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Abstract: As a crucial government strategy for spatial management and resource allocation, ad-
ministrative division adjustment (ADA) provides interesting insights in the investigation of the
polycentric urban structure (POLY). Using high-resolution geographic grid population data, this
study aims to interpret complex linkages between ADA and POLY. Specifically, this research explores
the dynamic evolution of POLY and ADA, investigates the spatiotemporal impact of ADA on POLY
based on geographically and temporally weighted regression models and analyzes the differences
in socioeconomic driving forces for POLY in cities with and without ADA. The results demonstrate
that the value of POLY had a rising trend during the study periods. In terms of spatial pattern, POLY
has a higher value in the Eastern region and a lower value in the Western region. The influences of
ADA on POLY are also characterized by spatiotemporal heterogeneity. The impact of ADA on POLY
has a higher value in Eastern and Western China and a lower value in Central and Northeastern
China. In addition, the impacts of socioeconomic factors on POLY between cities with and without
ADA differed significantly in Central and Western China while differing insignificantly in Eastern
and Northeastern China. To promote the balanced development of administrative institutional
structures and urban spatial transformation, ADA should be selectively implemented to facilitate
POLY following the level of population, economic and productive development in each region.

Keywords: administrative division adjustment; urban polycentric structure; urban spatial transforma-
tion; spatiotemporal analysis; socioeconomic driver; political driver; geographically and temporally
weighted regression model

1. Introduction

Currently, the urbanization level in China has risen from 18% in 1978 to 63% in
2020 [1,2]. Although urbanization has created remarkable economic achievements, it also
results in serious urban diseases. Problems such as housing shortages [3], traffic conges-
tion [4], air pollution [5] and resource constraints [6] may occur due to the dramatic urban
growth and negative externalities of agglomeration. To alleviate the issue of overcrowded
cities and promote human-centric approaches to new-type urbanization strategies, the
focus of urban growth is gradually changing from extensive expansion to structure op-
timization [7]. The document “National New Urbanization Plan (2014–2020)” proposed
that it is essential to optimize the urban spatial structure and prevent blind expansion,
balancing the distribution and allocation of various factors and functions [8]. The rational
layout of urban structure optimization can improve land-use efficiency and change land
values through intensification and suburbanization, thereby influencing land markets and
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urban housing [9]. In addition, an efficient urban structure affects commuting patterns
and helps to achieve orderly spatial traffic flows across regions, which in turn better serves
transit systems and alleviates congestion [10]. Under the new-type urbanization, decentral-
ization and polycentricity by minimizing negative external effects and maximizing positive
agglomerative economies have become crucial means to drive the transformation from
extensive expansion to structure optimization [11].

The urban polycentric structure (POLY) has been adopted by a growing number of
government agencies as an ideal urban form to support urban spatial transformation,
release urban vitality and promote sustainable development [12]. In China, the policy of
Outline of Vision Goals for 2035 proposed that it is necessary to transfer the urban spatial
form from a monocentric structure to a more polycentric and networked structure [13].
Compared with urban monocentric structures, the POLY is regarded as an efficient urban
form to promote a balance between employment and housing [14] and improve labor
productivity [15]. Therefore, the question of how to promote the development of the POLY
is a critical issue for sustainable urban growth.

Since the reform and opening-up policy, China has undergone an urbanization process
in the past 40 years that other countries typically experience over a century [16]. To effi-
ciently carry out resource allocation and management, administrative hierarchy systems,
including national, provincial, municipal, county and township levels, are implemented
in China [17]. However, along with the process of rapid urbanization, there have been
significant changes in urban form and administrative institutional structures. Meantime,
the existing administrative institutional structures may be inadequate to meet the resource-
carrying capacity and factor allocation requirements of current urban spatial structures.
The Chinese government has carried out a series of administrative division adjustments
(ADAs), which have changed the urban administrative hierarchy and spatial scale and alle-
viated the mismatch between the administrative institutional structure and socioeconomic
development [18]. Specifically, ADA reshapes the urban growth boundary by increasing
the authority for land approvals and providing material security for the expansion of popu-
lation and industry [19]. In addition, ADA promotes suburbanization and has a sizeable
circulating effect on economic agglomeration, facilitating urban polycentric development
and edge-expansion [20].

From 2009 and 2019, most cities have undergone ADA. Specifically, the number of
counties declined from 1464 to 1323 and the number of urban districts increased from
855 to 973 [21]. ADA is a crucial government strategy for China’s spatial management
and has a profound influence on POLY. Yet, fewer studies have focused on the impact of
state-led administrative forces on POLY. This is mainly due to the complex relationship
between policies and urban form, leading to difficulties in quantifying the impact and
efficiency of administrative factors [20]. Furthermore, the previous literature paid more
attention to the experiences of North America and Western Europe regarding administrative
units as networks of horizontally interconnected autonomous entities while ignoring the
hierarchical and level-based administrative division system in China [22]. Most scholars
in western countries focus on the voluntary and anarchical self-organization processes of
the formation of POLY, agreeing that the decentralization of population and employment
facilitated new subcenters [23]. Although urban polycentricity in China is an important
urban development policy, the impact of political interventions on POLY has not been
fully investigated [24]. Hence, it is urgent to identify the complex linkages between ADA
and POLY to respond to the evolving needs of urban growth and manage the coordinated
development of urban form and administrative institutional structures.

As the highest level of political design for China’s territorial space, ADA has af-
fected the urban spatial structure evolution through spatial rescaling, spatial fragmentation,
hybrid urbanization and suburbanization [25]. The administrative hierarchy and admin-
istrative boundaries can be reshaped with the implementation of ADA, facilitating the
free flow of social, economic and environmental elements between different administra-
tive district governments and promoting the spatial reconstruction of the multinuclei city
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and POLY [26]. Yet, most studies associated with ADA have focused on issues including
urban expansion [27], land-use intensity [28], regional reconstruction [29] and spatial rescal-
ing [18]. The impact of ADA on urban structure is rarely addressed. In addition, most
scholars concentrate on qualitative case studies and theoretical discussions at the micro
level of cities while neglecting the quantitative analysis of the effects of ADA on POLY
at the national macro level [30]. Hence, it is urgent to quantify the relationship between
ADA and POLY at the national scale to gain a deeper understanding of urban structure
transformation under administrative reconfiguration.

