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Abstract: The issue of population aging and imbalanced urban–rural development are two major
economic realities and difficulties in China. They constitute important factors affecting the sustainable
development of urban and rural areas. The main objective of this study is to analyze the impact
of population aging on the consumption levels of urban and rural residents, including overall and
subdivided. The secondary objective is to analyze whether this impact has spatial spillover effects so
that the bias caused by ignoring the mutual influence between regions could be eliminated. We used
global and local Moran’s I, the spatial SLM model, and the SEM model to econometrically analyze
the provincial panel data of urban and rural areas obtained from 2010 to 2021. This study found that,
first, the distributions of the total consumption and population aging levels of Chinese urban and
rural areas are not random and all have obvious spatial dependence characteristics. More specifically,
all distributions present significant H-H or L-L clustering phenomena in local space. In other words,
high-level areas are surrounded by high-level areas, while low-level areas are surrounded by low-level
areas. Second, population aging has a significant negative impact on the overall consumption levels
of urban residents and positively increases the consumption level of rural residents, which indicates
that population aging will eliminate the urban–rural consumption gap and balance regional economic
development to a certain extent. Third, from the perspective of consumption structure, the negative
impact of population aging on different consumption expenditure items of urban residents varies,
and the effect on various consumption expenditure items of rural residents also shows heterogeneity.
Fourth, in terms of the spatial spillover effect, the influence of population aging on the consumption
level of urban residents has a significant negative spatial spillover effect; however, in the rural
group, the spatial spillover effect caused by the population aging level on the consumption level is
not significant. This study provides a new spatial perspective for studying aging and urban–rural
consumption inequality behavior, and serves as a reference for the government to further promote
the sustainable development of urban–rural consumption in the future.

Keywords: population aging; urban–rural gap; consumption inequality; Moran’s I; SLM model;
SEM model

1. Introduction

Population aging and the unbalanced nature of urban–rural development are impor-
tant constraints that hinder the integrated development of urban and rural areas in China,
as well as important factors that affect China’s comprehensive and sustainable economic
and social development. As China’s marriage and birth rates continue to decline and the
population growth rate continues to slow down, the crisis of social aging is becoming
increasingly apparent within research.

On 11 May 2021, The Seventh National Census of the Main Data Situation released by
the National Bureau of Statistics of China showed that the number of people within the
population who were aged 60 years or older was 264.02 million, accounting for 18.70%.
Among them, the number of people aged 65 years or older was 190.64 million, accounting
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for 13.50% [1]. Meanwhile, the dependency ratio of China’s elderly population has been
consistently increasing, from 11.9% in 2010 to 20.8% in 2021 [2], which means that the
number of working-age people who originally supported elderly people has decreased
from 8.4 to 4.8. This evidence indicates that the degree of population aging in China
has progressed, and China has become a strictly aging country and will continue to face
pressure from a long-term imbalanced population development in the future. Unlike
other aging countries, China’s population aging situation is typically characterized by
a large population base and rapid development. In 2020, the number of elderly people
in China aged 65 years or older reached 191 million, accounting for 13.5% of the total
population, and there was one Chinese person for every four elderly people in the world.
It is expected that, by 2057, those aged 65 years or older in China will reach a peak of
425 million individuals, accounting for 32.9–37.6% of the total population; in 2001, more
than 7% of China’s population was over 65 years old, marking China’s entry into an aging
society. It took 21 years for China to enter into the level of deep aging in 2021, when
the proportion of people aged 65 years or older exceeded 14%, a shorter time frame than
France’s 126 years, the United Kingdom’s 46 years, and Germany’s 40 years [3]. Consumers
will inevitably face retirement issues in the process of “aging”, which is more prominent
for urban residents in China, who usually have stable jobs [4]. For urban residents, if
an individual does not choose to continue in the labor market after retirement, it means
that his income will shift from being mainly based on wages to being mainly based on
pensions. Due to the positive income elasticity of most residents’ consumption, it may
lead to a decrease in consumption expenditure. For rural residents, as most people do
not have a clear retirement age, the income change caused by pension policies is often
weak. At present, China’s multi-level pension insurance system consists of three pillars:
The first pillar is basic pension insurance, which includes basic pension insurance for urban
employees and basic pension insurance for urban and rural residents, and is led by the
government. The second pillar, namely enterprise annuity and occupational annuity, is a
supplementary pension insurance related to professions. The third pillar includes personal
savings pension insurance and commercial pension insurance, which are financial means
for individuals to increase the supply of pension security [5]. On 21 May 2023, the General
Office of the CPC Central Committee and General Office of the State Council issued the
Opinions on Promoting the Construction of the Basic Pension Service System, pointing out that
the country needed to improve the basic elderly care service system and better ensure the
livelihood of the elderly population [6], which indicated that, with the advancement of
population aging and the increasing pressure on the pensions of the whole of society, the
improvement of China’s old age social security system was facing considerable challenges.

At the same time, as shown in Figure 1, China’s economy has developed considerably
since the reform and opening-up policy in 1978. The final consumption rate has been
maintained at around 55%. The rate of contribution of the final consumption expenditure to
GDP still shows an overall trend of fluctuating downward, and the pulling effect of the final
consumption expenditure on GDP growth has hovered at a relatively low level of 5% in
recent years. The prevalence of the COVID-19 epidemic made the latter two reach the lowest
value in 2020. As one of the troika driving economic growth, the increase in consumption
rates is closely related to sustainable economic development. The Chinese government has
issued a series of policies reaffirming the importance of promoting consumption growth
and expanding domestic demand, and has made the promotion of consumption growth
a strategic base for sustainable and healthy economic development practices in the new
era. The CPC Central Committee formulated Suggestions on Formulating the 14th Five
Year Plan for National Economic and Social Development and the Long Range Goals for 2035 to
emphasize the fundamental role of consumption in relation to economic development [7].
The Report of the 20th National Congress of the CPC emphasizes the theme of promoting
high-quality development, organically combining the implementation of the strategy of
expanding domestic demands with the expansion of supply side structural reforms, in
order to enhance the endogenous momentum and reliability of the domestic macrocycle [8].
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Figure 1. Consumption and GDP growth. Note: (1) source of data: the National Bureau of Statistics
of China and http://www.stats.gov.cn/ (accessed on 1 January 2022). (2) The rate of contribution of
the final consumption expenditure to GDP growth should be read using the right axis and the other
two indicators using the left axis. (3) The rate of contribution of final consumption expenditure to
GDP growth is calculated by multiplying the contribution of final consumption expenditure by the
growth rate of GDP in the current period; the final consumption rate is the share of final consumption
expenditure in the GDP obtained through the expenditure method; the rate of contribution of the
final consumption expenditure to GDP is the ratio of incremental final consumption expenditure to
incremental GDP using the expenditure approach.

Because of age differences and generational turnover rates in residents’ consumption
behavior, the country’s overall consumption pattern is inevitably affected by its aging pro-
cess. The expansion of the size and proportion of the aging population has had a significant
impact on both the consumption capacity and consumption structure of residents, and, to a
certain extent, has resulted in changes in China’s economic growth rate and development
patterns. Under such basic facts, exploring the impact of population aging on the consump-
tion levels of China’s urban and rural residents and mastering the changing rules will help
us to coordinate regional development, expand national domestic demands, and ultimately
drive the economy to achieve higher-quality sustainable development outcomes.

The urban–rural dual structure is an important feature of China’s economic landscape
and, as shown in Figure 2, the aging levels in urban and rural areas are similarly consider-
ably imbalanced. In 2011, with the exception of a handful of provinces, such as Liaoning,
Jilin, Heilongjiang, and Qinghai, the dependency ratios of the rural elderly population are
higher than those in urban areas. In 2021, after 10 years, except for Qinghai and Xinjiang,
the dependency ratios of the rural elderly population in all provinces are higher than those
in urban areas, and the gap between the two has widened even further. There is a large gap
between the degree of population aging in urban and rural areas. Upon further observation
of Figure 2, we can determined that there are obvious “peaks” and “valleys” in the line
graph, i.e., there are uneven spatial distributions of the population aging levels in urban
and rural areas, which should not be overlooked in this study.

http://www.stats.gov.cn/
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Figure 2. Dependency ratios of urban and rural elderly populations. Note: source of data: the China
Statistical Yearbook of Population and Employment (2012–2022) and https://data.cnki.net/yearBook/
single?id=N2023030104 (accessed on 1 January 2022); the China Statistical Yearbook (2012–2022) and
https://data.cnki.net/yearBook/single?id=N2022110021 (accessed on 1 January 2022).

In contrast, the consumption gap between urban and rural residents is also obvi-
ous. Figure 3 shows the average gross consumption expenditure rate and its growth rate
amongst urban and rural residents. It can be observed that, since 2011, although the average
gross consumption expenditure ratio of urban and rural residents has declined in general,
and the average gross consumption expenditure of rural residents shows a higher rate
of growth, the ratio of the average gross consumption expenditure of urban and rural
residents was higher than two in 2021, which shows that there is still a large gap between
urban and rural residents’ consumption levels. Affected by COVID-19, the real growth rate
of the average gross consumption expenditure of both urban residents and rural residents
in 2021 reached the lowest level in the past decade. Moreover, some studies show that
the spatial distribution of residents’ consumption levels is not uniform and there is evi-
dence of an all-area positive correlation and low-value agglomeration phenomenon [9,10].
Consumption behavior is affected by spatial construction and distribution factors, and the
difference between urban and rural consumption spaces leads to a greater heterogeneity of
residents’ consumption behavior: first, the heterogeneity of consumption groups caused
by the difference between urban and rural social formation mechanisms and, second, the
heterogeneity of individual consumers caused by the inheritance of beliefs, perceptions,
social hierarchies, and other family capital factors [11].

On 31 July 2023, the National Development and Reform Commission of China for-
mulated Measures on Restoring and Expanding Consumption to explicitly accelerate the con-
struction of a new development pattern, focus on promoting high-quality development,
and prioritize the restoration and expansion of consumption behavior in the country [12].
Scholars have conducted a considerable amount of research on population aging factors
and urban–rural residents’ consumption levels; however, only a few articles pay attention
to the fact that the regional distributions of population aging and urban–rural residents’
consumption behavior in China are uneven. The main research objective of this article is
to explore the impact of aging on consumption expenditure in urban and rural areas, in-
cluding overall and subdivided, to determine whether aging is an important factor leading
to consumption inequality between urban and rural residents. The secondary objective
is to examine whether this impact has spatial spillover effects. Spatial spillover effects,

https://data.cnki.net/yearBook/single?id=N2023030104
https://data.cnki.net/yearBook/single?id=N2023030104
https://data.cnki.net/yearBook/single?id=N2022110021


Sustainability 2023, 15, 16353 5 of 27

also known as indirect effects, are used to measure the impact of an explanatory variable
in a “neighboring” region on the dependent variable in the region. Due to the trend of
economic integration, the spatial correlation of economic data will become increasingly
high. Therefore, in the processing of any economic data involving space or distance, it
is necessary to consider and handle this spatial spillover effect, otherwise the estimation
of the model will have bias. We re-examined the relationship between population aging
and the imbalance between urban and rural consumption levels, with a view to providing
a reasonable basis for boosting urban and rural consumption behavior, equalizing the
imbalance between urban and rural development factors, and thus promoting sustainable
and healthy economic development outcomes.
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Figure 3. Average gross consumption expenditure rates of urban and rural residents and real growth
rate. Note: (1) source of data: the National Bureau of Statistics of China and http://www.stats.
gov.cn/ (accessed on 1 January 2022). (2) Average gross consumption expenditure levels of urban
and rural residents are calculated on the basis of the average resident population and deflated by
the consumption level index for urban and rural residents, respectively, with 2011 serving as the
base period.

Compared with the existing literature, the marginal contributions of our study are
the following: (1) This research faces the reality of the uneven regional distributions of
China’s population aging and urban–rural residents’ consumption levels, and introduces
the spatial factor, so as to more accurately understand the impact of population aging on
urban–rural residents’ consumption levels. (2) This study uses both the spatial lag model
(SLM) and spatial error model (SEM), as well as the geographic inverse distance matrix
and the economic distance matrix for robustness testing, which considerably enhances
the credibility of the measurement results we achieved. (3) Unlike the existing studies
that mostly use uniform population age data obtained from urban and rural areas when
conducting analyses of the relationship between urban and rural aging and consumption
levels, this paper analyzes urban and rural areas in separate samples and does not assume
that urban and rural aging levels are the same in the same province or region; therefore,
the differences in the urban and rural population age structure are fully taken into account.
(4) This paper also fully demonstrates the different directions and intensities of the im-
pact of population aging on total consumption levels and the consumption levels of the
expenditures of urban and rural residents; it also conducts a comparative analysis, which

http://www.stats.gov.cn/
http://www.stats.gov.cn/
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provides a new perspective for related research on the impact of population aging on the
consumption structure of residents.

