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Abstract: This study used the two-step floating catchment area method and potential model to
calculate facility accessibility and potential service scope of public health infrastructure distribution,
and to evaluate its spatial equity. We applied the Gini coefficient to measure the spatial equilibrium
at each level of public health infrastructure in Doumen District, Guangdong, China, from different
perspectives. The following results were obtained: (1) Significant spatial differences were observed
in the accessibility of public health facilities among different levels; the higher the health facility
level, the greater the difference in spatial accessibility. Spatial differences in the accessibility of public
health infrastructure at the primary level and higher were distributed in a block-like pattern, while
spatial differences in the accessibility of rural health stations were distributed in a circular pattern.
Administrative villages tended to have the highest and lowest accessibility of tertiary and secondary
hospitals, but not of primary hospitals and rural health stations. The frequencies for administrative
villages with the highest and lowest accessibility were 32.8% and 49.6% of the total number of villages
in the district, respectively, for tertiary hospitals; 39.2% and 48.8% for secondary hospitals; 19.2% and
24.8% for primary hospitals; 16.8% and 21.6% for rural health stations. (2) The potential service scope
was spatially dissociative for tertiary hospitals, and differed more significantly in terms of space for
secondary hospitals; the potential service scope of the two overlapped. The potential service scope of
primary hospitals was relatively balanced, with strong spatial continuity, while that of rural health
service centers was spatially fragmented. The service scope of rural health service centers was mostly
consistent with their respective village-level administrative divisions. (3) The higher the level of
public health infrastructure, the less balanced its spatial layout. Conversely, the lower the level of
public health infrastructure, the more balanced its spatial layout.

Keywords: hierarchical municipalities; public health facilities; accessibility; Doumen District

1. Introduction

Public health infrastructure refers to medical institutions aimed at ensuring the
health needs of the public and are compatible with social and economic development.
International research on public health service facilities primarily focuses on four areas.
(1) Hospitals” service quality and patients’ satisfaction with medical services provided
in health facilities, evaluated by performing structural equation modeling, computing
correlation coefficients between hospital service quality and patients” willingness to pay,
and assessing the effect of the management system of the medical facilities on service
quality [1-3]. (2) The impact of the spatial layout of healthcare facilities on residents, in-
cluding exploring its impact on the accessibility of public health services for rural residents
in Australia through GIS. Previous results demonstrated the importance of analyzing resi-
dents’ spatial choice of regional health facilities based on differences in education, regional
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poverty, and personal income. A need for comparative study of the temporal changes
in the accessibility of public health services for residents from different geographic and
political backgrounds, and an assessment of the impact of the spatial distribution of medical
resources on that of residents” morbidity rate has been established [4-7]. (3) Analyses of
differences in relevant indicators of medical institutions, including the spatial evaluation
of greening in urban medical facilities, evaluation of the transport accessibility of urban
medical facilities, and the spatial layout of hospital beds [8-12]. (4) The impact of the spatial
layout of medical facilities on social economics, comprising an evaluation of the impact
of spatial equity changes in medical institutions for public health expenditure between
2001 and 2013. Results highlighted the importance of a comparative analysis of variability
factors in knowledge management between public and private hospitals [13-15]. Previous
studies mainly employed structural equation modeling, the DEMATEL method, logistic
regression, geographically weighted regression, and geographic information system.

Since the 19th National Congress, China has attached great importance to the degree
of coverage provided by the social security system and the equal development of healthcare
facilities for urban and rural residents. Statistics from the National Health Commission
of the People’s Republic of China reported that as of the end of August 2020, China had
35,000 hospitals, 967,000 primary medical and health institutions, and 16,000 specialized
public health institutions. Compared with the end of August 2019, except for an increase
in the number of private hospitals and community health service centers, the number
of public hospitals, disease prevention and control centers, township health centers, and
village health offices have all decreased in varying degrees [16]. The spatial equity of
medical institutions is an important factor representing the balanced development of urban
and rural residents’ medical and health care. Due to a lack of scientific coordination in
the spatial layout of various types of medical institutions, the imbalance in the quality of
public health infrastructure in urban and rural areas is an important factor that results
in inadequate access to medical care for residents in rural areas. Thus, it is especially
important to explore the spatial layout and equity of multilevel public health service
facilities based on the spatial scale at the village level.

Despite the significant urbanization of rural China, the lack of infrastructural devel-
opment in rural areas has unbalanced the spatial layout of urban and rural medical and
health resources. More attention has since been paid to the spatial layout characteristics of
public health service facilities [17-20], demand and supply levels in urban medical resource
services [21,22], and accessibility of medical service facilities [23-26].

