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Abstract: Exploring the coordinated development process of people–land allocation in the urban-
ization process of urban agglomerations is of great significance to promote improvement of the
urbanization development level and quality and realize the healthy development of urbanization.
We took nine urban agglomerations in China as the research object and the coupling between urban
expansion and population growth as the entry point. The overall coupling and the spatial coupling
were used to reveal the people–land coupling relationship of nine urban agglomerations at different
time periods. We found that both construction land and population within each urban agglomeration
were in the stage of continuous growth, and the increase of both was similar and synchronous.
The overall and spatial coupling between urban expansion and population growth is increasing.
The expansion rate of construction land is a factor that influences the overall and spatial coupling
between urban expansion and population growth, i.e., the greater the expansion rate of construction
land, the higher the overall and spatial coupling between urban expansion and population growth.
This study provides a new perspective for exploring the coupling between urban expansion and
population growth and offers a new approach for studying the relationship between the two.

Keywords: urban expansion; population growth; overall coupling; spatial coupling; urban agglomeration

1. Introduction

The development of cities is reflected not only in accelerated urbanization and rapid
economic growth, but also in urban expansion and growth of urban population [1,2].
Urbanization is a driving factor for urban expansion and also contributes to rapid growth
of urban population [3,4]. With the booming economic activities within cities, more people
are attracted and concentrated there [5]. In addition, the strong demand for land resources
by population and economic activity inevitably lead to urban expansion [6,7]. Therefore,
the process of urbanization is also a development process of population urbanization [8].
However, there are problems of uncontrolled spatial expansion, disorderly expansion of
land use, and an increasing tension between the people and the land in the urbanization
process [9–11]. This has also led to problems in the people–land relations and a tendency
to spread and develop in cities [12–14]. Therefore, the study of urban expansion and
population growth is very important for the healthy development of urbanization.

The causes of urban expansion and population growth have been extensively explored
separately. Economic development and urbanization are considered to be the driving
factors of urban expansion [6,15]. Natural resources and urbanization are considered to be
important factors of population growth [16,17]. Moreover, studies that explore the relation-
ship between urban expansion and population growth or that combine urban expansion
and population growth are also a hot topic of research [18]. At present, studies on urban
expansion and population growth have focused on the drivers of urban land expansion, i.e.,
on the population as an important driver of land expansion [19,20]. There are also studies
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on the interrelationship between urban land expansion and urban population which em-
pirically investigate the anisotropic growth relationship between urban population growth
and urban land use by constructing a model [21,22], as well as a study on the coordinated
matching, influencing factors, and coordinated development strategies between population
urbanization and land urbanization from the perspective of urbanization [23,24].

However, the existing studies focused more on the driving force of population growth
on urban land expansion [25], the validation of the model of heterogeneous growth of
urban population and the land [21], and the spatial pattern of coordinated development of
population and land urbanization [26]. That is, they mainly considered population as an
important driver of urban expansion or treated urban expansion and population growth
as two aspects, separating the two, and did not fully integrate urban land expansion
with urban population growth. These studies paid less attention to the dynamics of
the coupling between land expansion and population growth in the urbanization process
and the driving mechanisms that cause changes in the coupling between the two. However,
exploring the coupling between urban expansion and population growth is the way to more
effectively reveal the people–land coupling relationship and the problems in the urban
development process. Therefore, it is important to understand the coupling between urban
expansion and population growth.

Urban agglomerations are areas of rapid urbanization and hotspots of dramatic urban
land changes and rapid population accumulation [27–29]. In other words, urban agglom-
erations are the most important and typical regions for urban expansion and population
growth. Unlike individual cities, urban agglomerations are formed by the combination
of several cities. Moreover, each urban agglomeration has its own characteristics and is
the best developed area within each region. Therefore, urban agglomerations are suitable
study areas to explore the coupling between urban expansion and population growth.
It is important to explore the coordinated development process, the spatial pattern, and
the driving mechanism of people–land allocation in the urbanization process of urban
agglomerations in order to promote the urbanization construction of urban agglomerations
and improvement of the urbanization development level and quality, as well as to realize
the healthy development of urbanization.

