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Abstract: The equalization of urban public service facilities is important to the daily lives of urban
residents. Spatial quantification of the supply and demand of public service facilities can reveal
relationships between supply and demand agents and provide a foundation for the planning of
urban public service facilities. This study proposed a comprehensive framework to assess the current
state of supply (accessibility of facilities) and demand (population carrying pressure) of various
public services in cities and determine patterns between different public service facilities. This
framework contains three elements: (a) multi-scale spatial quantification of the matching of supply
and demand, (b) spatial matching of supply and demand, and (c) spatial clustering analysis of
the supply and demand balance. This study analyzed 19 major cities in China from a supply and
demand perspective and examined implications for matching the supply and demand of public
service facilities. The results indicated that education service facilities had the most appropriate
supply and demand relationship. Areas where public service facilities had a good matching of supply
and demand demonstrated a strong pattern of clustering. There were significant differences in the
level of matching of the supply and demand of public service facilities among various regions in
China. The limitations of the framework and future directions are discussed.

Keywords: public service facilities; matching supply and demand; service areas; China; large cities

1. Introduction

Public service facilities are resources directly or indirectly provided by the govern-
ment for the public and shared by all [1], including public green space, pension, medical
treatment, education facilities, etc. Such facilities are related to the shaping of the urban
environment and spatial structure and the normal operations of an urban system [2]. The
layout of facilities should be based on the demand of services to make equal use of public
service facilities [3]. Rapid population growth resulting from urbanization has intensified
the demand for public service facilities [4]. However, the construction of public service
facilities in new areas often lags behind population growth, which can lead to a movement
of people to areas with a higher concentration of public service facilities [5]. This may
cause demand pressure to be transmitted to surrounding service areas, further leading to a
widening area of supply and demand mismatch [6]. For example, poorer communities with
low access to public services are concentrated in the outer suburban area [7], while high-
quality public service resources are often concentrated in the urban center [8,9]. Residents
living in the suburban area may flow to the city center to use these facilities. In the process
of crossing the service area, the increase of travel distance may cause traffic congestion
and a waste of infrastructure resources [10]. Therefore, in order to provide residents with
public service facilities of a reasonable layout, and resource sharing [11,12], it is necessary
to evaluate the supply-demand matching of urban public service facilities [13].

Previous studies have discussed various types of public service facilities, such as basic
education facilities [14], healthcare services [15], elderly services [16], parks and urban
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green spaces [17], cultural and sports facilities [7], and recreational facilities [18]. Studies
tend to focus on the sitting and layout optimization of public services facilities. Recently,
a number of studies have explored the spatial matching between service provision and
the needs of user groups in order to achieve equalization of public services [19,20]. On
the one hand, many studies have discussed the spatial layout of various public service
facilities by using assessment methods such as accessibility assessment [21,22], population
density assessment [4], and spatio-temporal visualization analysis assessment [23]. For
example, some studies have explored the spatial matching relationship between urban
green spaces and the population by using coupled coordination models [24]. Some others
measured the relationship between socio-spatial stratification of residential communities
and the accessibility of public service facilities by using Global Moran’s I [6]. On the
other hand, many studies focused on the demand preferences of different groups [25],
such as children [26], women [27], and the elderly [28,29]. Demographic factors, such as
socioeconomic status [30] and race [31], are also included to explore the matching of supply
and demand of public service facilities. For example, some studies examined the matching
of supply and demand of different types of urban parks and considered the actual travel
mode of the elderly [32]. In addition, some studies also put forward the matching index
of supply and demand to explore the coupling relationship between the index and urban
development factors. For example, some studies use the supply and demand index of
public service facilities to evaluate the spatial balance in service quality of public service
facilities [33] or fit the correlation between the matching index and house price [34].

On the one hand, since it is difficult to unify the standards of comparison between
different types of public service facilities, studies paying attention to the characteristics that
affect the matching of the supply and demand of various types of facilities are still lacking.
On the other hand, previous studies collected data relating to the demand of public service
facilities by questionnaire surveys [35]. Questionnaires usually provide a detailed overview
of the demand of different populations, but this method is time-consuming and laborious,
and survey data lacks spatial clarity and comprehensiveness. This study uses the same
spatial data to unify the evaluation criteria of various types of public service facilities, so
that different types of public service facilities can be directly comparable. The demand for
public service facilities is calculated using real-time population distribution data, which
effectively reduces the time and labor cost (Figure 1).

