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Introduction: Urban contraction brings about certain impacts on the
advancement of urbanization.

Methods: This paper explores the coupling coordination (CCD) and geographical
distribution of land urbanization (LU) and population urbanization (PU) in Jiangsu
Province through a CCD model and a spatial autocorrelation model from the
perspective of shrinking cities. The Panel Vector Autoregression (PVAR) model is
constructed to deeply investigate the complex interaction between the PU-LU in
13 cities, 2007-2020.

Results: The study found that the PU-LU CCD in each of the above-mentioned
cities shows a synergistic incremental evolution during the study period in terms
of time series. In addition, in terms of spatial characteristics, the CCDof PU and LU
shows significant positive global spatial autocorrelation, and the CCD of cities
with high population size growth is much larger than that of cities with
continuous population size. Last, there is an interactive response relationship
between PU and LU. PU influences LU, however, PU itself is influenced by its own
system’s internal structure. The impact of PU on LU shows a positive cumulative
effect of the “inverted U shape.”

Discussion: Furthermore, this paper proposes that policies be created to ensure
the coordinated growth of PU-LU based on the differences in resource
endowments of cities with 3 types of urban shrinkage. The link between
floating population and construction land for cities should be established
through enhancing the extent of intensive land use and reforming household
registration.
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1 Introduction

Since the beginning of the 21st century, urban shrinkage has
become one of the most concerned issues around the world. This
concept, developed by German researchers (Lampen and Owzar,
2008), indicates that urban regions are undergoing a decrease in
population and a reduction in commercial activity. Urban shrinkage
is an inevitable phase of urbanization, with 50% of the world’s
population presently resides in urban areas. In line with the United
Nations Sustainable Development Agenda, the worldwide
urbanization rate is projected to climb by roughly 60% by 2030.
On the one hand, population movement plays a significant role in
urbanization. In particular, the decline in the attractiveness of cities
will inevitably lead to a shrinkage in the size of the population.
Therefore, to achieve high-quality urban advancement, it is
necessary to pay attention to the pressure and crisis caused by
the decrease of population size (Luo et al., 2018; Sun and Zhao,
2018). On the other hand, global population increase and
urbanization will rise the demand for construction lands,
accompanied by a shortage of infrastructure supply. Unlike the
previously mentioned mechanisms of population urbanization,
urban land use often varies due to factors such as government
planning and regional resource endowments (Pallagst, 2010;
Martinez-Fernandez et al., 2012). Therefore, achieving the
balance of intercity population flow and land use framework is a
common target of all countries and is necessary for city
sustainability.

It is believed that all human activities are carried out according
to land use practices; thus, population size and land construction for
cities are closely related. LU is typically reflected by the expansion of
build-up area, which aims to provide an adequate land reserve for
urban development (Liu et al., 2018; Wang et al., 2019b; Yu et al.,
2019). In addition, PU is the core of urbanization (Gu, 2019) and is
the movement of people in rural areas, agglomeration, and
integration into cities (Sato and Yamamoto, 2005). With a
deepening comprehending of the notion of urban sustainable
advancement, multiple studies have discussed content of
coordination in the context of urban shrinkage from population
and land perspectives. The issue of decoupling between PU and LU
is particularly prominent in China. According to the Three Stages of
Cities theory (Northam, 1975), China is presently experiencing a
period of swift urbanization, which is centered on the movement
and agglomeration of the population to cities. China’s LU can be
characterized by the blind expansion of construction land, the
extensive usage of urban land, and the low efficiency of
ecological land. The phenomenon of local city shrinkage
intensifies the burden of population management in the
economically developed areas, and then the PU-LU processes are
inconsistent.

Jiangsu aims to reach the urbanization rate more than 75%
(Jiangsu “14th Five-Year” New Urbanization Plan, 2021), showing
Jiangsu’s great ambition in urban advancement. PU-LU are
complicate and open systems, which provide a key framework
for determining the factors of coordinated urbanization from the
economic and social level (Williamson, 1990). Nevertheless, there
has been limited exploration of the relationships between PU-LU.
Existing research predominantly concentrating on the measurement
of macro urbanization level, and has not explored the heterogeneity

of CCD of PU-LU via different contraction types. Based on this, the
aims of this study are outlined as follows: 1) To categorize the
various forms of contraction types in each city within Jiangsu, so as
to summarize the common patterns of PU and LU coupling in
different types of cities. 2) The spatial autocorrelation approach was
used to analyze the temporal and spatial heterogeneity (SHM) of
urban PU and LU CCD in Jiangsu Province. 3) The PVAR model is
designed to assess the interactive response relevance between the
PU-LU in various sorts of cities.