Existing research is mostly based on cross-sectional data and focuses on the impact
of ADA during a particular period. A few scholars applied panel data to their analyses,
ignoring the issue of spatiotemporal heterogeneity of the urban structure transformation in
the process of ADA implementation [31]. However, the dynamic of ADA is a spatiotem-
porally nonstationarity process, and the effects of ADA on POLY are also inconsistent
across time and space. According to Tobler’s first law of geography, any object is spatially
interconnected, suggesting that localized changes have profound effects on neighboring
regions [32]. To minimize bias in model assessment results, it is important to consider
spatial dependence when examining the mechanisms of the impacts of ADA on POLY [33].
Meanwhile, in the process of implementing ADA, the administrative management pol-
icy will accelerate the exchange in factors such as population, capital, industry and land
among different regions. For example, if a city achieves hierarchical upgrading through
ADA, it will attract resources from neighboring cities, thus realizing inter-regional material
exchange and information transfer [34]. Moreover, the impact of ADA on POLY is different
at different stages of ADA implementation, indicating that the relationship between ADA
and POLY changes over time [35]. Consequently, both time and space factors are crucial.
Yet, most scholars only consider global regression, such as the ordinary least squares (OLS)
regression, neglecting spatiotemporal nonstationary correlation. The geographically and
temporally weighted regression model (GTWR) can effectively reflect both temporal and
spatial relationships between each location by calculating local regression equations, im-
proving the reliability of model results. Therefore, the GTWR model can be adopted to
further examine the spatiotemporal linkages between ADA and POLY.

To further understand state-led polycentric urban development, this study examines
the spatiotemporal impact of ADA on POLY based on the GTWR model. Overall, the
main contributions of this paper are as follows. Theoretically, this study considers both
political and socioeconomic driver factors of POLY, which further deepens the analysis of
the mechanisms influencing the development of urban spatial structure. Methodologically,
this study examines the spatiotemporal impact of ADA on POLY and fully assesses the
spatiotemporal heterogeneity and nonstationarity of the relationship between ADA and
POLY. Practically, policy implications associated with urban planning and administrative
adjustment are proposed, which provides valuable references for balancing the manage-
ment of urban spatial structure and administrative system adjustment. The remaining
content of this study is organized as follows. Section 2 describes the literature review.
Section 3 measures the methodology and data. Section 4 presents the results. Section 5
proposes the discussions. Section 6 summarizes the main conclusions.

2. Literature Review
2.1. ADA and Its Development in China

Different from European countries, urban development policies based on adminis-
trative hierarchies have resulted in the urban spatial structure of China being heavily
influenced by the administrative system [36]. Apart from market self-organization mecha-
nisms, state-led planning and policy interventions are also essential factors that influence
urban spatial structure [37]. Under the high regulation of the administrative hierarchy
system and urban planning strategies, the interactive cooperation between political and
socioeconomic factors promotes urban growth [27]. As a special political factor within
the changes in state-led administrative system management, ADAs can facilitate resource
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mobilization and are a significant force in optimizing urban spatial transformation [18].
In the process of administrative adjustment, changes in the administrative hierarchy and
administrative space can lead to policy reforms such as land function zoning, urban hous-
ing guidance and corporate tax subsidies [38]. In addition, ADA will not only promote
the networking of public infrastructure, diversification of population movement patterns
and decentralization of commercial activities but also further promote the expansion and
reconstruction of urban space, resulting in the polycentric development of urban forms
and functions [39]. Thus, considering ADA as the main political factor, along with socioe-
conomic factors, can help us comprehensively understand urban structural changes. It is
critical to embed the insights of ADA into the investigation of POLY evolution.

2.2. The Driving Forces of POLY

Polycentric urban development is the consequence of numerous elements as a com-
plex evolutionary process. Most studies have examined the driving forces of polycentric
urban development from the perspective of natural and socioeconomic factors [40]. The
focus on natural factors includes land cover [41], topographical features [42], elevation
grades [43], landscape fragmentation [44] and the patterns of rivers/lakes [45]. The focus on
socioeconomic factors includes urban functions and human activities such as transportation
networks [46], population distribution [47], economic size [48] and employment figures [14].
Although these factors can impact urban polycentricity and have been comprehensively
considered in most studies, equally important to urban polycentricity are the state factors
such as government interventions and structural adjustment; however, these have rarely
been taken into account [23]. Urban spatial transformation is often affected by top-down
government policies and urban planning [36]. Thus, identifying the evolution of polycentric
urban structure in terms of state-led factors remains a largely underexplored domain.

3. Methodology and Data
3.1. Methodological Framework

Based on the background above, the following methodological framework is estab-
lished to further interpret the linkages between ADA and POLY (Figure 1). The GTWR
model considers the temporal dimension of the variables by constructing a spatiotemporal
weight matrix and calculates the spatiotemporal correlation of the panel data [49]. It can
examine the spatiotemporal and nonstationary factors simultaneously, which is suitable
for accurately interpreting the spatiotemporal linkages between ADA and POLY [50]. This
methodological framework can provide insightful guidance for achieving sustainable ur-
ban spatial transformation under administrative division adjustment. Specifically, the
methodological framework is implemented according to the following five steps: (1) The
data used in this research are sourced from geospatial and socioeconomic data. As typical
geospatial remote sensing data, the LandScan high-resolution population dataset records
global population density; it is produced by the US Department of Energy, Oak Ridge
National Laboratory [51]. Compared to traditional statistical data, it provides convenient
insights to understand population distribution on a large spatial scale with relatively low
cost, facilitating the more accurate determination of urban form [52]. (2) During prepro-
cessing, the remote sensing data are resampled to 1 km and the ADA is recorded to the
prefecture-level city. (3) The morphological POLY is identified by a relative minimum
cut-off approach based on population size and standard deviation. (4) The temporal and
spatial distribution patterns of the ADA and the POLY are discussed by Moran’s index and
hot spots and cold spots. (5) The spatiotemporal impacts of ADA on POLY are examined
by the OLS and GTWR models. In addition, this study divides the research samples into
Eastern, Central, Western and Northeastern regions to explore the heterogeneity of the
impact of ADA and compare the differences in socioeconomic driving forces for POLY in
cities with and without ADA.
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3.2. Study Area

