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Abstract: With rapid urbanization, more and more rural young adults are moving into towns and
cities on a large scale, while the elderly are largely left behind in rural areas. The number of elderly
people living alone, disabled and handicapped in rural areas is increasing, adding to the already
weak rural elderly problem and increasing the pressure on the governance of rural elderly risks.
The sustainable development of elderly care institutions is an important element in tackling the
rural elderly problem and a key aspect of managing the rural elderly problem. The article uses data
on rural aged-care institutions in 276 Chinese cities from 2010-2016 to construct comprehensive
evaluation indicators for the development of rural aged-care institutions, and uses a combination
of hierarchical analysis, composite score method, Theil index and coupling coordination model to
reveal the spatial and temporal patterns and coupling characteristics of the development of rural
aged-care institutions. The study concludes that: (1) From the time series change, the comprehensive
score of rural elderly institutions shows a “fluctuating” change process, and there are significant
differences in the development of each secondary indicator. (2) In terms of spatial and temporal
patterns, the overall scores of rural elderly institutions, hard environment scores, soft environment
scores and service recipients scores show a clear “gradient” in the east, middle and west. (3) In terms
of regional differences, the Theil index for rural elderly care institutions is from high to low: Hard
environment > service recipients > soft environment > overall score. From the decomposed Theil
index, the intra-group differences of rural aged-care institutions are much larger than the inter-group
differences, and the intra-group differences of the Theil index of the four major regions generally
show a narrowing trend, with the intra-group differences of the eastern region being higher than those
of the western region, those of the western region being higher than those of the central region, and
those of the central region being higher than those of the northeastern region. (4) In terms of coupling
coordination, the coupling degrees of the four major regions all exceed the low-level coupling stage
index and are in the antagonistic stage or the grinding stage, and the coupling degrees of the four
major regions are, in descending order, central region > eastern region > northeastern region > western
region. The coupling coordination degree of the four major regions from high to low is: Eastern
region > central region > northeastern region > western region. Based on the empirical analysis, the
article proposes a model path for the sustainable development of rural elderly institutions in three
aspects: Coordinated development, coupled development and sustainable development, in view of
the unbalanced regional development of rural elderly institutions and the low degree of coupling
and coordination between the soft and hard environments.

Keywords: rural institutions for the elderly; spatial and temporal characteristics; coupling and
coordination; sustainable development; China
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1. Introduction

The early arrival of the era of negative population growth in China means that the
combination of fewer children and an aging population constitutes China’s biggest demo-
graphic fundamentals. The rapid decline in the birth rate, combined with aging, has led to
an aging demographic structure in society as a whole. The 17 January 2023 saw the release
of the latest population figures from the National Bureau of Statistics, showing that in 2022
China had 9.56 million births and 10.41 million deaths, with a population decline of 850,000
and a natural growth rate of —0.60 per thousand. This is the first time since 1962 that the
country’s population has experienced negative growth, well before the end of the 14th
Five-Year Plan or around 2028, as previously expected by relevant research institutions.
The seventh national census shows that the population of China aged 60 and above was
264,018,766, accounting for 18.70 per cent, of which 19,063,528, or 13.50 per cent, were aged
65 and above. Compared to the sixth national census in 2010, the proportion of people
aged 60 and above rose by 5.44 percentage points, and the proportion of people aged 65
and above rose by 4.63 percentage points [1], meaning that China is moving from mild to
moderate aging. Along with the aging population comes the issue of health care for the
elderly [2], whose demand for elderly care services is much higher than that of other age
groups due to a significant increase in illness rates as a result of physiological decline, where
the poor quality of China’s elderly care services is a reality, and the elderly are still full of
worries when it comes to enjoying elderly care services, which in turn inhibits consumption
of elderly care services [3]. Relatively speaking, the rural elderly problem is the biggest
challenge in coping with the aging process [4]. With rapid urbanization, more and more
young adults from rural areas are moving into towns and cities on a large scale, increasingly
bringing their minor children with them, while the elderly are largely left behind in the
countryside. The number of elderly people living alone, disabled and handicapped in
rural areas is increasing, adding to the already weak rural elderly problem and increasing
the pressure of rural elderly risk management. Compared to urban areas, rural elderly
people live in scattered locations, lack both public resources and manpower for elderly care
services, and generally have poorer health care conditions. Therefore, addressing the issue
of rural old age is a top priority in the national strategy to actively address aging.

From the current status of research, existing studies are divided into four categories:
In the first category, research has been conducted on the accessibility aspects of community
care facilities [5-15]. The second category analyzes the spatial layout and spatial-temporal
characteristics of elderly care institutions [16-20]. The third category is to investigate and
analyze elderly institutions, and to develop an evaluation of the service quality of elderly
institutions based on the subjective perspective of the elderly [21-25]. In the fourth category,
countermeasures are proposed to the dilemmas faced by the development of aged-care
institutions, especially the evaluation of the transformation and development of public-run
aged-care institutions [26-31]. The first category of research has quantitatively analyzed
the spatial accessibility of community aged-care facilities, providing a basis for the rural
elderly to access aged-care institutions, but the shortcoming lies in the lack of a holistic
and systematic view of the community habitat, taking the complete community as the
object of analysis and only analyzing aged-care institutions. The second category of studies
reveals the spatial distribution of elderly institutions in terms of spatial and temporal
characteristics, and provides countermeasure suggestions for the spatial layout and opti-
mization of elderly institutions, but almost all the literature focuses on the evaluation of
urban elderly institutions, and lacks spatial and temporal analysis of rural elderly institu-
tions. The third category of studies mainly obtains first-hand information through survey
data, that is, actual interviews, reflecting the characteristics of elderly people’s demand
for elderly care services in several community-based elderly care institutions, but due to
the energy constraints of research teams, large-scale spatial analyses at the national level
are still lacking, making it more difficult to reveal the needs of elderly people of different
classes and incomes for elderly care services. The fourth category of research addresses the
pains faced by the transformation and development of public aged-care institutions and
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proposes ways to reform them in order to improve their operational efficiency, enhance
service quality and better meet the actual needs of the elderly. This type of research is
one of the most important concerns of policy makers, however, due to the complexity of
aged-care institution reform, countermeasure analysis often faces more practical challenges
when applied to actual operation.

In summary, our study analyzes the current situation of rural retirement in China,
reveals the current problems and then proposes governance responses from a sustainable
development perspective. Specifically, the paper is divided into five parts. The first part
is an introduction. It mainly analyzes the current characteristics and background of the
development of elderly care institutions. The second part is a theoretical analysis. The
reform and development of aged-care institutions are analyzed in terms of theories of
habitat, the hard and soft environment of habitat and sustainability. The third part is data
and methodology. Our analytical tools are introduced, including hierarchical analysis, the
composite score method, the Theil index and the coupled coordination model, and the
evaluation index system and weights for the study are identified and the data sources are
explained. The fourth part is the results and analysis. The time series analysis of rural
elderly institutions in China, the spatial pattern of the comprehensive score, the analysis of
regional differences of rural elderly institutions and the analysis of coupling coordination
degree of rural elderly institutions are analyzed, respectively, to comprehensively reveal
the spatial and temporal patterns and coupling characteristics of the development of rural
elderly institutions in China, and provide an empirical basis for the solution of the problem
of sustainable rural elderly institutions” development. The fifth part is the discussion and
conclusion. The sixth part is the countermeasures and suggestions. This part proposes a
path model for the sustainable development of rural elderly institutions and suggests coun-
termeasures to optimize and improve the development of rural elderly institutions in three
aspects: Coordinated development, coupled development and sustainable development.

2. Theoretical Analysis

The article will provide a theoretical analysis of rural institutions for the elderly from
the perspectives of human settlement theory, human hard and soft settlement theory and
sustainable development theory.

2.1. Theory of Human Settlement

Since its creation by the Greek architect C.A. Doxiadis in the 1950s, the science of
human settlement has continued to attract the attention of scholars around the world.
Human settlement consists of two parts: The content, that is, the individual human being
and the society made up of human beings, and the container, that is, the physical settlement
and its surroundings made up of natural or artificial elements. Human settlements are
classified into 15 classes, ranging from the individual to the universal city [32-35].

In 1975, after the death of Doxiadis, the Athens Centre for the Study of Human Settle-
ment gradually declined, but the fire has been passed on. Doxiadis advocated the study of
human settlement and, in addition to Greece, Japan, India and China have continued activ-
ities. Chinese scholars led by Professor Wu Liangyong formed a unique Chinese school of
the scientific study of the human habitat environment, the development of national policy
and regional habitat optimization, having a profound impact. Wu Liangyong divided the
habitat environment into five systems, namely, natural systems, human systems, social
systems, housing systems and support systems. The scale of the habitat environment is split
into global, regional, urban, community and architectural. The establishment of the habitat
environment is also split into different levels, such as ecological, economic, technological,
social and cultural views of the five principles, and China’s national conditions are deeply
integrated, reflecting the needs of the times [36-39].