In this study, we took nine urban agglomerations in China as the research object
and the coupling between urban expansion and population growth as the entry point.
The overall coupling and the spatial coupling were used to reveal the people–land coupling
relationship of nine urban agglomerations in China at different time periods. Specifically,
the objectives of this study were to (1) investigate the spatial and temporal processes of ur-
ban expansion and population growth within urban agglomerations; (2) explore the overall
coupling between urban expansion and population growth within urban agglomerations;
and (3) explore the spatial coupling between urban expansion and population growth
within urban agglomerations. This study can provide a reference basis for formulating rea-
sonable land policies and population control policies, coordinating the rational allocation
of regional land resources, promoting the coordinated development of people and the land,
and realizing the healthy development of urbanization.

2. Materials and Methods
2.1. Study Areas

Nine urban agglomerations in China were selected as the study areas (Figure 1). These
nine urban agglomerations are located in various regions in China.
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(accessed on 15 February 2021)). These land cover data include six primary land types, 
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types (further classification of the primary types). The type classification of these land 
cover data follows the classification standard set by the Ministry of Housing and Urban–
Rural Development of China. These land cover data have high accuracy and are widely 
used in various studies [30–32]. We characterized urban expansion using changes in con-
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Figure 1. The distribution of nine urban agglomerations in China: (a) Beijing–Tianjin–Tangshan (BTT);
(b) Yangtze River Delta (YRD); (c) Pearl River Delta (PRD); (d) Harbin–Changchun–Jilin (HCJ);
(e) Central Plains (CP); (f) Triangle of Central China (TCC); (g) West Side of the Straits (WSS);
(h) Chengdu–Chongqing (CC); (i) Guanzhong Plain (GP).

Four are located in the coastal region: Beijing–Tianjin–Tangshan (BTT), Yangtze River
Delta (YRD), Pearl River Delta (PRD), and West Side of the Straits (WSS); BTT is over
48,000 km2 and includes parts of the cities of Hebei, Beijing, and Tianjin; YRD includes
parts of Shanghai, Zhejiang, Jiangsu, and Anhui, covering an area of over 57,000 km2; PRD
is located in the Guangdong Province and covers an area of over 55,000 km2; WSS is over
54,000 km2 and is located on the eastern coast of Fujian. One is in the northeast region:
Harbin–Changchun–Jilin (HCJ) (includes parts of Jilin and Heilongjiang, covering an area
of over 100,000 km2). Two are in the central region: Central Plains (CP) and Triangle of
Central China (TCC); CP includes parts of Henan and Shanxi, covering an area of over
65,000 km2; TCC is located in the Hubei Province, covering an area of over 72,000 km2.
Two are in the western region: Chengdu–Chongqing (CC) and Guanzhong Plain (GP); CC
includes parts of Sichuan and Chongqing and covers an area of over 51,000 km2; GP is over
66,000 km2, including parts of Gansu and Ningxia.

These nine urban agglomerations are all areas with high levels of urbanization. More-
over, the urban population of these urban agglomerations has increased significantly in
the last two decades, and significant urban expansion has occurred.

2.2. Data Sources and Preprocessing

The data we used include land cover data and population data. Land cover data were
obtained from the Resource and Environmental Science Data Center (http://www.resdc.cn
(accessed on 15 February 2021)). These land cover data include six primary land types,
such as arable land, forest land, grassland, water, and construction land, and 25 secondary
types (further classification of the primary types). The type classification of these land cover
data follows the classification standard set by the Ministry of Housing and Urban–Rural
Development of China. These land cover data have high accuracy and are widely used
in various studies [30–32]. We characterized urban expansion using changes in construction
land (including residential, commercial, public service, and industrial land (secondary
types in the land cover data)). Therefore, we extracted the construction land within the nine

http://www.resdc.cn
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urban agglomerations from the land cover dataset, specifically for the years 2005, 2010,
2015, and 2020.

We used Worldpop (https://www.worldpop.org (accessed on 15 February 2021))
for the population data. Worldpop is a dataset characterizing population density with
a spatial resolution of 1 km [33,34]. High accuracy and the huge coverage area make
Worldpop widely used in various population studies [35–37]. Worldpop data for the nine
urban agglomerations were extracted, i.e., the population density data for 2005, 2010,
2015, and 2020. We calculated population growth by comparing changes in Worldpop in
the study areas over a long time series.

2.3. Overall Coupling Model

We used the barycenter model to calculate the overall coupling between urban ex-
pansion and population growth. The barycenter is the geometric center of an element
in space. The shift of the barycenter reflects the change in the spatial distribution of
the elements [38,39]. The calculation of the construction land’s barycenter and the pop-
ulation’s barycenter was based on the construction land data and the population data
within the grids. We selected 10 km × 10 km grids as the evaluation units, referring to
the size of the grid used in previous studies of Chinese urban agglomerations [30]. Each
urban agglomeration was considered separately as a whole and was divided into several
10 km × 10 km grids.

