, knowledge and information, which is conducive to strengthening infor-
mation and technology exchange between advanced regions, achieving interconnection
and cooperation, and stimulating the innovative vitality of cities [49,50].

For relatively backward areas, the HSR opening has also triggered a counter-urbanization
effect; that is, the phenomenon of urban residents moving to rural areas. A study car-
ried out in Greece showed that young people and the unemployed contributed to the
counter-urbanization process in Athens, which created opportunities for rural areas con-
nected to large cities [51]. The HSR opening promotes the mobility of the population,
especially highly qualified talents, to share the successful experience, high-end technology,
and management insights of advanced regions with the backward ones, promoting the
transformation and upgrading of urban industries. High-speed rail improves the accessi-
bility of cities and shortens the spatial and temporal distance between cities through rapid
and large-scale transportation across regions, which significantly promotes population
mobility and agglomeration. Therefore, the following hypothesis is proposed.

Hypothesis 2 (H2). The HSR opening drives urban to improve their high-quality development
through population agglomeration effect.

2.3. The HSR Opening, Capital Agglomeration, and High-Quality Development

As an important factor of production for economic growth, the amount of capital
directly determines the size of the potential for economic growth. Changes in transportation
location conditions affect the investment environment of the invested area, which is directly
expressed in the concentration of capital factors [52]. First, the HSR opening reduces the
time cost between cities, opens new effective channels for communication between regions,
facilitates investors’ access to more information, alleviates investors’ concerns, improves
investment efficiency, and effectively attracts the influx of external capital. Existing studies
suggest that cities along high-speed rail lines attract more investment because of the time-
space compression effect brought by high-speed rail [53], and the HSR opening optimizes
the allocation of capital factors among enterprises [54].

Secondly, the HSR opening improves the accessibility between cities, making the
exchange of resources between large cities and small cities easier and faster, and the



Land 2022, 11, 1596 4 of 15

gathering of resources itself has the tendency to pursue profit maximization, which drives
some enterprises to invest and set up factories in cities with lower production costs and
return to large cities for sales, optimizes the industrial division of labor and collaboration
between cities; and improves the efficiency of urban resource allocation. Among them, it
has been found that the infrastructure investment brought by high-speed rail can effectively
guide the flow and agglomeration of capital from developed to backward regions [2].
The HSR opening promotes capital flow, and the capital agglomeration formed by capital
flow provides a continuous and stable source of capital for cities to achieve high-quality
development, further improving the overall efficiency of capital utilization in the meantime.
Therefore, the following hypothesis is proposed.

Hypothesis 3 (H3). The HSR opening drives urban to achieve high-quality development through
the capital agglomeration effect.

3. Data and Methodology
3.1. Models

Due to the differences in the levels of development of different cities before the HSR
opening and the differences in many aspects, such as economic development conditions and
infrastructure, it is not possible to judge the effect of the HSR opening only by comparing
the urban development quality before and after the HSR opening in a city. Therefore, this
paper draws on previous research and treats the HSR opening as a ‘quasi-experiment’ by
constructing a multi-period DID model to estimate the impact of the HSR opening on urban
development quality [55]. The baseline model is set as follows:

Qudit = α0 + β1(du ∗ dtit) + β2controlsit + µi + δt + εit (1)

where i denoted the city, and t denoted the time, Qudit denoted the level of quality de-
velopment of i city in t year; du*dt denoted the dependent variable, the HSR opening; β1
denoted the actual effect of the HSR opening on the quality of urban development; and
controlsit is a set of selected control variables. µi and δt are city and year-fixed effects and
εit are random disturbance terms.

3.2. Description of Variables and Data
3.2.1. Dependent Variables

High-quality urban development (Qud). This paper refers to Xiao and Li [56,57].
Implementing the development concepts of innovation, coordination, green, openness,
and sharing, the high-quality urban development guideline level indexes are constructed
from four aspects: economic, social, ecological, and infrastructural indexes, which are then
refined into 12 basic indexes, including the industrial output value above designated size,
to jointly build a comprehensive evaluation index system of urban development quality.
Given the existence of both positive and negative indexes in the selected indexes, the
inverse indexes are first converged by taking the inverse of the indexes, and then the basic
indexes are dimensionless. Each dimensional index is shown in Table 1.

