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An aging population is one of the main features of China’s current population

structure, and it is a key area that needs attention to achieve high-quality

population development. Because of its unique geographical environment,

economic conditions, and sociocultural background, the study of population

aging in the karst region of southwest China is particularly important. However,

there is a lack of research exploring the regional di�erentiation of population

aging and its influencing factors in the karst regions of southwest China. In light

of this, we chose Anshun City, located in Guizhou Province’s southwest area,

as the case study area. We used the Lorenz curve and spatial autocorrelation

to study the di�erences in the spatial distribution pattern of population aging

and introduced multi-scale geographical weighted regression to explore its

influencing factors. The results show that Anshun City’s older people population

proportion (OPP) is generally high with more than 7% of the older people there,

making it part of an aging society. The OPP appeared high in the east and low

in the west in spatial distribution; the older people population density (OPD)

revealed a gradually increasing trend from south to north. At the township scale,

both the OPP and the OPD showed significant spatial positive correlation, and

the spatial agglomeration characteristics were obvious. OPD and OPP have

a positive spatial correlation at the global level, and townships with similar

OPP or OPD were spatially adjacent. The spatial distribution characteristics

of population aging are the consequence of complex contributions such as

natural, social, economic, and karst factors. Further, the spatial distribution

pattern of aging is determined by a variety of influencing factors, which have

di�erent directions and intensities. Therefore, it is necessary to formulate and

implement corresponding policies and strategies to deal with the aging problem

in the future.
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1 Introduction

Population aging refers to the dynamic process of an increasing

proportion of older adults in the population (1). Along with the

expansion in scale and acceleration of population aging globally,

population aging has become an important issue that needs to be

addressed urgently by all, especially in developing countries (2)

where its impact is far-reaching and diverse. China, as the largest

developing country in the world, has attracted wide attention in

recent years for the trend, speed, and characteristics of population

aging, along with new characteristics such as “rapid growth trends,

obvious regional differences, and diverse provincial differences”

(3). According to China’s seventh national census in 2020, the

proportion of people aged 65 and above had reached 13.5%, while

the proportion of those aged 60 and above had reached 18.7%.

The intensification of population aging has had a profound impact

on China’s society, economy, medical and health care, family, and

other aspects (4). Socially, the increase in the older adult population

intensifies the social burden and places higher requirements on

the social security system. Economically, aging may lead to labor

shortages, labor market imbalances, and other problems, which will

have a negative impact on China’s economic development. In terms

of medical and health care, with an increase in the older adult

population, the demand for medical resources is also increasing,

which places higher requirements on the medical and health

system. In terms of family, aging may lead to changes in family

structure, such as the increase in the phenomenon of empty nesters,

which brings more challenges and responsibilities to families.

Therefore, it is necessary to study the spatial differences and factors

that influence population aging to help the government formulate

population development policies and promote the coordination of

population, resources, and environment (5).

As one of the popular topics in population geography,

population aging has been explored and studied by many scholars.

At present, the relevant research on population aging focuses

on the following points. First, it focuses on the measurement

and calculation of population aging indicators. In general, single

indicators such as older people population proportion (OPP), older

people population density (OPD), and older people dependency

ratio (ODR) were used to measure the level of population aging (6).

However, some scholars have proposed that composite indicators

can more precisely reflect the severity of population aging. For

example, Xu et al. (7) established a comprehensive population aging

index system composed of the number, proportion, and density of

the older adult population.

Secondly, the study of population aging focuses on the

behavior analysis of the time evolution characteristics and spatial

differentiation characteristics of population aging. The analysis of

temporal evolution is based chiefly on census data, describing the

variation trend and evolution stage of the long-term series of older

people at the national or provincial level (8). For example, Zhou

et al. (9) pointed out that the overall trend of the older adult

population proportion has been fluctuating increasingly from 1990

to 2016 in China, and all provinces except Tibet have entered an

aging society. Kashnitsky et al. (10) found that the differences in

the age structure of the population across urban and rural regions

in the European NUTS-2 region had no significant difference over

time. Spatial differentiation usually entails focusing on a specific

region of a medium scale as the research object, and through spatial

autocorrelation analysis (11), standard deviational ellipse (12),

and kernel density estimation (13), the agglomeration types and

spatial correlation of population aging are studied. For instance,

Guan et al. (14) measured the level of population aging in 100

districts and counties in Liaoning Province from 1990 to 2010

and found that the spatial distribution of population aging in the

province showed an unceasingly intensifying northeast-southwest

pattern. County areas along the Shenyang-Dalian line showed

a stronger effect of aging within the whole province. Similarly,

Zhao et al. (15) pointed out that the Chinese population aging

showed noticeable regional differences, and the spatial distribution

of the older adult population tended to be concentrated or

dispersed based on different cities. Li et al. (16) reported that the

population aging in the Shandong Province at the township scale

had a positive spatial correlation in the whole area, and different

townships showed apparent spatial differences. However, small-

scale studies have accurately described the different characteristics

of population aging (17) and also identified new problems, such

as regional differences in population aging that are amplified at

the micro-scale.

Thirdly, focusing on the study of the factors affecting the

spatial differentiation of population aging helps in the discussion

of countermeasures. These factors mainly include natural factors,

social factors, and economic factors. The manner in which physical

geographic factors influence the spatial differentiation of regional

population aging is a complex and important problem and includes

natural factors such as temperature, rainfall, elevation, slope,

and so on (18). Some researchers have proposed that unique

environmental factors in specific regions significantly impact

spatial differentiation of population aging. For example, Ying et al.

(19) studied the impact of rocky desertification on the aging

population in Guizhou Province and found that an improvement in

the rocky desertification has a stronger effect on population aging.

Social factors mainly include migration rate, medical facilities level,

education level, and ethnic structure (20, 21). Economic factors

include GDP per capita, urban and rural structure (URS), land use,

etc. (5, 22).

Another important issue of population aging research is to

explore whether the mechanism of different scale factors is unified.