Due to the change in statistical standards and anomalies of missing data, 268 prefecture-
level administrative regions and 4 direct-administrate municipalities are taken as the
subjects of this study. To better measure the implementation of ADA, this research defines
cities that underwent ADA as cities with changes in administrative space or hierarchy,
including the conversion of counties into urban areas, the conversion of counties into
urban districts and district-to-district restructuring [27]. As shown in Figure 2, a total of
145 cities in China experienced ADA during the study period from 2013 to 2018. Owing to
the vast territory of China, the local economics, natural resources, industry structure and
demographics vary greatly among different regions, which further affects the dynamics
of ADA and POLY. In addition, China has implemented various development policies in
different regions, such as the policy of establishing the coastal economic zones in the Eastern
region, promoting the rise of the Central region, facilitating the extensive development of
the Western region and revitalizing the Northeastern region. Consequently, according to
the geographical location and the zoning standards of the National Bureau of Statistics, this
study divides China into Eastern, Central, Western and Northeastern regions to reflect the
changes of ADA and POLY in different socioeconomic development regions [53,54]. The
Eastern region carried out reform and opening up earlier, has a higher level of urbanization
and marketization and has greater demand for the optimization of administration systems
and spatial structures [55]. The economic development in the Central and Western regions
lags relatively behind the Eastern region, and the government-dominated administrative
forces of ADA are an essential driver for urban structure reshaping [27]. As the traditional
industrial base, the Northeastern region is highly urbanized and faces the serious issues
of resource exhaustion and population loss, hindering the development of ADA and
POLY [56].
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3.3. Data Sources

The multisource and heterogeneous data including geospatial data and socioeconomic
data are utilized in this study as follows: (1) The data used to measure ADA are obtained
from the national administrative division information inquiry platform (http://xzqh.mca.
gov.cn/map, accessed on 1 February 2023). (2) The LandScan high-resolution global
population dataset for identifying urban centers and measuring POLY is sourced from
the official website (https://landscan.ornl.gov, accessed on 1 February 2023). (3) Other
socioeconomic data are obtained from the China Statistical Yearbook, China City Statistics
Yearbook and the China Regional Economic Statistical Yearbook (http://www.stats.gov.
cn/sj/ndsj/, accessed on 1 February 2023).

3.4. Research Methods
3.4.1. Assessment of Urban Polycentricity

Although academia lacks a universally accepted definition, the measurement of POLY
in numerous studies has predominantly focused on its morphological dimensions [48]. The
size and distribution of individual centers play a crucial role in shaping the morphological
POLY. This study utilizes a morphologically defined polycentric structure to assess the
degree of POLY. The identification of individual centers within a city was based on popula-
tion size, and the spatial distribution of the population was acquired from the LandScan
dataset, which provides high-resolution global population data [57]. For each city, the
relative minimum cut-off approach was employed to select densely populated LandScan
grids based on their 95th percentile population density [44]. To increase precision, the
centers were identified as the top 5% of the densest area within a city from the LandScan
dataset [58]. Since a population center should be a contiguous area with a large population,
the centers with small areas and low populations were filtered out to increase accuracy [59].
Grid clusters with a population of more than 100,000 and an area of more than 3 km2 were
selected to be identified as urban centers [44]. The most populated center was considered
the core center, while the other centers were considered subcenters. To better demonstrate
the detected urban centers, this paper uses Shanghai as an example to show its core center
and subcenters (Figure 3).

http://xzqh.mca.gov.cn/map
http://xzqh.mca.gov.cn/map
https://landscan.ornl.gov
http://www.stats.gov.cn/sj/ndsj/
http://www.stats.gov.cn/sj/ndsj/
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Based on the social network theory, we explore the index of POLY using the concept
of nodality (the importance of urban centers) [60]. In this study, the more balanced the
importance of population size in different urban centers, the more pronounced the poly-
centric system becomes (Figure 4). Specifically, the POLY was measured by calculating the
standard deviation of centers [61], and the formula is represented as follows:

POLY = 1− σobs
σmax

(1)

where POLY denotes the degree of urban polycentric structure within the city. The value of
POLY is between 0 and 1. The higher the value of POLY, the more polycentric the region [60].
σobs represents the standard deviation of the population-based size of an individual center
within the city. σmax denotes the standard deviation of population-based sizes ranging from
zero to the maximum.
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3.4.2. Moran’s I Index

There may be spatial autocorrelation of variables in different regions. To analyze the
dependence of spatial data, the global Moran’s I index is used to measure the degree of
spatial autocorrelation, which is calculated as follows [62].

I =
∑n

i=1 ∑n
j=1 wij(xi − x)

(
xj − x

)
S2∑n

i=1 ∑n
j=1 wij

(2)

S2 =
∑n

j=1 wij(xi − x)2

n
(3)

where I is the global Moran’s I index and S2 is the sample variance. wij denotes the spatial
weights between ith city and jth city. n is the total number of study samples. xi and xj are
the regression residuals of study samples in ith city and jth city. x is the mean value of x.
The value of I ranges between [−1, 1]. If I is less than 0 and closer to −1, there is a negative
correlation. If I is greater than 0 and closer to 1, there is a positive correlation. If I is equal to
0, there is an independent random distribution and weak spatial correlations. In addition,
analysis of hot spots and cold spots is utilized to visualize spatial association patterns of
POLY between cities, which can reveal spatial grouping patterns for high- or low-value
clusters [63].

3.4.3. Ordinary Least Squares Model

The OLS model is a traditional statistical method that assumes the parameter estimates
are constant throughout the space [64]. It ignores the location of the parameter observations
and may lead to the loss of spatial heterogeneity information [65]. To further compare with
the results in the GTWR model, the OLS model is adopted first to test the significance level.
The formulation of the OLS model is defined as follows:

Yi = β0 + ∑m
k=1 βkXik + εi (4)

where Yi denotes the value of the dependent variable of POLY in ith city. Xik represents
the total number of kth dependent variables in ith city. βk denotes the coefficients of kth
dependent variables in ith city. β0 is the intercept distance. εi is the random error term.

3.4.4. Geographically and Temporally Weighted Regression Model

Due to variables that may be spatially correlated, a sophisticated regression approach
is necessary to further investigate further spatiotemporal heterogeneity [66]. The GTWR
model is an important approach for solving the problem of spatial autocorrelation and
heterogeneity of variables. Unlike global OLS regression, the coefficients in the GTWR
model vary with time and space [67]. GTWR is a local regression model, which uses data
from neighboring points around the point to calculate the local regression coefficients [68].
It can measure spatial heterogeneity by the regression coefficients for different regions
through the utilization of local regression models fitted at individual sample points. In
addition, the GTWR model can consider temporal heterogeneity to accommodate time
nonstationarity by constructing spatiotemporal weights [49]. The formulation of the GTWR
model is defined as follows:

Yi = β0(ui, vi, ti)+∑p
k=1 βk(ui, vi, ti)Xik + εi (5)

where (ui, vi, ti) denote the spatiotemporal coordinates of sample i in the geographical
location (ui, vi) at time ti. εi is the error term. Furthermore, the Gaussian function is
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adopted to assess the spatiotemporal weight matrix, and the specific formula is set as
follows [50]:

wij = exp

−
(

ds
ij

)2
+
( µ

λ

)(
dT

ij

)2

h2
ST

 (6)

where wij denotes the spatiotemporal weight matrix between ith city and jth city. hST

represents the bandwidth. ds
ij and dT

ij denote the space and time distance between ith city
and jth city. µ and λ are the spatial and time scale parameters, respectively.

