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Abstract: Background: The recent global COVID-19 pandemic serves as another reminder that people
in different urban neighborhoods need equal access to basic medical services. This study aims to
improve the spatial accessibility of healthcare services toward the ‘15-minute city’ goal. Methods:
We chose Zhengzhou, China, as a case study. To improve spatial accessibility, two optimization
models of optimal supply-demand allocation (OSD) and the capacitated p-medina problem (CPMP)
were used. Spatial accessibility in this study is defined as the walking time from the communities to
healthcare centers. Results: For the current status of healthcare services at the community level, the
mean travel time is 18.3 min, and 39.6% of residents can access healthcare services within a 15-minute
travel time. Population coverage within a 15-minute walking time is significantly lower than the
national target of 80%. After redefining the service areas through OSD allocation, the mean travel
time was reduced to 16.5 min, and 45.1% of the population could reach services. Furthermore, the
60 newly proposed healthcare centers selected by the CPMP model could potentially increase by
35.0% additional population coverage. The average travel time was reduced to 10 min. Conclusions:
Both the redefinition of the service areas and the opening of new service centers are effective ways to
improve the spatial accessibility of healthcare services. Two methods of this study have implications
for urban planning practices towards the 15-minute city.

Keywords: spatial accessibility; healthcare services; walking; location allocation; 15-minute city

1. Introduction

The socioeconomic impacts on cities during the COVID-19 pandemic have been
brutal, leading to increased inequalities for urban dwellers, and the current energy crisis is
exacerbating inequality [1–3]. How to build safer, more resilient, sustainable, and inclusive
cities, as depicted in the United Nations Sustainable Development Goal 11, has attracted
global attention [4,5]. Therefore, the concept of the ‘15-minute city’, initially proposed by
Carlos Moreno in 2016, is once again being addressed by popular media, governments,
and researchers during the COVID-19 pandemic [6–10]. In February 2016, the Chinese
government first proposed to “create a convenient and fast life circle”. In 2018, the Ministry
of Housing and Urban-Rural Development in China adopted the “15-minute living circle”
as the new standard for urban residential district planning and design [11]. Several cities
in China (e.g., Shanghai, Wuhan, and Beijing) have implemented strategies and action
plans for the “15-minute community living circle”. Thus, in the post-pandemic era, the
construction of the “15-minute city” and the reasonable layout of public service facilities
not only affect the quality of life of urban dwellers but also promote the construction of
safer, more resilient, and more sustainable cities [8,9,12,13].

Community-level healthcare service facilities, as essential public service facilities in
urban areas, are key to building “15-minute cities”. In 2015, the Chinese government
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established the Hierarchical Diagnosis and Treatment System (HDTS). This medical system
is divided into three tiers, including primary medical institution, secondary hospital, and
tertiary hospital. The primary medical institution refers to a community-level healthcare
center that offers basic medical services, such as disease prevention, ailment treatment,
family therapy, and health education. The secondary and tertiary hospitals are regional
hospitals that provide comprehensive and complicated medical services. The primary
medical is a key step to accelerating the implementation of HDTS. Community-level health
service centers are an important part of HDTS in China. During a COVID-19 outbreak,
community-level health centers are considered vaccination centers. However, due to the
unreasonable layout of community-level healthcare centers and low utilization efficiency,
the problem of “difficult to see a doctor” is pronounced in urban areas. In 2005, the Chinese
government set the goal of “equalization of basic public services”, and the World Bank’s
2009 Development Report advocated “balanced coverage of people’s access to public
services” [14]. During the 14th Five-Year Plan period, the Chinese government emphasized
that basic public services would be more equal. Therefore, how to plan a community-level
healthcare service within the ‘15-minute city’ by adopting spatial analysis techniques is a
key point that affects the quality of life of residents and sustainable urban development.

Currently, research on community-level healthcare services mainly focuses on three
aspects: service efficiency evaluation [15–17], resource allocation [18,19], and location
selection [20–22]. Facility location selection plays a key role in strategic system design in
a wide range of public and private services [23]. Three classic facility location problems
include the p-median problem (PMP) [24], the location set covering problem (LSCP) [25],
and the maximum covering location problem (MCLP) [26]. PMP aims to determine the
locations of p facilities among n candidate locations with the minimum total weighted
distance between all demands and their facilities. It was widely used in the planning of
health facilities [27–30]. However, traditional PMP does not consider facility capacity. The
capacitated p-median problem (CPMP) is preferred over the traditional PMP to ensure the
capacity constraints of the available facilities [31].