This study aimed to assess and compare public service facilities in 19 major cities,
including 15 sub-provincial cities and four municipalities in China, from the perspective of
supply and demand. The following research questions were posed:

1. What are the differences in the matching of supply and demand and spatial patterns
of various facilities?

2. What are the patterns in the matching of the supply and demand of public service
facilities between cities?
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Figure 1. The Integrated framework for the assessment of supply and demand of facilities. 
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large cities in China were selected for evaluation for two reasons: (a) as shown in Figure 
2, these 19 major cities are widely distributed in six geographical regions of China, cover-
ing most parts of the country. Shenyang, Dalian, Harbin, and Changchun are located in 
Northeast China; Beijing and Tianjin are located in North China; Shanghai, Nanjing, Jinan, 
Qingdao, Hangzhou, Ningbo, and Xiamen are located in East China; Wuhan, Shenzhen, 
and Guangzhou are located in Central South China; Chengdu and Chongqing are located 
in Southwest China; and Xi’an in Northwest China. (b) Nineteen major cities play an im-
portant role in regional economics, politics, culture, and transportation. The overall level 
of urbanization is high [36]. They have a certain position in regional, provincial, and mu-
nicipal clusters, and their comprehensive strength is in a leading position. Nineteen big 
cities have strong representativeness and influence. Therefore, they can provide a good 
reference. 
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2. Materials and Methods
2.1. Study Areas

This study takes place in the main urban areas of 15 sub-provincial cities and 4 municipal-
ities directly under the central government as the research object. In this paper, 19 large
cities in China were selected for evaluation for two reasons: (a) as shown in Figure 2,
these 19 major cities are widely distributed in six geographical regions of China, cover-
ing most parts of the country. Shenyang, Dalian, Harbin, and Changchun are located in
Northeast China; Beijing and Tianjin are located in North China; Shanghai, Nanjing, Jinan,
Qingdao, Hangzhou, Ningbo, and Xiamen are located in East China; Wuhan, Shenzhen,
and Guangzhou are located in Central South China; Chengdu and Chongqing are located
in Southwest China; and Xi’an in Northwest China. (b) Nineteen major cities play an
important role in regional economics, politics, culture, and transportation. The overall
level of urbanization is high [36]. They have a certain position in regional, provincial, and
municipal clusters, and their comprehensive strength is in a leading position. Nineteen
big cities have strong representativeness and influence. Therefore, they can provide a
good reference.



Land 2022, 11, 149 4 of 18

Land 2022, 11, x  4 of 18 
 

 
Figure 2. Location of 15 sub-provincial cities and 4 municipalities (Source: repainted by the author, 
http://bzdt.ch.mnr.gov.cn/browse.html?picId=%224028b0625501ad13015501ad2bfc0002%22, ac-
cessed on 26 November 2021). 

2.2. Data 
First, the year 2020 point of interest (POI) data of 19 cities were collected from Baidu 

Map Open Platform (http://lbsyun.baidu.com/index.php?title=webapi/guide/webservice-
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itude, and longitude. Second, the Baidu heat map of 19 cities was obtained from the Baidu 
Map Open Platform. Baidu heat map can display the calorific value and generate a real-
time spatial distribution map of the population [37], which is of great value for urban 
research [38]. Therefore, according to the law of population activity, this study selected 
Baidu heat maps at 10 pm on weekdays and obtained 19 Baidu heat maps. This study used 
ArcGIS10.5 tools to generate population distribution data of spatial units. Third, road net-
work data of the 19 cities were collected from Open Street Map (www.openstreetmap.org, 
accessed on 12 February 2021) and used to calculate the accessibility of each facility. Fi-
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Figure 2. Location of 15 sub-provincial cities and 4 municipalities (Source: repainted by the au-
thor, http://bzdt.ch.mnr.gov.cn/browse.html?picId=%224028b0625501ad13015501ad2bfc0002%22,
accessed on 26 November 2021).

2.2. Data

First, the year 2020 point of interest (POI) data of 19 cities were collected from
Baidu Map Open Platform (http://lbsyun.baidu.com/index.php?title=webapi/guide/
webservice-placeapi, accessed on 16 March 2021), including data on educational service
facilities (primary schools and kindergartens), medical service facilities, cultural service
facilities (libraries), social security facilities (elderly care facilities and service facilities
for the disabled). Each POI data point contained detailed information, such as category,
address, latitude, and longitude. Second, the Baidu heat map of 19 cities was obtained from
the Baidu Map Open Platform. Baidu heat map can display the calorific value and generate
a real-time spatial distribution map of the population [37], which is of great value for urban
research [38]. Therefore, according to the law of population activity, this study selected
Baidu heat maps at 10 pm on weekdays and obtained 19 Baidu heat maps. This study used
ArcGIS10.5 tools to generate population distribution data of spatial units. Third, road net-
work data of the 19 cities were collected from Open Street Map (www.openstreetmap.org,
accessed on 12 February 2021) and used to calculate the accessibility of each facility. Finally,
community boundary data for the 19 cities were collected from Baidu Map Open Platform.
This dataset is the basic unit of living space in the city, and statistics on the supply and
demand levels of facilities were based on the community.