To summarize, the current domestic and international research studies on public health
services are mainly characterized by the service quality of and satisfaction with health
facilities, the spatial layout and accessibility analysis of medical facilities, the demand
and supply levels of medical resource services, the socioeconomic impact of the spatial
layout of medical facilities, etc. Furthermore, studies on the spatial equity of public health
infrastructure at different levels based on the village scale is relatively scarce [27-30].
Doumen District is located in the heart of the Guangdong-Hong Kong-Macao Greater
Bay Area, and it is rapidly developing under the background of the dividend radiation
and policy assistance of said area. The rural population of Doumen District is the highest
among all the districts of Zhuhai City; the balanced allocation of its medical and health
resources is not only conducive to adapting to the needs of urban development planning
of the Guangdong-Hong Kong-Macao Greater Bay Area, but also to the establishment of a
medical and health service system that is worthy of an internationally inhabitable city. Even
if municipal districts of China—the core components of cities and regional development
centers—are generally highly urbanized and densely populated, those in regions in the
process of urban development (as Doumen District) are dominated by subdistricts and
townships, with an urban-rural dual structure characterizing its public health infrastructure.
In view of this, the present study used the Doumen District of Zhuhai City as an example,
the townships as the research unit, and combined the two-step floating catchment area
(2SFCA) method with a potential model and Gini coefficient to evaluate the spatial equity



Land 2021, 10, 1249

30f17

of public health service facilities at different levels, based on population density. GIS
technology for visualization analysis was also used; this is important for promoting spatial
equity of multilevel public health service facilities and for the efficient use of regional
medical resources. GIS also provides useful references for enhancing the empiricism and
rationality of the spatial layout of public health service facilities, ultimately improving the
equal development of healthcare facilities, and the quality of regional human settlement
environments [31-34].

2. Methods
2.1. Overview of the Study Area

The Doumen District is in the west of Zhuhai City in China’s Guangdong Province,
and it is rapidly developing under the background of the dividend radiation and policy
assistance of Guangdong-Hong Kong-Macao Greater Bay Area. As of the end of 2019,
the population of Doumen District was 521,700, with a hospital bed capacity of 4.01 per
1000 people (Figure 1). The problem of insufficient medical and health resources, overall,
is becoming increasingly prominent, and the demands of residents” medical and health
services cannot be fully met. The layout of medical and health institutions in district and
towns (subdistricts) is unbalanced, with 61.08% of beds and the most large-scale medical
equipment concentrated in the district-level hospitals. Concurrent to the further deepening
of hierarchical diagnosis and treatment, the problem of insufficient resources for primary
medical and health institutions has been increasingly aggravated.
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Figure 1. The geographic distribution of the study area. (a) Cities and transport infrastructure in Guangdong Province.
(b) Location of Zhuhai in Guangdong Province (China). (c) Cities and transport infrastructure in Zhuhai (Guangdong
Province). (d) Population of Doumen District of Zhuhai (Guangdong Province).
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2.2. Data Sources

This study primarily included data on the public health infrastructure in Doumen
District, such as the location of hospitals and the number of beds in each hospital. The
public health infrastructure in Doumen District mainly included two tertiary hospitals,
four secondary hospitals, eight primary hospitals, and ninety-eight rural health service
centers with a four-level health service system. These data were derived from the sta-
tistical reports of district-level medical and health service facilities in 2020. Village-level
population data mainly indicated the resident and household population data of each
residential committee and administrative village of the entire district, which was derived
from the seventh population census data of Doumen District. Geospatial coordinate data
comprised the latitudinal and longitudinal coordinates of the administrative village sites
and public health service facilities obtained from the Baidu map coordinate picking system
(http:/ /agsc.shmh.gov.cn/gis/getpoint.htm; Figure 2) (accessed on 16 June 2020). This
study also included other basic data that comprised administrative division data, ob-
tained from the Resources and Environment Science and Data Center of the Chinese
Academy of Sciences(http:/ /www.resdc.cn/data.aspx?DATAID=333; Table 1) (accessed on
8 June 2019).
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Figure 2. Spatial layout of multilevel medical facilities in Doumen District of Zhuhai (Guangdong

Province). China, 2020.
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Table 1. Data sources and descriptions.
Data Category Data Description Data Data Source Reference Year
. . Hospital name, Statistical reports on
PUbl.l N medical location, number of Panel data medical and health 2020
facility data . s
beds, etc. service facilities
Permanent population .
Population data and migrant Panel data The seventh population 2020
. census data
population
Traffic network data Highways and railways Vector data Baidu map 2019
Medical facility spatial ~ Medical facility latitude Baidu map coordinate
. . Vector . 2020
coordinate data and longitude pickup system
Resources and
.. . .. . Environment Science
Ad.n}lr.ustratlve Administrative Vector data and Data Center of the 2019
division data boundary

Chinese Academy
of Sciences

2.3. Research Methodology
2.3.1. Two-Step Floating Catchment Area Method

The two-step floating catchment area method was first proposed by Radke and Mu in
2000 [35]. It is a unique gravity model that overcomes the defects of the previous floating
catchment area method. In accordance with the method name, two steps are taken to
evaluate the accessibility to public health facilities based on the demand and supply [36].
The spatial accessibility of hospitals of r(=1,2,3,4) level in Doumen District was calculated
by the two-step floating catchment area as follows:

In the first step, all demand points (k) are searched within the distance threshold (dy)
from the r-level supply point j,. Then, the supply—demand ratio R;, is calculated:

S.
Rp= Y. #,r =1,2,3,4. 1)
kED]', k

Here, D), is the subset of the k demand points, with distance from the r-level supplier
point j, less than or equal to dy, Py is the demand for public health facilities, and Sj, is the
number of beds.