As an architectural system for the human environment, the sustainable development
of rural institutions for the elderly requires a holistic and sustainable view, a human-
centered perspective, a perspective that seeks the well-being of rural residents and the
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provision of quality services for the elderly in rural areas. The sustainable development
of rural institutions is not just about the construction of physical space, but also about
the synergy of social systems, support network systems and institutional environments
to maximize the welfare of residents. The ecological, economic, technological, social and
cultural perspectives of habitat are the guiding principles for building sustainable rural
institutions for the elderly, which can be closely integrated with China’s national conditions
and provide a certain model for the reform and development of institutions for the elderly
worldwide.

2.2. Theory of Hard and Soft Human Settlement

The scientific connotation of the hard and soft human settlement environment was
proposed by Chinese urban geographer Professor Ning Yumin, who pointed out that the
hard habitat environment refers to the sum of all kinds of material facilities that serve
and are used by urban residents and are carried by their behavioral activities; the soft
habitat environment, the social environment of habitat, refers to the sum of all non-material
things formed by residents in the use and function of the hard environment system. The
hard environment is the carrier of the soft environment, and the livability of the soft
environment is the value orientation of the hard environment. The optimization process of
the urban habitat is in fact the coupling process of the hard and soft environment. With the
rapid development of economy and society, many problems emerge in small towns in the
process of rapid urbanization, which need to be solved urgently [40]. The outer ring of the
system is the natural ecological environment, the middle ring is the economic environment,
social and humanistic environment and urban and rural construction environment and
the inner ring is the urban and rural construction environment subsystem, involving
living conditions, public facilities, infrastructure, landscape ecological environment and
community humanistic environment, with people as the core (Figure 1) [41]. People and
the urban and rural built environment promote each other and are interactively coupled.
The urban and rural construction environment is interactively coupled with the social
and humanistic environment and the economic environment. The natural environment is
interactively coupled with the internal subsystems, and is the base for sustaining human
existence, reflecting the cosmic view of the unity of heaven and humans, and the natural
view of harmony between humans and Earth.

[.Natural Environment
II.LEconomy Environment
III.Social and Human Environment
IV.Urban and Rural Construction Environment
1.Housing Conditions
2.Public Facilities
3.Infrastructure
4.Landscape Ecology

5.Community Human Environment

Direction of Effect :f>

Figure 1. Small town human environment system structure.

2.3. Theory of Sustainability

The concept of sustainable development was formally introduced by the World Com-
mission on Environment and Development in 1987 in the report “Our Common Future”. It
refers to development that meets the needs of the present without jeopardizing the ability
of future generations to meet their needs, and equity, sustainability and commonality are
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the three basic principles of sustainable development. The concept of sustainable develop-
ment, with its integrated thinking on population, resources, environment and economic
development, has played a seminal role in the formation and refinement of the theory of
sustainable development. The Rio Declaration on Environment and Development, Agenda
21, the Millennium Ecosystem Assessment, the 2030 Agenda for Sustainable Development
and other programmatic documents promote the practice of the concept of sustainable
development. At the same time, ecological philosophical thinking elevates the theory of
sustainable development to a philosophical level, using the worldview and methodology
of ecological philosophy as a composite system [42]. The integration of sustainable thought,
philosophy and practice advances the development of sustainable human settlements. As
a typical habitat environment at the micro level, Chinese rural institutions for the elderly
have undergone important changes in their development process. Due to historical factors,
the marketization of China’s elderly care institutions started late and the marketization of
elderly care was not high. In the early stages, China established a system of support for
the five-guarantee households to provide food, clothing, housing and medical services for
the “three have-nots”. With the aging of the population, China’s old-age care institutions
have begun to transform from welfare institutions to market-based institutions, but the
overall transformation has been slow [43], resulting in the service protection system of
rural old-age care institutions lagging far behind the actual needs of the rural elderly. The
reform of rural elderly institutions needs to balance equity and efficiency, supply and
demand, economy and efficiency, and adhere to the people-centered concept to promote
the sustainable development of rural elderly institutions.

3. Methods and Data
3.1. Methods
3.1.1. Analytic Hierarchy Process

In 1970, Saaty proposed the analytic hierarchy process (AHP), which is a systematic
and hierarchical method of analysis that combines qualitative and quantitative aspects. The
hierarchical analysis divides the evaluation objectives into an objective level (A), a criterion
level (B) and a programmed level (C). The weight w; of each criterion on the objective is
determined through a two-by-two comparison and is characterized by subjective weighting.

AHP usually uses the 1-9 scale method to judge the relative importance of each
indicator in the system being evaluated, thus establishing a judgement matrix. Let the
evaluation elements be X = x1, X, ..., X, ..., X;, where Xjj indicates the importance
comparison result of xi relative to x;, using the 1-9 scale. Based on the meaning of x;; taking
the value scale, the Delphi method, that is, taking the average scoring of experts, is used
to compare the elements of the evaluation element set X in a two-by-two manner, so as to
obtain the judgment matrix P. The judgment matrix satisfies [44]:

P =Xuxn 1)

The judgment matrix X<, includes x;; = 1/xj;. The eigenvector Mpx1 corresponding
to the maximum eigenvalue max is measured using the equation PM = Anax, and the
weights of each evaluation index are obtained using the normalized eigenvector M. The
sum-product method was used to measure.

In order to judge the scientific validity of the weights obtained, the consistency indica-
tor CI needs to be introduced to test the consistency of the judgement matrix.

Amax — 11

CI = )

n—1

The larger the CI value of consistency, the greater the deviation of the judgment matrix

from full consistency, the smaller the CI value, the better the consistency of the matrix and
when the CI takes the value of 0, it indicates that the matrix has full consistency.
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To test whether the judgement matrix has satisfactory consistency, the test coefficient
CR needs to be defined.

_a .
~ RI (

If CR < 0.1, it means that the judgment matrix passes the consistency test, otherwise,
the judgment matrix needs to be adjusted until it passes the consistency test, where random
index (RI) is the random consistency index, and RI can be obtained by checking the table of
average random consistency index. The table below shows the average random consistency
index calculated from the 1-10th order matrix, and n indicates the number of evaluation
indicators in the judgment matrix (Table 1).

CR

Table 1. Average random consistency index.

3 4 5 6 7 8 9 10

RI 0

0.58 0.90 1.12 1.24 1.32 1.41 1.46 1.49

3.1.2. Composite Score Method

To facilitate comparison of the characteristics and spatial and temporal differences
in the development of rural elderly care institutions in China, this study measures the
composite score of rural elderly care institution development. Due to the dimensional
differences in the raw data, the data were dimensionless for each indicator [45-49], drawing
on existing studies [50-52]. The formula for calculating the composite score is as follows:

dij = %(Positive Indicator) @
d imax %) (Negative Indicator)

Y Xijmax ~Xijmin

h m n 1
Z = Z widij = Z wix; + Z w;Y; + Z W;zjj (5)
n=1 n=1 n=1 n=1

In the above equation, Z is the composite score, di]- denotes the evaluation index of
Chinese rural elderly institutions after dimensionless processing, x;; denotes the original
data of Chinese rural elderly institutions, X;j,;, and X;j., denote the minimum and max-
imum values of the original data, respectively. x; denotes the evaluation index of the
hard environment of Chinese rural elderly institutions after dimensionless treatment, y;
denotes the evaluation index of the soft environment of Chinese rural elderly institutions
after dimensionless treatment and z; denotes the index of service recipients of Chinese
rural elderly institutions after dimensionless treatment. w; is the weight measured by the
hierarchical analysis method. / denotes the number of evaluation indicators of Chinese
rural elderly institutions. m, n and I denote the number of hard environment evaluation
indicators, the number of soft environment evaluation indicators and the number of service
recipients’ evaluation indicators of rural elderly institutions in China, respectively.

3.1.3. Theil Index Measurement

The Theil index examines inequality and variability in terms of the concepts of in-
formation and entropy [53]; it decomposes overall variability into variability between
parts and variability within parts, and has a wide range of applications for analyzing
and decomposing variability. The composite entropy index examines variability between
individuals in terms of the concepts of information and entropy, which is the expected
value of the amount of information, that is, the expected amount of information. The closer
the individuals are to each other, the smaller the composite entropy index will be [54].
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.gpi[(yi/u)c —1],c#0,1

GE = nl pi(y;/wlg(y;/u),c=1 (6)

i=

n
_21 pilg(y;/u),c =0
1=

In the above equation, the parameter c is used to determine the sensitivity of the
change in the exponent. In general, it determines the sensitivity of exponential change
when ¢ < 2. When ¢ = 0,1, it is known as the Theil index.