3.5. Variable Measurement

In this study, the index of POLY from 2013 to 2018 is adopted as the dependent variable,
which denotes the spatial polycentric pattern of different cities. The dummy variable for
whether ADA occurred is set as the key independent variable. If the ith city underwent
ADA in the year t′, then the value of ADA is 1 when t ≥ t′ and is 0 otherwise.

In addition, the POLY is influenced not only by the ADA but also by other socioeco-
nomic factors. Therefore, the following socioeconomic driving factors are selected as the
control variables: (1) Regional gross domestic product (GDP) is calculated by gross regional
product per capita in different cities, which denotes economic development. Social pro-
duction and activities are significantly influenced by the regional economic development
level, which could further change the spatial structure of the city [64]. (2) Transportation
infrastructure (ROAD) is measured by the actual paved road area within the city. The
level of transportation facilities can influence transportation costs and change the spatial
structure of urban agglomeration or sprawl [69]. (3) Land resource (AREA) is assessed
by the built-up area within a city. The land is an important material and spatial carrier
for urban spatial layout [9]. (4) Level of real estate development (HOUSE) is observed
by the amount of completed real estate development investment. In the process of urban
agglomeration development and decentralized expansion, the land-use intensity is closely
related to the level of real estate investment [70]. (5) The governmental fiscal expenditure
(FINANCE) is calculated by the amount of public finance expenditure. Governmental
financial support directly affects the allocation of social resources in the process of regional
development and plays a critical role in spatial structure transformation [63]. Specifically,
the specific statistical descriptions of the variables in this study are shown in Table 1.

Table 1. Variable definition and statistical description.

Variables Mean Std. Dev Min. Max.

POLY (-) 0.5199 0.1289 0.0093 0.9574
ADA (-) 0.2263 0.4185 0.0000 1.0000

GDP (1010 CNY) 0.0681 0.0373 0.0041 0.4393
ROAD (102 km2) 0.1364 0.0918 0.0117 1.0837
AREA (104 km2) 0.2707 0.3224 0.0097 4.3263

HOUSE (1011 CNY) 0.2739 0.5501 0.0007 4.2363
FINANCE (108 CNY) 0.0344 0.0685 0.0009 0.8351

Note: CNY denotes the Chinese yuan.

4. Results
4.1. Characteristics of ADA and POLY

In general, the average POLY of all cities in China exhibits a rising trend (Figure 5). The
average value of POLY was 0.497 in 2013 and 0.504 in 2018, with an increase of 2.35%. Such
a change illustrates the evolution of urban spatial patterns from agglomerative monocentric
to decentralized polycentric during the study period. Overall, cities that underwent ADA
exhibit significantly higher levels of POLY compared to cities that did not. Specifically, the
values of POLY in cities with ADA are all higher than 0.51, and those in cities without ADA
are all lower than 0.51. Furthermore, such gaps in POLY between cities with and without



Land 2023, 12, 1674 10 of 27

ADA have increased over time. In 2013, the POLY was 0.494 in cities without ADA and
0.522 in cities with ADA. In 2018, the POLY in cities without ADA was 0.503, whereas in
cities with ADA, it was 0.551. The gaps have increased from 0.028 in 2013 to 0.048 in 2018.
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There are significant differences in the dynamic of POLY and the number of ADAs
in China (Figure 6). Higher POLY values indicate the polycentric development and more
relatively balanced population clusters within the city. According to the values of the
POLY dynamic, this study categorized the evolution patterns of POLY in different regions.
The POLY shows a high value with increasing trend in Eastern China, displays a low
value with decreasing trend in Central China, demonstrates a low value with increasing
trend in Western China and exhibits a high value with decreasing trend in Northeastern
China. Notably, in some years, the number of cities that implemented ADA was high but
the value of POLY was low, and this phenomenon is different across regions. There are
two possible reasons, as follows. On the one hand, the impact of ADA may have lagged
effects, and therefore the maximization of POLY cannot be achieved in the same year as
ADA implementation [71]. On the other hand, the policies related to ADA do not favor
POLY in all regions. Unreasonable ADA may impede the development of POLY in some
cities, and thus, the implementation of ADA leads to a reduction in the value of POLY.
Hence, the complex linkages between ADA and POLY in different regions need to be
further investigated.

Compared with other regions, the values of POLY are generally higher in Eastern
China. The highest and lowest values of POLY in Eastern China are approximately 0.601
and 0.593, respectively. Although this change is small, there is still a slight increasing
trend. In Central China, the POLY shows a gradually decreasing trend. The reason for
this phenomenon may be related to the industrial transfer from the Eastern region to the
Central region [63]. Although the average POLY in Western China is relatively low, it shows
an increasing evolution trend. In Northeast China, the number of cities with ADA is low,
and the average POLY shows a decreasing trend, which may be caused by city shrinkage
resulting from population loss [72].
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4.2. Spatiotemporal Pattern of POLY Agglomeration

In terms of the spatial distribution of POLY, the cities with higher POLY are mostly
located in Eastern China, especially in coastal areas and megacity clusters such as Beijing–
Tianjin–Hebei, Yangtze River Delta and Pearl River Delta (Figure 7). Cities with higher
POLY generally have higher levels of socioeconomic development and rapid urban growth.
The urban expansion in cities with higher POLY may cause a mismatch between admin-
istrative division management and socioeconomic development level. Consequently, the
implementation of ADA in these cities can better balance and coordinate the development
of administrative restructuring and socioeconomic development [19]. In addition, the cities
with lower POLY are mostly distributed in Western China where the level of socioeconomic
development is not high. In 2013, the proportion of cities with POLY greater than 0.6 was
only 25.547%. Yet, this proportion increased to 27.372% in 2018. Because the value of
POLY is expressed between 0 and 1, the closer it is to 1, the more polycentric the city is.
Consequently, the changes in the value and proportion of POLY indicate that more and
more cities are becoming polycentric. The development between centers within most cities
has become more balanced over time [73].

