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Abstract: Identifying the effects of urban sprawl on urban development is of strategic importance.
This study takes 285 prefecture-level and above cities in China as research samples and empirically
analyzes the heterogeneous impact of urban sprawl on economic development from 2009 to 2018.
Results indicate the threshold effect of urban sprawl on economic development. That is, moderate
urban sprawl has a significantly positive influence on economic development, whereas excessive
urban sprawl has a significantly negative impact on economic development. The empirical analysis
also identifies heterogeneities in the effects of urban sprawl on economic development. Compared
with the sprawls of small- and medium-sized cities, those of large cities have a greater negative
impact on economic development. Compared with the sprawls of cities dominated by the tertiary
industry, those of cities dominated by the secondary industry have a greater negative impact on
economic development. Findings of this study have important policy implications for scientific urban
expansion, reasonable urban spatial layout, and sustainable urban economic development.

Keywords: urban sprawl; economic development; city size; leading industry; urbanization

1. Introduction

Urban sprawl and eco-environmental quality are two interconnected issues affecting
global urbanization [1]. Urban sprawl occurs when the rate of land urbanization surpasses
that of population urbanization, which can result in urban forms characterized by low-
density, single regional function, and auto-dependence, and has become a significant
concern in urban economic development. The urban sprawl phenomenon widely exists in
developed countries, as the USA represents. The various types of urban sprawl owing to
different forms of urban developments include scattered sprawl of satellite cities spreading
around the city, banded sprawl of build-up areas spreading along roads, and circular
ripple-like sprawl of disorderly expansion. Accordingly, understanding the economic and
social consequences of urban sprawl is vital in achieving high-quality urban economic
development and high-level urban spatial planning, particularly in China’s new era of
domestic and international dual-cycle.

At present, China is in the critical period of transforming the economic development
model, optimizing the economic structure, and enhancing the driving force of domestic
demand. Hence, maximizing the best use of urban space is significant for achieving efficient
urban development. Similar to the cases in developed countries, some new areas in China’s
urbanization process have been blindly explored for building new towns to expand the
extent of cities. Despite the seemingly rapid development of the urban economy, the
population and industrial development scales of these areas are substantially behind and
insufficient to support the effective functioning of newly developed towns, leading to the
emergence of “ghost towns”.
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The literature has not reached a consensus on the effects of urban sprawl on economic
development. Some studies have found that urban sprawl can promote economic develop-
ment [2,3]. Moreover, with the increase of urban built-up areas in the urban sprawl process,
numerous elements and resources are put into production activities, thereby reshaping
and upgrading the economic bonus of the clustering effects in the urban sprawl context [4].
By contrast, other studies have concluded that urban sprawl harms local economic devel-
opment [5,6]. High levels of urban sprawl are negatively associated with average labor
productivity [7]. In view of this dispute, exploring the heterogeneous impact of urban
sprawl on economic development is of theoretical and practical interest. Therefore, we
empirically analyze the impact of urban sprawl on economic development and further
define the economic development effect of urban sprawl.

The main contributions of this study are briefly summarized as follows. First, after
fitting and correcting two kinds of satellite light data, the urban sprawl index is calculated
more accurately by using the nighttime light data set of more extended time series, which
overcomes the defects of outdated data or short research period when using a single light
data. Second, we empirically examine the threshold effect of urban sprawl on economic
development and analyze the underlying mechanism. Third, we scrutinize the heterogene-
ity influence of urban sprawl on economic development from various aspects, including
the degree of urban sprawl, urban scale, and urban leading industries, thereby providing
empirical references for the effects of urban sprawl under different conditions.

The remainder of this paper is organized as follows. Section 2 briefly reviews the
relevant literature. Section 3 presents the theoretical analysis of the underlying mechanism
and the research hypotheses. Section 4 introduces the research design. Section 5 provides
the empirical results with discussion and robustness test. Lastly, Section 6 concludes this
research with the corresponding policy implications.

2. Literature Review

The existing literature on urban sprawl can be categorized into four strands: definition,
inherent characteristics, driving factors, and social and ecological consequences.