Accessibility theory is widely used in research on equity and spatial layout of pub-
lic services [32–35]. In general, spatial accessibility is described as “the complexity of
getting from a place to a destination based on certain kinds of transportation” [36] or
“the potential of opportunities for interaction” [37,38]. Measuring spatial accessibility
is crucial for assessing inequities in access to healthcare services, identifying areas with
insufficient medical services, and developing effective intervention strategies. Common
spatial accessibility methods include ratio method [39], minimum distance model [40],
Geographic Information System (GIS)-based spatial analysis [33,34], gravity model [41,42],
and two-step floating catchment area method (2SFCA) [43–45]. The ratio method assumes
that healthcare services serve only people within pre-defined area units, such as census
tracts or health districts [39,46], without considering the outside scenario. The minimum
distance model assumes that people are more likely to choose the nearest public health
service [40]. Travel time or costs from population centers to health services are considered
indicators of accessibility. Some accessibility indicators consider the relationship between
supply (service) and demand, such as gravity models [41,42], kernel density models [47,48],
and the 2SFCA method [43–45,49–51]. The 2SFCA method, which is considered one of
the most popular approaches for measuring the spatial accessibility of public services, is
widely applied in the research of equity and spatial layout of medical facilities [33,52,53],
public green spaces [54–56], educational facilities [57], and transportation facilities [58].
However, despite its relative popularity, some limitations have been identified. First, it is a
dichotomous measure, so demand points outside of the catchment are assumed to have
no access [43]. Second, it lacks universally recognized classification standards, making it
difficult to verify accessibility results [59]. Compared to other accessibility models, the
optimal supply and demand (OSD) allocation model can overcome these limitations, which
can be used for the supply–demand relationship under the constraint of minimizing user-
to-facility allocation time/distance cost [60]. It accurately reflects residents’ access to public
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services facilities and resources within a certain time/distance cost. However, there are
still two shortcomings in the current research. First, the accessibility of healthcare services
(e.g., general hospital, specialized hospital) was analyzed, but research on community-level
healthcare services is rare. Second, how to assess and improve the spatial accessibility
of community-level healthcare services toward the ‘15-minute city’ goal is still lacking a
systematic approach.

To fill the aforementioned research gap and better inform urban planners and pol-
icymakers to improve the spatial accessibility of community-level healthcare services,
this study aims to provide a framework for improving urban public services by coupling
new accessibility assessment methods and a location-allocation model according to the
‘15-minute city’ goal in China. This will enable an effective assessment of the accessibility of
urban public service and improve its accessibility. This study selected Zhengzhou, China, as
a case study. First, we identify areas with insufficient community-level healthcare services
using an optimal supply and demand (OSD) allocation model. Second, we use the CPMP
model to select the best locations for a new healthcare service center and further improve
spatial accessibility toward the ‘15-minute city’ goal. Accessibility improvement methods
and research results may have important implications for urban planning practices for
building 15-minute cities.

2. Materials and Methods
2.1. Study Area

Zhengzhou is located between 112◦42′–114◦14′ E and 34◦16′–34◦58′ latitude and is the
capital of Henan Province, China. It is also the core city of the Central Plains city cluster
in China. As urbanization developed rapidly in recent decades, Zhengzhou’s urban area
and population expanded rapidly. By the end of 2019, Zhengzhou’s built-up area reached
580.8 million square kilometers, with a total population of approximately 5.379 million.
From the perspective of the expansion mode, Zhengzhou forms a concentric ring-shaped
urban structure (first–fourth rings), with residents gradually migrating from the core area
to the periphery. The first ring road is the earliest one in Zhengzhou, with the smallest area
and population. As one of the most prosperous areas in Zhengzhou, it is mainly composed
of the Erqi Business district and railway station business district and provides a commercial
service. The second and third ring roads are mostly enclosed by high-rise and multistory
buildings, with a relatively high urban function and building density and the highest
population density in the area. The area within the fourth ring road is a rural–urban fringe
area, which belongs to the suburban part of the city. It is mainly occupied by industrial
construction land, the residential area is relatively scattered, and the population distribution
is relatively sparse. In the current study, the selected study area was the area within the
fourth ring road in Zhengzhou, where the registered population and community healthcare
centers are mainly distributed (Figure 1).