In the second step, the supply point (j;) within the threshold range (dy) are searched
from each demand point k. Then, the supply—demand ratios (R;,) of all the supply points

are added to obtain the Afj of demand point k:

Afy =Y Ry r=1,234 2)
fVGer

Here, the symbol SIGMA;, is the subset of the j, r-level supplier points, with distance
to demand node k less than or equal to dy distance. A%} is the sum of supply-demand
ratios within the range of the demand point k; a large value indicates better accessibility
and vice versa. The accessibility of different levels of medical facilities was classified into
five levels: highest, high, moderate, low, and lowest by using the Jenks Natural Breaks
method in ArcGIS [37].

First, the linear distance between settlements and public health infrastructure was less
than 10 km by calculating the shortest distance between the site and the site of supply, gen-
erating the OD cost matrix and setting the threshold of the search range to 10 km. Second,
the total service population within the search scope of each public health infrastructure,
and the supply-demand ratio of public facilities corresponding to each settlement, were
calculated. Third, the supply and demand ratio of public facilities within the search scope
of the residential area was summarized. Finally, the residential information was linked
to the summary of the supply and demand ratio of public facilities within the residential
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search scope. The spatial accessibility of Doumen hospitals at different levels was measured
by the two-step mobile search method.

2.3.2. Potential Model

The potential model, also known as the gravity model, uses the physical law of
gravitation in geography and regional economics to describe the spatial interactions of so-
cioeconomic activities; the potential represents the strength of spatial interactions produced

by one object on another.
ot M .
=2 A=) 5 ®)

j=1 j=1Dj

In the above equation: A;; denotes the potential generated by object j on object i, when
the travel friction coefficient is f; M; denotes the activity scale at point j; D/gij denotes the
travel impedance factor from point i to point j when the travel friction coefficient is §; C;
denotes the set of potential generated by all objects in the system at point i, that is, the
spatial service scope of public health facilities.

First, the OD matrix between settlements and public health services was calculated.
Second, the impedance coefficient was set to 2. In their review of Love, Berens et al. and
Brimber, Peeters et al. found that they had mainly concentrated on a coefficient range of
[0.9,2.29], although it has little impact between [1.5,2]. We study the two cases, f =1 and
B = 2, separately, through comparison. We suppose the study results were more reasonable
at selecting 2 by comparing the results of calculation [38]. The potential probability of
each public health service facility being selected by a resident was calculated using the
potential energy between the residential site and the public health service facilities. The
public health service facility with the maximum corresponding potential value for each
resident was screened. Finally, the potential scope of services for each public health service
facility was summarized.

2.3.3. Gini Coefficient

The Gini coefficient was used to measure the equilibrium of the spatial distribution of a
facility in a region, according to the Lorentz curve, which can reflect the differential charac-
teristics of the spatial layout of public health infrastructure at different levels. The location
Gini coefficient was used to calculate the spatial differentiation characteristics of public
health infrastructure at different levels in Doumen District. We used the following formula:

o LY ENIsi=s)

NS @

where G is the location Gini coefficient, N is the total number of regions, S is the average
number of hospitals in each region, i and j each represent a different region, S; and S;
indicate the number of hospitals at one level in regions i and j, respectively, for the total
number of hospitals in the whole study area. The location Gini coefficient is [0,1], if the
Gini coefficient is 0, the distribution of the level is completely balanced in the study area,
the closer the location Gini coefficient is to 1, the more uneven the distribution in the study
area, and the level is completely concentrated in one area.

3. Results

The spatial accessibility of different levels of hospitals in Doumen District was cal-
culated by the two-step floating catchment area (2SFCA) method, and the accessibility of
different levels of medical facilities was classified into five levels: highest, high, moderate,
low, and lowest by using the Jenks Natural Breaks method in ArcGIS. Figure 3 depicts
that the spatial differentiation characteristics of accessibility of public health facilities at
all levels in Doumen District were significant, where the degree of spatial differences
in accessibility was significantly higher in tertiary hospitals than in secondary hospitals,
primary hospitals, and rural health stations.
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The potential model was used to divide the spatial service scope of individual hospitals
at different levels in Doumen District (Table 2). The colored blocks reflect the overlapping

potential service ranges of public health service facilities (Figure 4).
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Figure 3. Spatial accessibility layout of public health facilities in the Doumen District of Zhuhai
(Guangdong Province), China, 2020. (a) Accessibility of tertiary hospitals. (b) Accessibility of
secondary hospitals. (c) Accessibility of primary hospitals. (d) Accessibility of rural health station.