Definition. According to Dutton [8], urban sprawl is a low-density, disordered, and
functional land expansion mode along some major traffic roads to the suburbs. Mean-
while, Soule [9] defines urban sprawl as a type of low-density land development, which
is dependent on car traffic and occurs at the edge of urban centers. Furthermore, Jaeger
and Schwick [10] explain that urban sprawl is a type of urban construction expansion,
which builds over beyond the existing built-up areas of cities, and has dispersed spatial
configuration and low utilization intensity in the built-up area.

Inherent characteristics. The characteristics of urban sprawl in different countries and
regions have both commonness and individuality [11]. These prominent common charac-
teristics include single use development [12], fragmentation [13], shape irregularity [14],
low concentration [15], and linear development [16]. Apart from these, Ewing [17] studies
the characteristics of urban sprawl in the USA and states that leap-frog land-use patterns,
strip commercial development along highways, and extremely low-density single-use
developments are the three characteristics of urban sprawl. Zhang and Lou [18] compare
the characteristics of urban sprawl in China and the USA. They conclude that the popu-
lation leading to urban sprawl in the USA comes from the population migration within
the city, whereas that in China comes from the population outside the original city; more-
over, urban sprawls in the USA and China started at high and low levels of urbanization,
respectively. Furthermore, Wang et al. [19] propose that China’s urban sprawl originated in
low-density urbanization, unlike in the USA and European countries, based on excessive
suburbanization and intervention from local governments.

Driving factors. Most existing studies attribute urban sprawl to policy failure and
market failure [20]. Viewed from policy failure, Pasha [21] believes that some urban
population control policies and land restrictive policies, such as floor area ratio restrictions
and building height restrictions, have reduced the density of urban development and
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aggravated the urban sprawl process. Additionally, Gómez-Antonio et al. [22] assume
the city government as a rational economic entity. If the benefits of urban sprawl are
more significant than the financial costs invested by the government, the planning and
development policies will tend to improve the degree of urban sprawl. Viewed from
market failure, Brueckner and Helsley [23] find that when open-space amenities are present
or when infrastructure is underpriced, the social cost of suburban land development
exceeds the private cost faced by builders, thereby leading to inefficient urban expansion.
Furthermore, Brueckner [24] uses neoclassical urban economics as basis in proposing that
market power is the driving force of urban sprawl, including population growth, increasing
household incomes, and transportation improvements.

Social and ecological consequences. These consequences are summarized by Rubiera-
Morollón and Garrido-Yserte [25] as the effects on the intersection among social sustainabil-
ity, mobility, and sprawl, and the effects on the intersection among climate change, energy
efficiency, sprawl, and ecological sustainability. Regarding social consequences, Farber and
Li [26] find that social interaction potential is hampered by decentralization, fragmentation,
and long commutes in the largest metropolitan regions in the USA where urban sprawl
is a culprit in reducing community-level social interaction. Furthermore, urban sprawl
indirectly affects economic mobility and exacerbates income segregation [27,28]. As for
ecological consequences, though urban areas occupied small fraction of land as compared
to other land use types, their impact on ecosystems is significant [29]. Dupras et al. [30]
propose that the dispersed sprawl of low-density urban areas within a territory sharply
increases the fragmentation of the territory, thereby isolating the few remaining natural
spaces and decreasing their ecological connectivity and biodiversity.

Although many studies have focused on urban sprawl, its effects on urban economic
development require profound exploration, and the underlying mechanism and potential
heterogeneities should also be examined further. Therefore, we use 285 prefecture-level
and above cities in China as research samples, empirically analyze the effects of urban
sprawl on economic development, and scrutinize the heterogeneities from various aspects.