The Theil index is widely used in empirical studies of overall spatial heterogeneity as
well as spatial heterogeneity due to its property of dividing overall variation into within-
group variation and between-group variation. Its calculation formula is

n
Theil = ) Tiln(nT;) = Twr + Tr )
i=1
Ndp Ti ng Ti ng Ti Ny Ti
Twr = ) Tiln(nde*) + Tiln(ndT) +3 Tiln(nZT—) +3 Tiln(nx?) (8)
i=1 db =1 d =1 z =1 X
n n n n
TBR = Tdbln(Tdb@) + len(Tda) + TZln(TZI’T) + Txln(TX;). (9)
Z X

The Theil index can be further decomposed into intra-group differences and inter-
group differences if the areas studied are divided into different groups according to a
certain methodology.

In the above equation, Theil denotes the Theil index; n is the number of rural villages
within the sample region; Ty is the variation within the four regional groups of northeast,
east, central and west; T}, is the variation between the four regional groups. ngp, ng, nz,
ny are the number of rural villages within the northeast, east, central and west regions,
respectively; T; is the ratio of the measured indicators within the region to the national
average; Tqp, T4, T, and Tx are the ratio of measures to the national average for the
northeast, east, central and west regions, respectively.

Our study includes a total of 276 rural areas in cities at the prefecture level and above.
The northeast region includes rural areas in 33 cities in Liaoning, Jilin and Heilongjiang;
the east region includes rural areas in 86 cities in Beijing, Tianjin, Hebei, Shanghai, Jiangsu,
Zhejiang, Shandong, Fujian, Guangdong and Hainan. The central region includes rural
areas in 77 cities in Shanxi, Henan, Anhui, Hubei, Hunan and Jiangxi; the west region
includes rural areas in 80 cities in Inner Mongolia, Chongqing, Sichuan, Guangxi, Guizhou,
Yunnan, Shaanxi, Gansu, Ningxia, Tibet, Qinghai and Xinjiang.

3.1.4. Coupling Coordination Model

Taking into account the actual situation of the subsystems of Chinese rural elderly
institutions, the coupling coordination relationship between the systems of Chinese rural
elderly institutions is measured by drawing on the coupling coordination degree model
used in existing studies. The formula for measuring the coupling coordination degree is

as follows. .
C— xiX]/iXZ,' (10)
[(xi +yi +2)/3]

In the above equation, C is the coupling degree of the soft and hard environment
systems of rural elderly care institutions in China, and the value range is [0, 1]. x;, y; and z;
are the scores of hard environment, soft environment and service recipients of rural elderly
care institutions, respectively. k is the adjustment coefficient, in practice, let k > 2, and k is
taken as 2 in this paper.
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The coupling degree can describe the degree of interaction and mutual influence of
the subsystems of rural elderly institutions, but it cannot reveal the level of coordinated
development of the subsystems of rural elderly institutions. Therefore, the coupling coor-
dination degree model needs to be further utilized to measure the degree of coordination
between systems, with the following formula [55].

D=VCxZ -
Z' = ax; + Byj +vzi
where D is the coupling coordination degree, C is the coupling degree and Z’ is the
composite score value of rural elderly service institutions after re-assignment. «, f and
7 are the coefficients to be determined. Considering the time characteristics of the study
period, this study assigns the coefficients to be determined for the rural elderly service
providers subsystem measured through the hierarchical analysis method.

The study classifies the coupling degree and coupling coordination of the subsystems
of Chinese rural elderly institutions according to the given criteria of coupling degree and
coupling coordination (Table 2).

Table 2. Classification of soft and hard environment coupling coordination degree of rural elderly

institutions.
Coupling Coupling Stage Representative Values Coupling Levels Representative Values
Degree Coordination
C=0 Minimal coupling - D=0 Incongruity -
0<C<03 Low-level coupling Ideal state value 0.25 0<D<03 Low-level coordination Ideal state value 0.25
03<C<05 Antagonistic phase Ideal state value 0.50 03<D <05 Moderate coordination Ideal state value 0.50
05<C<0.8 Breaking-in phase Ideal state value 0.75 05<D <08 Good coordination Ideal state value 0.75
. . High level of
08<C<1 High-level coupling Ideal state value 1.00 08<D<1 coordination Ideal state value 1.00
_ . . _ Extremely well
C=1 Maximum coupling D=1 coordinated

3.2. Evaluation Indicators

We have divided the evaluation indicator system into a target tier (A), a criterion
tier (B) and a program tier (C). The target layer (A) is the overall score of rural elderly
institutions. The criterion layer (B), the secondary indicators, reveals the spatial and
temporal characteristics of rural elderly institutions in terms of the hard environment of
elderly institutions (B1), the soft environment of elderly institutions (B2) and the service
recipients of elderly institutions (B3). Scenario layer (C) is the number of elderly institutions
(C1), the floor area of elderly institutions (C2), the number of beds at the end of the year
(C3), the number of employees at the end of the year (C4), the proportion of university
education (C5), the proportion of employees under 35 years old (C6), the number of people
in elderly institutions (C7), the proportion of self-financed persons (C8) and the proportion
of semi-self-care individuals unable to take care of themselves (C9). Scheme layers C1-C3
are the subsystems of the hard environment B1 of elderly institutions, scheme layers C4-C6
are the subsystems of the soft environment B2 of elderly institutions and scheme layers
C7-C9 are the subsystems of the service recipients B3 of elderly institutions.

Hard environment of aged-care institutions: The construction of the hard environment
of rural aged-care institutions is revealed in terms of quantity and scale through three
indicators: The number of aged-care institutions, the floor area of aged-care institutions
and the number of beds in aged-care institutions at the end of the year.

Soft environment of aged-care institutions: The scale, education and age structure of
professional nursing staff in rural aged-care institutions are revealed through the number of
employees in aged-care institutions at the end of the year, that is, the number of nursing staff
in aged-care institutions, as well as the proportion of nursing staff in aged-care institutions
with higher education and the proportion of nursing staff aged 35 and below in aged-
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care institutions, reflecting the construction of the soft environment of rural aged-care
institutions.

Service recipients of aged-care institutions: The number of people living in rural
aged-care institutions, the proportion of self-funded persons living in rural aged-care
institutions and the proportion of people living in rural aged-care institutions who are
semi-self-care and unable to take care of themselves reveal the service recipients of rural
aged-care institutions.

3.3. Data Sources

The data on the evaluation indicators of the development of urban and rural elderly
institutions were all obtained from the China Civil Affairs Statistical Yearbook 2011-2017
compiled by the Ministry of Civil Affairs. In the process of data processing, there were
missing data for the evaluation indicators of elderly care institutions in rural areas of some
cities, so we mainly used the averaging method and trend extrapolation method to ensure
the integrity and continuity of the data to the greatest extent.

3.4. Indicator Weights

Combined with the AHP method measurement process, the judgement matrix of the
target level to the criterion level (primary indicators) is given [56]. Similarly, the secondary
and tertiary indicators can also be derived from the judgment matrix. The weights of the
hard environment (B1), soft environment (B2) and service recipients (B3) in the criterion
layer (B) are 0.3347, 0.3333 and 0.3320, respectively, which are relatively similar, with the
hard environment being slightly higher than the soft environment and the soft environment
being slightly higher than the service recipients. The weights of the nine indicators in
program level (C), including the number of elderly care institutions (C1), the floor area of
elderly care institutions (C2), the number of beds at the end of the year (C3), the number
of employees at the end of the year (C4), the proportion of university education (C5),
the proportion of employees under 35 years old (C6), the number of people in elderly
care institutions (C7), the proportion of self-financed persons (C8) and the proportion of
people who are semi-self-care and unable to take care of themselves (C9), are in the range
of 0.1079~0.1143. The results of the judgment matrix consistency test of the hierarchical
analysis method showed that all the secondary and tertiary indicators involved in our
study passed the judgment matrix consistency test (Tables 3 and 4).

Table 3. Secondary indicator judgement matrix and consistency test.

Indicators B1 B2 B3 Weights
Bl 1.0000 0.8800 1.1500 0.3347
B2 1.1364 1.0000 0.8800 0.3333
B3 0.8696 1.1364 1.0000 0.3320

Consistency test

Maximum eigenvalue Amax = 3.017399, CI = 0.008699, RI = 0.58, CR = 0.014999 < 0.1

Table 4. Three-level indicator weights and consistency tests.

Indicators Weights Three-Tier Indicator Weights Amax CI CR
C1 0.3379 0.1131 3.0077 0.0038 0.0066
2 0.3293 0.1102
c3 0.3328 0.1114
C4 0.3240 0.1080 3.0290 0.0145 0.0250
C5 0.3428 0.1143
Co 0.3332 0.1111
c7 0.3360 0.1116 3.0273 0.0137 0.0236
C8 0.3249 0.1079
9 0.3391 0.1126
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4. Analysis of the Results
4.1. Time Series Variation Analysis of Rural Elderly Care Institutions in China

In terms of the mean indicators, the overall score for rural institutions shows a process
of “fluctuation”, with significant differences in the development of the secondary indicators
(Figure 2).