2 Literature review

In terms of the identification of shrinking city types, some
researchers (Schiavina et al., 2022; Siciliano, 2012) noted that
180 Chinese cities saw negative population growth between
2000 and 2010. The number and size of contracting cities are still
growing. The triggers for contracting cities in China can be attributed to
the improvement of infrastructure development and the opening of
household registration restrictions. Nevertheless, there is a scarcity of
literature that offers a comprehensive examination of shrinking cities
from the perspective of urbanization levels. Moreover, currently
literature mainly concentrates on the dominant factors of
urbanization, such as the area and rate of urban growth, and lacks
relevant research of the multidimensional demographic of urban
advancement (Mahtta et al., 2022; Luo et al., 2023). Consequently,
for accomplishing the aims of sustainable land utilization and superior
social advancement, we need a more comprehensive understanding of
the CCD and the interaction response between PU and LU (Zhang and
Song, 2003).

CCDM reveals the interactions between different systems
compared to a single-dimensional analysis. Initially, some
physicists found that coupling phenomena occur between two or
more subsystems, and CCDM can reflect the level of synchronized
progress among subsystems (Ren and Yu, 2021). In recent years,
researchers (Venkatesan et al., 2011) have not only integrated
CCDM to examine the association between urban areas and their
natural surroundings but also expanded the research field to society
and economy (Yin et al., 2014) to evaluate the interactions between
various systems. The interaction between the PU-LU is widely
acknowledged, and there is an apparent connection between the
two. Hence, conducting a thorough investigation into the extent of
CCD is crucial for promoting the advancement of urbanization
theories and addressing the urban contraction puzzle (Dadashpoor
et al., 2019). In the spatial characteristics of CCD, multiple studies
analyzed the characteristics of spatio-temporal coupling of human-
land relations from a macro-qualitative perspective (Fernández
-Nogueira and Corbelle-Rico, 2019; Kuang et al., 2020). Many
researchers find that areas with high social comprehensive
advancement degree and mankind livelihood index have higher
population attraction and land usage efficiency, thus, the CCD of
PU-LU is also higher (Zhao et al., 2022). Moreover, some
researchers (Cohen, 2008), through a systematic evaluation of the
urbanization and economic development levels of typical city
clusters in China, found that the CCD is higher in China’s
metropolitan areas and surrounding coastal cities.

In the evaluation of the interaction between the PU-LU systems,
some studies (Cao et al., 2014) adopted a comprehensive
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measurement of the degree of urbanization via the three elements of
population, land use, and industrial structure in the urbanization
process. In the process of new urbanization, PU-LU are not a simple
one-way relationship, but an interactive process (Deng et al., 2020; Li
et al., 2021b). In terms of PU, rapid urbanization will increase the
attractiveness of the central city to the surrounding population,
which will cause the imbalance of regional population flow. Some
researchers (Lin et al., 2015) constructed a conceptual framework for
the speed of the LU development process using data from
656 Chinese cities. The results indicated that LU has a more
rapid rate of development compared to PU. Notably, the pressure
of population flow inevitably leads to the expansion of urban space
and the change of land use structure (Biggs et al., 2010; Chen et al.,
2013). This indicates that LU is a direct reflection of CCD spatial
projection, and also affects the process of PU to a certain extent (Fan
et al., 2016; Peerzado et al., 2018). In this regard, the regional
imbalance of PU-LU has become an obstacle that must be
overcome to obtain high-quality urban advancement.

The research framework of this paper is shown in (Figure 1).
First of all, according to the calculation results (Roak et al., 2016;
Mallach et al., 2017), the 13 cities are classified into three categories:
continuous shrinking contraction, high-speed growth type, and
sustained growth type based on the characteristics of the city’s

population size. In addition, CCDM is constructed to evaluate
the CCD of the PU-LU in Jiangsu from 2007 to 2020.This
research adopts spatial autocorrelation model to measure
Moran’s I. The reciprocal relationship between PU-LU is
analyzed through PVAR model. Ultimately, we also propose
corresponding discussion, conclusions and implications to ensure
the coordinated development of population and land in Jiangsu’s
sustainable urbanization process.

3 Data and research method

3.1 Indicator system construction and
weight calculation

In this study, Jiangsu in China is selected as the research object
(Figure 2), which has a total area of 107,200 km2, is located in the
eastern coast of mainland China (World Economic Research Office,
Institute of Economics, Chinese Academy of Sciences, 1962), and is a
core part of the Yangtze River Delta urban agglomeration. Jiangsu
Province currently has the most advanced extent of comprehensive
development in China. The data in this paper principally come from
the China Urban Statistical Yearbook, the Jiangsu Provincial

FIGURE 1
Research framework.
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Statistical Yearbook, and other related data. To ensure the feasibility
of the study, the indicators included in this paper are screened and
compiled based on the data from 2007 to 2020 Statistical Yearbook,
and the data involved in the Yearbook are directly used as indicators,
while the indicators not directly involved, such as per capita
indicators, per capita ratio, per capita proportions, etc., are all
computed based on the Statistical Yearbook, and some missing
data are computed by the interpolation method.

Drawing on previous research (Wu and Niu, 2012; Sun et al.,
2013; Li et al., 2014), following the principles of systematicity and
feasibility, the indicator system is divided into three levels, namely,
system level, evaluation level, and indicator level, and is constructed
as follows (Table 1). The indicators such as per capita financial
expenditure and per capita financial income are calculated by
dividing the corresponding values of the indicators by the land
region of Jiangsu. This study applies the technique of great value
standard to unify the raw data. The weights of the variables are
determined using the TOPSIS model.

