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Abstract: The construction and operation of high-speed rail (HSR) has become an important policy for
China to achieve efficiency and fairness and promote high-quality economic growth. HSR promotes
the flow of production factors such as labor and capital and affects economic growth, and may further
affect urban land use efficiency (ULUE). To explore the impact of HSR on ULUE, this paper uses panel
data of 284 cities in China from 2005 to 2018, and constructs Propensity Score Matching-Differences
in Differences model to evaluate the effect of HSR on ULUE. The result of entire China demonstrates
that the HSR could significantly improves the ULUE. Meanwhile, this paper also considers the
heterogeneity of results caused by geographic location, urban levels and scales. It demonstrates
that the HSR has a significantly positive effect on ULUE of Eastern, Central China, and large-sized
cities. However, in Western China, in medium-sized, and small-sized cities, the impact of HSR on
ULUE is not significant. This paper concludes that construction and operation of HSR should be
linked to urban development planning and land use planning. Meanwhile, the cities with different
geographical locations and scales should take advantage of HSR to improve ULUE and promote
urban coordinated development.

Keywords: high-speed rail; urban land use efficiency; propensity score matching-differences in
differences; regional heterogeneity; China

1. Introduction

Urban land use efficiency (ULUE) reflects the urban economic output on urban
land [1–3]. With the rapid development of China’s economy and the acceleration of urban-
ization, China’s urban land resources are becoming increasingly tight. Scholars proposed
that improving ULUE has become an effective way to alleviate the contradiction between
urban economic growth and the shortage of urban land resources [4,5]. The construction
and operation of high-speed rail (HSR) is regarded as an important engine for China’s
economic growth, and it is also a driving force for China to implement high-quality urban
development strategies and promote coordinated urban development in the new era [6].
Moreover, the construction and operation of HSR promotes regional production factors
flow and produces re-allocation effects, and causes urban land use structure transition.
Therefore, HSR may become one of the important factors affecting ULUE.

The previous studies on ULUE mainly include the following aspects: 1© Construct-
ing index system and quantify ULUE. Some scholars use the economic density of urban
space to quantity the ULUE [1–3]. Others pointed out that ULUE is the input and output
efficiency of various production factors, including land factors. They used the Stochastic
Production Frontier Approach [7,8] and Data envelopment analysis [9–11] to quantity the
ULUE. Data envelopment analysis is one of the mainstream methods for quantitatively
measuring ULUE. However, the data envelopment analysis method ignores the negative
environmental externalities generated in the process of urban land use, and it does not
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consider the slack problem of input-output variables. The non-radial and non-angle Slack-
based measure model constructed by Tone et al. [12] effectively solves these problems.
On this basis, scholars constructed an urban land use efficiency index system that consid-
ered both the expected output and other undesired output of urban land use, and they
used the Slack-based measure model to evaluate the ULUE [13–15]. 2© Analysis of driving
mechanism and influencing factors of ULUE. Previous studies have explored the effect of
economic development [16], government policy [17,18], industrial development [19,20],
transportation infrastructure construction [21,22] et al. on ULUE. These studies provide a
reference for government to formulate policies to improve ULUE.

Since 1 October 1964, the first HSR operated between Tokyo and Osaka in Japan,
the construction and operation of HSR has been rapidly expanded within the globe [23].
Due to the fact that construction and operation of HSR improves urban accessibility, pro-
motes regional factor flow and regional integrated development, some scholars proposed
that HSR has a positive impact on urban economic development through agglomeration
effects [24–26]. However, the construction and operation of HSR also aggravate regional
economic polarization by strengthening the central position of large-sized cities in regional
economic development. Therefore, small- and medium-sized cities in the regional economy
may be marginalized [27–30].

Meanwhile, existing studies have demonstrated that the HSR has promoted land
use structure change, and significantly expanded the scope of urban space and increased
land value. For example, Chen et al. [31] evaluated the impact of HSR on urban land
use structure changes; their research indicated that the operation of HSR reduces the
supply of residential and industrial land, but has a positive impact on commercial land
and transportation and logistics land. Zhang et al. [32] proposed that the increase in
the frequency of high-speed trains promotes the development of local road networks
and promotes the centralized expansion of cities. Huang et al. [33] pointed out that,
compared with Not-HSR cities, the land value of HSR cities has increased significantly.
In the field of ULUE, scholars have found that the construction of highways and other
transportation infrastructures has changed the spatial pattern of ULUE through factor
agglomeration and spatial spillover effects [21,22]. However, there have few studies about
the effect of HSR on ULUE. Especially for China, by the end of 2019, the operating mileage
of HSR reached 35,000 km, China has the most modern and developed HSR network in
the world [34]. Therefore, exploring the impact of HSR on ULUE is of great significance
for evaluating China’s HSR development performance, and also could provide policy
reference for improving the ULUE and the ability of urban high-quality development.