The global Moran’s I index of POLY for each year from 2013 to 2018 all pass the 1%
significance level test and show a positive spatial autocorrelation relationship (Table 2).
Specifically, the value of the global Moran’s I index increased from 0.185 in 2013 to 0.231 in
2014. In addition, the global Moran’s I index of POLY passed 0.2 between 2014 and 2016 and
lightly decreased from 0.183 in 2017 to 0.182 in 2018. The significant global Moran’s I index
shows that cities with higher POLY are usually adjacent to nearby cities with higher POLY.
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Table 2. The global Moran’s I index of POLY from 2013 to 2018.

Year Moran’s I Mean Standard
Deviation p Value

2013 0.185 −0.0020 0.0412 0.001 ***
2014 0.231 −0.0022 0.0408 0.001 ***
2015 0.223 −0.0022 0.0403 0.001 ***
2016 0.223 −0.0025 0.0406 0.001 ***
2017 0.183 −0.0022 0.0401 0.001 ***
2018 0.182 −0.0022 0.0403 0.001 ***

Note: *** reflect the significance of 1%.

Based on the global Moran’s I index, this study further examines the different types
of spatial agglomeration characteristics of POLY in localized areas through the analysis
of hot spots and cold spots (Figure 8). The cold spots (significant level > 90%) reveal the
low-value clusters of POLY, which primarily appear in western regions. The hot spots
(significant level > 90%) display high-value clusters of POLY, which are mainly located
in the eastern seaboard regions. The random regions (not significant) demonstrate the
insignificant spatial agglomeration of POLY, which is widely distributed in Central and
Northeastern China. In addition, the global Moran’s I index was higher between 2014 and
2016 than in other study periods, suggesting a stronger spatial connection of high-value
clusters and low-value clusters. However, although there have been changes in cold spots
and hot spots during the study period, the evolution and migration are relatively small.
The spatiotemporal dynamic pattern of POLY is only slightly adjusted, indicating the time
inertia and spatial stability.
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4.3. Impacts of ADA and Socioeconomic Factors on POLY

To better examine the average effects of the various influencing factors on POLY,
the global OLS model is adopted. In addition, because the GTWR model cannot test
the significance of variable coefficients, the OLS model is used first to fully explore the
relationship between ADA on POLY. As the results in Table 3 show, the coefficients of all
variables are significant. In addition, the coefficients of ADA, ROAD, AREA, HOUSE and
FINANCE are all positive. However, the coefficient of GDP is negative, which may be
related to the different economic levels of cities. Cities usually move towards monocentric
development to promote agglomeration economies when the economic levels are low [74].
POLY is usually adopted at higher economic levels to solve the problem of agglomeration
diseconomies. Consequently, the POLY first declines as the economy grows and then rises
at advanced stages of urban development [14]. The negative coefficient of GDP may be due
to the still-low economic level of most Chinese cities. Although all variables passed the
significance level of 0.1, the adjusted R2 only was 0.1433. It is necessary to adopt the GTWR
model for further studies.

Table 3. The calculation results of the OLS model.

Variables Coefficient Standard Deviation T Value p Value

ADA 0.0332 *** 0.0073 4.53 0.000
GDP −0.0261 *** 0.0066 −3.92 0.000

ROAD 0.0155 ** 0.0076 2.04 0.042
AREA 0.0233 *** 0.0087 2.67 0.008

HOUSE 0.0096 ** 0.0041 2.32 0.021
FINANCE 0.0071 * 0.0043 1.66 0.096
Constant 0.3461 *** 0.0697 4.97 0.000

R2 0.1464
Adjusted R2 0.1433

RSS 23.3284
AICc −2316.1072

Note: ***, ** and *, respectively, reflect the significance of 1%, 5%, and 10%.

To test the performance of the different models, this study compares the parameters of
accuracy evaluation between the OLS and GTWR models. R2 and adjusted R2 represent
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the goodness of model fitting. RSS corresponds to the residual sum of squares. AICc is
Akaike’s information criterion adjusted for small sample sizes, which is also an important
criterion for the degree of model fit. In general, the more accurate the model, the smaller
the AICc and RSS, and the higher the R2 and adjusted R2. As the results in Table 4 show, the
GTWR model is the better choice and shows significant improvement over the OLS model
in terms of the results of RSS, AICc and adjusted R2. Specifically, the GTWR model has a
higher value of R2 and adjusted R2 than the OLS model. In addition, the RSS and AICc of
the GTWR model are 17.4498 and −2605.2158, which are also lower than those of the OLS
model. These parameters further indicate that the GTWR model has better explanatory
power for exploring the drivers of POLY by integrating temporal and spatial heterogeneity.
The mean value of regression coefficients in the GTWR model denotes the average effect
of ADA on POLY. Compared to other socioeconomic factors, ADA has a relatively high
regression coefficient, second only to that of AREA. This indicates that ADA and AREA
have profound impacts on POLY.

Table 4. The calculation results of the GTWR model.

Variables Mean Max. Median Min.

ADA 0.0265 0.1216 0.0260 −0.0474
GDP −0.0231 0.1150 −0.0155 −0.1444

ROAD 0.0074 0.1846 0.0091 −0.2030
AREA 0.0355 0.1041 0.0366 −0.1075

HOUSE 0.0078 0.0384 0.0079 −0.0856
FINANCE 0.0042 0.0654 0.0038 −0.0589
Constant 0.3815 2.0224 0.3111 −0.3468

R2 0.3619
Adjusted R2 0.3596

RSS 17.4498
AICc −2605.2158

To further examine the temporal evolution trend of parameters in the GTWR model,
the boxplots of the regression coefficients of different variables are drawn in Figure 9. The
regression coefficients of ADA are mostly positive and the changes in regression coefficients
are relatively stable, indicating that ADA can promote the development of POLY in most
cities. However, the dispersion of the regression coefficients gradually increases, showing
that the differences in the effects of ADA on POLY also increase over time.

The regression coefficients of GDP are mostly negative. This may be due to econom-
ically developed regions attracting more resources, such as concentration of population,
factors and industries [75]. This concentration can lead to a decrease in the distance between
different centers and result in the evolution of a monocentric structure [76].

Although most regression coefficients of ROAD are positive, there are many cities with
negative coefficients. On the one hand, the improvements in the quality of transportation
facilities can reduce the diseconomies of agglomeration and facilitate the clustering of
different elements in new centers, thus promoting the development of POLY [77]. Yet, on
the other hand, convenient transportation facilities also reduce the cost of commuting from
subcenters to core centers, resulting in a greater concentration of population and economic
activity in major centers [78].

