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Abstract: Global aging is getting worse, especially in China, a country with a large population. It is
urgently needed to plan the site of new urban elderly care facilities for an aging society. Based on
point of interest data and machine learning algorithms, we established a site selection model of urban
elderly care facilities for Wuhan in China and selected potential optimal sites for new urban elderly
care facilities. We found that 2059 of the 31,390 grids with a resolution of 500 m x 500 m of Wuhan
are priority layout grids for new urban elderly care facilities. A total of 635 priority grids were further
selected based on the agglomeration degree of the aging population in each street. They are mainly
distributed in the areas with a concentrated aging population within the Second Ring Road around
the urban centers. Additionally, some outer suburban streets with a relatively high aging degree also
require immediate facility construction. The point of interest data and machine learning algorithms
to select the location of urban elderly care facilities can optimize their overall configuration and avoid
the subjectivity of site selection to some degree, provide empirical support for how to achieve a good
configuration of “population—facilities” in space, and continuously improve the science of the spatial
allocation of elderly care facilities.

Keywords: urban elderly care facilities; planning; point of interest; machine learning; Wuhan

1. Introduction

Nowadays, the aging of the population is a common concern of the international
community. The global proportion of the population aged 65 and over rose from 5% in
1960 to 9% in 2018, and it is expected to rise to 16% by 2050 [1]. The rapid growth of the
elderly population has become a prominent phenomenon in many countries, including
developed countries such as the United States [2], Germany [3], Canada [4], and Japan [5],
and developing countries such as China [6]. Since the 21st century, the aging process in
China has accelerated significantly, and the problem of elderly care has become increasingly
prominent. With the increase in aging and the burden of family retirement, there is a
growing demand for elderly care facilities [7]. Whether the allocation of elderly care
facilities is reasonable or not is very important for the improvement of urban quality and
the realization of social equity. However, the location of elderly care facilities is affected by
various existing infrastructure and service facilities in the surrounding area and the number
of elderly people in the area [8], making it difficult to determine a suitable location for
construction. As a result, it is urgently necessary to find an excellent method to determine
the spatial layout of urban elderly care facilities [9].

Much work has been done in related studies of the spatial layout of urban elderly care
facilities [10-13]. They can be divided into three categories. The first is the fairness assess-
ment of the spatial distribution of elderly care facility resources, which emphasizes that pub-
lic services for the elderly should be given to each elderly group fairly and equitably [14-17].
The second is the efficiency of the spatial allocation of elderly-service resources. Their focus
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is on the distribution characteristics of elderly care facilities [18], their coupling relationship
with the population and the accessibility of elderly care facilities [19,20], and the spatial
distribution equilibrium and continuity of service facilities [21-23]. The third is simulation
and prediction of the scale, type, and spatial planning of elderly care facilities [24-26].
However, most of them focused on a coarse scale, and the high-resolution site selection
studies on the street and even finer scales are scarce, which is not accurate enough to guide
the government’s decision-making.

As Point of Interest (POI) data and artificial intelligence algorithms, including machine
learning, are increasingly available [27-33], they provide a possibility for filling these
gaps [34,35].

As the world’s most big populous country, China also faces an aging problem. Based
on data from the National Bureau of Statistics of China, the proportion of the population aged
65 and over in China reached 7.0% in 2000. Moreover, there were 190.64 million persons in
the age group of 65 and over, according to China’s seventh national census data, accounting
for 13.5%. According to the WHO criteria for aging, when the ratio of the population
aged 65 and over in a country or region exceeds 14%, the area has entered a deeply aging
society [36]. Therefore, China will enter a profoundly aging society soon. However, in
China, research on the locations of urban elderly care facilities is mainly concentrated in
areas such as Beijing [37], Shanghai [38], and Guangzhou [39,40] because the aging first
appeared there. In recent years, some new first-tier cities in China, including Hangzhou,
Wuhan, Chengdu, and Zhengzhou, have developed rapidly, and their population aging
phenomenon has become more and more serious. However, there are few studies on these
cities, and the future layout of aging infrastructure in these new first-tier cities urgently
needs the support of relevant research.

