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Introduction: Urban agglomerations (UAs) are core economic growth centres,
and urban construction land is the main spatial carrier of economic growth.
Urban expansion is a research hotspot, while previous studies have rarely
compared the characters and determinants of urban expansion within and
outside UAs.

Methods: Considering the case of China, based on the China Land Use/Cover
Dataset (CLUD), this study use spatial statistics analysis and Theil index to
compare the spatiotemporal characteristics of urban expansion within and
outside UAs during 1990-2020. Economic models is used to detect difference
of influencing factors of urban expansion within and outside UAs.

Results: As for spatiotemporal characteristics, urban expansion is mainly
distributed within UAs, especially in UAs at high and upper-middle development
levels. In 1991-2020, urban expansion within the UAs accounted for 77.58%
of the total urban expansion, and urban expansion in UAs at high and upper-
middle development levels accounted for 71.58% of urban expansion in UAs.
The inequality of urban expansion between within and outside UAs decreases
with fluctuation. The rate of urban expansion outside UAs gradually exceeded
that within the UAs from 2011. As for driving factors, government factors have a
stronger power to urban expansion than economic factors. Economic factors
were more influential within UAs than outside agglomerations. Meanwhile,
government forces played more important roles outside urban agglomerations
than within agglomerations. The impact of economic factors increased with an
upgrade of UA development level, whereas government factors’ impact on urban
expansion decreased with upgrade of UA development level.

Discussion: The findings provide a scientific support for urban construction land
management. The impact of territorial and spatial planning on urban expansion
will be studied.

urban expansion, urban agglomerations, spatiotemporal characteristics, influencing
factors, China
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1 Introduction

When entering the late stage of industrialisation, urban
agglomerations (UAs), as the most advanced land feature,
have become important spatial clusters of regional economic
developmentin the 21st century (Fang et al., 2015). UAs are generally
composed of at least one mega city as the core and at least three large
cities as constituent units. By relying on developed infrastructure
networks, such as transportation and communication, these cities
have formed urban clusters with compact spatial organisation and
close economic connections, ultimately achieving high levels of
integration, namely, UAs. UAs are the core economic growth pole
in the future and also the main spatial platform to participate
in international economic cooperation and competition. People
are migrating to UAs (Cao et al, 2023) and the traditional
provincial economy in China is gradually shifing towards UA
economy (Lv and Wang, 2023). UAs, with strong economic
gathering advantages, are leading high-quality development
(Caoetal., 2024).

UAs are spatial clusters of highly concentrated production
factors (Fang and Yu, 2017). Land resources, as an indispensable
production factor, have a profound impact on economic
development. Rapid urbanisation led to a rapid expansion of urban
construction land (Zhang and Han, 2024). As the largest developing
country, urbanisation rate of China increased from 10.64% in 1949
to 66.16% in 2023, resulting in a large-scale urban expansion in
human history (Lu et al., 2019), especially afer China’s reform and
opening up in 1978. According to the Urban Construction Statistical
Yearbook, urban construction land in China reached 43,743 km? by
the end of 2022, compared with only 6,720 km? in 1981. UAs in
China also experienced rapid development and become growth
poles (Fang, 2019; Zhang et al., 2023).

Previous studies have analysed the spatial-temporal characters
of urban expansion of UAs, such as the Central Plains UA
(Wang et al., 2023), Yangtze River Delta UA (Chen and Deng, 2023)
and Shandong Peninsula UA in China (Pan et al., 2023), and Raiganj
in India (Basu et al., 2023). Most cities within UAs experienced rapid
urban expansion. Urban sprawl in cities with lower economic levels
in UAs is found to be more severe (Lv et al., 2024). Tere is an
anisotropy toward expansion in the trajectory of urban expansion
within urban expansion (Liu et al., 2024). T e phenomenon that
the rate of land urbanisation is faster than the rate of population
urbanisation has also been found in Ethiopia (Talema and Nigusie,
2024) and India (Barman et al., 2024). As for infuencing forces
of urban expansion, government factors (Feng and Wang, 2022),
economic factors (Chen and Deng, 2023), geographic factors
(Yan et al., 2019) and others were comprehensively analysed. And
this is systematic reviewed in Section 2.