2.2. Data Sources
2.2.1. Residential Population

An accurate assessment of the spatial distribution of the population has a direct impact
on the demand for healthcare services. It is also key to assessing and improving spatial
accessibility. We took communities as demand points and represented the locations of
communities with their centroids. According to [61], data on the spatial distribution of resi-
dential buildings were used to estimate the community population (Figure 2). The building
outline data, including the building area and floors, were obtained from the GeoHey big
data platform (https://geohey.com (accessed on 15 July 2021)). The per capita living areas
were 27.6 m2, 30.8 m2, 32.9 m2, 30.6 m2, and 29.5 m2 for Zhongyuan, Erqi, Guanchenghuizu,
Jinshui, and Huiji districts, respectively, based on the 2020 Zhengzhou Statistical Year-

https://geohey.com
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book [62]. We collected a list of names and address information of 3321 communities from
the Google Earth platform. The population was estimated according to Formula (1):

P =
A ∗ f

r
(1)

where P is the population of the residential community, A is the building area of the residential
community, f is the number of floors of the building, and r is the building area per capita. The
population of the 3321 communities in the study area is estimated at 4.84 million.

Figure 1. Study area (created by the authors).

Figure 2. Spatial distribution of the residential population in Zhengzhou, China (created by the authors).
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2.2.2. Community-Level Healthcare Service Centers

The Chinese government has established a Hierarchical Diagnosis and Treatment
System (HDTS). This medical system is classified into 3 tiers, including primary medical
institution, secondary hospital, and tertiary hospital. The first-level hospitals (primary
hospitals) are primary healthcare institutions that directly provide the community with
comprehensive services such as medical treatment, prevention, rehabilitation, and health-
care. The second-level hospitals (secondary hospitals) provide health services regionally in
several communities and serve as technical centers for regional medical prevention. The
third-level hospitals (tertiary hospitals) provide medical and health services throughout
regions, provinces, cities, and the entire country. They also act as medical and preventive
technology centers with comprehensive medical, teaching, and scientific research facilities.
There are 75 community-level healthcare service centers in this study. They are responsible
for basic public health services for urban residents, primary diagnosis, treatment and
rehabilitation services, and form mechanisms for division of labor and cooperation with
urban hospitals [63]. We collected a list of names and address information of 75 healthcare
service centers from the Zhengzhou Health Committee (http://wjw.zhengzhou.gov.cn
(accessed on 20 July 2021)). We then geocoded each healthcare service center using Amap
(https://lbs.amap.com (accessed on 20 July 2021)). Descriptive statistics of community-
level healthcare service centers are presented in Table 1.

Table 1. Statistics of the healthcare services centers and communities within each ring road.

Ring Road Number of Communities (%) Population Size (%) Number of Centers (%)

First ring 279 (8.40) 215,375 (4.44) 5 (6.67)
Second ring 1528 (46.01) 1,436,335 (29.63) 25 (33.33)
Third ring 1072 (32.28) 1,876,302 (38.71) 30 (40.00)

Fourth ring 442 (13.31) 1,319,526 (27.22) 15 (20.00)

2.2.3. Travel Time

We collected road network data from OpenStreetMap (https://www.openstreetmap.
org (accessed on 15 July 2021)). ArcGIS 10.2 was adopted to create a network dataset using
travel time as the network impedance. Based on the concept of a 15-minute community life
circle, we considered travel time in walking mode only. The origin-destination (OD) matrix
is constructed using the shortest network distance from the demand point to the supply
point through the network analysis module. The walking time was calculated according to
the road length, and the walking speed was set to 72 m/min.

2.3. Methods
2.3.1. Analytical Framework

A spatial accessibility assessment and improvement framework for community-level
healthcare services that links OSD’s accessibility assessment methods and the location-
allocation model toward the “15-minute city” goal is developed and presented in Figure 3.
First, we readjust the matching relationship between the community-level healthcare
service center (supply) and neighborhood (demand) using the OSD model under the
constraint of minimizing the users-to-facilities allocation time/distance cost. Second, an
accessibility index can be calculated, such as average travel time for each demand point,
average travel time for facility point, service coverage, etc. Third, we could assess inequities
among neighborhoods in access to healthcare services and identify areas with insufficient
healthcare services. Fourth, a location-allocation model is applied to determine the number
of new facilities to be opened in order to meet the “15-minute city” goal and improve the
accessibility of public service facilities. Finally, the OSD model is used to re-evaluate facility
accessibility after improvements.

http://wjw.zhengzhou.gov.cn
https://lbs.amap.com
https://www.openstreetmap.org
https://www.openstreetmap.org
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Figure 3. Spatial accessibility assessment and improvement framework toward ‘15-minute city’ goal
(created by the authors).