For example, Wu et al. (23) found that the impact of migration

rate on population aging at the provincial level or larger scale was

positive, while Zhao et al. (15) reported that migration rate was

negatively related to population aging at the county level.

In terms of research methods, the Bayesian Space-Time

model (24), geo-detector (22), quantile regression model (25),

and geographically weighted regression (GWR) (26) are the main

methods used in population aging-related research. With regard

to research areas, current population aging studies tend to choose

developed cities for case studies leading to subjective and one-

sided research results that cannot accurately reveal the overall

characteristics of population aging (27).

The karst mountain area is a unique natural landscape in

southwest China. Its topography, geomorphology, and geological

features are unique and rich in diversity. Its special geological

features and the fragile ecological environment in the face of

Frontiers in PublicHealth 02 frontiersin.org

https://doi.org/10.3389/fpubh.2024.1351395
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhang et al. 10.3389/fpubh.2024.1351395

heightened human activities have resulted in the karst area of

southwest China becoming significantly vulnerable. The fragile

ecological environment and strong human activities in southwest

China’s karst area make it highly vulnerable. This vulnerability is

not only reflected in the deterioration of the natural environment

but also in the lagging economic and social development. This has

further triggered the outflow of a large number of the local young

population (28), resulting in the imbalance of the local population

structure and the increasingly serious problem of population aging.

In general, population research is easily affected by research

scale, and the smaller the scale of the basic research unit, the

more helpful it is to scientifically reveal the spatial behavior and

interactive characteristics of the temporal behavior of population

structure development. Therefore, in this study, we chose to

examine the differences in spatial distribution and the influencing

factors of population aging in typical cities in the karst landform

area based on research at the level of towns and villages. However,

it should be pointed out that a more detailed study at the township

scale also means limited access to various basic population data

compounded by relatively significant collection and collation

difficulties, resulting in differences in the degree of direct reflection

of the selected indicators on the spatial distribution of population

aging. Consequently, township units in Anshun, a typical city in

southwest China, were selected as the case study area. Lorenz curve

and spatial autocorrelation were used to study the differences in

the spatial distribution pattern of population aging, and multi-

scale geographical weighted regression (MGWR) was introduced to

explore the influencing factors. The result will provide a decision-

making basis for solving the problem of population aging in the

karst mountains.

2 Materials and methods

2.1 Study area

Anshun City, with an area of 9,267 sq km, is located in

the central and western part of Guizhou Province (Figure 1),

on the eastern slope of the Yunnan-Guizhou Plateau, which is

a typical karst landform area. The region is elevated high in

the northwest and low in the southeast, with many mountains

and rivers crisscrossing. The lowest elevation is 327m and the

highest elevation is 1,850m. According to the seventh national

census bulletin of Anshun City in 2020, the city has a permanent

population of 2,470,630 people. Among them, the older adult

population aged 60 and above is 392,951 people, accounting for

15.90% of the total population. The older adult population aged

65 and above is 286,962, accounting for 11.61% of the total

population. Compared with 2010, the proportion of people aged

65 and above has increased by 2.93 percent. In the six counties

and districts under the jurisdiction of Anshun City, the proportion

of the older adult population aged 60 and above exceeds 15%,

and the proportion of the older adult population aged 65 and

above exceeds 10%. Among them, Zhenning County has the

highest proportion of the population aged 60 and above, reaching

16.54%. The total population of Anshun City is moderate, but

the population distribution is uneven, mainly concentrated in the

central city and the area along the roads. With the acceleration

of the urbanization process and an increase in population flow,

the population structure of Anshun is also changing. The aging

problem is gradually getting prominent, and the city is faced with

human resource problems such as brain drain and labor shortage.

In China, the rural-urban structure is unique, with subdistricts

often referred to as “streets.” The streets (subdistricts) of Xinan,

Xuxiu, Ningxi, Baihe, and Yunling were divided from the pre-

existing streets in 2019 and lack a clear boundary in the most

recent Anshun map. We integrated these streets with the streets

they were originally a part of in order to guarantee the reliability

and correctness of the statistics data. Finally, 87 township research

units were selected as research cases.

2.2 Data source

The population aged 65 and older was selected as the research

object in this study. We obtained the township boundaries of

Anshun from the Guizhou Provincial Platform for Common

GeoSpatial Information System (https://guizhou.tianditu.gov.cn/).

OPP, OPD, migration rate, and education level were collected

from the Seventh National Census Report of Anshun. Digital

elevation model (DEM) and Landsat8 image were downloaded

from Geospatial Data Cloud (http://www.gscloud.cn/sources/).

Temperature, rainfall, GDP, and karst landform data were obtained

from a 1 km raster data set provided by the Resource and

Environmental Science and Data Center (http://www.resdc.cn/).

PM2.5 data were collected from a (0.01◦ × 0.01◦) data set provided

by the Atmospheric Composition Analysis Group, Washington

University (https://sites.wustl.edu/acag/datasets/surface-pm2-5/).

URS and ethnic structure were obtained from theAnshun Statistical

Yearbook 2020 (http://www.anshun.gov.cn/zfsj/tjnj/). Medical data

were crawled from Gaode map. Karst proportion and karst

lithology were obtained from 1:1,000,000 Digital Geological maps

of the People’s Republic of China (29). River data was collected

from 1:250,000 vector map data provided by the National Catalog

Service for Geographic Information (https://www.webmap.cn/

main.do?method=index/). Construction land and cultivated land

were downloaded from a 10m raster data set provided by World

Cover (https://viewer.esa-worldcover.org/worldcover/).

2.3 Research method

2.3.1 Lorenz curve
The Lorenz curve (also known as the frequency accumulation

curve) is a tool used to analyze the distribution of a regional

population. The shape of the Lorenz curve can reflect the

uniformity of population distribution. If the curve is close to

a diagonal, it means that the population is relatively evenly

distributed across regions. The further the curve deviates from

the diagonal, the more uneven the population distribution, that

is, the population density in some areas is much higher than in

others (30). We also calculated the Gini coefficient based on the

Lorenz curve; its value ranges between [0,1], where 0 represents the

absolute equilibrium of population distribution, and 1 represents

the complete imbalance of population distribution (31).
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FIGURE 1

Study area.