Table 2. Hospitals by service level. Doumen District of Zhuhai (Guangdong Province), China, 2020.

Level Number of Beds (S;;) Facility Code
Tertiary hospital 1500
Affiliated Hospital of Zunyi Medical University, Zhuhai 1000 0
Zhuhai Jiuming Geriatric Hospital 500 1
Secondary hospital 569
Qiaoli Hospital of Traditional Chinese Medicine 399 0
Doumen District Maternal Child Health Hospital (Baijiao) 25 1
Doumen District Maternal and Child Health Hospital (Jingan) 25 2
Zhuhai Fang Hua Hospital 120 3
Primary hospital 523
Jingan Town Health Center 37 0
Baijiao Town Health Center 50 1
Doumen Town Central Health Center 80 2
Qianwu Town Central Health Center 30 3
Lianzhou Town Central Health Center 36 4
Baiteng Subdistrict Central Health Center 0 5
Zhuhai Ci’ai Rehabilitation Hospital 200 6
Zhuhai Tonghe Hospital 90 7
Rural * 286

* There are n rural facilities in Doumen District.
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}N\ (a) Service scope of the tertiary hospitals (b) Service scope of the secondary hospitals

Legend

e Tertiary hospitals

10 Km

S

Figure 4. Zoning map of the service scope of multilevel public health facilities in Doumen District, of
Zhuhai (Guangdong Province), China, 2020. (a) Service scope of the tertiary hospitals. (b) Service
scope of the secondary hospitals. (c) Service scope of the primary hospitals. (d) Service scope of the
rural health stations.

The permanent population density and migrant population density of Doumen Dis-
trict was calculated using the inverse distance weighting method (Figure 5). In terms of
spatial layout, the permanent population density was higher in the southwest and south of
Doumen District, and lower in the southeast, central, and north. The migrant population
was mainly concentrated in the southwest of Doumen District, with scattered density in
the south, and low density in the southeast and north. The spatial equity of multilevel
public health service facilities was evaluated by combining the permanent and migrant
population density, the spatial accessibility of public health service facilities, and the spatial
service scope of Doumen District [39]. The spatial equilibrium of the different public health
service facilities in Doumen was measured by the Gini coefficient (Table 3).
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Table 3. Gini coefficient table of multi-level public health facilities in Doumen District of Zhuhai
(Guangdong Province), China, 2020.

(a) Permanent population density N (b) Migrant population density

Tertiary Secondary Primary Rural Health
Hospitals Hospitals Hospitals Stations

Jingan Town 0.031 0.063 0.063 0.015

Baijiao Town 0 0.028 0.028 0.007

Doumen Town 0 0 0.045 0.045

Lianzhou Town 0 0 0.037 0.008

Qianwu Town 0 0 0.053 0.008

Baiteng Sub-district 0 0 0 0.125

N

1 Legend Iegend

weem High : 33000 e High : 26,166
— Low:3 — Low:1
0 10 Kim| o

10 Km
|

Figure 5. Spatial layout of permanent population density and migrant population density in Doumen District of Zhuhai
(Guangdong Province), China, 2020. (a) Permanent population density. (b) Migrant population density.

3.1. Tertiary Hospitals: Two, Jingan Town, 1500 Beds
3.1.1. Spatial Accessibility

Due to the small number of tertiary hospitals (2), and their distribution in the cen-
tral and southern towns, these areas have higher access to tertiary hospitals. The far-
ther from the central and southern areas, the lower the accessibility of tertiary hospitals.
The areas with the highest accessibility index (0.0064—-0.0074) for tertiary hospitals were
chiefly concentrated in the southeast of Doumen District, and the coverage area com-
prised 41 village-level administrative units—mainly distributed in the Baiteng Subdistrict
and Baijiao Town, the south-central part of Jingan Town and the eastern part of Qianwu
Town—accounting for 32.8% of the total number of village-level administrative units in
the district. The areas with moderate accessibility index (0.0043-0.0052) were distributed
in the southeast and southern parts of Doumen District, and the coverage area comprised
7 village-level administrative units—mainly distributed in the Baijiao Town and the south-
ern parts of Qianwu Town—accounting for 5.6% of the total number of villages in the
district. The areas with low accessibility index (0.0032-0.0042) were primarily distributed
in the central part of Doumen District, and the coverage area consisted of 15 village-level
administrative units—predominantly distributed in the central part of Baijiao Town, the
northern part of Jingan Town, and the eastern part of Doumen Town—accounting for 12%
of the total number of villages in the district. The areas with the lowest accessibility index
(0.0022-0.0031) were principally concentrated in the northern and western parts of Doumen
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District, and the coverage area comprised 62 village-level administrative units—chiefly
distributed in the Lianzhou Town, the northern part of Baijiao Town, and the western parts
of both Doumen Town and Qianwu Town—accounting for 49.6% of the total number of
village-level administrative units in the district.