2.3. Facilities Supply Assessment

Based on the POI data of public service facilities and urban road network data, the tri-
angulated irregular network (TIN) interpolation method was used to calculate the full-area
coverage (https://qgis.org/api/classQgsTinInterpolator.html, accessed on 22 March 2021).
After calculating the comprehensive and accurate spatial accessibility raster data, the orig-
inal raster image values were reclassified according to the 15-min living area planning
criteria to obtain a new set of values and output. The facility configuration standards

http://bzdt.ch.mnr.gov.cn/browse.html?picId=%224028b0625501ad13015501ad2bfc0002%22
http://lbsyun.baidu.com/index.php?title=webapi/guide/webservice-placeapi
http://lbsyun.baidu.com/index.php?title=webapi/guide/webservice-placeapi
www.openstreetmap.org
https://qgis.org/api/classQgsTinInterpolator.html
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used 5 min, 10 min, 15 min, and more than 15 min as the accessibility statistics standard
(the corresponding walking distance was 350 m, 700 m, 1000 m, and more than 1000 m,
respectively) and calculated the average reachability of the community. Finally, facility
supply levels were obtained.

2.4. Facilities Demand Estimation

The mobility of the population and the individual needs of people can complicate
‘accurate’ assessments based on characteristic variables such as age, gender, or occupation.
A ‘rough’ assessment approach, based on the rigid needs of the people, will standardize
the assessment criteria and make the results more stable. Therefore, this study used the
population carrying pressure as the basis for the assessment of facility needs. First, this
study constructed cost service areas, where “cost” refers to a single or comprehensive
variable that changes in the entire research area in geographic space, as shown in Figure 3.
The cost of each grid unit is different. When dividing the space between multiple feature
sources, each grid unit is allocated to the feature source that can be reached at the lowest cost,
forming the lowest cost consumption space. In this assessment, basic public service facilities
were used as element sources, and the service area of each facility was constructed based
on the accessibility grid. This method essentially constructs a “Tyson Polygon” in the “non-
homogeneous” real accessibility space and forms a full-area coverage, non-overlapping,
and realistic facility service range. Second, this study assessed the population-carrying
pressures. (a) The distribution of the urban population was inverted based on Baidu’s
heat map, and the total population in the service areas of each facility was counted, which
was considered as demand for the “objective capacity” of basic public service facilities.
(b) The population scale of the 19 cities was unified based on facility classification, and
the self-breaking point classification method was used to divide the population scale of
various facilities into low, average, and high population carrying pressure. (c) The interval
value of the service area was passed to the community boundary, the area proportions of
various communities were counted, and the population carrying pressure of the facility
service area was analyzed based on the community.
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2.5. Analysis of the Supply and Demand Match

As shown in Figure 4, using the classification values of facility accessibility and
population carrying pressure, six types of typical human settlements with significant
heterogeneity were classified by cross-stacking. To simplify the conclusion, the 5 min,
10 min, and 15 min walking coverage areas were classified as one type. The high-high
community had a high level of accessibility, low population carrying pressure, and high
degree of overall supply and demand match. The high-middle community had better
facility accessibility, population carrying pressure was relatively controllable, and the
supply and demand match was relatively high. The high-low and low-high communities
faced the problems of short supply and unbalanced layout, respectively, and the matching
of supply and demand was average. The accessibility of the low-middle community was
poor, the population carrying pressure was average, and the matching of supply and
demand was low. The low-low community was poor, the demand of the population was
large, and the overall supply and demand match was low.
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Based on the matching degree of supply and demand of the six types of typical
human settlements (Figure 4), the analytic hierarchy process (AHP) method was used to
determine the index weight of each type of human settlement. First, a judgment matrix was
constructed using the scale method of one to nine to divide the two factors. The relative
importance was transformed into a magnitude, and the relative degrees of the pros and
cons of various types of typical human settlements were obtained. Second, the eigenvector
of the maximum eigenvalue of the judgment matrix was calculated, and the index weight
of each type of human settlement was obtained based on the eigenvector method. Finally,
the consistency of the judgment matrix was verified, the largest characteristic root in the
judgment matrix was calculated to obtain the consistency index (CI), and the relative CI
(CR) was determined. The result demonstrated that CR was <1%, indicating that the matrix
had good consistency (Table 1).
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Table 1. Analytic hierarchy process judgment matrix analysis and consistency test statistic results.

