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Abstract: The primary healthcare facilities are among the most basic needs of the residents, huge in
quantity and widespread. Their distributions are directly related to people’s health, which affects the
sustainable development of cities. The accessibility calculation of primary level healthcare facilities
and the equity evaluation of accessibility from the perspective of medical service category and urban
population is very important for the decision-making of layout and configuration but has been
ignored for a long time. This study took the primary healthcare facilities of Fukuoka city in Japan
as research objects; it first used the variable two-step floating catchment area (V2SFCA) method to
calculate the healthcare catchment areas (HCAs) of medical service providers and the population
catchment area (PCAs) of medical demand locations, and then obtained the accessibility to primary
healthcare facilities. Finally, the spatial disparities of accessibility were evaluated from three aspects:
overall space distribution by using Global and Local Moran’s I, service quality, and the population to
be served. The results showed that HCAs were from 500 m to 6400 m, PCAs ranged from 500 m to
3000 m, the use of variable catchments can improve the accuracy of accessibility assessment results;
the accessibility of primary healthcare facilities was clustered and had significant spatial differences,
which were high in urban center and low in suburban area; the obvious differences in the accessibility
distribution characteristics of clinics in differential diagnosis and treatment departments led to
different degrees of unsaturation in the types of medical services obtained by residents; although
the elderly’s demand for basic medical care was many times higher than that of other age groups,
the accessibility in high-demand areas was generally low, and the situation in severely high-demand
areas was more serious. This work puts forward a multi-dimensional realistic evaluation system
for equality accessibility of primary healthcare facilities, providing the data support for the medical
resources and facilities” allocation and the intensive land use.
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1. Introduction

Current and future public health are related to the sustainable development of cities.
The governments guide and intervene in public health through comprehensive land plan-
ning, policy guidance, and other measures [1]. The impact of land use planning on health is
reflected in many aspects. For instance, through the intervention of land use, people are en-
couraged to change their travel mode to waling or other low emissions public traffic, which
indirectly affects the overall health of the population [2,3]. Improve the quality of life and
well-being through the spatial layout of parks, cultural venues, sports facilities, and other
leisure activities [4-6]. The most direct intervention is reflected in the layout and allocation
of health-related facilities, especially medical facilities [7]. The reasonable distribution of
limited medical resources is the greatest protection of public health [8]. Medical facilities
are important social resources that are directly related to the health level of the population.
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At present, the research mainly focused on the following aspects: (1) The efficiency of the
medical service can be divided into technical efficiency and management efficiency. The
former is related to the utilization of medical resources [9], while the latter affects the quality
of medical services and patient satisfaction [10,11]. (2) The reasons for the gap in residents’
access to medical services are not limited to the factors at the individual level, such as race,
income, and education level [12,13], as well as the impact of socio-economic indicators and
public policies in a larger geographical area [14]. (3) Discussion on the spatial distribution
of medical facilities [15,16], as well as the distribution of the specific indicators (such as
hospital beds) in medical facilities [17,18]. (4) Research on the accessibility of medical
facilities within a certain region, including the comparison of the accessibility of medical
facilities at different levels and different geographical regions [19-21], the accessibility of
emergency medical facilities [22]. Access to medical facilities is the key to medical success.
The equity of access to health care is not only the central objective for the medical system
and the medical resources allocation [23], but also the embodiment of the principle of
justice in medical ethics [24]. For residents, the accessibility of medical facilities reflects the
adequacy and difficulty of obtaining medical services. Therefore, a realistic description of
the accessibility and equity evaluation of medical facilities is the key for planners to make
facility layout and configuration decisions. At present, the research objects of accessibility
of medical facilities are mostly hospitals [25,26], and the evaluation of accessibility mostly
expounds on its differences and imbalance [15,27] from the perspective of space. There is a
lack of multi-dimensional evaluation of the accessibility and equity of primary healthcare
facilities at the clinic level.

The necessity for research on primary medical facilities is also related to Japan’s
medical system. Japan implements a hierarchical medical system and sets up three-level
medical areas with clear levels and functions to promote the appropriate allocation of
medical resources. The highest level is the tertiary medical area, which mainly provides
high-precision and rare disease medical and hospitalization services. The secondary medi-
cal area mainly provides inpatient services for several municipalities. Ministry of Health,
Labour and Welfare (MHLW) showed that there were 52 tertiary medical areas and 349 sec-
ondary medical areas in 2010 [28]. The primary medical areas mainly provide basic medical
services for residents in the city. The providers of medical services in the first two medical
areas are mainly special functioning hospitals and regional medical care support hospitals.
Their clients are not limited to the local and often accept the patients from the other medical
areas [29]. Significantly, different from the phenomenon that large hospitals in many coun-
tries open directly to outpatient visits, patients in Japan need a referral letter from primary
medical institutions to free access to advanced-medical hospitals. Therefore, for residents,
the medical facilities where they can see doctors directly are the clinics and some general
hospitals in the primary medical area [30]. According to the survey on medical facilities
by the MHLW in 2019, the number of clinics far exceeded that of general hospitals, about
14 times [31]. Meanwhile, clinics are more widely distributed in commercial, residential,
and many other areas of the city. Because of the clinics’ large number and wide distribution,
they have become the main carrier of primary medical services. The services of the primary
healthcare facilities are seen as one of the most important contributors to public health. It is
necessary to do research on the study of the spatial distribution, service scope, accessibility,
and equity evaluation of clinics.