Comprehensive Score Hard Environment Score

Soft Environment Score Elderly Served Score

2010 2011 2012 2013 2014 2015 2016

Figure 2. Change in rural aged-care facility scores, 2010-2016.

Firstly, the overall score of rural elderly care institutions shows a process of “fluc-
tuation”. The average score of rural elderly institutions in China’s 276 prefecture-level
cities and above declined from 0.188 in 2010 to 0.106 in 2011, then rose to 0.159 in 2014,
then fell back to 0.150 in 2015 and finally rose to 0.152 in 2016. This is partly due to the
large differences in the development of hard environment indicators across cities, as we
will verify later in the regional differences analysis section. The mean hard environment
indicator score fluctuated from 0.026 in 2010 to 0.040 in 2016, an increase of 1.53 times, the
most significant increase of the three secondary indicators. Thirdly, the slower progress in
the mean soft environment indicator score for rural elderly institutions is somewhat related
to the narrowing of the differences in the development of soft environment indicators
across municipalities, as well as the expansion or contraction of the total data for some
of the soft environment tertiary indicators. The average soft environment indicator score
fluctuated from 0.046 in 2010 to 0.049 in 2016, an increase of only 1.07 times. Fourthly, the
mean volume indicator score for rural aged-care institutions is in the middle of the increase
in the three secondary indicators. The fluctuating increase in the mean volume score for
the service recipient indicator from 0.046 in 2010 to 0.063 in 2016, an increase of 1.38 times,
is again somewhat associated with the expansion or contraction of the total data for some
of the tertiary indicators for service recipients.

4.2. Spatial Pattern of Comprehensive Scores for Rural Elderly Care Institutions in China

The time series change analysis of China’s rural aged-care institutions reveals the
changing development of rural aged-care institutions nationwide, but lacks regional analy-
sis to reveal the changing characteristics of rural aged-care institutions in the northeast, east,
central and west regions. For this reason, we will analyze the changing characteristics of
regional rural aged-care institutions from a spatial perspective to reveal the spatial pattern
of the development of rural aged-care institutions in China.
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The development of rural elderly care institutions in the four major regions shows
that: Firstly, there is a clear “gradient” in the east, middle and west of the country, with the
eastern region having the highest overall score for rural aged-care institutions, followed by
the central region, then the western region and finally the northeastern region. Secondly,
the hard environment score of rural elderly care institutions also has an east—central-west
“gradient”, with the higher hard environment score of rural elderly care institutions in
the eastern region. Thirdly, there is a relatively small difference in the soft environment
scores of rural elderly care institutions, with the western region having the highest soft
environment score, followed by the northeastern region, the eastern region ranking third
and the central region having the lowest soft environment score. Fourthly, the scores of
rural elderly care institutions’ service recipients show a spatial pattern that is dominated
by the east, that is, the scores of rural elderly care institutions” service recipients in the east
are much higher than those in the other three regions.

In terms of the change in the scores of rural elderly institutions in the four major
regions, the western region had the fastest increase in the composite score of rural elderly
institutions, with the composite score increasing from 0.092 in 2010 to 0.136 in 2016, an
increase of 1.49 times; the lowest increase in the composite score was in the central re-
gion, whose composite score increased from 0.129 in 2010 to 0.139 in 2016, an increase of
1.08 times. The lowest increase was in the central region, whose composite score increased
from 0.129 in 2010 to 0.139 in 2016, an increase of 1.08 times; in the northeast and east
regions, the increase in composite score was 1.28 times and 1.35 times, respectively. For the
three secondary indicators of hard environment, soft environment and service recipients,
the scores of hard environments in the eastern, central, western and northeastern regions
increased by 1.68 times, 1.29 times, 1.62 times and 1.70 times, respectively, from 2010 to
2016. In terms of the soft environment scores of rural elderly care institutions in China, the
scores of the eastern and central regions tend to decline, while the western region shows a
more significant increase. In terms of the scores of service recipients of rural elderly care
institutions in China, the scores of the eastern, central, western and northeastern regions
increased by 1.53 times, 1.09 times, 1.47 times and 1.47 times, respectively, from 2010 to
2016 (Tables 5-8).

Table 5. Composite score for rural aged-care institutions.

Regions 2010 2011 2012 2013 2014 2015 2016
Northeastern Region 0.1014 0.0956 0.1087 0.1130 0.1352 0.1343 0.1295
Eastern Region 0.1378 0.1235 0.1412 0.1592 0.1879 0.1817 0.1866
Central Region 0.1293 0.1149 0.1187 0.1515 0.1466 0.1339 0.1394
Western Region 0.0916 0.0823 0.1077 0.1112 0.1497 0.1393 0.1360

Table 6. Hard environment scores for rural aged-care institutions.

Regions 2010 2011 2012 2013 2014 2015 2016
Northeastern Region 0.0135 0.0153 0.0139 0.0167 0.0279 0.0249 0.0230
Eastern Region 0.0306 0.0315 0.0293 0.0300 0.0510 0.0504 0.0515
Central Region 0.0337 0.0364 0.0325 0.0245 0.0506 0.0439 0.0435
Western Region 0.0190 0.0211 0.0193 0.0227 0.0333 0.0308 0.0308

Table 7. Soft environment scores for rural aged-care institutions.

Regions 2010 2011 2012 2013 2014 2015 2016
Northeastern Region 0.0497 0.0401 0.0509 0.0544 0.0568 0.0517 0.0505
Eastern Region 0.0509 0.0404 0.0521 0.0495 0.0571 0.0492 0.0493
Central Region 0.0487 0.0361 0.0458 0.0569 0.0471 0.0433 0.0448
Western Region 0.0369 0.0282 0.0515 0.0468 0.0655 0.0580 0.0526




Sustainability 2023, 15, 3286 12 of 27
Table 8. Rural aged-care institutions’ scores for clients served.
Regions 2010 2011 2012 2013 2014 2015 2016
Northeastern Region 0.0381 0.0403 0.0438 0.0419 0.0505 0.0577 0.0560
Eastern Region 0.0563 0.0516 0.0598 0.0796 0.0798 0.0822 0.0858
Central Region 0.0469 0.0424 0.0403 0.0701 0.0489 0.0467 0.0511
Western Region 0.0357 0.0330 0.0369 0.0417 0.0509 0.0504 0.0526

In terms of the spatial pattern of China’s rural retirement institutions score, the central-
eastern region accounts for 25-30 rural retirement institutions in the top 20% of the com-
posite score, the central region accounts for 10-18, the western region accounts for 7-15
and the northeastern region accounts for 1. The eastern region has an overwhelming
predominance of the top 20% of rural aged-care institutions in the composite score, while
the central region has seen a decrease in the number of municipalities in the top 20% of
rural aged-care institutions in the composite score, while the western region has seen an
increase in the number of municipalities and the northeastern region is in the range of
0-1 municipalities. In terms of the number of rural institutions in the four regions with a
combined middle 60% score, the eastern and central regions have a certain advantage, with
the number of institutions varying between 43 and 52; the western region shows a process
of “decrease-increase—-decrease again” with the number of municipalities with a combined
middle 60% score in the western region. The number of rural elderly institutions in the
western region decreased from 45 in 2010 to 39 in 2012, then increased to 50 in 2014, and
then decreased to 45 in 2016; the number of rural elderly institutions in the northeast region
with a composite score of the middle 60% fluctuated between 24 and 30. The number of
municipalities in the eastern, central, western and northeastern regions with a combined
score of the bottom 20% rural aged-care institutions changed from 14, 11, 28 and 2 in 2010
to 11, 20, 21 and 3 in 2016, respectively (Table 9).

Table 9. Ranking of rural elderly care institutions in China.