2.3.2 Spatial autocorrelation
Spatial autocorrelation reveals the spatial aggregation degree of

a particular geographical object’s attribute value and its adjacent

units’ attribute value (14). It is divided into global spatial

autocorrelation and local spatial autocorrelation.

2.3.2.1 Global spatial autocorrelation

The Moran’s I index was used to analyze the global spatial

autocorrelation of population aging at the township scale in

Anshun City. The global correlation of population aging at the

township scale can be calculated as follows:

Moran′s I =

n
∑

i=1

n
∑

j=1
Wij (xi − x̄)

(

xj − x̄
)

S2
n
∑

i=1

n
∑

j=1
Wij

(1)

Where, Moran’s I represents the global autocorrelation

coefficient, n represents the number of research units, Wij is the

spatial weight, x is the average, and xi and xj represent the observed

values of administrative units i and j, respectively. Moran’s I index

ranges between 0 and 1, Moran’s I > 0 indicates a global positive

correlation, with similar values clustered spatially Moran’s I > 0

indicates a positive spatial correlation, Moran’s I < 0 indicates a

global negative correlation, and the values of neighboring towns

differ greatly, indicating that the global distribution is dispersed.

In theory, when Moran’s I = 0 indicates no correlation or random

distribution (32).

2.3.2.2 Local spatial autocorrelation

Local spatial autocorrelation reflects the degree of spatial

correlation between the attribute value of a spatial object and the

attribute value of its neighboring region and is used to explore

the clustering degree or heterogeneity of the attribute value of a

spatial object in the local space. It can be used to represent the local

agglomeration of population aging distribution at the township

scale. The local spatial autocorrelation measure can be represented

by LISA. The calculation formula is shown in Equation 2:

LISA =
(xi − x̄)

S2

n
∑

j=1

Wij

(

xj − x̄
)

(2)

Where, S2 represents the variance, other variables are consistent

with those described in publicity (Equation 1). When the LISA

value is positive, it indicates high-high concentration (H-H type)

or low-low concentration (L-L type), That is, the aging degree of

the population in this town and the surrounding towns is both

high or low. When the LISA value is negative, it means high-

low agglomeration (H-L type) or low-high agglomeration (L-H

type), that is, the population aging degree of the township is

inconsistent with the trend of population aging degree of the

surrounding townships.
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2.3.3 Multiscale geographically weighted
regression model

In the past, researchers have adopted various statistical and

analytical methods, such as multiple linear regression (MLR),

spatial regression (SR) geographical weighted regression (GWR),

and so on. However, in the MLR it is easy to ignore the spatial

interaction of influencing factors, while in the SR it is easy to

ignore the spatial non-stationarity of influencing factors. Although

the GWR can effectively detect spatial non-stationarity, it ignores

the consideration of the differential scale effect of influencing

factors, which may lead to errors in the regression results (33,

34). Multiscale geographical weighted regression (MGWR) is an

extension and supplement to the traditional GWR, which can

provide different spatial smoothing levels and specific bandwidths

for each variable, generate a spatial process closer to the actual

effect (35), and carry out regression fitting analysis on different

spatial scales. Thus, the spatial heterogeneity of each variable’s

influence on the dependent variable at different spatial scales can

be explained more accurately, the above method problems can be

effectively solved, and the scale differences of different influencing

factors can be identified (36). In this study, MGWR was used to

explore the influencing mechanism and spatial heterogeneity of

population aging spatial differences and compare the differences

of each influencing factor. The calculation formula is shown in

Equation 3:

yi = β0 (ui, vi) +

n
∑

j=1

βbwj (ui, vi) xij + εi (3)

Where, yij represents the explained variable, xij is the

explanatory variable, β0(ui, vi) represents the location intercept

of research unit i, βbwj is the local regression coefficient of the

jth explanatory variable of research unit i, and bwj represents the

bandwidth used when estimating the jth explanatory variable, εi is

the error term.

3 Results and analyses

3.1 Spatial distribution characteristics of
population aging

To specifically illustrate the spatial distribution characteristics

of population aging in Anshun City, we referred to the classification

of population aging proposed in previous studies (5, 37), then

divided the OPD and OPP into four and six types, respectively.

OPD ≤ 25 person/km2 was the scarce-density type, 25 person/km2

< OPD ≤ 50 person/km2 was the low-density type, 50 person/km2

<OPD≤ 100 person/km2 was the medium-density type, and OPD

100 person/km2 was the high-density type. OPP < 4% was young-

proportion type, 4% OPP 5.5% was adult-proportion type, 5.5%

≤ OPP 7% was adult -proportion type, 7% OPP < 10% was old-

proportion type, 10% ≤ OPP < 14% was old -proportion type, and

OPP ≥ 14% was old -proportion type.

As shown in Figure 2A, the density type in the townships of

Anshun was dominated by the scarce-density type. Specifically,

approximately 35 townships showed the scarce-density type and

accounted for 40.23%, indicating that the OPD of Anshun City

was generally low. Figure 2B shows that OPP in all townships

exceeded 7%, which means Anshun has entered the aging society

overall. Approximately 48 townships had old-proportion type

accounting for 55.17%. The OPD showed a trend of increasing

gradually from south to north in space. Most of the towns

in the south of Anshun belong to the scarce-density type,

but Wufeng Street (34 person/km2) and Songshan Street (35

person/km2) appeared to be of low-density type. The density

type of the northern townships was primarily low-density or

medium-density, occasionally interspersed with high-density type

represented by Dongguan Street (293 person/km2), Xihang Street

(417 person/km2), and Huaxi Street (209 person/km2). OPP

showed a trend of increasing gradually from west to east and

appeared “high in the east and low in the west” in spatial

distribution. The townships with higher OPP were mainly

distributed in the east of Anshun City, showing a thin distribution.