For the spatially separated construction land’s and population’s barycenters, the spa-
tial distance between the two was used to measure the overall coupling between urban
expansion and population growth. Specifically, the smaller the spatial distance between
the construction land’s barycenter and the population’s barycenter, the better the overall
coupling between urban expansion and population growth [40]. The formulae for calculat-
ing the construction land’s and population’s barycenters are as follows [30,41,42]:

CA(X, Y) =
∑n

i=1(LiC(xi, yi))

∑n
i=1 Li

, (1)

CB(X, Y) =
∑n

i=1(PiC(xi, yi))

∑n
i=1 Pi

, (2)

where CA(X, Y) and CB(X, Y) denote the coordinates of the construction land’s barycenter
and the population’s barycenter, respectively. Li and Pi are the areas of the construction land
and the population in grid i, respectively. C(xi, yi) refers to the coordinates of the geometric
center of grid i.

The formula for calculating the spatial distance between the construction land’s
barycenter and the population’s barycenter (S) is as follows [27,38,39]:

S = D(CA, CB) =

√
(XA − XB)

2 + (YA −YB)
2, (3)

where D(CA, CB) represents the spatial distance between the construction land’s barycenter
and the population’s barycenter. XA and YA are the X-axis and the Y-axis of the coordinates
of the construction land’s barycenter, respectively. XB and YB are the X-axis and the Y-axis
of the coordinates of the population’s barycenter, respectively.

2.4. Spatial Coupling Model

We used the elasticity coefficient to measure the spatial coupling between urban
expansion and population growth. The elasticity coefficient is the ratio of the growth rates
of two types of factors [43]. However, the traditional elasticity coefficient only characterizes
the relationship between the growth rates of two types of factors, but does not effectively
reflect the relationship between urban expansion and population growth. Therefore, in this
study, we used the coordination coefficient modified by the traditional elasticity coefficient
to analyze the degree of spatial coupling and the spatial coupling process of two types of

https://www.worldpop.org
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factors. Using the coordination coefficient, the spatial coupling between urban expansion
and population growth can be effectively quantified [44]. The formula for the coordination
coefficient is as follows [30,45,46]:

O =

∣∣∣(Mi + Ni)/
√

2
∣∣∣√

(Mi)
2 + (Ni)

2
, (4)

where O is the coordination coefficient (i.e., the spatial coupling between urban expansion
and population growth). Mi and Ni are the average annual growth rates of the construction
land and the population in grid i, respectively. The value range of O is 0–1. The spatial
coupling between urban expansion and population growth is strongest when Mi and
Ni are the same. The spatial coupling between urban expansion and population growth
is weakest when Mi and Ni are opposite numbers. In addition, we classified the types
of spatial coupling between urban expansion and population growth into five categories
based on O (Table 1).

Table 1. The spatial coupling categories between urban expansion and population growth.

O Coupling Categories Relationship between Mi and Ni

[0.9, 1] Very strong
[0.8, 0.9] Strong Mi > Ni
[0.7, 0.8] Moderate Mi ≈ Ni
[0.5, 0.7] Weak Mi < Ni
[0, 0.5] Very weak

3. Results
3.1. Quantifying Urban Expansion and Population Growth

We obtained the construction land and population data of nine urban agglomera-
tions in China for 2005, 2010, 2015, and 2020 (Table 2). In addition, we visualized the
changes in the construction land (Figure 2) and the population (Figure 3) of the nine urban
agglomerations, respectively.

Table 2. Statistics of the construction land and the population in nine urban agglomerations in China,
2005–2020.

Area
Construction Land (km2) Population (106)

2005 2010 2015 2020 2005 2010 2015 2020

BTT 7246 8254 8565 9000 38.8 44.3 50.6 58.1
YRD 6501 8020 9493 10,370 59.0 66.5 75.1 85.1
PRD 5204 6114 6808 7233 48.7 55.0 62.3 70.7
HCJ 4505 4583 4659 4912 22.6 23.5 24.5 25.5
CP 5925 6367 6514 6886 39.2 41.0 42.9 45.1