The subsequent sections of the article are arranged as follows: the second part of
the article reviews the domestic and international studies conducted on the relationship
between population aging and consumption levels and provides a brief commentary; the
third part proposes a research design based on a theoretical analysis and conducts data
processing tests; the fourth part utilizes inter-provincial panel data and establishes spatial
econometric models to empirically analyze the impact of population aging on the overall
consumption expenditure and consumption structure of urban and rural residents and its
spatial spillover effects; and the fifth part summarizes the research conclusions, proposes
policy implications for coping with population aging and coordinating the consumption
gap between urban and rural residents, and finally analyzes the shortcomings and future
research directions of this article.

2. Literature Review

The most important theoretical basis for the research conducted on the relationship
between the age structure of a population and consumption levels is the life cycle hypothesis
proposed by Modigliani and Brumberg [13]. According to this hypothesis, consumers
optimally allocate their lifetime expected total income at different ages to maximize the
intertemporal utility. Based on this theory, scholars at home and abroad have had multiple
discussions, seeking to derive the relationship between aging and consumption or savings
rates. In summary, population aging mainly affects consumption levels in the following
ways: First, compared to their working income, elderly people will face a decrease in their
disposable income, which will have a negative impact on the total consumption expenditure
of retirees [14]. Rural consumers are not subject to the legal retirement age; however, due to
the decline in income levels accompanied by the decline in physical strength and the lack of
a pension industry, the consumption level will also decline to some extent. Second, elderly
people may be constrained by traditional consumption habits, consumption concepts, and
“bequest” motivation. They may suppress their own consumption needs, which will affect
the improvement in their consumption levels. Third, from a household perspective, adult
children in the family always provide a certain amount of support to the elderly in China. If
the proportion of elderly people in the family population increases, consumers may reduce
their current household consumption expenses to ensure the expenditure of supporting the
elderly. In other words, the precautionary savings opportunities for the entire family will
be strengthened. Therefore, the increase in the dependency ratio of the elderly population
in households will suppress the level of household consumption. On the other hand, the
aging population will also have a positive impact on consumption, including the increase
in medical consumption demand with age, the compensatory consumption according to
the life cycle theory, such as enthusiasm for tourism consumption, etc.

In terms of the empirical evidence present in the literature, domestic and international
scholars have performed a considerable amount of studies on the impact of population
aging on residents’ consumption behavior. The conclusions derived from the research
can be divided into the following three categories: first, the inhibition theory, which sug-
gests that population aging has a negative impact on residents’ consumption expenditure
levels [15–24]; second, the promotion theory, which suggests that population aging can
promote residents’ consumption behavior [25–35]; and, third, the dynamic impact theory,
which suggests that the impact of population aging on consumption behavior is dynamic,
which needs to be considered and analyzed more comprehensively in the literature [36–41].
Then, we organized the relevant studies according to each of the abovementioned three
different theories.

The first type of research concerned population aging and how it inhibited residents’
consumption behavior; it was conducted by Modigliani and Cao by selecting China’s
observation data from 1953 to 2000, and determined that the main reason for the existence of
the phenomenon of a high savings rate in China was by quantitatively testing the correlation
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between population aging levels and savings rates in the country [15]. Subsequent studies
conducted by Chinese scholars using macro- and micro-data yielded similar conclusions
at the provincial, municipal, and household levels that increasing population aging levels
had a significant negative impact on residents’ consumption levels [16–24]. Wang and
Fu constructed a model for measuring Chinese residents’ consumption levels with the
population age structure used as a variable, and they concluded that an aging population
will lead to a decline in China’s consumption rate as well as consumption level in the
future [16]. Li and Zhang constructed a dynamic macro-economics model and observed that
the consumption behavior of China’s rural residents presented a strong stability outcome,
and the coefficients of child support and old age support had a significant negative effect
on their consumption behavior outcomes [17]. Based on panel data of provinces from 1996
to 2010, Mao et al. concluded that the continuous increase in the elderly dependency ratio
will have a negative impact on residents’ consumption. The consumption expenditure
level of urban residents decreased significantly with the aging of the population, while
the consumption level of rural residents did not decrease significantly [18]. Other scholars
also studied the correlation between the consumption levels of people in different regions
and the age structure of the population, and similarly observed that there was a negative
correlation between the old age support rate and consumption level [19–24].

The research conducted on the second type of literature suggests that the population
aging factor can promote residents’ consumption behavior, and, in this regard, foreign
scholars achieved useful results. Leff first used the empirical analysis method to argue in
favor of the life cycle theory [25]. He used the macro-economic information data obtained
from 74 countries in a quantitative test, and the results showed that the increased old and
young population dependency ratio had a significant negative impact on the country’s
savings rate. In other words, population aging has a boosting effect on consumption levels.
Following the publication of Leff’s research results, many scholars used Leff’s empirical
model for their analyses, and these studies strongly supported the life cycle theory [26,27].
Based on Modigliani and Brumberg’s life cycle theory and Friedman’s persistent income
hypothesis, Ram, Bloom et al., and other scholars studied the impacts of population life
expectancy and social security levels, the population dependency ratio, and other factors
on the consumption levels and savings outcomes of residents [28–30]. In a study, Schultz
used the panel data of 16 Asian countries during the period from 1952 to 1992 to empirically
analyze the correlation between the age composition of the national population and the
national savings rate through a multivariate panel regression technique, and concluded that
the result was consistent with the life cycle theory; however, the impact of population aging
on the savings rate was relatively weak [31]. Domestic scholars have also used China’s
data to confirm the perspective that the increase in the support rate of China’s elderly
population can improve the consumption levels of residents in some regions [32,33]; from
the regional level, population aging has a different impact on the per capita consumption
propensity of local residents, depending on the region [34,35].

The third category concerns the latest research conducted on population aging and
consumption levels, which is considered to present a dynamic change characteristic: the
effect of population aging on consumption levels at the early stage presents a positive
effect, at the middle stage it presents a negative effect, and at the late stage it has no effect
at all. Yu and Sun argue that China is still in the primary stage of aging, and along with the
proportion of China’s elderly population increasing each year, the proportion of children
is also declining sharply. If the consumption index of the elderly population is higher
than that of children, then the aging of China’s population has a positive effect on the
consumption levels of the residents. Due to the accelerating process of population aging
in China, the consumption demand of China’s residents will also be negatively affected
to a certain extent [36]. The research conclusions reached by scholars using different
empirical methods, such as input–output analyses and GMM system estimations, were not
uniform [37,38]. The different samples and data selected by scholars for their studies also
produced inconsistent conclusions [39–41].
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In addition to the abovementioned three types of research, scholars have also focused
on the impact and spatial correlation of population aging on consumption disparities.
Regarding the research performed on the impact of population aging on the urban–rural
consumption gap, some scholars used inter-provincial dynamic panel data and two-step
difference generalized moment estimations to conduct their studies. They believed that
population aging was beneficial for narrowing the urban–rural consumption gap, as its
promoting effect on the rural consumption rate was higher than that of cities [42]. Some
studies also suggest that the process of urbanization is beneficial for reducing the urban–
rural consumption gap and, due to the positive correlation between urbanization and
aging factors, aging plays a role as a partial intermediary variable between urbanization
and the urban–rural consumption gap, and the level of economic development positively
regulates this intermediary process [43]. There are also studies that present the opposite
conclusion, believing that aging is an important factor in expanding the urban–rural
consumption gap. After considering the aging factor, the impact of an advanced industrial
structure on the urban–rural gap presents a reverse change [44]. In terms of the spatial
factors affecting consumption levels caused by population aging, Fan et al. analyzed the
consumption structure of urban residents from the perspective of these residents and
observed that regional factors could affect the marginal consumption propensity and
consumption structure of urban residents [45]. Ma et al. determined that areas with
a higher per capita disposable income for urban residents also had higher per capita
consumer spending results, while neighboring areas had similar per capita consumer
spending results. There was also evidence of a similar relationship between the average
per capita annual net income of rural households and the average per capita annual living
consumption expenditure levels [46]. Sun found that farmers’ consumption levels had the
characteristic of spatial agglomeration, and there was a significant spatial dependence and
spatial autocorrelation between farmers’ income levels and the consumer price index. The
existence of the spatial correlations previously mentioned in this study makes it necessary
to include spatial factors for the establishment of appropriate economic models. Ignoring
spatial correlations may lead to deviations in measurement results [47]. Traditionally, the
use of national total time-series data for analytical purposes often masks the significant
regional spatial differences mentioned above [48]. Although the panel data models can
distinguish between the individual differences in different regions by setting individual
fixed effects, the horizontal spatial impact between spatial individuals has still not been
analyzed in the literature, and even within the mainstream framework of neoclassical
economics, this spatial factor is ignored.

Based on the abovementioned theoretical analysis, it can be observed that the research
conducted on the impact of population aging on residents’ consumption levels achieved
beneficial results; however, due to the complex mechanism of the population age structure
affecting different types of consumption expenditures and the scholars’ selection of different
macro- and micro-data and research methodologies, the conclusions of the research tended
to be somewhat divergent. In addition, when the existing studies analyzed the relationship
between urban and rural aging and consumption levels, most of the studies combined the
consumption levels of urban and rural residents, assuming that urban and rural aging levels
were the same in the same province or region, which, to a certain extent, obscured the large
consumption gap between urban and rural areas located in China and the differences in the
age structure of the population. At the same time, the existing studies pay less attention to
the distribution characteristics of urban and rural consumption activities in spatial regions
and the horizontal influence between the regions, and most of the current empirical studies
are based on the ordinary panel model, which ignores the spatial factors that may bias the
results of the study. Therefore, our research introduced a spatial econometric model based
on the consumption expenditure and age structure of China’s urban and rural residents,
distinguished the data between urban and rural groups, and conducted an econometric
analysis of the provincial panel data of urban and rural areas for the period 2010–2021,
so as to more comprehensively and accurately examine the impact of population aging
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on the consumption levels of urban and rural residents in China, as well as the spatial
spillover effects.

3. Method

There is evidence of significant spatial heterogeneity in population aging and residents’
consumption levels in China. The impact of population aging on residents’ consumption
levels is not only limited by the level of economic development, but may also be influenced
by spatial interaction; that is, the level of population aging in other regions may have
an impact on the consumption levels of residents in this region. Therefore, our study
constructed a spatial econometric model to explore the impact of population aging on the
consumption levels of urban and rural residents.

3.1. Construction of Econometric Models

Without considering the factor of spatial correlation, the basic model is as follows:

C = β1X + ∑9
m=2 βm∏ m+ε (1)

In Formula (1), dependent variable C is the residents’ consumption levels, and the
main explanatory variable, X, is the level of population aging; β1 characterizes the impact
of population aging on residents’ consumption levels; ∏ represents the control variables;
β2~β9 characterizes the impact of corresponding control variables on the residents’ con-
sumption levels; and ε is a random interference term and follows a normal distribution.

On the basis of Formula (1), we referred to Anselin’s (1988) [49] research to construct
two types of spatial econometric models, a spatial lag model (SLM) and a spatial error
model (SEM), in order to determine the spatial geographic effects of population aging.

The spatial lag model is represented as follows:

C = ρWrLNC + β1X + ∑9
m=2 βm∏ m+ε (2)

In Formula (2), WrLNC is the spatial lag term of dependent variable C, which reflects
the spatial weighted average of residents’ consumption levels; ρ characterizes the impact
of spatial lag on residents’ consumption levels.

The spatial error model is represented as follows:

C = β1X + ∑9
m=2 βm∏ m + ε (3)

ε = λWrε + v (4)

In Formulas (3) and (4), Wrε is the spatial lag term (i.e., spatial error term) of the
random interference term, ε, which reflects the spatial weighted average of random inter-
ference terms; λ characterizes the impact of the spatial lag term of a random interference
on the residents’ consumption levels, and the higher the absolute value of λ, the higher
the spatial impact on the residents’ consumption levels. The random interference term, υ,
obeys a normal distribution.