Among all the townships in the city, the OPP of Huangla town

was the highest (19.61%), indicating that the town was vulnerable

to the serious impact of population aging. On the contrary, the

western township mainly presented old -proportion type and also

contained a few old -proportion type such as Dingyun Street (8.3%)

and Chuandong Street (7.7%).

The Lorenz curve for the older people population was plotted

by sorting the OPD of each township in ascending order,

calculating the cumulative area percentage and the cumulative

population percentage, and then calculating the Gini coefficient.

The permanent population Lorenz curve was also introduced for

comparison. As shown in Figure 3, although the curvature of the

population of older people Lorenz curve was smaller than the

permanent population Lorenz curve, it still presented a substantial

deviation from the mean line. Meanwhile, the Gini coefficient of

the older people population (0.419) was also smaller than that of

the permanent population (0.478), and greater than the absolute

average value. This indicated that although the spatial difference

between the population of older people was less than that of

the permanent population, it still showed significant unbalanced

characteristics in spatial distribution. Specifically, 26% of the

permanent and 30% of the older people population were distributed

on 60% of the land area of Anshun. When the cumulative land area

increased to 90%, the proportion of the permanent and older people

populations only increased to 61% and 66%. However, 39% of the

permanent and 34% of the older people population gathered on

narrow land with only 10% of the area (Figure 3). The distribution

of the older people population in the vast majority of townships was

relatively scattered. Still, a few townships were oversaturated with

the older people population, showing the characteristics of “small

concentration and large scattering.”

3.2 Spatial correlation characteristics of
population aging

The global Moran’s I index of OPD and OPP were calculated

by GeoDa (Table 1). Table 1 shows that Moran’s I index of OPD =

0.487, p < 0.01, Z score > 2.58 (99% confidence interval), while

Moran’s I index of OPP = 0.186, p < 0.01, Z score > 2.58 (99%

confidence interval). These results indicated that OPD and OPP
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FIGURE 2

Spatial distribution of the older people population. (A) Older people population density. (B) Older people population proportion.

FIGURE 3

Lorenz curve.

have a positive spatial correlation in global scope, and townships

with similar OPP or OPD were spatially adjacent. We then drew

LISA cluster maps to explore the spatial association of OPP and

OPD in local scope, respectively.

From Figure 4A, we can see that the OPD in local scope

included high-high and low-low agglomeration types besides

not significant units. High-high types of townships were mainly

distributed in the central parts of the Xixiu District, which showed

that the local spatial population aging index had obvious spatial

agglomeration and similarity. The main reason is favorable climate,

flat terrain, fertile soils, etc. (31), as well as the relatively high

level of economic development, good social welfare conditions,

and a perfect medical security system. These factors attracted

more older adults to move in, and the density of the older adult

population in the region has increased, forming a concentration

of older adult population. Low-low types of townships were

distributed in the southern part of Anshun in the form of clusters.

The significant characteristics of these townships are relatively

poor natural environmental conditions (complex terrain, poor

soil, fragile ecology), relatively backward social and economic

development, and poor social welfare benefits and an imperfect

medical security system for the older adult population, leading

to their outflow, thus forming a low concentration area for

OPD development.

As shown in Figure 4B, OPP in local scope included high-high,

low-low, and high-low agglomeration types besides not significant

units. High-high types of townships were concentrated in the

northeast boundary of Anshun, which has relatively flat terrain

and convenient transportation, the region was geographically close

to Guiyang, the capital of Guizhou Province. Further, economic

reasons guide young people to migrate out of the city (38),

resulting in the region having a larger share of older adults,

which worsens population aging in this area. Low-low types of

townships were concentrated in Songqi town, Yaopu town, and

Baiyan town, showing a coupling relationship with townships with

high economic levels. The main reason is that towns with higher

economic development levels attract a large number of young

migrant workers, thus diluting the proportion of the older adult

population in the region. High-low types of townships were mainly

located on the western and southern borders of Anshun City.

These types of townships border on streets under the jurisdiction

of the county, such as Wufeng and Chuandong streets, which

are significantly affected by the population siphon effect (14);

these areas displayed a higher level of population aging than

surrounding areas.
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TABLE 1 Global autocorrelation analysis.

Dependent variable Moran’s I index p-value Z score Confidence interval

OPD 0.487 0.001 8.753 99%

OPP 0.186 0.005 2.974 99%

FIGURE 4

LISA clustering map of population aging index. (A) Older people population proportion. (B) Older people population density.

3.3 Influencing factors of spatial
distribution di�erences of population aging

3.3.1 Selection of influencing factors
The spatial distribution characteristic of population aging at

the township scale was influenced by complex and comprehensive

factors. We referred to previous empirical research to identify

the influencing factors (9, 39, 40) and the unique geographical

characteristic factors of the karst mountainous areas (19, 31). Based

on the actual regional development, we selected 18 variables from

four dimensions including natural factors, social factors, economic

factors, and karst factors. The specific indicators are listed in

Table 2.

3.3.2 Analysis of MGWR regression coe�cient
results

The Pearson correlation coefficient and statistical significance

of the different factors with OPP and OPD were assessed through

SPSS. As shown in Table 3, the four variables of GDP per capita,

migration rate, urban and rural structure, and education level, all

passed the 1% or 5% significance test. The elevation variable failed

to pass the significance test. The remaining 12 variables passed only

a single significance test with OPP or OPD. In this study, the mean

strength of the two dependent variables was separated into the

following four categories based on the average absolute value of the

impact factors: both influence, only influence OPD, only influence

OPP, and no influence.

