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Abstract: China has fully become an aging society, and the scientific response to population aging
has become a major task that the country must face in the future. Research on population aging
in the Chengdu-Chongqing urban agglomeration (CCUA) can provide a scientific basis for future
population management in the CCUA. This paper applies spatial autocorrelation, geodetection, and
other methods to analyze the temporal and spatial pattern of population aging and its driving factors
in the CCUA from 2000 to 2020, taking districts (counties) as the basic unit and combining them with
the spatial structure of the urban agglomeration. The results show that: 1⃝ in the time dimension, the
population aging in CCUA has gone through the evolution process of “mild–moderate–heavy”; in
the spatial dimension, the influence of the urban agglomeration’s development planning axes on the
spatial differentiation of the aging population has become more and more prominent. 2⃝ The aging
level has a strong spatial correlation, and with time, the spatial correlation has changed from weak to
strong, and the spatial difference has increased. The dual core city shows a typical spatial pattern of
a decreasing aging level in the core area and an increasing aging level in the peripheral area, and
the heavily aging area is spreading along the axis. 3⃝ The overall aging speed is high, and the aging
speeds of the core cities and node cities are lower than those of other regions. There is a clearer
positive correlation between the aging level and the speed of aging, showing the characteristic of “the
older the faster”. 4⃝ Endogenous factors such as the aging level and fertility level at the beginning of
the period have a significant determining power on the change in the aging level, while exogenous
factors such as the in-migration rate and the out-migration rate have a persistent determining power
on the urban agglomerations and key areas (core cities, central cities, main axes of development, city
belts, and dense urban areas).

Keywords: population aging; spatial and temporal changes; influencing factors; urban agglomeration;
spatial differentiation

1. Introduction

The world is currently undergoing two demographic transitions: urbanization and
aging, and these two trends will soon converge (United Nations Population Division).
Urbanization acts as a “converter” and “catalyst” for aging [1], and eventually, people will
grow old in cities. Population aging is expected to pose significant headwinds against
the region’s future economic growth [2]. According to the United Nations, 56.5% of the
global population lives in cities, which is expected to reach around 68% by 2050 (UN,
2022a [3], UN, 2022 2b [4]). The World Population Ageing Report (UN, 2017) states that the
proportion of the global population aged 60 and over will increase from 12% to 23% by 2050.
This trend in population aging is even more obvious in China, where residents ≥ 60 are
expected to account for 35% of the total population by 2050 (UN, 2017) [5]. Since the reform
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and opening up of China, the trends in urbanization and aging have both accelerated, with
the level of urbanization increasing from 36.91 percent to 50.27 percent during the period
from 2000 to 2010, at an average annual rate of 1.4 percent. The average annual growth rate
of the elderly population was as high as 3.5%, with the rate of aging being far faster than
the rate of urbanization. Since 1996, however, the growth rate of China’s urbanization rate
has begun to decline, with the growth rate falling below 1% for the first time in 2021 and
being only 0.5% in 2022. However, the aging process is still accelerating, with the average
annual aging rate rising by 0.18 and 0.45 in 2002–2012 and 2012–2022, respectively, creating
a fast and old trend. Moreover, as China’s demographic structure transforms, it will shift
from “longevity-type aging” to “childless aging”.

Urban agglomeration is the main form of China’s new urbanization, and in the future,
more than 80% of China’s population will be distributed across 19 urban agglomeration
areas [6]. Relative to individual cities, urban agglomeration can allocate resources from a
wider area, thus attracting a large number of people to gather there [7–9]. The result is that
the population aging process and its outcomes in urban agglomerations are significantly
different to those in the general area. The urbanization of the Chengdu–Chongqing urban
agglomeration (CCUA) is advancing rapidly. However, the aging process and pattern re-
sulting from population migration and aggregation deviate from the typical trend observed
in the country and other established urban agglomerations. At the same time, within the
urban agglomeration, the siphoning effect of the core cities has led to the uneven and
unequal development of the core and peripheral areas. While the core area attracts an
inflow of young people which causes a dilution of the aging level, the peripheral area
experiences a residual aggregation effect of the elderly population due to the outflow
of young people. Therefore, studying the unique process of population aging in urban
agglomerations, particularly the differences in the level, speed, and type of aging across
various regions within the agglomeration, is crucial for developing tailored policies. This
research has significant practical and theoretical implications. The purpose of this paper
is to reveal how the internal structure of urban agglomeration affects the spatio-temporal
evolution of population aging.

Literature Review

By combing through previous studies, it has been found that population aging is an
irreversible change in the urban population age structure at present and for a long time in
the future, and this tendency for change inevitably has significant and continuous influence
on the urban economy in the future [10]. The study of urban agglomeration aging is carried
out alongside the study of the processes of urbanization and aging [11]. In foreign countries,
due to the lack of the concept of urban agglomeration, the study of population aging is
gathered in metropolitan areas. In the United States, 75% of the elderly population lives
in metropolitan areas, half of which are concentrated in the center of the city, forming a
typical “retirement” center [12]. According to the American Community Survey, 12% of
older Americans (≥65 years of age) lived in nonmetropolitan areas from 2005 to 2009 [13].
“The Rust Belt metropolitan areas” all have older populations that are over 14% of the
total population. The rise in population aging in metropolitan areas has been accompanied
by changes in their internal structure, with older adults in the urban core moving to the
periphery. Between 2000 and 2010, the proportion of older adults living in the metropolitan
core decreased from 15% to 13%. Over the same period, 97% of the increase in the number
of older adults occurred in the suburbs and far-flung suburbs [14]. Similar trends have been
observed in other countries and regions as well [15,16]. Suburbanization and migration of
the elderly population are the main influencing factors.

China is a major research center for urban agglomerations. However, the research
mainly focuses on issues such as spatial structure and the synergistic development of
urban agglomerations, with relatively little research on aging. Existing studies have found
that population aging in China’s urban agglomeration as a whole showed an accelerated
deepening trend from 2000 to 2020 [17,18]. However, there are significant differences in the



Sustainability 2024, 16, 3710 3 of 23

increasing speed of different urban agglomerations, and the discrete degree of population
aging in the cities under the jurisdiction of urban agglomerations has a significant tendency
to widen over time. The average aging level of China’s 20 urban agglomerations in 2000
was 7.32%, of which 12 urban agglomerations were of the adult type. By 2010, the average
level of population aging had risen to 9.00%; except for the Pearl River Delta and the
Ningxia Along the Yellow River urban agglomeration, the other 18 urban agglomerations
have all entered the old-age population stage, showing a clear trend of escalation and type
substitution [19]. The aging rate of the Ha-Chang and Liao-Zhongnan urban agglomera-
tions, which have a serious population outflow, is relatively fast, and aging is becoming
more and more serious, while the aging rate of the Pearl River Delta, the Yangtze River
Delta, the West Coast of the Taiwan Strait, and the Beibu Gulf urban agglomerations, which
have a large population inflow, is relatively slow [17].