Therefore, in this study, we intend to construct a site selection model of urban elderly
care facilities for Wuhan in China at the street/town level based on POI and machine
learning algorithms to improve site selection’s rationality, objectivity, and efficiency. The
model predicted optimal sites for new urban elderly care facilities in Wuhan. Section 2
introduces the study area, followed by “Materials and Methods” in Section 3. Subsequently,
the results and discussion are presented in Section 4 with figures. Finally, we conclude our
research with take-home messages for readers.

2. Brief Introduction to the Study Area

Wuhan is one of the largest cities in central China, and its aging problem has been
severe in recent years and will continue to be for the near future. However, due to the
insufficient amount and limited covering scope of urban elderly care facilities, it is urgent
to establish a vast array of new urban elderly care facilities in Wuhan. Therefore, in this
study, we attempt to conduct an empirical study on the site selection of urban elderly care
facilities in Wuhan for subsequent policy implications.

Based on the data from Wuhan's seventh population census, in 2020, Wuhan’s perma-
nent urban population reached 13.65 million, and 2.01 million persons in the age group
of 65 and over, accounting for 14.73%, which means that Wuhan’s population has entered
a deep aging stage. According to the “Fourteenth Five-Year Plan for the Development of
Civil Affairs in Wuhan”, by 2025, the coverage of elderly care facilities in urban and rural
communities will reach 100% and 90%, respectively. That is to say, an urgent need exists in
Wuhan to lay out and construct many new elderly care facilities. Scientifically selecting the
location of these new elderly care facilities is a top priority in the near future. According to
the distance that the elderly walk for 15 min [41], the service radius of urban community
elderly care facilities should not exceed 500 m [42,43]. Therefore, we divided Wuhan into
31,390 grids with a resolution of 500 m x 500 m (Figure 1).
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Figure 1. Location of Wuhan in China, its 13 districts, and the grid division with a cell size of
500 m x 500 m.

3. Materials and Methods
3.1. Methods for Site Simulation of New Urban Elderly Care Facilities

The method framework of this study is illustrated in Figure 2. First of all, existing
urban elderly care facility grids in Wuhan were randomly selected as training sets. Then,
based on the ID3 machine learning algorithm and using the sampled urban elderly care
facilities, a decision tree model suitable for the location of urban elderly care facilities was
trained. Next, the dataset outside the training set of urban elderly care facilities was used
to evaluate the accuracy of the simulation results of the model. If the coincidence degree
between the existing facilities and the simulation results exceeded 80%, the model would
be reliable; otherwise, the training and optimizing process continued [44]. Subsequently,
the model was utilized to predict the sites of new urban elderly care facilities. Finally,
combined with the aging population density of each grid, the grids of urban elderly care
facilities that should be built immediately were selected (Figure 2).
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Figure 2. The machine learning method framework for site simulation of urban elderly care facilities.

Specifically, in the existing grids of elderly-care facilities in Wuhan, 50% of them were
randomly selected as the training set of the prediction model. Subsequently, the machine
learning-ID3 algorithm was employed to simulate the distribution pattern of elderly care
facilities considering the layout of elderly care facilities and other related infrastructure
services in the sampled grids, and a preliminary positional decision-making model was
obtained. Afterward, all grids outside the training set were taken as the prediction set.
Then, according to the location decision model of elderly care facilities and the layout of
various existing infrastructures in each grid, we predicted the suitability of construction
of urban elderly care facilities, and then examined the fitting degree between prediction
results and the existing elderly care facilities. The final test results exhibited a 95.7% match,
indicating that the configuration of existing urban elderly care facilities was very consistent
with the prediction. Therefore, the model is reliable and can be used to predict the sites of
new urban elderly care facilities.