The perception of factors influencing population aging at the

township scale was not yet unified, which may lead to greater

subjective errors if we choose only a few indicators. To ensure the

accuracy of the result in this study, we excluded elevation, and then

included all the remaining variables in the MGWR model. The bi-

square kernel function with adaptive distance and corrected Akaike

information criterion (AIC) was chosen as the parameters of the

MGWR model. Table 4 shows that R2 and R2adj of the model with

OPD as the dependent variable were 0.917 and 0.880, respectively,

and R2 and R2adj of the model with OPP as the dependent variable

were 0.849 and 0.770, respectively. The model fit for both was great,

while the accuracy of the model with OPD was significantly better

than that of the model with OPP, implying that the factors selected

in this study have more substantial explanatory power for the OPD

and relatively weaker explanatory power for the OPP.

3.3.3 Analysis of influencing factors
In this study, the sign and value of the mean coefficient

were used to represent the direction and intensity of the
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TABLE 2 Selection of influencing factors.

Dimensions Indicators Calculation and processing

Natural factors Elevation Extracted by 30m DEM data

Slope Extracted by 30m DEM data

Temperature Extracted from the 1 km annual average

temperature raster dataset

Rainfall Extracted from the 1 km annual average

rainfall raster dataset

River density Calculated river length/land area

Air quality Extracted PM2.5 concentration mean

value of PM2.5

Economic

factors

GDP per

capita

Extracted by China GDP spatial

distribution 1 km grid raster dataset

CLC Calculated construction land area/land

area

CLA Calculated arable land area/land area

URS Street= 3, urban township= 2, rural

township= 1

Social factors Ethnic

structure

Ethnic township= 1, street or non-ethnic

township= 2

Medical level Calculated the number of hospital

POI/permanent population

Education

level

Calculated average years of schooling for

the population aged 15 years and older

people

Migration rate (permanent population-household

population)/household population

Karst factors Karst

proportion

Classified karst and non-karst areas based

on lithology and extracted the percentage

of karst area

KLI Geological structures showed vertical

distribution, based on the upper, top, and

latest stratigraphic age to identify the

lithology. The dolomite (with the largest

area share of 59.81%) was chosen to

represent the lithology; it contained single

dolomite, dolomite with impurities, and

dolomite and other combinations.

KLA Landform types cannot be directly

quantified. So, we calculated the area share

of each landform type. The low-relief

mountain (with the largest area share of

59.21%) was chosen to represent the

landforms; it contained low altitude,

middle altitude, high altitude, and highest

altitude mountains.

Rocky

desertification

Excluded non-rock desertification land

types like water and construction land,

then extracted rock desertification area

based on fractional vegetation cover

(FVC) and normal difference rock index

(NDRI) in landsat8 image

CLC, Coefficient of Land for Construction; CLA, Coefficient of Land for Arable; URS, Urban

and Rural Structure; KLI, Karst Lithology; KLA, Karst Landform.

influencing factors. Tables 5, 6 show that significant differences

existed in different factors, and even the same factors displayed

intensity differences in different townships, with obvious spatial

heterogeneity. To specifically reveal the mechanism of influencing

factors, we plotted the distribution of regression coefficients for

three typicality factors, including air quality, karst proportion, and

rocky desertification (Figure 5).

3.3.3.1 Natural factors

Slope and temperature displayed a weak negative correlation

with OPD (Table 5) and a strong negative correlation with OPP

(Table 6). Due to the small difference in slope and temperature

at the township scale, the climate and topographic conditions of

different townships were relatively close, and this similarity led

to the relatively weak influence of slope and temperature changes

on regional OPD. In addition, due to the many restrictions on

the activities of the older adult population and their sensitivity

to temperature, they often chose to live in a place with a gentle

slope and suitable temperature. Such residence preference and

migration avoidance behavior resulted in the relatively strong

influence of slope and temperature on OPP.We also found a strong

positive correlation between rainfall and OPP (Table 6) and a weak

correlation between rainfall and OPD (Table 5). To a certain extent,

rainfall can bring a good ecological environment and suitable

climatic conditions, which continuously attracts the older adult

population to migrate or live, and has a certain impact on regional

OPP and OPD. Xu et al. (39) established that areas with abundant

rainfall have a “pull” effect on the older adult population. We found

that there was a positive correlation between river density and OPP

(Table 6). One possible explanation is that townships with higher

river density have greater natural beauty and green levels. The

environmental features provide the older adult population with

opportunities for leisure, walking, and enjoying nature, extending

their life expectancy to a certain extent (5) and leading to an

increase in the proportion of older adults.

What is interesting is that the air quality in 66.67% of the

townships showed a strong positive correlation with OPD at p =

0.05 level (Table 5), while the air quality of all townships showed a

significant negative correlation with OPP at p= 0.05 level (Table 6).

In general, the higher the concentration of PM2.5, the worse the

environmental quality, seriously threatening the life, safety, and

health of older adults (5). Our study found that the air quality in

Anshun gradually deteriorated from south to north (Figure 5A),

and the absolute value of the coefficient of air quality on OPD

presented a spatial feature of “small in the south, large in the

north, and convex in the middle” (Figure 5B). The main reason

is that there are more industrial enterprises in the central and

northern parts of Anshun, and the impact of air quality on OPD

in the northern parts of Anshun was greater than that in the

southern parts. However, it is worth noting that the impact of

air quality on the OPD is not referential, and residential inertia,

location characteristics, medical security conditions, and other

socioeconomic factors also affect OPD.

3.3.3.2 Economic factors

There was no significant correlation between GDP per capita

and OPD and OPP (Tables 5, 6), which suggests that the spatial

distribution of economic levels does not coincide with the spatial

distribution of population aging (22). A possible explanation for

this may be due to the combined effects of resource allocation,

policy orientation, population flow, industrial structure, and other

factors; adjacent towns and villages also show certain similarities
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TABLE 3 Correlation analysis with OPD and OPP.

