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Abstract: Whether the supplies of health services and related facilities meet the demand is a critical
issue when developing healthy cities. The importance of health services and related facilities in
public health promotion has been adequately proved. However, since the community population
and resource data are usually available at the scale of an administrative region; it is very difficult
to perform further fine-scaled spatial distribution equilibrium evaluation studies. Such kinds of
activities are highly expected for precise urban planning and management. Yichang is located in Hubei
province, the central part of China, along the Yangzi River. It is leading both of China’s smart cities
demonstration project and China’s healthy cities pilot project. Yichang has defined 1271 community
grids for urban management and service, where each grid consists of 200 households generally with
its population distribution data routinely updated. The research set the 15-min walking distances
of the residents as impedance factors, and the numbers and the types of health service resources as
attractiveness factors for accessibility evaluation. The resource ratio, richness and per capita number
of various health service resources that can be reached within 15 min from the community grid
building is used as spatial distribution equilibrium evaluation indicators. The entropy weight method
is used to assign the indicator weight value. The obtained fine-scale evaluation results were analyzed.
In this way, a community grid-scale spatial distribution equilibrium evaluation of health service
resources in Yichang was performed. The proposed research could be of value for rapid and precise
evaluation of spatial distribution equilibrium evaluation of a variety of healthy city resources, to
support healthy city planning and management.

Keywords: healthy cities; healthy urban planning; health service resource; pedestrian accessibility;
spatial distribution equilibrium

1. Introduction

A healthy city has been defined as “one that is continually creating and improving those physical
and social environments and expanding those community resources which enable people to mutually
support each other in performing all the functions of life and developing to their maximum potential” [1].
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The concept of healthy cities was first proposed by the World Health Organization, in 1984, to encourage
global government agencies, social institutions, and the public to cooperate in addressing urban health
and public health-related issues. Today, the healthy city project has expanded globally and has
become a promotional movement dedicated to improving health services, creating health support
environments, and helping individuals adopt healthier lifestyles [1,2].

Modern urban planning originated from the urge to improve municipal sanitary and public
health [3]. After municipal sanitary health and public health were developed, urban planning and
public health gradually developed into separate disciplines. Due to increasing demand for better urban
life quality, a healthier physical environment, and the increasingly severe impact of “urban disease”,
due to urban construction on public health, new interdisciplinary research between urban planning
and public health has been initiated [4]. Northridge has proposed a joint urban planning and public
health framework, as she believes that urban planning can improve the urban environment on multiple
levels and promote public health [5]. First launched in European cities, the healthy urban planning
initiative has been carried out for more than 30 years, emphasizing the importance of urban planning
tools in improving the quality of life and health conditions of urban and rural residents [6]. China set
up a healthy city pilot project in 1994, and after 25 years of exploration, its agenda has changed from
developing hygienic cities to developing healthy cities that emphasize the construction of complete
urban health systems [7]. The healthy city project of China has achieved rapid development in recent
years, and the concept of a healthy city has been integrated into China’s national development policies.
The Chinese government also released the Healthy China 2030 Plan in 2016, setting a number of
indicators for cities to conduct self-assessment. The indicators emphasize the importance of services,
such as physical fitness services, health care services, and elderly-care services to public health [8].
Besides, in 2019, the Ministry of Housing and Urban-Rural Development of China proposed a pilot
project of urban construction self-examination, in which, the importance of health-related services,
such as urban green space, community construction, community health care services, and elderly-care
services was emphasized.

Globally, many cities have constructed healthy cities and related service resources using urban
planning tools. Among them, cities with mature, healthy urban planning generally have implemented
health impact assessment (HIA) tools in urban construction projects [9,10]. For example, London
has urged planners to use the Healthy Urban Planning Checklist on their projects to minimize the
harmful impact on public health, and the Rapid Health Impact Assessment tool during the construction
for supervision [11]. Such tools emphasize that communities should be built with recreational open
spaces and health care facilities. Similarly, New York introduced the Active Design Guidelines [12],
and encourages planners to use them in planning projects to create urban environments that encourage
residents to carry out physical activities. The strategies related to health service resources mainly
include community parks, bicycle lanes, and fitness spaces in office buildings. Currently, China
mainly allocates relevant resources based on the Standard for Urban Residential Area Planning and
Design and the Standard for Urban Public Service Facilities Planning; however, due to the different
development level of each city, the above standards lack relevance and can only provide limited
guidance in China. Therefore, cities with a shortage of construction funds and a scattered population
often fail to meet construction standards. This is also the reason for the imbalanced levels of health
service resources in urban China. It is also necessary to carry out health service resource evaluation to
guide the construction of healthy cities. Although the importance of health-related service resources
is widely recognized, the evaluation is still only operated as part of the overall macro-evaluation of
healthy cities. Therefore, the setting of related indicators is relatively scattered and oversimplified.
At present, specialized and systematic evaluation methods and indicators for health-related service
resources are still scarce.

Recent research related to health service resource evaluation has mainly focused on the evaluation
of the spatial layout of public service facilities, and the results have been abundant. Theoretical and
empirical research on the evaluation of the spatial distribution of public service facilities can be traced
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back to the 1960s, suggesting that the spatial layout of public service facilities should be optimized to
ensure efficiency and fairness. This research includes Christaller’s central place theory and Weber’s
industrial location theory [13]. In the 1970s, during the quantitative revolution, research on the public
service facility layout began to combine theory with quantitative statistics. From the 1970s to the
1990s, issues, such as supply-demand balance, facility accessibility, and equality became the trend and
focus of public service facility layout research [14-16]. Since the 1990s, however, the development of
information technology has introduced big data and spatial analysis models into the spatial layout
research of public service facilities, and it has retained a dominant position [17,18].

Many scholars believe that accessibility is an effective means to evaluate the rationality of the
public service facility layout. Hansen was the first to propose the definition of accessibility, which is
the potential of opportunities for interaction [19]. Since then, the researches related to accessibility
have gradually received attention from urban planners and policy makers. Moreover, they have
become key researches in recent years. As a result, there has been a paradigm shift in approaches
to transportation planning: A shift from mobility to accessibility, and “people’s needs’ has become
the core of transportation planning rather than automobile [20,21]. Ingram defined accessibility as
the inherent characteristic of a place concerning overcoming some form of spatially operating source
of friction, including time and/or distance [22], while some believed that accessibility could also be
connected with perception. Generally, measures of accessibility include both an impedance factor and
an attractiveness factor [23]. Impedance factor reflects the time or cost arriving at a destination, while
attractiveness factor reflects the diversity of available destinations and travel options, the route quality
and also the trip experience (safety, comfort, convenience). When expressed in terms of attractiveness,
the accessibility is usually based on the number and type of facilities contained within a given distance
(in time or space) or in a given unit from the point of origin, with measures, including factors relevant
for travellers’ need and preference [24]. In some conditions, accessibility can be associated with terms,
such as “within walking distance” or “walkable”, and it is believed to be a measure of the quality
and operational effectiveness of a community [25]. Accessibility can be optimized with multi-modal
transportation and more compact, mixed-use, walkable communities, which reduces the distance
between destinations [26].