Urban agglomerations at different levels of development have different processes
and levels of population aging. In general, the speed of population aging in urban ag-
glomerations in the primary stage is significantly accelerated, and the starting point of
population aging in urban agglomerations in the intermediate and advanced stages is
relatively high [20]. The mature urban agglomeration of the Yangtze River Delta has ex-
perienced three stages of population aging. These are longevity (healthy) aging, childless
aging, and migration (mobility) aging. The level of population aging varies along the
development axes of Shanghai–Nanjing and Shanghai–Hangzhou–Ningbo, showing an
inverse core–edge structure. The regional center city becomes the wave valley of the re-
gion’s core–edge structure. The growing urban agglomeration (Guanzhong Plain Urban
Agglomeration) has gradually formed a circle distribution pattern of “low in each district
of the city and high in the surrounding counties”, and is characterized by a low starting
point and accelerated growth [21]. The different population aging type areas in the Central
Plains urban agglomeration can be divided into four major categories, six subcategories,
and ten subcategories. Among them, the agglomeration aging type and residual aging
type account for the vast majority [22], aging is also in an accelerated state [23], and the
high level of aging is expanding from a local area to the whole region [24]. In different
urban agglomerations, the unevenness of population aging and its evolution trajectory are
different. The overall difference in aging in the Pearl River Delta (PRD) shows a shrinking
trend, while the overall difference in aging in the Yangtze River Delta (YRD) shows a fluc-
tuating development [25], the degree of aging has deepened, forming four-county clusters
of areas in the heavy aging stage [26]. The aging population in counties in the twin-city
economic circle of the Chengdu–Chongqing region mainly exhibits the spatial distribution
characteristics of similar types of agglomeration [27].

Urban agglomeration is a form of spatial organization in which cities have developed
to a mature stage [28] with a complex internal structure, which affects the spatial and
temporal evolution pattern of population aging in urban agglomerations. There is evidence
that, within an urban agglomeration, the distribution pattern of aging exhibits the coex-
istence of uplift–collapse [19]. The process, pattern, and mechanism of population aging
are not only reflected among urban agglomerations but also within urban agglomerations.
Specifically, there are differences in the speed, type, and mechanism of aging between
the core area and the peripheral area. These differences also exist between the core city
and the node city, as well as between the general city and the hinterland. The existing
research takes urban agglomeration as a whole and does not consider the fundamental
influence of the internal spatial structure of urban agglomeration and its heterogeneity on
the spatiotemporal pattern of aging. Some research has studied the spatial and temporal
differences in aging in urban agglomerations based on the city or county scale. On the
surface, it seems to reflect the spatial heterogeneity within the urban agglomeration, but the
city and county scales do not reflect the spatial differences within the urban agglomeration
and homogenize the spatial units (city or county) within the urban agglomeration. Secondly,
in the analysis of drivers, the mechanism of the influence of each factor on population
aging in an urban agglomeration is emphasized, but the urban agglomeration is taken as a
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whole. No attention is paid to the fact that, since there is spatial heterogeneity in population
aging within an urban agglomeration, there is also heterogeneity in the contribution of
each influencing factor to population aging within the urban agglomeration. Therefore,
the main purpose of this thesis is to deconstruct how the internal structure of an urban
agglomeration (core–axial belt district) influences the spatial and temporal heterogeneity
of population aging. Are the drivers of population aging heterogeneous in the spatial
structure of urban agglomeration?

The Chengdu–Chongqing urban agglomeration (CCUA) is a national urban agglomer-
ation leading the development and opening up of western China, an important platform
for the development of western China, an inland open economy, and a strategic highland,
as well as strategic support for the Yangtze River Economic Belt. Between 2000 and 2010,
both the increase in the rate of aging and the rate of increase were much higher than those
of the Yangtze River Delta, which is also a “national urban agglomeration “, facing greater
pressure from “aging fast”. Compared with mature urban agglomerations, the CCUA is
still in the growth stage, and population aging is also in the process of undergoing dramatic
changes. As a typical dual-core urban agglomeration, the CCUA experiences unbalanced
development between Chengdu and Chongqing. This imbalance not only attracts a mobile
foreign population but also creates competition for both the population (especially young
and middle-aged individuals) and resources within the region. Consequently, the flow
of the population between different spatial units within the urban agglomeration varies
significantly, leading to more prominent residual and aggregated heterogeneity among the
elderly population. To cope with aging scientifically, it is necessary to answer the question
of what special spatial and temporal processes the aging population of the CCUA has gone
through. Is it the result of “local aging” or “migration and dilution”? What are the driving
factors? Based on this, this paper takes the 145 districts (counties) of the CCUA as the
basic unit, and decomposes and corresponds them to the spatial structure of the urban
agglomeration (core, axial belt, and urban agglomeration), and seeks to portray the spatial
heterogeneity of the level, speed, type, and driving factors of aging, based on the data
from the three population censuses to explore how the spatial structure of the CCUA urban
agglomeration affects the spatio-temporal pattern of population aging.

2. Materials and Methods
2.1. Study Area

The Chengdu–Chongqing urban agglomeration (CCUA) is a key development area in
central and western China. It is one of the five national urban agglomerations in China and
plays a pivotal role in the economic development of the central region and the entire country.
Additionally, it serves as an important platform for the development of the western part of
the country, provides strategic support for the Yangtze River Economic Belt, and serves as a
significant demonstration area for promoting new types of urbanization in China. Accord-
ing to the CCUA Development Plan approved by the State Council, the specific scope of the
area includes 27 districts (counties) in Chongqing, including Yuzhong, Wanzhou, Qianjiang,
Fuling, Dadukou, Jiangbei, Shapingba, Jiulongpo, Nan’an, and Beiqiang, as well as part of
Kaizhou and Yunyang; and Zigong, Luzhou, Deyang, Mianyang (in addition to Beichuan
and Pingwu counties), Suining, Dazhou (in addition to Wanyuan), Ya’an (in addition to
Tianquan and Baoxing counties), and Chengdu, Zigong, Luzhou, Deyang, and Mianyang
in Chengdu (in addition to Beichuan and Pingwu counties). According to the plan, the
CCUA will build a “one axis, two belts, two cores, three districts” spatial development
pattern (Figure 1). One axis refers to the Chengdu–Chongqing Development Axis (CCDA).
The two belts include the Urban Belt along the Yangtze River (YZUB) and the Chengdu–
Deyang–Mianyang–Leshan Urban Belt (CDMLUB). The two cores refer to the two core
cities (Chengdu and Chongqing). Three districts include the Southern Sichuan Urban
Agglomeration Area (SSUAA), Nanchong–Suining–Guang’an Urban Agglomeration Area
(NSGUAA), and the Dazhou–Wanzhou Urban Agglomeration Area (DWUAA). There are
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also two other metropolitan areas involved around the core city, the Chengdu metropolitan
area (CDMA) and the Chongqing metropolitan area (CQMA).
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2.2. Data Sources

In this paper, the demographic data related to the resident population and the elderly
population are all from China Census Subcounty Data (2000, 2010, 2020). Due to the more
frequent adjustment of administrative divisions within the CCUA, this paper takes the
districts (counties) in 2000 as the benchmark and adjusts some of the districts (counties)
that have changed between 2010 and 2020 to reach a total of 145 districts (counties).