3. Theoretical Analysis and Research Hypothesis
3.1. Urban Sprawl and Economic Development

Different degrees of urban sprawl can have varying effects on economic development.
Moderate urban sprawl can improve labor productivity and promote investment and
consumption growth, positively influencing economic development [31]. First, the increase
of labor force brought by moderate urban sprawl can promote rapid economic growth.
Urbanization has triggered the expansion of urban boundaries, resulting in the circulation of
farming lands. The rural population living on agricultural production is constantly flooding
into the city, shifting from agricultural to non-agricultural production departments. On
the one hand, the migrant labor force has supplemented extensive cheap labor for urban
construction and development, thereby reducing the labor cost of enterprises. On the other
hand, owing to differences in labor’s education levels, skills, quality, and work experiences,
the labor force is constantly flowing from low-income to high-income industries under the
effect of a competitive market, thereby promoting the optimization and upgrade of the
urban labor structure and reallocation of production resources, as well as labor productivity.
Second, with increased labor income, the demand for social consumption also increases,
urging manufacturers to increase input and expand production scale, ultimately promoting
urban economic growth. Consumer demand accounts for a large proportion of the total
social demand, and can improve social productivity and promote social development. With
the increase of unstable factors, such as foreign trade, domestic demand has become the
main driving force of China’s economic growth. In addition, moderate urban sprawl is
generally accompanied by the construction of urban infrastructure, residential housing, and
enterprise premises, thereby requiring the input of numerous production factors, bringing
extensive investments, and driving the development of related industries.
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By contrast, excessive urban sprawl can harm economic development. First, excessive
urban sprawl is likely to cause high economic costs and generally weaken the energy level
of the urban economy, thereby leading to a reduction in urban economic development
rates [32]. Owing to the expansion of urban boundaries to the suburbs caused by urban
sprawl, companies and manufacturers are markedly willing to choose low-cost suburbs,
resulting in a mismatch between employment and living space [33]. This unbalanced
distribution of population and jobs will cause the lagging effect in allocating labor supply
and demand in different regions of cities and high cost of commuting [34]. Second, urban
sprawl is not conducive to the development of economic agglomeration. For enterprises
located at city boundaries, the low-density expansion of cities will cause rents to increase in
the original enterprise cluster areas, and the production and operation costs of enterprises
will increase. Some enterprises outside the spatial margins to profitability will be forced
to relocate and move to different areas of cities, which is not conducive to enhancing
competitiveness and exerting externalities of industrial clusters. In addition, urban sprawl
can lead to a decline in economic development of central urban areas. On the one hand, the
low-density and loose development of cities leads to the fragmentation of urban structure
and function, separating residential communities from gathering centers of employment,
shopping, entertainment, and education places, thereby forming small-scale community
service centers and residents’ living circles. As a result, residents reduce their motivation
to consume in the central cities. On the other hand, the convenience of e-commerce is
constantly improving, and its door-to-door delivery features are consistent with the needs
of residents living in relatively closed communities. Therefore, more consumers purchase
required goods and services through the Internet, thereby resulting in consumption decline
in central urban areas. Thus, we use the preceding analysis as a basis to propose the
following hypothesis:

Hypothesis 1 (H1). Urban sprawl has a threshold effect on economic development.

3.2. Urban Sprawls and Economic Development of Cities in Different Sizes

The sprawls of cities with different sizes can have varying impact on economic de-
velopment. Compared with small- and medium-sized cities, one of the main economic
advantages of large cities is that they can gather more and higher-quality production
factors, bring cost savings and excess economic benefits through the externality of high
concentration of enterprises and residents, and create higher economic density. Although
the regional compactness, regional accessibility, and mixed utilization efficiency of lands in
large cities are relatively high, the spatial looseness caused by urban sprawls often leads
to the general dilution of the agglomeration economy [35]. The commuting distance of
residents is longer, with more traffic congestion in large cities than in small- and medium-
sized cities, and the sprawls of large cities will increase more commuting and logistics costs.
These costs will limit the advantages of resource endowment and the extent to which the
spatial agglomeration economy can be realized, limiting the economic activities to a specific
spatial scope. In addition, urban sprawl tends to build development zones of different sizes
and natures in the periphery of large cities and jump to the surrounding areas, resulting
in further sprawl. Owing to the different development foundation and natural conditions
of peripheral areas of large cities, the speed and degree of urban sprawl in all directions
vary, and cities are prone to disorderly expansion. Among the scattered areas, industrial
cooperation and personnel interaction are weak, and the partnership between enterprises
cannot be formed, resulting in a loss of urban economic efficiency, which will hinder urban
economic development. Thus, we propose the following hypothesis:

Hypothesis 2 (H2). The sprawls of large cities have a greater negative impact on economic
development compared with small- and medium-sized cities.
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3.3. Urban Sprawls and Economic Development of Cities with Different Leading Industries

