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Abstract: Urban land expansion (ULE) is a crucial factor for Article history:
socioeconomic and environmentally sustainable development. However, Received: May 19, 2020
nowadays, the unprecedented scale of high-speed railway (HSR) Received in revised form:
construction in China could exert an important influence on ULE. December 23, 2020

This manuscript first reveals the influence mechanism of HSR on ULE Accepted: February 22, 2021
and then employs difference-in-difference (DID) models to investigate Available online: May 11, 2021

this effect based on the data of 280 prefectures and above level cities
of 2001-2016. We analyze that HSR exerts a joint effect on ULE from
the territorial and local levels and then affects urban land-use intensity
(ULUI). HSR opening and HSR station distance both have notably
positive effects on ULE, with elastic coefficients of 4.1% and 0.5%,
respectively. HSR opening and HSR station distance also both exert
positive effects on ULE of the central, eastern region cities and large
cities of China, while for the western region and small to medium cities,
they are not significant. The impact of HSR station distance on ULUI
is negative with a significance level of 0.073, while the impact of HSR
opening on ULUI is not significant. Lastly, relevant policy implications
are proposed to alleviate urban land waste and spatial disequilibrium
under the context of HSR building. This study can provide an important
basis for sustainable urban land allocation.
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1 Introduction

Urban land expansion (ULE) is the main path of human activities affecting global environment, es-
pecially for China, ULE determining the level of sustainable development, is a significant issue (Qu,
Heerink, & Wang, 1995). As a main land cover change during the urbanization process, ULE en-
croaches on cultivated land, causing potential food crisis. Also ULE has a profound impact on biodiver-
sity and carbon, hydrologic cycle, and specially, urban land produces about 70% of global greenhouse
gas (Hopkins et al., 2016), and accounts for 80% of biodiversity loss on a local scale (Ke et al., 2018).
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For the following reasons, China’s ULE exerts an overall and strategic impact on the national economic
and social development, thus, ULE regulation is the core of the whole resource and environment poli-
cies. First, deducting the protected cultivated land and the ecological space, the space left for urban use
is limited (China State Council, 2011). China has undergone rapid ULE during the past decades. Ac-
cording to statistics, urban built-up areas increased by 139.25% from 2001-2016, and such ULE rate is
not sustainable (Wu, Luo, Zhang, & Skitmore, 2016). Second, ULE is regarded as the engine of China
economic growth, and is the main source of local fiscal revenue, therefore it can affect economic transi-
tion structure and quality (Lichtenberg & Ding, 2009). Third, due to the incomplete land property
right arrangement, ULE of China is excessive in terms of quantity, and brings unnecessary land resource
waste (Tan, Qu, Heerink, & Mettepenningen, 2011), manifested by the idle and inefficient urban uti-
lization (Wu, Zhang, Skitmore, Song, & Hui, 2014).

High-speed rail (HSR) construction exerts a complicated impact on urban spatial form, while
nowadays China is constructing massive HSR. HSR greatly improves the temporal-spatial connection
among cities (Jiao, Wang, Zhang, Jin, & Liu, 2020), stimulates regional cities to expand spatially to the
direction of interattraction, strengthens the spatial integration of regional cities, and provides condi-
tions for the emergence of urban agglomeration (Wang, Wang, & Liu, 2019). The first HSR line in
China opened in 2008, and over the past 10 years, it experienced rapid development. The HSR mile-
age is projected to be 38,000 km at the year of 2025 (NDRC, 2016), and by the end of 2019, China
has already constructed a HSR network with the mileage of 35,000 km. Due to the vast territory of
China, HSR improves accessibility relatively great with its speed advantage. Additionally, China has
huge population; and HSR can speed up industrial agglomeration, enhance urban image, and further
promote the urbanization level; therefore, HSR is regarded as a good fit for the nation’s characteristics
and demand. HSR construction procedures from environmental impact assessment, corridors design to
capital investment is dominated by governments in China. So construction speed is fast, with an aver-
age of 2,600 km per year in the past 10 years; however, if the socioeconomic and natural environment
potential effects of HSR are inadequately understood and assessed, such large-scale, rapid construction
may cause problems. Above all, due to the significant and profound influences of ULE on ecological
environment and socioeconomic development, the impacts of HSR construction on ULE in China
should be investigated urgently.