3.2. Variable Selection and Description
3.2.1. Variable Selection

The explanatory variable is the level of residents’ consumption, which plays an im-
portant role in reflecting the economic development of a country or region and the quality
of life of its people. The core explanatory variable is the level of population aging, which
has been an important feature of Chinese society for a long period of time and has a
profound impact on economic and social operations, and how to effectively cope with it
is an important factor that the state must seriously consider when formulating various
economic and social policies. Referring to the existing studies, the proportion of residents’
consumption expenditure levels to the current year’s GDP is selected as a proxy variable
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for the level of residents’ consumption; the old age dependency ratio is used as a proxy
variable for the level of population aging; and the total residents’ consumption expenditure
levels are expressed as the product of the total per capita consumption expenditure and the
number of permanent residents living in the region [50,51]. According to the classification
of the National Bureau of Statistics of China, residents’ consumption expenditure items
include “food, tobacco and liquor expenditure”, “clothing and footwear expenditure”,
“housing expenditure”, “household equipment, furnishings and services expenditure”,
“transport and communications expenditure”, “education, culture and recreation expen-
diture”, “healthcare and medical services expenditure”, and “other goods and services
expenditure”. Due to the lack of clarity concerning other goods and services expenditures,
we did not study this type of consumption expenditure item in our study.

The control variables selected in this study included the following: (1) The first was
residents’ income levels. Consumer economics show that income is the most fundamental
variable that affects residents’ consumption behavior. Generally speaking, there is a posi-
tive correlation between residents’ income and consumption levels. (2) The second was
the medical level. A sound medical security system can enhance consumer confidence and
reduce precautionary savings [52,53]. (3) The third was the energy supply level. There is an
inherent correlation mechanism between the energy supply and consumption levels of ur-
ban and rural residents [54,55]. (4) The fourth was price levels. Changes in price levels have
a significant impact on the consumption structure and gap between urban and rural resi-
dents [56]. (5) The fifth was the fixed-assets investment level. The increase in fixed-assets
investments can increase resident consumption rate by increasing employment rates [57].
(6) The sixth was the financial support for industry developments. The commercial circula-
tion service industry plays a crucial role in promoting consumption behavior. It can directly
encourage immediate, future, and potential consumption practices. The financial support
for the development of the commercial service industry helps to encourage consumption
behavior [58]. Financial support for the purpose of agriculture development can effectively
improve the consumption levels of rural residents [59]. (7) The seventh was financial
support for education. Financial support for education affects household consumption
practices through savings rates [60]. (8) The eight was industrial structure. Upgrading the
industrial structure can effectively narrow the urban–rural consumption gap; however, the
effectiveness of this method varies across different periods and regions [61]. (9) The ninth
was the urbanization level. Urbanization can promote the growth of urban consumption
rates; however, if the urbanization speed is too rapid, it will hinder the increase in the
consumption rate. Empirical evidence shows that there are significant differences in this
relationship between different regions in China [62,63].

3.2.2. Data Sources and Data Processing

This research is based on a sample of 341 observations from 31 provinces in China
(excluding Hong Kong, Macao, and Taiwan) in 2011–2021, divided into two samples of
urban and rural groups. The data sources and the basic meanings and formulas of each
variable are presented in Table 1, with the missing values filled in with interpolation. The
software used for data processing and empirical analysis in this article is Stata 16.0. The
data obtained for the consumption and income levels are deflated based on the CPI, with
2011 as the base period, and the rest of the economic data are deflated based on the GDP
index, with 2011 as the base period. To unify the dimensions and reduce the impact of
heteroscedasticity, logarithmic processing was performed on all the data.
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Table 1. Descriptions of variables and data sources.

Variables Basic Meaning and Formula Unit Data Sources

Dependent
Variables

Total consumption levels of urban/rural residents
(utcl/rtcl) Total consumption expenditure of urban/rural residents divided by GDP %

China Social Statistical Yearbook
(2012–2022), China Residential
Survey Yearbook (2012–2022), China
Rural Statistical Yearbook
(2012–2022, China Statistical
Yearbook (2012–2022), Statistical
Yearbooks by Provinces (2012–2022)

Consumption levels of food, tobacco, and liquor of
urban/rural residents (uftl/rftl)

Total consumption expenditure on food, tobacco, and liquor of urban/rural
residents divided by GDP %

Consumption levels of clothing and footwear of
urban/rural residents (ucf/rcf)

Total consumption expenditure on clothing and footwear of urban/rural
residents divided by GDP %

Consumption levels of housing of urban/rural
residents (uhou/rhou)

Total consumption expenditure on housing of urban/rural residents divided by
GDP %

Consumption levels of household equipment,
furnishings, and services of urban/rural residents
(uhfs/rhfs)

Total consumption expenditure on household equipment, furnishings, and
services of urban/rural residents divided by GDP %

Consumption levels of transport and
communications of urban/rural residents (utc/rtc)

Total consumption expenditure on transport and communications of
urban/rural residents divided by GDP %

Consumption levels of education, culture, and
recreation of urban/rural residents (uecr/recr)

Total consumption expenditure on education, culture, and recreation of
urban/rural residents divided by GDP %

Consumption levels of health care and medical
services of urban/rural residents (uhm/rhm)

Total consumption expenditure on healthcare and medical services of
urban/rural residents divided by GDP %

Core Explanatory
Variable

The level of population aging of urban/rural areas
(uold/rold) The dependency ratio of the urban/rural elderly population % China Population and Employment

Statistical Yearbook (2012–2022)

Control Variables

Income level of urban/rural residents (uinc/rinc) Per capita disposable income of urban/rural residents CNY/person

China Statistical Yearbook
(2012–2022, China Provincial
Statistical Yearbook (2012–2022),
China Health Statistical Yearbook
(2012–2022), China Social Statistical
Yearbook (2012–2022), China Rural
Statistical Yearbook (2012–2022)

Urban/rural medical level (umt/rmt) Number of urban health technicians per 10,000 people; number of rural clinic
staff per 1000 people person

Urban/rural energy supply level (uene/rene) Per capita supply of liquefied petroleum gas in urban areas; per capita supply of
agricultural machinery power in rural areas

kg/person,
kW/person

Urban/rural price level (ucpi/rcpi) Urban/rural consumer price index -

Urban/rural fixed-assets investment level (ufix/rfix)
Investment completed by real estate development enterprises this year/added
value of the tertiary industry; fixed-assets investments completed by
farmers/added value of agriculture, forestry, animal husbandry, and fisheries

%

Urban/rural financial support for industrial
development (ufsi/rfsi)

Local finance expenditure on commercial services and other affairs; local finance
expenditure on local agriculture, forestry, and water affairs Billion CNY

Financial support for education (edu) Local finance expenditure on education/total local financial expenditure %

Industrial structure (str) The proportion of the second and third industries divided by GDP %

Urbanization level (urb) The proportion of urban population to the total population of the region %

Note: add the letter “u” before the abbreviation of urban variable names and add the letter “r” before the abbreviation of rural variable names for differentiation. The same applies below.
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3.2.3. Descriptive Statistics

Table 2 presents the descriptive statistics for the population aging, total consumption,
consumption levels of each item of expenditure and per capita disposable income for
urban and rural residents living in China from 2011 to 2021. Overall, the average value of
population aging in rural areas exceeds 18%, while the average value of population aging
in urban areas is only approximately 12.5%, and on average, the aging of the population in
rural groups is much higher than that in urban areas. The overall consumption level for
each item of expenditure of urban residents is much higher than that in rural areas, of which
the average value of the total consumption of urban residents is approximately 32.7%, while
that of rural residents is only approximately 11.4%. The average total consumption level in
urban areas is approximately 32.7%, while in rural areas it is only approximately 11.4%.

Table 2. Descriptive statistics.

Variables Average
Value

Standard
Deviation

Minimum
Value

Maximum
Value

Total consumption levels of urban residents 32.72368 8.939202 12.0153 57.70103
Total consumption levels of rural residents 11.40596 5.227546 1.44479 24.39691

Consumption levels of food, tobacco, and liquor of urban residents 10.0106 2.412105 4.869136 17.59986
Consumption levels of food, tobacco, and liquor of rural residents 3.851653 1.821775 0.5547435 9.366065
Consumption levels of clothing and footwear of urban residents 2.658406 0.687102 1.385382 4.598652
Consumption levels of clothing and footwear of rural residents 0.6915344 0.3810122 0.0842739 2.785403

Consumption levels of housing of urban residents 6.45733 3.201148 0.9025139 13.56483
Consumption levels of housing of rural residents 2.294587 1.118054 0.2361368 5.711829

Consumption levels of household equipment, furnishings, and services of urban residents 2.03918 0.567496 0.4945282 3.896025
Consumption levels of household equipment, furnishings, and services of rural residents 0.6455003 0.3152223 0.0822543 1.431912

Consumption levels of transport and communications of urban residents 4.410654 1.377409 0.5451767 8.825415
Consumption levels of transport and communications of rural residents 1.474753 0.7675682 0.1711498 3.695586

Consumption levels of education, culture, and recreation of urban residents 3.662411 1.169405 0.5943581 7.413188
Consumption levels of education, culture, and recreation of rural residents 1.128547 0.6914416 0.0959947 3.221341
Consumption levels of health care and medical services of urban residents 2.559644 1.122556 0.4900219 6.216429
Consumption levels of health care and medical services of rural residents 1.095712 0.6001251 0.0003685 3.048491

The level of population aging of urban areas 12.53833 3.515282 4.76 24.28
The level of population aging of rural areas 18.45935 7.168715 7.05 45.8

Income level of urban residents 28,944.58 9124.559 15,707 66,302.15
Income level of rural residents 11,621.17 4782.527 3909.4 30,962.45

At the same time, there are considerable differences in the consumption levels of
urban and rural residents and the levels of population aging among China’s regions. For
urban areas in all provinces, the lowest value for total consumption was 12.0153% and
the highest value was 57.70103%; the lowest value for population aging was 4.76% and
the highest value was 24.28%. For the rural areas in the provinces, the lowest value for
total consumption was 1.44479% and the highest value was 24.39691%; the lowest value of
population aging was 7.05% and the highest value was 45.8%.

In terms of specific consumption expenditure items, for urban residents, the expendi-
ture on “food, tobacco and liquor”, “housing”, “transport and communications”, “educa-
tion, culture and recreation”, “clothing and footwear”, “healthcare and medical services”,
and “household equipment, furnishings and services” were ranked from high to low. For
rural residents, the expenditure on “food, tobacco, and liquor”, “housing”, “transport
and communications”, “education, culture and recreation”, “healthcare and medical ser-
vices”, “clothing and footwear”, and “household equipment, furnishings and services”
were ranked from high to low.

From the comparison of per capita disposable income in urban and rural areas, on
average, the per capita disposable income of urban residents is 2.5 times that of rural
residents, and the income gap between urban and rural residents is relatively huge. This
indicates a significant gap in the consumption capacity of urban and rural residents. From
Figure 3, we know that from 2011 to 2021, the average total consumption expenditure of
urban residents decreased from nearly 4 times that of rural residents to about 2 times that of
rural residents. During the same period, the per capita disposable income of urban residents
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decreased from 2.9 times that of rural residents to 2.5 times that of rural residents. It can be
inferred that the narrowing of the income gap has effectively improved the consumption
capacity of rural residents and reduced the inequality of urban and rural consumption.
From the standard deviation and maximum and minimum values, the regional gap in per
capita disposable income is equally significant.

Through the comparison of these data, we further speculated that the urban and
rural populations comprised different age structures, the consumption habits of the main
consumer groups were different, and the impact of population aging on the consumption
habits of urban and rural residents was not necessarily entirely consistent. At the same time,
there were significant regional differences in the levels of population aging, consumption,
and per capita disposable income, suggesting that we needed to incorporate spatial factors
into our research.

4. Empirical Results and Analysis
4.1. Spatial Autocorrelation Test for the Main Variables
4.1.1. Global Moran’s I

In order to determine the spatial characteristics of the distribution of the main variables
of the 31 provinces, we referred to global Moran’s I proposed by Moran (1950) [64] based on
the geographic inverse distance square matrix of the 31 provinces. The global Moran’s index
takes the range of [−1, 1], with positive values indicating the existence of positive spatial
correlations and negative values indicating the existence of negative spatial correlations.