Japan is suffering from a serious aging population, and this phenomenon continues to
deteriorate. The white paper on the aging society of the Cabinet Office predicts that the
population aging rate will reach 37.7% in 2050 [32]. According to the comprehensive survey
of living conditions by MHLW in 2019, 433 of every thousand elderly people (over 65 years
old) have subjective symptoms and need health management and treatment. About 20% to
30% of working-age people (15-54 years old) also have health problems [33]. Basic medical
services have become a very important part of daily needs. The accessibility and equity
of primary medical facilities are related to the normal quality of life. While facing the
challenge of population aging, Japan is also confronted with the problem of population
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reduction. Aware of the seriousness of urban recession caused by population reduction,
the government implemented an urban planning policy named Location Normalization
Plan in 2014 to form compact urban structures at a national level [34]. This plan introduces
urban functional facilities such as medical facilities, including clinics in the urban function-
induced zone to serve residents and attract a new population into the residence-induced
zone [35], so as to achieve the purpose of a compact city after long-term development.
The calculation and evaluation of the service scope and accessibility of facilities are also
conducive to providing a basis for designating residence-induced zones. In general, the
calculation and evaluation of the accessibility of primary healthcare facilities can help to
deal with the increase in medical demand caused by population aging. On the other hand,
it can also provide a basis for the designation of function-induced zones so as to achieve
the goals of ensuring residents” health and promoting urban renewal and development. In
addition, according to the survey by the department of economic and social affairs of the
United Nations, most countries in the world are or will soon enter an aging society [36]. The
research on primary medical facilities in a country with severe population aging will also
provide data and experience support when other countries and regions deal with the same
problems in the future. Therefore, this study plan to take the primary healthcare facilities
at the clinic level of a Japanese city as research objects, explore the relationship between
population and medical resources and provide methods and references for the allocation
of medical facilities. Specifically, this work aims to achieve the following three purposes:
(1) Quantify the service scope of primary healthcare facilities, and the search scope of
residents’ access to medical care (2) Put forward the quantitative method and results of
accessibility of primary healthcare facilities based on the interaction between providers and
demanders, the core of the medical relationship. (3) Make a multi-dimensional evaluation
of the equity of accessibility from the perspective of the characteristics of specific diagnosis
and treatment departments of Japanese clinics and the high medical demand brought by
the aging population, combined with the spatial distribution.

In order to address these issues, this work takes the Fukuoka city as a case study
area, the clinics as the research objects, and the smallest census tracks as the research
units and is organized into the following chapters. First, the literature review has combed
the main research related to accessibility. Second, the research methods chapter and
study area chapter elaborated the model for calculating and evaluating the accessibility
and the basic information of the database. Then, in the results chapter, the experiment
results for the HCAs, PCAs, and accessibility scores based on the V2SFCA method are
presented. The equity evaluation of the accessibility to medical facilities from three aspects:
spatial distribution, the quantity and quality of medical services, and high-demand groups.
Finally, the discussion chapter and conclusion chapter summarizes the main findings, the
contributions, and limitations.

2. Literature Review

There are many explanations for the concept of accessibility based on different use
scenarios and application fields [37,38]. The concept of accessibility has been long used in
the research of transportation and related planning, referring to the difficulty of reaching
an activity location from a certain place through some modes of transportation [39,40]. For
the public facilities, including medical facilities, the accessibility mainly focuses on the
interaction between the demanders and service providers based on spatial distance [41].
The popular methods for evaluating the spatial accessibility of the public facilities are
provider-to-population ratios, distance to nearest provider, the average distance to a set of
providers, and gravitational models of provider influence [42-45]. These methods do not
or only consider distance, do not consider the scale of supply and demand points, or do
not set an effective search radius. The two-step floating catchment area (2SFCA) method is
a recent development and has formed a series of models [46]. Compared with the above
methods, the 25FCA method evaluates the access to medical services in terms of the scale of
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the provisions and needs as well as the travel time between the service site to the demand
location [47,48].

There are three main improvements in the 2SFCA methods. The first is about the cost
between the service and demand, including the consideration of attenuation distance [49]
and the calculation of the distance under multiple travel modes [50]. When calculating
the distance, usually refer to walking distance. The walkability index [51,52] proposed
based on the consideration of physical health and sustainable spatial development can
help to further measure the walking distance. Mcgrail (2012) has evaluated whether and
what the distance—decay function is used when using the 2SFCA method to calculate the
accessibility of medical services for five different population size groupings, metropolitan,
large rural, medium rural, small rural, and very small rural. The results show that the
application of the distance—decay function has a great impact on metropolitan [49]. The
second is about the search radius, such as using fixed, variable and dynamic catchment
areas [53]. The third is the quantification of supply and demand considering the object
selection probability, such as using the Huff model [54].

At present, the main methods used in the analysis of the equity and equilibrium ac-
cessibility are the Lorenz curve and Gini coefficient [20], Theil index [15], linear regression
and spatial regression [55], and spatial statistical analysis methods such as spatial auto-
correlation [15]. The difference in the accessibility of different regions can be reflected by
comparing the values of the coefficient and index. Furthermore, the results of accessibility
and spatial distribution can be more intuitively displayed through map visualization and
classification [56]. Spatial analysis such as spatial autocorrelation can represent the spatial
relationship between accessibility units.

3. Research Methods
3.1. Generalized 2SFCA Model

The generalized 2SFCA method can be divided into two steps. The first step is to
search all demand locations within a certain catchment for each service site and calculate
the supply-demand ratio; the second step is to search for the service supplies within a
certain catchment for each demand location to compute the accessibility. In this study, the
full-time doctors in clinics provide the service. For demands, we used the centroid of the
urban built-up land in the chome to represent the population location. As a community-
level medical facility, primary healthcare mainly serves the surrounding residents. The
survey of the housing and living environments for the elderly by the Cabinet Office in 2018
showed that clinics were the main destinations for the elderly [57]. Walking for 10 min is a
reasonable and ideal distance for the elderly who need medical treatment and health care.
Therefore, this study took 500 m as the initial travel time and used the 2SFCA method to
evaluate the facilities” supply and demand and accessibility.

Step1: For each clinic location j, search all population locations k that are within an
initial travel time dj (dy = 500 m) of the clinic location j, to compute the supply-to-demand
ratio, R]-:

5
@

Ri=——1—0r,
ZKe{dk] ﬁdg} Pk

]

where §; is the number of full-time doctors in the clinic j.