Indicators OPD OPP Indicators OPD OPP

Elevation 0.201 −0.037 Medical level 0.116 −0.474∗∗

Slope −0.355∗∗ −0.053 Migrate rate 0.430∗∗ −0.623∗∗

Rainfall 0.221∗ 0.074 URS 0.330∗∗ −0.556∗∗

Temperature −0.233∗ −0.095 Ethnic structure 0.273∗ −0.123

Air quality 0.481∗∗ −0.130 Education level 0.527∗∗ −0.361∗∗

River density 0.312∗∗ 0.142 KLA −0.300∗∗ 0.015

GDP per capita −0.273∗ 0.478∗∗ Rocky desertification 0.614∗∗ −0.025

CLC 0.914∗∗ −0.015 Karst proportion 0.213∗ −0.138

CLA −0.283∗∗ 0.144 KLI 0.251∗ −0.15

∗Indicates the correlation is significant at the 0.05 level; ∗∗Indicates the correlation is significant at the 0.01 level.

TABLE 4 Comparison of model results.

Dependent variable AIC RSS R2 R2adj

OPD 85.990 7.196 0.917 0.880

OPP 143.555 13.121 0.849 0.770

AIC indicates Akaike Information Criterion, RSS indicates Residual Sum of Squares, R2 indicates Coefficient of Determination, R2adj indicates Adjusted Coefficient of Determination.

and synergies in the process of economic development. The spatial

heterogeneity of the economic level represented by the per capita

GDP of the township scale is small (16); therefore, the impact on

OPD and OPP is not significant. The marginal effect of economic

level on life expectancy also reduced the reliance on the economy

for population aging (40). The coefficient of land for construction

(CLC) of all townships displayed a significant positive correlation

with OPD and OPP at p = 0.05 level (Tables 5, 6). This indicates

that CLC has an important effect on the proportion and density

of the older adult population in Anshun City. Construction land

is the carrier of urban development and population agglomeration,

which reflects the development intensity and scale of land resources

(41). As the availability of land resources in karst areas is limited,

townships with high CLC have higher development levels andmore

complete infrastructure. Therefore, more attention should be paid

to the relationship between Anshun’s aging population and the

development scale of local construction land. We found a negative

correlation between the coefficient of arable land (CLA) and OPD

(Table 5) and a weak negative correlation between CLA and OPP

(Table 6). The industrial structure of townships with higher CLA

is dominated by agriculture and the capacity to accommodate

older adults is less than in the industrial town. The urban and

rural structure showed a negative correlation with OPP (Table 6).

Townships with high administrative levels have a larger job market

and are highly attractive to young people. Consequently, the age

structure of the population in these townships is younger than in

townships with low administrative levels (42), which then affects

the regional OPP-specific gravity.

3.3.3.3 Social factors

All the ethnic structures of the township displayed a significant

positive correlation with OPD at p = 0.05 level (Table 5), while the

ethnic structure in 81.61% of the townships showed a significant

negative correlation with OPP at p= 0.05 level (Table 6). Generally

speaking, the socioeconomic development of ethnic townships is

underdeveloped, the construction of infrastructure is relatively

imperfect, the development of social undertakings is relatively

lagging behind, and the level of facilities and services in education,

health, culture, and other aspects needs to be improved. This

results in a relatively low absolute number of older adult population

in these townships. The poor natural environment and fragile

ecological environment in the region combined with the sluggish

socioeconomic development further cause the outflow of young

people, resulting in a relatively high proportion of older adults

(38, 43).

In this study, a strong negative correlation was found between

the level of medical facilities and OPP (Table 6) which differs from

previous studies. This result may be related to the influence the

level of medical facilities have on population aging. The level of

medical facilities, through life expectancy and fertility rate, affect

OPP (44). Townships with abundant medical resources attract a

young migrant population, and the arrival of migrant populations

means that a relatively young age structure is introduced into

these areas. To some extent, this offsets the increase in average

life expectancy of urban and rural residents brought about by the

improvement of medical resources, resulting in a decline in the

proportion of older adult population.

Education level displayed a negative correlation with OPP

(Table 6) and a weak correlation with OPD (Table 5). In recent

years, the investment in education in China has led to a gradual

increase in the average educational attainment of the population.

However, the average years of education in Anshun is only

8.26 years (compared to the average years of schooling for the

population aged 15 and above in China in 2020 was 9.91 years),

indicating that this region lags behind in education development.

In general, more educated areas tend to have more opportunities

and resources to attract young people to work and live, making

the age structure more youthful. The migration rate across all
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TABLE 5 The estimation results of the MGWRmodel on OPD.

Variables Mean STD Min Median Max p ≤ 5 (%)

Intercept 0.155 0.010 0.134 0.156 0.169 100.00

Slope −0.016 0.015 −0.049 −0.014 0.005 0.00

Rainfall 0.103 0.016 0.080 0.104 0.129 0.00

Temperature −0.024 0.009 −0.038 −0.025 −0.010 0.00

Air quality 0.307 0.143 −0.455 −0.398 −0.075 66.67

River density −0.068 0.021 −0.095 −0.073 −0.023 0.00

GDP per capita 0.054 0.003 0.047 0.054 0.059 0.00

CLC 0.673 0.003 0.669 0.672 0.681 100

CLA −0.153 0.010 −0.169 −0.155 −0.135 0.00

URS 0.011 0.007 −0.001 0.011 0.025 0.00

Ethnic structure 0.170 0.004 0.162 0.170 0.178 100

Medical level −0.187 0.006 −0.196 −0.187 −0.171 100

Education level −0.055 0.012 −0.073 −0.056 −0.036 0.00

Migration rate −0.007 0.028 −0.060 −0.006 0.041 0.00

Karst proportion 0.004 0.010 −0.018 0.008 0.015 0.00

KLI 0.105 0.016 0.072 0.114 0.123 0.00

KLA 0.012 0.015 −0.012 0.012 0.039 0.00

Rocky desertification 0.502 0.243 −0.003 0.631 0.723 85.06

STD indicates Standard Deviation.

townships showed a significant negative correlation with OPP at

p = 0.05 level (Table 6). The migration rate had a dominant effect

on OPP at the township scale. The age structure of the migrant

population was dominated by young people. The economically

backward townships showed significant characteristics of out-

migration, which accelerated the aging structure of the local

population (5).