3.2. Point of Interest Data for Wuhan

The POI data of various urban facilities for Wuhan of China were acquired from
the Application Programming Interface provided by the Baidu Map Company (https:
/ /map.baidu.com, accessed on 8 November 2021) for Internet users. The POI data was in
database format, and the attributes contained basic information such as the name of the
facility, its functional category, and latitude and longitude coordinates. Python conversion
code converted the projection coordinate system of the POI data into the unified WGS84
geographic coordinate system. The total number of the POI of various urban facilities was
429,096, consisting of four primary categories (Table 1) and covering 13 municipal districts
and 184 streets/towns in Wuhan. Furthermore, the distributional status of POI-based urban
facilities in each grid was obtained using a spatial overlay with the help of ArcGIS software.
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Table 1. Categorization and appellation of relevant point of interest data of various urban facilities
for Wuhan, China.

Category of POI

Appellation of Facilities

Transportation

Airports, railway stations, coach stations, subway stations, bus stations, etc.

Scientific, educational, and

cultural facilities

Libraries, science museums, universities, primary and secondary kindergartens, parent—child
education, special education schools, training institutions, etc.

Sports and leisure facilities

Parks, stadiums, fitness centers, farm yards, cinemas, theaters, halls, leisure squares, etc.

Attractions

Zoos, botanical gardens, museums, cultural relics, churches, tourist attractions, etc.

Life services

Communication business halls, post offices, laundries, photo studios, maintenance points,
newsstands, public restrooms, etc.

Financial facilities

Banks, ATMs, rural credit cooperatives, etc.

Accommodations

Star hotels, express hotels, apartment hotels, etc.

Shopping facilities

Shopping centers, department stores, supermarkets, grocery stores, building materials
markets, home appliances and electronics markets, fairs, etc.

Catering facilities

Restaurants, foreign restaurants, fast food restaurants, dessert shops, cafés, tea-houses, etc.

Governmental facilities

Governments, administrative departments, welfare institutions, etc.

Corporations

Companies, designated areas of unified planning, agricultural, forest and gardening areas, etc.

Real estates

Office buildings, residential areas, dormitories, etc.

Medical services

General hospitals, specialized hospitals, clinics, drug stores, sanatoriums, emergency centers,
CDCs, etc.

Elderly care facilities

Nursing homes, elderly nursing centers, elderly universities, elderly apartments, care centers,
social welfare centers, etc.

In this paper, urban elderly care facilities mainly include nursing homes, elderly
nursing centers, elderly universities, elderly apartments, care centers, and social welfare
centers, etc. There are 1004 POIs of urban elderly care facilities in Wuhan, which are mainly
distributed within the Third Ring Road and the street communities or central towns of
suburban cities and counties.

3.3. The Latest Aging Population Data for Wuhan

PQI denotes the spatial pattern of urban facilities for 2020. The seventh population
census data in 2020 was cited to get Wuhan's latest street-level aged population (Figure 3).
We found 10 streets with more than 20,000 people aged 65 and over in Wuhan. Moreover,
there were 67 streets with more than 10,000 people aged 65 and over, accounting for 36.2%
of the total streets. The spatial pattern of the aging population in Wuhan presents a gradual
outward diffusion pattern that centers on the main urban area (Figure 3). At the same time,
it appears to be a multiple-nuclei structure clustered with urban streets as the center in the
outer suburbs.
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Figure 3. Spatial pattern of the street-level aging population in Wuhan of China, for 2020. The street
name label is available in the figure. (a) The whole study area, and (b) enlargement of the black frame
area in (a).

4. Results and Discussion
4.1. Initial Regions for the New Urban Elderly Care Facilities

After training the prediction model, we took the urban elderly care facilities in each
grid as the dependent variable and the other 13 types of facilities as the independent
variable to predict the site selection suitability of 31,390 grids in Wuhan, China. Our
simulation results show that 2059 grids are suitable for new urban elderly care facilities
(Figure 4). The suitable sites for new elderly care facilities are widely distributed in various
streets (towns).