Accessibility can be measured based on the time, money, and generalized cost required to reach
opportunities [26]. In addition to the convenient access between two locations, the number of resources
or opportunities that individuals can reach a destination can affect accessibility [21,27]. Similarly,
Luo and Wang's research showed that the population at the origin point also impacts the level of
accessibility; that is, in the case of equal opportunities at the destination point, the more people at
the origin point, the fewer opportunities the individuals have [15]. In short, accessibility refers to
the difficulty of reaching the supply node from the demand node when using a specific transport
system. Its calculation is usually based on the travel cost between two nodes combined with the
service capabilities of the supply node and the population of the demand node. Kwan divided
accessibility into two categories: Personal and place accessibility [28]. He posited that the former
reflects an individual’s access to destinations and his quality of life, whereas the latter refers to the
ability of a destination to be “approached”. Geurs and Ritsema identified three basic perspectives
on measuring accessibility [29]: (1) Infrastructure-based, often used in transport and infrastructure
planning, including “level of congestion” and “travel speed”; (2) Activity-based, often seen in urban
planning and geographical studies, including contour measures, potential accessibility measures and
“space-time” accessibility measures; (3) Utility-based, came from economic studies, founded on the
benefit people gain from spatially distributed activities.

Concerning the measure of spatial accessibility, the most published methods include
provider-to-population ratio, distance to the nearest provider, the average distance to a set of providers,
and gravitational models of provider influence [15,30]. The provider-to-population ratio method is also
referred to as supply ratios. The larger the ratio, the better the accessibility is. It is more convenient and
efficient when evaluating the regional distribution differences between public service resources [31].
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The calculation results obtained by this method are intuitive and easy to understand, so it is often used
as a policy analysis tool. However, since this method assumes that people only use the services of the
administrative area in which they are located without considering spatial proximity, the calculation
results may differ from the actual situation. The distance to the nearest provider method assumes
that residents always choose the nearest public service facility. The closer the facility is, the better the
accessibility is. It is mainly used for the evaluation of emergency facilities [30]. The average distance to
a set of providers method is a combined measure of accessibility and availability; it sets the threshold
travel time for individuals and compares the number of resources that can be reached. The higher the
value, the better the accessibility is. The average distance to a set of providers method is important
for the measurement of public service accessibility. It takes into account both spatial distance and
resource distribution, which makes it suitable for the evaluation of non-emergency facilities. However,
it does not take into account distance attenuation effects, differences in service levels of providers, and
diversity of demand. Therefore, improved methods, such as the Gaussian two-step floating catchment
area mode, were proposed to make up for deficiencies [30,32]. Besides, the gravitational model of the
provider influence method is a combined measure of accessibility and availability. It can simulate
the potential interaction between any population node and all facility nodes within a distance, while
discounting the potential with increasing distance or travel impedance. The greater the potential,
the better the accessibility is. The methods based on this concept include the Huff Model [33,34]
and the Kernel Density Method [35]. The gravitational model of the provider influence method
simulates the general behavior of residents in choosing and using public service facilities, and can more
comprehensively measure the difficulty of residents in obtaining public services. It is also applicable to
the evaluation of non-emergency facilities. However, the method has a certain degree of abstraction,
and also, the friction coefficient that expresses the attenuation relationship between population and
providers is not easy to determine. In general, the provider-to-population ratio method is suitable
for measuring the accessibility of larger research units. Other methods are more advantageous for
studying the accessibility of smaller research units. Also, the average distance to a set of providers
method and the gravitational model of the provider influence method both involve complex models
with certain operational difficulties. In practical applications, it is not that the more complex the
method is, the better it is, but it is necessary to determine a suitable accessibility measurement method
according to the actual needs.

Besides, environmental characteristics, such as mixed land use, street connectivity and residential
density may affect the subjective experiences of travelers and their choice of travel modes, and
non-motorized travel may need different analytical measures compared to motorized travel [36],
which needed to be considered in accessibility evaluation. In the past few decades, many studies
have attempted to measure whether and how places (and their characteristics, forms, elements) are
conducive to walking. Cervero and Duncan used household activity data of San Francisco, combined
with built environment factor scores with control variables (such as steep terrains), to study the links
between urban environments and non-motorized travel [36]. Blecic et al. proposed a methodology and
a planning and design support tool named Walkability Explorer, to evaluate the pedestrian accessibility
of places that are related to people’s capabilities, taking into account the quality of urban space on
several attributes relevant for accessibility [37]. Due to income, age or physical condition, many people
are unable to drive or use vehicles. Hence, it is important to pay close attention to the accessibility of
non-motorized travel. Accessibility evaluation is often used to assist in the optimization and regulation
of facility layout and to explore the relationship between the accessibility of facilities and social
economic elements [38]. Recent research has mainly focused on how to promote the opportunities
and efficiency of residents using public service facilities and empirical research on facility accessibility
evaluation and layout optimization for the purpose of promoting resident quality of life. For example,
Agbenyo et al. evaluated the accessibility of health care facilities in rural areas of Ghana and found
that only a small number of residents had high-quality medical services [39]. Neutens et al. explored
methods for coordinating the opening hours of public service facilities with residents’ travel and
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activity patterns to improve accessibility levels and optimize facility layouts [40]. Similarly, GU et al.
studied methods of improving the accessibility of suburban parks by improving traffic networks so as
to allow more residents to enjoy parks [41].