As can be observed in Table 3, from 2011 to 2021, except for the years 2014 and 2021
for the overall consumption level in urban areas and the years 2011–2014 for the population
aging level, the global Moran’s I of the overall consumption and aging levels in both urban
and rural areas are all positive and pass the test of significance, which indicates that the
spatial distributions of the total consumption levels in urban and rural areas and the level
of population aging in each province are not random, but positively correlated. That is to
say, the total consumption and population aging levels in Chinese urban and rural areas all
have an obvious spatial dependence.

Table 3. Global Moran’s I for residents’ consumption and population aging levels.

Variables Index 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

lnutcl
Moran’I 0.110 0.105 0.101 0.052 0.145 0.115 0.105 0.157 0.104 0.130 0.066
p-value 0.057 0.060 0.065 0.176 0.023 0.053 0.066 0.019 0.066 0.036 0.139
Z-value 1.585 1.551 1.511 0.930 1.988 1.612 1.507 2.079 1.507 1.804 1.085

lnrtcl
Moran’I 0.328 0.323 0.325 0.309 0.260 0.249 0.162 0.273 0.274 0.293 0.292
p-value 0.000 0.000 0.000 0.000 0.000 0.001 0.011 0.000 0.000 0.000 0.000
Z-value 4.061 3.995 4.011 3.845 3.350 3.247 2.293 3.490 3.475 3.680 3.655

lnuold
Moran’I 0.034 −0.022 −0.000 0.056 0.171 0.129 0.136 0.108 0.170 0.241 0.252
p-value 0.235 0.452 0.357 0.161 0.012 0.037 0.033 0.054 0.013 0.001 0.001
Z-value 0.723 0.121 0.367 0.989 2.243 1.792 1.840 1.609 2.234 3.087 3.188

lnrold
Moran’I 0.228 0.168 0.260 0.251 0.223 0.198 0.204 0.188 0.216 0.157 0.162
p-value 0.002 0.015 0.001 0.001 0.003 0.005 0.005 0.008 0.003 0.016 0.014
Z-value 2.844 2.183 3.224 3.119 2.800 2.558 2.602 2.409 2.724 2.134 2.188

It is worth noting that the global Moran’s I of the total consumption levels in urban
and rural areas both presented a decreasing trend, shifting from 0.110 in 2011 to 0.066
in 2021 in urban areas and from 0.328 in 2011 to 0.292 in 2021 in rural areas; the global
Moran’s I of the population aging levels in urban and rural areas presented an opposite
trend, shifting from 0.034 in 2011 to 0.252 in 2021 in urban areas and from 0.228 in 2011
to 0.162 in 2021 in rural areas. This indicates that the spatial positive correlation of the
total consumption levels of residents in both urban and rural areas is weakening, and the
gap between the regions is narrowing; the spatial positive correlation of the population
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aging levels in urban areas is increasing and the gap between the regions is widening, with
the opposite trend being evident in the rural areas. It is necessary to introduce spatial
geographic factors to analyze the impact of population aging on the consumption levels of
rural and urban residents.

4.1.2. Local Moran’s I

The local Moran’s I can perform spatial structure testing on regions with spatial
autocorrelations, examining the spatial autocorrelations between regions, within a region,
and their neighboring regions. To examine the spatial correlation of a specific region, we
drew a local Moran scatter diagram of the total consumption and population aging levels
of urban and rural residents. A local Moran scatter diagram is a two-dimensional quadrant
map that can comprehensively and intuitively reflect the spatial clustering and distribution
characteristics of attribute values in different regions. The four quadrants are the first-
quadrant high–high clustering area (H-H), the second-quadrant low–high clustering area
(L-H), the third-quadrant low–low clustering area (L-L), and the fourth-quadrant high–low
clustering area (H-L). Among them, the local Moran’s I in the first and third quadrants
is positive, indicating a positive spatial clustering relationship, while the local Moran’s I
in the second and fourth quadrants is negative, indicating a negative spatial clustering
relationship.

Due to space limitations, only the results for 2011 and 2021 are reported in our
study. Table 4 presents the abbreviations of the provinces involved in this study. From
Figures 1 and 2, it can be observed that the points corresponding to the Moran’s index of
the total consumption and population aging levels of residents in each province are mostly
distributed in the first and third quadrants, indicating that the levels of both residents’ con-
sumption and population aging in each province present significant H-H or L-L clustering
phenomena in the local space, which are the same as the test results achieved from the
global Moran’s I. Therefore, local spatial positive correlation features are significant, and
spatial factors should also be considered to select an appropriate econometric model.

Table 4. Abbreviations of provinces in China.

Anhui Beijing Fujian Gansu Guangdong Guangxi
(AH) (BJ) (FJ) (GS) (GD) (GX)

Guizhou Hainan Hebei Henan Heilongjiang Hubei
(GZ) (HI) (HE) (HA) (HL) (HB)

Hunan Jilin Jiangsu Jiangxi Liaoning Inner Mongolia
(HN) (JL) (JS) (JX) (LN) (NM)

Ningxia Qinghai Shandong Shanxi Shaanxi Shanghai
(NX) (QH) (SD) (SX) (SN) (SH)

Sichuan Tianjin Tibet Xinjiang Yunnan Zhejiang
(SC) (TJ) (XZ) (XJ) (YN) (ZJ)

Chongqing
(CQ)

4.2. Selection Test for the SLM and SEM Models

For a comparative analysis, this section conducted spatial effect testing on the urban-
and rural-related data. By conducting spatial correlation tests based on the OLS of the
ordinary static panel regression, including LMlag (Lagrange multiplier of spatial lag model)
and R-LMlag (Lagrange multiplier of robust spatial lag model) tests as well as LMerr
(Lagrange multiplier of spatial error model) and R-LMerr (Lagrange multiplier of robust
spatial error model) tests, the type of spatial effect was determined and the appropriate
model form was selected. Tables 5 and 6 present the regression results obtained for the
urban and rural areas, respectively. The regression results for models (1) to (8) are based
on the explained variables of total consumption, “food, tobacco and liquor” consumption,
“clothing and footwear” consumption, “housing” consumption, “household equipment,
furnishings and services” consumption, “transport and communications” consumption,
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“education, culture and recreation” consumption, and “healthcare and medical services”
consumption levels.

Table 5. Tests for spatial geographic effects on urban areas.

Model (1) Model (2) Model (3) Model (4) Model (5) Model (6) Model (7) Model (8)

lnutcl lnuftl lnuclo lnures lnuts lnutc lnuecr lnuhm

LMlag 19.342 *** 2.110 0.514 99.543 *** 3.470 * 5.316 ** 0.711 9.033 ***
R-LMlag 18.650 *** 1.656 1.759 15.379 *** 10.670 *** 9.676 *** 10.402 *** 13.966 ***

LMerr 5.052 ** 0.837 1.849 97.508 *** 0.065 0.783 0.597 0.609
R-LMerr 4.360 ** 0.383 3.094* 13.343 *** 7.265 *** 5.142 ** 10.288 *** 5.542 **

Note: *, **, and ***, respectively, indicate passing the significance test at the 10%, 5%, and 1% levels.

Table 6. Tests for spatial geographic effects on rural areas.

Model (1) Model (2) Model (3) Model (4) Model (5) Model (6) Model (7) Model (8)

lnrtcl lnrftl lnrclo lnrres lnrts lnrtc lnrecr lnrhm

LMlag 5.507 ** 0.400 1.069 12.172 *** 6.049 ** 5.819 ** 17.698 *** 2.477
R-LMlag 0.000 2.077 0.014 0.087 0.151 0.177 3.201 * 1.920

LMerr 12.815 *** 0.517 1.982 27.749 *** 16.107 *** 9.210 *** 15.791 *** 0.925
R-LMerr 7.309 *** 2.194 0.927 15.664 *** 10.210 *** 3.568 * 1.294 0.368

Note: *, **, and ***, respectively, indicate passing the significance test at the 10%, 5%, and 1% levels.

As shown in Table 5, for the models related to urban areas, LMlag only failed the test
in models (2), (3), and (7), while R-LMlag only failed the test in models (2) and (3). LMerr
only passed the test in models (1) and (4), while R-LMerr only failed the test in model (2),
and the statistics of the spatial lag model were generally better than those of the spatial
error model. Therefore, for urban areas, using a spatial lag model was more optimal.

As shown in Table 6, for the models related to rural areas, LMlag and LMerr only failed
the test in models (2), (3), and (8); R-LMlag only passed the significance test in model (7),
R-LMerr only failed the test in models (2), (3), (7), and (8), and the statistics of the spatial
error model were generally better than those of the spatial lag model. Therefore, for rural
areas, using a spatial error model was more optimal.

Although the SLM model was better in urban areas and the SEM model was better
in rural areas, according to the results presented in Tables 7–10, the within-R2 and Log-L
statistics in the results of the SEM models in urban areas and SLM models in rural areas
were not significantly different from that of the SLM models in urban areas and SLM
models in rural areas. Therefore, the explanatory power of SEM models in urban areas
and SLM models in rural areas could not be ignored in our study. Furthermore, in order to
enhance the robustness of the measurement results and better explore the spatial spillover
effect of population aging on the consumption levels of urban and rural residents, our
study used both SLM and SEM models with fixed-time and individual effects to validate
both the urban and rural areas.

Table 7. Impact of population aging on residents’ consumption levels in urban areas (SLM model).

Model (1) Model (2) Model (3) Model (4) Model (5) Model (6) Model (7) Model (8)

lnutcl lnuftl lnuclo lnures lnuts lnutc lnuecr lnuhm

lnuold −0.1524 ***
(0.0308)

−0.1902 ***
(0.0358)

−0.1888 ***
(0.0426)

0.0275
(0.0386)

−0.1302 ***
(0.0475)

−0.1218 **
(0.0565)

−0.3161 ***
(0.0549)

−0.2514 ***
(0.0423)

direct effect −0.1541 ***
(0.0321)

−0.1894 ***
(0.0367)

−0.1879 ***
(0.0438)

0.0295
(0.0404)

−0.1298 ***
(0.0492)

−0.1221 **
(0.0590)

−0.3168 ***
(0.0565)

−0.2519 ***
(0.0436)

indirect effect −0.0667 ***
(0.0255)

−0.0189
(0.0183)

−0.0249
(0.0196)

0.0129
(0.0192)

−0.0380 *
(0.0222)

−0.0546 *
(0.0319)

−0.0813 **
(0.0404)

−0.0635 *
(0.0326)

total effect −0.2208 ***
(0.0494)

−0.2082 ***
(0.0427)

−0.2128 ***
(0.0510)

0.0424
(0.0586)

−0.1678 ***
(0.0647)

−0.1767 **
(0.0852)

−0.3981 ***
(0.0765)

−0.3154 ***
(0.0603)
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Table 7. Cont.