The initial simulation results show that the layout of new urban elderly care facilities in
Wauhan is highly concentrated and evenly distributed within the Third Ring Road. Because
the elderly care facilities cannot exist in isolation, they are bound to rely on medical,
transport, communal, recreational, servicing, and other public facilities. Only combined
with these can they play a better public service role. These facilities are widely distributed
in all regions within the Third Ring Road. As a result, there are many potential sites for
new elderly care facilities in the region that are evenly distributed. However, the prediction
results outside the Third Ring Road exhibit significant distinctions. First, the potential sites
of new elderly care facilities outside the Third Ring Road present prominent characteristics
of spotted aggregation and mainly gather around the administrative center of each district.
The suitable construction sites in other regions scatter sparsely in crucial towns. The
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main reason is that the regional distribution of infrastructure is significantly distinctive
in the suburban areas of Wuhan outside the Third Ring Road. The infrastructures mainly
concentrate on the main urban areas and critical towns. Other significant areas are in short
supply of infrastructure closely related to elderly care facilities, which is not conducive
to the new layout of elderly care facilities. Secondly, the prediction results of Huangpi,
Xinzhou, and Caidian Districts possess apparent particularity compared with other regions.
These three regions have more suitable sites for the location of elderly care facilities than
other suburban areas, with the characteristics of multi-point aggregation, and the spatial
regional configuration differences are prominent. Suitable location sites in Xinzhou District
are mainly concentrated in the central north, while the eastern and southern areas have
fewer ones. The central south of Huangpi District is highly centralized with possible
site options, with only a few potential matches in the north; suitable location points of
Caidian District are mainly situated in the northern area, and only a few scatter in the west
and south.

N

20 km
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Figure 4. Initial areas for the new urban elderly care facilities at the street level in Wuhan, China.

The initial fitting results of 2059 new sites of elderly care facilities are only suitable
for construction according to the completeness of facilities in surrounding cities. However,
this massive number, far beyond that recently planned in Wuhan, does not match the
density and scale of the aging population; the spatial layout of prediction and demand is
still not optimal. Therefore, it is necessary to select and screen out the preliminary results.
Then the sites of intense demand for construction can be given prior attention during the
government’s decision-making process.

4.2. Final Regions for the New Elderly Care Facilities

A key consideration in the location decision for a new elderly care facility involves
matching the population’s need for the services [45]. Firstly, calculate the aging rate of each
street based on the total population of 184 streets and the elderly population of 65 and over.
When the ratio of the population aged 65 and over exceeds 14%, this area has entered a
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deeply aging society. Therefore, the regions should be given priority when constructing
new elderly care facilities. At the same time, the scale of the elderly is also an essential
standard in deciding whether to build senior centers. For example, according to the aging
data of streets in Wuhan, the average number of people aged 65 and over in every street of
Wuhan has exceeded 3000; the selected streets are those with more than 3000 people aged
65 and over. The results show that there are 84 streets in Wuhan that meet the requirements.
Then, ArcGIS is utilized to screen out and optimize the suitable sites in all grids covered
by 84 streets and remove the grid of the existing layout of elderly care facilities. Finally,
635 matching grids where new elderly care facilities should be built are obtained (Figure 5).
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— = Third Ring Road
— = Fourth Ring Road
[-Hanyang
2-Jiangan
3-Jianghan
4-Qiaokou
3-Qingshan
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Figure 5. Areas for the new urban elderly care facilities at the street level in Wuhan, China.