Based on the above analysis, this paper uses 284 prefecture-level cities in China from
2005 to 2018 as research sample, and constructs Propensity Score Matching-Differences
in Differences model to evaluate the effect of HSR on ULUE. Meanwhile, this paper also
analyzes the heterogeneity of impact effects among cities of different geographic locations
and scales.

2. Mechanism

ULUE could be defined as the economic density of urban space, which is calculated by
economic output on the urban built-up area [16,35]. Undoubtedly, the optimal allocation
of production factors such as labor, capital, and land elements could directly affect urban
economic output and ULUE [2,3]. In this paper, the impact mechanism of high-speed rail
on urban land use efficiency is summarized as the following two aspects:

Firstly, HSR affects ULUE by directly promoting the flow of production factors and
affecting regional economic activities. The HSR is an important carrier of mobile production
factors such as labor and capital. Compared with other modes of transportation, the high-
speed and high-frequency departure method of HSR have caused the gradual integration
of small- and medium-sized cities less than one hour away from large-sized cities into
metropolitan areas [36,37]. For example, in the Yangtze River Delta of China, Nanjing,
Jiaxing, Hangzhou, Suzhou, Wuxi, Changzhou, and Zhenjiang can reach the regional center
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Shanghai by HSR within one hour (data from https://www.12306.cn/index/, accessed on
10 December 2020). The resident’s lifestyles in the regions has been changed dramatically,
because HSR creates off-site employment conditions for some highly skilled laborers living
in surrounding cities who cannot afford the high housing prices in the central urban [38,39].
Meanwhile, the construction and operation of HSR promote capital flows and enables
cities to obtain capital input. Lin et al. [39] demonstrated that after the operation of HSR,
investment between cities could increase by 38%. The research conducted by Duan [40] also
indicated that the construction and operation of HSR reduces commuting time between
cities and leads to an increase of 0.0222 transactions in venture capital between cities
each year. The increase in capital input could promote the upgrading of urban industrial
structure and further gather more advanced production factors, which could affect the
ULUE [10,41]. These changes mean that the high-speed railway strengthens the economic
connection between cities, and the regional socioeconomic development pattern has been
reshaped. As the major space of urban economic activities, the efficiency of urban land
may also change with the transition of regional economic pattern brought by HSR.

Second, the construction and operation of HSR affect ULUE by leading to land use
structure transition. The HSR stations in China are generally located in suburbs or vil-
lages. Due to the fact that land transfer can increase the economic performance of local
governments, China local governments tend to adopt “HSR-new district planning” near
HSR stations to encourage land development. Specifically, the government promotes the
use and development of land around HSR stations by formulating reasonable urban land
use planning. For example, the “Zhengdong New District” near Zhengzhou East Railway
Station, and the “Wuguang New City” near Changsha South Railway Station are now
prosperous metropolitan areas. However, the land use of these places used to be mainly
agricultural land and even unused land ten years ago. With the construction and operation
of HSR, the land use near the station is oriented for HSR and the area of residential land,
commercial land, transportation and storage land has been expanded [31,42]. With the
transition of land use structure, urban land use efficiency may also change.

Based on the above analysis, this paper proposes that the construction and operation
of HSR may have an impact on ULUE, and this paper will be further explored below.
The impact mechanism analysis is shown in Figure 1.

Figure 1. Impact mechanism framework of HSR on ULUE.