Step2: For each population location i, search all clinic locations j that are within the
ideal catchment dy (dy = 500 m) of the population location i. To sum up, the supply-to-
demand ratio as the accessibility score, Af:

3.2. V2SFCA Model Introduces the Distance—Decay Functions

There are differences in the distribution of the primary healthcare facilities and the
residents in Fukuoka city. In order to overcome the problems the clinics cannot form an
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effective supply scale due to the dispersion of the demand points, and the residents cannot
be satisfied the basic demand caused by the dispersion of the supply points under a single
travel time. This study used the V2SFCA model to calculate the reasonable travel times
and reevaluated the accessibility of the primary health facilities in Fukuoka. Based on the
principle of health equity, each clinic has a theoretical population threshold that needs to
provide services. Generally, the population threshold is the average value of the population
covered by the initial catchments [53], which is 9934 in this study. We first screened out
the facilities with the population in initial travel time (dy) below the threshold. Then we
increased the travel time gradually to meet the condition. Similarly, in order to obtain
equal access opportunity to medical services, residents of each population location need
to pay different distance costs to search for medical facilities. The population locations
have the threshold value of the medical services provided by doctors. In this study, we
used the value of all clinics’ full-time doctors to the population as the threshold, which was
1.238 (one doctor per 807 people). We still increased the search radius to make the medical
services available to population settlements reach this threshold.

When allocating medical resources, it is hard to consider the differences between
doctors, so it is difficult to estimate their impacts on residents’ choice of whether to go to
this clinic. We believed that each doctor was homogeneous and had the same possibility
of being selected by residents. The opportunity of acquiring healthcare services for the
residents is induced by space. The factor that can affect the residents’ choice of whether
to go to this clinic is the time cost. The farther the distance, the less likely the clinic is to
be selected by residents. Therefore, for the search process beyond the initial travel time,
we take the distance decay into consideration. In summary, this study used the V2SFCA
model introduced the distance-decay. The models and their specific operation steps are
as follows:

Stepl: By increasing the travel time by a small increment Ad (Ad =100 m) and repeating
this process until the residents covered by reached the population threshold, this catchment
(dy) are the healthcare catchment areas (HCAs) of the clinic. R;/ is the supply-to-demand
ratio using the variable catchments HCAs.

d, = do +nAd, Ad =100, (3)
S.
R} = ! @
ZKe{dkj <dy;} Pef (dkj)

where f is the distance—-decay function, introduce the Gaussian function(g).

1, dgj<dp

f(dkj) = g(dkj,dhj)r do < dij < dy; 5)
0, dk] > dh]

—(1/2) x (dy; /dp;)* —(1/2)
e ] ] e
g(dk],dh/) = 1— e—(l/Z) (6)

Step2: By changing the travel time by a small increment Ad (Ad =100 m) until the
number of doctor-population in the catchment reaches the threshold value, the obtained
range is the population catchment area (PCAs), the actual search catchment (c) of medical
services for residents. Af " is the accessibility score using variable catchments:

A= Y Rif(dy) ?)

je{dij <ci}

3.3. Spatial Autocorrelation

Spatial autocorrelation consists of the global spatial autocorrelation and the local
spatial autocorrelation. The former can be used to describe the overall distribution of acces-
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sibility in the whole region and reveal its spatial characteristics: aggregation, dispersion,
and randomness. This paper applies the Global Moran’s I index, which is widely used to
describe global spatial autocorrelation. Global Moran’s I index value is often distributed in
[—1, 1]. On the premise of rejecting the null hypothesis, the index greater than 0 indicates a
positive spatial association, and the greater the value, the more the accessibility is clustered
in space; on the contrary, if the index is less than 0, it indicates a negative spatial association,
and the greater the value, the more the accessibility is dispersed; when the index is 0, the
accessibility is randomly distributed in space. The calculation formula of Global Moran’s I
index is as follows [58]:

_n. Y 27:1 wij(xi —X) (xj - f)
So 211:1(9(1' - 7)2

where x; and x; are the accessibility value at population locations i and j. w;; is the spatial
weight matrix, representing the spatial relationship between population locations. Sy is the
sum of all spatial weight matrixes.

The Local Moran’s I index is generally used to measure the local spatial autocorrelation
and reveal some local features. We use it to identify the spatial clusters or spatial outliers
for the accessibility locations. The calculation can be described as follows [59]:

=8 Y i i (3 = T)] ®

o2

®)

where ¢? is the variance of accessibility x.

3.4. Research Process

Firstly, the study evaluated the supply-to-demand ratio and the accessibility within the
fixed catchment, which is the scope of initial travel time. Then we used the 2SFCA method
introduced the distance—decay function to calculate the HCAs and the PCAs for the clinics
and population locations that could not reach the thresholds, respectively. The specific
method was increasing 1, 2 ... n small increments (100 m) gradually on the basis of the
initial travel time distance until the resident population and the ratio of doctors to residents
in these two kinds of new travel time areas reached the preset threshold separately. The
catchment areas corresponding to the newly obtained travel time distances were HCAs
and PCAs. Finally, we evaluated the spatial inequity of the accessibility calculated by the
V2SFCA model using variable catchments. Specifically, we used the Global Moran’s I index
and the Local Moran’s I index to describe the spatial autocorrelation of the accessibility
in the whole city and among different population locations. Based on the inequity of
accessibility from the perspective of space, we evaluated the accessibility to different types
of clinics and the accessibility for high-demand populations. These steps were realized by
ArcGIS Pro software.

4. Study Area

In order to study the allocation of primary medical facilities in cities, this paper takes
Fukuoka city, Japan, as the study area. Fukuoka city is the largest city as well as the
economic, cultural, and transportation center on Kyushu, which is the third-largest island
and located in the southernmost part of Japan. Fukuoka is not only the capital of Fukuoka
Prefecture but also one of the 20 Designated Cities of Japan, which has the right of local
autonomy. There are Higashi-Ku, Hakata-Ku, Chfio-Ku, Sawara-Ku, Jonan-Ku, Minami-
Ku, and Nishi-Ku, seven administrative districts in Fukuoka city. The study area mainly
refers to the mainland of the city, excluding the islands (Figure 1). Population Census 2020
showed that the total population in Fukuoka was 1.61 million. Compared with 2015, the
population of Fukuoka city has finished a growth of 4.8%. Fukuoka has a large population,
ranking fifth among the 20 Designated Cities with a population ranging from 0.69 million
(Shizuoka city) to 3.77 million (Yokohama city). The elderly population (over 65 years old)
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in Fukuoka City accounted for 22.1% of the total population in 2020, an increase of 1.4%
over 2015. Fukuoka had entered the super-aged society. It is worth noting that the growth
rate of the elderly in Fukuoka is the highest among the Designated Cities. Similar to other
cities in Japan, the proportion of the elderly in Fukuoka continues to increase. The city
faces the problem of population aging.