2.3.2. Optimal Supply–Demand Allocation

The matching relationship between supply and demand is crucial for measuring the
accessibility of healthcare services. The OSD allocation is an effective method to readjust
the supply-demand relationship under the constraint of minimizing the users-to-facilities
allocation time/distance cost [60]. The OSD model assumes that each demand point always
tries to access the nearest services. When the supply quantity of its nearest facility exceeds
the supply capacity, the demand point will request service from the next nearest facility.
It is then easy to summarize accessibility indicators, such as average travel time at each
demand point and service coverage within a 5-, 10-, or 15-min walking radius. According
to Zhai et al. [60], this study adopted the OSD allocation method to calculate and assess the
spatial accessibility of healthcare services at the community level.

Let set I = {1, 2 . . . , m} as the demand points, and di as the demand at point i. Let set
J = {1, 2 . . . , n} as the supply points, and qj as the capacity at facility j. cij represents the
distance between demand point i and facility j. In addition, we define decision variables xij,
which express the number of services provided by facility j at demand point i. Specifically,
the OSD allocation model can be written as:

Minimize:
∑
i∈I

∑
j∈J

cijxij (2)

Subject to:
∑
j∈J

xij = di, ∀i ∈ I (3)

∑
i∈I

xij ≤ qj, ∀j ∈ J (4)

xij= {0, 1, 2 . . .}, ∀i ∈ I, ∀j ∈ J (5)

Formula (2) is the objective function and represents the minimized travel costs.
Formula (3) guarantees that, for any demand point, the demand for access to all sup-
ply points is equal to the total demand at that point. Formula (4) ensures that the number
of services assigned to each facility does not exceed its supply.
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2.3.3. Capacitated p-Median Problem (CPMP) Model

Two main decisions need to be made for location-allocation analysis, namely demands
for services and locations of candidate sites for new facilities. In this study, we used the
CPMP model to determine the best locations for new healthcare service centers. According
to the site selection standards for healthcare service centers (http://public.zhengzhou.gov.
cn/D480401X/300673.jhtml (accessed on 20 July 2021)), 318 candidate sites were selected
for the entire city. Ideally, candidate sites for new healthcare service centers would be close
to a major road, with convenient transportation and thus able to provide efficient services;
the building area is not less than 1000 square meters; the parking area is within 100 m; it
is not located within 500 m of the existing healthcare center; and the service capacity for
each candidate point is set to 100,000. For the specific selection process for determining
candidate sites, see Supplementary Materials.

Let J∗ be the set of candidate locations, and qj is the maximum capacity of the facility
at location j. cij represents the distance between demand point i and facility j. The CPMP
has been reformulated to select locations for the opening of new healthcare service centers.
The decision variable yj determines whether location j is selected to set a new facility. The
decision variable xij represent the number of services provided by facility j at demand point
i. P is the number of new facilities to be set. Specifically, the CPMP model with capacity
constraints can be written as follows:

Minimize:
∑
i∈I

∑
j∈J∪J∗

cijxij (6)

Subject to:
∑

j∈J∪J∗
xij = di, ∀i ∈ I (7)

∑
i∈I

xij ≤ qj, ∀j ∈ J (8)

∑
i∈I

xij ≤ qjyj, ∀j ∈ J∗ (9)

∑
j∈J

yj = P, ∀j ∈ J∗ (10)

xij= {0, 1, 2 . . .}, ∀i ∈ I, ∀j ∈ J (11)

yj ∈ {0, 1}, ∀j ∈ J∗ (12)

The objective function (6) maximizes the accessibility of healthcare services by min-
imizing the total travel time. Constraint (7) ensure that all demands must be satisfied.
Constraint (8) guarantee that the total demand assigned to each existing healthcare service
center must not exceed its capacity. In constraint (9), if location j is not selected (yj = 0), no
demand will be assigned to the facility at location j (xij = 0); otherwise, the total demand
assigned to the new service center does not exceed its capacity. Constraint (10) restricts the
number of new facilities. Constraints (11) and (12) define the decision variables.