AHP Judgment Matrix
AHP Result of the

Hierarchical
Analysis

Result of Consistency Test

H-H
Community

H-M
Community

H-L
Community

L-H
Community

L-M
Community

L-L
Community

Feature
Vector Weight

Maximum
Characteristic

Root
CI RI CR

H-H
community 1 3 5 5 7 9 4.096 0.4565

6.256 0.051 1.26 0.041

H-M
community 1/3 1 3 3 5 7 2.172 0.2421

H-L
community 1/5 1/3 1 1 3 5 1.000 0.1115

L-H
community 1/5 1/3 1 1 3 5 1.000 0.1115

L-M
community 1/7 1/5 1/3 1/3 1 3 0.460 0.5130

L-L
community 1/9 1/7 1/5 1/5 1/3 1 0.244 0.2720

The proportion of typical residential space of each type of facility was calculated.
The product of the proportion of various types of residential space of the facility and the
index weight were summed to obtain the supply and demand match of the facility and the
comprehensive supply and demand match of the city’s basic public service facilities. The
calculation formula was:

K′m,j = ∑n
i=1 Wi ×

Si,m
′

Sj
, (1)

Kj = ∑o
m=1 K′m,j , (2)

where K′m,j (Equation (1)) is the supply and demand matching level of the m (Equation (1))
type of basic public service facilities in city j (Equation (1)), n (Equation (1)) is the num-
ber of typical types of human settlements, Wi (Equation (1)) is the index weight of the
i (Equation (1)) type of typical human settlements, S′i,m (Equation (1)) is the i (Equation (1))
type of typical human settlement area of the m (Equation (1)) type of facilities, Sj (Equation (1))
is the total area of the community in city j (Equation (1)), Kj (Equation (2)) is the com-
prehensive matching level of basic public service facilities in city j (Equation (2)), and
o (Equation (2)) is the number of basic public service facilities [8].

Using the K-means clustering algorithm, clustering features were identified based
on the supply and demand match of various basic public service facilities and the com-
prehensive supply and demand match of the city, forming a city classification system to
match the supply and demand of basic public service facilities with different levels and
features. A horizontal comparison of the comprehensive match between cities and a vertical
comparison of the match of various facilities were conducted. Based on the results, the
K-means clustering algorithm was used to gradually increase the K value from 2 to

√
N

for the clustering calculation [39] (N is the total number of data points). After weighing
the calculation and the classification effects, the final result was an optimal value of 4,
and the matching of supply and demand of various facilities in the city was divided into
four gradients.

3. Results
3.1. The Characteristics of the Facility Accessibility

Figure 5 shows the results of the spatial accessibility ratio analysis for the six types of
facilities in 19 large cities. Education service facilities had a high proportion of intervals
within 15 min, and the overall accessibility of facilities was good. The accessibility level
of medical services was generally high, with an adequate and balanced distribution of
resources, where only a few cities, such as Changchun, had relatively low accessibility
ratios within 15 min. Accessibility ratios for libraries and social security facilities were
polarized, with ratios within 15 min being much lower than those above 15 min. The spatial
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balance of facilities and services was unsatisfactory, accessibility was relatively poor, and
equity of access to services for urban residents was low.
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3.2. The Characteristics of the Population Carrying Pressure on Facilities

Figure 6 shows the results of the analysis of the spatial proportion of population
carrying pressure for six types of facilities in the 19 large cities. There was low population
carrying pressure on elementary schools and kindergartens, and overall pressure was
low. Medical service facilities demonstrated variable results. The low-pressure areas in
Beijing and Qingdao covered almost all areas; however, most cities had low pressure and
normal pressure areas. Libraries had low and normal population carrying pressure areas.
Only a few cities, such as Chengdu and Xiamen, had a large proportion of high-pressure
areas, requiring the balance of the distribution of facilities and services to be improved.
The population carrying situation of elderly service facilities and service facilities for the
disabled was relatively good. Although there were some cities, such as Guangzhou, where
the population size of the service area was over-pressured, the low-pressure area covered a
large number of cities.
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3.3. Spatial Distribution Characteristics of Typical Residential and Facilities Level
3.3.1. Analysis of the Match between Facility Supply and Demand

As shown in Table 2, there were significant gaps in the level of supply and demand
match for facilities in the 19 cities. There were relatively few cities with balanced devel-
opment. Most cities suffered from a shortage of facilities. Among them, the supply and
demand match of kindergarten and medical services facilities was high, while that of
libraries and disabled service facilities was low.
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Table 2. Facility supply and demand matching level results.