The concept of accessibility was not introduced to China until the 1990s. In 1999, Yu et al.
presented that the accessibility of a landscape refers to the relative difficulty level from any point in the
space to the landscape, and the relevant indicators are distance, time, cost, etc., and proposed to use
landscape accessibility as an indicator to evaluate the service function of urban green space system to
citizens [42]. Li and Lu summarized the characteristics and methods of accessibility earlier, proposed
that from a micro perspective, personal travel behavior can also be influenced and constrained by
various factors, including social environments, cultural environments, income levels, and psychological
conditions and individual behaviors of different groups, etc. [43]. In the recent decade, accessibility
researches have drawn great attention in the field of urban planning in China. Many scholars had
taken Chinese cities as research objects to conduct accessibility evaluations. Song et al. utilized the new
gravity P-median model to conduct an empirical study for the spatial equilibrium layout of general
hospitals in Nanjing, demonstrated an approach to improve spatial equity and spatial efficiency of the
facilities [44]. Cheng et al. applied the KD2SFCA method with multiple threshold times to analyze the
spatial accessibility of high-level hospital in Shenzhen [45]. Shen et al. conducted the evaluation model
based on the cost resistance mode, evaluated the accessibility of urban park green space in Luancheng,
based on which proposed an urban park green space system planning layout plan and optimization
measures [46]. Wu and Tseng identified disparities in geographic accessibility in elderly community
care resource distribution of Taiwan, and proposed optimization strategies [47]. Accessibility research
has kept up with information technology development. In line with the development trend of spatial
big data in recent years, many map service providers have successively released their own big data
plans, including Baidu Map and Gaode Map in China. Among map data, the most significant to the
researchers is point-of-interest (POI) data. Urban researches supported by POI data are emerging.
Steiniger et al. evaluated the POI data from OpenStreetMap (OSM) and determined that it can be
used for urban accessibility evaluations [48], and later built an online platform that could evaluate a
neighborhood’s accessibility with POI data [49]. Peng et al. and Fang et al. utilized POI data to evaluate
the pedestrian accessibility of destinations in urban areas of China [50,51]. Yue et al. developed new
indices of mixed-use and neighborhood vibrancy to analyze their relationships by integrating mobile
phone data and POI data [52]. As previous research on urban facility resource has been limited by
traditional survey statistics, more emphasis has been placed on coarse-grained statistics at the district
or city scale, which does not meet the requirements of precise planning and management of modern
urban facilities. Spatial big data, such as POI provide more accurate data support, and with geographic
information system (GIS) tools, researchers can integrate government and social big data to further
evaluate resources accessibility from multiple dimensions. Since community population and resource
data are usually only available at the scale of the administrative region, it is very difficult to perform
further fine-scaled spatial distribution equilibrium evaluation studies. Such kinds of activities are
highly expected for precise urban planning and management.

In the previous studies, most of the methods are focusing on the evaluation of a certain type of
facilities, and only a few scholars have explored comprehensive evaluation methods for multiple types
of facilities. Tsou et al. created integrated equity indices for the analysis of the relative equity status
of facility distributions, and results of an empirical case in Rende city showed the characteristics of
spatial equity of urban public facilities both for disaggregated and aggregated levels [53]. Rahman and
Neema proposed an integrated index for measuring the spatial equity of 6 different types of public
facilities based on accessibility measurement [54]. Zhao et al. took Shenzhen city as an empirical case
and estimate the density distribution and per capita of public facilities through data mining, and then,
with the objective and subjective evaluation of 10 types of public facilities, eventually formatting the
comprehensive evaluation of public facilities [55]. The research objects defined herein are multiple
types of health service resources, including preventative facilities, therapeutic facilities, and elderly-care
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facilities, which involves both private and public service resources. Therefore, it is surely not sufficient
to meet demands if the method we employ can only evaluate a certain type of facilities. Thus, it is
necessary for us to integrate relevant accessibility indicators of multiple resources into a system
for evaluation through a comprehensive evaluation method, which is a kind of statistical analysis
method to determine the overall level and order of a specific phenomenon by making a highly abstract
synthesis on the quantitative manifestations. It normally includes four major steps: Evaluation purpose
identification, evaluation indicator system establishment, evaluation method and model selection
(including weight determination of indicators) and evaluation implementation [56,57]. The overall
level of the research objects can be grasped from complex phenomena through a comprehensive
evaluation. To the authors’ knowledge, most of activities and phenomena can be comprehensively
evaluated. At the macro level, there are evaluations for urban development [57,58] and health city
construction [59]; or from specific perspectives, there are evaluations for water resources [60] and
teaching performance [61]. The comprehensive evaluation method provides us with a scientific means
to correctly understand phenomena and develop scientific strategies. Currently, there are only a few
studies in the field about measuring the levels of multiple service resources through government
big data and social open data, while integrating accessibility evaluation method and comprehensive
evaluation method. Therefore, we used this concept as the starting point, and by providing the
approach and results for a health service resource evaluation, it can serve as a reference for the
construction of healthy cities.

Yichang joined the healthy city project in 2016 [62], and released a scheme for healthy city
development in 2018. Under the achievements of China’s smart cities and healthy cities construction,
the research demonstrated the feasibility of conducting rapid quantitative health city evaluation
research based on refined geographic information data. The fine-grained community grid data
obtained in this paper allowed us to simulate the resident distribution precisely, and reflected the
current demand situation. The street route data obtained through the social big data allowed us to
determine the impedance factors of the accessibility evaluation, while the POI data of health service
resources allowed us to determine the attractiveness factors. Based on the accessibility evaluation,
we established an evaluation indicator system for the spatial equilibrium comprehensive evaluation.
With the help of GIS tools and mathematical statistics tools, a comprehensive, fine-grained evaluation
results of the health service resource level was demonstrated. This research aimed to show an integrated
approach for precise rapid evaluation of the distribution of health service resources based on refined
geographic information spatial data, which can be of significance for the current quantitative healthy
cities research in China and other countries.

2. Definition of Health Service Resources

The importance of health services and related facilities in public health promotion has been
repeatedly emphasized by the Tsinghua-Lancet Commission on healthy cities in China [63]. Regarding
the definition of health service resources, Jiang posited that in a broad sense, “health service resources
is a general term for all resources that are conducive to better physical and mental health of people.
However, in a narrow sense, it mainly refers to medical and fitness resources, represented by facilities

”

and places that occupy certain spaces, and can, therefore, improve public health by providing an
environment, services, and experience [64]. Moreover, Wang et al. and Ding et al. proposed that the
community health service system should be based on the market orientation of consumer demand,
and should, thus, be a combination of physical fitness, health care, and elderly care for all community
residents [65,66].

The Health Resources & Service Administration (HRSA) aims to promote the health of residents
and eliminate existing health inequalities in the United States by providing highly accessible and
high-quality health service resources, professionally trained health care practitioners, and creative
health promotion programs [67]. The HRSA focuses on a series of public health programs that can help
protect and improve community health, including education, healthy lifestyle promotion, and health
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and injury prevention research [68]. Smiley et al.’s research proposed that places or environmental
elements in which health-related behavioral activities occur, including supermarkets, parks, and other
recreational places, can be considered health-related resources [69]. Moreover, high-connectivity streets,
high-accessibility living service facilities, and mixed-use lands are also closely related to health [69].
In a study by Pearce et al. on health inequalities in New Zealand neighborhoods, for example, leisure
recreation, shopping, education, and medical facilities were included in the health-related community
resource categories [70].

Although the definition of health service resources varies by location, the common philosophy
is that the main components of health service resources are facilities that promote healthy lifestyles
and maintain healthy conditions. Combined with the definition of the connotation of health service
facilities in the existing research, we defined and explored the connotation of health service resources
from the perspective of prior research.