The proposed model can be efficiently solved by Gurobi Optimizer 9.x (https://gurobi.
com (accessed on 25 July 2021)) on a desktop computer with Intel Core (TM) i5-6300HQ
CPU@2.30 GHz and 8 GB RAM.

2.3.4. Patients and Public Involvement

This research was conducted without patient or public involvement. The analysis is
based on community-level healthcare service statistics and publicly available geospatial
data collected through the-‘Key Scientific Research Projects of Colleges and Universities in
Henan Province Project’ supported by Henan Province.

http://public.zhengzhou.gov.cn/D480401X/300673.jhtml
http://public.zhengzhou.gov.cn/D480401X/300673.jhtml
https://gurobi.com
https://gurobi.com
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3. Results
3.1. Current Status of Healthcare Services

In this study, spatial accessibility was measured by walking time from the community
to healthcare service centers. According to the actual service area of 75 community-level
healthcare service centers, the accessibility results are summarized in Figure 4. For most
communities, the travel time from communities to healthcare service centers is more than
15 min, which is far below the national target of 80%. Spatial accessibility is relatively
good in five areas within the existing facility configuration (shown in circles in Figure 4).
Travel time to use healthcare services is less than 15 min. Table 2 shows that only 39.57%
of residents could reach their community healthcare center within 15 min, while 61.43%
could not access this service. The highest proportion of residents had accessibility within
15–30 min (39.60%). Table 2 shows that different ring roads showed significant differences.
Residents of the second ring road had the best accessibility, and the coverage rate of
the population within 15-minute travel time is up to 53.11%. The average travel time is
15.04 min. On the contrary, residents in the fourth ring road had poor accessibility. The
population coverage rate within a 15-minute travel time is only 19.32%, and the average
travel time is 33.53 min.

Figure 4. Accessibility measurement of the existing facility configuration (created by the authors).

Table 2. The current statistics of healthcare services coverage for each ring road.

<5 min (%) <10 min (%) <15 min (%) <30 min (%) >30 min (%) Average Time (min)

All 8.28 23.08 39.57 78.93 21.07 18.25
First ring 7.29 22.83 39.82 89.8 10.2 16

Second ring 10.67 28.76 53.11 95.48 4.51 15.04
Third ring 10.68 27.37 43.41 79.44 20.57 18.69

Fourth ring 2.42 10.84 19.32 58.42 41.58 33.53

3.2. Potential Spatial Accessibility of Healthcare Services

We applied the optimal supply–demand allocation method to calculate the potential
spatial accessibility of the healthcare service center. Figure 5 shows that the spatial accessi-
bility of healthcare services is improved using the OSD model. However, the distribution
pattern of spatial accessibility does not obviously change. In the central area, accessibility
is relatively good. Spatial accessibility is still poor in urban fringe areas. Table 3 shows
that, after optimal allocation, the 15-minute population coverage rate of community-level
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healthcare service centers was 48.11%, which is an increase of 8.54%. In addition, average
accessibility dropped from 18.25 min to 16.48 min, which is a decrease of 1.77 min. The first
ring road has the greatest improvement, with the average medical treatment time reduced
by 5.15 min, and the 15-minute population coverage increased by 38.96%. The fourth ring
road has the smallest change, with the average accessibility reduced by 1.25 min, and the
population coverage rate increased by 0.91% in 15 min.

Figure 5. Accessibility measurement after the OSD allocation (Created by the authors).

Table 3. Healthcare service coverage statistics after the OSD allocation at different time thresholds on
each ring road.

<5 min (%) <10 min (%) <15 min (%) <30 min (%) >30 min (%) Average Time (min)

All 9.63 29.18 48.11 81.64 18.35 16.48
First ring 8.36 47.57 78.78 100 0 10.45

Second ring 14.16 38.09 65.04 98.34 1.67 12.75
Third ring 11.13 32.36 51.24 84.72 15.28 16.71