3.1.2. Potential Service Space Scope

The potential service scope of the tertiary hospitals was spatially discrete. The service
scope of Zhuhai Jiuming Geriatric Hospital was relatively small and concentrated and
mainly included the central part of Doumen District, which was the intersection area of the
Doumen, Lianzhou, Jingan, and Baijiao Towns. The service scope of the Affiliated Hospital
of Zunyi Medical University in Zhuhai was large and discrete and extended to the areas
north and south of Doumen District.

3.1.3. Spatial Equity

Spatial differences in the accessibility of tertiary hospitals were the most significant;
the accessibility of tertiary hospitals was high in the densely permanent-populated area
in the south, and low in the densely permanent-populated area in the southwestern and
northern parts of Doumen District. The densely migrant-populated areas in the southwest
have low access to tertiary hospitals, while the south is characterized by sub-high density
of migrant population areas and higher accessibility of tertiary hospitals. The service scope
was spatially discrete; hence, the spatial equity of tertiary hospitals was the lowest. The
Gini coefficient shows that, because the only two tertiary hospitals in Doumen District are
both located in Jingan Town, and other towns have no tertiary hospitals, the spatial balance
of tertiary hospitals is the worst in Jingan Town (0.031).

3.2. Secondary Hospitals: Four, Jingan Town and Baijiao Town, 569 Beds
3.2.1. Spatial Accessibility

The spatial distribution of secondary hospitals is relatively concentrated, mainly
concentrated in the neighboring Jingan Town and central Baijiao Town. Therefore, the
central of Jingan Town and Baijiao Town and its adjacent areas have high accessibility to
secondary hospitals. The farther away from Jingan Town and central Baijiao Town, the
lower the accessibility of secondary hospitals. Because the spatial layout characteristics
of the secondary and primary hospitals have some convergence, they have similar spatial
accessibility ranges. The areas with the highest accessibility index (0.0021-0.0025) for sec-
ondary hospitals were chiefly concentrated in the southeastern and central parts of Doumen
District, and the coverage area comprised 44 village-level administrative units—mainly
distributed in the Jingan Town, the south-central part of Baijiao Town, the northeastern part
of Qianwu Town, the southeastern part of Doumen Town, and the northern part of Baiteng
Subdistrict—accounting for 35.2% of the total number of village-level administrative units
in the district. The areas with high accessibility index (0.0019-0.0020) were distributed in
the central parts of Doumen Town, and the coverage area comprised 5 village-level admin-
istrative units—predominantly distributed in the northern part of Baijiao Town and the
northeastern part of Doumen Town—accounting for 4% of the total number of villages in
the district. The areas with moderate accessibility index (0.0008-0.0018) were distributed in
the northeastern part of Doumen District, and the coverage area comprised 5 village-level
administrative units—mainly distributed in the northern of Baijiao Town—accounting for
4% of the total number of villages in the district. The areas with low accessibility index
(0.0002-0.0007) were distributed in the southern part of Doumen District, and the coverage
area comprised 10 village-level administrative units—predominantly distributed in the
southern parts of Baijiao Town, Jingan Town, Qianwu Town, and Baiteng Subdistrict—
accounting for 12.5% of the total number of villages in the district. The areas with lowest
accessibility index (0-0.0001) were distributed in the western and northern of Doumen
District, and the coverage area comprised 61 village-level administrative units—mainly
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distributed in the northern part of Baijiao Town, the western parts of Doumen, Qianwu,
and Lianzhou Towns—accounting for 48.8% of the total number of villages in the district.

3.2.2. Potential Service Space Scope

The spatial variability of the service scope of the secondary hospitals was signifi-
cant. Zhuhai Fang Hua Hospital had a small service scope, mainly including the Baiteng
Subdistrict and the southeast of Jingan Town. The service scope of the Qiaoli Hospital
of Traditional Chinese Medicine in Doumen District of Zhuhai City was larger, and it
included most areas of Baijiao, Doumen, Lianzhou, Qianwu, and Jingan Towns. As the
medical facilities of the Doumen District Maternal and Child Health Hospital (Baijiao) and
the Doumen District Maternal and Child Health Hospital (Jingan) of Zhuhai City were
relatively small, and they were close to the Qiaoli Hospital of Traditional Chinese Medicine,
their service scope were covered by the Qiaoli Hospital of Traditional Chinese Medicine.