In summary, previous studies on the urban expansion provide
a rich theoretical and methodological foundation for the evolution
of urban expansion and its infuencing factors. UAs are the main
spatial carrier of urbanisation (Fang, 2019). But most studies mainly
focused on one city or a region, disregarding the diferences of
spatial-temporal characters and infuencing factors within and
outside UAs. T erefore, the contribution and aim of this study is
to discover the diferences of the spatiotemporal characteristics of
evolution of urban expansion and the underlying mechanisms of
infuencing factors on urban expansion within and outside UAs.
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Taking China as a case study, the following contents are addressed:
(1) Build a comprehensive conceptual model of urban expansion in
mechanism China to lay a solid foundation for empirical research;
(2) Explore spatiotemporal characteristics of urban expansion
within and outside UAs by using land use data, the T eil index and
spatial analysis method; (3) Uncover the diference of mechanisms
driving urban expansion within and outside UAs and UA in diferent
development levels through econometric methods. Because afer
establishment of socialist market economy in 1992, China entered
a stage of rapid urbanization. T e scale of urban construction land
also grew fast (Schneider and Mertes, 2014, pp. 1978-2010). Te
study period is 1990-2020. T e fndings could provide references for
the adjustment of urban construction land management policy for
diferent regions.

2 Determinants of urban expansion in
China

Some scholars are convinced that Chinas urbanisation
is infuenced by the triple transformation process: economic
globalisation, decentralisation and marketization (Gao et al., 2014).
However, these aspects can be summarised as economic and
government forces. A conceptual model of urban expansion in
China is established based on economic development, government
management and other infuencing factors (Figure 1).

Globalisation and marketisation belong to economic forces.
GDP growth stimulates urban expansion urban expansion through
the rising demand for production, living and leisure spaces
(Colsaet et al, 2018). Economic globalisation and socialist
market economy led to rapid development of Chinese economy.
Economic globalisation, especially foreign investment and export
trade, enabled China to participate in global competition, which
signifcantly increased the demand for urban construction land
(Huang et al., 2015). Economic and technological development
zones are important spatial clusters for foreign investment (He et al.,
2014) and also an important form of urban expansion (Ding and
Zhao, 2011). Afer the establishment of socialist market economic
system, the fow of economic factors is no longer solely allocated by
planned indicators. Capital allocation enables regions with initial
comparative advantages to develop early. Industrialisation is the
main driving force in the early urbanisation stage in China (Bai et al.,
2014). Te development of the secondary industry promotes the
service industry, thereby attracting investment and talent. Without
occupying a large amount of land resources, the service industry
can also promote urban development and spatial transformation
of cities (Lin, 2004). Population growth is one of the strongest
factors explaining urban expansion worldwide (Colsaet et al.,
2018). Population growth requires additional construction land for
residence and public service facilities, thereby directly promoting
urban expansion (Chen and Deng, 2023). With the relaxation
of household registration, people are allowed to migrate freely
according to job opportunities, payment and public services,
amongst others (Liu et al., 2016). T erefore, population migration
can be considered market-oriented behavior. During 1990-2010,
about 359 million people migrated from rural to cities and towns in
China (Lietal., 2018), resulting in rapid urban expansion. However,
population growth is found to be uncorrelated with urban expansion
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FIGURE 1
Conceptual model of urban expansion mechanism in China.

in parts of developing western China (Li et al., 2019), and this
phenomenon also occurs in Switzerland (\Weilenmann et al., 2017).

Decentralisation  belongs to government forces. Te
decentralisation of the Chinese political system is an important
factor afecting urban expansion (Qun et al., 2015). GDP-oriented
performance evaluation system leads local governments to attract
enterprises with low-priced industrial land (Xu et al., 2016). Local
fscal revenue mainly relies on land transfer fees, leading local
governments to continuously sell commercial, residential and other
operational land to maintain government expenditure, which will
be used in infrastructure renewal and construction. Infrastructure
is part of urban expansion, as it consumes space (Shin et al,
2009). Transportation infrastructure can favor urban expansion.
As transport facilities expand, remote locations become accessible
(Schneider and Mertes, 2014). T is situation can likewise promote
the price of land leasing (Liu et al., 2005). For example, in 2004, the
State Council of China approved the Long Term Railway Network
Plan, and started to construct high-speed rail networks. T e rate
of urban expansion was found to be higher in areas surrounding
high-speed rail stations than in other cities of the Yangtze River
Delta UA. Moreover, the center of urban land of 75% cities was
found to deviate towards the high-speed rail station (\Wang et al.,
2019). Besides, the government controls urban expansion by spatial
planning, annual land use plan, land use constrain system and land
acquisition management (Kuang et al., 2016).