Fourth ring 2.78 11.97 20.23 56.11 43.88 32.28

3.3. Improving the Spatial Accessibility of Healthcare Services

After optimal allocation, population coverage within a 15-minute walking time was
significantly lower than the national target of 80%. To achieve the ‘15-minute city’ goal, we
used the CPMP model to select the best locations for the new healthcare services center
and further improve spatial accessibility. Table 4 summarizes the statistics of population
coverage by healthcare services centers under different numbers. As the number of health-
care service centers increased, accessibility improved significantly. When the number of
centers reached 135, the healthcare services centers were able to cover 80.11% of residents
within 15 min, which is an increase of 40.54% compared to the 15-minute population
coverage rate of the existing healthcare services centers. The proportion of residents who
had accessibility within 5–10 min was the highest and accounted for 35.45% of the total
residents. The average travel time dropped from 18.25 min to 10 min. Figure 6 shows that
the spatial accessibility of healthcare services has been greatly improved by the addition of
60 healthcare service centers. Areas with high (low) accessibility values are significantly
expanded (decreased), especially areas with accessibility over 30 min. Table 5 shows that
the 15-minute population coverage rates exceeded 80% for the first three ring roads, rep-
resenting increases of 41.31%, 34.08%, and 43.55%, respectively. Although the 15-minute
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population coverage rate increased by 43.16%, it only reached 62.48% for the fourth ring
road. The average accessibility of these four ring roads was within 15 min and decreased
by 5.76%, 5.70%, 9.26%, and 20.02%.

Table 4. Statistics of the population coverage of the healthcare services with different center numbers.

Center Numbers <5 min (%) <10 min (%) <15 min (%) <30 min (%) >30 min (%) Average Time (min)

75 8.28 23.08 39.57 78.93 21.07 18.25
85 11.41 35.38 59.81 93.02 6.98 13.35
95 12.76 39.54 65.88 96.13 3.87 12.25

105 14.63 44.31 70.61 96.64 3.36 11.41
115 16.79 48.54 74.53 96.86 3.14 10.8
125 17.92 52.35 78.46 97.14 2.86 10.35
135 19.05 54.5 80.11 97.87 2.13 10

Figure 6. Accessibility measurement after adding 60 new healthcare centers (created by the authors).

Table 5. Medical service coverage statistics at different time thresholds within the ring roads with the
addition of 60 centers.

<5 min (%) 5~10 min (%) 10~15 min (%) 15~30 min (%) >30 min (%) Average Time (min)

All 19.05 35.45 25.61 17.76 2.13 10.00
First ring 8.36 39.81 32.96 18.87 0.00 10.24

Second ring 19.88 38.49 28.82 12.80 0.00 9.34
Third ring 23.34 38.87 24.75 12.50 0.54 9.43

Fourth ring 13.78 26.57 22.13 30.47 7.05 13.51

Comparing Figures 4 and 6, we can find that for several communities (e.g., Long Xiang
Jia Yuan Courtyard no. 1, Long Xiang Jia Yuan Courtyard no. 2, Long Xiang Jia Yuan
Courtyard no. 3, and Long Xiang Jia Yuan Courtyard no. 4) located in Jinshui district,
Zhengzhou city, the current mean travel time to access healthcare services was up to 93 min,
which is more than 15 min. The new health service center can reduce the mean travel time
to 10 min. It would be beneficial for residents to have access to healthcare services.

4. Discussion

We assessed the spatial accessibility of healthcare services and identified areas with
poor access to them. Based on the 15-minute city concept, we set a 15-minute walking
distance of 1080 m as the maximum distance and identified areas with poor accessibility. We
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found that the average travel time for residents to access healthcare services was 18.25 min,
and 39.57% of residents could reach healthcare services within 15 min. In 2017, the National
Health Commission of the People’s Republic of China proposed that more than 80% of the
population should be able to reach the nearest healthcare service within a 15-minute walk.
Evidently, the current service status of the existing healthcare centers in Zhengzhou cannot
meet this goal. We also found that there are spatial inequities in access to healthcare services
in the study area. Areas with relatively high accessibility were distributed around the central
urban area and business districts, while accessibility in newly developed areas and suburbs
was poor. These findings are consistent with other studies in Wuhan [64] and Shanghai [12].

In China, the topic of the 15-minute city has been widely discussed and mainly focused
on theoretical discussions, such as the definition of its connotation and function [65], the
division method of its spatial scope [66], and the theoretical guidance for its construc-
tion [67]. However, the assessment and optimization of the layout of public service facilities
in the 15-minute city have not yet formed a unified standard, and systematic practical
solutions are missing. The results showed that the OSD model can effectively improve
the spatial accessibility of healthcare services. Compared to actual healthcare services, the
mean travel time was potentially reduced by 1.8 min, and the population covered by the
15-minute city concept increased by 5.5%. In addition, the current planning scope of the
15-minute city is mainly based on the administrative unit. In order to improve the efficiency
of public services, service facilities should be distributed by administrative units. Optimal
distribution of supply and demand can overcome the obstacles of administrative regions
and achieve an overall balance between supply and demand at the city level.