The sprawls of cities with different leading industries can have different impact on
economic development. The large-scale expansion of urban boundaries takes up extensive
farmlands, incorporating part of the suburban agricultural population into cities. Com-
pared with the tertiary industry, the secondary industry, represented by the manufacturing
industry, has a limited capacity to absorb the rural migrant labor force. With the upgrading
of the industrial structure of manufacturing, improvement of capital structure, and increase
of technical contents, the capacity to absorb labor force of the secondary industry is sub-
stantially reduced [36]. The sprawls of cities dominated by the secondary industry lead to
a relative surplus of migrant labor force initially engaged in agricultural and handicraft
productions, thereby resulting in loss of production efficiency. In addition, compared with
the tertiary industry, production activities of the secondary industry need more trans-
portation of raw materials and cargo, as well as shared infrastructure, and the production
activities of the latter are more sensitive to spatial distance [37]. Along with the expansion
of spatial distance in the development of the secondary industry, urban sprawl will reduce
the profitability of enterprises through the weakening of personnel exchange, reduction of
knowledge spillover, and weakening of the technology diffusion effect, thereby hindering
the development of the urban economy. However, the tertiary industry is prevented from
becoming considerably sensitive to urban spatial expansion because of its developmental
attribute and is naturally less affected by urban sprawl. Thus, we propose the following
hypothesis:

Hypothesis 3 (H3). The sprawls of cities dominated by the secondary industry have a greater
negative impact on economic development compared with cities dominated by the tertiary industry.

4. Research Design
4.1. Data

There are two types of nighttime light data, DMSP/OLS and NPP/VIIRS. DMSP
provided global nighttime light data from 1992 to 2013 and stopped updating in February
2014. The VIIRS then continue to capture global nighttime light images and provide raw
data from 2012 to the present. Owing to the incomparability of the two kinds of data,
they cannot be directly used simultaneously, thus limiting the available time-series length
of nighttime light data. We select DMSP/OLS data from 2009 to 2013 and NPP/VIIRS
data from 2012 to 2018, both of which are from the NOAA National Geophysical Data
Center (https://www.ngdc.noaa.gov/eog/download.html, accessed on 15 January 2022),
through the correction of these two kinds of data, a longer time-series nighttime light
dataset is constructed. First, the preprocessing for DMSP/OLS image data includes mutual
correction, continuous correction, and saturation correction [38]. Second, the preprocessing
for NPP/VIIRS image data mainly includes synthesizing annual data, resampling, and
setting the upper and lower limits of light data [39,40]. Third, based on the 2012–2013
image data collected by DMSP/OLS and NPP/VIIRS, we establish a regression relationship
between them and obtain the correlation estimation coefficient, and on this basis, the DN
values of VIIRS grid data pixels from 2014 to 2018 are calibrated [41,42]. Finally, we obtain
comparable nighttime light image raster data from 2009 to 2018.

To justify the credibility of the empirical results, we eliminate extreme outliers and
cities established during 2009 to 2018 from raw samples, leading to 285 prefecture-level
and above cities as the final samples.

4.2. Variable Description

Dependent variable: economic development level. Prior studies have revealed a stable
positive correlation between the average brightness of the light grid and the actual per
capita income [43,44]. Based on this research result and the calibrated nighttime light data,
we take the mean value of light brightness in urban areas as the measure of urban economic
development [45].

https://www.ngdc.noaa.gov/eog/download.html
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Independent variable: degree of urban sprawl. Based on the existing research [7,37], we
investigate urban sprawl from two aspects: urban land sprawl (ULS) and urban population
sprawl (UPS).

ULSi = 0.5 × (LLi − HLi) + 0.5 (1)

UPSi = 0.5 × (LPi − HPi) + 0.5 (2)

SPi =
√

ULSi × UPSi (3)

where LL (or HL) denotes the proportion of the land area whose population density is lower
(or higher) than the national average value accounts for the total land areas respectively;
LP (or HP) denotes the proportion of the population whose population density is lower
(or higher) than the national average value accounts for the total population. SP is the
urban sprawl index which ranges from 0 to 1, and the greater value means the higher
sprawl degree.