3.2.3. Spatial Equity

The accessibility of secondary hospitals was spatially characterized as “high in the east
and low in the west.” The accessibility of secondary hospitals was higher in the densely
permanent-populated areas in the south and low in the densely permanent-populated
areas in the southwestern and northern parts of Doumen District. The accessibility of
secondary hospitals in the southwest was also low for the migrant population, while the
southern sub-high density had higher accessibility of secondary hospitals for the migrant
population. Although its service scope showed spatial continuity, the variability of service
spatial scope zoning was significant, and the service scope of different hospitals appeared
to overlap; therefore, the spatial equity of secondary hospitals was poor. The secondary
hospitals in Doumen District are mainly distributed in Jingan Town and Baijiao Town.
The spatial equilibrium coefficient of the secondary hospitals in Jingan Town and Baijiao
Town is 0.063 and 0.028, respectively. The degree of spatial equilibrium among secondary
hospitals in Baijiao Town is better than that of Jingan Town.

3.3. Primary Hospitals: Eight, All Towns, 523 Beds
3.3.1. Spatial Accessibility

Because primary hospitals are mostly town-level health centers, they are distributed
among all townships. Affected by administrative divisions, the spatial layout of primary
hospitals is relatively scattered. Different from the spatial accessibility of tertiary and
secondary hospitals, the areas with high accessibility of primary hospitals are not relatively
concentrated around the primary hospitals, but rather the areas adjacent to Doumen Town,
Lianzhou Town, Baijiao Town, and Jingan Town. The areas with the highest accessibility
index (0.0254-0.0346) for primary hospitals were chiefly concentrated in the northern
and central parts of Doumen District, and the coverage area comprised 24 village-level
administrative units—mainly distributed in the northern part of Doumen Town and central
parts of Baijiao and Jingan Towns—accounting for 19.2% of the total number of village-level
administrative units in the district. The areas with high accessibility index (0.0148-0.0253)
were distributed in the northeastern parts of Doumen District, and the coverage area
comprised 22 village-level administrative units—predominantly distributed in the northern
and western part of Baijiao and Lianzhou Towns, respectively—accounting for 17.6% of the
total number of village-level administrative units in the district. The areas with moderate
accessibility index (0.0102-0.0147) were distributed in the southeastern and central part of
Doumen District, and the coverage area comprised 7 village-level administrative units—
mainly distributed in the central, eastern, and northeastern parts of the Jingan Town,
Doumen, and Qianwu Towns, respectively—accounting for 5.6% of the total number
of villages in the district. The areas with low accessibility index (0.0060—-0.0101) were
distributed in the southeastern and western parts of Doumen District, and the coverage
area comprised 41 village-level administrative units—predominantly distributed in the
northern and southeastern parts of Doumen Town, the northeastern part of Qianwu Town,
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and the southern parts of Baijiao Town, Jingan Town, and Baiteng District—accounting for
32.8% of the total number of villages in the district. The areas with lowest accessibility index
(0.0013-0.0059) were distributed in the northwestern and southwestern parts of Doumen
District, and the coverage area comprised 31 village-level administrative units—mainly
distributed in the western part of Lianzhou Town, the southwestern part of Doumen Town,
and the western and southern parts of Qianwu Town—accounting for 24.8% of the total
number of villages in the district.

3.3.2. Potential Service Space Scope

The primary hospitals were mainly the health centers in each township, and their
service scope was relatively balanced and had strong spatial continuity. Among them,
Jingan Town Health Center, Baijhao Town Health Center, Lianzhou Town Health Center,
Qianwu Town Health Center, and Baiteng Subdistrict Community Health Center had
smaller service scopes, which failed to cover their respective administrative areas. Doumen
Town Central Health Center, Zhuhai Ci’ai Rehabilitation Hospital, and Zhuhai Tonghe
Hospital had larger service scope and mitigated the problem of insufficient service coverage
of the health centers in Jingan Town, Baijiao Town, Lianzhou Town, Qianwu Town, and
Baiteng Subdistrict.

3.3.3. Spatial Equity

The spatial accessibility of the primary hospitals was characterized by a trend of high
in the east and north, and low in the west and south. The service scope of Doumen Town
Center Health Center, Qianwu Town Health Center, Baiteng Subdistrict Community Health
Center, and Zhuhai Ci’ai Rehabilitation Hospital was larger than their own service capacity,
and thus resulted in lower accessibility to primary hospitals in the densely permanent-
and migrant-populated areas, and the southern densely permanent-populated areas and
sub-high migrant population density areas. However, the spatial layout of the primary
hospitals was more balanced from the perspective of the service scope of public health
facilities. The primary hospitals of Doumen District are mainly concentrated in Jingan
Town, Baijiao Town, Doumen Town, Lianzhou Town, and Qianyuan Town, with spatial
equilibrium coefficients of 0.063, 0.0.028, 0.045, 0.037, and 0.053, respectively. It is possible
to show that the Baijiao Town has the best primary hospitals, with those in Lianzhou
Town and Doumen Town second best; Qianwu Town and Jingan Town have the worst
primary hospitals.