TCC 3685 3895 4114 4511 34.9 35.1 35.4 35.9
WSS 2250 2769 3150 3332 27.3 28.9 30.9 33.3
CC 1876 2289 2520 3276 38.2 38.6 39.3 40.2
GP 2727 2946 3005 3547 25.2 26.0 26.9 27.9
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From 2005 to 2020, all the nine urban agglomerations experienced continuous urban
expansion, and the area of the construction land within the urban agglomerations expanded.
However, the changes of the construction land within each urban agglomeration varied, and
the expansion area of the construction land within the same urban agglomeration varied
in different periods. Urban expansion within BTT was relatively significant, with the most
significant expansion of its construction land from 2005 to 2010 and the largest construction
land area among the nine urban agglomerations. YRD had the most construction land
expansion among the nine urban agglomerations between 2005 and 2020. Moreover,
in 2015, it surpassed BTT to have the largest construction land area among the nine urban
agglomerations. The increase in the construction land area in PRD remained stable in each
time period, and a more significant urban expansion occurred. No significant urban
expansion occurred in HCJ, and the construction land area remained stable in each time
period, and the area increase was smaller. Urban expansion of CP was not as significant
as that of the three major urban agglomerations in China (BTT, YRD, and PRD), but
the construction land area increased considerably in each period. The urban expansion that
occurred in WSS and CC was also significant in each period. The construction land within
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GP increased more between 2015 and 2020, but the overall urban expansion between 2005
and 2020 was less significant.

Overall, the construction land area within the nine urban agglomerations in China
continued to increase from 2005 to 2020, but the magnitude of construction land expansion
within the urban agglomerations varied. Among them, the increase in the construction
land within BTT, YRD, PRD, and WSS was more pronounced. In HCJ and GP in northeast
and western China, the expansion of the construction land was more stable.

The population within China’s nine urban agglomerations was also in the process
of increasing from 2005 to 2020. Among them, the population growth was the most
significant within the three major urban agglomerations in China (BTT, YRD, and PRD),
and the population growth trends were similar among these three urban agglomerations.
YRD has the largest population among the nine urban agglomerations, while PRD and
BTT have the second and third largest populations among the nine urban agglomerations,
respectively. The population in HCJ kept growing from 2005 to 2020, but the population
growth was smaller and more stable. The population in CP grew year by year, and its
population growth rate was higher than that of HCJ, but lower than that of the three major
urban agglomerations in China. The population in TCC grew more slowly, with almost no
significant population growth from 2005 to 2020. The population within WSS increased
year by year, and the population growth trend was more significant. The population within
CC grew less between 2005 and 2015 but had a more significant growth trend from 2015
to 2020. The population within GP maintained a trend of increasing year by year, but
the overall growth rate was smaller.

Overall, the population of the nine urban agglomerations grew between 2005 and
2020, but the magnitude of population growth varied widely among the urban agglom-
erations. They can be divided into urban agglomerations with rapid population growth,
represented by BTT, YRD, and PRD, and urban agglomerations with slow population
growth, represented by TCC and GP.

From 2005 to 2020, the construction land area and population of the nine urban ag-
glomerations in China were continuously increasing. However, there were differences
in the magnitude of urban expansion and population growth in each urban agglomeration.
In some urban agglomerations, the construction land area and population increased year by
year, and the growth rate was large. In contrast, urban expansion and population growth
in some urban agglomerations were smaller between 2005 and 2020, and the increase
in the construction land area and population was not significant. In addition, the trends of
the changes in the construction land area and population within the nine urban agglomer-
ations were similar within the same period, i.e., they were all in the stage of continuous
growth. Moreover, the rates of construction land expansion and population growth within
each urban agglomeration were similar and synchronous.

3.2. Overall Coupling between Urban Expansion and Population Growth

We used the barycenter model to calculate the construction land’s and population’s
barycenters for nine urban agglomerations in China in 2005, 2010, 2015, and 2020. Moreover,
we visualized the trajectory of the construction land’s barycenter and the population’s
barycenter for each of the nine urban agglomerations from 2005 to 2020 (Figures 4 and 5).
To understand the overall coupling between urban expansion and population growth
in each urban agglomeration, we calculated the spatial distance between the construction
land’s barycenter and the population’s barycenter for each urban agglomeration using
the coordinates of the construction land’s barycenter and the population’s barycenter
for each urban agglomeration in each period (Table 3).
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Table 3. Distance between the construction land’s barycenter and the population’s barycenter in nine
urban agglomerations, 2005–2020.