As seen in Figure 5, all 84 severely aging streets in Wuhan have grids suitable for new
elderly care facilities. There are many profoundly aging streets within the Second Ring Road
of the city, with seven in the Wuchang District, among which two have a senior population
of more than 12,000. Wuchang District is an administrative district with a relatively severe
aging problem in Wuhan, but all various public facilities are well-equipped. Therefore,
there exists a lavish array of possible location sites for new elderly care facilities. Jianghan
and Jiang’an Districts are the ancient downtown areas of Wuhan, which also abound in
deep aging streets, but the aging degree of these streets is slightly lower than that of the
Wuchang District. Generally, the aging population of these streets ranges from 3000 to
6000. The aging degree of the area between the Second and the Third Ring Road of the city
is relatively low. Only a few streets in the Wuchang district are gravely aging, but seven
are in the Qingshan district. Qingshan District belongs to the old urban area of Wuhan.
Many retired Wuhan Iron and Steel Plant employees live in this region, and the aging
population is significant. Therefore, the layout of urban elderly care facilities should be
increased. Streets outside the Third Ring Road are not evenly distributed in the deepened
aging process. Hongshan, Qingshan, Jiangxia, Hannan, and other administrative districts
have relatively few deepened aging streets.
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Many areas in Hongshan district can be categorized as part of the high-tech developing
zone of Wuhan. Due to certain requirements for the age of workers raised by commerce
and industry, most of those who gather here are young, and the aging degree remains
relatively low. Jiangxia and Hannan districts have many secondary industries in Wuhan,
such as automobiles, machinery, and other industries. These streets are also where young
people gather, so the aging degree remains relatively low. Compared with Huangpi and
Xinzhou districts, the Caidian district is different. Although it is also categorized as the
suburbs of Wuhan, its aging degree is not severe. The aging population in deepened aging
streets is primarily within the range from 3000 to 6000; only one street reaches the peak
level with an aging population within the range of 12,000 to 18,000.

The new elderly care facilities among regions have sequenced priority, and the core
urban area within the Second Ring Road is severely aging. Given this, these deepened
aging streets should be taken into consideration. However, there are a complete set of acces-
sorized facilities within the Second Ring Road, with rich, high-quality medical resources,
recreational and entertaining facilities, and convenient transportation. With too many
restrictions on the location of elderly care facilities, no great, location sites are available
in areas within the Second Ring. The distribution of the elderly population between the
Second Ring Road and the Third Ring Road is relatively scarce, with relatively complete
various accessorized facilities, so this area abounds in grids suitable for distributing elderly
care facilities. Because of the low aging degree in the eastern area of the Wuchang district,
it is not classified as prioritized. However, considering the tendency of dispersion and
limited traffic conditions, the outskirts” demand for the construction of new elderly care
facilities should not be overlooked. Many aging streets situate in Huangpi, Xinzhou and
Caidian districts, among which there are many profoundly aging ones in Huangpi and
Xinzhou districts. Distant from the urban area, the number of the aged population on these
streets is enormous, and supporting facilities are relatively outdated. Nevertheless, plenty
of grids are still suitable for locating elderly care facilities. Therefore, it is necessary to
construct new elderly care facilities in these suburban areas.

Many severely aging streets are densely situated on the Second Ring Road in Wuhan.
The distribution of existing elderly care facilities is relatively concentrated, and the number
of the predicted planning sites is still large. The land within the Second Ring is relatively
scarce, but with convenient transportation, people may resort to high-storied and large-
scale facilities to save the land. At the same time, the existing public facilities in the city
should be made of full avail, and different types of facilities should be constructed for the
aged, in light of the situations of different regions. For example, in the Wuchang district,
people should fully use the rich educational resources and build universities and social
welfare centers for seniors. In terms of Jianghan and Jiang’an districts, retirement centers
integrated with medical and nursing care should be established, utilizing the superior
medical resources in this region. However, the Third Ring Road and beyond also have
lavish streets with seriously aging problems. Huangpi district has 13 streets with a massive
severely aged population, among which eight streets have more than 6000 people aged
65 and over, while Xinzhou district has five. However, these streets are all located in the
outer suburbs of Wuhan, not so affluent considering their economic condition. Apart from
that, according to the traditional site selection method, these streets are prone to be ignored.
However, on the contrary, this requires extra attention from the government planning
department. Meanwhile, the land price of these suburban streets remains relatively low,
with stunning landscapes. In the later stage of site selection, based on local characteristics
and advantages, some ordinary elderly care facilities can be constructed to meet the nursing
needs of residents while introducing several commercial institutions and high-end elderly
care facilities to fulfill the needs for vacation and leisure activities of some of the elderly.