3. The Construction and Operation Condition of HSR in China

On 1 August 2008, the Beijing–Tianjin intercity high-speed railway was operated.
This line is recognized as the first HSR in China and its maximum operating speed can

https://www.12306.cn/index/
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reach 350 km/h [43,44]. The Beijing–Shanghai high-speed railway started operation on
30 June 2011, which connects important cities in China such as Beijing, Tianjin, Jinan,
Xuzhou, Nanjing, Wuxi, Suzhou and Shanghai. The Beijing–Guangzhou high-speed rail-
way, which began operating on 26 December 2012, is considered to be the longest operating
HSR in the world. The line also connects important Chinese cities such as Beijing, Shi-
jiazhuang, Zhengzhou, Wuhan, Changsha and Guangzhou. Although the construction
and operation of China’s HSR shows a rapid development trend, to ensure safety and
reduce operating costs, China National Railway Corporation implemented railway speed
reduction on 1 July 2011. The maximum operating speed of HSR dropped from 350 km/h
to 300 km/h. Other railways with a maximum operating speed of 250 km/h and 200 km/h
have also implemented a speed reduction policy. In fact, this policy cannot stop the con-
struction and operation process of HSR in China. By the end of 2018, the operating mileage
of China’s HSR reached more than 29,000 km [34]. China has the most modern railway
network and the most developed HSR network in the world.

In the “Code for Design of High-speed Railways” promulgated by China National
Railway Corporation, HSR is defined as a passenger-dedicated line with a standard gauge
for high-speed trains and the designed speed of 250 km/h to 350 km/h. However, other rail-
ways with a designed speed of 200 km/h also have EMU trains running. Hence, the Na-
tional Development and Reform Commission of China regards some 200 km/h railways as
high-speed railways in China’s “Medium and Long-term Railway Network Planning”.

Combining the data continuity and the adjustment of the administrative divisions of
Chinese cities, this paper selected 284 prefecture-level cities from the China City Statistical
Yearbook. According to China’s railway timetable, 199 cities in China have high-speed rail
stations in 2018, we call them HSR cities. For the cities that do not have HSR, we call them
Not-HSR cities. Figure 2 shows the distribution map of China’s HSR (operating speeds of
200 km/h and above). The HSR data come from OpenStreet (https://download.geofabrik.
de/asia/china.html#, accessed on 10 December 2020).

Figure 2. Construction and operation of China’s major HSR in 2018.

https://download.geofabrik.de/asia/china.html#
https://download.geofabrik.de/asia/china.html#
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4. Methodology and Data Sources
4.1. Differences in Differences (DID)

Scientific evaluation of the impact of HSR on ULUE was the main purpose of this
paper. The Differences in Differences method can effectively separate the “time effect”
caused by the natural growth and the “policy processing effect” caused by the construction
and operation of HSR. Meanwhile, DID can effectively avoid the endogenous problems of
policy variables, and can obtain an unbiased estimate of the policy results [45]. Therefore,
scholars constructed the DID model to reflect the influence of HSR by comparing the
performance differences between the treated group (HSR city) and the untreated group
(Not-HSR city) [44,46,47]. This paper constructs the following DID method to evaluate the
effect of HSR on ULUE:

ULUEit = α + β1 periodit + β2treatedit + β3(period× treated)it + µi + εit (1)

In Equation (1), the ULUEit denotes urban land use efficiency.
periodit denotes time dummy variables. Combining with the study of Shaw [44],

the construction and operation of China’s HSR can be divided into four stages. First Stage:
Before August 2008, there was no HSR construction and operation service in China. Sec-
ond Stage: From August 2008 to June 2011, China had constructed and operated five main
HSR, including Beijing to Tianjin, Wuhan to Guangzhou, Beijing to Shanghai, Zhengzhou
to Xi’an and Ningbo to Fuzhou. Third Stage: To ensure safety and reduce operating costs,
China National Railway Corporation implemented railway speed reductions on 1 July
2011. Although the reduction policy of HSR has brought many adverse effects on China’s
economic development, China’s high-speed rail construction has increased rapidly from
9790 km in 2001 to 29,000 km in 2018; more Chinese cities have HSR stations and enjoy the
benefits of HSR. Therefore, basing on the research of Dong [6], this paper selected 2011
as the implementation date. After the implementation date of HSR operation, period = 1.
Otherwise, period= 0.

treatedit denotes individual dummy variables. For the city with HSR operation,
treated = 1,and these cities belong to the treated group. While for the city with no HSR
operation, treated= 0,and these cities belong to the untreated group. In this paper, accord-
ing to the research of Dong [6], we took the cities that have HSR before 2011 (including 2011)
as the treated group. The untreated group includes Not-HSR cities after 2011, and the cities
that have HSR after 2011 were removed from the untreated group. Finally, the number of
cities in the treated group is 65, and the number of cities in the untreated group is 85.