City Kindergarten Primary
School

Medical
Service

Facilities
Library Aged-Care

Facilities
Disabled
Facilities

Comprehensive
Supply and Demand

Matching Level
Beijing 0.3762 0.4171 0.4009 0.1561 0.2259 0.1503 1.7264

Shanghai 0.2984 0.3760 0.2824 0.1133 0.1569 0.1329 1.3599
Tianjin 0.2382 0.2611 0.2824 0.0716 0.1542 0.0479 1.0553

Chongqing 0.2453 0.3064 0.2494 0.0578 0.1324 0.0958 1.0870
Shenyang 0.2653 0.4041 0.3115 0.1046 0.2080 0.1201 1.4136

Wuhan 0.3145 0.3908 0.3257 0.1290 0.1746 0.1280 1.4625
Nanjing 0.3388 0.3944 0.3058 0.1402 0.1876 0.0734 1.4401

Guangzhou 0.2714 0.2947 0.2224 0.0729 0.0851 0.0400 0.9866
Chengdu 0.2176 0.2574 0.3513 0.0484 0.1048 0.0663 1.0457

Xi’an 0.2613 0.3086 0.2011 0.0672 0.0606 0.0986 0.9975
Hangzhou 0.2999 0.3710 0.3052 0.1225 0.1723 0.1205 1.3913
Shenzhen 0.3033 0.3557 0.1620 0.0830 0.0833 0.0769 1.0642

Harbin 0.2345 0.3816 0.2577 0.1427 0.2269 0.1340 1.3772
Changchun 0.1957 0.3551 0.1829 0.1243 0.1715 0.1062 1.1358

Xiamen 0.2665 0.3372 0.1809 0.0647 0.0621 0.0688 0.9802
Jinan 0.2890 0.3817 0.2102 0.0925 0.1153 0.1191 1.2079

Ningbo 0.2051 0.3412 0.2117 0.0608 0.0827 0.0782 0.9797
Qingdao 0.3327 0.3783 0.3544 0.0920 0.2395 0.1279 1.5249
Dalian 0.2887 0.3327 0.2767 0.1243 0.1955 0.0677 1.2856

Average value 0.2759 0.3497 0.2671 0.0983 0.1494 0.0975 1.2380

3.3.2. Analysis of Characteristics of Typical Human Settlement Space

In space, there are obvious differences in the distribution of typical human settlements,
which can be summarized as five modes, as shown in Figure 7. The stable tiling mode had
typical human settlements of the same type as the main space occupancy, which were tiled
from the center of the city to the periphery of the city. Other typical human settlements
were distributed in clusters, and the overall supply and demand match was relatively
stable. The gentle decline mode included typical human settlements with good matches
between supply and demand, which were concentrated in the city center, represented
a large proportion, and had balanced space coverage. From the center to the periphery
of the city, the overall matching of supply and demand demonstrated a relatively gentle
downward trend. The undulating decline mode contained urban centers concentrated
in construction model areas, with many types of typical human settlements interspersed
around the center. The match between the supply and demand of the facilities changed
in an undulating pattern, but the overall trend was declining. The central collapse mode
included urban centers mainly composed of low-level typical human settlements. There
were many types of typical human settlements from the city center to the periphery of the
city. The matching of supply and demand was increasing, with a decrease after reaching the
peak. The single-arm collapse mode had city centers concentrated in high-level construction
model areas. From the center to the outside, the matching of supply and demand declined
in an undulating pattern, and there was a cliff-like decline in the periphery of the city, with
a large area of low matching levels of supply and demand.
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By analyzing the spatial distribution characteristics of typical human settlements of
various facilities, the spatial patterns of the match between facility supply and demand
were summarized, and the classification results are shown in Table 3. Kindergartens,
representing educational service facilities, mainly demonstrated a gentle decline pattern,
primary schools largely had an undulating decline mode, the overall supply and demand
match of the facilities was high, and the trend of change was relatively stable. From
the center to the periphery of the city, the starting level of medical service facilities was
high, and the spatial distribution was dominated by an undulating decline mode. The
overall supply and demand match of cultural service facilities represented by libraries was
relatively low. The construction model areas in most cities did not form a certain spatial
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scale and were mainly in an undulating decline mode. The spatial distribution of elderly
care facilities, representing social security facilities, was mainly in an undulating decline
mode. Some cities had limited space for facilities, and the spatial distribution was in a
single-arm collapse pattern. The service facilities for the handicapped emerged in a stable
and flat pattern, from the city center to the city periphery, with non-high-quality typical
human settlements as the main body, and the overall matching of supply and demand
was low.

Table 3. Classification results of typical human settlement spatial distribution patterns.

City Kindergarten Primary School Medical Service
Facilities Library Aged-Care

Facilities Disabled Facilities

Beijing 2 3 2 3 3 1
Shanghai 2 5 3 5 3 1

Tianjin 3 3 3 3 5 2
Chongqing 3 3 3 4 3 2
Shenyang 2 3 3 3 3 1

Wuhan 2 3 3 3 5 1
Nanjing 2 3 3 3 3 4

Guangzhou 3 3 3 3 3 3
Chengdu 4 3 3 3 3 4

Xi’an 3 3 3 3 3 3
Hangzhou 2 3 3 3 3 3
Shenzhen 3 3 3 4 3 4

Harbin 2 5 3 5 3 1
Changchun 2 3 3 3 3 3

Xiamen 3 3 3 3 5 1
Jinan 2 3 3 3 3 3

Ningbo 2 3 3 4 4 3
Qingdao 2 3 2 5 3 1
Dalian 2 3 3 3 3 4

1 Stable tiling mode; 2 Gentle decline mode; 3 Undulating decline mode; 4 Central collapse mode; 5 Single-arm
collapse mode.