Starting from the entity level of the built environment, we posited that health service resources are
various material elements directly or indirectly related to human health in the urban built environment
and that these resources have strong connotations. Good physical health is essential to well-being,
mental health, and human self-value. Therefore, resources directly related to physiological health
maintenance and promotion, as well as disease treatment, are the most important components of health
service resources. As high-intensity mixed-use lands arise from the development of urban space and
strong economy, health service resources for residents in the community include both public goods
provided by governments and private goods provided by markets. Therefore, when measuring the
health services level value, both public and private goods should be included. Out of consideration
for residents of different ages and health conditions, three types of resources were evaluated in this
research: Preventive, therapeutic, and elderly care (Figure 1).

Healthy city Health & well-being
- Young and
Residents Minor middle-aged Elderly
Demand at
different ages
and states Preventative Therapeutic Elderly-care
resources resources resources
Exercise Disease treatment Old age care

Urban planning

Resource allocation

for
preventing disease

Fitness exercise

for
restoring to health

for
Health maintenance

Health care Nursing care

Figure 1. Health service resources. (Source: Authors).

The preventive type mainly included parks, sports centers, fitness centers, and other recreational
resources; using this type of resource, residents can boost their immunity and avoid illness [71-73].
Therapeutic resources mainly included hospitals, clinics, pharmacies, and other convalescence resources,
in which residents with illnesses can restore their health through medical treatments. While the above
two types of resources are the most common among all age groups, the elderly-care type mainly
includes people of advanced age. As the population becomes increasingly aged, care and health
services provided by elderly-care resources, including nursing homes and senior community centers,
are of great significance to the health and quality of life of the elderly [74,75].
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3. Materials and Methods

3.1. Community Grid Data

Community population and resource data in traditional studies are usually at the scale of the
administrative regions, which may have shortcomings, such as coarse statistical granularity and
insufficient accuracy. Current research is gradually developed into a block scale. Compared with the
block scale, the community grid-scale data adopted in this research could simulate the community’s
supply-demand situation more accurately. The boundaries of the community grids are delineated
by the Yichang government, and the grids are usually divided by streets and internal roads of the
community. Each one of them includes dozens of adjacent buildings and is managed by a special grid
administrator whose job is to ensure the security of the community, document information on buildings,
households, and municipal facilities, and upload the final data to the Smart City Construction Office
for storage. According to need, government departments can submit applications for data use.

This paper was supported by the Smart City Construction Office, the Big Data Management Center,
and the Center for Disease Control and Prevention in Yichang. Using the grid management work
of Yichang, fine-grained data at the community grid-scale were obtained; the data mainly included
demographics and the longitude and latitude of residential buildings.

3.2. Health Service Resource and Road Network Data

In this research, POI data from the urban area of Yichang were obtained from the Baidu Map API
(http://Ibsyun.baidu.com/). A total of 3243 pieces of POI data related to the three types of health service
resources were retrieved and classified. We then condensed the data into three grades, including
three types of first-grade resources, six types of second-grade resources, and 15 types of third-grade
resources (Table 1). The road network data in the research were obtained from the Gaode Map API
(https://Ibs.amap.com).

Table 1. Health service resource categories and classifications in Yichang.

First Grade Second Grade Third Grade
Public parks
. Public fitness-exercise Public sports venues (including track and field venues, ball
Preventative . : :
resource stadiums, swimming venues, and school sports venues open to
resource :
the public)
. . . Private sports venues (including golf courses, ski resorts, fitness
Private fitness-exercise
clubs, and yoga clubs)
resource
Resort

Public hospitals (including general and specialized hospitals)

Public health care . .
Therapeutic ' Community health service centers
resource . e o . .
resource Public rehabilitation and prevention agencies
Private hospitals and clinics
Private health care Private rehabilitation and prevention agencies
resource Pharmacies
Physical therapy massage parlors
. Publi ing h
Public elderly care . ublic fuIsing 1omes
Elderly-care resoUrCe Home care service centers and activity rooms for the elderly

resource Universities and places of education for the elderly
Private elderly care

Private nursing homes
resource

According to grid management, the built area of Yichang was further divided into 1271 grids,
which were population aggregation areas with residential buildings and complete grid management
data. The grids were located in the Xiling, Wujiagang, Xiaoting, and Dianjun districts (Figure 2),
which contain about 791,800 residents, with a total area of approximately 218 square kilometers.
The population of elderly residents is 115,500. According to the data provided, the residential buildings
and residents were aggregated mainly in the Xiling and Wujiagang districts, whereas the Dianjun and
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Xiaoting districts were decentralized (Figures 3 and 4). We used the 1271 grids as research objects, and
the grids as the statistical units to carry out a comprehensive evaluation of health service resource levels.

]
I3
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\ A
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¢
Legend
Urban Area
[ xiling Distriet
Wujiagang District
Xiaoting District
[ Dianjun Distriet sive 6w &

Figure 2. Research area.

£
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Residential buildings
[ conmunity grids —
RS T

Figure 3. Grid division and distribution of residential buildings.
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Figure 4. Population density.
3.3. Methods

To carry out a comprehensive evaluation of spatial equilibrium level of health service resources, we
first need to evaluate the accessibility of health service resources. Although there are some drawbacks
to using the average distance to a set of providers method, we believe that from the perspective of
rapid evaluation, this method is easy-to-understand, scientific and objective, and is in line with the
research goal. Therefore, the average distance to a set of providers method is adopted in the research.

Secondly, based on the comprehensive evaluation method, we have established an evaluation
indicator system; the quantity ratio, the richness ratio, and the per capita number of health service
resources within a 15-min walking distance of the residential buildings were taken as the basic
indicators of the evaluation. Besides, the weight value of the indicators was obtained via the entropy
weight method. In this way, we finally obtained the evaluation values of the health service resource
level of each grid.

3.3.1. Fifteen-Minute Pedestrian Accessibility

Compared with motorized travel mode, walking is a kind of healthy lifestyles that are not
constrained by economic conditions and driving abilities of individuals. In the previous pedestrian
accessibility studies, residents” willingness and preference to walk were often investigated, and urban
features that make the space conducive to walking were identified. However, due to that these
elements were difficult to capture from available data and were less relevant to the starting point of the
rapid evaluation of resource distribution in the research, residents’” travel mode preferences were not
considered in the following analysis.