(period× treated)it denotes the urban dummy variable after HSR operation. α, β
denotes the coefficient. µ represents individual fixed effects. ε denotes residual. i denotes
city. t denotes year.

4.2. Propensity Score Matching (PSM)

Propensity Score Matching regards the construction and operation of HSR in each city
as an exogenous decision-making process, and uses the later explanatory variables and
covariates reflecting other development characteristics of each city as explanatory variables.
It estimates the probability of HSR in a city through logit regression model. This probability
is the Propensity Score of each city’s tendency to have HSR. The basic forum of PSM is
as follows:

Pi(X) = Pr(treatedit = 1|Xi) = F[h(Xi)] (2)

In Equation (2), treatedit denotes the dummy of the treated group. Xi represents
the development characteristics of each city covariates. h(•) denotes linear function.
F(•) denotes logit function. The matching criteria are: there is no significant difference in
Propensity Score between the treated group and the untreated group.
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4.3. PSM-DID

If the DID method cannot meet the following two assumptions, the results may be
biased: On the one hand, before the operation of HSR, the treated group and the untreated
group should have similar time change trend. On the other hand, the construction and
operation of HSR is exogenous for each city, and whether HSR is constructed and operated
in each city has nothing to do with other characteristic variables such as the economic
development level. Although the DID may not satisfy these assumptions, Heckman [48]
and Rosenbaum [49] use the Propensity Score Matching method to eliminate the bias in
the process of sample selection.

Based on the above analysis, this paper finally adopts the Propensity Score Match-
ing method combined with the double difference method (Propensity Score Matching–
Differences in Differences (PSM-DID)) to explore the effect of HSR on ULUE. The basic
form of PSM-DID is as follows:

ULUEit
PSM = α + β1 periodit + β2treatedit + β3(period× treated)it + β4Xit + µi + εit (3)

In Equation (3), Xit is a set of control variables that affect the ULUE and also a covariate
that affects whether the city has HSR. The remaining variables are consistent with the above.

4.4. Variables and Data Source

Explained variable: Urban land use efficiency (ULUE). ULUE could be defined as
the economic density of urban space, which is calculated by the added value of the sec-
ondary and tertiary industries by the urban built-up area [16,35]. Capital, labor and other
production factors are invested in a certain area of urban land and generated economic
output. The added value of the secondary and tertiary industries per unit of built-up area
is the mainstream index to represent the ULUE [2,3,50,51]. Hence, this paper calculated the
ULUE by the following formula:

ULUEit =
NAOit
BUAit

(4)

In Equation (4), NAOit denotes the added value of the secondary and tertiary indus-
tries to represent it. BUAit denotes the built-up area.

Key explanatory variable: This paper selects the time dummy variable periodit, individ-
ual dummy variable treatedit and their interaction terms (period× treated)it as explanatory
variables. Specifically, the time dummy variable reflects the ULUE-change difference before
or after the operation of HSR. The individual dummy variable reflects the ULUE-change
difference of HSR city and Not-HSR city. (period× treated)it is the key explanatory variable
of this paper, which represents the impact of HSR on ULUE. Their specific values have
been explained in Equation (1).

Control variables: This paper also selects a set of control variables that may affect
ULUE over time. 1© Economic. The higher the level of economic development, the more
high-quality production factors can be attracted to cities, which may improve the ULUE.
Drawing on the existing research [2,52], this paper uses per capita GDP to measure the
level of urban economic development. 2© Capital. Capital input could promote urban
infrastructure construction and sustainable urban development, and generate economic
agglomeration effects. Therefore, the capital has an effect on ULUE [10,42]. Basing on
the previous studies [10], the total investment of fixed assets is selected to quantify urban
capital input. 3© Labor. The increase in the number of urban labor forces promotes the
formation of better job matching in cities and realizes knowledge spillover through the
exchange of human capital. Thereby, the labor input has a significant impact on ULUE [53].
According to the research of Zhang [2] and Gao [10], this paper selects the sum of em-
ployment in the secondary and tertiary industries to measure the labor input in each city.