3.4. Rural Health Stations: Ninety-Eight, High in the North and Low in the South, Most Villages,
286 Beds

3.4.1. Spatial Accessibility

Rural health stations are mainly distributed at village-level unit, and they have the
most balanced spatial layout. Because the administrative area is relatively narrow in the
north, the spatial area of the village-level unit is generally smaller in the north than the
south. The spatial distribution of northern rural health stations is relatively concentrated,
so the northern area of Doumen area for rural health station accessibility is higher than
the south Doumen area. The areas with the highest accessibility index (0.0022-0.0026) for
rural health stations were chiefly concentrated in the northern part of Doumen District,
and the coverage area comprised 21 village-level administrative units—mainly distributed
in the southern and central parts of Lianzhou Town and the northwestern part of Baijiao
Town—accounting for 16.8% of the total number of village-level administrative units
in the district. The area with high accessibility index (0.0017-0.0021) were distributed
in the central and northern parts of Doumen District, and the coverage area comprised
23 village-level administrative units—predominantly distributed in the northern parts
of Doumen, Jingan, and Lianzhou Towns and the central and northern parts of Baijiao
Town—accounting for 18.4% of the total number of village-level administrative units in
the district. The areas with moderate accessibility index (0.0012-0.0016) were distributed
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in the southern and central parts of Doumen District, and the coverage area comprised
27 village-level administrative units—mainly distributed in the northern part of Jingan
and Doumen Towns and the central and northern parts of Baijiao Town—accounting for
21.6% of the total number of villages in the district. The areas with low accessibility index
(0.0008-0.0011) were distributed in the southern part of Doumen District, and the coverage
area comprised 27 village-level administrative units—predominantly distributed in the
central and southern parts of Doumen Town, the western part of Qianwu Town, and
the southern parts of Jingan Town and Baijiao Town—accounting for 21.6% of the total
number of villages in the district. The areas with lowest accessibility index (0.0001-0.0007)
were distributed in the northwestern and southwestern parts of Doumen District, and the
coverage area comprised 27 village-level administrative units—mainly distributed in the
southwestern part of Doumen Town, the western and southern parts of Qianwu Town, and
the southeastern part of Baijiao Town—accounting for 21.6% of the total number of villages
in the district.

3.4.2. Potential Service Space Scope

The service scope of the rural health service centers showed a fragmented spatial
distribution, except for the 10% of rural health service centers whose service scope con-
tained 2—4 village-level administrative units; the remaining 90% of rural health service
centers demonstrated a high consistency of service scope with their respective village-level
administrative divisions.

3.4.3. Spatial Equity

The accessibility of rural health service centers was spatially characterized as “high in
the north and low in the south.” As the area of the northern part of Doumen District and
the total area of village-level administrative divisions in the northern part were generally
smaller than that of the southern part, the accessibility of the northern part was relatively
high, while the accessibility of rural health service centers in the densely permanent- and
migrant-populated areas in the southwest and south, and sub-high migrant population
density areas was lower. In terms of public health facility service zoning, the service scope
of most rural health service centers was consistent with the administrative divisions in
which they were located, and the individual rural health service centers whose service
scope included multiple village-level administrative units were mostly distributed in the
southern part of Doumen District. Thus, the overall spatial layout of the rural health service
centers in Doumen District was more balanced; however, the spatial layout of rural health
service centers in the northern region was more balanced than that in the southern region.
Rural health stations are distributed in towns, with the best spatial balance in Baijiao Town
(0.007), Lianzhou Town (0.008) and Qianwu Town (0.008), Jingan Town (0.015) and Doumen
Town (0.045), and the Baitenghu Subdistrict’s Rural Health Service Center (0.125).

4. Discussion
4.1. Study Innovations and Significance

This paper combines the two-step floating catchment area method and the potential
model to explore the accessibility of multi-level public health infrastructure and its potential
spatial service scope and evaluates the spatial equity of public health service facilities. The
current findings are of great significance to promote the spatial equalization of multi-level
public health service facilities and the efficient utilization of regional land resources.

Compared to the existing research findings from China and other countries, this study
offers the following novel implications: (1) Innovative research perspective—previous
studies used a single perspective (i.e., accessibility) to evaluate the spatial equilibrium
of facilities; however, this study employed a comprehensive evaluation method using
the three perspectives of accessibility, potential spatial service scope, and population
density [40-42]. (2) Most existing studies have evaluated the spatial equity of public
health facilities using an overall dimension of spatial equity, which can only show the
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spatial balance of public health facilities. However, this study compared and analyzed
the spatial equity of public health facilities at different levels, which can show the spatial
balance of public health facilities as well as the spatial equity of the quality of public health
facilities [43—46].