Year Overall Score Eastern Region Central Region Western Region Northeastern Region
2010 Top 20% 29 18 7 1
Middle 60% 43 48 45 30
Bottom 20% 14 11 28 2
2012 Top 20% 25 12 15 3
Middle 60% 51 52 39 24
Bottom 20% 10 13 26 6
2014 Top 20% 28 13 14 0
Middle 60% 47 43 50 26
Bottom 20% 11 21 16 7
2016 Top 20% 30 10 14 1
Middle 60% 45 47 45 29
Bottom 20% 11 20 21 3

In 2010, the top 20 cities in terms of rural retirement institutions in China (Figure 3)
were Chongqing, Shanghai, Beijing, Nanyang, Taizhou, Wenzhou, Xuzhou, Linyi, Zhoukou,
Jinan, Heze, Ganzhou, Taiyuan, Baiyin, Jining, Yantai, Zhumadian, Nantong, Qingyang,
Guangzhou. In 2012, the top 20 cities in terms of rural retirement institutions were
Chonggqing, Shanghai, Beijing, Taizhou, Nantong, Nanyang, Jinan, Wenzhou, Qingdao,
Zhumadian, Linyi, Heze, Zhoukou, Weifang, Jining, Fuzhou. In 2014, they became Beijing,
Shanghai, Chongging, Nanyang, Taizhou, Zhoukou, Nantong, Xuzhou, Nanchong, Suzhou,
Wenzhou, Ganzhou, Shangqiu, Jining, Ningbo, Hangzhou, Chengdu, Ankang, Mianyang,
Tianjin. In 2016, they became Shanghai, Beijing, Nantong, Heze Xuzhou, Nanchong,
Chonggqing, Taizhou, Ganzhou, Hangzhou, Ningbo, Jining, Suzhou, Qingdao, Weihai,
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Zunyi, Mianyang, Shijiazhuang, Taizhou and Tianjin. In terms of urban spatial distribution,
China’s rural aged-care institutions score has the spatial characteristics of an eastern coast
bias, with rural aged-care institutions in Jiangsu, Zhejiang, Shanghai, Shandong, Hebei,
Tianjin and Beijing ranking highly, while the list of top 20 rural aged-care institution cities
in the central region has declined severely and with some rural aged-care institutions
in western cities maintaining their top 20 ranking, such as Chongqing. From 2010-2016,
no rural aged-care institutions in the northeast region scored in the top 20. In terms of
the cities with the bottom 20 rural elderly care institution scores, the eastern, central and
western regions accounted for 3, 1 and 16, respectively, in 2010, while the eastern, central
and western regions accounted for 6, 3 and 11, respectively, in 2016. The above changes in
scores show that although the eastern region has a higher overall score for rural elderly
institutions than the other three regions, it has developed relatively more slowly than the
western region, and the difference in overall scores for rural elderly institutions in the
eastern region is greater, while the difference in overall scores for rural elderly institutions

in the northeastern region is smaller.
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Figure 3. Spatial and temporal patterns of composite scores for rural aged-care facilities, 2010-2016.
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4.3. Analysis of Regional Differences in Rural Elderly Care Institutions in China

Time series change analysis can reveal the change characteristics of rural elderly
institutions’ indicators, and comprehensive score space analysis can reflect the spatial and
temporal patterns of rural elderly institutions, but neither can yet accurately analyze the
characteristics of regional differences in rural elderly institutions” indicators. To this end,
we combine the time-series changes in rural elderly institutions with a comprehensive
analysis of their regional variation characteristics, in order to provide a basis for revealing
the total variation, inter-group variation and intra-group variation in the development of
rural elderly institutions in China in depth.

In terms of overall variation, there is a large difference in the Theil index between the
overall score, hard environment score, soft environment score and service recipient score of
rural elderly institutions (Figure 4). The Theil index for the overall score decreased from
0.180 in 2010 to 0.130 in 2013, and then increased to 0.146 in 2016, with regional differences
showing a “narrowing-widening” process. The Theil index for the hard environment
score decreased from 0.440 in 2010 to 0.411 in 2012, then increased to 0.466 in 2013, then
decreased to 0.464 in 2015, then increased to 0.487 in 2016, going through a process of
“decrease—increase—decrease—increase again”. The Theil index for soft environment scores
continued to decline from 0.245 in 2010 to 0.180 in 2014 and then rebounded to 0.205 in 2016,
going through a “downward-upward” process. The Theil index for service users decreased
from 0.263 in 2010 to 0.241 in 2011, then increased to 0.291 in 2014 and then decreased to
0.275 in 2016, going through a process of “decrease-increase—decrease again”. The smallest
variation in the soft environment score for rural elderly care institutions is the result of the
development of a comparable rate of increase in the soft environment indicators for each
region, in line with the original development base of the region. The largest difference in
the hard environment scores of rural elderly care institutions is related to the differences
within their four regional groups, while the smallest difference in the overall scores is the
result of the interactive coupling of the hard environment scores, soft environment scores
and service recipient scores, and the result of the development of the secondary and tertiary
indicators of rural elderly care institutions, which interact with each other.

Theil index of Comprehensive Score Theil index of Hard Environment

Theil index of Soft Environment Theil index of Elderly Served

Figure 4. Regional differences in rural aged-care institutions, 2010-2016.
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The Theil index was decomposed into within-group differences and between-group
differences, where within-group differences were further decomposed into within-group
differences in the northeast, east, central and west regions (Tables 10-13).

Table 10. Composite score Theil index decomposition.

Comprehensive Score 2010 2011 2012 2013 2014 2015 2016
Tab 0.005 0.006 0.009 0.004 0.004 0.005 0.003
T4 0.064 0.059 0.058 0.047 0.054 0.062 0.063
T, 0.029 0.029 0.027 0.031 0.037 0.026 0.025
Ty 0.067 0.067 0.059 0.036 0.041 0.047 0.044
Twr 0.165 0.161 0.153 0.117 0.136 0.139 0.135
Ter 0.015 0.013 0.007 0.013 0.008 0.010 0.012
Table 11. Decomposition of the hard environment Theil index.
Hard Environment 2010 2011 2012 2013 2014 2015 2016
Tap 0.014 0.013 0.015 0.017 0.019 0.018 0.019
Tq 0.133 0.114 0.111 0.127 0.144 0.171 0.177
T, 0.079 0.081 0.082 0.145 0.119 0.093 0.103
Tx 0.170 0.167 0.165 0.178 0.159 0.152 0.154
Twr 0.396 0.375 0.373 0.467 0.441 0.435 0.453
Ter 0.044 0.038 0.037 0.015 0.026 0.029 0.034
Table 12. Decomposition of the soft environment Theil index.
Soft Environment 2010 2011 2012 2013 2014 2015 2016
Tab 0.012 0.011 0.022 0.012 0.009 0.009 0.009
Tq 0.095 0.086 0.083 0.065 0.064 0.064 0.069
T, 0.034 0.031 0.039 0.063 0.036 0.052 0.048
Ty 0.095 0.086 0.084 0.055 0.063 0.087 0.076
Twr 0.236 0.214 0.228 0.196 0.172 0.211 0.203
Tgr 0.009 0.010 0.001 0.003 0.008 0.006 0.002
Table 13. Decomposition of the Theil index for service users.
Elderly Served 2010 2011 2012 2013 2014 2015 2016
Tab 0.015 0.017 0.017 0.010 0.012 0.014 0.009
T4 0.088 0.088 0.095 0.080 0.096 0.097 0.092
T, 0.055 0.041 0.043 0.093 0.058 0.051 0.057
Tx 0.088 0.080 0.088 0.052 0.099 0.084 0.088
Twr 0.246 0.227 0.242 0.234 0.265 0.245 0.246
Tgr 0.017 0.015 0.021 0.039 0.026 0.030 0.029

Firstly, from the inter-group variation of the Theil index, the overall inter-group
variation shows a “falling-rising—falling-rising” process, with the Theil index falling from
0.015 in 2010 to 0.007 in 2012, then rising to 0.013 in 2013, then falling to 0.008 in 2014,
then rising to 0.012 in 2016. The difference between the hard environment groups shows a
“V”-shaped curve of “decline-rise”, with the Theil index decreasing from 0.044 in 2010 to
0.026 in 2014 and then to 0.012 in 2016. The difference between the soft environment groups
shows a “falling-rising—falling” process, with the Theil index falling from 0.009 in 2010
to 0.001 in 2012, then rising to 0.008 in 2014 and then falling to 0.002 in 2016. Differences
between client groups show a “rising—declining-rising” process, with the Theil index rising
from 0.017 in 2010 to 0.039 in 2013, to 0.026 in 2014 and to 0.029 in 2016.

Secondly, the within-group variation in the Theil index shows a “decreasing-rising—
decreasing” process, with the Theil index decreasing from 0.165 in 2010 to 0.117 in 2013, to
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0.139 in 2015 and to 0.135 in 2016. Differences within the hard environment group show a
“rising—falling—rising” process, with the Theil index rising from 0.396 in 2010 to 0.467 in
2014, to 0.435 in 2015 and to 0.453 in 2016. Differences within the soft environment group
show that the Theil index continued to decline from 0.236 in 2010 to 0.172 in 2014 and then
to 0.203 in 2016. The Theil index declined from 0.246 in 2010 to 0.234 in 2013, to 0.265 in
2014 and to 0.246 in 2016.

Thirdly, in terms of intra-group differences in the Theil index for the four regions,
the overall trend of intra-group differences in the Theil index for the four regions shows
a narrowing trend, with the eastern region showing higher intra-group differences than
the western region, the western region showing higher differences than the central region
and the central region showing higher differences than the northeastern region. In terms of
hard environment, the within-group differences in the Theil index in the northeastern and
western regions show an overall trend of narrowing, while the within-group differences in
the Theil index in the eastern and central regions show an overall trend of widening, with
the largest within-group differences in the eastern region, followed by the western region,
then the central region and finally the northeastern region. In terms of soft environment,
the within-group variation in the Theil index for the four regions tends to narrow, with the
western region showing the largest within-group variation, followed by the eastern region,
the central region and finally the northeastern region. In terms of service recipients, the
within-group variation is the largest in the eastern region, followed by the western region,
followed by the central region and the smallest in the northeastern region; the Theil index
for the eastern region expanded from 0.088 in 2010 to 0.092 in 2016, and the Theil index for
the central region expanded from 0.055 in 2010 to 0.093 in 2013, before falling back to 0.057
in 2016. The Theil index for the western region experienced a “rising—declining” process,
with the Theil index rising from 0.088 in 2010 to 0.099 in 2014 and then declining to 0.088
in 2016.