4© Urbanization. The development of urbanization has created favorable conditions for
economic agglomeration, and the ULUE could also increase. Meanwhile, urbanization may
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also have a negative effect on ULUE by leading to over-exploitation of urban resources and
deterioration of the urban ecological environment [54]. Basing on the existing research [55],
this paper uses the proportion of the population of the city district in the total population
to characterize the urbanization rate. 5© Policy. Under China’s economic growth-oriented
performance appraisal system, local governments mainly formulate land requisition poli-
cies to expand urban land areas to alleviate problems such as insufficient local financial
resources. Therefore, the policy has a significant effect on ULUE [17]. According to the
study of Wu [16], the proportion of local fiscal expenditure to GDP is selected to quantify
policy factors.

Considering the availability of data and the impact of the HSR on ULUE before the op-
eration of HSR in 2008, the research time range of this paper is from 2005 to 2018. The HSR’s
operation date of each city comes from the Chinese railway timetable. Urban built-up
area and socioeconomic data come from 2006~2019 China Urban Statistical Yearbook and
China Urban-Rural Construction Statistical Yearbook. In order to reduce the impact of
heteroscedasticity and sample dispersion, this paper takes the logarithm of the variables
that measure Economic, Capital input, and Labor input. The Variables definition and
descriptive statistics could be seen in Table 1.

Table 1. Variables definition and descriptive statistics.

Definition Mean Standard
Deviation Minimum Maximum

ULUE See Equation (4) 6.17 4.85 0.04 60.81

period Year After HSR operation, 1
Year Before HSR operation, 0 0.57 0.49 0 1

treated City has HSR, 1
For no HSR, 0 0.27 0.45 0 1

economic per capita GDP 10.61 0.71 8.14 15.68

capital total investment of fixed assets 14.82 1.27 18.81 5.71

labor the sum of employment in the
secondary and tertiary industries 2.79 0.32 6.71 1.02

urbanization
the proportion of the population of

the city district in the total
population

0.35 0.24 1 0.21

policy the proportion of local fiscal
expenditure to GDP 0.27 0.16 0.11 3.58

5. Results
5.1. Change Trends of ULUE

Figure 3a reflects the ULUE change trend of the whole of China and the three major
regions. The ULUE and the three major regions showed a significant upward trend from
2005 to 2018. The ULUE of China’s cities increased from 339 million RMB/km2 in 2005
to 846 million RMB/km2 in 2018. For the three major regions, the ULUE of Eastern
China is higher than that of Central China and Western China. Specifically, the ULUE
of Eastern China has increased from 509 million RMB/km2 to 1.126 billion RMB/km2,
with an average annual increase of 44 million RMB/km2. The ULUE of Central and Western
China have similar change trends, with an average annual increase of nearly 32 million
RMB/km2. More interestingly, the average annual growth rate of ULUE in Central and
Western China is 12% and 14%, respectively, which is higher than the average annual
growth rate of Eastern China. It could be indicated that the Chinese Central Government’s
implementation of the Central China Rise and Western China Development Strategy has
promoted the development of central and western cities and improved the ULUE.
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Figure 3. (a) Trends of ULUE in China and three major regions; (b) Changes in ULUE of cities for different sizes and scales.

Expect for geographic location, the level and scale of cities also lead to differences in
ULUE. According to the classification method by Qi [56] et al., this paper divides Chinese
cities into large-sized cities, medium-sized cities and small-sized cities. The change trend
of ULUE can be seen in Figure 3b. The ULUE of large-sized cities has increased from
471 million RMB/km2 in 2005 to 1.168 billion RMB/km2, with an average annual increase
of 50 RMB/km2. By comparison, the ULUE of medium-sized cities and small-sized cities
is obviously lower than that of large-sized cities, with an average annual increase of
34 million RMB/km2 and 30 million RMB/km2 respectively. It could be indicated as such
because large-sized cities have significant advantages in policy support and infrastructure
construction. Therefore, large-sized cities could attract the concentration of advanced
production factors and steadily improve ULUE.

5.2. Sample Matching Results

We used the Propensity Score Matching method to match the treated group and the
untreated group and obtain the kernel density (seen in Figure 4). Before matching, the
probability density distributions of the propensity score values between the treated group
and the untreated group are significantly different. The data distribution of the treated
group is relatively loose, and the untreated group is concentrated to the left. Figure 4b
reflects the kernel density distribution of propensity scores after matching. The probability
density distribution of the treated group and the untreated group tends to be consistent,
they both have two crests on the left and right. It could be found that, after propensity
score matching, the sample selection bias is eliminated [48,49].