Model (1) Model (2) Model (3) Model (4) Model (5) Model (6) Model (7) Model (8)

lnutcl lnuftl lnuclo lnures lnuts lnutc lnuecr lnuhm

lnuinc 0.3025
(0.2378)

−0.3950
(0.2718)

0.8409 **
(0.3368)

0.8085 ***
(0.3029)

1.1610 ***
(0.3643)

1.1151 **
(0.4442)

0.3870
(0.4302)

0.8955 ***
(0.3342)

lnumt −0.0825 **
(0.0352)

−0.1197 ***
(0.0401)

−0.1489 ***
(0.0500)

−0.0762 *
(0.0453)

−0.0921 *
(0.0538)

−0.1057
(0.0658)

0.1071 *
(0.0642)

−0.0060
(0.0497)

lnuene −0.0301 *
(0.0157)

−0.0267
(0.0180)

−0.0286
(0.0220)

−0.0234
(0.0197)

−0.0483 *
(0.0240)

−0.0169
(0.0291)

−0.0509 *
(0.0283)

0.0130
(0.0216)

lnucpi −0.1095
(0.6591)

−1.1397
(0.7526)

−0.7686
(0.9050)

2.1922 ***
(0.8209)

−1.3883
(1.0072)

−1.2387
(1.1952)

0.8055
(1.1629)

0.3053
(0.9004)

lnufix 0.0242
(0.0230)

0.0195
(0.0262)

0.0378
(0.0312)

0.0746 ***
(0.0281)

0.1223 ***
(0.0352)

0.0949 **
(0.0410)

−0.0728 *
(0.0400)

−0.0068
(0.0310)

lnufsi −0.0224
(0.0183)

−0.0266
(0.0210)

−0.0168
(0.0241)

0.0309
(0.0218)

−0.0670 **
(0.0280)

−0.1004 ***
(0.0319)

−0.0482
(0.0311)

−0.0075
(0.0239)

lnedu −0.0475
(0.0771)

0.0674
(0.0880)

−0.0856
(0.1096)

0.0268
(0.0997)

−0.1123
(0.1178)

−0.1138
(0.1444)

−0.2603 *
(0.1408)

−0.0979
(0.1089)

lnstr −1.6941 ***
(0.3338)

−1.6666 ***
(0.3850)

−2.1594 ***
(0.4624)

−1.4164 ***
(0.4124)

−1.7860 ***
(0.5115)

−2.6001 ***
(0.6078)

−1.6558 ***
(0.5968)

−2.5954 ***
(0.4558)

lnurb 0.2804 ***
(0.0663)

0.3139 ***
(0.0759)

0.3889 ***
(0.0912)

0.0619
(0.0827)

0.4079 ***
(0.1015)

0.5420 ***
(0.1208)

0.4459 ***
(0.1175)

0.1040
(0.0910)

Within-R2 0.6088 0.5357 0.2933 0.8088 0.7703 0.7288 0.6652 0.8830
Log-L 396.9586 348.5300 289.0376 319.9465 250.5309 192.2645 202.7104 290.3348

ρ/λ 0.3081 ***
(0.0744)

0.08668
(0.0808)

0.1147
(0.0809)

0.3136 ***
(0.0798)

0.2291 ***
(0.0822)

0.3212 ***
(0.0826)

0.2046 **
(0.0817)

0.2012 **
(0.0832)

Number of observed samples 341 341 341 341 341 341 341 341
sample size 31 31 31 31 31 31 31 31

Note: *, **, and ***, respectively, indicate passing the significance test at the 10%, 5%, and 1% levels.

Table 8. Impact of population aging on residents’ consumption levels in urban areas (SEM model).

Model (1) Model (2) Model (3) Model (4) Model (5) Model (6) Model (7) Model (8)

lnutcl lnuftl lnuclo lnures lnuts lnutc lnuecr lnuhm

lnuold −0.1521 ***
(0.0310)

−0.1928 ***
(0.0358)

−0.1917 ***
(0.0429)

0.0183
(0.0390)

−0.1338 ***
(0.0473)

−0.1244 **
(0.0582)

−0.3162 ***
(0.0555)

−0.2527 ***
(0.0428)

lnuinc 0.3012
(0.2519)

−0.3357
(0.2832)

0.8885 ***
(0.3423)

0.8754 ***
(0.3121)

1.1816 ***
(0.3825)

1.1440 **
(0.4673)

0.4111
(0.4395)

0.9064 ***
(0.3452)

lnumt −0.0625
(0.0382)

−0.1338 ***
(0.0434)

−0.1526 ***
(0.0526)

−0.0535
(0.0460)

−0.0678
(0.0573)

−0.0896
(0.0684)

0.1170 *
(0.0660)

−0.0045
(0.0507)

lnuene −0.0309 *
(0.0159)

−0.0191
(0.0195)

−0.0252
(0.0228)

−0.0190
(0.0196)

−0.0478 **
(0.0242)

−0.0145
(0.0299)

−0.0498 *
(0.0287)

0.0132
(0.0218)

lnucpi −0.0217
(0.6628)

−1.1872
(0.7622)

−0.7802
(0.908)

2.3582 ***
(0.8208)

−1.2672
(1.0054)

−1.1544
(1.2271)

0.8298
(10.167)

0.3479
(0.9132)

lnufix 0.0280
(0.0228)

0.0138
(0.0264)

0.0348
(0.0321)

0.0734 ***
(0.0279)

0.1273 ***
(0.0347)

0.1018 **
(0.0419)

−0.0682 *
(0.0405)

−0.0077
(0.0314)

lnufsi −0.0210
(0.0183)

−0.0306
(0.0203)

−0.0193
(0.0244)

0.0317
(0.0226)

−0.0641 **
(0.0278)

−0.1046 ***
(0.0336)

−0.0498
(0.0321)

−0.0096
(0.0244)

lnedu −0.0274
(0.0811)

0.0641
(0.0922)

−0.0844
(0.1102)

0.0669
(0.1023)

−0.0852
(0.1235)

−0.1026
(0.1479)

−0.2488 *
(0.1425)

−0.0958
(0.1102)

lnstr −1.4861 ***
(0.3620)

−1.8976 ***
(0.4364)

−2.2344 ***
(0.4959)

−1.3345 ***
(0.4105)

−1.4544 ***
(0.5541)

−2.4951 ***
(0.6475)

−1.5857 **
(0.6329)

−2.5750 ***
(0.4716)

lnurb 0.2728 ***
(0.0659)

0.3192 ***
(0.0771)

0.3926 ***
(0.0916)

0.0718
(0.0824)

0.4087 ***
(0.1007)

0.5426 ***
(0.1235)

0.4427 ***
(0.1186)

0.1096
(0.0918)

Within-R2 0.5751 0.5077 0.2906 0.8084 0.7575 0.7121 0.6538 0.8695
Log-L 393.4384 348.0994 288.0758 318.7991 250.0928 187.6414 200.8691 288.2801

ρ/λ 0.3134 ***
(0.0990)

−0.0597
(0.1142)

0.0240
(0.1103)

0.3124 ***
(0.0861)

0.2686 ***
(0.1005)

0.2314 **
(0.1092)

0.1595
(0.1043)

0.1289
(0.1038)

Number of observed samples 341 341 341 341 341 341 341 341
sample size 31 31 31 31 31 31 31 31

Note: *, **, and ***, respectively, indicate passing the significance test at the 10%, 5%, and 1% levels.
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Table 9. Impact of population aging on residents’ consumption levels in rural areas (SLM model).

Model (1) Model (2) Model (3) Model (4) Model (5) Model (6) Model (7) Model (8)

lnrtcl lnrftl lnrclo lnrres lnrts lnrtc lnrecr lnrhm

lnrold 0.1622 ***
(0.0614)

0.1714 ***
(0.0625)

0.2752 ***
(0.0697)

0.0348
(0.0830)

0.0983
(0.0815)

0.0969
(0.0805)

0.2125 **
(0.1003)

0.5644 **
(0.2268)

direct effect 0.1650 ***
(0.0632)

0.1739 ***
(0.0643)

0.2785 ***
(0.0717)

0.0379
(0.0854)

0.1014
(0.0838)

0.1010
(0.0835)

0.2198 **
(0.1049)

0.5738 **
(0.2332)

indirect effect 0.0241
(0.0177)

−0.0021
(0.0126)

0.0320
(0.0266)

0.0044
(0.0120)

0.0061
(0.0110)

0.0312
(0.0299)

0.0896
(0.05613)

−0.0123
(0.0635)

total effect 0.1892 **
(0.0744)

0.1717 ***
(0.0645)

0.3105 ***
(0.0843)

0.0423
(0.0941)

0.1074
(0.0894)

0.1322
(0.1105)

0.3095 **
(0.1538)

0.5616 **
(0.2402)

lnrinc 0.3285 *
(0.1866)

−0.0077
(0.1907)

0.9612 ***
(0.2107)

−0.3964
(0.2548)

0.2872
(0.2488)

0.5867 **
(0.2436)

2.3516 ***
(0.3062)

1.4649 **
(0.6864)

lnrmt 0.0568 *
(0.0319)

0.0437
(0.0324)

−0.0153
(0.0361)

0.1938 ***
(0.0434)

0.0717 *
(0.0425)

0.0456
(0.0418)

0.0179
(0.0521)

0.2252 *
(0.1173)

lnrene −0.1905 ***
(0.0365)

−0.1868 ***
(0.0373)

−0.1613 ***
(0.0414)

−0.2468 ***
(0.0492)

−0.2541 ***
(0.0485)

−0.1292 ***
(0.0478)

−0.0640
(0.0596)

−0.2790 **
(0.1346)

lnrcpi 1.9190 **
(0.8494)

3.0605 ***
(0.8650)

3.6870 ***
(0.9647)

0.3613
(1.1550)

1.7598
(1.1279)

0.7749
(1.1131)

5.6100 ***
(1.3925)

5.3352 *
(3.1359)

lnrfix −0.0598 **
(0.0265)

−0.0494 *
(0.0269)

−0.0929 ***
(0.0302)

0.0005
(0.0357)

−0.0871 **
(0.0351)

−0.0506
(0.0349)

−0.1467 ***
(0.0435)

−0.0665
(0.0976)

lnrfsi 0.1069 *
(0.0617)

0.0643
(0.0627)

0.2979 ***
(0.0696)

0.0581
(0.0829)

0.1295
(0.0816)

0.1816 **
(0.0806)

0.3653 ***
(0.1006)

−0.0510
(0.2263)

lnedu 0.0713
(0.1099)

−0.0514
(0.1119)

0.0521
(0.1247)

0.4995 ***
(0.1484)

−0.0714
(0.1459)

0.0198
(0.1440)

0.4225 **
(0.1797)

1.3769 ***
(0.4057)

lnstr −1.7252 ***
(0.4558)

−1.5133 ***
(0.4655)

−0.9932 *
(0.5152)

−1.4409 **
(0.6132)

−2.357 ***
(0.6055)

−2.2587 ***
(0.5971)

−1.2150
(0.7417)

−4.4607 ***
(1.6757)

lnurb 0.0202
(0.0932)

0.0176
(0.0949)

−0.0124
(0.1058)

0.1570
(0.1259)

−0.1086
(0.1238)

0.0332
(0.1223)

0.2089
(0.1524)

−0.3689
(0.3445)

Within-R2 0.6475 0.4968 0.3844 0.3106 0.5489 0.7248 0.5723 0.3312
Log-L 289.4640 283.6740 246.5710 187.4067 193.1693 196.0827 120.7604 −155.6079

ρ/λ 0.1265 *
(0.0712)

−0.0142
(0.0745)

0.1014
(0.0752)

0.0837
(0.0862)

0.0513
(0.0734)

0.2383 ***
(0.0758)

0.2917 ***
(0.0728)

−0.0313
(0.1090)

Number of observed samples 341 341 341 341 341 341 341 341
sample size 31 31 31 31 31 31 31 31

Note: *, **, and ***, respectively, indicate passing the significance test at the 10%, 5%, and 1% levels.

Table 10. Impact of population aging on residents’ consumption levels in rural areas (SEM model).

Model (1) Model (2) Model (3) Model (4) Model (5) Model (6) Model (7) Model (8)

lnrtcl lnrftl lnrclo lnrres lnrts lnrtc lnrecr lnrhm

lnrold 0.1668 ***
(0.0622)

0.1697 ***
(0.0610)

0.2783 ***
(0.0702)

0.0415
(0.0843)

0.0899
(0.0820)

0.1023
(0.0824)

0.2385 **
(0.1010)

0.5626 **
(0.2280)

lnrinc 0.3226 *
(0.1919)

−0.0328
(0.1834)

0.9795 ***
(0.2142)

−0.3742
(0.2633)

0.2440
(0.2472)

0.6260 **
(0.2565)

2.7877 ***
(0.3252)

1.4579 **
(0.6927)

lnrmt 0.0601 *
(0.0317)

0.0418
(0.0326)

−0.0117
(0.0360)

0.1914 ***
(0.0432)

0.0785 *
(0.0427)

0.0454
(0.0413)

0.0342
(0.0490)

0.2254 *
(0.1176)

lnrene −0.1939 ***
(0.0369)

−0.1930 ***
(0.0365)

−0.1615 ***
(0.0418)

−0.2608 ***
(0.0512)

−0.2571 ***
(0.0482)

−0.1327 ***
(0.0491)

−0.0696
(0.0606)

−0.2778 **
(0.1346)

lnrcpi 1.8692 **
(0.8568)

3.1731 ***
(0.8538)

3.6895 ***
(0.9728)

0.4064
(1.1657)

1.7581
(1.1252)

0.7963
(1.1350)

6.2358 ***
(1.3910)

5.3380 *
(3.1339)

lnrfix −0.0590 **
(0.0268)

−0.0549 **
(0.0270)

−0.0938 ***
(0.0303)

0.0027
(0.0357)

−0.0897 **
(0.0353)

−0.0448
(0.0355)

−0.1536 ***
(0.0420)

−0.0668
(0.0982)

lnrfsi 0.1110 *
(0.0629)

0.0849
(0.0629)

0.3008 ***
(0.0700)

0.0537
(0.0833)

0.1450 *
(0.0822)

0.1780 **
(0.0819)

0.3381 ***
(0.0987)

−0.0540
(0.2266)

lnedu 0.0704
(0.1104)

−0.0414
(0.1111)

0.0530
(0.1250)

0.5005 ***
(0.1483)

−0.0702
(0.1459)

0.0277
(0.1448)

0.4674 ***
(0.1748)

1.3771 ***
(0.4058)

lnstr −1.7208 ***
(0.4638)

−1.6902 ***
(0.4732)

−0.9898 *
(0.5166)

−1.4173 **
(0.6121)

−2.4719 ***
(0.6184)

−2.1727 ***
(0.6021)

−0.7116
(0.7211)

−4.4746 ***
(1.6847)

lnurb 0.0215
(0.0933)

0.0208
(0.0950)

−0.0106
(0.1056)

0.1576
(0.1251)

−0.1057
(0.1241)

0.0317
(0.1216)

0.2078
(0.1458)

−0.3707
(0.3448)

Within-R2 0.6472 0.4967 0.3867 0.2550 0.5446 0.7211 0.5801 0.3304
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Table 10. Cont.