4.4. Analysis of Coupling Coordination Degree of Rural Institutions for the Elderly in China

The coupling coordination model is used to reveal the level of coupling and coordina-
tion of rural elderly institutions in China, reflecting the coupling and coordination between
the hard environment, soft environment and service users of rural elderly institutions. The
stronger the interaction of the subsystems of rural elderly institutions, the more they tend
to be coordinated with each other. In terms of the coupling and coordination relationship,
the coupling degrees of the four major regions all exceeded the low-level coupling stage,
with the coupling degree coefficient above 0.3, and were in the antagonistic stage or the
grinding stage (Table 14). The coupling degree of the northeast region rose from 0.353 in
2010 to 0.422 in 2013, then to 0.512 in 2015 and then to 0.449 in 2016. The coupling in the
central region also experienced an M-shaped curve of “rising-declining-rising-declining”,
with the coupling declining from 0.627 in 2010 to 0.506 in 2016. In general, the coupling
degree of the four major regions, in descending order, is: Central region > eastern region >
northeastern region > western region, with the coupling degree of the eastern region,
western region and northeastern region at the antagonistic stage and the coupling degree
of central region at the abrasive stage; the coupling degree of the northeastern region is on
an upward trend and the coupling degree of the eastern, central and western regions is on
a decreasing trend.

The coupling degree can describe the degree of interaction and mutual influence of
the subsystems of rural elderly care institutions, but it cannot reveal the level of coordi-
nated development of the subsystems of rural elderly care institutions. For example, the
development level of rural elderly care institutions in the eastern region is higher than
that of the other three major regions, but the coupling degree is not as high as that of the
central region. Therefore, it is necessary to further use the coupling coordination degree
model to measure the degree of coordination between systems. The results of the coupling
coordination degree measurement show that the average level of coupling coordination
of rural elderly institutions in the four major regions is at a low level of coordination, and
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the overall coupling coordination degree is not high, which will inevitably affect the sus-
tainable development of rural elderly institutions and is not conducive to coordinating the
coupling coordination relationship between the soft and hard environments of rural elderly
institutions and their service users. In terms of the ranking of the coupling coordination
degree, the coupling coordination degree of the four major regions, in descending order,
is: Eastern region > central region > northeastern region > western region. In terms of
changes in the development of the coupling coordination degree, the coupling coordination
degree of the northeastern region increased from 0.098 in 2010 to 0.127 in 2016, the coupling
coordination degree of the eastern region increased from 0.139 in 2010 to 0.157 in 2016, the
coupling coordination degree of the central region decreased from 0.157 in 2010 to 0.137 in
2016 and the coupling coordination of the western region increased from 0.084 in 2010 to
0.101 in 2016 (Table 15).

Table 14. Changes in the coupling of rural aged-care institutions in the four regions of China.

Regions 2010 2011 2012 2013 2014 2015 2016
Northeastern Region 0.353 0.433 0.343 0.422 0.545 0.512 0.449
Eastern Region 0.501 0.551 0.494 0.453 0.567 0.519 0.485
Central Region 0.627 0.702 0.640 0.348 0.594 0.528 0.506
Western Region 0.360 0.379 0.345 0.383 0.302 0.309 0.316

Table 15. Changes in the coupling of rural aged-care institutions in the four major regions of China.

Regions 2010 2011 2012 2013 2014 2015 2016
Northeastern Region 0.098 0.110 0.099 0.114 0.146 0.138 0.127
Eastern Region 0.139 0.140 0.140 0.134 0.168 0.158 0.157
Central Region 0.157 0.158 0.151 0.096 0.156 0.139 0.137
Western Region 0.084 0.086 0.089 0.099 0.103 0.099 0.101

In terms of the spatial and temporal pattern of coupling degree (Figure 5), the number
of cities in the low, antagonistic, teething and high coupling stages in 2010 were 105, 36,
70 and 65, respectively, that is, the number of rural elderly institutions with a coupling
degree greater than 0.5 accounted for 48.91%; the number of cities in the low, antagonistic,
teething and high coupling stages in 2016 were 109, 44, 67 and 56, respectively, that is, the
number of rural elderly institutions with a coupling degree greater than 0.5 accounted
for 44.57%. The top 20 cities in terms of coupling degree in 2010 were, in descending
order, Suqian, Xiangtan, Yueyang, Shangqiu, Shiyan, Mianyang, Zhangjiakou, Xuzhou,
Xinyang, Taizhou, Ankang, Heze, Deyang, Shangrao, Nantong, Hefei, Zhoukou, Changde,
Nanyang and Bozhou. Among them, the numbers of cities in the eastern, central and
western regions are 6, 11 and 3, respectively. The top 20 cities in terms of coupling in 2016
are, in descending order: Weihai, Shaoguan, Jincheng, Lianyungang, Yantai, Jingzhou,
Siping, Huizhou, Binzhou, Harbin, Chaoyang, Deyang, Tai’an, Luoyang, Anging, Xinxiang,
Jinzhong, Jinzhou, Shaoyang and Leshan. Among the top 20 cities in terms of coupling
degree from 2010 to 2016, the number of cities in the central region has decreased, while
the number of cities in the northeast region has increased significantly, reflecting that the
coupling degree in the central region is decreasing, while that in the northeast region
is increasing.
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Figure 5. Coupling coordination of rural aged-care institutions, 2010-2016.

In terms of the spatial and temporal pattern of coupling coordination, in 2010, only four
cities, namely Beijing, Shanghai, Nanyang and Xuzhou, were in the moderate coordination
development stage, that is, the D value of coupling coordination was between 0.3 and 0.5.
In 2016, there were seven cities in the moderate coordination development stage, namely
Shanghai, Beijing, Xuzhou, Weihai, Jining, Nanchong and Hangzhou, and compared with
2010, cities in the moderate coordination development stage had D values from 0.2-0.3,
96 cities had D values from 0.1-0.2 and 126 cities had D values below 0.1; in 2016, cities
had D values from 0.2-0.3, 111 cities had D values from 0.1-0.2 and 126 cities had D values
below 0.1; in 2016, cities had D values from 0.2-0.3, 111 cities had D values from 0.1-0.2
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and 126 cities had D values below 0.1. The number of cities with D values between 0.1
and 0.2 was 111, and the number of cities with D values below 0.1 was 101. In terms of
the development sequence of the coupling coordination degree, the coupling coordination
degree of rural elderly care institutions in the four regions has increased, but the coupling
coordination degree level is generally not high, and the majority of rural elderly care
institutions in cities are in the low coupling stage, which is quite different from the ideal
state value. The unsustainable status quo characteristics of rural elderly care institutions
will inevitably affect the quality of elderly care services and the quality of life of rural elderly
people in their twilight years and have a negative impact on the sustainable development
of the regional economy and society. Therefore, it is vital to improve the quality of services
provided by rural elderly care institutions by increasing the investment in strengthening
the hard and soft environments of rural elderly care institutions.

5. Discussion and Conclusions
5.1. Discussion
5.1.1. Comparative Analysis with Reviewed Literature

The challenges posed by an aging population, which will become the norm in human
society, stem more from the contradictions arising from the incompatibility between the
age structure of an aging population and the existing socio-economic system. Aging is
not a problem in itself; it is simply the result of a demographic transition, a demographic
phenomenon that is in line with the laws of demographic transition. The problem lies in
the fact that as the physical functions of the elderly tend to age and decline naturally, and
to ensure a decent quality of life and quality of life for the elderly, there is an urgent need
to speed up the establishment of a sound and diversified and accurate system of supplying
diversified, diverse and accurate aging service products. However, the contradiction
between the demand of the elderly for diversified, diverse and accurate elderly services
and the single supply of service products by elderly institutions is still prominent, and the
solution to this contradiction needs to be given consideration in terms of system design.