3.2 Descriptive statistics

In PU and LU index system, we choose 6 representative variables,
compute their maximum, minimum, mean, and standard deviation,
and round off the outcomes to two decimal places without altering the
original meaning. See (Figure 3) for details.

We see the statistics of fiscal expenditure/land area of municipal
districts (Figure 3A), GDP/land area of municipal districts
(Figure 3B), and fiscal revenues/land area of municipal districts
(Figure 3C) all show a decreasing trend from 2007 to 2010, and then
a significant increase after 2010. This was closely related to the

policies implemented at that time to curb the growth of construction
land area. Moreover, the maximum and mean degrees of share of
urban population (Figure 3D) change steadily. This suggests that
urban population density levels remain relatively constant over the
research duration. Unlike the change in urban population, the
average and SD of GDP per capita (Figure 3E) and average wage
of employed workers (Figure 3F) show a tendency to increase
significantly in the volatility. Meanwhile, the wage level in cities
is more volatile. This indicates that the socio-economic level and
employment situation of different years and regions in Jiangsu
Province vary greatly.

3.3 Measure the level of coupling
coordination

The coupling degree model is utilized to quantify the degree
of information or parameter reliance between systems.
Normally, the quantification of the extent of interaction
among two systems is achieved using the equation that
follows (Xing et al., 2019):

C � S1 × S2
S1+S2

2[ ]2
⎧⎪⎨
⎪⎩

⎫⎪⎬
⎪⎭

2

(1)

Here S1 represents the composite index of LU, S2 represents the
composite index of PU, C is the extent of interaction between the
PU-LU system; the larger C is, the more coordinated the
development of the PU-LU system is.

Coupled Coordination Degree Model: The model is used in the
research of the coupled coordination relationship between two or

FIGURE 2
Overview of the study area.
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TABLE 1 Index system and weight.

Analysis layers Indicator layers and units Unit (of measure) Serial number Weights

Land urbanization City scale Built-up area km2 X1 0.19

Land area for urban construction/land area of municipal districts % X2 0.10

Road area/built-up area % X3 0.05

Land input Fiscal expenditure/land area of municipal districts CNY/m2 X4 0.09

Level of output GDP/land area of municipal districts CNY/m2 X5 0.13

Fiscal revenues/land area of municipal districts CNY/m2 X6 0.12

Output value of secondary and tertiary industries/land area of municipal districts CNY/m2 X7 0.14

Number of social workers/land area of the municipal district Person/m2 X8 0.18

Population urbanization Demographic composition of the population Population density Persons per square kilometer X9 0.12

Share of urban population % X10 0.04

Industrial structure Secondary and tertiary output/GDP % X11 0.04

Total retail sales of consumer goods Ten thousand yuan X12 0.17

Living standards GDP per capita CNY X13 0.10

Average wage of employed workers CNY X14 0.09

Quality of population Number of medical practitioners (assistants) Persons X15 0.12

General undergraduate students Persons X16 0.31
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more systems. The model can not only reflect the interrelationship
between two systems but also provide a quantitative measurement of
the measure of coordinated progression among systems (Wang
et al., 2019b).

D � �����
C × T

√
(2)

T � w1S1 + w2S2 (3)

Here: D is the CCD of the population-land systems in Jiangsu, the
value range is 0 ≤ D ≤ 1; T is the thorough measurement index of

coordinated development; 0 ≤ T ≤ 1; w1 and w2 are the weights of the
coupled coordination relationship between the PU-LU. Since this paper
considers that land urbanization and population urbanization have the
same extent of importance in the urbanization process,w1 =w2 = 0.5 in
the coupling coordination model (Eqs 1–3). Drawing on existing
research results and combining them with the current status quo of
urbanization development level in Jiangsu Province, the D and the
comprehensive measurement indexes S1 and S2 are classified as
follows (Table 2).

FIGURE 3
Statistical Analysis of Representative Variables (A) Fiscal expenditure/land area of municipal districts; (B) GDP/land area of municipal districts; (C)
Fiscal revenues/land area of municipal districts; (D) Share of urban population; (E) GDP per capita; (F) Average wage of employed workers.

TABLE 2 Criteria for classifying the CCD.