3.3.3.4 Karst factors

A strong positive correlation was found between karst

proportion and OPP in this study (Table 6). Due to karst

areas having special geographical environments and geological

conditions (31), a higher proportion of karst areas are faced with

problems such as poor soil and fragile ecological environment.

This compels the young population to seek out greater possibilities

and abilities to find better survival and development opportunities

in the face of adverse environmental conditions. To a certain

extent, the population pressure and environmental burden in

these townships can be alleviated, which makes the proportion

of OPP increase. It can be seen from Figure 5C that the

northwest townships and southwest townships have the largest

karst proportion. However, in Figure 5D the coefficients of karst

proportion on OPP reveal a spatial pattern of high in the northwest

and low in the southwest. The reason is that the young population

in the towns and villages with high karst proportion in the

northwest of Anshun is easily affected by the siphoning effect from

Guiyang, the neighboring provincial capital city, and chooses to

enter the city for employment, which makes the OPP in these

places increase. In the southwest towns and villages with low karst

proportion, the older adult population often chooses to go to cities

with better economic and social development in order to benefit

from better medical security conditions and perfect social service

infrastructure, resulting in a decrease in the OPP.

Karst lithology showed a strong positive correlation with OPD

(Table 5) and a strong negative correlation with OPP (Table 6).

Dolomite, used to characterize lithology, has greater lithology

hardness. Because of its easy availability and people’s production

and living needs, dolomite becomes the first choice for house

construction, thus resulting in relatively large urban settlements

in areas with more demand (45). Additionally, population aging

shows a noticeable trend of urban and rural inversion, whichmeans

the OPP in urban is lower than in rural areas (38). Therefore,

townships with dolomite as the dominant lithology have higher

OPD and lower OPP. We found no significant correlation between

karst landform and OPD and OPP (Tables 5, 6), indicating that the

distribution of the older adult population had no specific preference

in landform type. This phenomenonmay be significantly associated

with the smaller topographic relief of Anshun (46).

Rocky desertification in 81.61% of the townships showed a

significant positive correlation with OPD at p= 0.05 level (Table 5),

while it showed a strong negative correlation with OPP (Table 6).

It can be seen from Figure 5E that the townships with deeper

rocky desertification are mainly located in the north and west

of Anshun. The coefficient of rocky desertification on OPD is

most significant in the economically developed regions represented

by Xixiu District and Puding County, but the southwest has

the lowest influence coefficient (Figure 5F). Previous studies have

found that the increase in population and affluence will lead to
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TABLE 6 The estimation results of the MGWRmodel on OPP.

Indicates Mean STD Min Median Max p ≤ 5 (%)

Intercept 0.014 0.030 −0.041 0.015 0.064 0.00

Slope −0.413 0.007 −0.432 −0.411 −0.404 0.00

Rainfall −0.015 0.015 −0.057 −0.011 0.012 0.00

Temperature −0.136 0.008 −0.155 −0.137 −0.121 0.00

Air quality −0.398 0.042 −0.513 −0.392 −0.306 100.00

River density 0.130 0.026 0.083 0.126 0.181 1.15

GDP per capita −0.037 0.129 −0.217 −0.046 0.308 0.00

CLC 0.512 0.002 0.508 0.512 0.518 100.00

CLA −0.051 0.105 −0.189 −0.062 0.158 0.00

URS −0.174 0.019 −0.212 −0.173 −0.140 0.00

Ethnic structure −0.201 0.011 −0.219 −0.203 −0.176 81.61

Medical level −0.144 0.003 −0.153 −0.144 −0.139 0.00

Education level −0.123 0.028 −0.179 −0.108 −0.090 0.00

Migration rate −0.782 0.009 −0.796 −0.784 −0.763 100.00

Karst proportion 0.601 0.189 0.272 0.553 0.911 58.62

KLI −0.357 0.013 −0.389 −0.353 −0.334 0.00

KLA −0.074 0.080 −0.229 −0.068 0.038 0.00

Rocky desertification −0.168 0.021 −0.209 −0.165 −0.129 5.75

STD indicates Standard Deviation.

more serious rocky desertification (47). Although Xixiu District

and Puding County in the northwest are also in the serious rocky

desertification area, as the central cities of Anshun, they are driven

by the radiation of Guiyang, the provincial capital of the Guizhou

province. Their economic and social development and medical

services are relatively good, prompting the older adult population

from other areas with a high degree of rocky desertification to

migrate to live. However, although the areas with high rocky

desertification degree in the southern region are faced with a

fragile ecological environment, relatively backward economic and

social development, and imperfect basic service facilities for older

adults, the older population continues to live in the same place

due to factors such as long-term living habits, family and social

network. Older adults appear relatively less responsive to the

rocky desertification. Thus, the influence on the change of regional

OPD is relatively small. But at the same time, it should be noted

that factors such as the outflow of young people in the serious

rocky desertification area have increased the local OPP, and the

phenomenon of the intensification of population aging also needs

further attention.

4 Discussion

4.1 Research implications

The spatial distribution of population aging in karst areas

has obvious regional differences. Karst areas are an essential part

of the complicated terrain region in southwest China, having

their own unique geo-geological features that further influence the

process of population aging and its spatial pattern in these areas,

resuting in obvious regional differences. It is generally believed that

suburbanization and reverse urbanization are the results of the late

stage of urban development. Further, the social resources such as

pension andmedical aremore evenly distributed in developed cities

under the township scale. However, the OPP of Anshun shows a

spatial pattern of “small concentration and large scattering,” and

a large number of the older adult population is concentrated in

townships with small areas, which leads to the increasingly obvious

Matthew effect of older people population distribution. There are

significant differences in the influence mechanism of economic

development level on the spatial distribution of population aging

at different scales. Economic development level is the influencing

factor of the spatial distribution of population aging at the county

or larger scale (23), but its contribution to spatial distribution of

population aging at the township scale is not outstanding (16).