As an important part of elderly care services, the reform and development of elderly
care institutions is related to the vital interests of the elderly. The State Council of the CPC
Central Committee attaches great importance to this issue and has placed the issue of aging
and people’s livelihood in a prominent position, proposing measures to deal with it at
the macro-strategic level and at the level of social practice. At the macro-strategic level,
the report of the 20th National Congress of the CPC clearly proposed “implementing a
national strategy to actively cope with the aging of the population, developing the elderly
care business and the elderly care industry, optimizing services for widows and orphans,
and promoting the realization of basic elderly care services for all elderly people”, which
pointed out the direction for the reform and development of China’s aging career. In terms
of social practice, the State Council has issued the “14th Five-Year Plan for the Development
of the National Ageing Cause and the Senior Care Service System”, which sets out the
role of public elderly care institutions as a bottom-up guarantee, focusing on providing
services for empty nesters (living alone), elderly people left behind, disabled people, elderly
people with disabilities and elderly people in financial difficulties, as well as for elderly
people from special families with family plans, on the premise of meeting the needs of
elderly people in special hardship for centralized care. The services are provided for elderly
people from special families with family planning. A large number of studies have been
conducted on the development of elderly care institutions, and the spatial perspective of
elderly care institutions is mainly focused on the spatial layout, accessibility and factors
influencing the development of elderly care facilities. However, due to the limitations
of research data, most studies are based on community-level data for investigation and
analysis, while spatial and temporal analysis of rural elderly institutions at the spatial scale
of prefecture-level cities and above is still insufficient, and research on the development and
spatial and temporal patterns of rural elderly institutions needs to be strengthened. Our
study uses panel data on rural aged-care institutions in 276 Chinese cities from 2010 to 2016
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to construct comprehensive evaluation indicators for the development of rural aged-care
institutions, to somewhat remedy the lack of research on the development and spatio-
temporal patterns of rural aged-care institutions, and to provide certain countermeasure
suggestions for the development of sustainable rural aged-care institutions.

5.1.2. Comparative Analysis of Consecutive Studies

In our study of the spatial and temporal differences in the development of rural and
urban care institutions in China, we came up with the preliminary finding of “urban
progress, rural decline”, due to the serious decline in some indicators of rural care institu-
tions (Table 16) [44]. The results of this analysis stimulated our interest in the development
of rural institutions in China, and further analysis was undertaken. The decline of rural
elderly institutions is visually evident in the significant decline of hard environment in-
dicators such as the number of rural elderly institutions, the floor area of rural elderly
institutions and the number of beds in rural elderly institutions at the end of the year. In
terms of the soft environment, the number of year-end workers in rural elderly institutions
decreased from 131,900 to 106,400. In terms of rural elderly services, the number of people
staying in rural aged-care institutions decreased from 1,691,200 to 1,037,300.

However, can we directly conclude from the results of the data analysis that the
demand for elderly care services in rural China is decreasing? We cannot draw this
conclusion arbitrarily. China’s rural areas are undergoing profound structural changes
and rural society is facing unprecedented challenges. Despite the remarkable results of the
Chinese government-led fight against poverty, the challenge of preventing systematic return
to poverty remains. Traditionally, rural China has been characterized by the traditional
idea of having many children and being blessed with many children, but in reality, the
mainstay of China’s rural retirement is the rotating care of multiple children. Due to
financial weakness, the vast majority of China’s rural elderly do not have sustainable
financial resources to support the costs of institutionalization, resulting in a superficial
decline in the indicators for rural institutions.

Table 16. Time series changes in evaluation indicators of elderly care institutions in rural areas (unit:
units, 10,000 square meters, 10,000 beds, persons, days, %).

Rural 2010 2011 2012 2013 2014 2015 2016
Number of elderly care institutions 28,520 29,100 29,736 22,523 19,144 15,081 14,773
GFA of elderly care facilities 3155 4384 4798 3876 3366 2963 3135
Number of beds at end of year 209.21 226.11 244.68 206.39 209.72 167.69 168.06
Number of employees at end of year 13.19 14.29 14.89 14.32 12.42 10.46 10.64
Proportion of university education 9.08 11.46 10.54 15.85 14.13 15.61 16.79
Proportion of persons aged 35 and under 20.07 20.90 20.71 25.15 24.58 23.55 21.49

Number of people in elderly care institution at the

169.12 179.12 186.33 137.47 144.57 106.71 103.73

end of the year
Proportion of semi-self-care persons 13.38 14.83 14.64 18.62 17.14 18.30 19.24
Proportion of people who cannot care for themselves 417 417 453 6.65 4.96 527 6.14

Of course, the decline in the total number of rural elderly care institutions does not
necessarily indicate a decrease in the care needs of rural elderly people. With the combined
impact of an aging population, empty nesting families and the weakening of traditional
elderly care functions, the care needs of China’s rural elderly who are empty nesters, single
and incapacitated have become prominent, as evidenced by the continued increase in the
proportion of people who are semi-self-care and unable to care for themselves in rural
elderly care institutions, with the proportion of semi-self-care individuals and individuals
unable to care for themselves rising from 17.55% to 25.38%.

While the decline in the total data for most rural aged-care facilities has been observed,
the data for a few rural aged-care facility evaluation indicators have rebounded. The
proportion of caregivers working in rural aged-care institutions with university education
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has increased, from 9.08% in 2010 to 16.79% in 2016; the proportion of people aged 35
and under increased from 20.07% in 2010 to 21.49% in 2016. Essentially, the changes
in rural institutions for the elderly are closely linked to China’s industrialization and
urbanization, and even more so to the branding of the urban-rural dichotomy. China’s
rapid development, using the “scissors difference” principle to supplement industry with
agriculture, has accelerated the accumulation of primary capital and rapid industrialization
through planned means and the deployment of resources from all sides. However, this
process was accompanied by a widening urban—rural divide. With the rapid development
and maturity of the cities, the central government has continued to increase its diversified
investment in rural areas, agriculture and farmers, whether in the fight against poverty, the
construction of new rural areas or the integrated development of urban and rural areas.
Various policies have been introduced to nurture and benefit farmers, and cities continue
to feed the countryside, bringing a certain number of resources, manpower and capital to
feed rural development. In other words, the endogenous impetus for the development of
rural aged-care institutions is insufficient, relying to a large extent on the power of policies
and administrative forces to support them, bringing about a rise in the indicators of a small
number of rural aged-care institutions.

5.2. Conclusions

Based on data from 276 rural aged-care institutions in cities at the prefectural level
and above, the study uses a combination of hierarchical analysis, composite score method,
Theil index and coupling coordination model to comprehensively measure the spatial
and temporal patterns and coupling characteristics of the development of rural aged-care
institutions in China, and draws the following main conclusions:

Firstly, in terms of time series changes, the overall score of rural elderly care institutions
shows a “fluctuating” upward development process, with significant differences in the
development of each secondary indicator. The mean score for the hard environment
indicator fluctuated from 0.026 in 2010 to 0.040 in 2016, an increase of 1.53 times, the most
significant increase among the three secondary indicators. The mean score for the soft
environment indicator of rural elderly institutions improved more slowly, with the mean
score for the soft environment indicator fluctuating from 0.046 in 2010 to 0.049 in 2016,
an increase of only 1.07 times. The average volume score for the service user indicator
fluctuated from 0.046 in 2010 to 0.063 in 2016, an increase of 1.38 times.

Secondly, in terms of spatial and temporal patterns, the overall scores of rural elderly
care institutions, hard environment scores, soft environment scores and service recipient
scores show a clear “gradient” in the east, central and west regions. The overall score of
rural elderly care institutions in the eastern region is higher than that of the other three
regions, but its development rate is relatively slower than that of the western region, and
the difference in the overall score of rural elderly care institutions in the eastern region
is greater, while the difference in the overall score of rural elderly care institutions in the
northeastern region is smaller.

Thirdly, in terms of regional differences, the regional differences in Theil index for
rural elderly institutions are, in descending order: Hard environment > service recipients
> soft environment > overall score. In terms of the decomposed Theil index, the within-
group differences of rural elderly institutions are much greater than the between-group
differences, and the within-group differences of the four major regional Theil indices
generally show a narrowing trend, with the within-group differences in the eastern region
being higher than those in the western region, those in the western region being higher
than those in the central region and those in the central region being higher than those in
the northeastern region.

Fourthly, in terms of coupling coordination, the coupling degrees of the four major
regions all exceed the low-level coupling stage indicator and are in the antagonistic stage
or grinding stage. The coupling degrees of the four major regions are, from high to low,
central region > eastern region > northeastern region > western region. The average level of
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coupling and coordination of rural elderly institutions in the four regions is at a low level of
coordination in the development stage, and the overall coupling and coordination are not
high. The coupling coordination degree of the four regions, in descending order, is: Eastern
region > central region > northeastern region > western region. Among the top 20 cities in
terms of coupling degree, the number of cities in the central region has decreased while
the number of cities in the northeast region has increased significantly, reflecting that the
coupling degree of the central region is decreasing while that of the northeast region is
increasing. In terms of the development sequence of the coupling coordination degree, the
coupling coordination degree of rural elderly institutions in the four major regions has
increased, but the level of coupling coordination is generally not high, and the vast majority
of urban rural elderly institutions are at a low coupling stage.