Coherence Types Stages of development The composite evaluation index

0.8 ≤ D ≤ 1.0 High degree of coordination Coordination period S1 > S2, population lag type

0.6 ≤ D < 0.8 Good coordination

0.4 ≤ D < 0.6 Moderate coordination Break-in period S1 = S2, population-land-synchronous development type

0.2 ≤ D < 0.4 On the verge of becoming dysfunctional Antagonistic period S1 < S2, land lag type
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3.4 Investigative spatial analysis of data

At present, global spatial autocorrelation and local spatial
autocorrelation are the primary techniques utilized for
investigative spatial analysis (Anselin, 1996). Global spatial
autocorrelation is primarily employed for evaluating if a
phenomenon displays spatial clustering features and frequently
quantified by Moran’s I (Eq. 4). Local spatial autocorrelation is
an approach applied to detect and evaluate particular trends of
spatial relationships in an area by local Moran’s I, which is
determined using a certain calculation (Eqs 5, 6):

I � n∑i∑jWij ai − �a( )
∑i∑jWij∑i ai − �a( )2 (4)

Z1 � I − E I[ ]������
Var I[ ]√ (5)

Ii � ai − �a( )∑
n

i�1
Wij ai − �a( ), n � 1, 2, 3,/, (6)

Here: n denotes the number of study areas that ai with aj is the
degree of the regional geographical unit attribute; the Wij displays
the spatial unit i and j the geographical weight matrix based on the
rook principle between the spatial units, and E[I] is the expected
value; and Var[I] is the variance.

3.5 Panel vector autoregressive model

Holtz-Eakin proposed the PVAR model, which separates the
shock effects and variance contributions between other variables and

endogenous variables through orthogonal impulse response
functions, which is helpful in revealing the interactive response
relationships of variables in panel data (Holtz-Eakin et al., 1988;
Love and Zicchino, 2006).

Yit � Γ0 +∑
k

j�1
ΓjYit−j + αi + βt + δit (7)

Here Yit is a column vector consisting of two endogenous
variables, PU and LU, i and t denote region and time,
respectively (Eq. 7). αi are individual fixed effects, whose
magnitude describes the strength of heterogeneity among the
13 cities in Jiangsu, and βt is the time effect, the size of which
describes the strength of a particular shock effect, and u is the
random error term.

4 Empirical analyses

4.1 Analysis of PU and LU coupling
coordination degree results in Jiangsu

4.1.1 Timing characterization
From the time dimension (Figure 4), the CCD of most regions in

Jiangsu from 2017 to 2020 exhibits the characteristic of incremental
increase over the study period, with most of them reaching the level of
good coupling and above in 2020, and showing a very obvious
aggregation. The average change level of the overall CCD in Jiangsu
Province is within the range of 0.4–0.6. Based on the changing trend
depicted in the heat map, it is clear that the CCD level of certain cities

FIGURE 4
Heat map for clustering of changes in coupling coordination degree.
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within the study period surpasses the overall average value of Jiangsu
Province, such as Nanjing, Wuxi, Suzhou and Changzhou among the
non-contracting cities.While the CCDofHuaian andYancheng among
the contracting cities is significantly less than the average value of
Jiangsu, which can be seen that the construction of Suzhou-Wuxi-
Changzhou urban agglomeration and Nanjing metropolitan area has
a certain promoting effect for the coordinated growth of
individuals and territory in Jiangsu Province. This shows that
the construction of Suzhou-Wuxi-Changzhou City Cluster and
Nanjing Metropolitan Area has promoted the coordinated
growth of individuals and territory in Jiangsu. The
concentration of advantageous resources in economically
developed cities accelerates the movement of population, while
the concentration of labor and other resources promotes the
reallocation of land and other resources. The reason is that cities
with a high extent of economic development can provide more
job opportunities, which in turn promotes the flow of population.
At the same time, the urbanization extent of these regions is more
mature, and the land use efficiency is also higher. Therefore, the
level of urban advantageous resources determines the
attractiveness of cities, which affects urban growth.

4.1.2 Characterization of geographical distribution
To more intuitively represent the spatial change characteristics

of PU-LU coordination in Jiangsu, this paper selects 2007, 2013, and
2020 as representative years and presents the geographical
distribution maps of the CCD of each city through the ArcGIS
software (Figure 5).

First of all, the CCD of cities in southern Jiangsu is generally
high. Therefore, the spatial distribution of CCD of PU and LU in
Jiangsu shows a pattern of highest in the south, high in the center,
and low in the north, with obvious spatial differentiation. Among
them, the overall CCD of areas with high population growth is at a
high level, with Nanjing and Wuxi showing better development
trends in recent years, and the LU is at a highly coordinated level
compared with the PU. New urbanization development strategies
such as optimizing the spatial layout of urbanization and building
metropolitan areas in southern Jiangsu have objectively promoted
the concentration of population, intensive use of land resources, and
industrial agglomeration and upgrading, resulting in a noticeable
rise in the degree of PU-LU in southern Jiangsu.

In addition, the CCD in the region of sustained population size
growth was mostly of the moderate coordination type in 2007, with a
small portion of it on the verge of dislocation, and only after
2013 did it begin to enter the stage of good coordination, with a
more synchronous level of development of PU and LU. The reason
for this is that the region’s strong endowment of natural resources,
deep industrial base, and natural harbor advantages have made its
self-sufficient production mode able to meet the needs of economic
development to a certain extent. However, due to its extremely
limited radiation-driven effect on the neighboring areas, the
development potential of the area with continuous population
growth lags significantly behind that of other investment hotspots.

