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Abstract

In the new era, the internal and external environment of urban development
in China has undergone significant changes, and the characteristics and driv-
ing mechanisms of urban expansion have also exhibited new features. Taking
Urumgqi City as an example, this study describes the characteristics of urban
construction land expansion from 1990 to 2018, employs the Geographical De-
tector method to investigate the spatiotemporal mechanisms of expansion, and
focuses on analyzing the new features of expansion after 2010. The results indi-
cate: (1) Urumgi’s construction land increased from 84.37 km? in 1990 to 361.91
km? in 2018, with the urban morphology evolving from a north-south belt pat-
tern to a “T” -shaped structure, and the spatial compactness of urban form
gradually decreasing; the urban expansion speed remained stable while the ex-
pansion intensity gradually increased. The “core-periphery” structure of urban
expansion experienced a spatiotemporal evolution process of “strengthening-
weakening-strengthening” . (2) The temporal dimension of urban construction
land expansion is primarily influenced by population size, industrial scale, and
government propulsion, with population size exerting the greatest effect. Within
industrial scale, the secondary industry has a slightly stronger effect than the
tertiary industry. After 2010, government propulsion has generated an accelerat-
ing effect on urban expansion in Urumqi. (3) In terms of the spatial dimension,
transportation and commercial spatial elements are the main factors driving
urban spatial expansion. Over time, the spatial dynamics of urban expansion
have shifted from being driven by a few key factors to being driven by multiple
factors collectively.
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Abstract

Urban spatial expansion is a classic topic for urban geography, playing an in-
creasingly important role in scientific research and government management. As
the internal and external development environments of China’s urban areas have
changed significantly in the new era, urban expansion and its driving mechanism
were also shifted by new factors. This paper, taking Urumqi (a city in northwest
China) as an example, described the characteristics of urban construction land
expansion and expounded on the spatiotemporal expansion mechanism using
the Geodetector method. The results are as follows: (1) Over the past 30 years,
the construction land area in Urumgqi increased from 84.37 to 361.91 km2. We
constructed an urban space compactness index to reflect the rationality of the
urban spatial boundary shape. The urban space compactness index gradually
decreased over the past 30 years. This indicated that the spatial distribution
is more reasonable and more efficient in the process of urban expansion. The
urban expansion speed rate is 5.34%, and the urban expansion intensity rate
increased from 3.57% to 8.79%. Urban expansion had a “core-periphery” struc-
ture, and its core agglomeration extent changed in different periods. (2) Urban
expansion is mainly influenced by three factors: population scale, economic
scale, and government policy. Population and economic agglomeration have the
greatest effect on urban expansion. In economic terms, the secondary sector of
the urban economy plays a slightly larger role than that of the tertiary sector
on urban expansion. After 2010, new government policies accelerated urban ex-
pansion in Urumgi. (3) Transportation and commercial locations were the main
spatial driving factors of urban expansion. The effects of single spatial driv-
ing factors gradually weakened, whereas the interactive effects of double spatial
driving factors gradually strengthened over time. In the future, comprehensive
simulations of urban expansion and resource and environmental effects should
be further studied for the cities in western China.

Keywords: urban expansion; construction land; temporal and spatial driving
forces; geo-detector; Urumgqi
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Introduction

Numerous scholars have utilized statistical data, remote sensing, and geographic
information extraction techniques to study construction land expansion charac-
teristics, influencing factors, and driving forces at multiple scales, including
national, provincial, and urban agglomeration levels. Research objects have in-
cluded central urban areas and municipal jurisdictions, with the former focusing
on urban spatial expansion patterns and the latter addressing urban-rural rela-
tionships in megacities or semi-urbanized areas, aiming to clarify urban expan-
sion patterns and evolution of urban-rural construction land, optimize spatial
layout, and address prominent contradictions in urban development.