Figure 4. (a) Kernel density of Propensity Score before matching; (b) Kernel density of Propensity Score after matching.
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5.3. Regression Results of Entire China

In Table 2, Model 1 represents the DID regression results of 285 cities, Model 2 repre-
sents the DID results of removing cities with HSR operation after 2011, Model 3 represents
the PSM-DID results of removing cities with HSR operation after 2011. The regression
coefficients of the (period× treated)it are 0.86, 1.29, and 1.70, respectively, and they are all
significant at the 1% level. It could be indicated that HSR has significantly improved the
ULUE. Scholars have also proposed that the construction and operation of HSR have a pos-
itive effect on land expansion, air pollution control and industry agglomeration [44,46,47].
These are conducive to optimize the allocation of labor and capital elements, and then
improve ULUE.

Table 2. Regression results of the HSR operation on ULUE.

Model 1 Model 2 Model 3

(period× treated)it
0.86 ***
(0.22)

1.29 ***
(0.28

1.70 ***
(0.28)

economic 2.25 ***
(0.12)

1.87 ***
(0.14)

1.21 ***
(0.15)

capital 0.62 ***
(0.08)

0.29 **
(0.09)

−0.14
(0.10)

labor −0.17
(0.14)

0.37 *
(0.15)

0.45 **
(0.20)

urbanization 8.96 ***
(0.48)

6.77 ***
(0.58)

8.13 ***
(0.74)

policy −1.25 ***
(0.27)

−1.32 **
(0.29)

−1.20 ***
(0.29)

R2 0.46 0.56 0.58

Note: * represents p-value < 10%, ** represents p-value < 5%, and *** represent p-value < 1%, respectively.
Standard errors in parentheses.

We further compare the results of Model 1~3. It could be found that: 1© Compared
with Model 1, the (period× treated)it coefficient of Model 2 increased from 0.86 to 1.29,
and the model fitting value also increased from 0.46 to 0.56. It shows that placing cities
with HSR operation after 2011 into the untreated group could underestimate the effect of
HSR on ULUE [6]. 2© Compared with Model 2, Model 3 based on PSM-DID has a higher
regression coefficient for (period× treated)it, and the increase in R2 value also shows that
the model has better fit and reliability. Thereby, the following analysis will be based on the
results of Model 3.

For the control variables, the level of urban economic development has a significant
positive impact on ULUE. This result is consistent with the research of Yu [53]. The impact
of capital input on ULUE is not significant. The main reason is that most cities in China have
low technology and redundant investment in fixed assets, which causes most urban land
to suffer from ineffective capital input and low output [10]. Labor input has a significant
positive impact on ULUE. The increase in the number of urban labor forces promotes
the formation of better job matching in cities and realizes knowledge spillover through
the exchange of human capital, and improves the ULUE [2,3]. The urbanization rate has
a significant positive impact on ULUE. Urbanization improves the ULUE by advancing
urban infrastructure construction and improving the urban investment environment, and
removing barriers to urban mobility [57]. The impact of policy factors on the ULUE
is significantly negative, indicating that the economic performance competition of local
governments in China has led to disorderly expansion of cities and reduced the ULUE.

5.4. Regression Results of Regional Heterogeneity

Previous studies demonstrated that the impact of HSR on economic growth has
significant regional heterogeneity [27–29]. Therefore, on the basis of exploring the impact
of HSR on ULUE at the macro level, we also should take differences caused by geographic
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location and the level and scale of cities into consideration. The regression results of
PSM-DID are shown in Table 3.

Table 3. Regression results of regional heterogeneity.

Geographic Location Level and Scale

Model 4 Model 5 Model 6 Model 7 Model 8 Model 9

(period× treated)it
1.82 ***
(0.55)

1.05 ***
(0.33)

0.31
(0.75)

2.53 ***
(0.73)

0.52
(0.68)

0.54
(0.37)

economic 1.57 ***
(0.40)

1.91 ***
(0.22)

0.95 ***
(0.15)

1.24 **
(0.60)

0.58 ***
(0.19)

2.10 ***
(0.16)

capital −0.37
(0.36)

0.17
(0.15)

−0.07
(0.09)

−1.26 ***
(0.48)

0.25 **
(0.12)

−0.04
(0.10)

labor −0.79
(0.48)

1.25 ***
(0.24)

0.19
(0.25)

−0.61
(0.56)

1.55 ***
(0.34)

0.63 ***
(0.18)

urbanization 10.08 ***
(1.26)

4.74 ***
(1.06)

4.98 ***
(1.60)

10.85 ***
(1.25)

−0.97
(2.011)

0.46
(1.09)

policy −1.37 ***
(1.27)

−1.48 ***
(0.40)

−1.16 ***
(0.23)

0.02
(0.66)

−1.57 **
(0.68)

−1.11 ***
(0.27)

R2 0.57 0.70 0.67 0.61 0.67 0.66

Note: * represents p-value < 10%, ** represents p-value < 5%, and *** represent p-value < 1%, respectively.
Standard errors in parentheses.