Model (1) Model (2) Model (3) Model (4) Model (5) Model (6) Model (7) Model (8)

lnrtcl lnrftl lnrclo lnrres lnrts lnrtc lnrecr lnrhm

Log-L 288.3433 285.1281 245.9991 187.4991 193.0671 194.3745 124.8840 −155.6370

ρ/λ 0.0778
(0.0852)

−0.1534 *
(0.0895)

0.0679
(0.0850)

0.1035
(0.0972)

−0.0462
(0.0883)

0.2142 **
(0.0860)

0.3995 ***
(0.0781)

−0.0174
(0.1148)

Number of observed samples 341 341 341 341 341 341 341 341
sample size 31 31 31 31 31 31 31 31

Note: *, **, and ***, respectively, indicate passing the significance test at the 10%, 5%, and 1% levels.

4.3. Analysis of the Empirical Results
4.3.1. Test of the Effect of Population Aging on Narrowing the Consumption Gap between
Urban and Rural Residents

This section describes an empirical test of the effect of population aging levels on
narrowing the consumption gap between urban and rural residents, with the level of popu-
lation aging (old) as the main explanatory variable. In view of the test of the urban–rural
correlation model presented in the previous section, the effects of population aging levels
on urban and rural residents’ consumption levels mainly refer to the test results obtained
from the SLM and SEM models, respectively. The regression results obtained for SLM
model (1), presented in Table 7, show that the regression coefficient of the population aging
level is −0.1524, and it is significant at the 1% level, which indicates that the increase in the
population aging level significantly reduces the consumption level of the urban residents
under the condition that the other conditions remain unchanged. Every 1% increase in the
level of population aging leads to a 0.1524% decrease in the consumption level of urban
residents. Moreover, the regression result obtained for SEM (1), presented in Table 10,
shows that the regression coefficient of population aging is 0.1622, and it is significant at the
1% level, which indicates that, under the condition of the other conditions remaining un-
changed, the increase in the level of population aging has a significant promotion effect on
the consumption level of rural residents. Every 1% increase in the level of population aging
leads to a 0.1622% increase in the consumption level of rural residents. The diametrically
opposed effects of population aging on the consumption levels of rural and urban residents
have the effect of narrowing the gap between rural and urban residents’ consumption
levels. The difference in retirement income between urban and rural residents may explain
this result. The pension system in China varies among residents of different professions
and genders, with a particularly large gap between urban and rural areas. Urban residents
enjoy a wider and more generous pension, but compared to their salary income, their
retirement salary is significantly lower. Therefore, retirement will bring a decrease in total
income, which will lead to a decrease in their consumption. However, the income of rural
residents has not been significantly reduced by “retirement”. On the contrary, they may
receive an additional disposable income due to national pension subsidies.

The following step was to analyze the impacts of the level of population aging on
the consumption levels of urban and rural residents’ expenditure items. In general, the
direction of the impact of the population aging level on the consumption levels of urban and
rural residents’ expenditure items was consistent with the total consumption levels of urban
and rural residents. This can be observed in Table 7, except for the result of the “housing”
consumption level, which is not significant. The impact of the population aging level on
the consumption level of urban residents’ expenditure items were all negative; according
to the absolute value of the coefficients, they were, in order, the consumption levels of
“education, culture and recreation” (−0.3161), “healthcare and medical services” (−0.2514),
“food, tobacco and liquor” (−0.1902), “clothing and footwear” (−0.1888), “household
equipment, furnishings and services” (−0.1302), and “transportation and communications”
(−0.1218). It can be observed in Table 10 that the impacts of the population aging level on
rural residents’ consumption levels of “housing”, “household equipment, furnishings and
services” and “transportation and communications” are not significant, and the impact on
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other consumption levels is positive, according to the absolute value of the coefficients, in
the order of consumption levels of “healthcare and medical services” (0.5626), “clothing
and footwear” (0.2783), “education, culture and recreation” (0.2385), and “food, tobacco
and liquor” (0.1697). Under the influence of the aging population level, the “education,
culture, and recreation” consumption level of urban residents was the most affected, while
the “healthcare and medical services” consumption level of rural residents was the most
affected, reflecting the fact that urban and rural residents were at different stages of devel-
opment in the consumption structure and had different consumption habits. The impact
of population aging on rural residents’ “healthcare and medical services” consumption
levels was considerable, with a coefficient of 0.5626, which was significant at the 5% level,
i.e., if the population aging level increased by 1%, rural residents’ “healthcare and medical
services” consumption level would also increase by 0.5626%. It is worth noting that the
increase in the population aging level had a negative impact on the “healthcare and medical
services” consumption level of urban residents, which occurred due to the considerable
difference between urban and rural healthcare security systems, with urban residents
enjoying much better medical conditions and coverage than rural residents, and that, in the
context of healthcare insurance cost control, there was no inevitable relationship between
aging and the sharp increase in the level of consumption of healthcare costs.

As for the control variables, in urban areas, as shown in Table 7, the impacts of the
per capita disposable income on the total consumption levels of urban residents for “food,
tobacco and liquor” and “education, culture and recreation” were not significant; however,
the impacts on the consumption levels of “household equipment, furnishings and services”,
“transportation and communications”, “healthcare and medical services”, “housing”, and
“clothing and footwear” were significantly positive, with coefficients of 1.1610, 1.1151,
0.8955, 0.8085, and 0.8049, respectively. The level of “healthcare and medical services”
had a significantly negative impact on the total consumption level of urban residents and
passed the test of significance at the 5% level, with a coefficient of −0.0825. The energy
supply level had a weaker impact on the total consumption level of urban residents, which
was significant at the level of only 10%. The levels of price and fixed-assets investments,
the strength of financial support received for industrial development, and the strength
of educational support had weaker impacts on the consumption level of urban residents
and were not significant in all models, except for some subdivided consumption levels.
The industrial structure and level of urbanization had a greater impact on urban residents’
consumption level, with a 1% increase in the former leading to a 1.6941% decrease in the
total consumption level of urban residents, and a 1% increase in the latter leading to a
0.2804% increase in their total consumption level.

For rural areas, as shown in Table 10, the impacts of per capita disposable income
on the consumption level of rural residents’ “food, tobacco and liquor”, “housing”, and
“household equipment, furnishings and services” were insignificant; however, the impacts
on the total rural residents’ consumption levels of “clothing and footwear”, “transportation
and communications”, “education, culture and recreation”, and “healthcare and medical
services” were more significant, with coefficients of 0.3226, 0.9795, 0.6260, 2.7877, and 1.4579,
respectively. The price, medical care, and financial and industrial support levels had a
positive impact on the total consumption level of rural residents, with coefficients of 1.8692,
0.0601, and 0.1110, respectively. Except for the results obtained for the consumption levels
of some subdivided expenditures, which were not significant, the impacts of the energy
supply level, the investments in fixed assets, and the structure of the industry on the total
consumption level of rural residents and other subdivided expenditures were significantly
negative. The effects of the urbanization and education support on the consumption level
of rural residents were not significant.

As shown in Tables 8 and 9, the results obtained with the SEM model for urban areas
and the SLM model for rural areas do not differ considerably from those described above,
further confirming the robustness of this study.
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4.3.2. Test of the Spatial Effect of Population Aging on the Consumption Levels of Urban
and Rural Residents

The spatial spillover effect of population aging on urban and rural residents’ consump-
tion levels refers to the results obtained with the SLM and SEM models at the same time.
According to Tables 7 and 8, in the empirical results of SLM model (1) and SEM model
(1) for urban residents, the spatial regression coefficients (ρ) are significant at the 1% level,
which indicates that the level of total consumption of urban residents forms a significant
spatial spillover effect between provinces. According to Tables 9 and 10, in the empirical
results of SLM model (1) and SEM model (1) for rural residents, the spatial regression
coefficients of the former are only significant at the 10% level, and the spatial regression
coefficients of the latter are insignificant, which indicates that the spatial spillovers of the
total consumption level of rural residents are not obvious between provinces.

Since the spatial lag model explains the spatial economic correlation between provinces,
its parameter estimation results do not directly reflect the real effect of the direct and spa-
tial spillover effects. The coefficient of the impact of population aging on the residents’
consumption level was decomposed into direct, indirect, and total effects, with reference
being made to the partial differentiation method proposed by LeSage and Pace [65]. As
shown in model (1) in Table 7, the direct, indirect, and total effects of population aging
on urban areas are all negative and pass the 1% significance level test, indicating that the
aging level of the population in this province not only has a negative impact on the total
consumption level of urban residents in this province, but also has a significant spatial
spillover effect, which means it has a negative effect on the total consumption level of
urban residents in the neighboring areas. If the interactive influence of spatial factors is
ignored, the inhibitory effect of population aging on urban residents’ consumption levels
will be underestimated. As shown in Table 9, the direct and total effects of population aging
in rural areas are significantly positive, while the indirect effect is not significant, further
indicating that population aging has a positive effect on the consumption level of rural
residents in this province; however, the spatial spillover effect on neighboring provinces is
not significant. In summary, it can be concluded that the impact of population aging on
urban residents’ consumption levels has a significant negative spatial geographic effect,
which is mainly manifested as a significant spatial dependence effect, while the spatial
spillover effect of population aging on rural areas is not significant.

Reviewing Figures 4 and 5 helps us to understand the abovementioned results. As
shown in Figures 4 and 5, the Moran’s I of the population aging level in urban areas
increases from 0.034 in 2011 to 0.252 in 2021. Eleven years later, more provinces shift to the
first and third quadrants, i.e., the “high–high” and “low–low” phenomena of agglomeration
were more significant. Since urban areas are areas where the economic activities of a
province are concentrated, the laws of economics show that the population always transfers
to areas with higher economic levels, and the existence of the spatial spillover effect of
the population aging level in urban areas reflects, to a certain extent, the phenomenon of
inter-provincial population mobility driven by the development of the regional economy.
The Moran’s I of the population aging level in rural areas declined from 0.228 in 2011 to
0.162 in 2021 but remained at a high level overall, with most provinces still clustered in
the first and third quadrants. The effect of the level of population aging in rural areas on
the consumption levels of neighboring rural areas was not significant, indicating that the
population in rural areas shifted to towns and cities in the same province or urban areas
in other provinces, which was consistent with the logic of urbanization. According to the
China Census Yearbook 2020 released by the National Bureau of Statistics, we found that
Jiangsu province is a typical example. In the rural population of Jiangsu, over 30% of the
elderly are aged 60 and above, and correspondingly, in the urban population of Jiangsu,
young urban residents aged 15–34 account for nearly 30% of the total urban population.
This indicates a strong migration of the local labor force, which reflects the viewpoint we
mentioned above. This was further confirmed by the fact that, among the control variables,
urbanization had a significant positive impact on the consumption level of urban residents,
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while it was not significant in rural areas. This implies, to some extent, that geospatial
proximity facilitates the role of population aging as a driver of inter- or intra-provincial
population mobility, and that provinces that are geographically close to high levels of aging
are more susceptible to population mobility, which can negatively affect the consumption
levels of residents.
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Figure 4. Consumption (top) and population aging (bottom) levels of urban residents in 2011 (left)
and 2021 (right).
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Figure 5. Consumption (top) and population aging (bottom) levels of rural residents in 2011 (left)
and 2021 (right).