When calculating the sprawl index of the prefecture-level and above cities, it is nec-
essary to determine which places in a city belong to the “urban areas” and master the
population of subdivided units inside the city. However, in addition to the census data
held once every ten years, demographic data released by city governments at all levels of
China are based on registered residents instead of permanent residents and can only be
accurately located at county-level administrative units, which not only makes it difficult
to reflect the population distribution inside cities, but also has a bias for the calculation
of urban population size. In addition, in China’s urbanization process, with the contin-
uous expansion of urban scale, some cities have adjusted their administrative divisions
to transfer from counties to districts according to development needs. This adjustment
results in a large increase of the proportion of built-up areas and population of municipal
districts in the particular year, which has nothing to do with the urban sprawl and cannot
truly reflect the degree of urban sprawl. Therefore, based on the nighttime light data and
LandScan Global Population Database (http://web.ornl.gov/sci/landscan, accessed on
15 January 2022), we first draw on the existing research [37,46] and use ArcGIS to extract
the areas (grids) where the light brightness DN values of each city are greater than 10
and the population densities are greater than 1000 person per squared kilometers, so as to
delimit the “real” urban areas, as illustrated in Figure 1. Then, combined with the vector
data of China’s administrative regions, we sum up the grids belonging to urban regions to
obtain the average light brightness, urban areas, and resident population of each city in the
corresponding year. Finally, we calculate the urban sprawl index by using Formulas (3)–(5).
When calculating annual sprawl index, we use the average population density of China’s
urban areas in 2009 as the standard for delimiting high-density and low-density areas. The
reason for choosing a fixed standard rather than a changing one is to make the urban spatial
structure of all regions and years more comparable.

Control variables: other factors affecting urban economic development. We use previ-
ous studies [47,48] as the basis of control variables, including the urban scale as measured
by total urban resident population, industrial structure as measured by proportion of added
value of the tertiary industry in GDP, income as measured by per capita wage income,
government financial resources as measured by public financial expenditure, economic
openness as measured by the proportion of foreign direct investment translated into RMB
in GDP, and human capital as measured by the proportion of college students in the total
population. The above data are mainly from China Urban Statistical Yearbook and China
Urban Construction Statistical Yearbook from 2010 to 2019. The detailed definitions of each
variable are shown in Table 1.

http://web.ornl.gov/sci/landscan
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Figure 1. Urban area expansion (2009–2018) across Chinese cities.

Table 1. Variable description.

Variables Symbols Variable Definition

Dependent variable Economic development lm Mean value of nighttime light brightness in
urban areas

Independent
variable

Urban sprawl sp Based on Formulas (1)–(3)

The sprawls of big cities big The sprawl indices of cities with population
greater than 1 million in urban areas

The sprawls of small and
medium-sized cities sma The sprawl indexes of cities with a population of

less than 1 million in urban areas

The sprawls of cities dominated by
the secondary industry ind The sprawl indexes of cities with the highest

proportion of the secondary industry

The sprawls of cities dominated by
the tertiary industry ser The sprawl indexes of cities with the highest

proportion of the tertiary industry

Control variables

Urban scale pop The total urban resident population

Industrial structure thi Proportion of added value of the tertiary
industry in GDP

Income wag Per capita wage income

Government financial resources fin Public financial expenditure

Economic openness fdi The proportion of foreign direct investment
in GDP

Human capita edu The proportion of college students in the total
population
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4.3. Model Specification

We follow Hansen [49] and construct the following threshold model to verify Hypoth-
esis 1:

lmit = β0 + β1spit · I(spit ≤ γ1) + β2spit · I(γ1 < spit ≤ γ2) + · · ·+ βnspit
·I(γn − 1 < spit ≤ γn)+βn+1spit · I(spit > γn) + ∑ βkControlsit + µi + σt + εit

(4)

where subscript i represents the city and t represents the year, β1, β2, . . . , βn+1 are regres-
sion coefficients; I(·) is the indicator function; γ1, γ2, . . . , γn are the thresholds; Controls
represents the control variables. Analogously, we build another model to test the other two
hypotheses:

lmit = β0 + β1Xit + ∑ βkControlsit + µi + σt + εit (5)

where Xit represents the sprawl index of cities with different urban sizes and leading
industries.

We take log-transformation to both the dependent variable and independent variable.
In this way, the coefficients of independent variables represent the elasticity between urban
sprawl and economic growth. Simultaneously, we also take log-transformation to the
urban scale, income and government financial resources in the control variables to reduce
estimation bias.

Table 2 shows the descriptive statistics of all variables. After taking the natural
logarithm, the maximum value of urban sprawl (sp) is 0.000, the minimum value is −3.976,
and the mean value is −0.848. Additionally, the standard deviations of all variables are
below 1.000 and the mean values of all control variables have slight difference, thereby
implying that the observed values are relatively stable.