2.3. Research Methods
2.3.1. Spatial Correlation Analysis

This method mainly uses GeoDa software 1.18.0.0 to calculate Moran’s I index of the
population aging coefficient in CCUA and analyze its spatial autocorrelation degree. There
are two specific types of spatial autocorrelation analysis: overall spatial autocorrelation
and local spatial autocorrelation. The first is the overall spatial autocorrelation analysis,
which studies the geographic attribute values as a whole to determine whether they have
spatial clustering characteristics [29–31]. The calculation formula is:

I =
∑n

i=1 ∑n
j=1 Wij

(
Xi − X

)(
Xj − X

)
σ2∑n

i=1 ∑n
j=1 Wij

(1)

σ2 =
1
n∑n

i=1

(
Xi − X)2 , X =

1
n∑n

i=1 Xi (2)

Z(I) =
I − E(I)√

VAR(I)
(3)

In the formula, n is the number of spatial units; Xi is the observed value of unit i; Xj

is the observed value of unit j; Wij is the spatial weight matrix; σ2 is the variance of the
attribute value. Z(I) is the significance test value of Moran’s I index; E(I) is the mathematical
expectation; and Var(I) is the variance. Theoretically, Z > 1.96 indicates positive correlation;
Z < −1.96 indicates negative correlation.
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On this basis, local spatial autocorrelation analysis was carried out at the district
(county) scale of the CCUA, and the local spatial autocorrelation of the CCUA was cal-
culated to reveal local spatial correlation characteristics and spatial agglomeration area
location. The specific calculation formula is:

Ii =

(
Xi − X

)
σ2 ∑n

j=1 Wij
(
Xj − X

)
(4)

The I coefficient takes values between [–1 and 1] where less than 0 indicates negative
correlation, equal to 0 indicates no correlation, and greater than 0 indicates positive correlation.

2.3.2. Model for Calculating the Rate of Aging

The average annual growth rate of the aging coefficient of each county in CCUA was
calculated by using the “exponential growth model” measurement method, and graded
and visualized by using the ArcGIS natural discontinuity method [32].

TAi(65+) = 1
n ln

[
pt+n

i (65+)

pt
i (65+)

]
− 1

n ln
[

pt+n
i (0+)

pt
i (0+)

]
= ri(65+)− ri(0+)

(5)

In the formula, pt
i(65+) and pt

i(0+) are the number of elderly people and total popu-
lation in each county unit; pi

t+n(65+), and pi
t+n(0+) are the number of elderly people and

total population in each county unit after n years; and ri(65+) and ri(0+) are the average
annual growth rate of elderly people and total population in each county unit.

2.3.3. Geodetector Analysis Methodology

GeoDetector is a spatial analysis method for detecting spatial dissimilarities as well as
revealing the driving forces behind them, and it is widely used to perform driver analysis
and factor analysis [33,34].

PD = 1 −
σ2

D,P

σ2
D,Z

(6)

σ2
D,P =

1
nD,P

∑nD,P
P=1(yD,P − yD)

2
(7)

σ2
D,Z =

1
nD,P

∑nD,Z
Z=1 ∑nZ,P

P=1(yZ,P − yZ)
2

(8)

PD denotes the effect of factor D on the dependent variable, σ2
D,P denotes the sum

of the variances of each categorical region, and σ2
D,Z denotes the overall discrete variance

in aging in the study area. nD,P denotes the number of sample sizes included in the
categorical region, nD,Z denotes the number of categorical regions, yZ,P denotes the value
of the attribute of all samples, yZ denotes the mean value of all samples, yD,P denotes the
value of the attribute of samples included in the categorical region, and yD denotes the
mean value of the classification region.

3. Results
3.1. Spatial and Temporal Evolution of Population Aging
3.1.1. Overall Rise in the Level of Population Aging and the Type of Shift

There are many indicators that can be used to measure the degree of aging, such as the
coefficient of aging and the ratio of old to young. Among them, the coefficient of aging is
an internationally and nationally recognized indicator. The coefficient of aging is the most
direct indicator used to reflect the phenomenon of regional population aging, and it is an
important symbol that reflects the degree and level of population aging. Therefore, this
paper chooses the coefficient of aging (the proportion of the population over 65 years old to
the total population) as the indicator of the degree of aging. We classify the population into
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six types based on the coefficient of aging, i.e., those with LD < 4.0% are in the young age
group (Type N), those with LD between 4.0% and 5.5% are in the adult type I stage (Type
CI), those with LD between 5.5% and 7.0% are in the adult type II stage (Type CII), those
with LD between 7.0% and 10% are in the old age type stage I (Type LI, mild aging), those
with 10% to 14% were stage II aged (Type LII, moderate aging), and those with more than
14% were stage III aged (Type LIII, severe aging) [35].

In 2000, the CCUA had already entered a state of mild aging, with the largest pro-
portion (86.9%) of Type LI people living 126 counties (districts) (Table 1, Figure 2a) with a
contiguous distribution. During that period, the spatial structure of urban agglomeration
did not affect the spatial pattern of population aging, and differences in the age structure of
individual districts and counties were prominent. There are obvious differences in the age
structure of individual regions due to the level of development and the concept of fertility.
The central areas of dual-core cities and individual central cities have a young age structure.
Specifically, only the southwest and northeast (both marginal areas of CCUA) still have
adult populations, and the core city (Chengdu) and the central area of the important node
city (Mianyang City) are Type LII. Lu County and Chongqing Yuzhong District are Type LII
and are the only two moderately aging districts (counties) within the CCUA. The aging
coefficients in Yuzhong District are as high as 10.56%, and Lu County is at 10.11%. Lu
County has a slow natural population growth while the number of women of childbearing
age continues to decrease. Yuzhong District is typical of low births, low deaths, and low growth.
This can be attributed to the fact that the combination of a large elderly population base
and relatively low natural increase has led to the development of a typical aging state in the
two districts (counties). Mabian Yi Autonomous County has the lowest level of aging and
is the only Type CI county, where the fertility rate is as high as 18.3% due to the influence
of ethnic minorities’ fertility policies and concepts, diluting the level of aging from the
bottom up.