Area
Distance (km)

2005 2010 2015 2020

BTT 29.43 24.96 21.70 19.03
YRD 29.53 18.55 17.42 13.80
PRD 5.38 3.12 3.28 3.33
HCJ 21.89 19.99 17.84 17.09
CP 15.35 14.71 14.28 13.53

TCC 21.19 18.40 17.55 14.26
WSS 39.73 37.85 35.30 27.86
CC 64.42 55.70 39.55 11.22
GP 8.21 7.40 6.80 6.23
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From 2005 to 2020, there were significant changes in the spatial location of the construc-
tion land’s and population’s barycenters in each urban agglomeration. The construction
land’s barycenter in BTT generally moved from east to west, where it moved the largest
distance from 2005 to 2010, and the direction of movement shifted from 2010 to 2015.
The population’s barycenter in BTT generally moved from northwest to southeast. The con-
struction land’s barycenter in YRD generally moved from the northwest to the southeast
direction, but the direction of movement shifted several times, and the distance of move-
ment was the largest between 2005 and 2010. The population’s barycenter in YRD generally
moved from east to west. The construction land’s barycenter in PRD generally moved from
southwest to northeast, but the direction of movement shifted once between 2010 and 2015,
and the distance of movement between 2005 and 2010 was the largest. The population’s
barycenter in PRD generally shifted from northwest to southeast.

The construction land’s barycenter in HCJ generally moved from northeast to south-
west, where it moved the largest distance from 2015 to 2020, and the shift in the direction
of movement occurred from 2010 to 2015. The population’s barycenter in HCJ generally
moved from northeast to southwest. The construction land’s barycenter in CP generally
moved from the southeast to the northwest direction, but the direction of movement
underwent several changes, and the distance of movement was the largest in 2005–2010
and in 2015–2020. The population’s barycenter in CP generally shifted from southwest to
northeast. The construction land’s barycenter in TCC generally moved from southwest
to northeast, but the direction of movement shifted several times, and the distance of
movement was the largest between 2015 and 2020. The population’s barycenter in TCC
generally moved from northeast to southwest.
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The construction land’s barycenter in WSS generally moved from southeast to north-
west, but the direction of movement shifted several times, and it moved the largest distance
from 2015 to 2020. The population’s barycenter of WSS generally moved from northeast
to southwest. The construction land’s barycenter in CC moved from northwest to south-
east in general, while the shift in the direction of movement occurred from 2005 to 2010,
and the distance of movement was the largest between 2015 and 2020. The population’s
barycenter in CC generally shifted from southeast to northwest. The construction land’s
barycenter in GP generally moved from northwest to southeast, but the direction of move-
ment shifted once between 2010 and 2015, and the distance of movement was the largest
between 2005 and 2010. The population’s barycenter in GP generally moved from southeast
to northwest.

From 2005 to 2020, the construction land’s barycenter and the population’s barycenter
of the nine urban agglomerations were spatially close to each other, and the overall cou-
pling between urban expansion and population growth of each urban agglomeration was
increasing, but there were also significant differences between the urban agglomerations.
The distance between the construction land’s barycenter and the population’s barycenter
in BTT decreased from 29.43 km to 19.03 km, most significantly between 2005 and 2010.
The distance between the construction land’s barycenter and the population’s barycenter
in YRD decreased from 29.53 km to 13.80 km; it decreased by more than 10 km between 2005
and 2010 and did not change significantly between 2010 and 2015. The distance between
the construction land’s barycenter and the population’s barycenter in PRD decreased from
5.38 km to 3.33 km; it decreased by more than 2 km between 2005 and 2010 but increased
slightly between 2010 and 2020.

The distance between the construction land’s barycenter and the population’s barycen-
ter in HCJ decreased from 21.89 km to 17.09 km; it remained relatively stable, with a small
decrease. The distance between the construction land’s barycenter and the population’s
barycenter in CP decreased from 15.35 km to 13.53 km, most obviously between 2015
and 2020 and less so in the other periods. The distance between the construction land’s
barycenter and the population’s barycenter in TCC decreased from 21.19 km to 14.26 km,
most significantly in the periods of 2005–2010 and 2015–2020.

The distance between the construction land’s barycenter and the population’s barycen-
ter in WSS decreased from 39.73 km to 27.86 km, most significantly between 2015 and 2020.
The distance between the construction land’s barycenter and the population’s barycenter
in CC decreased significantly, from 64.42 km to 11.22 km, and shortened by more than
20 km between 2015 and 2020. The distance between the construction land’s barycenter
and the population’s barycenter in GP decreased from 8.21 km to 6.23 km; it remained
relatively stable, with a smaller decrease.