Although the spatial accessibility of healthcare services can be improved by allocating
healthcare services to communities with minimum total travel distances, the population
coverage within a 15-minute walking time is significantly lower than the national target
of 80%. The location-allocation model plays a key role in improving the spatial accessi-
bility of healthcare services [68–70]. Therefore, we introduced the CPMP model to select
optimal sites for the new healthcare services centers and further improve spatial accessibil-
ity. As the number of facilities increases, population coverage increases rapidly within a
15-minute walking time. Although the differences in the spatial accessibility of healthcare
services decreased significantly after the optimization, the accessibility in the suburbs of
the city remained relatively low. The reasons may be that the population distribution in
the suburbs is relatively scattered, and transportation is inconvenient. Previous studies
have illustrated that the service radius of basic public facilities should be 0.8–1.5 km in
a 15-minute city [71,72]. However, the service radius may vary depending on population
density. For some aging communities located in an urban central area, the service ra-
dius should be relatively reduced. It will benefit aging people in shopping, leisure, and
healthcare. On the contrary, for communities with low population density and scattered
distribution in new urban areas, the service distance can be increased [73].

In addition, the elderly over 60 years can enjoy free physical examination at China’s
community health service centers in urban areas so as to achieve the goal of early detection,
prevention, diagnosis, and treatment of diseases and reduction of mortality rates. For
the elderly, walking is their preferred mode of travel. Therefore, they would be critically
affected if the 15 min reachability is not provided. If the walking distance is far more than
15 min, it would not be beneficial for them in terms of assessing healthcare services. In
this study, 135 healthcare services centers in Zhengzhou were needed to meet the national
target of 80%. In reality, adapting the layout of existing healthcare service centers often
requires a comprehensive consideration of social and economic aspects, which is somewhat
complicated. We kept the original layout of the centers, which was more in line with
the actual situation during the execution process and was easier to execute. However,
ignoring the problem in the original layout would not allow us to effectively optimize
the facility layout, which affected the overall efficiency of the optimization. In practical
applications, we should choose a more suitable solution according to our own needs. The
two proposed solutions can provide valuable information to support health promotion
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and urban planning practices to build 15-minute cities. The 60 newly proposed healthcare
centers selected by the CPMP model could potentially increase population coverage by an
additional 35%. Finally, the new community-level health service centers have convenient
transportation, convenient parking, and safety features.

5. Conclusions

In this study, we evaluated the spatial accessibility of healthcare services centers based
on their areas of responsibility areas and identified the best places to build them in order to
improve the spatial accessibility of Zhengzhou’s healthcare services centers. The results of
spatial accessibility analysis showed that Zhengzhou’s community health service resources
could not fully meet the needs of residents, and 60.43% of residents could not reach a
community health service center within 15 min. Healthcare services centers were unevenly
distributed, mostly concentrated within the third ring road with a smaller number of centers
outside the third ring road. Spatial accessibility of healthcare services centers was unfair, and
average accessibility decreased from the inner to the outer ring. In this study, we considered
supply and demand requirements with the goal of minimizing the distance between residents
seeking medical care. We used the model to optimize healthcare service centers in Zhengzhou.
Ultimately, the coverage rate of the community population exceeded 80%. The results of this
study are, therefore, an important asset for health planners and decision-makers.

In addition, this study has some shortcomings. First, the population data used were
estimated from building data. Although the estimation error is small, the population
data are still not real. Second, residents’ preferences and socioeconomic factors are not
considered, and results may deviate from residents’ actual healthcare service accessibility.
Third, the accessibility of public service facilities can be improved by expanding the facilities’
capacity, adding new facilities, or adjusting the facilities location. This study considers
only the capacity adjustment of facilities capacity and the addition of new facilities. These
challenges can be solved in future research.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijgi11080436/s1, Figure S1: Buildings within the 50-m buffer
zone of road network; Figure S2: Buildings with area greater than 1000 m2; Figure S3: Buildings
within 100-m buffer zone of parking area; Figure S4: Buildings outside 500-m buffer zone of the existing
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