3.4. Clustering Identification of Facility Supply and Demand Balance Level

The results of the clustering calculations are shown in Table 4. Among the educational
service facilities, the largest proportion of kindergartens was clustered in cities in the first
category, with a comprehensive resource endowment and a strong matching of supply and
demand. The share of cities in the second and third categories, where primary schools
were clustered, was larger. The only city in the first category was Beijing, where there
was a gap in the matching of supply and demand for facilities. There was a break in the
clustering results for medical service facilities, with only Beijing in the first category. The
overall development level of facilities varied significantly. The number of cities in the
library cluster interval was relatively even, and the gap in the match of cultural service
facilities between cities was small. Among social security facilities, the second category
of elderly care facilities had the largest proportion; however, the number of cities within
each gradient was small, and the matching of the supply and demand of facilities between
cities was similar. In the clustering results of service facilities for people with disabilities,
most cities were evenly distributed in categories one, two, and three. There was a small
difference in the matching of supply and demand between cities, but the overall match
was low.



Land 2022, 11, 149 13 of 18

Table 4. Cluster classification results of various facilities in the city.

Clustering
Classification Minimum Maximum Mean Standard

Deviation City

Kindergarten

1 0.3710 0.4171 0.3883 0.0148
Beijing, Shanghai, Shenyang, Wuhan,

Nanjing, Hangzhou, Harbin, Jinan,
Qingdao

2 0.3327 0.3557 0.3444 0.0105 Shenzhen, Changchun, Xiamen,
Ningbo, Dalian

3 0.2947 0.3086 0.3032 0.0075 Chongqing, Guangzhou, Xi’an
4 0.2574 0.2611 0.2592 0.0026 Tianjin, Chengdu

Primary
school

1 0.3762 0.3762 0.3762 - Beijing

2 0.2887 0.3388 0.3082 0.0190 Shanghai, Wuhan, Nanjing, Hangzhou,
Shenzhen, Jinan, Qingdao, Dalian

3 0.2345 0.2714 0.2546 0.0150 Tianjin, Chongqing, Shenyang,
Guangzhou, Xi’an, Harbin, Xiamen

4 0.1957 0.2176 0.2062 0.0110 Chengdu, Changchun, Ningbo

Medical
service

facilities

1 0.4009 0.4009 0.4009 - Beijing

2 0.3052 0.3544 0.3256 0.0224 Shenyang, Wuhan, Nanjing, Chengdu,
Hangzhou, Qingdao

3 0.2494 0.2824 0.2697 0.0152 Shanghai, Tianjin, Chongqing,
Harbin, Dalian

4 0.1620 0.2224 0.1959 0.0213 Guangzhou, Xi’an, Shenzhen,
Changchun, Xiamen, Jinan, Ningbo

Library

1 0.1402 0.1561 0.1463 0.0086 Beijing, Nanjing, Harbin

2 0.1046 0.1290 0.1197 0.0090 Shanghai, Shenyang, Wuhan,
Hangzhou, Changchun, Dalian

3 0.0716 0.0925 0.0824 0.0100 Tianjin, Guangzhou, Shenzhen,
Jinan, Qingdao

4 0.0484 0.0672 0.0598 0.0073 Chongqing, Chengdu, Xi’an,
Xiamen, Ningbo

Aged-care
facilities

1 0.2080 0.2395 0.2251 0.0129 Ningbo, Shenyang,
Shenyang, Qingdao

2 0.1542 0.1955 0.1732 0.0149 Shanghai, Tianjin, Wuhan, Nanjing,
Hangzhou, Changchun, Dalian

3 0.1048 0.1324 0.1175 0.0139 Chongqing, Chengdu, Jinan

4 0.0606 0.0851 0.0748 0.0123 Guangzhou, Xi’an, Shenzhen,
Ningbo, Xiamen

Disabled
facilities

1 0.1279 0.1503 0.1346 0.0092 Beijing, Shanghai, Wuhan,
Harbin, Qingdao

2 0.0958 0.1205 0.1101 0.0113 Chongqing, Shenyang, Xi’an,
Hangzhou, Changchun, Jinan