By using the entropy value method for calculation, it was found that the difference
in the weights of each index was extremely small. The weight of the ecological and
environmental efficiency index is 0.2627, which is the highest among the four guideline
level indexes, which also proves that green development has become an important part of
improving the quality of urban development.
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Table 1. High-quality urban development evaluation index system.

Target Level Guideline Level Weighting Index Layer Weighting Property

High-quality
urban development

Economic growth
momentum

0.2558

Total industrial output value above
designated size (RMB 10,000) 0.3231 +

GDP growth rate (%) 0.3541 +
Per capita retail sales of consumer

goods (RMB) 0.3228 +

Social support
functions

0.2408

Number of beds in hospitals and
health centers (sheets) 0.3580 +

Public library holdings per 100
persons (volumes) 0.3367 +

Scientific research and technology
practitioners (person) 0.3053 +

Ecological and
environmental

efficiency
0.2627

Green space coverage in built-up
area (%) 0.3274 +

Harmless treatment rate of
household garbage (%) 0.3357 +

Industrial wastewater displacement
per unit of GDP (ton) 0.3369 −

Infrastructure
potential 0.2407

Postal service revenue (RMB 10,000) 0.2972 +
Public transport vehicle ownership

per 10,000 persons (vehicles) 0.3639 +

End of year drainage pipe
length (km) 0.3389 +

3.2.2. Independent Variables

The HSR opening (du*dt), measures whether different prefecture-level cities have
opened high-speed rail in different years. In this paper, a multi-period DID model is used
for empirical testing, so the between-group dummy variable is set du, which takes the value
of 1 if the city is open to HSR and 0 if the city is not open to HSR. The dummy variable dt is
set to 0 for cities before the HSR opening and 1 for cities after the HSR opening. du ∗ dt is
the interaction term, and its coefficient demonstrates the difference in the impact of HSR
opening on the quality of urban development between the treatment and control groups.
Considering the fact that the HSR opening in some cities is at the end of the year and the
expected impact of HSR opening, this paper draws on Qin [2] and uses June 30 as the
cut-off date. With June 30 as the dividing line, high-speed trains opened in the first half of
the year are defined as those opened in the current year, while those opened in the second
half of the year are considered those opened in the next year.

3.2.3. Control Variables

Referring to the existing literature [58–61], the following seven variables are selected
as control variables affecting the quality of urban development in this paper. The level
of economic development (Edl), economic development is an important dimension of
urban development and has an important role in promoting the ecological environment
and spatial structure of cities, measured by the logarithm of urban GDP per capita. The
level of foreign investment (Fil), foreign direct investment is one of the main forces to
promote China’s economic development and can effectively promote the transformation
and upgrading of industrial structures, measured by the logarithm of the actual utilization
of foreign investment. The level of government expenditure (Gi) and the arrangement of
various systems of urban finance play a great role in urban development, measured by
the proportion of regional financial expenditure to regional GDP. Educational input (Ei),
education is an important livelihood project, providing talents, science and technology,
and intellectual support for urban society to achieve high-quality development, measured
by the logarithm of the city’s education input for the year. The road occupancy rate per
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capita (Roc) reflects the accessibility of the city. The more convenient the transportation,
the higher the accessibility, and the more conducive to the flow of economic factors, is
measured by taking the logarithm of the road area per capita. Urbanization (Url), the
degree of urbanization directly affects the development potential of cities, measured by
the proportion of the total population of the municipal district to the total population of
the city. The level of technological innovation (Ti), technological innovation helps to solve
the challenges encountered in the process of urban development and helps to achieve
high-quality urban development and is measured by the number of patents granted.

3.3. Data Sources and Descriptive Statistics of Key Variables

In this paper, the data of 285 cities at the prefecture level and above are used as the
research sample. The data relating to urban development quality indicators of prefecture-
level cities and municipalities directly under the central government are primarily obtained
from the China City Statistical Yearbook and the China Statistical Yearbook from 2007 to
2020, and their data on the opening time of high-speed rail are primarily obtained from
the websites of China Railway Corporation and the State Railway Bureau. Some missing
data were made up by the statistical bulletin data of each city or the mean method. The
descriptive statistics for each variable selected in this paper are shown in Table 2.