The regression coefficients of AREA are mostly positive and the changes are stable,
suggesting that land resources are essential to the development of POLY. The built-up area
denotes the scale and size of construction land during the process of urbanization. It could
provide the space carrier for the development of suburban centers, which could promote
POLY [44].
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The trend of the regression coefficients of HOUSE is similar to AREA, which shows as
positive in most cities. However, the changes in HOUSE are unstable. The development of
the real estate industry drives the concentration of the population dominated by residential
functions, promotes the expansion of tertiary industry land related to social welfare, helps
optimize the ratio of different types of land and promotes POLY [79,80].

The regression coefficient of FINANCE shows a trend of negative first and then
positive, indicating the shift in government financial intervention in urbanization. This
may be related to a change in the focus of governmental policy and planning from the
growth of town size and total economic volume to high-quality development that focuses
on human well-being, which contributes to the development of POLY [81].

Due to the vast territory of China, the impact of ADA on POLY is different distinctly
between regions (Figure 10). The influence of ADA on POLY was positive for 85.036% of
cities in 2013, while this proportion increased to 86.131% in 2018. The higher regression
coefficients of ADA on POLY are mainly clustered in Eastern and Western China, showing
an evolution trend that decreases in Central and Northeast China. On the one hand, ADA
can mobilize resources and promote rapid urban spatial expansion. ADA can stimulate the
development of new urban growth poles, support transportation infrastructure and merge
suburban land by administrative means [27]. However, on the other hand, ADA also has
negative impacts on POLY. Irrational ADA will lead to false urbanization and inhibit urban
vitality [71]. Therefore, it is necessary to promote ADA prudently and selectively according
to the development conditions of different regions.
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4.4. Driving Factors of POLY between Cities with and without ADA

In the Eastern region with higher levels of marketization and the Northeastern region
with higher levels of industrialization, there are small gaps in the regression coefficients
of socioeconomic factors between cities with and without ADA (Figure 11). This suggests
that the implementation of ADA has not affected the impact of socioeconomic factors
on POLY. For the Eastern region, the resource allocation is mainly driven by the market
rather than the government due to the higher level of economic conditions [82]. In terms
of the Northeastern region, the industrial construction before the reform and opening up
promoted urbanization and set the foundation of the urban spatial structure of POLY. In
addition, the population loss in the Northeastern region has further constrained the POLY
development [83]. Thus, the impacts of socioeconomic factors on POLY have small gaps
between cities with and without ADA in Eastern and Northeastern China.

In the Central and Western regions, the impacts of GDP and AREA have more ex-
planatory powers on POLY in cities with ADA. This indicates that economic development
and land resources have played crucial roles in the construction of POLY under the im-
plementation of ADA. With the guidance of policies such as the Western development
and Central region revitalization, a large number of counties have undergone ADAs of
converting counties into urban areas, promoting the in situ urbanization of the transferred
agricultural population and further improving the development of POLY [84]. The ur-
ban expansion driven by ADA provides an opportunity for the return of factors such
as population, industry and capital from the Eastern region to the Central and Western
regions [85]. Different from the Eastern region, the Central and Western regions are lagging
in terms of economic development and marketization [86]. Therefore, with government-led
ADA, state-dominated economic growth and land approvals contribute to the building
of emerging growth poles and facilitate the evolution of POLY [86]. This result further
suggests that there are regional differences in the impact of state-driven ADA on POLY.
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5. Discussion
5.1. Policy Related to ADA and Urbanization

The emphasis on policies concerning ADA and urbanization has evolved over time.
Before 2003, the primary concern was urban numbers. Between 2003 and 2013, the focus
was urban size. Since 2013, the emphasis have shifted to urban quality (Figure 12) [87]. After
the establishment of the People’s Republic of China, the administrative division system
implemented a framework in which urban areas concentrated on industrial regulation,
whereas rural regions emphasized agricultural governance [88]. This framework led
to spatial segregation and substantial differentiation between urban and rural localities.
The segregation and differentiation underwent a gradual dismantling after 1982, driven
by policies associated with ADA, including the consolidation of cities and counties [89].
Furthermore, the hierarchy-reorganization policies under ADA have contributed to the
increasingly numerous small cities. Notably, the number of prefecture-level cities rose
significantly from 98 to 282 during the period from 1978 to 2003.
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The transition of counties into districts emerged as the primary strategy for the ADA
and urbanization transformation between 2003 and 2012 [90]. During this period, the count
of municipal districts increased from 845 to 860. The policy of converting counties into dis-
tricts, as implemented by ADA, offers the potential for optimizing resource allocation and
distribution, facilitating urban expansion and inducing a profound impact on urban struc-
ture [91]. This is achieved through the strategic reconfiguration of territorial space within
municipal districts, thus enabling more refined management of the urbanization process.

ADA policies since 2013 have prioritized the enhancement of urban development
quality. The pertinent policy of new-type urbanization policy aims to transform eligible
counties and strategic towns into small- to medium-sized cities [92]. The potential for
urban expansion within the central city can be broadened through an ADA policy of
transforming counties or cities into districts [29]. Over this period, there has been a
significant rise of 119 in the establishment of new districts, contributing to the enhancement
of urban development space and structure. The polycentric urban structure has been
notably impacted as a result of the heightened emphasis on urban quality within the
emphasis of ADA and urbanization-driven developmental policies since 2013.