(
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{ | 1 Minami~ku’
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Figure 1. Location of the study area, Fukuoka city, and the Designated Cities.

The research objects of this study are the clinics, the primary medical facilities in
the city, aimed at community residents. Therefore, the calculating of the medical supply-
demand and spatial accessibility will also be measured at the community level, a smaller
geographic unit. Fukuoka city had 1606 clinics in 2020. Excluding the staff-only clinics and
the no full-time doctor clinics, there are 1430 clinics as the research objects. Chome is the
minimum statistical unit of the Japanese census, with the most complete, comprehensive,
and accurate population data. There are 1092 chomes with a resident population in Fukuoka,
and their population density showed in Figure 2.

Poplation density
(peopel/km?)
[—Jo
[ 10-4023
[ 4024-9544"
~ [ 9555-15493
I 15493-24810
I 24811-51143
[ Islands

- Clinics

Figure 2. Distribution of the population in Fukuoka City at the chome level and the location of the clinics.
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The process of the calculation relied on the following two key data items: primary
care services and the resident population. The first category is the medical-related data,
including: (1) The data of the name, characteristics, and location of clinics in Fukuoka
city, which are obtained from Medical Facilities Data (2020) on National Land Information
Division, MLIT of Japan. (2) The data on the number of full-time doctors who can provide
medical services in the clinics. These are obtained from the Japan Medical Analysis Platform
and Fukuoka Medical Information Net. The second category is population and city-related
data, including: (1) The data of the total population and age structure of the smallest census
tracts. These data come from the survey of the population in small areas (chome level) in
Fukuoka on Population Census 2020. (2) One-kilometer mesh data of the land use is from
the National Land Information Division, MLIT of Japan.

5. Results
5.1. Result of Accessibility

From the perspective of the result of the initial travel time, the supply-to-demand ratios
of the clinics were from 0.037 to 3.702. There were 775 clinics that did not reach the threshold
service population and were required to expand the service area. The spatial accessibility
of the clinics in Fukuoka varied from 0 to 35.107; the average value was 1.263 (see Table 1).
The descriptive statistic was showed that 70% of the population locations below the average
level. There were 187 population locations unable to access the clinics within 500 meters’
travel time. The population locations with the accessibility of 0 are mostly distributed in
the urban fringe areas, mostly located in Higashi-Ku, Nishi-Ku, and Sawara-Ku. Except
for these population locations, the access scores of the primary healthcare facilities were
classified into five levels by using the Jenks Natural Breaks method (Figure 3). The spatial
distribution characteristics showed that the accessibilities of the clinics in the central urban
area were the highest. The population locations with the accessibility over the moderate
levels are all concentrated in Chtio-Ku and Hakata-Ku. The accessibility of the Jonan-Ku
and Sawara-Ku were all below the medium level. The Higashi-Ku had the greatest number
of the lowest reachability settlements. Three-quarters of the population in this district had
difficulty in obtaining adequate primary medical services within 500 m areas. In addition to
the urban center in Chid-Ku, the other six districts were all inconvenient, causing problems
with receiving medical services in the initial travel time.

Table 1. Descriptive statistic of the primary health accessibility by district.

District Mean Median Max Min Std. Dev

Hakata-Ku 1.748 0.780 18.517 0.000 2.852
Jonan-Ku 0.908 0.903 2.308 0.000 0.547
Higashi-Ku 0.761 0.498 6.796 0.000 0.953
Minami-Ku 0.959 0.839 3.901 0.000 0.742
Nishi-Ku 0.760 0.431 4.380 0.000 0.937
Sawara-Ku 0.890 0.886 2.392 0.000 0.672
Chuo-Ku 3.132 1.349 35.107 0.000 5.737
Fukuoka city 1.263 0.797 35.107 0.000 2.474

The HCAs and PCAs were calculated by continuously changing the travel time until
the coverage population in stepl and the doctor-to-population ratio in step2 reached the
threshold, respectively. Following these practices, the HCAs ranged from 500 m to 6400 m,
but almost within 1000 m. HCA sizes for clinic locations in Figure 4a suggested that: First,
the clinics with 500 m service areas were located in the Chao-Ku, Hakata-Ku, and Sawara-
Ku. They were distributed along the horizontal and vertical subway lines in Fukuoka,
forming a curve belt in the city. Second, the number of the HCAs from 500 m to 700 m was
almost equal to that of 500 m. Chio-Ku had the largest number of these HCAs. The other
HCAs were almost evenly distributed in the other five districts. From the perspective of
the urban space, they surrounded the 500 m-HCA clinics. Third, HCAs from 700 to 1000 m
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were almost located in Higashi-Ku and Nishi-Ku. HCAs above 1600 m were all distributed
in these two districts. In general, the spatial structure of different sized HCAs presented
circle spatial characters in the city. The closer to the fringe of the city, the greater the size
of HCA. The biggest change in the clinics’ service areas was in Higashi-Ku. More than
three-quarters of the clinics were required to expand the search radius to cover adequate
residents. Their average size of HCAs was 723 m, which was the largest scope of all
administrative districts. With the change of HCAs, the supply-to-demand ratio had also
changed. The supply-to-demand ratio of the clinics with expanded catchments averagely
decreased by 16.9%. Among these clinics, 36% of them had changed more than the average
level and were mostly distributed in Hakata-Ku, Hakata-Ku, and Chtio-Ku.

o) ‘\"\s-
Wzzaunl

N

Accessibility
(Initial travel time)
CJo
[70.078-1.235
[71.236-3.692
[ 3.693-8.064
I 8.064-13.951
Il 13.952-35.107

Sawara-ku
[ No population
[] Islands

Figure 3. Spatial accessibility of primary medical facilities in Fukuoka city using the fixed catchment.