Lastly, the CCD of the region with continuous population size
contraction type is gradually raised from the verge of dislocation in
2007 to the stage of moderate coordination in 2020, and the LU of

FIGURE 5
Geographical distribution of coupling coordination degree among cities in Jiangsu (A) Spatial distribution characteristics of coupling coordination
degree in 2007; (B) Geographical distribution characteristics of coupling coordination degree in 2013; (C) Geographical distribution of coupling
coordination degree in 2020.

TABLE 3 Global Moran’s I results of coupling coordination degree in prefecture-level cities in Jiangsu.

Time Moran’s I value Sd standard deviation z-value p-value α significance level/%

2007 0.376 0.174 2.641 0.008 5

2013 0.424 0.175 2.916 0.006 5

2020 0.407 0.171 2.882 0.008 5

Note: The z-value represents a multiple of the standard deviation. The p-value represents the probability.
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Yancheng, Huaian, and Taizhou in this time period is relatively
lagging behind in comparison with the PU, which is caused by the
reason for this phenomenon and the flow for the pattern of
economic advancement in Jiangsu. The optimization of the
policy of returning talents and the gathering of industrial parks
have accelerated the population flow of migrant workers, and the
return of population has greatly facilitated the advancement of
urban regions and accelerated the rate of LU.

4.1.3 Characterization of geographical
agglomeration

From the perspective of the whole, the global spatial clustering
characteristics of CCD between PU and LU for the three representative
years of 2007, 2013, and 2020were analyzed by using the globalMoran’s
I through the Geoda software. From (Table 3), it is evident that the PU-
LU coordination in Jiangsu Province shows significant positive global
spatial autocorrelation, and there is a significant positive correlation
between the CCD of PU-LU in each prefecture-level city, which
indicates that there is a strong clustering characteristic in the region.
The Moran’s I exhibit a growing trend, rising from 0.376 in 2007 to
0.424 in 2013, and further to 0.407 in 2020. This shows the presence of
positive spatial autocorrelation characteristics in the CCD during the
last decade or so. The smooth evolution of Moran’s I implies that the
PU-LU between cities in Jiangsu Province are becomingmore andmore
closely linked.

From a local perspective, the local spatial correlation of CCD
between PU and LU in Jiangsu Province is depicted by Moran’s I
index scatter plot and cluster plot, and it is found that the spatial

agglomeration of CCD in Jiangsu Province is increasing in the study
interval. As shown in (Figure 6), the CCD of PU-LU in Jiangsu from
2007 to 2020 shows obvious regional heterogeneity effects, in which the
“high-high” agglomeration type ismainly focused in the non-contracting
urban regions, reflecting the fact that the southern region of Jiangsu,
centered on the Nanjing, Suzhou, Wuxi, and Changzhou metropolitan
areas, is the most important area in the world. The “high-high”
agglomeration type is mainly concentrated in non-contracting urban
areas, reflecting the development advantages of the Nanjing
Metropolitan Area in Southern Jiangsu. The “low-low” homogeneous
type is concentrated in shrinking urban areas, indicating that these areas
need to urgently enhance the efficiency of municipal land use.

To be specific, taking the 2020 Moran scatterplot as an example, in
the first quadrant (HH) region, it is mainly concentrated in the regions
with high population size growth, which indicates that the coordination
of PU and LU in these regions has an obvious correlation in spatial
distribution. In the second quadrant (LH) region, it mainly includes
Taizhou, which indicates that the level of agglomeration between the
CCD of PU and LU in shrinking cities in Jiangsu Province is not high
and slightly below the standard level of nearby cities. In the third
quadrant (LL) region, it mainly includes local contraction areas and
some areas with continuous population size growth types, specifically
the six areas of Xuzhou, Lianyungang, Huaian, Yancheng, Yangzhou,
and Suqian. This means that there is a lack of a high extent of
coordination between the coupled coordination extent of PU-LU in
these cities, resulting in restricted regional development. In the fourth
quadrant (HL), there is only Nanjing, which is mainly due to the fact
that Nanjing has a high extent of coupled urbanization and has the

FIGURE 6
Scatterplot and cluster diagram of Local Moran’s I for each city in Jiangsu (A) Local Moran’s I scatterplot in 2007; (B) Scatterplot of local Moran’s I in
2013; (C) Local Moran’s I scatterplot in 2020; (D) LISA cluster figure in 2007; (E) LISA cluster diagram in 2013; (F) LISA cluster figure in 2020.
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“siphoning effect” on its neighboring cities, but some of its neighboring
districts do not have a high level of CCD, i.e., the districts with a high
rate of population growth are surrounded by the districts with a
continuous contraction.

4.2 Analysis of the dynamic interaction
effects of PU and LU in Jiangsu

As seen above, there are noteworthy spatio-temporal synergistic
evolution characteristics of PU and LU in each prefecture-level city

in Jiangsu Province, so the spatio-temporal dynamic interaction
between the two systems during the period of 2007–2020 is deeply
analyzed by using the econometric PVAR model, and the results of
the dynamic interaction analyses are as follows:

4.2.1 Smoothness test and Granger causality test
The PU and LU indices were first logarithmized to obtain the

land urbanization index (LNL) and the population urbanization
index (LNP), and the data of the variables were tested for
smoothness before the parameter estimation of the PVAR
equation. First, the raw data were processed by first-order

TABLE 4 Stationarity test of variables.