From 2005 to 2020, the spatial distance between the construction land’s barycenter
and the population’s barycenter in the nine urban agglomerations was decreasing as both
the construction land’s barycenter and the population’s barycenter moved closer together
in the process of construction land expansion and population growth. Although there were
differences in the distance between the construction land’s barycenter and the population’s
barycenter within the nine urban agglomerations, the overall decreasing spatial distance
between them indicates that the overall coupling between urban expansion and population
growth was increasing in the nine urban agglomerations.

3.3. Spatial Coupling between Urban Expansion and Population Growth

We applied the spatial coupling model (the coordination coefficient modified by
the traditional elasticity coefficient), used 10 km × 10 km grids of each urban agglomera-
tion as the evaluation units, and calculated the coefficient reflecting the spatial coupling
between construction land expansion and population growth in each grid. The spatial
coupling between urban expansion and population growth within the grid of each urban
agglomeration was classified into five categories (very strong, strong, moderate, weak, and
very weak) based on the value of this coefficient in each grid. We visualized the distri-
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bution of spatial coupling categories between urban expansion and population growth
within the grids for each urban agglomeration in different periods (Figure 6). Moreover,
we calculated the number and proportion of different spatial coupling categories of grids
within each urban agglomeration from 2005 to 2020 (Table 4).

Table 4. Number and percentage of evaluation units of different spatial coupling categories of construction land expansion
and population growth in nine urban agglomerations.

Period Type Index
Urban Agglomeration

BTT YRD PRD HCJ CP TCC WSS CC GP

2005–2010

Moderate
No. 113 170 274 386 192 236 448 345 308
% 21.24 26.81 45.44 34.22 27.04 29.95 67.88 59.28 42.48

Strong No. 73 113 86 140 68 191 53 134 128
% 13.72 17.82 14.26 12.41 9.58 24.24 8.03 23.02 17.66

Very strong No. 346 348 243 602 450 361 159 103 288
% 65.04 54.89 40.30 53.37 63.38 45.81 24.09 17.70 39.72

2010–2015

Moderate
No. 89 155 178 361 170 233 298 322 297
% 16.73 24.45 29.52 32.00 23.94 29.57 45.15 55.33 40.97

Strong No. 47 71 53 103 18 55 46 17 21
% 8.83 11.20 8.79 9.13 2.54 6.98 6.97 2.92 2.90

Very strong No. 396 405 372 664 522 500 316 243 406
% 74.44 63.88 61.69 58.87 73.52 63.45 47.88 41.75 56.00

2015–2020

Moderate
No. 85 121 178 334 175 328 293 374 340
% 15.98 19.09 29.52 29.61 24.65 41.62 44.39 64.26 46.90

Strong No. 27 35 59 122 17 37 115 23 27
% 5.08 5.52 9.78 10.82 2.39 4.70 17.42 3.95 3.72

Very strong No. 420 475 366 672 518 423 252 185 357
% 78.95 74.92 60.70 59.57 72.96 53.68 38.18 31.79 49.24

The grids of different categories of spatial coupling between urban expansion and
population growth, “very strong” (VSC grids), “strong” (SC grids), “moderate” (MC grids),
“weak” (WC grids), and “very weak” (VWC grids), were distributed within each urban
agglomeration. The distribution of each category of grids varied considerably within each
urban agglomeration. However, a large number of MC, SC, and VSC grids were generally
distributed in each urban agglomeration and accounted for a high proportion of the total
grids in each urban agglomeration.

The distribution of MC, SC, and VSC grids within BTT were increasing. The dis-
tribution of SC and VSC grids in the BTT’s center was expanding, and the MC grids in
southeast and northwest BTT were gradually being replaced by SC and VSC grids. Most
of the grids in YRD were MC, SC, and VSC grids. The scope of SC and VSC grids in the
northern part of YRD was expanding, and the former MC grids in the southeastern region
were transforming into SC and VSC grids, while many MC grids continued to exist in
the southwestern part of YRD. MC, SC, and VSC grids were the main grids in PRD. The
original MC grid in the central part of PRD was gradually being replaced by SC and VSC
grids, and a cluster of SC and VSC grids was being formed in the central part of PRD, while
the number of MC grids in PRD was decreasing.
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urban agglomerations: 2005–2010 ((a1) BTT; (b1) YRD; (c1) PRD; (d1) HCJ; (e1) CP; (f1) TCC; (g1) WSS; (h1) CC; (i1) GP);
2010–2015 ((a2) BTT; (b2) YRD; (c2) PRD; (d2) HCJ; (e2) CP; (f2) TCC; (g2) WSS; (h2) CC; (i2) GP); 2015–2020 ((a3) BTT; (b3)
YRD; (c3) PRD; (d3) HCJ; (e3) CP; (f3) TCC; (g3) WSS; (h3) CC; (i3) GP).