The PCAs ranged from 500 m to 3000 m, and almost three-quarters within 800 m. PCA
sizes for population locations of Figure 4b suggested that: First, the population location
with 500 m catchments could be found in every district, mostly in Chio-Ku and Hakata-
Ku. Usually, several chomes were connected with each other and clustered together into
different-sized groups. There was the biggest group in the center of the city. Second, over
half of the chomes with the PCAs from 500 m to 1000 m were in Higashi-Ku, Minami-Ku,
and Hakata-Ku. They commonly accompanied the outside of the 500 m PCAs’ groups,
which were completely surrounded by. Third, the chomes with the PCAs of 1000-1500 m,
1500-2000 m, and 2000-2500 m alternated in urban fringe areas. The population locations
with PCAs above 2500 m were concentrated in northwest, southwest, and northeast of the
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city, belonged to Nishi-Ku, Higashi-Ku, and Sawara-Ku separately. The same with HCAs,
the most numbers of the changes of the PCAs also occurred in Higashi-Ku, followed by
Nishi-Ku and Minami-Ku. More than three-quarters of the population locations in these
three districts expanded their PCAs. The change of the PCAs in Chfio-Ku was the least,
accounting for 44%. People in Chiid-Ku could obtain enough primary medical service with
an average travel time of 600 m. However, people who lived in Nishi-Ku, Higashi-Ku, and
Sawara-Ku should invest travel time over 900 m. It is different from the HCAs, the PCAs
varied greatly in each district.

(m)
e 500

®  501-700
@ 701-1000
@ 1001-1600

@ 1601-2700

. 2701-6400

Healthcare catchment areas

== Rail Transit Station
—Railway & Subway

~ Population catchment area
(m)
1500
[ 501-1000
[0 '1001-1500
[ 1501-2000
[ 2001-2500
I 2501-3000
[ No population
 Islands
Population location

(2) (b)

Figure 4. The sizes of HCAs and PCAs. (a) HCAs for clinic locations; (b) PCAs for the population locations.

Figure 5 shows the spatial distribution of the accessibility of primary healthcare in
Fukuoka city using the variable catchments sizes both for doctors and population locations.
Note that distance decay had also been considered in this case. The accessibility to primary
healthcare was from 0 to 28.502, and the average value was 1.224 (Table 2). Compared with
the fixed catchment size, the accessibility scores evaluated with variable catchments were
more agglomerated, indicated by the standard deviation. The regional variations of the
medical accessibility had been reduced in all seven districts, especially in the two districts
on the edge of the city: Nishi-Ku and Higashi-Ku, and then followed by Hakata-Ku and
Chiio-Ku located in the interior of the city. For the population locations that remained to pay
initial travel time to go to the clinics, their accessibilities were also decreased to some extent.
The accessibilities evaluated by the fixed catchment were overestimated. The changes
in the HCAs had led to an increase in the number of people accessing medical services,
resulting in a decline in the supply-to-demand ratio of the clinic. This phenomenon was
reflected in the decrease in accessibility in urban settlements, as well as the elimination of
some underserved population locations in urban fringe areas. Doctors in the urban fringe
area usually need a larger service scope, as well as the elimination of some underserved
population locations in urban fringe areas. If we use the fixed catchment with initial travel
time, the population they can serve will be underestimated, resulting in higher accessibility
scores. If we use the fixed catchment for the population locations in the urban fringe area,
there are few or no clinics they can obtain medical services. Overall, using the variable
catchments method could make the evaluation of accessibility more reasonable.
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Table 2. Descriptive Statistic of the primary health accessibility with variable catchments by district.

District Mean Median Max Min Std. Dev

Hakata-Ku 1.617 0.832 13.319 0.040 2.166
Jonan-Ku 0.955 0.928 2.308 0.154 0.444
Higashi-Ku 0.768 0.581 4.647 0.000 0.673
Minami-Ku 0.999 0.889 3.822 0.097 0.624
Nishi-Ku 0.814 0.596 3.052 0.003 0.630
Sawara-Ku 0.872 0.864 2.371 0.000 0.579
Chuo-Ku 2.853 1.302 28.502 0.083 4.636
Fukuoka city 1.224 0.827 28.502 0.000 1.975

5.2. Spatial Inequality Analysis of the Accessibility to Primary Healthcare Facilities

Here, we focus on further examinations of the inequality of accessibility from the
perspective of spatial distribution, clinic type, and the high-demand group.

In terms of the spatial distribution, we used univariate Global Moran’s I and univariate
Local Moran’s I to describe the spatial autocorrelation of the accessibility in the entire city
and among the different chomes, respectively [15,60]. We used the inverse distance squared
as the conceptualization of spatial relationships, the Euclidean distance measure as the
distance method, and 3000 m as the threshold distance. See Figure 6, the Moran’s I index
was 0.431, the z-score was 43.128, and the p-value was 0 (less than 0.001), reaching the
conclusion that the global autocorrelation of the accessibility was positive and significant.
The spatial distribution of access to primary healthcare facilities in Fukuoka city is clustered.
When combining with the statistical results, the accessibility was highly concentrated in
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the central area of the city. Figure 7 shows the spatial cluster and outliers of accessibility
by Local Moran’s I, which can be divided into five types: High-High (HH), High-Low
(HL), Low-High (LH), Low-Low (LL), and not significant. HH cluster chomes are mostly
distributed in the central urban area, the east area of Chti6-Ku, and northwest of Hakata-Ku.
Apart from that, there are some HH clusters in the junction areas between the Chio-Ku
and Jonan-Ku, Chtio-Ku and Minami-Ku, Hakata-Ku and Higashi-Ku. LL clusters are in
the suburban areas. HL clusters are small-sized patches and scatter in LL areas. LH clusters
are around the periphery of the HH clusters. There are large areas of insignificant spatial
correlation between the south and west of the HH and LH areas and the north and east
of the LL area. Overall, from the perspective of the space, there exists inequality for the
residents accessing the primary healthcare facilities. The accessibility is highest in the urban
center. A ring-shaped area of relatively low accessibility formed in the urban area at the
junction of the urban center. The accessibility diversity in the urban area is not significant
in space. The accessibility of urban suburbs is generally low and clustered. However, there
are some patches with high accessibility in urban suburbs.
(p-value) (z-score)