In 2010, the CCUA had fully entered a state of moderate aging, with the vast majority
of the area being Type LII and only a small number of counties in the southern fringe
area still being Type LI (Figure 2b). During this period, the spatial structure of the urban
agglomeration began to influence the spatial pattern of population aging, which was
evident in the metropolitan area and within the dense urban areas. The aging of the
population in the metropolitan area gradually deepened from the center to the periphery.
The dual-core cities (Chengdu and Chongqing) have formed a typical core–high/periphery–
low circle of differentiation. The Qingyang district of Chengdu City and the Yuzhong
district of Chongqing City are Type LII, while the remaining peripheral districts are Type
LI. The increase in the aging level in the core area is the result of “aging in place”, while
the decrease in the low peripheral area is due to the inflow of a large number of young
adults. The fringe areas of the metropolitan area are Type LIII. Within the three urban
agglomeration zones, under the guidance of the urban agglomeration planning policy, the
development of the key areas has accelerated, and the population has been attracted to flow
into the better-developed central cities and nodal cities within the urban agglomeration
zones. Within the three dense urban areas, the Cuiping District of Yibin City, the Chuanshan
District of Suining City, the Shunqing District of Nanchong City, and the Tongchuan District
of Dazhou City, the level of aging did not change compared to 2000, and it was Type LI.
The main reason for this was the increase in the total population from 2000 to 2010, which
has had a diluting effect on the old-age population. Serious aging has occurred in the
fringe areas of the “one axis, two belts, two cores and three districts” of CCUA. Six counties
(districts), namely Lezhi in Ziyang City, Jingyan in Leshan City, Qingshen in Meishan
City, Yanting in Mianyang City, Tongliang County in Chongqing Municipality, and the
Jiangjin District, transitioned directly from mild aging in 2000 to severe aging in 2010. These
counties (districts) are all located in the fringe area of the CCUA’s “one axis, two belts,
two cores, and three districts”. Attracted to the core area and the axis, the populations
have been in a state of loss or contraction between 2000 and 2010. Population contraction
refers to a decrease in the total number of people in an area as a result of low birth rates,
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high death rates, and migration. Population loss refers to the phenomenon of population
movement from one region to another. The natural population growth rates in Lezhi
County, Jingyan County, and the Jiangjin District, of −1.17‰, −4.69‰, −4.0‰ (2020), are
of typical population contraction in the county. Severe population contraction leads to
deepening aging. Yanting County, with a household population of 537,200 and a resident
population of 457,000 (2020), is a population loss county. Population loss, especially the
outflow of young adults, can exacerbate the level of regional aging. Population contraction
and loss form the “residual aging” effect (i.e., the loss of young adults and the residual
elderly population, raising the level of aging).

In 2020, the degree of aging continued to deepen. Except for a few areas, the majority
of districts (counties) reached the advanced stage of heavy aging, with Type LIII accounting
for the largest proportion in 123 districts (counties) and Type LII in 20 districts (counties).
The spatial structure of an urban agglomeration has no significant spatial distributional
impact on population aging. Specifically, it has no impact on dense urban areas and CCDA
but has a certain degree of impact on metropolitan areas and core cities. Compared with
in 2010, the spatial structure of an urban agglomeration now has a weaker impact on the
spatial pattern of population aging. It is possible that the aging base of the population in
previous periods was too large or the number of people who were about to become elderly
people was too large, which exceeded the attractiveness of the spatial structure of the urban
agglomeration for the development of the population. Specifically, the metropolitan area
still has an impact, characterized by a low core and a high periphery. The twin core cities
within the metropolitan area still show a high core and low periphery. Compared with
the overall rise in the regional aging level, the ageing levels of the two core cities declined,
forming a strong contrast. On the one hand, the heavily aging region forms a contiguous
distribution situation; on the other hand, a typical low center–high periphery circle structure
has formed around the core of the two cities. The Chengdu Qingyang District and the
Chongqing Yuzhong District are the Type LIII, and the surrounding districts (counties) are
all Type LII. Among them, the core city, the Chengdu Pidu District, shows a prominent
difference compared to the surrounding areas, which are Type LI. The main reason for not
aging further is the dilution effect of aging due to the inflow of a young population. In
2010, the Pidu District had a resident population of 756,100 people, a household population
of 508,600 people, and a net inflow of 247,500 people; in 2010, the resident population was
1,390,900 people, the household population was 673,500 people, and there was a net inflow
of 717,400 people. The growth rate of the resident population is much larger than that of the
household population, and the population inflow is prominent, leading to a declining level
of aging. The impact on spatial differences in population aging is not obvious within the
boundaries of dense areas and urban belts, with differences occurring only in individual
central and nodal cities within their boundaries. The important node cities are the Cuiping
District of Yibin City, the Shunqing District of Nanchong City, the Funshan District of
Suining City, and the Hanyuan County of Ya’an City, which belong to the mutation type,
directly transforming from the Type LI in 2010 to the Type LIII in 2020. Combined with the
changes in total population, these districts (counties) are experiencing an increase in total
population and a concurrent increase in population aging, which is the result of “aging in
place” (Figure 2c).

McCarthy proposed “spatial agglomeration of aging population”, and divided the
process of aging area change into three categories: accumulation, recomposition, and
congregation [36]. With the help of the conceptual model of the population aging matrix,
the type of population aging within the urban agglomeration can be decomposed into
unchanged type, elevated type, leaping type, and conversion type. The unchanged type
implies that the population type is stable, while the rising, leaping, and transitioning types
indicate that the population type has changed and the degree of aging has increased.



Sustainability 2024, 16, 3710 9 of 23Sustainability 2024, 16, 3710 8 of 24 
 

 

(a) 

 

(b) 

 

(c) 

Figure 2. Distribution of population aging level in CCUA: (a) 2000; (b) 2010; (c) 2020. 

In 2010, the CCUA had fully entered a state of moderate aging, with the vast majority 

of the area being Type LⅡ and only a small number of counties in the southern fringe area 

still being Type LⅠ (Figure 2b). During this period, the spatial structure of the urban ag-

glomeration began to influence the spatial pattern of population aging, which was evident 

Figure 2. Distribution of population aging level in CCUA: (a) 2000; (b) 2010; (c) 2020.

Overall, the lifting type accounted for the largest proportion of counties (districts) in
the 2000–2010 and 2010–2020 time periods, and the number of counties (districts) increased
significantly (Figure 3), indicating that aging is continuing to increase. Conversion types are
mainly located at the edge of the CCUA and the periphery of major development areas. The
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conversion type decreased from 17 counties (districts) in 2000–2010 to 0 counties (districts)
in 2010–2020, and the general trend is to convert from young-type to adult-type (N-C)
from adult-type to old-age-type or (C-L), which indicates that these regions are completely
moving into having an aging society. The leapfrog type was distributed on the periphery
of the main development planning areas in 2000–2010, and mainly on the edge of urban
agglomerations and in some counties (districts) in the densely populated urban areas in
2010–2020. Leaping-type counties (districts) directly leap from young-type to adult-type II
(N-CII) or old-age-type I phase leaping into the Aging Type III (LI-LIII). Such as Shunqing,
Chuanshan, Hanyuan, Cuiping, Pingshan, and Qianjiang, all of which jumped directly
from Aging Type I to Aging Type III. These districts all have net population outflows, and
the loss of a large number of young and strong people has led to sudden changes in the
aging process of the population and the aging level has been passively raised over and
above the level of the aging process. The unchanged type of districts (counties) mainly
appeared in the periphery of the two major core cities and the two major dense urban areas
(NSGUAA, SSUAA) during the period of 2000–2010, but were displaced from 2010 to 2020
when they mainly appeared in the periphery of the main axis of development.
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Table 1. Changes in population aging level in CCUA in different periods.