Research on construction land expansion mechanisms encompasses economic,
institutional, and empirical schools. The economic school examines urban ex-
pansion mechanisms from the perspective of the relationship between marginal
revenue and marginal cost of urban land. The institutional school explains
urban expansion mechanisms through political and institutional arrangements,
such as administrative division adjustments and establishment of development
zones. The empirical school initially provided qualitative explanations of how
economic, social, institutional, population, and other factors influence urban ex-
pansion, and later employed spatial regression, geographically weighted regres-
sion, and geodetector methods to quantitatively analyze expansion influence
mechanisms.

Urumgqi, the capital of Xinjiang and the only large city in the region, bears
the important mission of constructing the core area of the Silk Road Economic
Belt. Previous studies on Urumqi’ s urban expansion were conducted earlier
and primarily used qualitative analysis. Recent research has adopted quanti-
tative methods but lacks systematic investigation of new mechanisms of urban
expansion after 2010. Based on multi-temporal remote sensing data, combined
with spatial network analysis and geodetector analysis, this paper systematically
examines the urban expansion process and dynamic mechanisms from both tem-
poral and spatial dimensions. Additionally, it advances the spatial identification
of urban expansion mechanisms from the regional scale to the intra-urban scale,
providing a typical case study of a large western city in China.

Study Area Overview

In 2018, Urumgqi had a permanent population of 3.552 million and a GDP of
341.326 billion yuan, accounting for 14.4% of Xinjiang’s population and 25.0% of
its total economic output. The city governs seven districts (Tianshan, Shayibak,
Xinshi (High-tech Zone), Shuimogou, Toutunhe (Economic Development Zone),
Dabancheng, Midong) and Urumgqi County. In 2007, Miquan City of Changji
Prefecture was merged into Urumgqi and combined with the original Dongshan
District to form Midong District. In 2011, Xinshi District and Toutunhe Dis-
trict merged with national-level industrial parks, implementing a “district-park
integration” system. This study takes the central urban area control zone delin-
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eated in the 2014 edition of Urumqi’ s master plan as the study area. Within
this scope, Urumgi County and Dabancheng District have minimal construction
land and are therefore not discussed separately.

Analytical Framework

Using high-resolution satellite imagery of Urumqi, we extracted the spatial dis-
tribution of built-up areas. To reflect the urban spatial expansion process, we
excluded township and rural construction land that was not connected to the
urban built-up area. Land on the urban fringe that had been leveled but not yet
developed was temporarily excluded from the construction land scope. Using
Google historical map imagery, we manually identified urban fringe built-up
areas according to adjacency requirements, ultimately obtaining vector data of
construction land in Urumgi for five periods. The entire study area was divided
into 500 m x 500 m grids as the basic spatial units for analysis.

There are multiple theoretical schools regarding construction land expansion
mechanisms. From the temporal dimension, most scholars agree that popu-
lation factors, economic factors, and policy institutions significantly influence
construction land expansion. Synthesizing these theories, we measured the tem-
poral driving mechanisms of construction land from four aspects: population
size, economic level, and government impetus (Table 1). Industry is often the
main driving force in the early stages of urban development, while services tend
to concentrate in large and medium-sized cities and become the dominant force
driving urbanization as the economy develops. Therefore, when selecting eco-
nomic indicators, we used secondary industry output value and tertiary industry
output value to represent the impacts of industry and services, respectively, to
examine their relative influence. In selecting government impetus indicators, the
fiscal deficit situation is an effective indicator reflecting government stimulation
of urban expansion through economic means. After the 2010 Central Xinjiang
Work Conference, counterpart assistance to Xinjiang was launched nationwide.
Although Urumgqi did not have designated supporting provinces or cities, many
national-level assistance projects were located in Urumgqi, allowing it to enjoy
policy dividends. We used a dummy variable D to reflect the impact of assis-
tance policies on Urumgqi’ s urban expansion, setting it to 0 before 2010 and 1
after 2010.