1.65-1.96
1.96 -2.58

Moran's Index: 0.431441
z-score: 43.128358 mm
p-value: 0.000000

agooone

|

Legend
High-High
W High-Low
N Low-High
Low-Low
Not significant
No population

Legend

. <001
[ p<0.05
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(2) (®)

Figure 7. Local spatial autocorrelations of the accessibility. (a) Local Moran’s I cluster map; (b) Local
Moran'’s I significance map.
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Different from the general practitioner in European and American countries, general
clinics in Japan are generally specialist clinics [61]. They are serving the role of concentrat-
ing on providing professional diagnosis and treatment of specific content. Therefore, the
types of clinics accessible to the residents are of vital importance to the quality of medical
services they can obtain. Japan Medical Association made the diagnosis and treatment de-
partments of general clinics into eight categories: Internal Medicine (IM), General Surgery
(GS), Obstetrics and Gynecology (OB/GYN), Pediatrics (PEDS), Psychiatry (PSY), Ophthal-
mology (OPH), Otorhinolaryngology (ORL), Dermatology (DERM). We used the unique or
the most significant department to represent the type of the clinic. The IM clinics are the
most numerous, accounting for 46% of the objective clinics in this study. The second-largest
number of clinics are GS clinics, followed by DERM, OPH, PSY, PEDS, ORL, and OB/GYN.
It has been proved that almost all population locations in Fukuoka are under the service
of clinics. However, the quantities, types of the clinics, and the accessibility to the specific
departments are different for residents. Figure 8 shows what percentage of population
locations in each district the clinic provided specific diagnosis and treatment services.
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Figure 8. The proportion of population locations whether served by certain kinds of clinics in each district.
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The dark gray and orange parts represented the proportion of the population catch-
ment areas with and without particular types of clinics, respectively. The IM clinics almost
covered all populations, while the OB/GYN clinics had the lowest coverage, about 35%.
Nearly 90% of the population locations could be served by the GS clinics. Chtio-Ku and
Jonan-Ku were almost fully covered, but Higashi-Ku had 27% PCAs without SG clinics.
Although PEDS clinics were the second to the last in quantity, the coverage rate was more
than 50%, which is the most efficient of all types of clinics. The OPH, ORL, and DERM
clinics also served more than 50% of the population locations. The coverage of the OPH
and ORL clinics in each district is similar.

There were differences in the quantity and the number of the types of clinics in the
search scope of each population location (see Table 3). The types of clinics in PCAs reflect
the complexity of the medical services received by the population locations. We divided
the complexity into four levels: PCA had 1-2, 34, 5-6, and 7-8 types of clinics. The
quantities of clinics in PCAs were also divided into four categories by quartiles. Table 4
suggests that 33% of the population points have access to more comprehensive medical
services with a relatively small number of clinics. However, there were still 24% population
points. Although there were a large number of clinics, the types of the clinics were still
relatively single. The number and type of clinics were not evenly distributed. Figure 9
shows the results of the hotspot analysis (Getis-Ord Gi *) for the accessibility of population
locations to different types of clinics, using the fixed distance band as the conceptualization
of spatial relationships and 3000 m as the threshold distance realized by ArcGIS Pro. The
high accessibility areas to IM, GS, OB/GYN, PSY, and DERM were clustered in the urban
center. Meanwhile, there are obvious and large clusters of low accessibility areas to IM,
GS, and PSY, which were in the west, east, and south suburban, respectively. Population
locations with high accessibility to PEDS, OPH, and ORL formed two hot spots areas in the
city. It is worth integrating that the high accessibility cluster to PEDS is not in the urban
center. The cold spots area of these three departments were scattered in the southwest and
northeast of the urban fringe.

Table 3. Descriptive Statistic of quantity and types of clinics in population catchment areas.

Quantity of Clincis Clinic Types

District Mean Max Min Std. Dev Mean Max Min Std. Dev
Hakata-Ku 14.256 64 4 9.247 5.108 8 1 1.564
Jonan-Ku 10.859 21 4 3.699 4.891 7 1 1.296
Higashi-Ku 7.355 26 0 4.184 3.544 8 0 1.672
Minami-Ku 11.247 38 3 5.927 4.87 8 2 1.745
Nishi-Ku 9.5108 27 1 5.176 5.237 8 1 1.943
Sawara-Ku 9.509 29 0 6.634 4.279 8 0 2.196
Chtio-Ku 25.066 136 3 21.302 6.213 8 1 1.501
Fukuoka city 12.038 136 0 10.561 4.758 8 0 1.911

Table 4. Quantity and complexity classification about the medical service of PCA.
Complexity of the Departments
Level 1 2 3 4

Quantity 1 129 112 29 -

of 2 22 147 153 8
Clinics 3 - 45 137 62
4 - 6 83 152




Land 2022, 11, 640 15 of 22

Internal Medigin\e \
\ £
b
n {

! )

Pediatrics

3
5
N

Dermatology &X/\\
o\ & /.g
\ r?f

R AN
@ .