Interactive relationships also exist between economic
development and government management factors. GDP-oriented
performance evaluation system makes local governments provide
various preferential policies to attract enterprises and talents,
which can promote local economic development (Li and Xiong,
2019). Te governments investment in public services will also
attract talents (Zhou et al., 2021). Te development of industries
can increase tax revenues, and then provide additional fscal
expenditures. Additionally, economic development attracts talents
by plentiful job opportunities and high payments. Agglomeration of
population can also provide additional labour for industries, expand
consumer demand and increase tax revenue.

Other factors, such as natural topography and geological
conditions, ofen restrict urban expansion (Xu and Min, 2013).
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Te path efect is also an important infuencing factor of urban
expansion (Li et al., 2013). Although these factors do not play a
driving role in urban expansion, they can still explain the urban
expansion phenomenon. T ese factors also need to be considered
in the empirical model.

3 Materials and methods
3.1 Study area

A total of 19 UAs were selected according to the 13th Five-
Year Plan (2016-2020) (Table 1; Figure 2) (Zhou et al., 2021). Te
boundaries of these UAs were defned according to their master
plans. Prefecture-level cities are under the jurisdiction of provincial-
level administrative regions and have jurisdiction over county-level
administrative regions. Prefecture-level cities are usually the basic
unit of implementation of many policies in China (Cao et al., 2023).
Tus, this study analysed urban expansion at the prefecture-level
city scale.

Since 2006, China has identifed UAs as the main spatial carrier
for new type of urbanisation. National-level major infrastructure,
such as high speed railway, is constructed in UAs frstly. During
1980 to 2016, the population and GDP in UAs continued to increase.
Te proportion of population within UAs in study area increased
from 50.07% to 75.19%; that of urban population increased from
58.38% to 72%); that of workforce increased from 43.37% to 67.32%;
that of GDP increased from 70.42% to 80.05%; that of fxed assets
investment increased from 58.93% to 82.37%; that of utilized foreign
capital increased from 47.62% to 91.23%; that of fscal revenue
increased from 79.14% to 91.19%; that of deposit in fnancial
institutions increased from 58.76% to 83.59% (Fang, 2019). In 2020,
the GDP of 19 UAs accounted for 85.13% of Chinas GDP. Te
proportion of permanent population and registered population of
UAs accounted for 75.89% and 71.55% of China’s total population
(Cao et al., 2023). Various social and economic indicators in UAs
are steadily improving, and the agglomeration efect is becoming
stronger. UAs have become the strategic core area of national
economic development in China (Zhang et al., 2023).
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TABLE 1 Development level of UAs in China.

Development level Urban agglomerations

Low level Central Yunnan (CYN), Lanzhou-Xining (LZXN), Hu-Bao-E-Yu (HBEY), Central Guizhou (CGZ)

Lower-middle level Northern Tianshan Mountains (NTM), Guanzhong (GZH), Central Plains (CPL), Central Shanxi (CSX), Harbin-Changchun

(HBCC), Beibu Gulf (BBG), Ningxia Yellow River (NYL)

Middle level
Upper-middle level Middle Reaches of Yangtze River (MYZ), Shandong Peninsula (SDP), Chengdu-Chongging (CDCQ), Western Coast of Taiwan
Straits (WCTS), Mid-southern Liaoning (MSLN)
High level Yangtze River Delta (YRD), Pearl River Delta (PRD), Beijing-Tianjin-Hebei (BTH)
FIGURE 2
The study area and urban agglomerations.

3.2 Data sources

Urban expansion data were extracted from the China Land
Use/Cover Dataset (CLUD), which were likewise provided by the
Resource and Environment Data Centre (REDC, http://www.resdc.
cn/). Te late 1980s ('1990’), 1995, 2000, 2005, 2010, 2015 and 2020
were selected. T e CLUD dataset was produced by human—-machine
interactive interpretation of remote sensing images (Cui et al., 2024).

Frontiers in Earth Science

Teoverall accuracy of the CLUD is over 90% (Li et al., 2019). In this
study, urban centres and other types of built-up land, such as mining
land, large factories and large transportation infrastructure located
in suburbs, were classifed as urban areas.

Socio-economic data were extracted from the China City
Statistical Yearbook and China Statistical Yearbook for Regional
Economy, and previous socioeconomic data were adjusted to the
administrative division in 2020.
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Administrative boundaries were also provided by the REDC and
adjusted to 2020. Hong Kong, Macao and Taiwan were excluded
from this study owing to lack of data.