Table 2. Descriptive statistics of log-transformed variables.

Variables Mean Std. Dev. Min Max Obs

lm 2.636 0.339 1.609 3.870 2850
sp −0.848 0.363 −3.976 0.000 2850

pop 5.876 0.701 2.970 8.133 2850
thi 0.392 0.097 0.098 0.810 2850

wag 10.711 0.364 8.509 11.917 2850
fin 14.673 0.787 11.544 18.246 2850
fdi 0.173 0.018 0.000 0.191 2850
edu 0.180 0.024 0.000 0.131 2850

5. Empirical Analyses
5.1. Threshold Effects of Urban Sprawl on Economic Development

First, we conduct a self-sampling test to identify the potential threshold effects as
specified in Model (4). The results are shown in Table 3. The p value of single threshold
is less than 0.01 and that of double threshold is greater than 0.05, which indicate that the
single threshold model is preferable. Further calculation identifies the single threshold to
be −1.693, as shown in Table 4. We use the results of the threshold test as bases to specify
Model (4) as the single threshold regression model as follows:

lmit = β0 + β1D1 + β2spit + β3spit·D1 + ∑ βkControlsit + εit (6)

where D1 is a dummy variable: spit ≤ −1.693, D1 = 0; otherwise, D1 = 1. The indicative
function I(·) can be simply expressed as D1 = I (spit > −1.693).

Table 5 shows the results of the single threshold regression model. When the sprawl
index is no more than the single threshold (i.e., −1.693), urban sprawl has a significantly
positive effect on economic development. Moreover, when the sprawl index is greater
than the single threshold, the effect of urban sprawl becomes significantly negative. Thus,
Hypothesis 1 is verified.
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Table 3. Self-sampling test of the threshold effect.

Model F Statistics p-Value BS Times
Critical Values

1% 5% 10%

Single threshold 44.61 *** 0.003 300 28.989 21.307 18.309
Double threshold 22.18 * 0.053 300 25.305 19.990 16.606

Notes: *** p < 0.01, * p < 0.1.

Table 4. Statistical inferences of single threshold.

Estimated Threshold 95% Confidence Interval

γ1 −1.693 [−1.740, −1.596]

Table 5. Regression results of the single threshold model.

Variables (1)

sp_1
(sp ≤ −1.693)

0.073 ***
(7.13)

sp_2
(−1.693 < sp)

−0.318 ***
(−13.90)

pop 0.176 **
(2.37)

thi
−0.567 ***

(−6.01)

wag 0.152 ***
(5.12)

fin
−0.093 ***

(4.10)

fdi
0.092
(0.26)

edu
−0.697
(−0.83)

cons −1.356 ***
(−3.29)

R-squared 0.267

N 2850
Notes: t statistics in parentheses; *** p < 0.01, ** p < 0.05.

When smart growth mode according to scientific urban spatial planning is imple-
mented in cities, it can efficiently gather economic factors and maximize the utility of
limited economic resources. However, excessive urban sprawl promotes the scattered
distribution of population activities and factors; separation of residential communities
from employment, shopping, entertainment, and education sites; and reduction of regional
connectivity, thereby hindering the development of the urban economy. Specific to China’s
reality, some large cities are actively exploring effective urban spatial growth strategies.
Since 2014, 14 cities, including Beijing, Shanghai, Guangzhou, and Shenzhen, have been
delimited urban development boundaries. This measure has effectively curbed the urban
sprawl trend, improved urban land use efficiency, optimized urban spatial structure, and
achieved excellent economic and ecological benefits. However, numerous cities have expe-
rienced excessive sprawl. The GDP-oriented development approach has spawned some
cities in China to invest huge funds in developing and constructing new towns. However,
owing to such factors as small population size and long distance from central cities to new
towns, investment attraction is weak and development speed is slow, which cannot form a
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new urban economic growth point. Lastly, new city construction evolves into a large-scale
real estate development movement, and high housing vacancy rates cause the occurrence of
the “empty-city stratagem”. The imbalance of economic input–output ratio brought about
by new town construction has caused the waste of land and capital and also aggravated
the severity of urban sprawl. Moreover, some local governments cannot implement the
secondary reconstruction and development of main urban areas due to the high debt of
supporting facilities for the construction of new towns. This situation has overdrawn the
development potential of cities and resulted in insurmountable difficulties for the urban
development.