4.3. Comparison with Previous Studies

Compared with previous studies [46], in terms of the equilibrium of spatial distribution
of elderly care facilities in Wuhan, our results are basically consistent with them. Their
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research shows that there are more elderly care facilities in the urban centers of Wuhan, but
the per capita number is relatively small, and the demand is still high [47,48]. Meanwhile,
the service level of elderly care facilities in outer suburban areas is weak, such as Huangpi,
Xinzhou, and Caidian districts. Therefore, some outer suburban streets with a relatively
high aging degree also need to increase elderly care facilities immediately [49,50]. As for the
simulated site selection of newly built elderly care facilities, there are currently few research
results. Peng et al. simulated the location of newly built elderly care facilities in Wuhan
using the minimum facility point model with a regional and street level scale. However,
he simulated only 26 points, among which 5 points were newly built, and 21 points were
renovated [51], which could not meet the actual needs of Wuhan City. Some scholars have
also studied the layout optimization of elderly care facilities in Beijing [52], Shanghai [53],
Shenzhen [54], and Xi’an [55] cities, but the research scale is limited to the street. In general,
they first evaluate the accessibility and spatial distribution equilibrium of the existing
elderly care facilities, and then give the optimization results. That is, the layout of elderly
care facilities is unbalanced in some areas, so it is necessary to increase the layout of elderly
care facilities. However, where and how many elderly care facilities need to be built? They
cannot give exact results. Our study can solve the deficiency of their research and take the
previous work to the next level.

Compared with the previous studies: (1) In Methods, we used POI and machine
learning methods to identify the location of elderly care facilities; (2) In Results, we get the
results at a fine scale, which is more suitable for local governments to make decisions on
the location of elderly care facilities.

4.4. Strengths and Limitations of This Study

Most previous studies on the planning of urban elderly care facilities use relative
qualitative measurement and traditional prediction algorithms, which are relatively subjec-
tive [56,57] and inefficient [58]. However, we combine big-data methods (POI data) and
machine-learning algorithms, which are more scientific and holistic. Consequently, the
overall layout is more optimal, the prediction results are objective, and the site selection
work will be more efficient. It can also be an excellent method for other public facilities’
planning and decision-making processes.

In addition, this article is a selection and prediction of facilities for the aged on a
street/township scale. The resolution is much higher than in previous studies on urban
or coarse scales. Therefore, our results are more valuable to the government and can be
implemented more directly.

Our study’s final site selection prediction points are limited to a 500 m x 500 m grid.
The layout has been relatively accurate. These grids are areas that are both suitable for
construction and should be constructed as early as possible. The government can use the
results of this research to deploy urban elderly care facilities at the corresponding forecast
points directly.

The limitations of this study are as follows. Urban elderly care facilities can be
further subdivided into nursing homes, elderly nursing centers, elderly universities, elderly
apartments, care centers, and social welfare centers. The location and layout of each facility
have certain particularities. This article does not subdivide facilities, and the differences in
the location and layout of different types of elderly care facilities need to be further explored.

5. Conclusions

In this study, based on high-resolution POI data and machine learning algorithms,
we constructed a street-level site selection model of new urban elderly care facilities for
Wuhan in China. The city is divided into 31,390 grids with a cell size of 500 m x 500 m.
In total, 2059 initial grids were selected by the established model for new urban elderly
care facilities. According to the latest agglomeration degree of the aging population in each
street, the final 635 top-priority grids were further selected. The 635 grids in urgent need of
elderly care facilities in Wuhan are mainly distributed in the areas with a concentrated aging
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population within the Second Ring Road. Additionally, some outer suburban streets with a
relatively high aging degree also require immediate facility construction. Our contribution
to the existing literature is that high-resolution POI data and machine learning algorithms
can be used to determine the site of urban elderly care facilities at a fine scale. In addition,
the differences in the location and layout of different types of elderly care facilities need to
be further explored in the future.
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