Model 4~5 represents the regression results of Eastern China, Central China, West-
ern China, respectively. The results indicate that the operation of HSR has a significant
effect on ULUE in Eastern China and Central China, while the impact of HSR on ULUE in
Western China is positive, but not significant. Although the operation of HSR in Western
China can significantly improve ULUE, the operation date of HSR in Western China is later
than the cities in Eastern China and Central China. Meanwhile, there are fewer cities that
have HSR in Western China [38,58]. These reasons cause the operation of HSR to have an
insignificant impact on the ULUE of Western China.

Model 7~9 represents the regression results of large-sized cities, medium-sized cities
and small-sized cities, respectively. It could be found that HSR has a significant positive
impact on the ULUE of large-sized cities, but it is not significant for small- and medium-
sized cities. The reason is that the station of HSR gives priority to setting up in large-sized
cities, and the operation of HSR could further strengthen the central position of large-sized
cities in the regional economy [59]. For the medium-sized cities and small-sized cities,
although the operation of HSR has strengthened the economic connection between the
city and regional central cities, the HSR has also led to the loss of high-quality production
factors in the city [27–29]. Therefore, the impact of HSR on ULUE is not significant.

5.5. Robustness Test

This paper took 2011 as the implementation date of HSR, but in fact, after 2011,
other cities in China have gradually opened HSR. In order to test whether the results are
affected by the implementation date of HSR and improve the accuracy of the estimation,
this paper attempted to use each year from 2012 to 2017 as the implementation date of HSR
respectively. The results are shown in Table 4. It can be found that, consistent with the
estimated results in Table 2, after changing the implementation date of HSR, the regression
coefficients of (period× treated)it are all significantly positive. Additionally, the regres-
sion coefficients are all greater than 1. The result demonstrates that HSR significantly
improves the urban land use efficiency level of each city. Therefore, the results of this paper
have robustness.
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Table 4. The regression results of changing the implementation date of HSR.

2012 2013 2014 2015 2016 2017

(period× treated)it
1.18 ***
(0.21)

1.14 ***
(0.19)

1.10 ***
(0.18)

1.20 ***
(0.19)

1.29 ***
(0.21)

1.20 ***
(0.28)

economic 1.18 ***
(0.15)

1.22 ***
(0.15)

1.17 ***
(0.15)

1.16 ***
(0.15)

1.18 ***
(0.15)

1.21 ***
(0.15)

capital −0.15
(0.10)

−0.16
(0.10)

−0.15
(0.10)

−0.15
(0.10)

−0.15
(0.10)

−0.15
(0.10)

labor 0.45 **
(0.20)

0.44 **
(0.19)

0.42 **
(0.20)

0.10 **
(0.20)

0.40 **
(0.20)

0.43 **
(0.20)

urbanization 8.07 ***
(0.74)

8.07 ***
(0.74)

7.99 ***
(0.74)

8.09 ***
(0.74)

8.24 ***
(0.74)

8.27 ***
(0.74)

policy −1.20 ***
(0.29)

−1.22 ***
(0.29)

−1.23 ***
(0.29)

−1.22 ***
(0.29)

−1.22 ***
(0.29)

−1.20 ***
(0.29)

R2 0.58 0.58 0.58 0.58 0.58 0.58

Note: * represents p-value < 10%, ** represents p-value < 5%, and *** represent p-value < 1%, respectively.
Standard errors in parentheses.

In Table 2, we control the covariates that affect the opening probability of HSR in
each city through the Propensity Score Matching method. However, since we do not fully
consider other covariates that may affect the operation of HSR and ULUE, we cannot
completely summarize the results of this paper as the impact of the operation of HSR.
According to the method of Zhang [60], we treat cities with HSR service after 2011 as the
treated group, and use the PSM-DID method for counterfactual testing. If the regression
result of the counterfactual test is contrary to Model 3, it means that the results of this
paper are reasonable. The counterfactual test results are shown in Table 5. The results
show that the regression coefficient of the (period× treated)it is significantly negative,
while the results of Model 3 are significantly positive. The counterfactual test once again
demonstrates that the results of this paper are robust.