The distribution of MC, SC, and VSC grids within HCJ was increasing. The distribution
of SC grids and VSC grids in the eastern part of HCJ was further expanding, and the MC
grids in the southern and central parts of HCJ were being gradually replaced by SC and
VSC grids. Most of the grids in CP were MC, SC, and VSC grids. The extent of SC and VSC
grids in the central and southern parts of CP was further expanding, and the former MC
grids in the western part of CP were partially transforming into SC and VSC grids, while
many MC grids continued to exist in the southwestern and northwestern parts of CP. MC,
SC, and VSC grids were the main grids in TCC. However, clusters of MC grids were being
formed in the central and northern parts of TCC.
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The distribution of MC, SC, and VSC grids within WSS was increasing. The distribu-
tion of SC and VSC grids in the southern part of WSS was further expanding, and the MC
grids in the southeastern and eastern parts of WSS were gradually being replaced by SC
and VSC grids. Most of the grids in CC were MC, SC, and VSC grids. The scope of SC and
VSC grids in the western part of CC was further expanding, and some of the original MC
grids in the central region were also being transformed into SC and VSC grids, while many
MC grids continued to exist in the eastern part of CC. MC, SC, and VSC grids were the
main grids in GP. In the central part of GP, there are clusters of SC and VSC grids.

Overall, from 2005 to 2020, the grids within each urban agglomeration were domi-
nated by MC, SC, and VSC grids. In addition, the number and proportion of VSC grids
within the urban agglomerations continued to increase in general with time. Although
the proportion of different spatial coupling categories of grids within each urban agglom-
eration varied. However, in general, the number of VSC grids was increasing and their
extent was expanding. There was a consistency in the trend between construction land
expansion and population growth in the grids of each urban agglomeration that occurred
between 2005 and 2020. The changes in coordination coefficients within the grids reflected
the increasing spatial coupling between urban expansion and population growth within
each urban agglomeration.

4. Discussion

From 2005 to 2020, the spatial distance between the construction land’s barycenter
and the population’s barycenter of the nine urban agglomerations in China was decreasing.
In other words, the overall coupling between urban expansion and population growth
within the nine urban agglomerations was increasing. In addition, the grid of each urban
agglomeration had a consistent trend of changes in the construction land area and pop-
ulation between 2005 and 2020, and the spatial coupling between urban expansion and
population growth within each urban agglomeration was increasing. However, within the
nine urban agglomerations, the overall coupling between urban expansion and population
growth was significantly different, and the spatial coupling between urban expansion and
population growth varied. Therefore, we need to further explore the factors that influence
the overall coupling and the spatial coupling between urban expansion and population
growth within urban agglomerations.

The changes in construction land and population are directly related to the overall
and spatial coupling between urban expansion and population growth within an urban ag-
glomeration. Therefore, we conjecture that the expansion rate of the construction land and
the growth rate of population in urban agglomerations during the study period affected
the overall and spatial coupling between urban expansion and population growth. To test
this conjecture, we calculated the growth rates of the construction land and population,
the rate of change in the overall coupling (the rate of change in the distance between the
construction land’s barycenter and the population’s barycenter within an urban agglomer-
ation), and the rate of change in spatial coupling (the rate of change in the number of VSC
grids within an urban agglomeration) for the nine urban agglomerations between 2005 and
2020 (Table 5). In addition, we visualized the overall coupling between urban expansion
and population growth in each urban agglomeration compared with the growth rates of
the construction land and population (Figure 7) and the spatial coupling between urban
expansion and population growth compared with the growth rates of the construction land
and population (Figure 8).
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Table 5. Changes in indicators within the nine urban agglomerations, 2005–2020.