2000 2010 2020

Average
Level (%)

Number of Counties
(Districts) Involved

Average
Level (%)

Number of Counties
(Districts) Involved

Average
Level (%)

Number of Counties
(Districts) Involved

N 0 0 0 0 0 0
CI 5.44 1 0 0 0 0
CII 6.48 16 0 0 0 0
LI 8.18 126 8.93 28 9.77 2
LII 10.34 2 12.09 111 12.46 20
LIII 0 0 15.26 6 19.36 123

3.1.2. The Level of Population Aging Is Characterized by a Clear Spatial Correlation

Using GeoDa software, the global Moran’s I values of the aging coefficients of the
CCUA in 2000, 2010, and 2020 were calculated to analyze the spatial correlation characteris-
tics of the aging level, the location of the agglomeration area, and its changes in the CCUA.
The p-test value is less than 1% and the Moran’s I index is positive, indicating that there is
a spatial correlation of the population aging level in the CCUA. With time, the Moran’s I
index shows a “high–low–high” trend, decreasing from 0.370 in 2000 to 0.332 in 2010 and
increasing to 0.424 in 2020, indicating that the spatial agglomeration of the population aging
level is moving from weakening to strengthening, and the spatial difference is increasing
(Table 2). The level of population aging in the past has been increasing. That is to say, it has
gradually evolved from continuous aging in the previous period to differential aging.

Table 2. Global Moran’s I estimate.

Year Moran’s I p-Test Value Z-Statistic Value

2000 0.370 0.001 7.7
2010 0.332 0.001 7.202
2020 0.424 0.001 8.851

From the local spatial autocorrelation LISA agglomeration map (Figure 4), the spatial
agglomeration types can be classified into four types: high–high agglomeration (HH
type), low–low agglomeration (LL type), high–low agglomeration (HL type) and low–high
agglomeration (LH type). The local spatial agglomeration characteristics of the population
aging level in the CCUA are clear, dominated by high-value agglomeration and low-value
agglomeration, indicating that aging has a typical spatial correlation. In 2000, the HH type
mainly appeared in the southwestern part of the CCUA in the northern districts (counties)
of Leshan City, Meishan City, Luzhou City, and the Chongqing Municipality, forming two
high-value agglomerations. The region is both a penetration area of the two city belts and
also a strong radiation area of the two cores. The LL type mainly appears in the southwest
and northeast, Dazhou City, Guang’an City, and the southern district (county) of Leshan
City, forming two low-value aggregation zones in the south and north, which are the edge
zones of the whole urban agglomeration.

In 2010, the LL type began to shift from the fringe areas of the urban agglomeration
to the double core, forming two major low-value agglomerations that are closely related
to the two core cities of the urban agglomeration. The HH type is moving closer to the
main axis of urban agglomeration development and is fragmented. Part of it spreads into
a semi-surrounding shape around Leshan City, moving closer to Chengdu City. Another
part is mainly in Ziyang City and the Dazu District of the Chongqing Municipality in the
middle of the Chengdu–Chongqing main axis of development. The rest are scattered in
Yanting County of Mianyang City, the Qijiang District, and the Shizhu Tujia Autonomous
County of Chongqing.
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(c) 2020.
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In 2020, the HH pattern further converged in space and evolved from the original
east–west spread to a north–south spread, with three main regions: the central part of the
CCDA, the periphery of Leshan City in the south, and Nanchong City in the north. It can
be seen that the CCDA, metropolitan areas and urban belts have a guiding and controlling
effect on the pattern of population aging. It can be seen that, under the influence of the
major development axes of the CCUA, the high and high-value zones mainly appear in the
areas outside or on the edge of the axes. Relative to 2010, the scope of the semi-ring-shaped
area centered on the low–high values in the city center of Leshan is shrinking, while the
scope of the high–high values in the central part of the Chengdu–Chongqing development
axis is expanding. The LL type occurs in the two core cities, and relative to the scope of 2010,
Chengdu is slightly shrinking, while Chongqing is expanding with a clear trend. This is
fully consistent with the overall decline in the population aging levels in the two core cities.

3.1.3. Accelerating Population Aging and Increasing Spatial Variability

The range of the aging speed is selected as the range of intervals with the largest and
smallest values of aging speed in the districts and counties of the CCUA. The low, medium,
and high categories of the aging speed thresholds are utilized by the natural breakpoint
method in the GIS software 10.2. Between 2000 and 2010, the range of the population aging
speed in the CCUA was [−1.3%~6.3%], with an average growth rate of 3.7%, of which
the maximum value of 6.3% appeared in Yuechi County of Guang’an City and Yanyang
County of Chongqing Municipality, and the minimum value of −1.3% appeared in the Pidu
District of Chengdu Municipality. The spatial variation in the aging growth rate shows
that the trends in the northeast and central and the south of the eastern area are greater
than those in the northwest and southwest. The variability in speed directly affects the
spatial variability of the aging level. Chongqing Municipality, Leshan City, Meishan City,
and Mianyang City have the most districts (counties) in which the aging speed greater
is than 3.8%; Chongqing Municipality has as many as eighteen districts (counties), in
Leshan City, there are eight, and in Chengdu Municipality, there is only one. Overall, the
high-speed areas are distributed in the peripheral areas of the two major cores and axes of
the urban agglomeration. The Chengde–Mianle city belt is a north–south low-speed zone.
The aging speeds in the dense urban area of South Sichuan and the dense urban area of
South Suiguang are also lower than those of other surrounding areas. The Pidu District,
Yuzhong District, and Jinjiang District have even become negative growth areas. It can be
seen that the main development axes and dense urban areas in the CCUA development
plan have an impact on the regional aging speed (Figure 5a).

Between 2010 and 2020, the range of the population aging speed in the CCUA was
[1.5%~7.5%], with an average growth rate of 4.4%, with the maximum value of 7.5%
occurring in the Anju District of Suining City, and the minimum value of 1.5% occurring
in the Shuangliu District of Chengdu City. The aging speed is high overall, with medium-
and high-speed growth dominating, and there are fewer counties with low-speed growth.
Spatially, the high-speed growth area has a tendency to move towards the west and center,
and the central and northwestern part of the urban agglomeration has the fastest aging
speed; the two core cities form a typical low-speed growth area, and the scope of the
area has further been enlarged compared with that between 2000 and 2010. The districts
(counties) within the main axis of Chengdu–Chongqing development are aging faster the
farther they are from the twin cores, with the Anju District, Anyue County, and Zizhong
County aging the fastest (Figure 5b).