Drawing on empirical school theory, we examined the spatial mechanisms of
urban expansion. Economic cost-benefit elements are the primary factors of
urban spatial expansion. We integrated spatial factors affecting economic costs
and benefits and supplemented them with natural geographic elements to mea-
sure spatial driving factors. For example, distance to urban commercial centers
reflects the demand potential of a grid, while distance to railways reflects eco-
nomic transportation costs. We used distances from grids to various economic
and natural point and linear spatial elements as measurement indicators. Hong-
shan was selected as the city center, the first-level commercial center at Renmin
Road and five secondary commercial centers (Youhao Road and Railway Bu-
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reau) were selected as point elements, and urban arterial roads and intra-city
expressways were selected as major road axis elements.

Research Methods

Construction Land Comprehensive Expansion Index We used expan-
sion rate (UL1), expansion intensity (UL2), and comprehensive expansion index
(ULc) to measure the degree of spatial expansion of urban construction land.
The formulas are as follows:

M % 100%

ULl =
Sh

S, — S
%xlOO%

T

UL2 =

ULc=+vVUL1 xUL2

where S, represents the construction land area in period ¢ (t = 1,2), S,; and S,y
represent the construction land areas in the initial and final periods, respectively,
and A; represents the total area of each district/county.

Spatial Morphology Compactness Urban morphology compactness is an
indicator reflecting the degree of spatial concentration among internal parts of
urban spatial form and is an important concept for reflecting urban morphol-
ogy. Based on Batty’ s compactness formula, we studied Urumqi’ s spatial
compactness:

BCI =

2v/ 7S
P

where BC1 is the urban spatial compactness index, S is the urban construction
land area (km2), and P is the perimeter of the urban outline (km). The compact-
ness index ranges between 0 and 1, with larger values indicating more compact
shapes approaching a circular distribution, and smaller values indicating poorer
compactness.

Geodetector The geodetector model, proposed by Wang et al., can analyze
driving forces and influencing factors of various phenomena as well as multi-
factor interactions, and is mainly used to detect spatial heterogeneity of geo-
graphic elements. This paper selected the factor detector and interaction detec-
tor to study the spatial driving mechanism of urban land expansion.

Factor Detection: This detects the spatial heterogeneity of dependent variable
Y and examines the degree to which a factor X explains the spatial differentiation
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of attribute Y. Here, Y represents changes in construction land, and X represents
various spatial driving factors. According to natural breaks in the data, variable
X was divided into 5 categories from large to small and converted to a categorical
variable. The specific formula is:

1 &L
4=1- 55> N
No —

where ¢ is the detection power index of spatial heterogeneity of the dependent
variable; h = 1,..., L represents the stratification (classification or zoning) of
the variable or factor; N;, is the number of sample units in the sub-region; N is
the number of sample units in the entire region; L is the number of sub-regions;
o? is the variance of the dependent variable in the entire region; and o} is the
variance in the sub-region.

Results and Analysis
Basic Characteristics of Urban Construction Land

From 1990 to 2018, the construction land area in Urumgqi’ s central urban area
increased from 84.37 km2 to 361.91 km2, a 4.3-fold increase with an average
annual expansion of 9.91 km2 and an average annual growth rate of 5.34%.
Construction land expanded primarily through peripheral extension, focusing on
the south, west, and northeast directions. The urban spatial structure evolved
from a north-south strip pattern to a “T-shaped”structure [Figure 1: see original
paper].

We calculated two urban compactness indices: one based on all construction
land in the central urban area (global compactness) and another based only on
central construction land closely connected to the original built-up area (core
compactness). Urumgi’ s spatial morphology compactness index decreased pro-
gressively over time, indicating that the city expanded mainly along a few direc-
tions constrained by terrain. Core compactness was higher than global compact-
ness, suggesting the existence of numerous construction enclaves [Figure 2: see
original paper]. Examples include the Wenquan University Town in Shuimogou
District, the High-tech Zone in the northern new district, and newly developed
industrial land in the southern district, which are not connected to the existing
built-up area, forming a leapfrog expansion pattern.