Table 2. Descriptive Statistics.

Variables Obs. Mean S.D. Min Max

1. High-quality urban development (Qud) 3990 0.251 0.284 0.039 6.970
2. High-speed rail opening (du*dt) 3990 0.155 0.362 0.000 1.000
3. Level of economic development (Edl) 3990 10.450 0.736 4.605 13.156
4. Level of foreign investment (Fil) 3990 9.739 1.994 1.386 14.941
5. Level of government expenditure (Gi) 3990 1.097 2.356 0.001 8.896
6. Educational input (Ei) 3990 0.866 2.031 0.002 7.213
7. Road occupancy rate per capita (Roc) 3990 12.380 11.017 0.020 442.950
8. Urbanization (Url) 3990 0.362 0.240 0.044 1.000
9. Level of technological innovation (Ti) 3990 4.470 1.919 0.000 11.053
10. Capital agglomeration (Ca) 3990 1.760 2.895 0.084 9.893
11. Population agglomeration (Pa) 3990 5.732 0.938 1.762 9.984

4. Analysis of the Empirical Results
4.1. Parallel Trend Test

Parallel trend hypothesis testing is an important prerequisite for the development of
multi-period DID models. Figure 1 plots the parallel trend test for the high-quality urban
development level. In addition, it shows the magnitude of the estimated coefficient of
high-quality development level and its confidence interval at the 95% level. Where the
vertical coordinates indicate the estimated coefficient values of the high-quality urban
development level in different years, and the horizontal coordinates indicate the time
interval before and after the year of the HSR opening. As can be seen from Figure 1, the
coefficients of regression coefficients of high-quality urban development level do not show
a certain regularity in the six periods before the treatment, and the coefficient values are not
significantly different from zero. This proves that the stationary trend assumption is valid.
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4.2. Analysis of Baseline Regression Results

This paper uses the Hausman test to show that the empirical regressions should be
selected using a fixed effects model and considers two-way fixed effects for year and
city, with the empirical results shown in Table 3. Models 1–7 are the baseline regression
results with the gradual inclusion of control variables. It is worth noting that the regression
coefficients of the high-speed railway opening (du*dt) and high-quality urban development
both pass the test at the 1% significance level, and the results are independent of whether
control variables are included or not, and both are positively significant, which initially
indicates that the HSR opening can effectively promote the development of urban areas.
Using the empirical regression results of model (8) as the main reference to look at the
relevant control variables, the regression coefficient of the HSR opening (du*dt) and high-
quality urban development is 0.079, which is significantly positive at the 1% test level.
Hypothesis H1 has been verified; that is, the HSR opening can effectively promote the
improvement of high-quality urban development.

Table 3. Baseline regression results.

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

du*dt 0.087 ***
(9.124)

0.087 ***
(9.132)

0.086 ***
(8.984)

0.085 ***
(8.947)

0.083 ***
(8.748)

0.084 ***
(8.749)

0.081 ***
(8.511)

0.079 ***
(8.324)

Edl 0.028 ***
(2.779)

0.022 **
(2.205)

0.022 **
(2.222)

0.029 ***
(2.880)

0.029 ***
(2.881)

0.026 **
(2.510)

0.023 **
(2.240)

Fil 0.012 ***
(4.059)

0.012 ***
(4.061)

0.011 ***
(3.871)

0.011 ***
(3.871)

0.011 ***
(3.898)

0.010 ***
(3.651)

Gi −0.002
(−0.414)

0.008
(1.487)

0.008
(1.486)

0.008
(1.503)

0.008
(1.524)

Ei −0.033 ***
(−3.331)

−0.033 ***
(−3.332)

−0.032 ***
(−3.208)

−0.031 ***
(−3.084)

Roc −0.001
(−0.195)

0.001
(0.254)

0.001
(0.137)

Url 0.152 ***
(4.528)