Area
Rate of Change between 2005 and 2020 (%)

Construction Land Population Overall Coupling Spatial Coupling

BTT 24.21 49.74 35.33 21.38
YRD 59.51 44.24 53.27 36.49
PRD 38.98 45.17 38.1 50.62
HCJ 9.03 12.83 21.93 11.63
CP 16.22 15.05 11.86 15.11

TCC 22.42 2.86 32.7 17.17
WSS 48.09 21.97 29.88 58.49
CC 74.63 5.24 82.58 79.61
GP 30.07 10.71 24.12 23.96
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We can understand from Figure 7 that there was a significant positive correlation
between the overall coupling between urban expansion and population growth and the
growth rate of the construction land within the nine urban agglomerations. In other
words, the greater the expansion rate of the construction land between 2005 and 2020
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was, the higher the overall coupling between urban expansion and population growth in
the urban agglomerations was. However, there was no significant correlation between
the overall coupling between urban expansion and population growth and the growth
rate of population. As we can see from Figure 8, there was also a significant positive
correlation between the spatial coupling between urban expansion and population growth
and the growth rate of the construction land in the nine urban agglomerations. In other
words, the greater the expansion rate of the construction land between 2005 and 2020 was,
the higher the spatial coupling between urban expansion and population growth in the
urban agglomerations was. However, there was no significant correlation between the
spatial coupling between urban expansion and population growth and the growth rate of
population.

Overall, the expansion rate of the construction land was a factor that influenced the
overall and spatial coupling between urban expansion and population growth within the
urban agglomerations, i.e., the greater the expansion rate of the construction land was, the
higher the overall and spatial coupling between urban expansion and population growth
was.

Although we obtained some valuable results in exploring the coupling between urban
expansion and population growth, we acknowledge that there are still some shortcomings.
First, we did not explore the coupling between the expansion of different subtypes of
construction land and population growth. Different relationships exist between different
types of construction land and population. For example, more people are clustered on
residential and commercial land than on industrial land. Therefore, exploring the relation-
ship between different types of construction land and population will help to improve
the study of the coupling between urban expansion and population growth. Second, the
study period of this study was long. The coupling between construction land expansion
and population growth is dynamic, and changes in a short period of time can reflect more
detailed trends. However, the research interval of this study was 5 years. It is difficult
to effectively support a more in-depth study of the coupling between construction land
expansion and population growth. Third, the driving factors of the coupling between
construction land expansion and population growth need to be studied in depth. Our
qualitative analysis confirmed that the expansion rate of construction land within urban
agglomerations is a factor influencing the overall and spatial coupling between urban
expansion and population growth within urban agglomerations. However, it is also nec-
essary to identify the influencing factors quantitatively. Therefore, in future studies, we
will explore the coupling between the expansion of different subtypes of construction land
and population growth, shorten the study interval, and examine the driving factors of the
coupling between construction land expansion and population growth.

5. Conclusions

We took nine urban agglomerations in China as the research object and the coupling
between urban expansion and population growth as the entry point. The overall coupling
and the spatial coupling were used to reveal the people–land coupling relationship of
nine urban agglomerations in China at different time periods. This study provides a new
perspective for exploring the coupling between urban expansion and population growth
and offers a new approach for studying the relationship between the two.

(1) The process of urban expansion led to a further concentration of population in urban
agglomerations. The trends of the changes in the construction land area and popula-
tion within the nine urban agglomerations were similar within the same period, i.e.,
they were all in the stage of continuous growth. Moreover, the rates of construction
land expansion and population growth within each urban agglomeration were similar
and synchronous.

(2) In the process of construction land expansion and population growth, the spatial
distance between the construction land’s barycenter and the population’s barycenter
in the nine urban agglomerations was decreasing. Although there were variations



Sustainability 2021, 13, 7250 16 of 18

in the distance between the construction land’s barycenter and the population’s
barycenter within the nine urban agglomerations, the overall decreasing spatial
distance between them indicates that the overall coupling between urban expansion
and population growth was increasing in the nine urban agglomerations.

(3) Although the proportion of different spatial coupling categories of grids within each
urban agglomeration varied, the number of VSC grids was increasing and their extent
was expanding. There was a consistency in the trend between construction land
expansion and population growth in the grids of each urban agglomeration that
occurred between 2005 and 2020. The changes of the coordination coefficients within
the grids reflected the increasing spatial coupling between urban expansion and
population growth within each urban agglomeration.

(4) There was a significant positive correlation between the overall and spatial coupling
between urban expansion and population growth and the growth rate of construction
land. The expansion rate of construction land within urban agglomerations is a factor
that influences the overall and spatial coupling between urban expansion and popu-
lation growth, i.e., the greater the expansion rate of construction land, the higher the
overall and spatial coupling between urban expansion and population growth.
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