Variable LLC test IPS test HT inspection

Statistic Significance Statistic Significance Statistic Significance

DLNL −6.3397 0.0000 −5.6827 0.0000 −0.0214 0.0000

DLNP −4.2990 0.0000 −6.8538 0.0000 0.1969 0.0001

TABLE 5 PVAR model estimation results based on GMM.

DLNL (explanatory variables) DLNP (explanatory variables)

Explanatory variable Ratio Explanatory variable Ratio

DLNL (−1) −0.0106 (−0.21) DLNL (−1) 0.00459 (0.25)

DLNP (−1) 0.6976* (1.87) DLNP (−1) 0.5337*** (3.71)

Note: Z-test values are in parentheses.

FIGURE 7
The impulse response of population urbanization and land urbanization (A) The impulse response of DLNP to DLNP; (B) Response of DLNP to DLNL;
(C) The impulse response of DLNL to DLNP; (D) Response of DLNL to DLNL.
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differencing to obtain the variables DLNL and DLNP, after which
the tests were conducted using the three methods of LLC, IPS, and
HT, respectively. The results of their smoothness tests are displayed
in (Table 4):

Via the three criteria of AIC and BIC, the optimal lag order of
both variables DLNL and DLNP is determined to be first order; after
that, the PVAR model is built with first lag order and GMM
estimation is carried out, and the results are as follows (Table 5).

Firstly, there is a certain interaction-response relationship between
PU and LU in Jiangsu Province. Among them, the effect of PU lagged
by 1 period on the current period is significantly positive, and the
elasticity coefficient is 0.5337, which indicates that there is a time-
accumulation effect of PU in Jiangsu Province. Secondly, the causality
test results show that DLNL and DLNP are Granger causes for each
other at a 10% significant level, which indicates that the land
management performance in the urbanization process in Jiangsu is
motivated by the demand for construction space.

4.2.2 Impulse response function analysis of the
PVAR model

The PVAR model can determine the dynamic response
process of each effect on DLNL and DLNP through the shock
response function. As shown in (Figure 7), the shock response of
PU to itself shows a significant positive effect and peaks in period
1, gradually weakening over time and converging to zero in
period 10. For the population urbanization index with a
standard deviation of 1, the LU of Jiangsu Province shows a
significant positive impulse response in period 1, peaks in period
2, and then converges to zero in periods 2 to 10 tends to 0.
Overall, the impact of PU on LU shows an “inverted U-shaped”
positive cumulative effect. The effect of LU on PU lagged behind
the first period, which was positive but failed the significance test.
In general, PU is affected by the internal structure of its own
system, and LU is mainly affected by PU, which may be due to the
fact that the enhancement of urban land management
performance will lead to some sort of increase in the cost of
living for the migratory population. This will slow down the effect
of population agglomeration, while the positive promotion effect
of LU on PU fails to pass the test of significance, which suggests
that the advancement of PU in the short term affects the demand
for land management and stimulates short-term demand and
prioritizes the exploration of land potential in the later period.
Moreover, the demand for land will be somewhat lower in the
later period when more attention is paid to exploiting land
potential. Hence, during the process of urbanization, it is
crucial to avoid indiscriminate expansion of construction land.

4.2.3 PU and LU prediction variance
decomposition results

Using the variance decomposition model to reveal the cumulative
contribution of the impact of each variable shock, the results show
(Table 6) that both LU and PU are affected by their own structural
shocks and display a decreasing trend, from the first to the 10th period,
the contribution of PU-LU themselves is reduced from 100% to 98.5%–
94.9% and 98.3%, respectively; and the contribution of LU to PU is
showing an increase in trend, which indicates that the LU’s driving force
begins with government-led behaviour, which stems from the
governments’ reliance on economic development through the
increase of build-up area, which in turn accelerates population
agglomeration. Therefore, local governments can promote the
increase in PU rates through the intensive and economical use
of urban land.

5 Discussion

Urban growth and urban contraction are two sides of the same
coin, and the phenomenon of localized urban contraction,
characterized by population loss at its core, is prevalent in
economically developed provinces. Taking Jiangsu as the study
area, CCDM model, spatial autocorrelation analysis and PVAR
model are combined to conduct geographical and temporal
multi-dimensional analysis. The PU-LU coordination in each city
of Jiangsu during the study interval grows in fluctuation and is
overall at a high level of CCD. However, the heterogeneity of
different types of shrinking cities and the underlying causes are
still worth pondering.