3.3 Development level of UAs

Te development levels of UAs were identifed according to
the index of development degree for UAs (IDDUA) (Zhang et al.,
2018). IDDUA consists of 14 sub-indexes, covering economic
development, city size, infrastructure conditions, urbanisation level
and industrial superiority, amongst others (Zhou et al., 2021).

Te development levels of UAs were grouped into four grades:
high, upper-middle, lower-middle and low levels (Table 1). UAs at
the high level include the Yangtze River Delta, Pearl River Delta
and Beijing—Tianjin—Hebei UAs (Table 1). Tese UAs are mainly
located in eastern coastal regions, with a total area of 4.49 x 10° km?,
accounting for only 4.47% of the research areaand 15.04% of all UAs.
UAs at the upper-middle level, with a total area of 9.42 x 10° km?,
account for only 9.96% of the research area and 31.57% of all UAs.
UAs at the lower-middle level, with a total area of 1.08 x 10° km?,
account for 11.43% of the research area and 36.21% of all UAs. Lastly,
UAs at the low development level, with a total area of 5.13 x 10° km?
and mainly located in the inland midwest region, account for only
5.42% of the research area and 17.18% of all UAs.

3.4 Theil index

Tis study calculated the T eil indices to measure the inequality
of urban expansion within and outside UAs. Te value range of
the Teil index is between 0 and 1. Te closer the Teil index
is to 1, the more unequal the distribution of urban expansion.
Te Teil index measures total, within-group and between-group
inequalities (Zhou et al., 2024). Total inequality can be divided into
inter- and intra-group inequalities. T us, the total T eil index can be
divided into inter- and between-group T eil indices:

n

Pi
T=> —1In

Pi
n—) =TBG+TWG
25 Q)

P n P n
TBG=ZIn(—=)+=2In(—
P (nw) P (no)

P, P,/P
> 5In(oz—5)

Ny, P
TWG =
2> — P,/P

'In (n Pi/P )+
5P “p,/P

where T is the overall T eil index, n is the total number of prefecture
and upper-level cities, Pi is the scale of urban expansion of i city, P
is the total urban expansion, TBG is the between-group T eil index,
TWG is the within-group Teil index, P,, and P, are the scale of
urban expansion within and outside UAs, respectively, and N,, and
N, are the number of prefecture and upper-level cities within and
outside UAs, respectively.

3.5 Empirical models and variable
specification

Urban expansion scale was selected as the dependent variable.
To compare the coefcients of independent variables at diferent
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periods, the logarithm values of the independent and dependent
variables were placed in the empirical models owing to the
inconsistent measurement units of variables. Te ordinary least
squares (OLS) method is used to estimate coeFcients.

Independent variables (Table 2) are selected according to the
conceptual model of urban expansion in China (Figure 1). For
the driving factors, in terms of economic development and
globalisation, foreign investment (FC) was selected to represent the
driving force of globalization (Chen et al., 2016). Given that FC
is a cumulative process for urban expansion, and the cumulative
investment amount during a period was used in this study. Value
added of secondary industry (SND) (Wanfu et al., 2019) and value
added of tertiary industry (TRY) (Colsaet et al., 2018) are economic
development factors. Given that the dependent variable is urban
expansion of a certain period, the change of value added of industries
during a certain period was selected. Urban resident population
(UPOP) (Liand Xiong, 2019) was selected, and the increment over a
certain period was used. For government management, public fscal
expenditure (PFX) (Huang et al., 2015) and area of paved roads in
cities (ROD) (Li et al., 2015) were adopted. PFX is ofen invested in
infrastructure construction and the maintenance and improvement
of public services (Li et al., 2019) to enhance the attractiveness of
local industries and talents. Moreover, PFX can refect competition
amongst local governments. Given that the implementation of many
government policies is shorter compared with such a long time
series, factors of government policies were not considered. Owing
to the late emergence of high-speed railways, intercity railways
and airports in China, such transportation infrastructure were not
selected as driving factors in econometric models in long-term
studies from 1991 to 2020.

Natural factors and path dependent efects were selected as
control variables. Natural factors selected the average slope (SLP) of
the region (Li et al., 2018). T e scale of urban expansion during last
period (UE) was selected to represent the path dependence efect.
T e equation is defned as follows:

UEY =q,-FC+a, -SND +03- TRY + 0, - UPOP
+05:PFX+05-ROD+0a;-SLP+0g-UE+¢€

where UEY is the dependent variable; oy, ..., oy are estimated
coefcients; FC, SND, TRY, UPOP, PFX, ROD, SLP, UE are
independent variables (Table 2); € is the random error term.