In the previous researches related to community activities, an area reachable by a 15-min walk
from home is defined as a neighborhood, and 1.6 km is considered as an average 15-min walking
distance [76,77]. Colabianchi et al. found that for female adolescents, an easy walking distance was
about 15-min on average, translating to 1184 m or approximately 0.75 miles; the distance of a 15 m
walk varies among adolescents of different ages and genders [78]. Japan government was the first
to propose the concept of a “community settlement area”, which refers to an area within a radius
of 1000-2000 m by a 15 m walking from a residential center, where residents can obtain their daily
needs [79]. The concept then developed as a “community life circle” and was introduced to China
in the early 1990s. In recent years, Beijing, Shanghai, Hangzhou, and other cities have built 15-min
community life circles; that is, an area within a 15-min walk hosting the basic public services and public
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activity spaces required to maintain a high quality of life. Shanghai government issued the “Shanghai
15-Minute Community Life Circle Planning Guidelines” in 2016, which defined a “community life
circle” as an area within a radius of 800-1000 m by a 15-min walking from a residential area [80]. In the
evaluation indicator system of Healthy China 2030 Plan, “15-min basic medical service circle” and
“15-min fitness circle” are set as evaluation indicators for healthy cities, which makes the concept of a
15-min community life circle widely accepted in China.

Generally, a 15-min walking distance is considered to be an appropriate community radius, but
the distance of a 15-min walk varies among people with different walking speeds. According to
Zhang’s walking speed research, which surveyed 1845 Chinese pedestrians between the ages of 20 to
89, the 25% upper limit value at a speed of 1.39 m/s was used as the criterion for high-low speed, and a
speed of less than 1.39 m/s was considered as a regular speed; in a disease diagnosis consensus by
Zhang et al. on sarcopenia in Asia, data from more than 6000 cases of the elderly walking speeds were
obtained, and the 25% upper limit value of speed was 1.2 m/s [81,82]. In our research, the two upper
limit values of speed were used as the walking speed standards for simulation. The preventative
and therapeutic type resources were shared by residents of all ages, so a 1.39 m/s walking speed was
adopted in the analysis, whereas the elderly-care type resource analysis adopted a 1.20 m/s walking
speed. GIS tools were used for simulation in this research.

This research focused on the accessibility of community grids, which is also known as personal
accessibility, as one of the key criteria for maintaining a healthy quality of life for residents living in
the community grids. Based on the space-time prism concept and the time geographical framework
used to analyze accessibility, as proposed by Miller [83], this research simulated the area and resources
that residents could reach when walking from the community grids’ residential buildings within a
certain time constraint (15 min). The average number of the resources that each building could reach
was taken into consideration in the evaluation of the community grids. After combining the average
number of resources with several indicators defined in this paper, we evaluated the health service
resource level of each grid.

3.3.2. Evaluation Indicators

In related research, the service capability and service radius of the resources have often been taken
into consideration for better accuracy. However, in this research, due to the fact that the resources
included not only public goods, but also private goods, we did not consider the influence of the service
capability and service radius on the accessibility evaluation as it was difficult to obtain the relevant
data and give it a unified description. The research set the 15-min walking distances of the all-aged
residents and the old-aged residents as impedance factors, and the numbers and the types of resources
as attractiveness factors for accessibility evaluation. In this way, a rapid quantitative evaluation
was carried out. Based on the POI data collected and the entropy weight method, we obtained the
level values of the three types of health service resources of each grid by calculating the third-grade
indicators (i.e., the quantity ratios, the richness ratios, the per capita numbers), and then added them
to obtain the values of the first-grade and second-grade indicators (Table 2).

In the table, quantity ratio refers to the ratio of the number of a resource in a grid to the total
number of resources in the research area. This indicator reflected the structural and quantitative
differences in the spatial distribution of the health service resources in Yichang. Richness ratio refers
to the ratio of the number of resource types to the total number of the types in the research area.
This indicator reflected the difference in freedom of choice in the resource type. Per capita number
refers to the ratio between the number of a certain kind of resource in a grid and the population of the
grid. This indicator reflected the actual reasonable degree of resource demand and supply.
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Table 2. Evaluation indicators of health service resources.

First-Grade Indicators Second-Grade Indicators Third-Grade Indicators

. Al: Value of public AllL: Q.u antity rat.lo (0/0)

A: Value of preventative type . . A12: Richness ratio (%)
fitness-exercise resource level .

resource level A13: Per-capita number

A21: Quantity ratio (%)

A22: Richness ratio (%)

A23: Per-capita number

) . B11: Quantity ratio (%)

B: Value of therapeutic type BI: Value of public B12: Richness ratio (%)
p yp health care resource level .

resource level B13: Per-capita number

B21: Quantity ratio (%)

B22: Richness ratio (%)

B23: Per-capita number

C11: Quantity ratio (%)

C12: Richness ratio (%)

C13: Per-capita number

C21: Quantity ratio (%)

C22: Richness ratio (%)

C23: Per-capita number

A2: Value of private
fitness-exercise resource level

B2: Value of private
health care resource level

C1: Value of public

C: Value of elderly care type elderly care resource level

resource level

C2: Value of private
elderly care resource level

3.3.3. Entropy Weight Method

One necessary step in a comprehensive evaluation method is to assign different weights to
indicators. The commonly used methods include the Delphi method, the analytic hierarchy process
(AHP), the entropy weight method and the fuzzy cluster analysis. The Delphi method a widely
used and accepted method for forecasting and aid in decision-making based on the opinions of
experts [84]. The AHP method is used to construct a complex system into an orderly hierarchical
structure represented by evaluation indicators based on its internal logic relations, and similarly,
experts’ wisdom and experience are further used to compare the importance of indicators to obtain
their weights [85]. Shannon was the first to introduce the entropy principle into the information theory
to evaluate the uncertainty of the discrete system [86]. The entropy weight method is based on the
entropy principle and can comprehensively consider the information entropy provided by various
factors to objectively estimate the relative weight of each indicator [56,84]. The fuzzy cluster analysis
can be adopted to make fuzzy classification on indicators and propose the weight and order of these
classifications according to the similarity between indicators in a set [56,84].

The Delphi method and the AHP method do not require objective sample data to determine
indicators’” weights. Instead, both methods rely on subjective opinions of experts. The entropy weight
method determines weight based on information characteristics of sample data, and it is more objective
than the Delphi method and the AHP method. However, this method is limited by data availability and
the lack of horizontal comparison between indicators in practical applications. The fuzzy clustering
analysis method is suitable for the classification of the importance of fuzzy indicators, especially when
there are multiple indicators at the same level. The disadvantage of the method is that it can only give
the weights of the indicator classifications, but not the weight of a single indicator. Therefore, when a
complete data sample is available for mathematical processing, the entropy method is a better choice.
Due to that the entropy weight method overcomes the randomness that cannot be avoided by the
subjective weighting method, while weakening the bad effect from abnormal values and presents more
accurate and reasonable evaluation results; hence, the entropy weight method is adopted for analysis.