Table 5. The result of counterfactual test.

Counterfactual Test

(period× treated)it
−1.70
(0.28)

Control variables Yes
R2 0.58

Note: * represents p-value < 10%, ** represents p-value < 5%, and *** represent p-value < 1%, respectively.
Standard errors in parentheses.

6. Discussion

The construction and operation of high-speed rail has become an important measure
of the Chinese government to promote efficiency and fairness and high-quality economic
growth. Previous studies have examined the effect of HSR on China’s economic growth and
verified the existence of the HSR’s economic effect [24–26]. Meanwhile, while construction
and operation of HSR promote the flow of production factors such as labor and capital,
HSR and its stations could occupy land and cause changes in urban land use structure.
Thereby, the construction and operation of HSR may become one of the effective policies
to improve the ULUE. However, few studies have explored the impact of high-speed rail
on ULUE. This paper constructs the theoretical framework and proposes that HSR affects
ULUE by promoting the flow of labor and capital elements, changing the land use structure
and land use value. Then, we constructed the Propensity Score Matching-Differences
in Differences model to evaluate the effect of HSR on ULUE. From both theoretical and
empirical aspects, this paper enriches the research between HSR and urban land use.
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Our results demonstrated that the construction and operation of HSR promotes the
growth of ULUE. For cities, the construction and operation of HSR creates perfect conditions
for land use and development. However, it should be noted that the construction of high-
speed railway should be consistent with the urban land use planning. Combined with the
needs of urban development, the government should reasonably determine the type and
scale of land around HSR stations. The land around the HSR station should be dominated
by the high-speed railway service function, and focus on meeting the commercial service
land and storage demand for the improvement of passenger flow and freight flow brought
by the operation of HSR. When the government plans and constructs the residential land
around the HSR station, it needs to support and construct the educational, medical and
transportation infrastructure needed by the residential land, so as to avoid low land use
efficiency caused by lack of urban infrastructure.

Meanwhile, we also found that, due to the difference of urban different geographic
location and urban scale, the impact of high-speed rail on land use efficiency is hetero-
geneous. These results emphasize the Chinese government’s need to pay attention to
the differences of the impact of high-speed rail, and then formulate differentiated HSR
construction planning and urban development planning. For cities in Eastern and Central
China and large-sized cities, it is necessary to pay attention not only to the advantages of
regional centrality improvement brought by HSR, but also to the negative problems of ur-
banization that may be caused by HSR. Western China and small- and medium-sized cities
should rely on the operation of HSR and their own specialized industries, build a business
core area and logistics transportation center with HSR stations. Meanwhile, Western China
and small- and medium-sized cities also need to promote the flow of factors with nearby
cities that have not yet opened HSR, so as to complement each other’s advantages and
improve urban land use efficiency.

However, there are several limitations in this study, which could be improved in
future studies. For example, this paper does not study the specific path of HSR to improve
the ULUE. Meanwhile, this paper does not construct a spatial econometric model to
explore the spatial spillover effects of HSR on ULUE. Due to the network characteristics of
HSR, most of the studies proposed that the impact of high-speed rail on urban economic
development and land use is not only limited to the city, but also to the surrounding
cities [5,59]. Therefore, analyzing the specific impact mechanism of the construction and
operation of HSR on ULUE and exploring the spatial spillover effects of HSR on ULUE are
the research direction that can be concerned in the future.

7. Conclusions

On the basis of previous studies, this paper constructed a Propensity Score Matching–
Differences in Differences model to explore the impact of HSR on ULUE. The results of the
whole of China demonstrate that the construction and operation of HSR could significantly
improve the ULUE. Meanwhile, this paper also considered the heterogeneity of results
caused by differences in urban geographic location and urban scale. It demonstrates
that HSR has a significantly positive effect on ULUE of Eastern and Central China and
large-sized cities, but the impact on ULUE of Western China, medium-sized cities and
small-sized cities in China is not significant. Thereby, the government should pay attention
to the service role of HSR in formulating urban development planning and urban land use
planning, so as to realize the unity of high-speed railway construction and operation and
urban development.
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