5.1 Discrepancies and role in CCD trends

Our research illustrates the significant role of the CCD concept
in the process of new urbanization. According to the empirical
research in this paper, the overall urbanization degree of Jiangsu is
high. In addition, the comprehensive performance of CCD of PU-
LU in the southern cities of Jiangsu performed better than the other
regions. Importantly, the steady rise in CCD trends illustrates that
the urbanization process may shift towards a more balanced
direction with socio-economic advancement (Zhao et al., 2022).
Admittedly, large towns andmunicipalities—Nanjing and Suzhou in
this paper, for example—account for their high managerial abilities
phases, which ensure the effective conversion of results in output in
addition to rich resource bases, advanced technological system. Such
advantages also greatly motivate the CCD of PU-LU. In these cities,
the initial geographical and resource advantages paved the way for
the later CCD of PU-LU.

On the contrary, due to the unreasonable industrial structure,
imperfect infrastructure construction and inadequate public service
supply, the CCD of PU-LU in economically underdeveloped areas
often lags behind that in economically developed areas (Wu, 2022;
Yang et al., 2021; Yin et al., 2014). This difference is particularly
evident in the changing trend of population mobility, which may be
due to the greater attractiveness of talent in economically developed
regions. These phenomena and challenges can be confirmed in
previous studies (Min and Hu, 2013), which have shown that

TABLE 6 Variance decomposition results based on PVAR model estimation.

Phase DLNL DLNP

DLNL DLNP DLNL DLNP

1 1 0 0.0128 0.9851

4 0.9505 0.0495 0.0171 0.9829

7 0.9494 0.0506 0.0171 0.9829

10 0.9493 0.0507 0.0171 0.9829
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areas with higher levels of urbanization tend to be concentrated in
areas with higher levels of social development, such as the eastern
coast and provincial capitals.

In addition, the rapid urbanization stage since 2013 has revealed
the rationality of policies to promote balanced urban advancement
and efficient land use in Jiangsu. These findings illustrate that
regional cooperation and government intervention can effectively
improve the CCD of PU-LU, which is consistent with the
conclusions of previous studies (Zhang et al., 2022). These results
support the point of sustainable urbanization, where land use
structure optimization and balanced movement of population are
not necessarily conflicting objectives (Zhou et al., 2023).

5.2 Geographical disparities in CCD

The difference of CCD reflects the significant heterogeneity of
urbanization advancement. This research classifies study area
into three categories: continuous shrinking contraction, high-
speed growth type, and sustained growth type based on the
characteristics of the city’s population size. The high-speed
growth type urban located in the south of Jiangsu, because of
its huge labor force and high land use efficiency, its CCD score is
among the best in the whole province (Henderson et al., 2017;
Huang et al., 2019; Prettner, 2014). The continuous shrinking
contraction and sustained growth type cities in central and
northern Jiangsu have lower CCD degrees. This is mainly due
to the fact that these cities have experienced large-scale
population outflow, irrational land use structure and
inadequate infrastructure construction, which highlights the
important impact of regional advancement and urban
planning differences on urbanization advancement (Saidi and
Mbarek, 2017). This aligns with previous literature showing that
urbanization processes often fluctuate due to changes in
population size (Yu et al., 2022). These results highlight the
need for governments to adopt more targeted strategies when
planning for different shrinkage types of cities, taking into
account the unique spatial and socio-economic characteristics
of different regions.

5.3 Evolution and spatial aggregation in CCD

The spatial aggregation of three different urban contraction
types and individual cities of CCD is also noteworthy. The root
causes of these differences lie in the imbalance of regional
development, the impact of land use policies and the
concentration of labor resources. Currently, the majority of
China’s urbanization-related CCD assessment occurs in
prosperous or metropolitan locations. For example, Nanjing has
a high extent of coupled urbanization and has the “siphoning effect”
on its neighboring cities. The CCD of regions with a high-speed
population growth are surrounded by the cities with a continuous
contraction population size. Conversely, the “low-low” unity type
tends to occur in the declining urban regions in the northern region,
suggesting that it is necessary to boost the municipal land use
efficiency and optimizing the urban land use pattern in these
areas (Ahmad and Zhao, 2018).

This pattern of “strong central city, weak peripheral city”
highlights the significant difference of CCD of PU-LU spatial
agglomeration effect, which is particularly obvious in Nanjing.
This central effect reveals the potential spatial impact of the
uneven advancement of PU-LU - and, if left unaddressed, the
growing disparity in regional urbanization levels. This is
consistent with the conclusions of previous studies (Peng
et al., 2017) and reminds people to pay attention to the
spatial heterogeneity of urbanization development. This
suggests that policymakers should take timely intervention
measures to improve the attractiveness and influence of core
cities on the surrounding areas, so as to play the role of core
regions as regional pillars, and thus narrow the regional
advancement gap. Therefore, governments need to formulate
a more inclusive and balanced urban development strategy
according to local conditions and refrain a “one-size-fits-all”
method (Luo et al., 2023). In addition, policymakers have the
capacity to reduce regional inequalities and imbalances via
preferential policies, to strengthen the CCD of PU-LU
throughout the area.