In this research, the entropy weight method was achieved through the following steps:
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Step 1: First, construct a matrix comprising 18 third-grade indicators and data from 1271 grids
from each indicator. In order to eliminate the errors caused by different units or different numerical
ranges of the data, the original matrix data were standardized as follows:

Xij = Xjmin
Yij=5———5 )
jmax — 4} jmin
where the standardized value of the data in each indicator is Yj;, X;; is the original data, Xjm;n is the
minimum value in the column j, and Xmax is the maximum value in the column j.
Step 2: Calculate the information entropy of each indicator as follows:

E]' =—-In (Tl)_lz Pz] hlpi]‘, (2)
i=1

where E| is the information entropy of the indicator in the column j; n = 1271, which is the number of
n
the grid of data in each set of indicators; and p;; = Yi;/ }. Y;;. Moreover, if p;; = 0, it was defined as
i=1
lim p;iInp;; = 0.
Jimpy np
Step 3: Calculate the weight of each indicator through information entropy as follows:

W 1-E; 3
I = m—-%YE/
m- ) E;
where Wiis the weight of the indicator in the column j, and m = 18, which is the number of indicators.
Step 4: Finally, calculate the value of the 18 indicators as follows:

Fij = Z YiiWi, (4)

where Fijis the evaluation value of the indicator, Yijis the standardized matrix data, and Wijis the
weight of the indicator in column j.

The entropy weight method was used to obtain the third-grade indicator weights, and the
third-grade indicator values of each type were then accumulated to obtain the second-grade indicator
values. Subsequently, the second-grade indicator values were accumulated to obtain the first-grade
indicator values, and finally, we obtained the level values of the health service resources of each grid
by accumulating the first-grade indicator values. The specific calculation steps are shown in Figure 5.



Sustainability 2020, 12, 52 14 of 28

Walking speed POI of
ToRthe all-?ged preventive and
residents : therapeutic
1.38m/s resources
6:The average
accessible
1:Network
afalvat 3:Simulates o resources of eacr_1
d a 15-minute 4:Spatial join grid = the accessible
2:N walk from resources of all
INCW all buildings 5:Joint count buildings in each
service grid/the number of
area buildings in each
grid
Walking
speed for the POI of
old-aged elderly-care
residents resources
1.2m/s
(Spatial analysis)
: 8:Use the entropy
10:Accumulate $ i
fhesfitet pracs 9:Accumulate  weight method TIhe
indicato? values riesesand to get the weight gt
ST grade of the 18 third the 18 third
g : indicator rade indicators grade
comprehensive g , indicators i
value of health Iluss and accumulate the incicatorsn
service resource gt Hlefirst weighted value Sy
of each arid grade and get the were
9 indicator second grade calculated
value of each indicator value of
grid each grid

( Data analysis)

Figure 5. Evaluation process (Source: Authors).

4. Results and Discussion
4.1. Comprehensive Evaluation

4.1.1. Weight Calculation Results

First, the weight values of 18 third-grade indicators were obtained by using the entropy method
(Table 3). In order to reveal the differences in the weight of the indicators at each grade, we converted
the weight of the indicators by calculating the ratio of the weight value of each indicator to the sum of
the weight value of its corresponding grade and type (Table 4).

Table 3. Calculation results of third-grade indicator weight.

Resource Type Third-Grade Indicator Weight

Quantity ratio (0.025), Richness ratio (0.008),
Per-capita number (0.106)
Quantity ratio (0.024), Richness ratio (0.006),
Per-capita number (0.103)
Quantity ratio (0.016), Richness ratio (0.005),
Per-capita number (0.101)

Public fitness-exercise

Private fitness-exercise

Public health care
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Table 3. Cont.

Resource Type Third-Grade Indicator Weight

Quantity ratio (0.017), Richness ratio (0.002),
Per-capita number (0.092)
Quantity ratio (0.056), Richness ratio (0.035),
Per-capita number (0.110)
Quantity ratio (0.088), Richness ratio (0.069),
Per-capita number (0.138)

Private health care
Public elderly care

Private elderly care

Table 4. Calculation results of health service resource evaluation indicator weights.

First-Grade Indicator Weight Second-Grade Indicator Weight Third Grade-Indicator Weight

Preventative-type resources Public fitness-exercise (0.512) Quantity ratio (0f179)' Richness ratio (0.059),
(0.271) o Per-ca(%1§% (I)‘l)ug‘lbﬁr (0.762) 0046)
. . . uantity ratio (0. , Richness ratio (0. ,

Private fitness-exercise (0.488) Per-capita number (0.774)
Therapeutic-type resources Public health care (0.523) Quantity ratio (0.' 129), lec)hness ratio (0.044),
(0.232) o Per—ca(}()]l’;z; (gl)urg }elr (0.827) 002)
. uantity ratio (0. , Richness ratio (0. ,

Private health care (0.477) Per-capita number (0.827)
Elderly care-type resources Public elderly care (0.407) Quantity ratio (03280)’ Richness ratio (0.175),

(0.496) Per-capita number (0.546)

Quantity ratio (0.298), Richness ratio (0.233),

Private elderly care (0.593) Per-capita number (0.468)

4.1.2. Evaluation Results

According to the first-grade indicator values of the preventive resources, the therapeutic resources,
and the elderly care resources that were accumulated, we obtained the total value of health service
resources in each community grid (Tables 5 and 6 and Figure 6). The total value of health service
resources mostly fell in the range of 0.0000-0.2000. Due to the small recorded population in some grids,
and the high weight value of their per-capita number indicators, these grids had a significantly higher
value for health service resources.

Table 5. Evaluation results of health service resources (partial).

Comprehensive Value of Value of Value of Elderl
Grid ID Value of Health Preventative Therapeutic y
. Care Resources
Service Resources Resources Resources

1 0.023697 0.013890 0.009807 0.000000
2 0.041664 0.024228 0.017436 0.000000
3 0.061833 0.021031 0.014066 0.026736
4 0.061027 0.011336 0.010208 0.039483
5 0.109773 0.021483 0.012254 0.076035
6 0.073652 0.019147 0.014701 0.039803
7 0.175674 0.020267 0.010910 0.144497
8 0.023697 0.013890 0.009807 0.000000

Table 6. Basic information on grids A, B, and C and their 15-min resource availability.

Type and Number . Type and Number
Grid  Population ElderI‘y ygf Preventive Type and Number of Therapeutic )(;}f’ Elderly Care
Population R Resources R
esources esources
Public hospitals (5)

Public sports Private hospitals and clinics (14) Private nursing

venues (2) Pharmacies (21) homes (1)
A 16 3 Public parks (4) Community health service centers (1) Homecare and
Private sports Physical therapy and massage parlors (16) elderly activity

venues (24) Public rehabilitation and prevention centers (1)

agencies (2)
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Table 6. Cont.

Type and Number . Type and Number
Grid  Population Elderly of Preventive Type and Number of Therapeutic of Elderly Care
Population Resources
Resources Resources
Private hospitals zfmd clinics (11) Public nursing
Private sports Pharmacies (8) homes (1)
B 1134 50 P Community health service centers (3) . g
venue (5) . Private nursing
Physical therapy massage parlors (3) homes (1)
Public hospitals (2)
. . Homecare and
C 492 192 - Public hosl;.ntals @ elderly activity
Pharmacies (1)
centers (3)
Legend j
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Figure 6. The evaluation result of health service resources. (a) Value range; (b) Spatial distribution.