I Cold Spot-99% Confidence M Cold Spot-95% Confidence Cold Spot-90% Confidence Not Significant Hot Spot-90% Confidence M Hot Spot-95% Confidence WMl Hot Spot-99% Confidence No Population
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The research on the present state and future of the medical supply system in the region
produced by the Japan Medical Association Research Institute conjectured the medical
needs of different age groups according to the medical expenses [62]. This research took the
volume of medical needs of middle-aged people from 40 to 64 years old as the reference.
The medical needs of the elderly from 65 to 74 and over 75 years old are 2.3 and 3.9 times
greater than the reference value, respectively. The medical demands of young people
(under 14 years old) and 15-39 years old working-age people were 0.4 and 0.6 lower than
the reference. The medical needs of people over the age of 65 far exceed those of other
age groups. Therefore, the accessibilities for the high-demand population to primary
healthcare facilities are significant for realizing medical equality. First, we calculated the
population density and proportion of people aged 65-74 and over 75 in Fukuoka. Then we
identified the chomes where both population density and proportion were higher than the
overall level of the city. These population locations were recognized as the high-demand
areas. Figure 10 shows that there are 105 and 78 high-demand population locations for
people aged 65-74 (Typel) and over 74 years old (Type2), respectively. In addition, up to
297 population locations have reached the standard of high demand in both elderly age
groups (Type3). We further divided these types of areas into three levels: slightly high-
demand, generally high-demand, and severely high-demand areas. Finally, the accessibility
performance and distribution for these three kinds of high-demand areas were as follows:
(a) The average accessibility for Typel areas was 1.144, which is a higher level. They were
evenly distributed in all administrative districts and formed a small group in the south
of Hakata-Ku. The accessibility of slightly high-demand and severely high-demand areas
was close. The average score of the latter was 0.940, which was the lowest in Typel, 30%
less than that of the generally high-demand areas. (b) The average accessibility for Type2
areas was 1.033, an intermediate level. Three levels of areas of Type2 presented a dispersed
distribution and relatively inequality. Different from Typel, the accessibility of slightly
high-demand areas and generally high-demand areas were close. The same as Typel, the
area with the lowest accessibility to clinics was still the severely high-demand area, whose
average value was only 0.702 and 40% less than that of the generally high-demand area.
(c) The average accessibility for Type3 areas was 0.900, the lowest of these three types.
They were relatively continuous in the spatial distribution in all districts, especially in
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Minami-Ku. Although there was little difference in accessibility between different levels of
areas in Type3, the severely high-demand area was still with the lowest accessibility. By
superimposing the hot spot map of the accessibility with the high-demand area (Figure 10),
we can see that a large number of high-demand areas are located inside or on the edge
of the cold spot areas. The suburb in the southwest of the city had the largest cold spot
area. Among them, the cold spot cluster with 99% confidence was almost formed by
the severely high-demand areas. Cold spot clusters with 95% and 90% confidence were
almost composed of the slightly high-demand, generally high-demand areas. Only 10% of
high-demand areas were located in hot spot areas of the accessibility to primary healthcare
facilities. Overall, the accessibility for the high-demand population to medical facilities
generally is low. High-demand areas are under-served to a certain extent, especially in the
severely high-demand areas.

Legend
Typel (65-74)
A Slightly high-demand
A Generally high-demand
A Severely high-demand

Accessibility
Hot Spot
B Cold Spot-99% Confidence
I Cold Spot-95% Confidence
Cold-Spot-90% Confidence
Not Significant
Hot Spot-90% Confidence
I Hot Spot-95% Confidence
B Hot Spot<99% Confidence
No Population

Type2 (75-)

O Slightly high-demand
O Generally high-demand
@ ' Severely high-demand

Type3 (65-74,75-)

O Slightly high-demand
O Generally high-demand
@ Severely high-demand

Sawara-ku

Figure 10. Accessibility distribution of the Typel, Type2 and Type3 high-demand areas.

6. Discussion
6.1. Study Innovations and Implications

This research mainly has the following academic contributions:

(1) Theresearch on the planning of medical facilities mostly focuses on high-level medical
facilities such as hospitals or multi-level medical systems [19-21,25-27]. This research
on small-scale medical facilities at the clinic level has improved the structure of the
research on the medical facilities hierarchy. Provide data support for comprehensive
medical facility planning. Primary medical facilities are related to people’s daily
health and are important functional facilities in cities. At the same time, because
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of the hierarchical medical system, clinics have become the main carrier of primary
healthcare in Japan. The equal allocation of the clinics affects the urban health level
to a certain extent. In addition, the number of primary healthcare facilities is huge,
so their reasonable distributions are not only the effective use of medical resources
but also conducive to the sustainable use of land resources. In the research of small-
scale medical facilities, we use small-scale urban spatial units accordingly. In the
process of calculating accessibility, the selection of distance parameters is based
on walking distance. In recent years, the concept of 15-min city and 20-min city
proposed under the concept of urban livability, energy conservation, and emission
reduction advocates increasing the interactive relationship between residents and
urban functions at the community scale [63] and responds to urban equity issues
including health services [64]. The research on the accessibility equity of small-scale
urban space to the small-scale medical facilities in this paper can be related to the
problem of service inequality in the 15- or 20-min city.

In the research method, using the 25FCA model with variable catchments can avoid
the situation that the accessibility of some areas is overestimated or underestimated by
the ordinary 2SFCA method and then avoid the neglect of areas that are really facing
the shortage of medical services. The estimation of the healthcare catchment areas
and the population catchment areas is based on the necessity of residents” demand for
primary healthcare services. For the estimation of service and demand catchments,
this method can adjust the threshold according to different research scenarios and
obtain the results in line with the actual situation of individuals. The setting of
thresholds in this work is related to current practices of the medical resources and
population. Service scopes calculated based on thresholds can help directly judge the
underserved areas in the city. At the same time, it is easier to trigger the adjustment
of medical resources according to the change in population. The method of variable
catchments can also be further used in the dynamic allocation of medical resources.
This work also attempts to put forward a comprehensive evaluation method for the
inequity distribution of accessibility of primary medical facilities. Existing studies
mostly reflect on medical equity from the perspective of spatial equity. This work
measures the distribution of accessibility from the perspective of service quality
equity and social equity. This provides more accurate support for the formulation
of corresponding urban policies and spatial planning. Specifically, service quality
refers to the types of medical services that residents can obtain, which is based on
the consideration that most clinics in Japan are a single diagnosis and treatment
department operated by a medical specialist. Research shows that equity is gradually
integrated into spatial development policies [65]. The polycentric system is regarded
as a tool to narrow regional disparities [66]. This work showed that there exist different
aggregation characteristics in space for different kinds of clinics. The high accessibility
areas of the Pediatrics, Ophthalmology, and Otorhinolaryngology clinics appears in
the form of multiple centers in spatial distribution. This result provides enforceability
for supporting urban polycentric system development [67]. In recent years, there
has been a phenomenon that multiple independent clinics are located in the same or
similar physical space in Japan. Such clinics groups are called medical malls [9], which
is a spontaneous response to the regional medical quality inequality. It also provides
support for small-scale regional activation activities guided by medical facilities [35].
The spatial inequity analysis for the service quality is a more detailed consideration of
medical resources, making all kinds of clinics more targeted in the process of planning
and layout. The consideration of the population to be served is mainly put forward for
the increasing phenomenon of population aging. The assessment of the accessibility
of high-demand groups is conducive to accurately grasping the condition of the areas
with insufficient services and further providing guidance for the layout of facilities.
In general, the layout of medical resources and facilities is a process that requires
comprehensive decision-making. Focusing on the core relationship of medical facility
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allocation: supply from the medical resources and demand of the population, this
paper makes a more in-depth evaluation of the spatial difference of accessibility from
the two aspects of quantity and quality, which are in line with the trend of land use
refinement and sustainable development.