3 0.0663 0.0782 0.0719 0.0050 Nanjing, Chengdu, Shenzhen,
Xiamen, Ningbo, Dalian

4 0.0400 0.0479 0.0440 0.0056 Tianjin, Guangzhou

The results of the clustering calculations are shown in Table 5. At the city level, a
high supply-high demand match was found in Beijing, represented by an adequate supply
of basic public service facilities, with even distribution. A high supply-high demand
mismatch was found in the international metropolis of Guangzhou, which had a relatively
high supply capacity. However, due to the city’s strong attractiveness to the population,
the demand for facilities was excessive, and there was an oversupply within the city. A
low supply-high demand mismatch was found in fast-growing cities, such as Shenzhen
and Chengdu, which had a strong population attractiveness, while the supply of basic
public services was relatively lagging. A low supply-low demand pseudo-match was found
in general provincial capital cities, such as Shenyang and Harbin, with low population
demand and average levels of facility supply.
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Table 5. Comprehensive cluster classification results of basic facilities.

Clustering
Classification

Matching Level
Classification Minimum Maximum Mean Standard

Deviation City

1

Primary school 0.3762 0.3762 0.3762 -

Beijing

Kindergarten 0.4171 0.4171 0.4171 -
Medical service facilities 0.4009 0.4009 0.4009 -

Library 0.1561 0.1561 0.1561 -
Aged-care facilities 0.2259 0.2259 0.2259 -
Disabled facilities 0.1503 0.1503 0.1503 -

Comprehensive matching level 1.7264 1.7264 1.7264 -

2

Primary school 0.2345 0.3388 0.2977 0.0371

Shanghai, Shenyang,
Wuhan, Nanjing,

Hangzhou, Harbin,
Qingdao

Kindergarten 0.3710 0.4041 0.3852 0.0117
Medical service facilities 0.2577 0.3544 0.3061 0.0307

Library 0.0920 0.1427 0.1206 0.0186
Aged-care facilities 0.1569 0.2395 0.1951 0.0306
Disabled facilities 0.0734 0.1340 0.1195 0.0211

Comprehensive matching level 1.3599 1.5249 1.4242 0.0569

3

Primary school 0.1957 0.2890 0.2578 0.0538

Dalian, Jinan,
Changchun

Kindergarten 0.3327 0.3817 0.3565 0.0245
Medical service facilities 0.1829 0.2767 0.2233 0.0483

Library 0.0925 0.1243 0.1137 0.0183
Aged-care facilities 0.1153 0.1955 0.1608 0.0412
Disabled facilities 0.0677 0.1191 0.0977 0.0268

Comprehensive matching level 1.1358 1.2856 1.2098 0.0749

4

Primary school 0.2051 0.3033 0.2511 0.0314
Tianjin, Chongqing,

Guangzhou,
Chengdu, Xi’an,

Shenzhen, Xiamen,
Ningbo

Kindergarten 0.2574 0.3557 0.3078 0.0362
Medical service facilities 0.1620 0.3513 0.2327 0.0610

Library 0.0484 0.0830 0.0658 0.0105
Aged-care facilities 0.0606 0.1542 0.0956 0.0330
Disabled facilities 0.0400 0.0986 0.0716 0.0206

Comprehensive matching level 0.9797 1.0870 1.0245 0.0431

4. Discussion
4.1. Different Levels of Matching of Supply and Demand for Each Type of Facility

This study found that there are many matching patterns of supply and demand
in public service facilities, and this finding is consistent with previous research [40,41].
However, this study not only uses spatial data to unify the evaluation criteria to make
the facilities directly comparable, but also finds the differences of matching modes of
different types of facilities. Educational facilities and medical facilities have a high degree
of matching of supply and demand. Typical high-quality human settlements occupy urban
spaces, and the overall change level is relatively stable. The construction of elderly facilities
continues to develop, but the overall matching level of supply and demand needs to be
improved. The construction of cultural and disabled service facilities is not reasonable. It is
necessary to optimize the spatial layout of facilities and improve the matching level of the
supply and demand of facilities.

In many urban areas, the spatial mismatch between population and public service
facilities will lead to excess resources or a lack of facility resources in some areas. If
only matching in quantity, it is difficult to ensure that services can be obtained in space.
Therefore, we need to emphasize the importance of spatial matching between supply and
demand. Different from the previous spatial hotspot analysis, our study found that there
are regular spatial distribution patterns among different types of facilities. The multi-layer
typical community in this study reflects the matching degree of supply and demand of
public service facilities. The research results can provide a targeted reference template for
future public service facilities planning.
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4.2. Level Gaps Causing Demand Pressure Transmission between Cities