0.150 ***
(4.480)

Ti 0.014 **
(2.525)

_cons 0.168 ***
(18.825)

−0.101
(−1.039)

−0.154
(−1.574)

−0.156
(−1.590)

−0.220 **
(−2.205)

−0.220 **
(−2.200)

−0.237 **
(−2.371)

−0.243 **
(−2.439)

City YES YES YES YES YES YES YES YES
Year YES YES YES YES YES YES YES YES
Obs. 3990 3990 3990 3990 3990 3990 3990 3990
Rˆ2 0.168 0.169 0.173 0.173 0.176 0.176 0.180 0.182

Note: *** and ** denote significance levels at 1%, 5%, and 10% respectively, with t-values in brackets. Same below.
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4.3. Robustness Tests
4.3.1. PSM-DID Test

Whether or not a city opens to high-speed rail may be influenced by a variety of factors
and is not completely randomly determined. In order to reduce systematic differences in
the sample selection process and reduce the estimation error of the multi-period double dif-
ference model, a double difference propensity to match score method (PSM-DID) was used
to screen the samples of the experimental and control groups, followed by a multi-period
DID regression, in order to reduce the endogeneity problem arising from the selection bias.
Specifically, all control variables were selected as covariates for sample matching, and the
matched samples were subjected to multi-period DID regression using nearest neighbor
matching, kernel matching, and radius matching. The regression results for the associated
PSM-DID are given in columns 1–3 of Table 4. The regression results show that the values
of the estimated coefficients are significant at least at the 10% level, indicating that the
baseline regression results of the article are highly robust.

Table 4. Robustness test results.

PSM-DID
Neighbor
Matching

PSM-DID
Nuclear

Matching

PSM-DID
Radius

Matching
Tail Shrinkage 1% Tail Breakage 1%

Dependent
Variable Lags
by One Period

du*dt 0.025 *
(1.677)

0.012 *
(1. 677)

0.051 ***
(5.797)

0.070 ***
(14.780)

0.059 ***
(14.142)

0.070 ***
(11.708)

Edl 0.001
(0.024)

0.032 ***
(3.090)

0.027 ***
(2.698)

0.019 ***
(3.283)

0.016 ***
(2.920)

0.014 **
(2.089)

Fil 0.008 ***
(2.666)

0.005 *
(1.765)

0.008 ***
(2.794)

0.005 ***
(3.398)

0.003 **
(2.224)

0.007 ***
(3.940)

Gi −0.002
(−0.197)

0.001
(0.283)

0.006
(1.246)

0.001
(0.115)

0.005 **
(2.197)

0.002
(0.588)

Ei 0.004
(0.257)

−0.012
(−1.350)

0.008
(0.516)

−0.022 ***
(−4.384)

−0.022 ***
(−4.878)

−0.030 ***
(−4.365)

Roc 0.001 *
(1.961)

0.001
(1.310)

0.001
(1.412)

0.001
(1.593)

0.001 ***
(3.525)

−0.001
(−0.006)

Url 0.022
(0.932)

0.030
(0.906)

0.074 **
(2.327)

0.136 ***
(8.045)

0.111 ***
(7.435)

0.146 ***
(6.892)

Ti 0.038 ***
(9.013)

0.023 ***
(4.586)

0.018 ***
(3.574)

0.008 ***
(2.922)

0.007 ***
(2.727)

−0.001
(−0.166)

_cons −0.048
(−0.561)

−0.284 ***
(−2.879)

−0.242 **
(−2.514)

−0.136 **
(−2.460)

−0.097 *
(−1.860)

−0.081
(−1.263)

City YES YES YES YES YES YES
Year YES YES YES YES YES YES
Obs. 1884 3442 3787 3990 3540 3696
Rˆ2 0.133 0.119 0.157 0.385 0.443 0.279

Note: ***, **, and * denote significance levels at 1%, 5%, and 10% respectively, with t-values in brackets. Same
below.