The spatial heterogeneity of the economic development level at

the township scale is smaller than at the county or larger scale,

which suggests the effect of economic development level on the

spatial distribution of population aging is constrained by spatial

heterogeneity and the size of the study area.

However, the economic mechanism of population aging

research is more urgent and complex. Whether population aging

affects economic growth or economic growth affects population

aging is a topic worth thinking about in the process of population

aging research. Some scholars point out that population aging

affects labor productivity, but this impact is not linear, and it is

influenced by a variety of factors. Meanwhile, the social mechanism
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FIGURE 5

Spatial distribution of the factors and regression coe�cients. (A) Air quality. (B) Coe�cient of air quality on OPD. (C) Karst proportion. (D) Coe�cient

of karst proportion on OPP. (E) Rocky desertification. (F) Coe�cient of rocky desertification.

of population aging research is also worthy of attention. In general,

the impact of social factors on population aging contains both

direct and indirect pathways, and the negative impact formed by

the indirect pathway is much greater than the positive impact of

the direct pathway (10). This supposition is also consistent with the

view of Chang and Ao (44).

4.2 Policy suggestion

China has a refined traditional culture of respect for older

adults from ancient times and also has the institutional advantages

necessary to deal with the effects of aging. The population aging

problem has brought forth new opportunities for socioeconomic

development, such as the expansion of the older adult consumer

market and the improvement of labor quality. Simultaneously it

has also brought many challenges such as increasing pressure on

social security and rising demand for medical and health services.

Anshun City’s older adult population has grown both in number

and percentage in recent years, and the rate of aging is getting

acute. In order to effectively handle these problems, a number of

important steps still need to be aggressively pursued.

In the future, Anshun should reduce the decreasing trend in

the natural population growth rate, actively implement measures

related to parenthood, education, childcare, and other sectors, and

hasten the development of a system to support fertility policies.

It should continue to improve endowment insurance, medical

insurance, and other social security systems, as well as the creation

of social security systems for older adults in towns and villages,

to guarantee that they have access to basic healthcare and life

protection. To address the labor shortage brought on by an aging

population, towns and villages should be encouraged to build

industries that fit their unique qualities, and young people should

be encouraged to establish businesses and find employment in

their hometowns. To raise the skill level and employability of older

adults, the government must intensify their training and guidance.

It should enhance township health and medical services, fortify

the development of village clinics and township health facilities,
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and raise the standard of healthcare provided at the community

level. The government should also keep pushing for the growth

and prosperity of older adult care services in cities and rural areas,

aggressively encourage social forces to get involved in older adult

care services, support the integration of older adult care services

with other services such as medical attention and rehabilitation,

and cater to the various service needs of older adults. The state

should also keep enhancing the services provided for older adults

in towns and communities, organize cultural events and sports that

are appropriate for them, and enrich their spiritual and cultural life.

4.3 Research shortcomings and prospects

The present study only discusses the differences and influencing

factors of the spatial distribution of population aging in a single

cross-section time. Further data collection is needed in the future

to carry out long-term behavior research on population aging. Big

data and traditional data should be actively combined in population

aging research going forward to compensate for their individual

shortcomings in sample size, coverage, and quality. Data mining

and machine learning technologies should be used to do in-depth

analysis of massive data, including social media, electronic health

records, and mobile applications. To learn more about the regional

population aging trend, spatial pattern, and affecting factors, more

precise and comprehensive data should be utilized. At the same

time, township birth rate, mortality rate, immigration rate, and

other data may be more important in the study of the mechanism

of population aging at the township and other fine scales, but given

the difficulty in data acquisition, more detailed data need to be

collected in the future to supplement this part of the study.Whether

the study of the influencing mechanism on the spatial pattern of

population aging in Anshun City at the township scale is universal

needs to be tested by further using other regions as examples.

Driven by the “flow space” (such as population flow, information

flow, material flow, etc.), the core issue of population aging research

will be transformed into how to understand and respond to the

aging challenges and opportunities brought by population flow. In

the future, complexity science should be applied to further explore

this problem.

5 Conclusion

(1) Anshun City’s OPP is generally high; more than 7% of the

population in Anshun are older adults, making it part of an aging

society. The OPP showed a trend of increasing gradually from

west to east and appeared “high in the east and low in the west”

in spatial distribution. The OPD presents a trend of increasing

gradually from south to north in space. The distribution of the

older adult population in the vast majority of townships is relatively

scattered. Still, a few townships were oversaturated with older adult

populations, showing the characteristics of “small concentration

and large scattering.”

(2) At the township scale, both the OPP and the OPD

showed significant spatial positive correlation, and the spatial

agglomeration characteristics are obvious. The OPD and OPP have

a positive spatial correlation in global scope, and townships with

similar OPP or OPD are spatially adjacent. In the OPD local spatial

agglomeration type, high-high types of townships were mainly

distributed in the central parts of the Xixiu District, and low-low

types of townships were distributed in the southern parts of Anshun

in the form of clusters. In the OPP local spatial agglomeration

type, high-high types of townships were concentrated in the

northeast boundary of Anshun, and low-low types of townships

were concentrated in Songqi town, Yaopu town, and Baiyan

town, showing a coupling relationship with townships with high-

economic levels.

(3) The spatial distribution characteristics of population

aging were the consequence of complex contributions such as

natural factors, social factors, economic factors, and karst factors.

The coefficient of land for construction, and migration rate

played a dominant role in OPD and OPP, respectively. Air

quality, ethnic structure, karst lithology, and rocky desertification

displayed a strong influence on both OPD and OPP. Rainfall,

river density, medical level, and coefficient of arable land had

a certain effect on OPD. Slope, urban and rural structure,

and karst proportion had only a modest effect on OPP. The

spatial distribution characteristics of population aging were not

influenced by karst landform, GDP per capita, temperature, or

educational attainment.
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