Owing to adjustments of statistical indicators and administrative
divisions, 224 prefecture and upper-level cities were selected to
explore the determinants of urban expansion from 1991 to 2020.
However, the urban expansion of these cities accounts for 77.28%
of the total urban expansion. T us, this empirical model can reveal
the factors of urban expansion in China.

4 Spatiotemporal characteristics of
urban expansion in China from the UA
perspective

Urban expansion in China during 1991-2020 is
depicted in Figure 3. Beijing-Tianjin-Hebei (BTH), Yangtze
River Delta (YRD) and Pearl River Delta (PRD) UA are at high
development level and the most developed region in Chia. T erefore,
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TABLE 2 Description of considered variables.

10.3389/feart.2024.1523020

Variables Descriptions

Dependent variable UEY Urban expansion scale
FC Total amount of foreign capital actually utilised
SND Change of value added of secondary industry
TRY Change of value added of tertiary industry

Driving factors

UPOP Change of urban resident population
Independent variables
PFX Total public fnance expenditure
ROD Change of area of paved roads in cities
SLP Average slope
Control variables
UE Urban expansion scale in last period

FIGURE 3
Urban expansion in China during 1991-2020.

they are displayed individually. Te area of 19 UAs is 2.99 x 10° km?,
accounting for only 31.55% of the study area. However, urban
expansion in China is mainly distributed within UAs.

4.1 Urban expansion is mainly distributed
within UAs

China experienced massive urban expansion during rapid
urbanisation era like other developing city, such as Kirkuk,

Frontiers in Earth Science

Iraq (36.6% increase) (Jasim, 2025) and in Khulna, Bangladesh
(over 100% increase) (Siddika and Sresto, 2025). However, the
rate of urban expansion within UAs is higher than that of
outside UAs (Table 3). From 1991 to 2020, urban expansion
within UAs reached 70,006 km?, accounting for 77.58% of the
total urban expansion. Urban expansion outside UAs reached
20,228 km?, accounting for only 22.48% of the total urban
expansion. From 1991 to 2020, the average annual average urban
expansion rate within UAs was 4.70%, higher than that outside
UAs (4.47%). However, from 2011 to 2020, the average annual
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TABLE 3 Urban expansion within and outside UAs during 1991-2020.

10.3389/feart.2024.1523020

‘ 1991-1995 1996-2000 2001-2005 2006-2010 2011—2015’ 2016—2020’ 1991-2020

Urban Within UAs 4,559 3,512 10,646 6,321 13,797 31,171 70,006
expansion
(kmz) Outside UAs —-369 1,424 1770 1,444 6,150 9,809 20,228
Annual Within UAs 3.599 2.380 5.971 2.825 5.124 8.439 4.703
average urban
expansion rate .
%) Outside UAs -1.008 3.724 3.846 2.660 8.792 9.138 4.466
T e proportion Within UAs 100 71.151 85.744 81.404 69.168 76.064 77.583
of urban
expansion of
the region to .
Outside UAs 0 28.849 14.256 18.596 30.832 23.936 22.417
total urban
expansion (%)

TABLE 4 The Theil index of urban expansion within and outside UAs during 1991-2020.

1991-1995 1996-2000 2001-2005 | 2006-2010 | 2011-2015 | 2016-2020 | 1991-2020
National 0.880 0.501 0.914 0.699 0.485 0.484 0.421
Within-group 0.764 (86.818) 0.463 (92.415) 0.795 (86.980) 0.648 (92.704) 0.472 (97.320) 0.426 (88.017) 0.354 (84.086)
inequality?
Between-group 0.116 (13.182) 0.038 (7.585) 0.119 (13.020) 0.051 (7.296) 0.013 (2.680) 0.057 (11.983) 0.067 (15.914)
inequality?
Within UAs 0.783 0.427 0.794 0.672 0.465 0.409 0.351
Outside UAs 0.527 0.565 0.804 0.543 0.487 0.481 0.366

@T e fgure in is brackets contribution rate (%).

average urban expansion rate within UAs lagged behind that
outside UAs.

4.2 Inequality of urban expansion between
within and outside UAs keeps decreasing

T e inequality of urban expansion between within and outside
UAs shows a fuctuating decrease. Although there were fuctuations,
the proportion of urban expansion outside UAs was 14.26% in
2001-2005 and increased to 23.94% in 2016-2020 (Table 3). Te
contribution rate of the between-group T eil index for the overall
Teil index of urban expansion also shows a fuctuating decrease.
Te contribution rate decreased from 13.18% in 1991-1995 to
11.98% in 2016—2020 (Table 4).