5.2. The Relationship between ADA and POLY

Currently, the administrative hierarchy systems in China mainly include the levels
of national, provincial, municipal, county and township [93]. However, with the socioe-
conomic changes, the original administrative space and administrative hierarchy may
experience difficulties in meeting existing urban development needs [94]. To further adapt
urban transformation and release urban vitality, ADA has become an essential spatial
strategy for influencing POLY (Figure 13). Specifically, the types of ADA mainly include
administrative spatial reorganization and administrative hierarchical changes. Administra-
tive spatial reorganization involves merging administrative units, splitting administrative
units and adjusting administrative units [95]. The reshaping of urban space by ADA
could provide spatial resources for the development of POLY and break down the fixed
administrative space and administrative boundaries across regions [96]. Moreover, it could
also facilitate the free flow of social, economic and ecological elements between differ-
ent cities and promote the construction of new centers and POLY [19]. Administrative
hierarchical changes are dominated by levels of administrative hierarchical upgrades and
administrative hierarchical downgrades [34]. The shift in the administrative hierarchy will
alter the autonomy and management of urban development, which affects the interaction,
cooperation and competition with other cities at higher or lower hierarchy levels [97].
Generally, cities with a higher administrative hierarchy tend to enjoy prioritized power in
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urban growth, which can influence policy disparities such as land approvals, tax systems
and government expenditure distribution [98]. These disparities in policy tendencies will
alter the spatial allocation of resources and result in the development of POLY [22].
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ADA is also a double-edged sword for urban spatial transformation, with both positive
and negative impacts on POLY. On the one hand, ADA has not only changed the urban
geographical landscape but also reshaped resource allocation, production activities and
lifestyle models [99]. For example, through suburban development such as land expansion
and new town construction, most cities have generated financial income and achieved
urban renewal, facilitating urban spatial transformation and polycentric form [100]. During
the transition of urbanization characteristics from high-quantity to high-quality growth,
ADA can improve the industrial structure, transportation facilities, public services and
population clustering patterns by matching the urban development and administrative
management [21]. On the other hand, some cities have blindly increased the spatial
scale and political hierarchy through ADA to irrationally accelerate urban growth. The
population and industrial demands of some cities have not kept pace with the speed of
suburban development due to blind expansion with ADA, which caused negative impacts
on urban spatial transformation and polycentricity [101].

The negative impact of ADA on POLY is closely connected to the mismatch between
administrative division management and urban growth. The mismatch means that the
ADA implemented does not meet urban development needs. It is mainly caused by the
irrational implementation of ADA strategies such as spatial expansion and hierarchical
upgrades in cities characterized by limited resources and underdeveloped economies [92].
The mismatch is detrimental to urban sustainable development and it also causes an
inefficient allocation of resources and vicious competition between regions [35]. Although
some cities have relatively low socioeconomic conditions and find it hard to support the
development need of urban growth, the government is still looking to ADA to seek more
urban space and higher authority [98]. These unreasonable ADAs will increase the living
cost for residents and the production costs for enterprises, thereby leading to issues such as
idle land resources and sluggish economic activities [102]. Therefore, it is still worthwhile
to further explore the complex impact of ADA on the development of POLY. Governmental
administrative intervention and urban planning should prioritize regional productivity
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and strive to balance the conflicting interests among diverse stakeholders including market-
determined enterprises, social-oriented publics and state-led governments [91].

5.3. The Spatiotemporal Pattern of ADA and POLY

The evolution of both ADA and POLY are closely related to socioeconomic devel-
opment under the rapid urbanization in China. Specifically, the spatiotemporal pattern
of POLY and ADA has significant heterogeneity. POLY has a higher value in Eastern
and Northeastern China and a lower value in Western and Central China. Eastern China
was the first region to benefit from the reform and opening-up policy, with a higher level
of marketization and economic development, which is conducive to the construction of
POLY [33]. As a traditional industrial area, Northeast China started urbanization earlier,
and the urban form has been influenced by the past planned economy system, resulting in
a more decentralized and polycentric urban structure [103]. However, the number of cities
with ADA is higher in Eastern and Western China than in Central and Northeastern China.
This phenomenon is associated with the rapid economic development in the Eastern region
and the substantial fiscal support that the Western region receives from the national gov-
ernment [104]. Such economic development and financial support stimulate socioeconomic
activities’ reproduction, which leads to changes in the administrative hierarchy system and
the implementation of ADA.

Due to the policy advantages such as the industrial dominance before 1978 and
economic reform after 1978, most cities in Northeastern and Eastern China have higher
levels of POLY and urbanization [105]. Owing to higher marketization and economic
condition, cities in Eastern China have larger urban sizes and severe issues of agglomeration
diseconomies [106]. It is urgent that such economy-driven cities pursue POLY through ADA
to promote the borrowed effect across regions. The higher level of POLY in Northeastern
China is derived from the developed heavy industry. The industrialization-based urban
planning system laid the foundation for the spatial structure of cities [56]. The early mature
industrial infrastructure laid the foundation for a multipolar urban structure of POLY [103].
However, the Northeastern region has shrunk significantly due to population loss and
industrial decline. Consequently, the strategies of ADA focused on spatial expansion and
hierarchical upgrading demonstrate limited promotion of POLY in the Northeastern region.

Notably, the impact of ADA on POLY is also different between regions. Specifically, the
impact of ADA on POLY has higher value in the Eastern and Western regions, while it has
lower value in the Central and Northeastern regions, and such a trend has increased over
time. In Eastern China, there has been significant urban growth with adequate resource
elements, which benefits the construction of POLY in the process of urban expansion with
ADA [27]. Although Western China is not as rich in resource factors as Eastern China, ADA
has played an essential role in the state-led urban spatial transformation during the in situ
urbanization of rural areas [107]. ADA can benefit POLY in Western China by guiding
the construction of small towns from the top down and promoting balanced development
among cities. As for Central China, the emphasis of ADA is on the establishment of
larger economic centers rather than polycentric structures, aimed at enhancing overall
regional development efficiency [92]. Moreover, the less developed core urban districts
will attract capital and labor from nearby smaller subcenters, resulting in backwash effects.
These effects contribute to the growth of core centers with limited resources but hinder
the development of peripheral subcenters and POLY [108]. In the case of Northeastern
China, the urban shrinkage due to depopulation may cause negative impacts of ADA on
POLY [109]. Despite ADA promoting urban hierarchy and expanding urban space, it lacks
sufficient population and industry to support outward expansion and multipolarity, which
even leads to the phenomenon of ghost towns [36]. Furthermore, the government has built
satellite cities and industrial parks through ADA, but it is difficult to attract population and
industries to these areas. This leads to inefficient resource allocation and is not conducive
to the development of POLY [110].
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5.4. Policy Implications

The influence of ADA on POLY in the new urbanization construction still deserves
further exploration. To achieve a balanced approach between socioeconomic activities and
state governance, it is necessary to selectively implement ADA with the comprehensive
consideration of economic foundation, productivity level and natural resources. Based on
the conclusions above, the policy implications are proposed as follows.

First, the effects of ADA on POLY vary widely across regions, so policymakers need to
tailor their strategies to local conditions. For regions with a high level of socioeconomic de-
velopment and adequate resource factors, it is necessary to further promote POLY through
ADA by improving resource allocation capacity and spatial restructure optimization. How-
ever, for regions with limited economic radiation capacity and serious population loss,
policymakers require careful consideration of urban expansion through ADA. Under the
guidance of ADA, the spatial structure should be transformed from external expansion to
endogenous development. The urban growth model should shift from extensive develop-
ment to high-quality development with effective management of the intensity and scale of
development.