From 1990 to 2018, the central urban area (Tianshan, Shayibak, Xinshi,
Shuimogou districts) expanded faster than the suburbs (Toutunhe, Midong
districts). From 1990 to 2000, the suburbs expanded faster than the central
area, while after 2000, the central area again expanded faster than the suburbs.
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Expansion Characteristics of Urban Construction Land

The expansion of construction land in various districts and counties shows the
following characteristics:

First, expansion speed remained stable while expansion intensity gradually in-
creased. The average expansion speed of construction land in Urumqi was 5.34%,
while expansion intensity increased from 3.57% to 8.79%, showing a gradually
strengthening trend [Figure 3: see original paper].

Second, new urban districts expanded rapidly while central urban areas showed
greater expansion intensity. Midong District in northeastern Urumqi had the
fastest expansion speed, with an average annual rate of 7.23%. Originally an
agricultural county under Changji Prefecture, after being incorporated into
Urumgqi, Midong vigorously developed industrial parks, significantly increasing
logistics and warehousing land and becoming a heavy industrial base for the city.
The highest expansion intensity occurred in Xinshi District and Shuimogou Dis-
trict in the central urban area, reaching 23.00% and 16.80%, respectively, both
higher than the city average of 8.79%.

Third, urban expansion hotspots shifted from sprawl-type to infill and leapfrog
patterns. From 1990 to 2000, new construction land spread around the periph-
ery of existing construction land. For example, the relocation of Urumqi’ s
municipal government to Nanhu District stimulated surrounding development.
From 2000 to 2010, urban expansion began to accelerate, with infill and leapfrog
patterns becoming evident, concentrating in Phase II of Xinshi High-tech De-
velopment Zone (infill), the Convention and Exhibition District (infill), Midong
Industrial Park (sprawl), and the Steel City District (leapfrog). From 2010 to
2018, more infill and leapfrog hotspots emerged, including Phase II of the Eco-
nomic Development Zone (infill), Jiuding District (leapfrog), Wenquan District
(leapfrog), and Cangfanggou District (leapfrog) [Figure 4: see original paper].

Fourth, there were more expansion hotspots in the north than in the south. Us-
ing the city center at Hongshan as the boundary, construction land increment
in the northern part of the city was significantly higher than in the south over
the past 30 years, indicating obvious northward expansion. The northern part
of the city is the alluvial plain of the Urumqi River with flat terrain suitable
for large-scale contiguous development. The southern part is an intermoun-
tain valley of the Tianshan Mountains with undulating terrain and restrictions
from upstream water source protection areas, resulting in more scattered and
leapfrog expansion. The Urumqi Master Plan (2014-2020) proposed the devel-
opment direction of “south control, north expansion, west extension, and east
advancement,” which is consistent with this conclusion.

Fifth, new district development and construction were the main manifestations
of expansion hotspots. The concentrated expansion hotspots were large parks
and new districts such as Urumqi Economic Development Zone, High-tech Zone,
Midong Industrial Park, Steel City Industrial Park, and the southern building
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materials city and Wenquan University Town. Government-led concentrated
development of new districts and parks was the primary means driving urban
expansion.

Temporal Influence Mechanism

Using multiple linear regression, we constructed a temporal driving model for
Urumgqi’ s construction land growth. Since correlation coefficients among inde-
pendent variables were all high, indicating severe multicollinearity, we extracted
principal components from independent variables for dimensionality reduction
regression. The model passed significance testing:

InY = 0.9861n X, +0.982In X,+0.990 In X;+0.848 In X,+0.351D+0.502 In X, +0.345 In X;+0.346 In X,+0.298

R2 = 0.986, F = 16.486, p < 0.001

where Y represents construction land area, X;-Xg represent various driving
factors, and D represents the dummy variable for assistance policy effects.