4.3 Urban expansion is mainly distributed
in UAs at high and upper-middle
development levels

Overall, the urban expansion scale increased with an
upgrade of the UA development level. In 1991-2020, urban

Frontiers in Earth Science

expansion in UAs at the high development level was 2.48
x 10°km? and that at the upper-middle level was 2.50 x
104 km?, accounting for 35.68% and 35.90%, respectively, of
all urban expansions in UAs. Meanwhile, urban expansion
in UAs at the lower-middle level development level was
140 x 10*km? and that at the low level was 5,816 km?,
accounting for 20.06% and 8.36%, respectively, of all urban
expansions in UAs (Table 5).

Te urban expansion rate increased with an upgrade of
the UA development level. In 1991-2020, the urban expansion
rate of UAs at the high development level was 5.06% and that
at the upper- and lower-middle levels were 4.56% and 4.15%,
respectively (Table 5).

5 Modelling determinants of urban
expansion in China

In the pooled model, tolerance values of all variables
were above 0.1, and variance infation factors (VIFs) were
below 10, indicating that the independent variables were not
collinear (Table 6). All variables have a signifcant impact on urban
expansion.
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5.1 Models within and outside UAs

Overall, government factors have a stronger power to urban
expansion than economic factors. Economic factors were more
infuential within UAs than outside agglomerations. By contrast,
government forces played more important roles outside UAs than
within agglomerations. Te adjusted R? of the ‘economy’ model is
higher than that of the ‘government’ model within and outside UAs
(0.355>0.237, 0.364 > 0.304, Table 6). Tis result indicates that the
explanatory power of the government factor model is stronger than
that of the economic factors within and outside UAs.

FC did not signifcantly infuence urban expansion outside
UAs, but it had a signifcant impact on urban expansion within
UAs (0.025, 0.146""7). Te impact of SND and TRY on urban
expansion within UAs is greater than that outside of UAs (0.049"77>
0.036"", 0.060""> 0.041"). Te impact of UPOP on urban expansion
outside UAs is greater than that within UAs (0.101°"> 0.023").
PFX and ROD have a more substantial impact on urban expansion
outside UAs than that within UAs (0.460"""> 0.388""", 0.0820">
0.066""). SLP and UE are negatively correlated with urban
expansion (Table 6).

5.2 Models with different development
levels

Overall, the impact of economic factors on urban expansion
increased with an upgrade of the UA development level, whereas
social and government factors’ impact on urban expansion
decreased with an upgrade of the UA development level.

Te infuence of FC increased with an upgrade of the UA
development level. However, the impact of FC on the urban
expansion of high-level UAs is smaller than that of upper-middle
-level UAs (0.197""P< 0.126"7). Te impact of SND and TRY on
urban expansion increased with an upgrade of the UA development
level. However, the impact of UPOP, PFX and ROD on urban
expansion increased with a decrease in the UA development level.
Given that economic development level decreases with a decrease
in urban development level, the capability of government regulatory
increases with a decrease in urban development level. Overall, SLP
and UE were negatively correlated with urban expansion (Table 6).

6 Discussion

6.1 Spatiotemporal characteristics of urban
expansion from the perpective of UAs

In general, the rate of urban expansion within UAs is higher
than that of outside UAs (Table 3). However, during 2011-2020,
the expansion rate outside UAs exceed that within UAs, mainly
owing to a series of regional balanced development strategies, such
as the Western Development Strategy and Central Rise Strategy
(Fang et al., 2016). Te global economic crisis triggered by the
United States subprime mortgage crisis also led to a slowdown in
economic development in UAs, which are high external dependence
(Ning et al., 2018), resulting in a slowdown in economic growth rate
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of cities within UAs. T is also led to the decrease of the inequality of
urban expansion between within and outside UAs (Table 4).

6.2 Determinants of urban expasion from
the perpective of UAs

6.2.1 Comparison within and outside UAs

Economic factors are more infuential within UAs and
government forces play more important roles outside UAs.