Second, it is necessary to promote cooperation and coordinated development across
regions. Implementing cross-regional infrastructure investment, talent training and talent
importation programs to realize the role of developed core regions as a driving force for
backward subregions. This includes conducting different policies for disparate regions,
lowering fiscal taxes for less developed regions to attract investment and providing fi-
nancial subsidies for technological research and scientific innovation in backward regions.
Furthermore, this includes establishing functional urban metropolitan areas that decentral-
ize economic activities, resources and services to different locations, thereby facilitating
interaction and exchange between different centers in the POLY strategy.

Third, the implementation of ADA and POLY should consider the role of urban
population size. The population could increase the influences of POLY on economic
performance by alleviating the agglomeration diseconomy caused by the crowding effect
in larger cities [15]. The positive externality of agglomeration generally exists in cities with
small population sizes. POLY shows a beneficial effect as the population increases when
the negative externality of agglomeration diseconomies outweighs the positive externality
of agglomeration economies [111]. Consequently, policies related to ADA could be adopted
in larger cities with more population to promote the positive impact of POLY on urban
sustainable development. For nondensely populated cities, local stakeholders need to
consider whether to prioritize the core center and have critical thinking regarding ADA
and POLY.

Fourth, policymakers should consider strengthening the role of public participation
and market governance in the formulation, implementation and monitoring of ADA policy.
The urban form of POLY is not only a geographical space but also a complex policy
involving the intricate elements of social organization, political system and economic
production. During the process of POLY evolution, ADA not only requires top-down
macro-level regulation but also needs to solicit public opinion. It should strengthen market-
oriented comprehensive governance and oversight functions to prevent detrimental urban
development caused by irrational ADA policies.

5.5. Contribution and Limitation

ADA in China has both differences and similarities compared to that in other coun-
tries. In terms of power distribution, China is a highly centralized country, where the
administrative division adjustments are mainly controlled by the central government, with
the top-down distribution of administrative power [112]. Federal countries such as the
United States, Germany and Brazil have administrative divisions comprising federal and
state entities [113]. Each of these regions holds substantial autonomy to make local policies.
Concerning the number of administrative levels, China has a complex administrative divi-
sion system due to its vast territory, and each level has different administrative duties and
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wields designated authority [89]. Other countries such as India, Brazil and Indonesia also
have relatively complex administrative divisions systems and are in the process of rapid
urbanization. Similar to China, these countries also have large populations and complex
administrative systems, experiencing dramatic socioeconomic transformations [114]. While
these countries are federal, they still confront the contradiction between old administrative
systems and changing urban structures, which requires policies related to ADA to balance
urban growth and administrative management. Furthermore, POLY and state-led urban
planning are not only practiced in China but also adopted in other countries worldwide
such as Singapore, France and Japan [36]. As urbanization reaches a high level, the admin-
istrative division of metropolitan areas has also become the focus of POLY research, which
also involves the study of issues related to local government [115]. ADA, as an approach to
state-led urban planning, provides theoretical insights and valuable guidance for urban
spatial transformation and administrative government in these countries.

It is worth noting that although ADA is a special political strategy in rapidly urban-
izing China, these findings could be employed in other regions worldwide with similar
issues of changing socioeconomic and administrative systems. First, China’s experience in
ADA can provide a reference for policymakers in other countries in the fields of population
movement, resource integration and economic development. Second, the ADA in China
could help other countries to understand how to establish more effective cooperation
mechanisms between local and central governments to facilitate the implementation of
cross-regional projects. Third, the implementation of ADA may be closely linked to eco-
nomic development strategies, which could help other countries to think about how to
promote economic growth and urban transformation through administrative restructuring.

This paper overcomes the limitation of spatiotemporal nonstationary relationships
between ADA and POLY and deeply interprets the state-led driver factors of POLY. Further-
more, the utilization of high-resolution remote sensing data has been employed to depict
in detail the evolution of urban structure. However, there are still several limitations to
this study that require in-depth analysis. Due to data availability, this study selects only
demographic characteristics as identification conditions and singularly analyzes the POLY
from a morphological perspective. The demographic and morphological characteristics
of POLY are difficult to use to adequately reflect the investigation of urban polycentric
development in the multidimensional perspectives of economic activities, social culture
and urban functions. Therefore, multisource big data such as nighttime light data, POI
data and social media data are needed to measure more accurate findings in the future.
Therefore, multisource big data with a higher spatial resolution are needed to measure more
accurate findings in the future. In the meantime, the interpretation of POLY is required
from an integrated insight of relational, functional and social polycentric structures, rather
than focusing only on morphological structures.

6. Conclusions

Over the past few decades, China has witnessed rapid urbanization and a concomitant
increase in policies related to ADA. Meanwhile, there are an increasing number of strategies
of POLY aimed at promoting sustainable and coordinated urban development. However,
the complex relationship between ADA, POLY and urban sustainability has not been well
identified. Based on the LandScan population dataset, this exploratory study measured the
degree of POLY in different cities and investigated its spatiotemporal pattern. Next, using
the OLS and GTWR models, this study analyzed the complex spatiotemporal impacts of
ADA on POLY and examined the socioeconomic driving forces for POLY in cities with and
without ADA.

The main conclusions are as follows. First, the distribution pattern of POLY has
regional heterogeneity. POLY has a higher value in Eastern China and a lower value in
Western China. The number of cities with ADA is higher in Eastern and Western China
than in Central and Northeastern China. Second, the impacts of ADA on POLY also have
regional heterogeneity. The higher impacts of ADA on POLY are mainly clustered in Eastern
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and Western China, showing an evolution trend that decreases in Central and Northeast
China. Third, as a critical state-led political driver, ADA affects POLY more than other
socioeconomic factors. Fourth, the impacts of socioeconomic factors on POLY between
cities with and without ADA differed significantly in Central and Western China while
differed insignificantly in Eastern and Northeastern China.

These findings can provide valuable references and warnings for policymakers. ADA
can promote POLY through spatial expansion and hierarchical upgrading. Yet, the spa-
tiotemporal findings of the impact of ADA on POLY in different regions indicate that ADA
and POLY are not appropriate in all cities. To further achieve sustainable and coordinated
urban development, urban planners and policymakers should consider whether to imple-
ment ADA and think critically about POLY based on different urban attributes such as
economy, industry, population and productivity.
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