Existing literatures have studied HSR’s impacts on urban development, and we review them from
the following aspects. First, from the worldwide scope, with the opening of Japan’s Shinkansen in 1964
and Europe’s HSR in 1981, the impacts of HSR on urban development and land use begins to receive
attentions. The impact of Spanish HSR on connected cities’ ULE was studied and it was observed that
accessibility improvement resulting from HSR was the direct impetus, and the impact was more obvious
in big cities like Madrid and Seville than in other cities (Shen, De Abreu E Silva, & Martinez, 2014;
Shen, Martinez, & De Abreu E Silva, 2013; Shen, Zhao, De Abreu E Silva, & Martinez, 2017). Mo-
hino, Loukaitou-Sideris, and Urena (2014) asserted that ‘ex-metropolitan’ HSR station around metro-
politan region caused urban development and achieve metropolitan integration. Urefia, Menerault, and
Garmendia (2009) revealed the influence mechanism of HSR on urban development with a multilevel
analysis at national, regional, and local levels, and Garmendia, Ribalaygua, and Urefa (2012) analyzed
HSR’s impact from two aspects: the new inter-city relationship brought by connectivity enhancement,
and the station location of creating a new subcenter. HSR mostly impacted urban development in major
node cities around the world (UIC, 2011), and researchers simulated it spatially with Cellular Automata
models (Basse, 2013; Shen, Martinez, & De Abreu E Silva, 2014). Second, for HSR’s impacts in China,
existing studies have examined the impacts on various aspects, such as tourism (Wang, Huang, Zou,
& Yan, 2012), housing price (Chen & Haynes, 2015), urban accessibility (Jiao, Wang, & Jin, 2017),
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industrial agglomeration (Shao, Tian, & Yang, 2017), economic growth and CO, emission (Chen, Xue,
Rose, & Haynes, 2016), and regional economic disparity (Chen & Haynes, 2017). With regards to the
impacts on urban growth, studies found regional HSR network affected the spatial morphology of ur-
ban agglomeration and guide cities to expand towards integration (Wang et al., 2019); some literatures
also studied the urban morphology reshaping effects of HSR new town construction at suburban area
(Chen & Wei, 2013; Diao, Zhu, & Zhu, 2016; Zheng, Long, Chang, & Ye, 2019); some research ana-
lyzed the failure reasons of local governments creating new town based on the HSR station location, and
proposed the place-based strategy aiming at promoting local economic by HSR station location (Deng,
Gan, Perl, & Wang, 2020; Dong, Du, Kahn, Ratti, & Zheng, 2020); also, studies discovered that HSR
facilitated the ULE (Long, Zheng, & Song, 2018) and increased the fragmented land-use pattern in
urban areas (Zhang, Zheng, Wu, Wang, & Li, 2020). Finally, we comment that compared with the
studies on regional and individual city scale, few studies explore the impact of currently massive HSR
construction on ULE at the national level. Most of research pay attention on the urban development
rather than ULE, and lack of the investigation on urban land-use intensity (ULUI). Besides, there is a
lack of conceptual mechanism investigation of how HSR impacts ULE.

This research mainly has two innovations. First, we are from the perspective of land resource man-
agement to investigate the impacts of HSR opening and HSR station location on ULE and ULUI at
the national level. Previous studies mainly focus on the impacts of HSR on urban development, while it
is a synthetical concept including the increase of population, economic, urban land and so on, having a
certain difference with ULE. Second, we establish a conceptual framework to describe the mechanism of
HSR affecting ULE from the territorial level and local level. The remainder of this paper was organized
as follows: Section 2 explored the influence mechanism of HSR on ULE from the territorial and local
levels; Section 3 introduced the method and data description; Section 4 was the result analysis; and Sec-
tion 5 presented the conclusion and policy implications.

2 Influence mechanism of HSR on ULE

HSR affects urban spatial layout and expansion direction through HSR station location, and also affects
cities’ status in regional urbans system through the improved accessibility (Urefa et al., 2009); thus,
multilevel analysis is especially necessary to explore the impact of HSR on urban development. Similarly,
the impact of HSR on ULE should be analyzed from multiple levels. Enlighted by the existing literature
(Garmendia et al., 2012; Mohino et al., 2014; Urefa et al., 2009), influencing mechanism were jointly
analyzed from the territorial and local levels following,

2.1 Territorial level mechanism of HSR on ULE

The territorial level mechanism of HSR on ULE refers to the improvement of city competitiveness from
HSR that can attract production factors, such as investment and population, which require correspond-
ing urban land to accommodate, and thus ULE is caused (Figure 1). The travel time between the cities
HSR connects is drastically reduced; additionally, HSR has the advantages of acceptable fares, punc-
tuality, multiple runs, and environmental friendliness (Diao, Fan, & Zhang, 2019). Therefore, urban
accessibility is improved significantly, which promotes the mobility of economic activities among cities
(Wang, Du, & Huang, 2020), reshapes regional urban pattern, and enhances urban competitiveness. It
can optimize urban economic structure, make cities more modern and innovative, and improve urban
images, all of which promotes the competitiveness of HSR cities (UIC, 2011). The improvement in
urban competitiveness attracts investment and labor and facilitates the development of related industries
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(Harmon, 2006), which is the main reason why local governments strive for their cities to be connected
by HSR. Because of the low time cost of visiting big cities and the convenience for information and
technology exchange, companies and offices are inclined to choose HSR cities as sites (Willigers & van
Wee, 2011). In addition, HSR cities have gradually aggregated related industries (Li, Huang, Li, &
Zhang, 2016; Shao et al., 2017), generating the ‘Marshall Effect’ and ‘Jacobs Effect’ of reducing produc-
tion cost of enterprise. China is now undergoing rapid population migration, and considerable rural—
urban migration occurs, and more than 8 million graduates per year select the cities they will live. HSR
means convenient external exchange, becoming a critical basis for individuals when choosing settled
cities. Additionally, HSR can boost tertiary industries with preference for HSR, such as tourism, busi-
nesses, and banking. In summary, HSR brings about newly increased production factors, such as capital,
population and technology that require additional urban land to accommodate, and thus leads to ULE.
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Figure 1. The territorial level mechanism flowchart of HSR on ULE