4.3.2. Data Filtering and Variable Lagging by One Period

In this paper, the sample data were processed by breaking the tails by 1% and shrinking
the tails by 1% to reduce the impact of the sample outliers on the baseline regression results.
The results after re-running the baseline regression are shown in columns 4 and 5 of Table 4.
The results show that the main effects regression coefficients are all significantly positive
at the 1% level, indicating that the baseline regression results of this paper are robust. In
addition, considering that the impact of the HSR opening on urban development quality
cannot be fully reflected in the current year, there is a lag. In this paper drawing on Liu
and Zhang [62], the dependent variable is lagged by one period and re-run as an empirical
regression, and the results are shown in column 6 of Table 4. The estimated coefficient from
the main effects regression is still positive and significant at the 1% test level, demonstrating
that the baseline regression results in this paper remain robust.
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4.3.3. Placebo Test

To explore the extent to which omitted variables and random factors affect the results
of the baseline regression, this paper draws on Li, Lu et al. [63]. A randomized experiment
of cities opening high-speed rail was constructed by randomly generating the time of
cities’ opening high-speed rail. Secondly, the main effects regression is performed on the
constructed dummy experiment data, and this random trial process is repeated 500 times,
resulting in a kernel density estimation distribution of the estimated coefficients and
p-values for the pseudo-cities (see Figure 2). In the figure, the solid line represents the
pseudo-urban estimated coefficient value, and the horizontal dashed line is the standard
line for a p-value of 0.1. A scatter point that lies below the dashed line at p = 0.1 represents
a regression coefficient significant at least at the 10% level. As shown, the pseudo-city
estimates and p-values are evenly distributed around 0, and the vast majority of scatter
points lie above the p = 0.1 standard line, demonstrating that most of the pseudo-city
estimates are insignificant and that the effect of other unobserved factors on the net effect
of the HSR opening on high-quality urban development can be ignored.
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4.4. Analysis of Impact Mechanisms

Based on the empirical analysis in the previous paper, which has demonstrated that
the HSR opening significantly contributes to high-quality urban development, this part of
the paper focuses on whether the HSR opening contributes to the high-quality of urban
development through the agglomeration effect from the perspective of population agglom-
eration (Pa) and capital agglomeration (Ca). This paper uses the mediation effect model for
verification, which draws on Baron and Kenny [64], and the model is shown below:

Yit = a0 + a1(du ∗ dt)it +
N

∑
i=1

ajcontrolsit + µi + δt + εit (2)

Mit = b0 + b1(du ∗ dt)it +
N

∑
i=1

bjcontrolsit + µi + δt + εit (3)
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Yit = c0 + c1(du ∗ dt)it + c2Mit +
N

∑
i=1

cjcontrolsit + µi + δt + εit (4)

Equation (2) represents the impact of the HSR opening on high-quality urban de-
velopment; Equation (3) is the impact of the HSR opening on the mediating variables,
Mit, including population agglomeration (Pa) and capital agglomeration (Ca); and Equa-
tion (4) is used to verify whether the HSR opening has an impact on high-quality urban
development through Mit.

Table 5 reports the results of the tests of the mediating effects of the HSR opening on
high-quality urban development. Among them, columns 1 to 3 show the results of the test
for the mechanical effect of population agglomeration. It can be seen that the regression
coefficients of the HSR opening and population agglomeration on high-quality urban
development are both significantly positive at the 1% test level, indicating that the HSR
opening accelerates the movement of the population between cities, which is conducive to
the agglomeration of human capital and provides labor for urban development, i.e., the
HSR opening can promote the quality of urban development through the population ag-
glomeration effect and the theoretical hypothesis H2 is verified. Calculating the mediating
effect of population agglomeration accounts for about 0.024 of the total effect.

Table 5. Results of the test for mechanism effects.