4.2. Main Findings

Based on the data on public health infrastructure and village-level population, the
two-step floating catchment area (25FCA) method, potential model, and Gini coefficient
were used to explore the spatial accessibility of multilevel public health facilities in Doumen
District, along with their potential spatial service scope. The spatial accessibility of public
health service facilities was also evaluated. The conclusions of the analysis are as follows:

(1) The spatial differences in the accessibility between the levels of public health
facilities in Doumen District were relatively significant: the higher the level of health
facilities, the greater the spatial differences in their accessibility. In terms of the spatial
accessibility of tertiary hospitals, the accessibility of the southeastern part of Doumen
District was relatively high, while the accessibility of the western and northern parts was
relatively low. In terms of spatial accessibility of secondary hospitals, the accessibility
of the southeastern and central parts of Doumen District was relatively high, while the
accessibility of the western and northern parts was relatively low. The spatial accessibility
layout of secondary and primary hospitals was somewhat similar. From the viewpoint
of the spatial accessibility of primary hospitals, the accessibility was higher in the central
and northern parts of Doumen District, and lower in the western and southern parts. The
northern part of Doumen District had the highest accessibility to rural health stations,
and its accessibility was spatially distributed in a circular pattern from north to south.
There are some similarities and differences between the findings of the current study
and previous studies. The similarity lies in the relatively high accessibility of high-level
and large-scale health service facilities. The difference lies in the suggestion by relevant
studies of public health facilities that the level of health facilities is negatively correlated
with the spatial difference of their accessibility, i.e., the higher the level of health facilities,
the smaller the spatial difference of their accessibility; however, this study suggests that
the level of health facilities is positively correlated with the spatial difference of their
accessibility, i.e., the higher the level of health facilities, the greater the spatial difference of
their accessibility [47-49].

(2) The potential service scope of tertiary hospitals in Doumen District was spatially
discrete, while that of secondary hospitals had the most significant spatial differences, and
primary hospitals reported a potential service scope which was relatively balanced and
had strong spatial continuity. The service scope of rural health service centers was spatially
scattered, and the service scope of most rural health service centers was consistent with
the scope of their respective, village-level, administrative divisions. Recent domestic and
foreign studies predominantly evaluate the overall spatial equity of public health facilities
but lack a comparative analysis of the spatial equity of public health facilities at different
levels to show the spatial equity of public health facilities and their quality [50-52].

(3) The spatial equity of public health service facilities at different levels was evaluated
based on the perspectives of population density, spatial accessibility of facilities, and
potential spatial service scope. The spatial equity of tertiary hospitals in Doumen District
was the lowest, followed by secondary hospitals. Moreover, the spatial layout of primary
hospitals was relatively balanced, while the overall spatial layout of rural health service
centers was the most balanced, with those in the northern region being more balanced than
those in the southern region.

4.3. Countermeasure Suggestions

(1) Among the tertiary hospitals, the number of beds in the Zhuhai Jiuming Geriatrics
Hospital should be increased to broaden the scope of its medical services to the north.
Among the secondary hospitals, the Maternal and Child Health Hospital of Doumen
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District, Zhuhai (Baijiao and Jingan) should be relocated and expanded to prevent its
service scope from being addressed by the Qiaoli Hospital of Traditional Chinese Medicine.
The number of beds in the primary hospitals should be increased in Jingan Town Health
Center, Baijiao Town Health Center, Lianzhou Town Health Center, Qianwu Town Health
Center, and Baiteng Subdistrict Community Health Center to expand their service scope.
Rural health service centers should be in accordance with the four unified principles of
construction—planning, design, identification, and standards—to achieve the allocation of
one health center per village.

(2) The development planning and quality improvement of private medical insti-
tutions should be strengthened. The approval of social healthcare settings should be
liberalized, support for social medical care should be increased, and the “15-min medical
circle” should be established. Private institutions should be allowed to independently
choose their own operating procedure as per their own circumstances to ensure fairness
between private and public hospitals in terms of designated access to medical insurance
and the 120-emergency medical network, title promotion, teaching and research, and policy
knowledge. This will accelerate the formation of a diversified spatial layout of public
health facilities and meet the multilevel and diversified medical service needs of residents.

4.4. Outlook

This study explored the accessibility and potential spatial service scope of regional
public health service facilities and evaluated the spatial equity of public health service
facilities. However, this study also had the following limitations: (1) The findings may have
been influenced by personal biases and medical treatment preferences, and some residents
may not opt for public health facilities within the spatial service scope but choose distant
health facilities with higher service quality. (2) Existing longitudinal studies on health
facility equity are lacking due to the insignificant long-term changes observed. Therefore,
subsequent studies should account for residents’ personal biases and medical treatment
preferences through questionnaires and gather longitudinal healthcare service data to
further explore the equity of public health service facilities and characteristics of their
spatial and temporal evolution.
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