FC is more infuential within UAs (Table 6). From the national
perspective, FC is mainly concentrated in the eastern China.
From an urban-rural perspective, FC is mainly concentrated in
urban areas. From the city perspective, various new towns and
economic and technological development zones have become the
main spatial clusters for FC in Chinese cities (Huang et al., 2017).
For example, the China—Singapore Industrial Park in Suzhou and
the China Singapore Knowledge City in Guangzhou are new towns
jointly established by China and Singapore. Chinas economic and
technological development zones began to emerge in the 1980s,
mainly distributed in coastal open cities. With Chinas market-
oriented economy gradually opening to the world, additional types
of industries have entered the country, such as fnance, productive
services, research and development and consulting. Central business
district (CBD) and bonded areas became new spatial clusters for
FC, continuously stimulating urban expansion. Tese high-level
economic and technological development zones, CBDs and bonded
areas are mostly located in economic developed cities, which are
usually located in UAs. Terefore, the impact of FC on urban
expansion within UAs is greater than that outside of UAs.

SND and TRY are more infuential within UAs (Table 6). SND
requires a large amount of industrial land, leading to rapid urban
expansion. In the early stage of industrialisation, traditional SND
drives urban economic development and urban expansion. Tis
situation is the main driving force for the early rapid economic
development of many core cities of UAs, such as Shenyang,
Wuhan, Tianjin, Changchun and Haerbin. In the later stage of
industrialisation, the proportion of added value of TRY to GDP
increases, and TRY gradually grows as the main driving force of
urban development. However, TRY requires a solid foundation
of economic growth. Terefore, TRY is mainly concentrated in
developed UAs. A similar phenomenon is found in the Yangtze River
Delta UA. Moderate and severe urban sprawl cities were mostly
located in relatively underdeveloped western regions (Lv et al.,
2024), indicating that economic development the driving force of
economic development on urban expansion is relatively weak in
developing regions.

Te impact of UPOP was found to be greater outside UAs
(Table 6). T e scale of urban construction land in China is managed
by quota based on UPOP size (Kuang, 2020). According to Code
for classifcation of urban land use and planning standards of
development land (GB 50137 -2011), the upper limit of per capita
urban construction land in remote areas, ethnic minority cities,
some mountainous cities, less-populated industrial and mining
cities and scenic tourism cities, which are ofen located outside of
UAs, is 150.0 m?, which is signifcantly higher than that of other
types of cities. Moreover, the larger the planned population size
of a city, the smaller the scale of urban expansion is allowed.
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Te population sizes of cities within UAs are usually larger than
those of cities outside the agglomerations (Zhou et al., 2021).
T erefore, cities outside UAs usually have more urban expansion
quota according to the growth UPOP. On the contrary, in some
European developed countries, urban land grows even without
population growth, such as Switzerland (\Weilenmann et al., 2017),
the eastern part of Germany (Nuissl and Rink, 2005), and the south
of France (Olivier et al., 2014), which is urban sprawl. While in
China, per capita urban construction land, as a control indicator, is
used to avoid urban sprawl in developed region.

Te impact of PFX on urban expansion outside urban
agglomerations is greater than that within urban agglomerations
(Table 6). PFX is generally used for infrastructure construction
or improve public services. On the one hand, infrastructure
construction directly stimulates urban construction. On the
other hand, improvement of public services can attract migrant
population, which indirectly stimulates urban expansion. Previous
studies have found that PFX signifcantly promotes urban expansion
in the northwest and northeast regions with lower levels of
economic development and marketisation, whereas its impact in
the southeast region with higher levels of economic development
and marketisation is smaller (Wu et al., 2021). Moreover, the
economic development level of cities within urban agglomerations
is generally higher than that of cities outside urban agglomerations.
Terefore, the impact of PFX on urban expansion outside urban
agglomerations is greater.

ROD has a more substantial impact outside UAs (Table 6).
Previous studies also found that ROD has a signifcant impact on
urban expansion in north and western China but is negatively
correlated in the southeastern coastal areas (Li et al., 2019). ROD
improves accessibility (Li et al., 2015), which may lead to resource
aggregation and resource difusion in developing and developed
regions, respectively.

SLP is negatively correlated with urban expansion, which is
consistent with previous research fndings (Li et al., 2018). UE
is negatively correlated with urban expansion, which indicates
the efective implement of balanced regional development policy.
Studies in western countries found that historically dense cities tend
to sprawl less, such as in Bulgaria (Slaev and Nikiforov, 2013) and
United States (Paulsen, 2014). Diferences of the results refects the
management of the Chinese government in city development.