5.2. Heterogeneous Effects of Sprawling Cities in Different Sizes

To examine the heterogeneous effects of sprawls of cities in different sizes, we fit
Model (5) with the sprawls of large cities and small- and medium-sized cities being the
main explanatory variables. The empirical results are shown in Table 6. The sprawls of
large cities have a greater negative impact on economic development compared with small-
and medium-sized cities. Hence, Hypothesis 3 is verified. The sprawls of large cities
make it costly to establish production links and personnel technical exchanges between the
development zones in different directions of cities. In addition, production and business
activities are separated from one another. Thus, the loss of agglomeration economic
externality is greater than that of small- and medium-sized cities.

Table 6. Regression results of the impact of the sprawls of cities in different sizes.

Variables (1) (2)

big −0.505 ***
(−4.04)

sma −0.200 ***
(−4.99)

Controls Y Y

City FE Y Y

Year FE Y Y

R-squared 0.385 0.319

N 740 2110
Notes: t statistics in parentheses; *** p < 0.01.

In China’s urbanization process, the population continues to gather in large cities, and
the built-up areas of these cities are expanding. However, in the process of expansion, the
growth rate of built-up areas exceeds the growth rate of the population. Young people
who cannot afford to buy or rent houses in urban core areas face increasing commuting
distances, and the road connecting city centers and suburbs is heavily congested. In
addition, high-grade residential areas with low plot ratio in better environment of suburban
areas aggravate the sprawl of large cities. This situation results in a wide disparity in
population density between the central and suburban areas, and the urban spatial layout
is deformed.

5.3. Heterogeneous Effects of Sprawling Cities with Different Leading Industries

To examine the heterogeneous effects of sprawls of cities with different leading indus-
tries, we fit Model (5) with the sprawls of cities dominated by the tertiary and secondary
industries. The regression results are shown in Table 7. Compared with cities dominated
by the tertiary industry, the sprawls of cities dominated by the secondary industry have
a greater negative impact on economic development. Hence, Hypothesis 4 is verified.
The increase of logistics cost and rent and decrease of infrastructure sharing efficiency
caused by cities dominated by the secondary industry substantially reduce the production
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efficiency and economic benefits of enterprises. Moreover, the loss of industrial competitive
advantage is more serious than that of tertiary industry-dominated cities.

Table 7. Regression results of the impact of the sprawls of cities with different leading industries.

Variables (1) (2)

ind
−0.286 ***

(−4.99)

ser −0.206 ***
(−3.87)

Controls Y Y

City FE Y Y

Year FE Y Y

R-squared 0.393 0.289

N 1250 1600
Notes: t statistics in parentheses; *** p < 0.01.

With the acceleration of the transformation and upgrade of China’s industrial structure,
the majority of the cities dominated by the secondary industry are traditional industrial
or underdeveloped cities at the middle and low end of the industrial chain. Under the
background of resolution of excess capacity and strict control of polluting enterprises coun-
trywide, numerous industrial cities dominated by the secondary industry have insufficient
capacity to absorb the population owing to serious environmental pollution and limited
employment opportunities. In addition, the development of private economy and modern
service industry is relatively lagging. Consequently, urban centers lack popularity and
vitality. The sprawls of these cities accelerate the decline of the central urban area and
generally reduce resilience and competitiveness of the urban economy.

5.4. Robustness Test

To test the robustness of the threshold model, we use the growth rate of per capita
GDP to measure urban economic development and adopt an alternative approach for
constructing the urban sprawl index [50] as follows:

SPρ = 1 − UPt/BAt

UP0/BA0
= 1 − ρt

ρ0
(7)

where BAt and UPt represent the proportion of the built-up area and population of the
municipal district, respectively, in the current period; BA0 and UP0 represent the proportion
of the built-up area and population of the municipal district, respectively, in the base period;
ρt is the urban population density of the current period; and ρ0 is the urban population
density of the base period.

After eliminating the cities affected by administrative division adjustment and abnor-
mal data, the remaining 207 cities at prefecture-level and above are used as samples for
robustness test.