2.2 Local level mechanism of HSR on ULE

The affecting mechanism of HSR on ULE at local level refers to the following: vicinity development
of HSR station gradually connect with downtown into a single stretch and finally leads to ULE. Most
of HSR cities, except for several big cities such as Beijing, Shanghai, and Nanking, built HSR stations
on the periphery of urban areas. The reasons for this type of setting are three folds. First, most Chinese
cities are at rapid growth phrase, and station location is planned for the future urban morphology. Sec-
ond, local governments of China have been actively accelerating ULE to grab land revenue and attract
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investment (Liu, Fan, Yue, & Song, 2018), and during this process, HSR station location becomes a
useful tool to pull urban expansion. Third, because of the rural collective property right arrangement
in China, the compensation price of undeveloped land at outskirts is low by land expropriation (Tan et
al., 2011), and development cost is also low without much remediation. Thus, taking HSR station as
a stronghold, HSR cities built business, conference centers, hotels, and commercial residences to create
new HSR towns in suburban areas. However, because of the long distance to downtown and insufficient
ancillary facilities, their attraction for transfer of population and industries are limited (Yin, Bertolini,
& Duan, 2015); therefore, many are empty. The suburbanization of HSR station location leads to ULE
in a leapfrog manner and neglects the convenience of intra-city access to HSR (Diao et al., 2016; Dong
et al., 2020), which prolongs intra-city travel time to HSR station and offsets the time saving of HSR.

The local level mechanism can be explained vividly with the Alonso Bid-rent Model (Alonso,
1964). As urban center has the most prominent location, thus, its rent is the highest, from which to
urban periphery, the rent decreases successively until it equals agricultural land rent, and accordingly,
commercial, industrial, residential, and agricultural land are distributed successively from city center to
periphery. In Figure 2, 4 is urban boundary. If 5 is the location of an HSR station that is the impetus
for the development of surrounding land, its rent increases and exceeds agricultural land rent. There-
fore, d,d, is converted into urban use for construction of, for example, hotels and conference centers.
HSR generally improves city image and reduces transport cost, and these gains are transformed into the
increased urban land rent, so decentralized population and employment occurs (Glaeser & Kohlhase,
2003). That finally pushes the distance-rent curve up (Figure 2), specifically, urban boundary expanding
to d,, and boundary of HSR new town expanding from .4, to d,d,. Although d,d, located between
downtown and HSR station remains undeveloped, while under the dual and interactive impacts of the
urban activities from both sides, it will be converted to non-agricultural use soon and eventually link the
main city and HSR new town into a single stretch with low development intensity (Zheng et al., 2019).
Thus, the suburbanization of HSR station results in urban leapfrog development, for which at least d3d4
is the excessive expansion part, and d,d, and d,d. are also likely to be avoided.

The rent of land use

HSR station

’

. : .. Distance to
City center Urban boundary d, d, dz d3 s d4 d5 city center
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Figure 2. The affecting mechanism of HSR on ULE at the local level
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The territorial and local level mechanism of HSR on ULE are not parallel but interactive. For
example, a good intra-city connection between HSR station and other traffic modes improves the ef-
ficiency of HSR. Additionally, HSR station design can further enhance urban image. All these factors
promote urban competitiveness and impacts ULE from the territorial level. Additionally, accessibility
improvement from territorial level influence HSR station location and HSR new town planning, If the
ratio of population, capital, and other economic factors attracted by HSR to the newly expanded urban
land accommodating these factors changes comparing with before, the variation of urban land-use in-
tensity (ULUI) occurs. ULUT is the most important monitoring indicator of ULE regulation. Thus, in
the following, the impact of HSR on ULUI was also tested.

3 Methodology and data

3.1 Model description

Investigating the impact of transport infrastructure on economic development or land use is difficult
because they interact (Tranos, 2012). HSR can promote urban economic and urban development, while
a city’s GDP and size can also affect whether it can be connected by HSR. Thus, there is an endogeneity
problem. Having considered this, we used difference-in-differences (DID) model. The DID model is
widely used for exploring causal relationship and policy effects, and its main advantage is that it relaxes
the assumption of conditional exogeneity and controls the interaction between dependent and inde-
pendent variables effectively (Khandker, Koolwal, & Sammad, 2010). Especially for panel data, DID
model provides a tractable, intuitive way to account for the selection of unobserved characteristics; thus,
relatively unbiased estimates can be obtained (Khandker et al., 2010). DID was adopted to estimate
the effect of HSR on land price and industry agglomeration before (Chen & Haynes, 2017; Shao et al,
2017); so, in this study, it was used to identify HSR effect on ULE and ULUI. DID essentially compares
treatment and comparison groups before and after policy intervention to obtain the policy effect, and
DID model with panel data was set as follows:

Y'it:a0+B0HSRit+rZi[+6t+f;+€i[ (1)