In the past, few studies have proposed the matching index of supply and demand
to compare the matching degree of multiple cities. On the one hand, this study attempts
to propose a multi-level index to measure the matching degree of supply and demand
of public service facilities and quantify the matching of supply and demand of public
service facilities in 19 typical cities in China. On the other hand, the spatial distribution
characteristics of public service facilities are classified (Figure 5). The results show that there
are differences in the matching of supply and demand of public service facilities in various
cities, but they have some similarities. Firstly, the supply level of public service facilities in
some cities is high, but there is still a shortage of space facility resources in the city, which
is consistent with the previous research emphasizing supply and demand assessment [40].
Secondly, compared with previous studies, this study not only found differences between
cities, but also found potential causes of pressure transmission between cities. This study
found that there is a gap in the matching degree of supply and demand of public service
facilities between cities, and there will be service inequality in cities with a low level. This
kind of difference may be the reason why residents choose to migrate across regions to
obtain higher-quality services. This further leads to the transmission of demand pressure
between cities [42], resulting in the mismatch between the supply and demand of a variety
of public services in cities. For example, cities with small populations and facilities such as
Shenyang and Harbin have a pseudo-match of low supply and low demand.

This study shows that there are also significant differences in the matching of supply
and demand public service facilities between regions. Different urban agglomerations
have been formed in different regions of China [43], and the level of urban agglomerations
in the East and West is also different. These results are consistent with the previous
research results emphasizing “regional differences and social inequality in China” [44]. This
study identified several major urban clusters, which are consistent with the geographical
counterparts of China’s urban agglomeration classification. This shows that the supply and
demand matching of urban public service facilities is closely related to the level of urban
economic development.

As shown in Figure 8, regional development characteristics were summarized based
on the match of regional representative cities, and the results were divided into several cate-
gories. The Northeast and Bohai Rim stable areas, including Harbin, Changchun, Shenyang,
Dalian, Qingdao, and Jinan, and the Northeast and Bohai Rim regions demonstrated rela-
tively stable facility supply and demand matches. Livable areas in the middle and lower
reaches of the Yangtze River, including Wuhan, Nanjing, Shanghai, Hangzhou, and Ningbo,
had a relatively high level of overall supply and demand balance. Slumped areas around
Beijing, including Beijing and Tianjin, had a spatial pattern with low peripheral levels and
high central levels. Western regions under development, including Xi’an, Chengdu, and
Chongqing, revealed a low matching of supply and demand, with a relatively lagging
resource allocation of basic public service facilities. Southeast coastal areas with rapid
urbanization, including Guangzhou, Shenzhen, and Xiamen, were mainly composed of
rapidly urbanizing cities. The rapid development of cities and the large influx of population
resulted in an imbalance between the supply and demand of facilities in this region.
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Figure 8. Regional horizontal spatial distribution results. (Source: repainted by the author, http:
//bzdt.ch.mnr.gov.cn/browse.html?picId=%224028b0625501ad13015501ad2bfc0002%22, accessed
on 26 November 2021).

5. Conclusions

This study proposes a comprehensive framework (multi-scale spatial quantification
of supply and demand balance, spatial matching of supply and demand, and spatial
cluster analysis of supply and demand balance), which takes a number of public service
facilities in 19 large cities in China as the research object to evaluate the current situation
of supply (accessibility) and demand (population carrying pressure) of various public
facilities. We have put forward a supply and demand matching model between different
public service facilities. This study shows that people pursue high-quality public services
on the basis of rational choice. Population transfer between cities will produce demand
pressure transmission and affect the overall supply-demand balance of facilities. This can
also be attributed to differences in resources. At the level of supply-demand matching,
there are various dynamic matching phenomena, which may lead to a waste of resources
and insufficient supply. Therefore, the future development of basic public service facilities
should ensure basic supply, make up for deficiencies, give full play to advantages, and
build a people-oriented long-term urban development vision.

Our findings may not be applicable to all types of cities in the world (e.g., educational
services, on which urban residents in China may choose their communities) [35]. However,
in cities with unstable economic development in Iran, the residential options of urban
residents can be limited by economic income [45], but the theoretical approach is universal.

http://bzdt.ch.mnr.gov.cn/browse.html?picId=%224028b0625501ad13015501ad2bfc0002%22
http://bzdt.ch.mnr.gov.cn/browse.html?picId=%224028b0625501ad13015501ad2bfc0002%22
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Within the framework of this methodology, it is possible to standardize criteria and conduct
comparative studies between facilities and cities suitable for rapidly assessing urbanizing
cities with large populations.

This study had some limitations. The accessibility assessment based on the road
network was limited by the density of the road network, ignoring the requirements of
the slow travel mode for walking environment and safety. However, at the demand level,
people’s rigid needs were mainly considered, and the population size was used to represent
the burden of the population. This approach does not fully consider the characteristics
of people’s individual behavior and is only suitable for macro-level facility assessments.
Future research should enrich and refine the indicators that represent accessibility and
improve the accuracy of accessibility assessments. In addition, subjective assessments,
considering the individual needs of residents, should be included, combining subjectivity
and objectivity and improving the relevance of the conclusions.
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