Variables High-Quality
Development

Population
Agglomeration

High-Quality
Development

Capital
Agglomeration

High-Quality
Development

du*dt 0.079 ***
(8.324)

0.026 ***
(2.663)

0.078 ***
(8.137)

0.043 ***
(3.119)

0.082 ***
(8.584)

Pa 0.073 ***
(4.597)

Ca −0.055 ***
(−4.798)

Edl 0.023 **
(2.240)

0.011
(1.013)

0.022 **
(2.169)

−0.222 ***
(−15.042)

0.011
(1.025)

Fil 0.010 ***
(3.651)

0.002
(0.788)

0.010 ***
(3.601)

0.033 ***
(7.920)

0.012 ***
(4.252)

Gi 0.008
(1.524)

−0.002
(−0.391)

0.008
(1.558)

0.024 ***
(3.265)

0.009 *
(1.785)

Ei −0.031 ***
(−3.084)

0.003
(0.317)

−0.031 ***
(−3.116)

1.126 ***
(78.659)

0.031 *
(1.912)

Roc 0.001
(0.137)

−0.001 *
(−1.745)

0.001
(0.270)

0.001
(1.322)

0.001
(0.242)

Url 0.150 ***
(4.480)

−0.425 ***
(−12.177)

0.181 ***
(5.309)

−0.052
(−1.087)

0.147 ***
(4.406)

Ti 0.014 **
(2.525)

0.001
(0.221)

0.014 **
(2.515)

0.036 ***
(4.532)

0.016 ***
(2.883)

_cons −0.243 **
(−2.439)

5.716 ***
(55.047)

−0.659 ***
(−4.901)

2.166 ***
(15.143)

−0.124
(−1.211)

City YES YES YES YES YES
Year YES YES YES YES YES
Obs. 3990 3990 3990 3990 3990
Rˆ2 0.182 0.054 0.186 0.995 0.187

Note: ***, **, and * denote significance levels at 1%, 5%, and 10% respectively, with t-values in brackets.
Same below.

Columns 1 and 4 to 5 show the results of the test for the mechanical effect of capital
agglomeration. It can be seen that the regression coefficients of the HSR opening and capital
agglomeration on high-quality urban development are also both significant at the 1% test
level, while it is further found that b1c2 and c1 have the opposite sign. The theoretical
hypothesis H3 is partially verified by the fact that capital agglomeration has a “masking
effect” between the HSR opening and high-quality urban development.
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4.5. Heterogeneity Analysis

The empirical analysis in the previous section demonstrates that the HSR opening has
a catalytic effect on high-quality urban development, but as different cities have their own
differences, the effect of the HSR opening on their development may subsequently vary
to a certain extent, so this paper further analyses the heterogeneity of cities of different
regions and sizes.

Given the vast area of China, the differences in economic and social development
between different regions, and the fact that China’s high-speed rail network is “relatively
dense in the eastern coastal and central regions and sparse in the western regions”, this
paper draws on the study by Xiao et al. and divides the sample cities into three regions
according to their geographical location: eastern cities, central cities, and western cities [56].
The results are shown in columns 1–3 of Table 6. After controlling for time and city effects,
the estimated coefficients of the regressions for both eastern and western cities are found to
be significantly positive at the 1% test level, and the coefficient of impact for eastern cities is
slightly higher than that for western cities, but the impact on central cities is not significant,
indicating that the HSR opening has only contributed to improving the quality of urban
development in the eastern and western regions but not in central cities.

Table 6. Heterogeneity test results.

Variables (1) Eastern
Cities

(2) Central
Cities

(3) Western
Cities

(4) Medium-sized
Cities (5) Big Cities (6) Mega Cities

du*dt 0.110 ***
(7.559)

−0.003
(−0.156)

0.097 ***
(8.525)

0.017 ***
(2.698)

0.029 *
(1.828)

0.063
(0.826)

_cons −0.397 **
(−2.183)

−0.503 **
(−2.288)

−0.138 *
(−1.711)

0.003
(0.049)

−0.423 **
(−2.060)

−0.405
(−0.256)

Controls YES YES YES YES YES YES
City YES YES YES YES YES YES
Year YES YES YES YES YES YES
Obs. 1400 1400 1181 1382 1763 131
Rˆ2 0.340 0.091 0.404 0.205 0.161 0.752

Note: ***, **, and * denote significance levels at 1%, 5%, and 10% respectively, with t-values in brackets.
Same below.