Where Y, was the dependent variable of city 7 at t year, and the impacts of HSR on ULE and on ULUI
were investigated. HSR, was independent variable, where if there existed an HSR service in city 7 at
year t, HSR, =1; otherwise, HSR, =0. ﬁo was the estimator of HSR effect. Z was the vector of control
variables, and r was the vector of their estimators. § was the time fixed effect used to control time trend.
fwas the individual fixed effect of controlling city heterogeneity. € signified the other unobserved char-
acteristics that impacted ULE and ULUL

According to Section 2, the distance from HSR station to downtown may impact ULE and ULUI,
while traditional DID model can only consider the effect of presence or absence of HSR. Having con-
sidered this and learned from Shao et al. (2017) and Moser and Voena (2009), we established a continu-
ous DID model-Equation 2 to investigate the impact of HSR station distance as follows:

Y. =a,+pStadis +1Z + 6 +f +¢, ¥

Where Stadis, referred to the distance from HSR station to city centre for city 7; Stadis,, = 0 before
HSR existence; after the emergence of HSR, it was a constant value; and ﬁo was the effect of HSR station
distance on ULE and ULUI, and meanings of the other symbols seen in Equation 1.
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HSR does not pass through cities randomly, for example, provincial capital cities and node cities are
given priority. Fortunately, DID has some toleration for the selection bias that is time invariant, which
is the so-called parallel-trend assumption that unobserved characteristics affecting programme participa-
tion do not vary over time. If there are important omitted variables, then their effect is put into unob-
served heterogeneity and may violate the parallel-trend assumption and result in a biased estimation.
Therefore, for model specification, control variables should be considered comprehensively to reduce
endogeneity and selection bias. Two methods were employed to test the parallel-trend assumption here.
One method was to test if the dependent variables of treatment and comparison groups had the same
trend before HSR opening, which was widely used in existing literature (Khandker et al., 2010; Moser
& Voena, 2009). Specifically, for the years before HSR opened, the interaction between treatment group
and time variable were joined in Equation 1 to get Equation 3 as follows:

Y=o+ Z BTIreat - Pyear. + BHSR, +vZ, +06 + f, +¢, 3)

k=2001-2007

Yit,t=2001-2007 =a,t BOHSRfc +rZ, + 6!5 +f; tE, 4)

Where, if city i belonged to treatment group, Treat =1, and when it was the kth year, Pyear, =1;
otherwise, Pyear, = 0. If B, was not significant, treatment and comparison groups were believed to pres-
ent the same trend before HSR opening. The second approach was a regression of Equation 4, which
only used the data from 2001-2007 when HSR was not opened, while opening time was set 7 years
earlier artificially. In this case, if HSR is still observed to affect ULE, indicating unobserved characteris-
tics results in selection bias that is time variant and cannot be differenced off by &,. Therefore, only if the
two tests are passed can DID model fulfil the parallel-trend assumption.

3.2 Variables specification

The territorial level mechanism of HSR on ULE indicated that HSR could bring about the improve-
ment of accessibility and city image, so as to attract capital, population and industries into cities. These
needed additional urban land to accommodate, thus affecting ULE. So it can be seen that accessibility
and city image improvement are important intermediary variables. Previous studies also confirmed that
accessibility is the fundamental reason for the social and economic effects of HSR (Jiao et al., 2020;
Wang et al., 2020), but here, according to above mechanism, the direct reason for ULE is urban factors
variation, so urban population, GDD infrastructure etc. were set as control variables in our DID models.
The local level mechanism of HSR on ULE indicated that HSR station location was the main factor,
therefore, when setting independent variables, in addition to HSR opening, HSR station distance to
downtown was also set as an independent variable.

Specifically, for dependent variables, besides ULE, there was also ULUI, in Table 1. As ULUI is an
important regulation indicator of ULE, central government allocates newly expanded urban land to cit-
ies according to their ULUI levels. Although Chinese government released related procedure for evaluat-
ing ULUI, it needed lots of data such as plot ratio, vacant land area, and the population corresponding to
the urban land, etc. that are hard to obtain; so it was always simplified as per unit land GDP (Ministry of
Land and Resources, 2008), and here, we did the same treatment. For control variables, since urban land
is the carrier of economic activities and population, also GDP and population are the main indicators of
measuring city size; thus urban population and the secondary and tertiary industry GDP were selected
as partial control variables (Deng, Huang, Rozelle, & Uchida, 2008). Urban green land was classified
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into urban construction land in China, and if it was omitted in modelling, an unobserved characteristic
may result in biased estimation; thus, we chose it as control variable as well. Infrastructure construction
is the main impetus for urban expansion, impacting urban land quantity and spatial morphology; thus,
it was also set as control variable. The higher city level, the stronger economic agglomeration; thus, the
drive effect on ULE is more obvious. According to GDP, we adopted the head-tail breaks method to
rank city level (Jiang & Ma, 2017), where if GDP ranked at the top 12.5%, city level = 2, and if GDP
ranked between 12.5% and 25%, city level = 1; otherwise city level = 0. Land-use intensity was proven
to have close relationship with developing level (Peng, Song, & Han, 2017). High developing level
meant a strong economic output capacity of urban land which was commonly indicated by per capita
GDP, and thus, it was chosen as a control variable. Additionally, average urban green space and urban
infrastructure which were expected to have negative effect on ULUI, were also taken as control variables.