4.4. Robustness Tests

In order to better test the impact of population aging on the consumption levels of
urban and rural residents and to ensure the robustness of the results, we replaced the geo-
graphic inverse distance square matrix of the previous model with the geographic inverse
distance matrix and the economic distance matrix, Wr, to conduct the robustness test.

As shown in Tables 11 and 12, the impact coefficients of population aging on residents’
total consumption levels in urban areas are all negative, while in rural areas, they are all
positive. Furthermore, all of them pass the 1% significance level test, further confirming the
opposite impact of population aging on the consumption levels of urban and rural residents.
The significance of the spatial regression coefficients and indirect effect coefficients in urban
and rural areas confirm the reliability of the analysis of spatial effects mentioned above.

Table 11. Robustness tests (geographic inverse distance matrix).

SLM Model
(Urban Areas)

SEM Model
(Urban Areas)

SLM Model
(Rural Areas)

SEM Model
(Rural Areas)

lnutcl lnutcl lnrtcl lnrtcl

lnuold −0.1556 ***
(0.0311)

−0.1554 ***
(0.0312)

lnrold 0.1624 ***
(0.0616)

0.1632 ***
(0.0619)

direct effect −0.1577 ***
(0.0324)

0.1653 ***
(0.0634)

indirect effect −0.1461 *
(0.0864)

0.0435
(0.0451)

total effect −0.3038 ***
(0.1020)

0.2088 **
(0.0913)

Within-R2 0.7098 0.5704 0.6451 0.6456
Log-L 394.5017 391.2365 288.6641 287.9397

ρ/λ 0.4625 ***
(0.1247)

0.3777 **
(0.1601)

0.1876
(0.1501)

0.0253
(0.1852)

Number of observed samples 341 341 341 341
sample size 31 31 31 31

Note: control variable results are omitted for space reasons and are available from the authors upon request; the
same below. *, **, and ***, respectively, indicate passing the significance test at the 10%, 5%, and 1% levels.
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Table 12. Robustness tests (economic distance matrix).

SLM Model
(Urban Areas)

SEM Model
(Urban Areas)

SLM Model
(Rural Areas)

SEM Model
(Rural Areas)

lnutcl lnutcl lnrtcl lnrtcl

lnuold −0.1389 ***
(0.0306)

−0.1260 ***
(0.0306)

lnrold 0.1761 ***
(0.0619)

0.1805 ***
(0.0615)

direct effect −0.1425 ***
(0.0321)

0.1791 ***
(0.0639)

indirect effect −0.0827 ***
(0.0289)

−0.0205
(0.0141)

total effect −0.2251 ***
(0.0529)

0.1587 ***
(0.0569)

Within-R2 0.8254 0.8223 0.6470 0.6449
Log-L 400.1391 397.8831 289.2785 289.1378

ρ/λ 0.3850 ***
(0.0762)

0.4169 ***
(0.0879)

−0.1243
(0.0755)

−0.1378
(0.0878)

Number of observed samples 341 341 341 341
sample size 31 31 31 31

*** indicates passing the significance test at the 1% level.

5. Conclusions, Policy Recommendations, Shortcomings, and Prospects
5.1. Conclusions

This research empirically examined the impact of population aging on residents’
consumption levels and its spatial geographic effects by constructing spatial econometric
models (including SLM and SEM models) based on the spatial correlation perspectives
for two symmetrical samples, urban and rural areas, using the economic panel data of
31 provinces obtained from 2011 to 2021. The main conclusions include the following:

(1) The distributions of the total consumption and population aging levels in Chinese
urban and rural areas are not random, but all display obvious spatial dependence charac-
teristics. More specifically, both the residents’ consumption and population aging levels in
each province present significant H-H or L-L clustering phenomena in the local space.

(2) On the whole, population aging has a significant negative impact on the con-
sumption level of urban residents, while it positively promotes the consumption level
of rural residents, which indicates that population aging will eliminate the urban–rural
consumption gap, to a certain extent.

(3) The direction of the impact of the population aging level on the consumption
level of urban and rural residents’ expenditure items is the same as that of the total
consumption levels of urban and rural residents; however, the magnitude and order of the
coefficient of the impact of the subdivided expenditure are not consistent, indicating that
urban and rural residents are in different stages of consumption development and have
different consumption habits. As for the control variables, the per capita disposable income,
healthcare level, and urbanization level are the priority. Their impact on the consumption
level of urban and rural residents is not consistent.

(4) The impact of population aging on the consumption level of urban residents has a
significant negative spatial spillover effect; that is to say, the level of population aging in
this province not only has a negative impact on the consumption level of urban residents in
one province, but also has an inhibitory effect on the consumption level of urban residents
in neighboring provinces, while in the rural group, the spatial spillover effect of the impact
of the population aging level on the consumption level of residents is not significant.
This paper, to some extent, supports inter-provincial population mobility as a possible
explanatory mechanism; for the urban areas in provinces, geospatial proximity is conducive
to the population aging process to play a role in the promotion of inter-provincial or intra-
provincial population mobility. Geographically neighboring provinces with a high level of
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aging are more likely to be affected by the impact of population mobility, which, in turn,
negatively affects the consumption level of residents; the insignificant effect of the aging
level of the population in rural areas on the consumption level of neighboring rural areas
is due to the fact that the population in rural areas moves to towns and cities in the same
province or to urban areas in other provinces. This research verifies the robustness of the
empirical results by replacing the spatial matrix.

5.2. Policy Recommendations

Based on the research results and empirical conclusions obtained in this research, we
propose the following policy recommendations: First, population aging not only signifies a
change in consumers’ own consumption habits, but also represents a change in consumers’
structures. Therefore, we should pay attention to the enhancement of the purchasing power
of the elderly population, so as to convert the “silver economy” into a new economic growth
point. Firstly, it is necessary to improve the elderly care security system and promote the
“aging friendly” reform of the medical insurance system, so that we could weaken aging
residents’ precautionary savings motivation. Secondly, we need to use big data and the
internet to empower the old-age industry and accelerate the development of the supporting
industries for the aging population. Therefore, the participation of the elderly population in
economic, political, social, and cultural activities can be expanded. Thirdly, it is necessary
to expand channels for secondary employment for elderly people. This can avoid the waste
of human capital and effectively stimulate the consumption of the elderly population.

Second, income is still the basic factor determining residents’ consumption levels.
A large gap still exists between the income level of rural residents and that of urban
residents, and it is necessary to increase the income of rural residents through multiple
channels. On the one hand, we should consider buttressing the rural revitalization strategy,
strengthening rural infrastructure constructions, and continuing to revitalize the rural
economy, thus achieving an increase in rural residents’ income; on the other hand, we
should accurately identify the potential and vulnerability of the rural residents group and
provide appropriate assistance. Firstly, we should adopt fiscal policies to increase precise
investment in public human capital for impoverished families, providing effective support
to low-income families in rural areas such as education. Secondly, there is still a large gap
between the level of security for the aged and the medical service in rural areas and that in
urban areas. Therefore, it is necessary to continue to promote the integration of the “New
Rural Cooperative”, “New Rural Insurance”, and “Urban Residents’ Medical Insurance”
to incorporate commercial insurance into the social security system and to reduce rural
residents’ motivation for precautionary savings.

Third, the spatial spillover effect of population aging on consumption and the spatial
correlation that exists between the two derive, to some extent, from the imbalance in the
level of regional economic development. To promote the coordinated development of the
regional economy, it is necessary to break the household registration restriction on labor
mobility, promoting the free flow and high-quality transformation of the factors of the labor
force. In the capital market, developing inclusive finance is an effective measure to solve
the problem of “financial exclusion” in rural areas.

To sum up, the reality of China’s aging society is difficult to reverse. We must take
effective measures to implement various policies and measures in line with China’s national
conditions, open up new consumer demand areas, and ultimately realize the aging society
pension goals and the synergistic development of the economy to achieve a joint realization
of such goals.

5.3. Shortcomings and Prospects

In this study, the impact of population aging on urban and rural residents’ consump-
tion levels was studied in a more systematic manner, and, at the same time, the bias of
this method that may have occurred when dealing with the data containing spatial in-
formation was effectively avoided through the use of the spatial measurement method;
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however, many issues still need to be investigated in depth. In future research, considera-
tion should be given to collecting more household micro-data and integrating household
micro-information to a greater level, to successfully explore the micro-motivation involved
in population aging’s effects on the consumption levels of urban and rural residents. Field
research and other methods were used to successfully obtain the micro-data concerning
the age structure of the population and its aging status, and to analyze the results in a
comprehensive manner with the regional data, to form the conclusions of this study in a
more comprehensive and accurate manner.

Author Contributions: Conceptualization, X.S. and Y.Y.; methodology, X.S. and Y.Y.; software, Y.Y.;
validation, X.S. and Y.Y.; formal analysis, X.S.; investigation, X.S. and Y.Y.; resources, X.S. and Y.Y.;
data curation, Y.Y.; writing—original draft preparation, X.S. and Y.Y.; writing—review and editing,
X.S. and Y.Y. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available within the article.

Acknowledgments: The authors are grateful to the editors and the anonymous reviewers for their
insightful comments and suggestions.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. National Bureau of Statistics of China. Major Figures on 2020 Population Census of China. Available online: http://www.stats.

gov.cn/sj/pcsj/rkpc/d7c/ (accessed on 26 November 2021).
2. National Bureau of Statistics of China. China Population and Employment Statistical Yearbook. 2022. Available online:

https://data.cnki.net/yearBook/single?id=N2023030104 (accessed on 1 December 2022).
3. Ren, Z. China Aging Research Report. Available online: https://finance.sina.com.cn/zl/china/2023-02-07/zl-imyewiyr5155477

.shtml (accessed on 7 February 2023).
4. Huang, W.; Ren, C.; Zhou, Y. Retirement Policies, Labor Supply and Income-Consumption Dynamics. Econo. Res. J. 2023, 58,

141–157.
5. Central People’s Government. Supporting the Third Pillar of Pension Insurance. Available online: https://www.gov.cn/xinwen/

2021-01/11/content_5578690.htm (accessed on 11 January 2021).
6. General Office of the Central Committee of the Communist Party of China; General Office of the State Council. Opinions on

Promoting the Construction of Basic Elderly Care Service System. Available online: https://www.gov.cn/zhengce/202305
/content_6875434.htm (accessed on 21 May 2023).

7. CPC Central Committee. Suggestions on Formulating the 14th Five Year Plan for National Economic and Social Development
and the Long Range Goals for 2035. Available online: http://www.mofcom.gov.cn/article/zt_sjjwzqh/fuzhu/202012/202012030
21505.shtml (accessed on 4 November 2020).

8. Xi, J. Report to the 20th National Congress of the CPC. Available online: http://www.qstheory.cn/yaowen/2022-10/25/c_112907
9926.htm (accessed on 25 October 2022).

9. Wu, Y.; Chen, Z. Spatial Correlation and Regional Convergence Analysis of Residents’ Consumption Levels. World Econ. Pap.
2009, 5, 76–89.

10. Yin, X.; Sun, H. Resident Consumption, Spatial Dependence and Conditional Convergence—A Research Based on Spatial Panel
Data. Chin. Econ. Stud. 2011, 4, 47–59.