5.4 Coordination challenges between the
PU-LU

The calculation results of PAVR model indicate that there is a
significant dynamic interaction response between the PU-LU.
Although the contribution of LU to PU shows an increasing
trend, the positive promotion effect of LU on PU fails the
significance test, probably due to the increase of city land use
performance will increase the cost of living of the migrant
population to a certain extent. This trend indicates that the
CCD of PU-LU needs some adjustment time, which reflects
the dynamic nature of the PU-LU coupling coordination
process (Zang et al., 2023). Moreover, this interaction is
further complicated by regional differences in CCD. The CCD
level of PU-LU in high-speed growth type regions is higher,
which reflects the coordinated urbanization advancement model
of land use and population size in these cities. Previous studies
have also shown that the simultaneous advancement of PU-LU
promotes sustainable urbanization (Anser et al., 2020). In
contrast, due to the restriction of economic and industrial
structure, the regional CCD is lower in the cities with
contraction phenomenon, indicating that urban land policy
and economic structure usually significantly affect the CCD of
PU-LU.

5.5 Policy implications

Based on the results of this study, policymakers should promote
the balanced development of regional urbanization as much as
possible, and play a role in population management and
sustainable use of land resources.

1. First of all, according to the differences in resource
endowments of cities with 3 types of urban shrinkage, the
relevance between population agglomeration and increased
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land demand should be coordinated according to local
conditions (Prastiyo et al., 2020).

2. From the terms of land-use planning, governments should
strengthen the scientific and rationality of land planning, take
advantage of the multiple national key “metropolitan areas” in
Jiangsu, and adopt the planning mode of “multi-cluster” in
space (Zang et al., 2023). This is important for the rational
usage of space in other Chinese regions. Local governments
should also avoid blind explosion of construction land and
improve the performance of intensive land use to improve the
extent of urbanization.

3. From the management of the floating population, local
governments ought to emphasize the facilitation and focus
on demographic factors while managing mobile populations.
Referring to the classical push-pull theory of population mobility
(Rapp, 1996; Zheng et al., 2014), to increase the appeal of urban jobs,
it is essential that governments promote the urban employment
environment and boost its attractiveness. Moreover, the metrics
regarding land use are continually updated to heighten local
governments’ anticipation for absorbing population, so
promoting coordinated growth in PU and LU. Overall, the
future trend of coordinated human-land development in Jiangsu
is to reduce regional development imbalances and promote high-
quality coordinated regional development.

5.6 Limitations

In this study, we analyzed the CCD of PU-LU using the panel
data of Jiangsu from 2007 to 2020. Due to the time lag in obtaining
statistical data, it is unable to use the latest year for the time being. In
addition, the phenomenon of local urban shrinkage in economically
developed regions is obvious, and the government should publish
more data on population size in the future. Therefore, the
assessment of urbanization levels for cities with different
shrinkage types can be discussed in more detail than in this
study. At the same time, future studies can try to construct a
broader PU-LU indicator system, such as add indicators that
reflect the quality of life of residents and the ecology of the land
to explore other factors that determine the process of urbanization.

6 Conclusion

This paper combines econometric and spatial analysis tools to
investigate the spatial disparities of the CCD of PU-LU in Jiangsu
from 2007 to 2020 by using the CCDM model, the PVAR and the
geographical autocorrelation model from the perspective of
shrinking cities. From the perspective of temporal and spatial
variation, the PU-LU coordination in each prefecture-level city of
Jiangsu during the study interval grows in fluctuation and is overall
at a high level of CCD. However, the phenomenon of local urban
contraction has appeared in Jiangsu, and there has been a trend of
gradual alleviation in recent years.

Moreover, the PU-LU coordination in Jiangsu shows obvious
SHM characteristics. The CCD of the 13 cities also shows the pattern
of the highest in the southeast, high in the center, and the significant
improvement characteristics of “urban agglomeration.” This

illustrates that a reasonable urbanization model will promote the
high-quality coupling between PU-LU systems. In addition, the
spatial agglomeration characteristics of Jiangsu show significant
global spatial positive autocorrelation, in which the “high-high”
agglomeration type is primarily found in non-contracting urban
areas, which underlines the socioeconomic advantages of the
southern region of Jiangsu, which comprises including the
Nanjing Municipal Zone. In other words, the level of CCD is
higher in metropolitan areas and provincial cities. In addition,
there is an interactive response relevancy between the PU-LU
systems in Jiangsu, in which the LU is influenced by the PU,
while the PU is influenced by the internal structure of its own
system, and the PU’s impact on the LU shows an “inverted U-shape”
positive cumulative effect. This indicates that the population flow
trend caused by urban shrinkage phenomenon will restrict land use
transformation and optimization.

In summary, it is a complex system engineering to realize the
high-level coupling of PU-LU, which requires a deep understanding
of the dynamic interaction between the two systems. Based on this,
policymakers should formulate policies that are more balanced and
regionally specific, taking into account factors such as industrial
advancement and ecological space. Therefore, subsequent research
should aim to investigate the interacting relevance between nature
and socio-economic systems so as to objectively assess the
relationship between land-ecological environment, and economic
society (Wichowska, 2021). In addition, future research could be
expanded to analyze provinces in other developing countries to
investigate whether variations in different locations result in
divergent results and offer direction for the purposes of planning,
administration, and decision-making.
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