33 Data Description

The sample was 280 prefectural and above level cities of 2001-2016, and spatial domain was the munici-
pal district. The urban land and other socioeconomic data were collected from the China City Statistical
Yearbook. ULA is the data of Built District Area. The coordinates of the city centres and HSR stations
were obtained from Baidu API (http://Ibsyun.baidu.com/), that was, the locations of city centres were
captured with the ciyCenter function with Baidu API. To reduce heteroscedasticity, we performed a
logarithmic treatment for all variables except for variable of SR and CVEL. The definitions and de-
scriptive statistics of variables are in Table 1.

Table 1. Marks and descriptive statistics of variables

Variable Mark Mean SD Min. Max.
Urban land area (km?) ULA 107.4 148.576 5 1420
ULUI (million CNY/km?) ULUI 408.35 302.34 14.63 3675.38
Whether HSR is opened or not HSR 0.21 0.41 0 1
Distance from HSR station to down- Stadis 9286.34 12512.53 146.86 79944.57
town (m)

Urban population (10000 persons) upr 135.09 170.71 14.08 2449
Second industry GDP (million CNY) SGDP 27513.13 52910.22 277.16 584000
Third industry GDP (million CNY) 1GDP 28230.8 77208.85 283.67 1340000
Urban green space (km?) UGS 54.96 132.4 0.27 1680.27
Urban infrastructure area (km?) UIA 108.14 156.37 5 3371
City level CVEL 0.1 0.39 0 2

Average GDP (CNY/person) AGDP 33976.41 31837.23 1916 301875.2
Average urban green space (m*/person)  AUGS 37.24 52.71 0.23 1179.22

Average urban infrastructure (m?*/person) AUIN 85.18 162.33 64.02 10468.94
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4 Results
4.1 4.1 Impacts on ULE

41.1 Robustness test

In 3.1 Model description, two approaches were employed to test robustness. For SR independent vari-
able, robustness test results were in Columns 1-2 of Table 2, which were the regressions of Equation 3
and Equation 4. Interaction terms between treatment group and time variable were neither significant
in Column 1, indicating treatment and comparison groups maintained the same ULE trend before
HSR opening. In Column 2, only the data before HSR opened were used, namely, from 2001 to 2007,
and the opening time was set 7 years earlier artificially. An insignificance level of HSR opening was
0.381 in Column 2, indicating no such selection bias, making the regression sample consistent with the
parallel-trend assumption authentic. Similarly, for Szdis as independent variable, Columns 4-5 were
regression results of Equation 3 and Equation 4. The interaction terms in Column 4 and the Stadlis vari-
able in Column 5 were not significant, making the regression results credible. Besides, in the following
basic regressions, whether HSR or Stadis as independent variable, the impact was both significant. The
above indicated the regression result was robust and the impact of HSR construction on ULE was not
occasional.

41.2  General impact

In Table 2, Column 3 was the basic regression result of Equation 1, of which R? was 0.867, and HSR
opening was observed having positive effect on ULE with a significance level of 0.067. Ceteris paribus,
cities with HSR expanded by 4.1% more than cities without HSR regarding urban land in China,
while Long, Zheng, & Song, 2018 found that the elasticity is approximately 12%—13%. There were
two reasons for this disparity. The first was data difference: their urban land was obtained from remote
images of 1 km x 1 km, including construction land of the whole city rather than only the city proper.
The second was the control variables” difference of modelling, making the effects of some unobserved
factors be mistaken for the HSR’s effect. According to the above territorial level mechanism on ULE,
HSR can improve accessibility drastically, reduce transportation cost, and promote city image. These
factors attract population, investment, tourism, and other related industries (Li, Strauss, Shunxiang, &
Lui, 2018), which require new urban land to support and finally drives the general ULE in HRS cit-
ies. Moreover, the central government provides HSR-connected cities with more urban land quotas in
land-use planning; thus, the planning constraint for ULE of these cities is relatively small. For control
variables, the impacts of GDP, population, urban green space, infrastructure, and city level were all
positive at the 1% significance level, among which, the contribution rate of urban population was the
greatest, with 28.39%), and that of GDP and urban infrastructure were 19% and 15.9%, respectively.
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Table 2. Regression results of HSR impact on ULE in China