Community grid health service resource values were significantly different (Figure 6). The mean
value for the Xiling district was the highest (0.0764); that of the Wujiagang district was the second
highest (0.0666), and those of the Xiaoting and Dianjun districts were below the middle level; the mean
values were 0.0236 and 0.0262, respectively. The difference in evaluation results reflected the uneven
distribution of health service resources in Yichang. Although the Xiling district and Wujiagang district,
which were located in the central area of the city, had a higher population density, the health service
resources abundant in quantity and variety within 15-min of walking allowed the residents to enjoy the
most superior health services in Yichang. Meanwhile, residents in Xiaoting district and Dianjun district
were unable to enjoy the same level of health service resources, due to lack of resources. The results of
the evaluation urged the government to take necessary measures to improve health services.

4.2. Evaluation Results of the Three Types of Resources

Preventative resource values were more similar (Figure 7). Except for a small number of grids
with small populations that exhibited higher values, the values of most grids were in the range of
0.0000-0.0300. The Xiling district, with a mean value of 0.0184, had higher-value grids, meaning that
residents in Xiling district could enjoy more high-level preventive health services than residents in
other areas. The Wujiagang and Dianjun districts had a small number of grid values at medium to
high levels, with mean values of 0.0143 and 0.0154, respectively. The preventive-type resources of the
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Xiaoting district were at the lowest level (0.0083). The poor condition of preventive health services in
Xiaoting district needed to be taken seriously by the policymakers, and necessary means should be
taken for resources supplement and services improvement.

N
Legend A
] Value of preventative resource
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e Yl
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Figure 7. Evaluation result of preventative resources. (a) Value range; (b) Spatial distribution.

Therapeutic resource values were also more similar (Figure 8). Except for a small number of
grids with small populations that exhibited higher values, most of the grid values were in the range
of 0.0000-0.3000. The Xiling district had more high-value grids than the others and had the highest
mean value of 0.0132, meaning that residents in Xiling district had the most advantageous access to
therapeutic resources; the Wujiagang and Dianjun districts both had a small number of high-value
grids; they had the mean values of 0.0116 and 0.0109, respectively. Moreover, the therapeutic resources
of the Xiaoting district were at the lowest level, with a mean value of 0.0061. The results showed
that the therapeutic resources available to residents living in Xiaoting district were very limited,
and the policy makers needed to pay more attention and have a further investigation for making the
optimization plans.

Among the three types of resources, the elderly care resource values were the most different
(Figure 9). Except for a small number of grids with a small number of populations that had higher
values, most of the grids in blue were in an extremely lacking state, so the values were zeroes.
The remaining grid values were mostly in the range of 0.0200-0.1500. The Xilin district had the highest
mean value (0.0450); the Wujiagang district had the second-highest value (0.0407), and the grids of the
Xiaoting and Dianjun districts were lacked in elderly care resources, so had mean values of 0.0092 and
0.0000, respectively. The evaluation results of the elderly care resources among the districts were quite
different. Except for the residents of Xiling district and Wujiagang district, who can enjoy better elderly
care service resources, there were almost no service facilities available for the elderly in Xiaoting district
and Dianjun district. The serious imbalance issue needed to be taken care of as soon as possible.
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Figure 8. The evaluation result of therapeutic resources. (a) Value range; (b) Spatial distribution.
N
Legend A
Value of elderly-care resource
0.3000 I 0. 000000
B 0. 000001 - 0, 025000
. o I o.025001 - 0050000

0.050001 - 0, 075000

0.2500 F) 0.075001 - 0. 100000
I 0. 100001 - 0. 125000
® N I . 125001 - 0. 150000

I o 150000

0.2000 X -

Value of elderly-care type resources

0.1500

0.1000

0.0500

0.0000 —0.0000

1 200 400 600 800 1000 12001271 Grid ID
g ‘ £,
%, " %%,
0‘3) ?9/(’7
Q 0 175 35 7 105 14
- — — KM
(a) (b)

Figure 9. The evaluation result of elderly-care resources. (a) Value range; (b) Spatial distribution.

4.3. Case Analysis

We selected three grids with significant value differences for comparative analysis (Table 6).
The values of the three health service resource levels were 0.718745, 0.118223, and 0.020898, respectively.
Grid A had the highest value, and it was located in the Xiling district. Residents shared a wide
variety of health service resources within a 15-min walk (Figure 10a), and there were many choices
for residents. The number of resources was high, and there were only 16 residents, according to
the data provided. Therefore, the per-capita value was large, resulting in a significantly higher final
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value. In comparison, grid A had sufficient allocation of public health service resources, so it attracted
commercial elements that could gather and enrich the types of resources.
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Figure 10. Fifteen-minute resource availability. (a) Grid A; (b) Grid B; (c) Grid C.

Grid B was located in the Wujiagang district, and its proximity to the district-level commercial
center granted it sufficient public service facilities and attracted commercial elements (Figure 10b).
However, compared with grid A, there were fewer health service resources and types of resources that
residents could use within a 15-min walk. Meanwhile, grid B had the largest population. Therefore,
resource demand exceeded supply, and per-capita resource evaluation value was extremely low,
which resulted in the relatively low final value.

Grid C was located near the new industrial park in the northwest of the Xiling district. The number
and types of health service resources were scarce compared with the other two grids (Figure 10c),
and the large population lead to very few per-capita resources. Since it took more than 15-min to walk
from the grid buildings to the district-level center, and the area was still under development, it was
less attractive to commercial resources; thus, the allocation of health service resources was still lacking.

4.4. Analysis of Influencing Factors and Forming Mechanisms

4.4.1. Geographical and Historical Factors

Natural geographical conditions are the basic conditions for the formation of the spatial pattern of
health service resources in Yichang. The topography of Yichang is complex, with only a few plains,
whereas the height of the terrain varies greatly. The current urban construction is concentrated in
the plains area at the boundary of the middle and upper reaches of the Yangtze River, presenting
the characteristics of a banded cluster. Following the founding of modern China, the earliest land
construction area in Yichang was the present-day Xiling, Wujiagang, and Dianjun districts. Continued
industrial construction and supporting residential investment during the planned economy period
made it a relatively mature area for the development of health service resources. Thus, the basic
skeleton of the current spatial pattern of health service resources in Yichang was formed. Although the
Xiaoting district was established in 1995, its regional development, population, and related supporting
resources are still in the stage of construction and development, so the comprehensive value of health
service resources was at a low level in our research.
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4.4.2. Policy Factor

At present, most cities in China, including Yichang, are limited by the scale of economic
development. Lands for private goods and public goods are in accordance with the Standard for
Urban Residential Area Planning and Design, the Standard for Urban Public Service Facilities Planning,
and other normative documents, which have provisions on facility configuration for the 1000-person
indicator and the service radius. Therefore, the Xiling and Wujiagang districts, where the population is
concentrated, have become the core area for the distribution of health service resources. The remoteness
of the residential buildings in the Xiaoting and Dianjun districts are due to low population density and
dispersed residential buildings, which have made it difficult to meet configuration standards and have
resulted in incomplete service resource coverage.