The model results yield the following conclusions:

First, population and economic agglomeration are the main drivers of urban
expansion. From 1990 to 2018, Urumqi’ s share of Xinjiang’ s total economic
output increased from 21.9% to 25.1%, with enhanced scale agglomeration and
a city primacy ratio approaching 2. Population agglomeration led to increased
demand for construction land, expanding residential land, public service facili-
ties, and park green space. Population growth also enhanced employment and
consumption demand, indirectly stimulating urban economic development and
driving urban expansion.

Second, in economic terms, the secondary industry plays a slightly larger role
than the tertiary industry, with differences in their influence across time periods.
The regression coefficient for secondary industry output value was slightly larger
than that for tertiary industry, indicating that industrial drivers remain primary
for urban spatial expansion. Based on traditional petrochemical and chemical
industries, Urumgqi has introduced high-tech industries such as machinery man-
ufacturing and biomedicine, which have become the dominant drivers of recent
economic growth. The industrial sector requires large amounts of land for fac-
tory construction, promoting urban spatial expansion. The ratio of secondary to
tertiary industry in Urumqi showed a pattern of first decreasing, then increasing,
and then decreasing again. In the 1990s, Urumqi’ s economic development relied
mainly on commodity trade-related industries, with the tertiary sector’ s share
increasing. After 2000, with the national process of heavy industrialization, the
secondary sector gradually developed and its share increased. After 2010, the
urban economy began industrial upgrading, causing the tertiary sector’ s share
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to rise again. These indicator changes explain why economic driving factors for
urban expansion differed across Urumgqi’ s development stages and why overall
secondary industry influence was only slightly higher than tertiary industry.

Third, government influence was smaller than population and economic influ-
ences, manifested through increased government debt, urban planning guidance,
and assistance policy dividends. The coefficients for government impetus vari-
ables X, and D were 0.848 and 0.351, respectively, lower than population and
economic variables. Government impetus exerted a superimposed effect on eco-
nomic and population functions, accelerating urban expansion. After 2010, the
municipal government shifted from slight surplus to deficit, with the deficit
continuing to expand. Through planning and fiscal measures, the government
intensified new district and infrastructure construction, driving urban expan-
sion. Under the national context of counterpart assistance to Xinjiang after
2010, central ministries also launched assistance programs, with the Ministry of
Construction increasing Urumqi’ s annual construction land quotas and sending
assistance cadres to oversee new district development. Relying on Shanghai’ s
assistance to Xinjiang, Urumgqi jointly restructured SAIC Xinjiang Automobile
Group with SAIC Group to produce passenger vehicles.

Spatial Driving Mechanism

The geodetector method measures spatial heterogeneity from a global perspec-
tive. According to its calculation principle, if factor X divides space into 5
categories and the spatial distribution of grids containing Y values shows signif-
icant differences, it indicates that Y is concentrated in sub-regions of X, and the
classification of X creates heterogeneity in Y. We classified each spatial factor
into 5 categories using natural breaks. Since Urumqi’ s construction land grids
accounted for less than 5% of the total study area, we used a decision threshold
of ¢ = 0.05 to judge spatial heterogeneity. All spatial factors and construction
land growth ratios showed negative correlations that passed significance testing
at the p = 0.05 level, consistent with theoretical expectations [Figure 5: see
original paper|. All factors showed significant ¢ values (p < 0.05) across years,
indicating that transportation, commercial, and geographic factors influenced
construction land expansion. The number of factors exceeding the threshold was
8 in 1990-2000, 9 in 2000-2010, and 7 in 2010-2018, showing that the influence
of spatial factors declined and their effects gradually dispersed.

The strongest influences were distance to railway (X;,) and distance to urban
commercial center (Xg). Distance to urban commercial center reflects benefit
factors of construction land expansion—the closer the distance, the greater the
development benefit. Distance to railway reflects cost factors—the closer the dis-
tance, the lower the transportation costs for industry, logistics, and warehousing.
The strong influence of railway and commercial factors reflects Urumqi’ s char-
acteristics as a comprehensive trade-oriented city connecting east and west in
the Silk Road Economic Belt core area. Over time, the decision power of spatial
influencing factors declined.
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Interaction Detection results (Table 3) revealed that the interactive effects
of construction land expansion spatial factors were stronger than single-factor
effects. All two-factor interactions showed enhanced or non-linear enhancement,
with no independent or weakening relationships, indicating that interactive de-
cision power exceeded the original independent decision power and better pro-
moted construction land expansion.