Dependent variable: ULA

Variables

(1) 2 (3) 4 (5) (6)
HSR 0.034 0.023 0.041
(L.77)* (0.88) (2147
Stadis 0.004 0.002 0.005
(2.03) ** (0.76) (2.35)**
TGDP 0.100 0.147 0.099 0.099 0.148 0.099
(4.51)*** (2.78)*** (4.54) *** (4.47) *** (2.79)*** (4.50)***
SGDP 0.087 0.097 0.091 0.087 0.097 0.091
(3.54) *** (2.44)** (3.95)*** (3.55)** (2.46) ** (3.94)***
[0/ 4 0.283 0.206 0.284 0.282 0.206** 0.283
(4.43)*** (2.06)** (4.43) *** (4.41)*** (2.05) ** (4.42)***
UGS 0.102 0.062 0.102 0.102 0.062 0.102
(4.65)*+* (1.92) * (4.66) *** (4.64)*** (1.93)* (4.65)***
UIA 0.158 0.137 0.159 0.158 0.137 0.159
(5.72) (4.71)+* (5.76) *** (5.72)*** (4.71)* (5.76)***
CVEL 0.066 0.088 0.067 0.065 0.089 0.067
(3.12)*** (0.82) (3.19) *** (3.10)*** (0.83) (3.17)***
Treat*2001 (-0.79) (-0.75)
Treat*2002 (-0.79) (-0.74)
Treat*2003 (0.06) (0.12)
Treat*2004  (-0.24) (-0.18)
Treat*2005 (-0.65) (-0.58)
Treat*2006 (-1.64) (-1.53)
Treat*2007 (-1.51) (-1.37)
R? 0.866 0.845 0.867 0.867 *0.845 0.867
Observations 4480 1960 4480 4480 1960 4480

Note: *, **, and *** represent significances at the 10%, 5%, and 1% level, respectively; T values are in parentheses; the same
meanings in the following tables.

Based on the above robustness tests, Column 6 was the basic regression result of Equation 2, and it
tested that HSR station distance exerted a positive effect on ULE with a significance level of 0.05. That
was, the farther away HSR station location was from downtown, the more obvious ULE effect was.
Additionally, ULE increased by 0.5% for every 1% increase of HSR station distance from downtown.
HSR station can stimulate the development of surrounding areas. Thus, local governments supported
building HSR new town between which and downtown the area had convenient access to both sides,
therefore was developed gradually into a continuous stretch (Zheng et al., 2019). Additionally, HSR
new town is planned as city subcenter around which city begins a new expansion. For 179 HSR-con-
nected cities, the average Built District Area of 2016 was 193.23 km?; thus, coarsely, the average radius
of these cities was 7.88 km, while their average HSR station distance was 9.59 km, so most HSR station
obviously located at the periphery. This confirmed the aforementioned local level mechanism, HSR
station was taken as a supporting point for urban leapfrog development; thus, HSR station distance to
downtown can influence the ULE.
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4.1.3  Heterogeneity of HSR impact on ULE

We further investigated the difference of HSR effect on ULE among different regions and different
types of cities. The regression results were in Table 3, where the estimation of control variables were
not displayed. We observed that for the eastern and central cities of China, HSR opening had positive
impact on ULE with elastic coefficients of 0.063 and 0.071, indicating that in eastern and central cities
HSR can attract additional factors that required new urban land to accommodate, and thus, it drove
ULE. Ceteris paribus, HSR cities expanded by 6.3% and 7.1% more than cities without HSR regarding
urban land in the eastern and central cities, respectively. However, for western cities in China, the effect
of HSR opening on ULE was insignificant, which may be because although HSR improved accessibil-
ity and connectivity drastically, the western cities’ development level was low; thus, having not attracted
enough growth factors compared with eastern and central cities, even because of HSR opening, popula-
tion outflow was aggravated. The cities ranked in the top 12.5% of GDP are defined as big cities and
other cities are defined as small- and medium-sized cities. The results showed that for big cities, the ef-
fect of HSR opening on ULE was significant at 1% level with a coefficient of 0.101. For the small- and
medium-sized cities, it was not significant, which is similar to the result of Shen et al. that the impetus
of Spanish HSR on urban growth was more obvious in big cities than in small cities (Shen et al., 2013).
This may be because accessibility of big cities was improved drastically with frequent HSR runs (Jiao et
al., 2017), and just due to the emergence of HSR, big cities attracted population, capital, and other eco-
nomic factors from other cities more conveniently than before by their advantages (Wang et al., 2016).
That is, the so-called Matthew effect aggravated with HSR opening during regional competition, makes
big cities grow significantly and small- and medium-sized cities not obvious.

Table 3. Regression results of HSR on ULE for different regions and types of cities

Dependent variable: ULA

Variables
Eastern cities Central cities ~ Western cities  Big cities Small- and medium-sized cities
HSR 0.063 0.071 -0.034 0.101 0.019
(1.91)* (2.71)** (-0.80) (3.05)*** (0.84)
Stadis 0.009 0.009 -0.003 0.012 0.026
(2.48)** (3.04)** (-0.67) (3.24)>* (0.95)
Observation 1584 1616 1280 1120 3360

The same results were observed when independent variable Stadis was adopted, and for the eastern,
central cities and big cities, HSR station distance exerted positive effect on ULE at the significance
level of 5% and above, while for the western cities and small- and medium-sized cities, it was insignifi-
cant. The possible reason is that the growth of western cities and small- and medium-sized cities lacks
impetus, and growth factors do not tend to flow into them (Wang et al., 2016); even if HSR station is
taken as spatial instrument for urban leapfrog development by local governments, this tendency is not
changed. As Deng et al. (2020) analysed that the demand of economic, population and employment
growths were prerequisites for HSR station surrounding development, and HSR station should not be
solely understood as an impetus for urban development. Thus, for western and small- and medium-
sized cities, the impact of HSR station location on ULE was not significant, due to the lack of other
driving factors.
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4.2 Impacts on ULUI