6.2.2 Comparison of urban agglomerations with
different development levels

Overall, the impact of economic factors increased with
an upgrade of the UA development level, whereas social and
government factors’ impact decreased. However, the impact of FC
on the urban expansion of high-level UAs is smaller than that of
upper-middle -level UAs (Table 6). Foreign investment in China was
initially concentrated in labour-intensive industries (Zhou et al.,
2021), and land use efciency of these industries is relatively
low. With economic development, labour cost in high-level UAs
gradually increased. Terefore, foreign companies in labour-
intensive industries move away from high-level UAs, whereas
knowledge-intensive foreign companies stay in high-level UAs.
Te reason is that the latter relies on the quality rather than
the quantity of labour forces. Moreover, land use efciency of
knowledge-intensive industries is high. Tus, FC’s impact on the
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urban expansion of UAs at upper-middle level is stronger than that
of UAs at high level.

6.3 Policy implications, limitations and
future work

Tis study’s fndings point to policy implications for urban
construction land management. Firstly, urban expansion is mainly
distributed within UAs, especially in UAs at the high and upper-
middle development levels. T erefore, these cities are key targets
of urban construction land management. Secondly, diferentiated
management policies should be made within and outside UAs,
and in UAs at diferent development levels. Economic factors were
more infuential within UAs than outside agglomerations, while
government factors have a stronger power to urban expansion
than economic factors. As for cities within high development level
UAs or core cities, taking resource and environmental carrying
capacity into consideration, the scale of urban construction land
needs to be limited. Industries with high land use efciency can
be retained or introduced, while industries with high land use
efciency should transfer. As for cities outside UAs or within low
development level UAs, the indicators for urban construction land
can be appropriately increased. Preferential policies for population
attraction and industry introduction should be made simultaneously
to avoid urban sprawl.

T ere are some limitations to this study. Firstly, considering the
limitations of accessibility and methods, some factors, which are
driving factors but not infuencing factors, were not included in the
econometric model, such as urban planning, newly added urban
construction land indicators and neighboring efects. Secondly, the
development level of UAs may change during 1990-2020. In study,
the development level of UAs in China was divided according to
statistical data in 2020. A comprehensive study of evolution of UAs
development in China is necessary.

Afer the establishment of the new national territorial and spatial
planning system in 2020 in China, the quantity and location of urban
expansion are strictly controlled according to territorial and spatial
planning. Most urban construction land can only be distributed
within urban growth boundaries. T erefore, future small-scale study
can explore the impact of territorial and spatial planning on urban
expansion. Moreover, as economic growth slows down afer the
COVID-19 epidemic, the scale of land transfer also decreases. Urban
expansion rate in China slows down. Urban development shif
from scale growth to quality improvement. Land use efFciency will
become the research hotspot.

7 Conclusion

UAs are important organizational forms for countries to
participate in global competition, and urban construction land is
main spatial carrier. In China, UAs are the core economic growth
centres, and rapid urbanisation led to rapid urban expansion. Te
contribution of this study is the comparison of spatiotemporal
characteristics and determinants of urban expansion within and
outside UAs during the period of rapid urbanization in China.
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Using CLUD dataset and social-economic data, this research
to compare the spatiotemporal characteristics of urban expansion
and the determinants of urban expansion in China in 1991-2020
to conduct a systematic analysis from the perspective of UAs.
T e main fndings are as follows: (1) Urban expansion is mainly
distributed within UAs, especially in UAs at the high and upper-
middle development levels. During 1991-2020, the annual rate of
urban expansion within UAs (4.70%) is higher than that of outside
UAs (4.47%). Urban expansion within UAs accounted for 77.58%
of the total urban expansion. T e higher the development level
of UAs, the larger the scale of urban expansion in them. During
1991-2020, urban expansion in UAs at the high and upper-middle
development levels accounted for 71.58% of urban expansion
in UAs. (2) Teil index was used to indicate the inequality
of urban expansion scale. Te inequality between within and
outside UAs decreases owing to the implementation of a series of
regional balanced development strategies during the study period.
T e proportion of urban expansion outside UAs was 14.26% in
2001-2005, and it increased to 23.94% in 2016—2020. T e rate of
urban expansion outside UAs gradually exceeded that within UA
from2011. (3) Economicand governmentfactorsall have infuence
onurbanexpansion. Governmentfactorshaveastrongerimpacton
urban expansion than economic factors. Economic factors were
more infuential within UAs than with outside agglomerations.
By contrast, government forces played more important roles
outside UAs than within agglomerations. T e impact of economic
factors on urban expansion increased with an upgrade of the UA
development level, whereas government factors’ impact on urban
expansion decreased with an upgrade of the UA development level.
Te fndings provide a scientifc support for urban construction
land management, regulation of UA development and promoting
high quality development.
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