Between 2000 and 2020, the range of the population aging speed in the CCUA was
[0.8–5.8%], and the average growth rate was 4%, with the minimum value (0.8%) appearing
in Pidu District, Chengdu City, and the maximum value (5.8%) appearing in Nanchong
City, Nanfang County. The spatial distribution in this period is similar to that during
2000–2010, indicating that the inertia of the population aging speed in the previous period
(2000–2010) is more prominent. The northeastern and central parts of the city are dominated
by high-speed growth, the two core cities are dominated by low-speed growth, and the
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regions along the two major city belts are dominated by low- and medium-speed growth.
Seven districts in Chengdu, such as Pidu and Shuangliu, six districts in Chongqing, such as
Yuzhong and Shapingba, and Longmatan district in Luzhou all have aging speeds lower
than 2.4%, making them typical low-speed growth areas (Figure 5c).
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3.1.4. “Old and Fast” Growth Characterized by the Predominance of the “Double
Growth” Model

Selecting the increase and growth rate of population aging level and establishing the
relationship mapping between population aging level and aging speed, we analyze the
matching relationship between the level and speed of population aging in the CCUA and
find that “old and fast” features are prominent, and the “double increase” type gradu-
ally dominates.

Between 2000 and 2010, the vast majority of districts (counties) in the CCUA were
in a state of mild aging accompanied by medium and high speeds, there was a lack of
“high and fast” type, and the growth rate of the non-aging areas was generally higher,
being medium- or high-speed-based (Figure 6a). The vast majority of counties (districts)
were of the “double increase type” (i.e., the aging level increases, speed increases). Only
in Jinjiang District and Pidu District, Chongqing Yuzhong District did the speed increase
while the level decreased (Figure 7a). In 2010–2020, the vast majority of districts (counties)
in the CCUA had a middle aging/moderate or high-speed status, with very few light
aging/high-speed types and heavy aging/low-speed types (Figure 6b). The characteristics
of the “double-increasing type” are more obvious, indicating that the “old and fast” trend
was further strengthened (Figure 7b).
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3.2. Factors Affecting Spatial and Temporal Changes in Population Aging
3.2.1. Selection of Indicators

Aging is the result of the combined effect of natural aging in place and external
population migration. Examining the internal factors, the population age structure, the
elderly population base, the fertility rate, and other factors have an endogenous influence
on population aging, which determines the features of aging in place and the residual
aggregation of the elderly [37–40]. Examined from the point of view of the externality factor,
urban agglomerations, as the center of population migration and aggregation, are the main
destination of the young and strong population, and the migration of the young population
has a significant dilution effect on the aging level [40–44]. Therefore, this paper selects
indicators such as the initial aging level, the proportion of the population aged 55–64, the
fertility level, the in-migration rate, etc., to explore exactly how the population development
inertia and population mobility factors have influenced the spatial and temporal changes
in the CCUA urban agglomeration’s aging. At the same time, considering the spatial
heterogeneity within the urban agglomeration (one axis, two belts, two cores, and three
districts), the influencing factors are concretized onto specific spatial units and subdivided
into subdivided studies to analyze the spatial heterogeneity of the driving factors.

The increase in the aging level during 2000–2010 (∆L2000–2010) and the increase in
the aging level during 2010–2020 (∆L2010–2020) are taken as the dependent variable, and
the aging level (L2000, L2010), the proportion of the population aged 55–64 (∆C55–64), the
fertility level (∆F), the in-migration rate (∆INr), and emigration rate (∆EMr) are talen as
independent variables (Table 3).

Table 3. Selection and description of indicators.

Type of Indicator Specific Indicator Symbol Indicator Description

Endogenous factors

Initial aging level L2000, L2010

The share of the population over 65 years of age in
the total population at the beginning of the study
period indicates the elderly population base and
largely influences the basic direction of aging.

the proportion of the
population aged 55–64 ∆C55–64

The higher the proportion of older persons to the
total population that will step in 10 years, the greater
the impact on the degree of population aging in
10 years.

the fertility level ∆F

The average number of surviving children of women
of childbearing age between 15 and 60 years was
chosen as a proxy variable for fertility level, with a
larger number indicating a larger young population.
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Table 3. Cont.

Type of Indicator Specific Indicator Symbol Indicator Description

Exogenous factors

the in-migration rate ∆INr
Inflows as a proportion of the total population, with
implications for population aging in both
in-migrating and out-migrating areas

emigration rate ∆EMr
The share of the outflow population in the total
population, characterizes the outflow of
the population.

3.2.2. Analysis of Results

In this study, we used the geodetector method to detect the influencing factors, and
closely combine the special characteristics of the spatial structure of urban agglomerations
to subdivide the influencing factors of population aging in core cities, node cities, central
cities, and key development areas (city belts and dense urban areas).

The influence of each factor on the spatial and temporal changes in the aging level is
different for different regions. And the factors have been deflected over time. However, in
general, external factors such as the in-migration rate and the out-migration rate have a
significant determining power on the urban agglomerations and their key regions (core
cities, nodal cities, main axes of development, city belts, and dense urban areas), and
are persistent. Endogenous factors such as the initial aging level, the proportion of the
population aged 55–64 years old, and the fertility level had a significant determining power
on the changes in the aging level between 2010 and 2020 (Table 4).

Table 4. Detection results of population aging factors in CCUA (2000–2010, 2010–2020).

L2000 ∆C55–64 ∆F ∆INr ∆Emr

2000–
2010

2010–
2020

2000–
2010

2010–
2020

2000–
2010

2010–
2020

2000–
2010

2010–
2020

2000–
2010

2010–
2020

CCUA
* D 0.04 0.42 0.27 0.06 0.09 0.24 0.32 0.12 0.19 0.15
S 0.42 0.00 0.00 0.60 0.13 0.00 0.00 0.00 0.00 0.00

Core City D 0.23 0.64 0.28 0.07 0.27 0.37 0.39 0.09 0.15 0.21
S 0.02 0.00 0.05 0.62 0.11 0.00 0.00 0.39 0.15 0.05

Center City D 0.09 0.62 0.54 0.21 0.10 0.25 0.12 0.18 0.36 0.13
S 0.62 0.00 0.00 0.54 0.73 0.11 0.17 0.21 0.24 0.44

Nodal City D 0.03 0.10 0.20 0.08 0.11 0.10 0.12 0.24 0.43 0.50
S 0.98 0.51 0.07 0.83 0.51 0.30 0.14 0.01 0.00 0.00

Chengdu-Chongqing
Development Axis

D 0.19 0.50 0.31 0.05 0.29 0.28 0.41 0.11 0.16 0.13
S 0.02 0.00 0.01 0.56 0.03 0.00 0.00 0.25 0.07 0.27

Chengde-Mianle City
Belt

D 0.08 0.67 0.48 0.13 0.22 0.39 0.48 0.22 0.22 0.18
S 0.54 0.00 0.00 0.54 0.60 0.02 0.00 0.04 0.16 0.32

Riverside City Belt D 0.03 0.27 0.11 0.17 0.22 0.27 0.19 0.04 0.52 0.16
S 0.93 0.71 0.58 0.87 0.99 0.14 0.29 0.99 0.13 0.94

* D: Determinacy; S: Significance level.