ULE is inevitable during the rapid urbanisation and industrialisation processes; however, for ULE regu-
lation, the basic standard is that ULUT remains unchanged or increases; thus, we also investigated the
impacts of HSR on ULUL

421 Robustness test

In Table 4, Columns 1-2 tested the parallel-trend assumption jointly. Similarly, taking Stadis as inde-
pendent variable, Columns 4-5 were the regression of Equation 3 and Equation 4. Although in Col-
umn 4, the interaction term of 2006 year was significant, other interaction terms and the Stadis variable
in Column 5 were not significant; indicating treatment and comparison groups maintained the same
ULUI trend before HSR opening, and there was no selection bias. Thus, we generally considered the
parallel-trend assumption was fulfilled and the following basic regression results were robust.

422  General impact

In Table 4, Column 3 was the basic regression result of Equation 1 to test the impact of HSR opening
on ULUI, and it indicated that HSR opening had negative effect on ULUI but was not significant.
Column 6 was the basic regression with Stadlis as independent variable to investigate the impact of HSR
station distance on ULUI We observed that Stadis had a negative effect on ULUI, with significance level
of 0.073, that was, the farther away HSR station was from downtown, the lower ULUI would be, im-
plying land resource waste occurring. This is because under the arrangement of related financial policies,
more urban land means more assets and a larger GDP number; thus, local governments are proactive to
increase land asset reserve (Liu, Fan, Yue, & Song, 2018). The location of HSR station was then taken
as a wedge for urban development, and the land between HSR station and downtown, and peripheral
land around HSR station would be developed gradually; however, there were not enough population,
capital and industries to occupy these land (Zheng, Long, Chang, & Ye, 2019). Because land resources
are state-owned, why not make it into urban asset with the opportunity of HSR opening. Although
central government always motivated local governments to promote ULUI, however, there was little
criterion in current officials’ achievement appraisal. Particularly, with such a land factor-driven style of
urbanisation and industrialisation in China, reducing land resources’ input means losing development
impetus and opportunity; thus, local governments were not enthusiastic about ULUI enhancement, but
having desires to expand urban land (Shu, Xie, Jiang, & Chen, 2018). Therefore, HSR station distance
exerted a negative effect on ULUI significantly in China.
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Table 4. Regression results of HSR impact on ULUI of 2001-2016 in China

Dependent variable: ULUT and its inverse

Variables
1) 2 3) 4 5) (6)
HSR -0.011 0.012 -0.009
(-0.60) (0.49) (-0.48)
Stadis 3.32E-05 -7.46E-06 3.32E-05
(1.54) (-0.26) (1.80)*
AGDP 0.804 0.687 0.804 -7.65E-03 -6.89E-03 -7.65E-03
(26.08)*** (14.13)*** (28.68)*** (-23.99)** (-13.84)*** (-26.50)***
AUGS -0.113 -0.113 -0.113 9.60E-04 5.95E-04 9.57E-04
(-5.11)*** (-1.98)** (-5.07)*** (4.36)*** (1.68) (4.33)***
AUIN -0.170 -0.113 -0.168 1.59E-03 1.22E-03 1.57E-03
(-5.48)*** (-4.30)*** (-5.44)*** (5.13)*** (3.97)*** (5.10)***
Treat*2001 (-1.37) (0.82)
Treat*2002 (-0.83) (0.29)
Treat*2003 (-1.38) (0.65)
Treat*2004 (-0.82) 0.07)
Treat*2005 (-0.17) (-0.43)
Treat*2006 (0.68) (-1.69)*
Treat*2007 (0.70) (-1.56)
R? 0.693 0.587 0.691 0.649 0.561 0.647
Observation 4480 1960 4480 4480 1960 4480

423  Heterogeneity of HSR impact on ULUI

Results in Table 5 indicated that the effect of HSR opening on ULUI for different regions and types of
cities were not significant. However, we observed that for the central region cities and small cities, HSR
station distance had negative effect on ULUI at a significance level of 5%, and for every 1% moving
outward of HSR station location, the inverse of ULUI increased by 7.18% and 11.8%, respectively. This
is because China has a stepwise development pattern from the eastern, central to western region, and
nowadays, the strategy of central region rising is implemented by central government to reduce regional
disparity. To support this strategy, central government provided biased policies for central cities regard-
ing urban land quotas (China State Council, 2016), and the location of HSR station was just right taken
as a spatial instrument of urban expansion by local governments. Therefore, for central cities, the farther
HSR station distance, the more urban land newly expanded, and the lower the ULUI was. Compared
with big cities, because of lack of driving forces, small cities were more dependent on HSR station loca-
tion with respect to ULE. The ability of factor conglomeration of big cities was higher than that of small
cities (Wang et al., 2016), and they did not completely depend on HSR station location to drive urban
growth; therefore, HSR station distance exerted negative effect on ULUI only for small cities.
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Table 5. Regression results of HSR on ULUI for different regions and types of cities