6.2. Limitations

There are some potential limitations in this study. First, limited to existing data, the
thresholds used in the calculation of HCAs and PCAs are based on the common setting
in most studies. In the future, the threshold more adapted to the actual situation may
be further speculated through the reception of clinics and residents” medical habits in
combination with the use of insurance and field investigation. In addition, for the pop-
ulation locations adjacent to other cities, they may choose the medical facilities in other
cities, so the medical accessibility in these areas is likely to be underestimated. Finally,
the calculation of accessibility is based on the consideration of walking distance. In the
future, this study will try to evaluate accessibility based on a variety of transportation
modes, including public transportation and private cars. In addition, the distance—decay
function will be further considered based on different transportation modes. People’s use of
transportation means any combination of transportation modes affects the travel time and
the choices of destination facilities and then relates to the changes in various environmental
indexes and the sustainable development of the environment [68,69]. Therefore, the rela-
tionship between the layout of medical facilities based on different modes of transportation
and environmentally sustainable development will be one of the research directions in
the future.

7. Conclusions

With the help of the V2SFCA models introduced the distance-decay functions, this
study calculated the accessibility for residents to the primary healthcare facilities, conduct-
ing a detailed case study in Fukuoka city. Through the spatial inequality analysis of the
accessibility from the aspects of the spatial distribution, clinic types, and the high-demand
people, this study further evaluated the disparity in receiving primary healthcare. Based
on these analyses, the following conclusions can be obtained:

From the construction logic and calculation results, the V2SFCA method can more
accurately evaluate the accessibility of primary healthcare facilities than the generalized
2SFCA model. Due to the uneven distribution of clinics and population, the fixed catch-
ments cannot accurately reflect the actual service scope of clinics and the actual treatment
scope of residents. On the one hand, the served population in the fixed catchment of some
clinics is seriously underestimated, resulting in the overestimation of the finally calculated
accessibility. On the other hand, fixed catchments make the number of areas that cannot
obtain medical resources seriously overestimated. If the accessibility calculated based on
the fixed catchments is used as evidence for the allocation of medical facilities, it will lead
to the waste of medical resources. This work verified that using variable catchments could
avoid these problems to a certain extent. Apart from that, this work also considered the
attenuation effect of distance. It was concluded that the HCA range of Fukuoka city is
500 m to 6400 m, basically showing a gradual trend of expanding from the city center to the
urban fringe. The range of PCA was 500 m to 3000 m. The PCAs within 500 m formed some
plates in the city, with 500-1000 m PCAs surrounding their periphery. The PCAs above
1000 m alternately appeared in the suburban areas. The estimates of HCAs and PCAs are
more in line with the actual medical supplies and demands. At the same time, it also has
certain significance for urban planners to understand the impact scope of medical facilities
and people’s travel scope. Further consideration can be given to the guidance of allocation
of the facilities in urban function-induced zones.

Spatial inequalities in the residents” accessibilities to the primary healthcare facilities
are demonstrated. (1) From the perspective of the spatial distribution, the accessibilities
in Fukuoka city were clustered. The accessibilities to clinics were highest in the central
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urban area, surrounded by some low accessibility areas all around. The accessibilities for
the population locations in suburban areas were commonly low and clustered, while the
interior of the cluster had some small patches composed of some higher accessibilities’
chomes. (2) In terms of medical quality, this work mainly considered the difference in
residents’” accessibility to different types of clinics. Fukuoka had the largest number of IM
clinics, which could be taken with full advantage to meet the needs of all regions. SG clinics
took the second in quantity and could provide services for 90% of the population locations.
Other kinds of clinics had different degrees of unsaturation in each district. By comparing
the number and proportion of population points that can receive the services of the specific
type of clinic, we can see whether the distribution of different types of clinics at this stage
can serve more residents to the greatest extent. Pediatrics was a positive representative,
covering relatively larger population areas with a small quantity. In addition, the quantity
of the medical services types available to different population locations was different.
About 24% of the population points had few types of medical services, although there
were a large number of clinics within the PCAs. There are too many same-type clinics
in these areas, which may lead to the possibility of inducing competition among clinics.
The accessibility of clinics in different departments has its own characteristics and obvious
differences. This can provide recommendations for the allocation of clinics that are accurate
to specific diagnosis and treatment departments. (3) For the population served, nearly 80%
of the settlements in Fukuoka city were facing the problem of population aging to varying
degrees. The accessibilities for high-demand areas to medical facilities were generally low,
especially in areas where the aging degree of the population aged 65-74 and over 75 both
exceeded the average level of the city. In addition, the accessibility of severely high-demand
areas was lower than that of slightly and generally high-demand areas. The phenomenon
of low accessibility in high-demand areas also reflected the inequity distribution of medical
resources. Overall, the results in Fukuoka confirmed the inequities that occurred not only
in the spatial distribution but also in the medical quality and high-demand population.
Measuring inequities of accessibility at different aspects is instrumental in reallocating the
healthcare resources and elaborating on medical facilities planning.
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