Relying on the good development foundation and advanced technology elements,
the eastern region, combined with the huge effect brought by the opening of high-speed
rail, further attracts more talents and capital to achieve high-quality urban development.
The western region, on the other hand, due to its late start in development and relatively
backward economy, coupled with fewer high-speed rail lines, the effect of the HSR opening
on high-quality development of its cities is less than that of the eastern cities. The central
cities are located in the middle of the eastern and western cities, and the HSR opening affects
the gathering or diffusion of the local population, capital, and other factors and influences
the comprehensive development of the city through the combination of “polarization effect”
and “diffusion effect”, so the impact of the HSR opening on high-quality development of
the central cities is relatively small.

Furthermore, this paper classifies the sample cities at the city size level according to
their population size in accordance with the Notice on Adjusting the Criteria for City Size
Classification issued by the State Council in 2014. Those with an urban resident population
of 500,000 or more and less than 1 million are classified as medium-sized cities. Those with
a resident population of 1 million or more and less than 5 million are classified as large
cities, and those with a resident population of 5 million or more and less than 10 million
are classified as mega cities. The regression results of the sample classification are shown in
columns 4 and 5 of Table 6.

As shown by the results in Table 6, the smaller the size of the city, the greater the boost
to the high-quality urban development from the HSR opening. Compared to large cities,
medium-sized cities have fewer ways to communicate and cooperate with the outside
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world due to their population base and degree of economic development, and they rely
heavily on railway transport for the concentration of factors. The opening of high-speed rail
brings a greater impact, more able to stimulate the momentum of high-quality development
of the city. The larger the city, the more ways it has to learn and collaborate with the outside
world, but railway transport, although efficient and convenient, is only one of the channels.
Therefore, the HSR opening has a more profound impact on the realization of high-quality
development in medium-sized cities.

5. Conclusions

Based on a panel of 285 prefecture-level cities and above in China from 2007 to 2020,
this paper explores the impact and mechanism of the HSR opening on high-quality urban
development using a double difference model and a mediating effect model, both based
on manually collected data on the HSR opening in each city. The results of the study
show that the exogenous shock of HSR opening has a significant impact on the quality of
development of cities, and the robustness tests such as PSM-DID and placebo tests on the
impact of HSR opening on the quality of urban development further verify its impact. In
terms of the transmission mechanism, the opening of HSR can promote high-quality urban
development through the population agglomeration effect and capital agglomeration effect.
The opening of HSR provides transportation convenience for population and capital flow,
which is conducive to the realization of population and capital agglomeration; and the
capital agglomeration and high-quality urban development have a “masking effect”. In
terms of heterogeneity, the empirical results show that there are differences in the effects of
HSR opening on different regions and cities of different sizes, with eastern and western
cities being more affected by HSR opening than central cities, and the smaller the city, the
greater the policy dividend it enjoys.

6. Recommendation

The “high-speed railway era” has not only changed people’s lifestyles but also China’s
economic and urban landscape. Ensuring that high-speed railways play a huge role is
of great significance for cities. Combined with the above studies, this paper makes the
following recommendations.

Firstly, the construction and optimization of the high-speed rail network should
continue to be vigorously pursued in order to improve the coverage and radiation range
of high-speed rail. The empirical results confirm that the HSR opening has a significant
contribution to improving the overall quality of cities. It is thus clear that the current
Chinese government should continue to increase the construction of high-speed rail to
further shorten the space-time distance between cities, optimize the allocation of resources,
inject new impetus, and create new opportunities for regional development.

Secondly, make full use of the location advantages and development opportunities
brought about by the HSR opening to attract labor mobility and concentration. Local
governments should create good channels for attracting talents and formulate more ac-
tive, open, and effective talent policies to attract labor force clustering while introducing
corresponding policies to encourage innovation and entrepreneurship among talents, pro-
mote industrial structure upgrading, and achieve a combination of quantity and quality of
urban development.

Thirdly, create a good investment environment and vigorously promote investment
attraction. The various factors that attract investment include the ability to support industry,
government efficiency, social security, and other comprehensive ecological environments.
As an economic activity under market economy conditions, cities must have scientific and
open procedures and systems for operation and management to maximize the vitality of
investment and provide an impetus for high-quality urban development.
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