Between 2000 and 2010, analyzed from the perspective of the CCUA as a whole, the
determining power of the influencing factors, in descending order, was the migration rate,
the proportion of population aged 55–64, and the out-migration rate. This indicates that the
roles of population mobility (especially the in-migration rate) and population development
inertia are prominent. The most influencing factor of the population aging level in the areas
along the CCDA, migration rate, is still the most determining factor (D = 0.41), followed by
the proportion of the population aged 55–64 (D = 0.31) and the fertility level (D = 0.29). This
indicates that population mobility and age structure turnover have a prominent impact
on the change in the aging level, and at the same time implies that frequent population
mobility exists. Compared with the 2010–2020 period, the determining power of the initial
aging level increased sharply from 0.19 to 0.50, indicating that the base effect of aging
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appears; the determining power of the proportion of the population aged 55–64 decreased
drastically from 0.31 to 0.05, and the effect of the turnover of the population structure
weakened. Among the two major city belts, only the CDMLUB has been well developed,
and the determining power of the migration rate (D = 0.48) and the proportion of the
population aged 55–64 (D = 0.48) on the change in the aging level is obvious.

Only the fertility level and emigration rates of the two core cities did not pass the
significance test, and the rest of the factors have an impact on the change in the population
aging level, among which the highest determining power is the emigration rate (D = 0.39),
followed by the proportion of population aged 55–64 (D = 0.28), indicating that the core
cities, as the best-developed regions in CCUA, have attracted a large number of young
and strong people which has had a significant dilution effect on the aging level, and is the
fundamental reason for the decline in the two core cities. Compared with the period of
2010–2020, the determining power of both the in-migration rate and out-migration rate
have changed. The determining power of the out-migration rate has increased slightly, but
the determining power of the initial aging level and the fertility level has increased sharply.
This means that the factors influencing changes in the level of population aging have
shifted over time. In particular, the determining power of the proportion of the population
aged 55–64 years has changed drastically from 0.28 to 0.07, which indicates that the core
cities have a significant dilution effect on aging due to a large number of population flows.
The role of age structure substitution on the change in the aging level tends to weaken
in the core cities due to the movement of a large number of people. In comparison, the
proportion of the population aged 55–64 (D = 0.54) has a stronger determining power on
the change in the aging level of the population in the central city. The proportion of the
population aged 55–64 characterizes the replacement of the age structure of the population,
i.e., the larger the base of the population that will move into the elderly population in
10 years, the stronger the inertia of aging. Compared with the period of 2010–2020, the
determining power of the initial aging level in the central city have sharply increased from
0.09 to 0.62, while the proportion of the population aged 55–64 decreased from 0.54 to 0.21,
indicating that the role of the influencing factors has also undergone a metamorphosis and
that the inertia of aging has been enhanced, while the influence of age structure replacement
on aging has weakened. The nodal cities are mainly affected by the out-migration rate
(D = 0.43), and it is reasonable to argue that the nodal cities also play a key role in the urban
agglomeration and represent the net inflow of population. However, due to the low level
of development in the CCUA as a whole, the efficacy of the nodal cities has not yet been
brought into full effect or has been replaced or covered up by the core’s siphoning effect.
Therefore, young people favor the core cities that have more opportunities, resulting in the
nodal cities becoming the net outflow of the population instead. The result is the residual
gathering of the elderly population, which raises the level of aging. Compared with the
period of 2010–2020, the determinants of the in-migration rate and the out-migration rate
are both rising. This shows that as the level of urban agglomeration construction in the
nodal cities continues to rise and the pattern of population mobility is undergoing subtle
changes, which in turn affects the changes in the level of aging.

During the period 2010–2020, only the proportion of people aged 55–64 in the CCUA as
a whole failed the significance test, and the initial aging level, fertility level, and population
mobility all had a positive impact on population aging. Different regions within the CCUA
are similarly affected by the initial aging level, fertility level, and population mobility.
Specifically, the initial level of aging plays a decisive role in the core cities, central cities,
the CCDA, and the CDMLUB. This indicates that aging has a fundamental impact and
that past levels of aging influence the trend and direction of future changes in aging.
Additionally, fertility levels have a significant influence on the core cities, CCDA, and
CDMLUB. A decrease in fertility rates in more developed regions leads to a decrease in the
young population and an increase in the proportion of the elderly population. Furthermore,
population mobility factors also have a strong impact on the core cities, node cities, and
CDMLUB within the urban agglomeration. The migration of populations within key areas
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results in noticeable dilution effects on aging levels (especially declining). The CCUA
is the most economically developed and highest-status urban agglomeration in western
China; particularly after the cross-provincial population migration, it will reshape the
age structure of the regional population, thus affecting the aging level of the population.
Within the CCUA, those in relatively underdeveloped regions (particularly those on the
fringes of urban agglomerations) are attracted to core cities, central cities, dense urban
areas, and other key regions. This cross-city population migration also affects levels of
population aging.

From the perspective of the dynamic change in the determining power of each factor
in the two periods of 2000–2010 and 2010–2020, the CCUA as a whole, the core city, the
CCDA, and the CDMLUB have experienced changes in the migration rate and the initial
aging level in the two time periods. The determining power of the initial aging level grows
significantly faster than the migration rate, which is the factor with the greatest determining
power. This shows that, based on the influence of the mobile population, the influence of
the level of initial aging on the level of population aging increased in the period 2010–2020
and has had a direct impact on population aging. The main influencing factor in the central
city has changed from the proportion of the population aged 55–64 to the initial aging level,
indicating that the aging level of the central city is mainly affected by the further aging
of the population over time. In the period of 2010–2020, the population aging level was
influenced by the aging level of the previous period, i.e., the population that became old in
2010, and the degree of aging further deepened. Nodal cities are affected by a single factor,
namely, population mobility.