11. Shi, M.; Liu, X. Space, Consumption Stickiness and the Low Consumption Ratio Puzzle. J. Renmin Univ. China 2015, 3, 46–56.
12. National Development and Reform Commission of China. Measures to restore and expand consumption. Available online:

https://www.gov.cn/zhengce/content/202307/content_6895599.htm (accessed on 31 July 2023).
13. Modigliani, F.; Brumberg, R. Utility Analysis and the Consumption Function: An Interpretation of Cross-section Data. J. Post

Keynes Econ. 1954, 01, 388–436.
14. Liu, Z.; Song, Z. The Retirement Consumption Puzzle: Evidence from China Urban Household. Chin. J. Popul. Sci. 2013, 13,

94–103.
15. Modigliani, F.; Cao, S.L. The Chinese Saving Puzzle and the Life Cycle Hypothesis. J. Econ. Lit. 2004, 42, 145–170. [CrossRef]
16. Wang, J.; Fu, X. Taking into Account Changes in the Age Structure of the Population Econometric Analysis of Consumption

Function in China—Also Discusses the Impact of Aging Chinese on Consumption. Popul. Res. 2006, 1, 29–36.

http://www.stats.gov.cn/sj/pcsj/rkpc/d7c/
http://www.stats.gov.cn/sj/pcsj/rkpc/d7c/
https://data.cnki.net/yearBook/single?id=N2023030104
https://finance.sina.com.cn/zl/china/2023-02-07/zl-imyewiyr5155477.shtml
https://finance.sina.com.cn/zl/china/2023-02-07/zl-imyewiyr5155477.shtml
https://www.gov.cn/xinwen/2021-01/11/content_5578690.htm
https://www.gov.cn/xinwen/2021-01/11/content_5578690.htm
https://www.gov.cn/zhengce/202305/content_6875434.htm
https://www.gov.cn/zhengce/202305/content_6875434.htm
http://www.mofcom.gov.cn/article/zt_sjjwzqh/fuzhu/202012/20201203021505.shtml
http://www.mofcom.gov.cn/article/zt_sjjwzqh/fuzhu/202012/20201203021505.shtml
http://www.qstheory.cn/yaowen/2022-10/25/c_1129079926.htm
http://www.qstheory.cn/yaowen/2022-10/25/c_1129079926.htm
https://www.gov.cn/zhengce/content/202307/content_6895599.htm
https://doi.org/10.1257/002205104773558074


Sustainability 2023, 15, 16353 26 of 27

17. Li, C.; Zhang, J. The Effect of the Transformation of Chinese Population Structure on the Consumption of the Rural Residents.
Chin. J. Popul. Sci. 2009, 4, 14–22.

18. Mao, Z.; Sun, W.; Hong, T. Comparative Analysis on the Relationship between Population Age Structure and Household
Consumption in China. Popul. Res. 2013, 3, 82–92.

19. Li, X.; Wang, C.; Lv, M. Structure of Population Age and Consumption of Rural Residents Theoretical Mechanism and Empirical
Inspection. Jianghai Acad. J. 2010, 2, 93–98.

20. Zhang, L.; Lei, L. An Analysis of the Relation of the Regional Population Age Structure and the Household Consumption in
China. Popul. Econ. 2011, 1, 16–21.

21. Fan, Z.; Zhou, S. The impact of urbanization, population age structure on residents’ consumption and regional differences. Cons.
Econ. 2016, 4, 21–25.

22. Sheng, L.; Fang, X.; Feng, Y.; Liu, H. Study on the Impact of Changes in Household Population Composition on Household
Consumption: An Analysis Based on Micro Household Panel Data. Stat. Res. 2021, 11, 35–46.

23. Tu, Q. A Study on the Threshold Effect of Population Aging on Urban Residents’ Consumption. J. Com. Econ. 2018, 18, 36–39.
24. Pan, H.; Tang, Y. Research on the Impact of Population Aging on Residents’ Consumption Rate. Jiangxi Soc. Sci. 2021, 1, 51–60.
25. Leff, N.H. Dependency rates and savings rates. Am. Econ. Rev. 1969, 59, 886–896.
26. Horioka, C.Y. A Cointegration Analysis of the Impact of the Age Structure of the Population on the Household Saving Rate in

Japan. Rev. Econ. Stat. 1997, 79, 511–516. [CrossRef]
27. Higgins, M. Demography, National savings, and International Capital Flows. Int. Econ. Rev. 1998, 39, 343–369. [CrossRef]
28. Ram, R. Dependency Rates and Aggregate Savings: A New International Cross-section Study. Am. Econ. Rev. 1982, 72, 537–544.
29. Bloom, D.E.; Canning, D.; Bryan, G. Longevity and Life-cycle Savings. Scand. J. Econ. 2003, 105, 319–338. [CrossRef]
30. Bloom, D.E.; Canning, D.; Mansfield, R.K.; Moore, M. Demographic Change Social Security Systems, and Savings. J. Monet. Econ.

2007, 54, 92–114. [CrossRef] [PubMed]
31. Schultz, T.P. Demographic Determinants of Savings: Estimating and Interpreting the Aggregate Association in Asia. Chin. Econ.

Quart. 2005, 7, 991–1017. [CrossRef]
32. Wang, Y. A Study on the Impact of Population Aging on the Consumption Behavior of Urban Residents in China. Chin. J. Popul.

Sci. 2011, 1, 64–73.
33. Huang, Y.; Zhang, C.; Tian, S. The Influencing Mechanisms of Population Age Structure and Housing Price on Household

Consumption in Urban China. Popul. Res. 2019, 4, 17–35.
34. Tan, J.; Yang, Y. Population Outflow, Aging and Rural Household Consumption. Popul. J. 2012, 6, 9–15.
35. Yi, X.; Jian, Q. An Empirical Study on Population Aging and Household Average Propensity of Consumption in China. Cons.

Econ. 2019, 2, 3–12.
36. Yu, X.; Sun, M. A Study of the Impact of the Aging of Population in China on Consumption. Jilin Univ. J. 2012, 1, 141–147.
37. Ni, H.; Li, S.; He, J. Impacts of Demographic Structure Change on Economic Structure in China: An Analysis Based on

Input-Output Model. Stud. Lab. Econ. 2014, 3, 63–76.
38. Xu, G.; Liu, L. Statistical Testing of China’s Aging Population and Residents’ Consumption Structure. Stat. Dec. 2016, 1, 91–94.
39. Shi, B. An Empirical Research of Elderly Consumption in Urban and Rural China: With Analysis of “Retirement-Consumption

Puzzle”. Popul. Res. 2017, 3, 53–64.
40. Shi, M.; Jiang, Z.; Qiu, X. How Aging Effects Household Consumption—Evidences from China household Survey Data. Econ.

Theory Bus. Manag. 2019, 4, 62–79.
41. Wang, W.; Liu, Y. Population Aging and Upgrading of Household Consumption Structure—An Empirical Study Based on

CFPS2012 Data. J. Shandong Univ. Philo. Soc. Sci. 2017, 5, 84–92.
42. Wang, J. Research on the Influence of Population Aging on the Consumption Disparity of Chinese Rural and Urban Residents—

Based on the Empirical Analysis of Provincial Dynamic Panel Data. Mod. Econ. Sci. 2015, 37, 109–115.
43. Wang, J.; Zhao, K. Urbanization, Aging, Urban-Rural Gap and Economic Development in China—A Moderated Mediation Model.

Cont. Econ. Manag. 2020, 42, 49–58.
44. Zhang, D.; Chen, J. Does Aging in the Changing Industrial Structure Widen the Gap between Urban and Rural Areas? Empirical

Analysis based on China’s Provincial Panel Data. J. Chongqing Univ. Tech. Soc. Sci. 2021, 35, 70–82.
45. Fan, M.; Ren, R. An Empirical Study on the Consumption Structure of Urban Residents in China. Stat. Res. 2006, 12, 23–26.
46. Ma, L.; Sun, J. A Spatial Autoregressive Model Study on the Relationship between Consumption and Income of Chinese Residents.

J. Manag. World 2008, 1, 167–168.
47. Sun, A. Spatial econometric analysis of farmers’ consumption in provincial areas of China. Rura. Econ. 2009, 8, 52–56.
48. Wang, H.; Shen, L. Panel Analysis of China’s Economic Growth and Energy Consumption Space. J. Quant. Tech. Econ. 2007, 2,

98–107.
49. Anselin, L. Spatial Econometrics: Methods and Models; Kluwer Academic Publishers: Dordrecht, The Netherlands, 1988; pp. 160–162.

ISBN 978-90-247-3735-2.
50. Wang, C.; Li, L.; Xue, H. The Influence of Population Age Structure and Basic Old—Age Insurance for Urban and Rural Residents

on Rural Residents’ Consumption Rate—Based on the Empirical Analysis of China’s Provincial Panel Data from 2010 to 2017. Soc.
Secur. Stud. 2020, 3, 85–93.

https://doi.org/10.1162/rest.1997.79.3.511
https://doi.org/10.2307/2527297
https://doi.org/10.1111/1467-9442.t01-1-00001
https://doi.org/10.1016/j.jmoneco.2006.12.004
https://www.ncbi.nlm.nih.gov/pubmed/19865594
https://doi.org/10.2139/ssrn.639187


Sustainability 2023, 15, 16353 27 of 27

51. Li, C.; Zhou, Y. Influence of Digital Inclusive Finance on Rural Consumption: Based on Spatial Econometric Model. Econ. Geog.
2021, 41, 177–186.

52. Bai, C.; Li, H.; Wu, B. Health Insurance and Consumption: Evidence from China’s New Cooperative Medical Scheme. Econ. Res. J.
2012, 47, 41–53.

53. Hong, M.; Wang, J.; Tian, M. Rural Social Security, Precautionary Savings, and the Upgrading of Rural Residents’ Consumption
Structure in China. Sustainability 2022, 14, 12455. [CrossRef]

54. Tong, J.; Zhao, M.; Ma, J.; Yang, Z. A Study on the Impact of Regional Resident Spending on Energy Consumption in the Progress
of Urbanization. East Chin. Econ. Manag. 2018, 32, 86–91.

55. Zhou, Z.; Zhang, C.; Peng, C.; Kong, X. Agricultural mechanization and farmers’ income: Evidence from the subsidy policy for
the purchase of agricultural machinery. Chin. Rural. Econ. 2016, 2, 68–82.

56. Zhang, D.; Sun, H. On the Relationship between Price Volatility and Economic Growth: In the Prospective of Urban-rural
Consumption Inequality. Econ. Rev. 2010, 2, 16–23.

57. Qi, H.; Liu, Y.; Huang, B. Changes in consumption, investment and employment in China and policy choices. Inq. Econ. Issue
2018, 8, 9–17.

58. Research Group of the Institute of Financial Strategy, Chinese Academy of Social Sciences; Song, Z. China’s commercial and trade
circulation service industry Strategic research. Rev. Econ. Res. 2012, 32, 3–48.

59. Xu, S.; Wang, G. Can Fiscal Support for Agriculture Effectively Increase the Consumption Level of Rural Residents? Empirical
Evidence from Zhejiang Province. Chin. Collec. Econ. 2022, 31, 22–24.

60. Ding, Y.; Si, Y. Research on the Relationship between Government Educational Expenditure and Household Savings. Collect.
Essays Financ. Econ. 2019, 2, 30–36.

61. Xu, M.; Jiang, Y. Can the China’s Industrial Structure Upgrading Narrow the Gap Between Urban and Rural Consumption. J.
Quan. Tech. Econ. 2015, 32, 3–21.

62. Lei, X.; Gong, L. The Effect of Urbanization on the Household Consumption Rate: Theoretical and Empirical Analysis. Econ. Res.
J. 2014, 49, 44–57.

63. Hong, T.; Yu, N.; Mao, Z.; Zhang, S. Government-driven urbanisation and its impact on regional economic growth in China. Cities
2021, 117, 103299. [CrossRef]

64. Moran, P.A.P. Notes on Continuous Stochastic Phenomena. Biometrika 1950, 37, 17–23. [CrossRef]
65. LeSage, J.; Pace, R.K. Introduction to Spatial Econometrics; CRC Press: New York, NY, USA, 2009; ISBN 978-1-420-06424-7.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/su141912455
https://doi.org/10.1016/j.cities.2021.103299
https://doi.org/10.1093/biomet/37.1-2.17

	Introduction 
	Literature Review 
	Method 
	Construction of Econometric Models 
	Variable Selection and Description 
	Variable Selection 
	Data Sources and Data Processing 
	Descriptive Statistics 


	Empirical Results and Analysis 
	Spatial Autocorrelation Test for the Main Variables 
	Global Moran’s I 
	Local Moran’s I 

	Selection Test for the SLM and SEM Models 
	Analysis of the Empirical Results 
	Test of the Effect of Population Aging on Narrowing the Consumption Gap between Urban and Rural Residents 
	Test of the Spatial Effect of Population Aging on the Consumption Levels of Urban and Rural Residents 

	Robustness Tests 

	Conclusions, Policy Recommendations, Shortcomings, and Prospects 
	Conclusions 
	Policy Recommendations 
	Shortcomings and Prospects 

	References