The decision power coefficient provides an overall examination of spatial driv-
ing effects but lacks detailed information. Further examination of single-factor
classification results for construction land growth ratios found that point and
axis factor influences conform to the first law of geography—construction land
growth ratios decay with increasing distance . Except for the highway factor,
the highest construction land proportion for other point-axis factors occurred
in Category 1 (closest distance). Among the closest ranges (Category 1), the
indicator with the highest distribution ratio was distance to urban centroid
(Xg), followed by distance to commercial center (Xg) and distance to railway
passenger station (X3). For geographic factors, high values of construction land
expansion for elevation factor concentrated in Category 3. The overall eleva-
tion distribution in the study area was 490-1700 m, with construction land
concentrated at 600-900 m. The slope factor showed that lower slopes corre-
lated with higher construction land expansion ratios, as flatter land facilitates
development.

The number of factors showing non-linear enhancement gradually increased over
time, and the decision power of two-factor interactive effects on construction
land expansion gradually strengthened, explaining the earlier decline in single-
factor decision power. Among them, distance to airport, distance to highway,
distance to railway freight station, elevation, and slope achieved better enhance-
ment effects when combined with other factors, with interactive decision power
increasing by an average of more than 0.1. The interactive effects of distance to
railway passenger station, distance to urban commercial center, and distance to
urban centroid with other factors gradually strengthened, with average decision
power enhancement levels gradually increasing .

Conclusions

Urban spatial expansion is a classic issue in urban geography. In the new era,
China’ s urban development internal and external environments have changed
significantly, and urban expansion characteristics and driving mechanisms have
also shown new features. Based on remote sensing interpretation data and
quantitative analysis methods, this paper attempted to explore new factors of
urban expansion and explain new characteristics of urban expansion driving
mechanisms, reaching the following conclusions:

1. Urumqi’ s construction land increased from 84.37 km2 to 361.91 km?2,
with urban morphology evolving from a north-south strip pattern to a “T-
shaped” structure. Urban spatial compactness gradually decreased, with
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core compactness higher than global compactness. Urban expansion speed
remained stable while expansion intensity gradually strengthened. The
“core-periphery” structure of urban expansion experienced a temporal evo-
lution process of “strengthening-weakening-strengthening.”

2. In terms of temporal mechanisms, in addition to traditional population
and economic factors, government impetus accelerated Urumgqi’ s urban
expansion after 2010. This represents an innovative point distinguishing
this study from previous research.

3. In terms of spatial dimensions, transportation and commercial spatial ele-
ments were the main factors driving urban spatial expansion. Over time,
the spatial dynamics of urban expansion shifted from being driven by a
few key factors to being driven by multiple factors.

Discussion

Urban expansion is playing an increasingly prominent role in scientific research
and government management. This paper aims to clarify the new characteris-
tics of urban expansion in a typical large western city in recent years to serve
future government planning and macro-control. However, it does not discuss
the effects of urban expansion or how to select expansion models. Therefore,
for western regions, future research should focus on integrated urban spatial
expansion simulation and resource-environment effect studies.

In terms of research methods, domestic studies currently Z®m geodetector to
investigate spatial differences in multi-city expansion mechanisms at regional
scales, while research on single-city internal mechanisms remains relatively rare.
This paper attempts to make breakthroughs in this area. Due to the influence
of research scope and spatial unit selection, the conclusion that elevation factors
have greater influence than slope factors differs from actual understanding. Fu-
ture research should improve methodologies to avoid synthetic fallacies in spatial
unit selection. Additionally, this paper failed to grid socioeconomic factors to
achieve integrated spatiotemporal driving models, which is another limitation.
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