Dependent variable: ULUI and its inverse

Variables
Eastern cities Central cities Western cities  Big and medium cities ~ Small cities
HSR -0.034 -0.043 0.034 -0.034 0.017
(-0.12) (-1.54) (0.85) (-1.18) (0.69)
Stadis 2.56E-05 7.18E-05 9.87E-06 5.17E-06 1.18E-04
(0.85) (2.14)** (-0.20) (0.23) (2.27)*
Observation 1584 1616 1280 3136 1344
5 Policy implication and conclusion
5.1 Policy implication

This paper proposes three policy implications. First, for central government, the impacts of HSR on
ULE and ULUI should be considered during the new urban land allocation of planning. Under the
same condition, HSR cities should be provided with more urban land quota. Moreover, HSR as a
modern mode of transportation can bring advanced factors such as technology and information and
promote industrial upgrading and agglomeration; thus, it is supposed to improve ULUIL However, we
observed that for the central region cities and small cities, HSR station distance exerted a negative effect
on ULUI, which should be regulated emphatically. Therefore, the accuracy of urban land allocation
should be improved to prevent land resource waste caused by HSR station location under the pretext of
HSR building. Second, locations of HSR stations should be determined based on the convenience and
fairness of intercity traffic for citizens and the rationality of HSR line route (Chen & Wei, 2013), rather
than solely taken as a spatial supporting point for ULE. Thus, public participation should be adopted
for the site selection of HSR station, rather than only decided by government. HSR stations are better
located within urban range, and the maximum location distance should be set according to the planning
radius of cities (Yin et al., 2015). Additionally, blind overdevelopment of HSR new towns should be
restricted to avoid “ghost town.” Local governments should be guided scientifically how to use HSR sta-
tion location to boost local economic. Third, regional imbalance owing to HSR development should be
paid attention (Chen & Haynes, 2017). Although China is now attempting to pursue a balanced spatial
pattern of urbanization, HSR results in Matthew effect such that population, industries, and other fac-
tors are attracted to flow into big cities and east-central cities (Wang et al., 2016), which is an efficient
phenomenon from the view of economics; however, an excessive Matthew effect will lead to unbalanced
development and inequity. Thus, for big cities, some functions should be transferred to generate a spill-
over effect and for western cities and small cities, their distinctive development paths should be guided.
Additionally, public service facilities should be allocated equally for different regions and cities to cope
with the possible regional imbalances.

5.2 Discussion and conclusion

Although ULE is a common land cover change during urbanization process, it exerts a strategic impact
on the sustainable development of socioeconomic and ecology. Additionally, China’s ULE is typically of
government-driven and plays a critical role in China’s economic growth mode, and all these characteris-
tics indicate that China’s ULE is complicated and crucial. Nowadays, the largest ever HSR development
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in China is occurring, thus this paper investigated its impact on ULE and utilisation. We first analysed
the influence mechanism of HSR on ULE from the territorial and local levels. Next, DID model tak-
ing 280 cities of 2001-2016 as sample was employed to examine HSR impact; as well the difference
of this effect on different regions and types of cities was studied. The main challenge of this study lies
in the identification of HSR impacts on ULE and ULUI from various influence factors relative accu-
rately. For it, we adopted 2 measures, one side, the possible control variables such as population, GDB
infrastructure and so on, were taken into DID model to remove their disturbance, and the other side,
the parallel-trend assumption was employed to remove the effects of unobserved invariant factors. The
major findings were summarised as follows: (1) HSR impacted ULE from the territorial and local levels
jointly, and then affected ULUI. At the territorial level, traffic accessibility and urban image drastically
improved with HSR; thus, can attract related production factors and boost related industries, finally
resulting in ULE. At the local level, HSR station location was taken as a spatial supporting point for
urban leapfrog development by local governments; thus, the land between downtown and HSR station
was developed gradually. (2) HSR opening and HSR station distance from downtown had positive ef-
fects on ULE in China with elastic coefficients of 4.1% and 0.5%, respectively. That was, HSR cities
expanded 4.1% more than cities without HSR regarding urban land, and ULE increased by 0.5% for
every 1% increase of HSR station distance. The effect of HSR opening on ULUI was not significant,
while that of HSR station distance was significantly negative, that was, the farther away HSR station
location, the lower the ULUI was, and specifically, for every 1% moving outward of HSR station, the
inverse of ULUT increased by 7.3%. (3) HSR opening and HSR station distance both had positive ef-
fects on the ULE of eastern, central region cities and big cities in China. However, for different regions
and types of cities, HSR opening impact on ULUI was not significant, and only for the central region
cities and small cities, HSR station distance had negative effect on ULUL. The following aspects deserve
further study: first, the investigation of HSR impact on urban land- use structure; second, the spatial
simulation of HSR impact on urban morphology with geo-computation model; third, the estimation of
excessive ULE brought by HSR development; four, the investigation of HSR impacts on urban land-use
efficiency; five, the evaluation of integration of HSR and urban land use with transit-oriented develop-
ment (TOD) framework.
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