6. Recommendations

The problem of unbalanced and insufficient development between the people’s grow-
ing diversified and multi-level elderly services and the supply of elderly services is the
main contradiction in the sustainable development of rural elderly institutions. There are
three main reasons for this: First, the cost theory. Scholars believe that the unresolved issue
of sharing the cost of care is one of the “meta-problems” of elderly care services in the age
of population aging. The second is the high operating cost of elderly care institutions. For
profit-making elderly care institutions, their facilities are characterized by low returns, high
investment volume and long payback periods; for public elderly care institutions, imperfect
policies, unbalanced development, high operating costs, high risks, low efficiency and low
service satisfaction are the main factors affecting the high-quality development of public
elderly care institutions. Second, transformation theory. Publicly run aged-care institutions
are gradually developing from purely public welfare institutions to diversified investment
and diverse services, with problems such as lower accessibility and underutilization of
services, structural imbalance and separation of systems, insufficient supply capacity of
private institutions and multiple funding dilemmas. Due to the problems in the positioning
of functions, operating mechanism and resource allocation of public elderly institutions,
the development of public elderly institutions is not sufficiently dynamic. Third, the theory
of misalignment between supply and demand. China’s elderly care services face problems
such as an imperfect institutional system, insufficient service supply and lower levels and
uneven distribution of health resources. The main reason for the mismatch between supply
and demand for community-based elderly care services is that the impact of age on the
physical function, mental health and demand for community-based elderly care services
has not been considered. From the supply side, the low level of supply of elderly care
services is the supply-side reason for the lack of effective demand for social elderly care.
Staffing per 100 beds and the availability of financial subsidies have a significant impact
on the occupancy rate of private elderly care institutions. From the demand side, self-care
elderly people have a demand for sports and leisure activities and no demand for medical
care, while semi-self-care elderly people and non-self-care elderly people need medical care.
The sustainable development of rural aged-care institutions is a key initiative to meet the
pressure challenges of rural aged-care risk management and to address the aged-care needs
of the elderly living alone, disabled and handicapped in rural areas. However, practical
issues such as the unbalanced regional development of rural aged-care institutions, the low
coordination of soft and hard environment coupling and the speed of development not
being more in line with the actual needs of the elderly are yet to be addressed. Based on
this, we propose a sustainable development path for rural aged-care institutions, aiming to
provide countermeasure suggestions for the sustainable development of rural aged-care
institutions (Figure 6).
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Figure 6. Sustainable development pathways for rural aged-care institutions.

6.1. Coordinated Development

The aim of coordinated development is to achieve relatively balanced development
between the subsystems within the system and to achieve orderly growth of each subsystem
to maximize the benefit of the overall growth of the system. Currently, there are four major
regional disparities in the development of China’s rural elderly care institutions, as well as
the uncoordinated development of the internal soft and hard environments of rural elderly
care institutions. “Narrowing the gap and mending the shortcomings” is a direct means to
solve the problem.

The first step is to narrow the regional gap in the development of rural aged-care
institutions in the four major regions, increase the spatial allocation of resources for rural
aged-care services in the central and western regions and reduce the imbalance in the
development of regional rural aged-care institutions. Then, the aim is to narrow the
urban-rural gap by continuously increasing the resources invested in rural elderly care
service institutions and increasing the spatial allocation of hardware facilities and material
resources for rural elderly care services.

The second step is to make up for the shortcomings. Compared with the hard environ-
ment, the development of the soft environment of rural aged-care institutions is relatively
lagging behind, with slow growth, and even negative growth in some areas. Therefore,
while increasing investment in the hard environment in rural areas, there is a greater need
to strengthen the soft environment, especially by increasing the training and management
of elderly service personnel in rural areas, increasing the sense of professional access and
happiness of rural elderly caregivers and raising the income level of elderly caregivers.
Policies such as financial, tax, subsidy and bonus dividends to attract university students
to work in rural elderly care institutions and enrich the team of rural elderly care service
workers may be adopted.
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6.2. Coupling Development

Although the coupling of rural aged-care institutions in some cities is high, their
coupling coordination is generally not high, meaning that the quality of development
of rural aged-care institutions needs to be improved. How to integrate resources and
improve the quality of rural elderly care services is a problem that needs to be faced by the
development of coupling.

First, the allocation of resources to rural elderly institutions should be strengthened
and the quality of rural elderly services improved. The proportion of elderly people who
are semi-self-care or unable to care for themselves is increasing, which means that rural
elderly people have a strong demand for institutional elderly care services, while the total
number of people staying in rural elderly care institutions is decreasing; does this also mean
that the demand for institutional elderly care services for the elderly is decreasing? It seems
that the two indicators are contradictory. In fact, they are not necessarily contradictory.
While the cost of reformed rural aged-care institutions is increasing, the quality of service
in institutional aged-care facilities is not high, and the mismatch between this and the
huge demand for institutional aged care in rural areas is an important reason for the lower
occupancy rate. Therefore, on the one hand, it is still necessary to continue to strengthen
the allocation of resources to rural elderly institutions, and on the other hand, to increase
the improvement and enhancement of the quality of the soft environment, so as to improve
the service quality of rural elderly institutions and attract more elderly people in need to
move in.

Second, the allocation of resources for rural elderly care should be dynamically ad-
justed and the allocation of resources for rural elderly care services integrated. Considering
the realities of high investment costs and high management and maintenance costs of rural
elderly institutions, over-investment of resources brings waste instead, bringing financial
pressure on the grassroots government and affecting the sustainable growth of the local
economy. Therefore, the coupling development of rural aged-care institutions requires
both increasing resource allocation on the premise of financial affordability and optimizing
the allocation of stock resources by combining local realities, transforming unused rural
factory buildings, village collective dormitories and office areas into space for aged-care
institutions, increasing the quality of aged-care services, not wasting existing resource
allocations and achieving dynamic balance and sustainable development of regional rural
aged-care institutions.

Third, an overall standpoint of the aging industry policy should be implemented,
adhering to the demand-side standpoint. The development of the rural elderly industry
must follow market logic, meet the needs of the vast majority of people to provide elderly
service products [57], in order to improve the quality of life of the vast majority of people in
their old age and life, stand in the overall development of the elderly industry, guide and
support the industry from the beginning to rapid development in stages and steps, stand
in the people-based economy, stand in the needs, abilities and wishes of the demand side,
improve the supply capacity [58], make long-term preparations, maximizing the effective
demand for the development of the aging economy and promote win-win cooperation
between the supply and demand sides of rural elderly institutions.

6.3. Sustainable Development

According to Doxiadis, rural institutions, as a typical type of habitat, consist of a
shell and a content. The shell is the external physical environment such as the hardware
and facilities of the institution, while the content is the internal things such as the soft
environment and service quality of the institution. To improve the quality of rural elderly
institutions, in addition to strengthening the coupled and coordinated development of
rural elderly institutions, it is also necessary to strengthen the sustainability of rural elderly
institutions to meet the basic living needs of rural elderly people.

The needs of the elderly in rural areas should be focused upon, and the efforts to invest
in rural elderly resources that match the population should be strengthened. Meeting the
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needs of people is the primary basic issue addressed by Habitat for Humanity, that is, the
sustainable development of aged-care institutions needs to focus on the health needs of
the elderly, accelerate the establishment of efforts to invest in rural aged-care resources
that match the elderly population, target the construction of aged-care service resources,
accelerate the structural transformation of the supply side of rural aged-care institutions,
enhance the dynamic balance between rural aged-care institutions and the population and
deepen the adjustment of the rural elderly institutions’ service quality system.

A “15 min” elderly care service circle in rural communities should be established
and the resources for institutional, community and home-based elderly care integrated.
We will put the needs of the elderly at the center of the construction of the habitat of
the elderly institutions, speed up the establishment of the “15 min” community elderly
service circle centered on villages and towns, increase the coverage and radiation rate of
rural elderly institutions, speed up the construction of a multi-level and multi-layered
supply and demand guarantee system for rural elderly services, mainly for the elderly
at home. It will also speed up the construction of a multi-level and multi-layered supply
and demand guarantee system for rural elderly care services, with the aim of establishing
eco-communities, healthy societies and age-friendly communities that are suitable for
living, traveling and working in rural communities, and truly realizing “a sense of security,
a sense of belonging, a sense of activity and a sense of enjoyment for the elderly”.

The resilience of rural community elderly care institutions should be improved and a
“combined medical and nursing care” elderly care service guarantee system established.
Steps should be taken to accelerate the renovation of age-appropriate rural areas, improve
the resilience of rural community elderly institutions, establish emergency mechanisms and
response mechanisms for public health emergencies, protect the lives and health of elderly
people in rural elderly institutions to the maximum extent possible in the event of public
health emergencies, establish a sound service guarantee system for rural elderly institutions
that combines medical care with nursing care and promote the construction of sustainable
rural elderly institutions. The project aims to establish and improve the service guarantee
system of “medical and health care integration” in rural elderly institutions, promote
the construction of sustainable rural elderly communities and realize the sustainable
development of rural elderly institutions.
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