4. Discussion and Conclusions
4.1. Discussion

Urban agglomeration is the outcome of urbanization reaching an advanced stage,
typically progressing through the phases of isolated and dispersed development, inter-city
(strong) weak linkage, prototype formation of a metropolitan belt, and finally maturation
of the metropolitan belt [45]. Alternatively, it can be described as undergoing stages from
prototype development to rapid development, tending towards maturity and ultimately
achieving mature development [46]. This process encompasses both the phenomenon
of population aging in place and the accompanying migration dilution that arises from
increased mobility. In Western developed countries, particularly in metropolitan areas, the
process of urbanization has transitioned towards suburbanization and reverse urbanization.
Consequently, there is a notable migration and concentration of elderly individuals from
the core area to the suburbs or edge areas [14] (Johnson K M, 1989). China is still in the
middle and late stages of industrialization and urbanization, but like the general trend
in the country, population aging in urban agglomerations continues to be serious [17,19].
However, the spatial and temporal patterns of population aging in urban agglomerations
with varying levels of development and geographical locations exhibit some degree of
heterogeneity. Specifically, coastal city agglomerations experiencing a significant influx of
people are undergoing aging at a relatively slower pace [17]. Conversely, the Ha-Chang and
Liao-Zhong-South city agglomerations, characterized by substantial population loss, are
witnessing a comparatively accelerated aging process that is progressively worsening [17].
In addition to the mature city agglomerations of the Yangtze River Delta, Pearl River Delta,
and Beijing–Tianjin–Hebei, the remaining city agglomerations (like the CCUA) are currently
in a stage of growth or cultivation. These agglomerations exhibit centripetal migration
patterns and have become primary destinations for external populations. The significant
influx of young and middle-aged individuals has varying degrees of influence on the aging
process and level of urban agglomeration, either diluting its effects [19] or contributing
to residual aggregation. This study has a similar pattern, finding that the CCUA is in the
growth stage, and the population flows into the core area of the twin city cluster. The
different spatial structures within the city cluster lead to different development dynamics
between the core and the edge. Core cities and node cities have different attractions due
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to population and economic factors. Therefore, core areas and core cities tend to slow
down the aging rate and degree by attracting foreign populations. However, the marginal
areas, under the strong siphoning effect of the core areas and core cities, often lead to
the formation of residual aggregation dynamics of the elderly population, superimposing
residual aggregation on aging in place. This makes aging fast and old [25], leading to a
more complex pattern of aging within urban agglomerations. Despite the slowing down
of population mobility in China, urban agglomerations (especially the CCUA) are still
the preferred location for migrating populations, implying that mobility factors will still
produce a lasting influence on the evolution of population aging. On the other hand, from
2022 onwards, China’s population development has reached an inflection point, creating
negative growth, a reduction, and the oligomerization a foregone conclusion. This means
that the logic of urbanization and aging in China has changed and that low fertility and
longevity will lead to a greater likelihood of “aging in place”, while the influence of the
mobility factor on aging will weaken.

Through in-depth study of the causes, characteristics, and trends in population aging
within the CCUA, it can enable the CCUA and other similar urban spaces to more accurately
grasp the impact of the differences in spatial structure development within the CCUA
on population aging. It provides an important reference basis for the formulation of
urban spatial development planning, which can respond to the challenges of aging in a
timely and targeted manner, promote social harmony and stability, and achieve sustainable
urban development.

4.2. Conclusions

Based on 2000, 2010, and 2020 population census sub-county data, this study utilized
geodetector analysis, spatial correlation analysis, and other methods to study and analyze
the causes of population aging in the districts (counties) within the CCUA, and draws the
following conclusions:

Firstly, from 2000 to 2020, the CCUA has gone through the process of “light–medium–
heavy” change and the aging level of the population continues to increase. With the changes
in the development level of different levels of cities and planning axes within the urban
agglomeration, the spatial differentiation of the aging level has appeared and become
obvious. Specifically present in 2000, in addition to some better-developed areas for adult
type, most of the rest of the continuous light aging area. The 2010 population aging level of
the CCUA development axis gradually appeared, the core city formed the core area of the
high–low periphery of the circle structure, and the two city belts radiated out towards the
peripheral districts (counties) to take the lead in the heavy aging. By 2020, the entire urban
agglomeration area, except for remote areas, had completely moved towards a deeper
type of aging, which was focused around the double core city to form a typical aging level
“collapse zone”; in the rest of the districts (counties), the trend of heavy continued.

Secondly, there is a strong spatial correlation within the aging level of the population in
the CCUA; the spatial agglomeration moved from weak to strong and the spatial difference
increased with time. Spatial agglomeration is dominated by high-value agglomeration and
low-value agglomeration, and high-value agglomeration and low-value agglomeration
are influenced by the development axis of the CCUA, with low-value agglomeration areas
approaching the core cities, and the high-value agglomeration areas moving to the areas
outside the axis or the poorly developed axes and belts.

Thirdly, the aging rate of the population in the CCUA is on the high side as a whole,
with medium- and high-speed growth, and the spatial differentiation is influenced by the
development axes and dense urban areas. Between 2010 and 2020, the central and northern
parts of the cluster had the fastest growth rates, and the aging rates of the areas passing
through the urban zones and some of the dense urban areas were lower than those of
the surrounding areas. Between 2000 and 2020, the northeastern and central parts of the
cluster had a faster growth rate. Some of the better-developed city districts had a lower
rate of population aging than other counties and they can be seen to be spatially clustered.
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The further away from the dual-core region within the Chengdu–Chongqing development
axis, the faster the aging rate. Analyzing the relationship between the population aging
level and aging speed, it was found that the “old and fast” feature is prominent, and the
“double-growth” type has gradually dominated.

Fourthly, the geodetector analysis shows that population aging in the CCUA is the
result of both endogenous and exogenous factors. There is heterogeneity in the drivers of
population aging in different spatial units of urban agglomerations (core, axis, and densely
populated urban areas). In terms of the internal spatial structure of the CCUA, the changes
in population aging level in the core cities, central cities, the CCUA development spine,
and CDMLUB were mainly affected by the migration rate in the early stage, and by the
initial aging level in the late stage. The YZUB city belt had a smaller overall impact, which
was mainly affected by the migration rate in the early stage and the fertility level in the
later stage. Due to the limitation of development conditions, the nodal cities are mainly
affected by the population flow, with more serious population loss. And affected by the
proportion of the soon-to-be-elderly population in the later stage.

The research led to some new findings. Urban agglomeration is a form of spatial
organization that allows cities to develop to a mature stage, and the spatio-temporal
process of population aging in urban agglomerations is more specific than that in individual
cities. The spatial structure (core, axis, and densely populated urban areas) of the CCUA
profoundly affects the level, speed, and type of population aging. The CCUA is a typical
dual-core urban agglomeration; while jointly attracting migrant populations, due to the
uneven development of the two cities, Chengdu and Chongqing are also competing for the
population (especially young and middle-aged people) and resources within the region,
resulting in completely different population flows in different spatial units within the urban
agglomeration. The heterogeneity of the residual and aggregated elderly population is
more prominent, and there is heterogeneity in the factors driving population aging across
different spatial units (core, axis, and densely populated urban areas).
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