Table 8 shows the results of the threshold effect test based on the new variables.
Evidently, the threshold model with two thresholds remains preferable. Table 9 shows
that the two thresholds are 0.036 and 0.079, respectively. According to the results of the
threshold test, Model (4) is refitted as the double threshold regression model based on the
new setting, as follows:

lmit = β0 + β1D1 + β2D2 + β3spit + β4spit·D1 + β5spit·D2 + ∑ βkControlsit + εit (8)

where D1 and D2 are dummy variables: when spit ≤ 0.036, D1 = D2 = 0; when 0.036 < spit
≤ 0.079, D1 = 1, D2 = 0; when spit > 0.079, D1 = 0, D2 = 1.
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Table 8. Self-sampling test of the threshold effect based on the new variables.

Model F Statistics p-Value BS Times
Critical Values

1% 5% 10%

Single threshold 14.825 ** 0.027 300 19.702 8.265 3.181
Double threshold 8.148 ** 0.023 300 10.705 6.204 4.084
Triple threshold 3.932 * 0.060 300 9.805 5.404 2.535

Notes: ** p < 0.05, * p < 0.1.

Table 9. Statistical inferences of the thresholds based on the new variables.

Estimated Threshold 95% Confidence Interval

γ1 0.036 [−0.170, 0.600]

γ2 0.079 [−0.244, 0.600]

The results shown in Table 10 are consistent with the main results. First, when the
sprawl index is no more than the first threshold (i.e., 0.036), urban sprawl has a significantly
positive effect on economic development. Second, when the sprawl index is above 0.036,
urban sprawl has a significantly negative impact on economic development. Lastly, the
higher the degree of sprawl, the greater the negative effect of urban sprawl on economic
development. Although the threshold number of robustness test is more than that of
primary regression, the results still verify Hypothesis 1.

Table 10. Results of the robustness test.

Variables (1)

sp_1
(sp ≤ 0.036)

0.133 *
(1.94)

sp_2
(0.036 < sp ≤ 0.079)

−0.0226 **
(−2.21)

sp_3
(sp > 0.079)

−0.156 ***
(−4.95)

Controls Y

R-squared 0.215

N 2070
Notes: t statistics in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

6. Conclusions

This study uses 285 prefecture-level and above cities in China as the research samples
and empirically analyzes the heterogeneous effects of urban sprawl on economic devel-
opment from 2009 to 2018. The main conclusions are as follows. First, urban sprawl has
a threshold effect on economic development. When urban sprawl is moderate, it has a
significantly positive influence on economic development. However, when urban sprawl is
excessive, it has a significantly negative impact on economic development. The higher the
degree of urban sprawl, the greater the negative impact on economic development. Second,
the sprawls of cities in different sizes have varying impact on economic development. The
sprawls of large cities have a greater negative impact on economic development compared
to small- and medium-sized cities. Third, the sprawls of cities with different leading indus-
tries have varying effects on economic development. The sprawls of cities dominated by the
secondary industry have a greater negative impact on economic development compared
with cities dominated by the tertiary industry.

This study proposes the following policy implications by analyzing the impact of
urban sprawl and its heterogeneity on economic development, combined with the specific
reality of urban development in China. First, overdone is worse than undone. Moderate
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urban sprawls can effectively improve the utilization efficiency of urban land resources
and positively affect urban economic development. However, excessive urban sprawls
will hinder urban economic development. This result highlights the importance of land
planning based on sustainable development, which is the method to achieve high-quality
urban development with improved efficiency under the condition that urban available
land area remains invariable. Furthermore, the transformation of urban growth to the
direction of stuffed exploitation and intensive development should be promoted, and
the utilization of the internal potential of constructed urban areas is necessary. Second,
bigger may not be better. The sprawls of large cities will generally increase the cost of
economic operation and lose the economic benefits of agglomeration compared with small-
and medium-sized cities. Therefore, large cities should implement smart growth strategy
and control the development boundary of cities more strictly. Adopting and enforcing
smart growth policies is key not only in creating a more compact city but may also help to
promote sustainable urban development. Third, the optimization of industrial structure is
important. The development of the tertiary industry has minimal effects on the demand
for urban land and has inherent advantages in mitigating the negative impact of excessive
sprawl. Therefore, cities should adjust their industrial structures according to the dynamic
characteristics of industrial agglomeration while maintaining good coordination between
the development of the secondary and tertiary industries.
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