4.4.3. Economic Agglomeration Factor

The foundation of productivity layout drives the strategic positioning of spatial development
in different regions of the city and establishes the spatial distribution characteristics of differentiated
health service resources. As a gathering place of economic elements, the Xiling and Wujiagang districts
are densely populated and have high consumption power, attracting a continuous inflow of labor
and capital; thus, they have become the core gathering areas for various commercial health service
resources. In comparison, the economic structure of the Dianjun and Xiaoting districts is relatively
simple, consisting of a large number of tertiary industries and a small number of primary industries.
Their lower population density, lower concentration of commercial elements, and lower regional
development level compared to the Xiling and Wujiagang district also affected the level of health
service resources in our research.

4.5. The Innovation of the Research

Compared with several known comprehensive evaluation methods for multiple types of facilities
(Table 7), the research has the following innovations.

(1) The innovation of a comprehensive evaluation method for multiple types of facilities. Most of
the existing researches focus on the improvement of the evaluation method of a certain type of
facilities, but the comprehensive evaluation for multiple types of facilities remains scarce. Such
kind of method innovation is expected. In the above table, we compared our research with other
evaluation research for multiple types of facilities, and proposed that the innovation of the research
method lies in: (a) It is an easy-to-operate and easy-to-understand method for rapid evaluation
of multiple types of facilities; (b) It is an integration of an accessibility evaluation method (the
average distance to a set of providers method) and a comprehensive evaluation method.

(2) Application of fine-grained data in the evaluation of multiple types of facilities. Community
population and resource data are usually only available at the scale of the administrative region,
it is very difficult to perform further fine-scaled spatial distribution equilibrium evaluation
studies. Such kinds of activities are highly expected for precise urban planning and management.
The grid-scale data of Yichang is more refined than traditional statistical data that are at the scale
of the administrative regions, which have overcome the shortcomings such as coarse statistical
granularity and insufficient accuracy. The significance of the fine-grained data in our empirical
research includes: (a) Accurately simulates the distribution of population and the availability of
facilities, and the calculated results of supply and demand are more in line with actual conditions;
(b) POI data enables private facilities to be included in the evaluation, which has greatly enriched
the content of health service resource evaluations.

(3) Redefinition of health service resources. The importance of health-related service resources
for public health has been recognized; however, there is no unified definition of health service
resources, and some existing related definitions lack systemicity. Therefore, from the perspective of
a healthy city, the research takes the demand of people of different ages and different physiological
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states into consideration, and then redefines and reclassifies health service resources. It has some
significance for healthy city policymakers (this part has been removed from the introduction, and
emphasized as a section).

4.6. Limitation and Future Outlook of the Research

Limited by the available data and the starting point for rapid evaluation, the residents” willingness
and preference to walk were not considered in the spatial analysis. Therefore, the demands for health
service resources were decided by the population size and distribution, which might be different from
the actual demands. Moreover, due to the different types of resources selected, it was difficult to obtain
information, such as facility size and service radius, and it has not been able to describe it uniformly.
Although the above factors were not included in the accessibility evaluation of the research, they were
important for the systematic and comprehensive evaluation of health service resource distribution.
Besides, in the research, a 15-min walking distance is used as a single impedance for accessibility
evaluation. Whether or not other impedance elements should be considered in the research is a
direction worth discussing and further exploring in the future. Furthermore, the methods adopted
in this paper are mainly based on objective data for calculation analysis and evaluation. Therefore,
sample data integrity requirements are relatively high for empirical studies.

With the development of smart city construction and the enhancement of data support, in the
future, we might be able to adjust and improve the analysis process according to the expanding needs
and carry out a more comprehensive and systematic evaluation. For example, with processed resident
demand survey data, pedestrian perspective data, land use data, and environment characteristic data,
we might be able to optimize impedance and attractiveness factors; with experts and public opinions
collected, we might be able to adjust evaluation indicators. Hence, a more comprehensive health
service resource evaluation indicator system might be created. The evaluation method might also
provide a reference for horizontally comparing the level of health service resources between cities.



Sustainability 2020, 12, 52

Table 7. Comparison among researches related to the evaluation of multiple types of facilities.

22 of 28
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Comprehensive Evaluation of
Multiple Types of Facilities

Introduction to Research Methods

Empirical Case Study
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Shortcomings
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method The}:]uantit ratio, the city (including public and mel N ; i;mpre ensive (1) Sample data integrity requirements

richness. ratio, and th}; er C,a ita private services) Gva vation met s are relatively high in

, P p (2) Data source: Fine-grained (3) At the community grid level, empirical studies:

number of health service resources lv simulate th ibili P /

Our research within a 15-min walking distance of the government community grid data accurflt‘e' y simuiate e accessivi 1ty () Inlack of subjective evaluation
‘dential buildi & « h (population), of facilities, and the calculated results content in the

residential buildings were taken as the S o _ of supply and demand conditions are hensi Juati

basic indicators of the evaluation, and Social big data (facilities). It is more in line with actual conditions; comprehensive evaluation.

the "_Veight_value of the indic.ators was esfimated that each community (4) Private services are considered in the

obtaﬁnzd via the entropy weight grid has about 200 households. evaluation as well;

method. (5) Adopts an objective weight

P ) &
determination method: Entropy
weight method.
(1)  The role of facility accessibility

The research created integrated equity (1)  Research object: Twelve typesof (1)  Creates integrated equity indices for evaluation is weakened

indices for the analysis of the relative public service facilities in Rende the analysis gf the r?lat.ive equity and abstracted;
An accessibility-based equity status of facility distributions. (2) Data source: Survey data (facility status; 'combmes gb]ect1ve and (2) InV(')lv.ing complex forn'nulas and
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facilities [53] perspectives of spatial separation, (3)  Scale: Coarse-grained. It is measure equity, and considers the (3)  Itis necessary to obtain facility

public service radius, facility preference
(subjective evaluation survey).

estimated that each town has
about 1000 households.

preferences of facilities through
subjective survey evaluation.

preference data in combination with
questionnaire surveys, and the
workload is large.
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facilities is developed in the research. (1) Research object: Six types of (1) Creates 1n’Fegrated equity indices for evaluation is weakened

The public service spatifal equity level is public service facilities the %malyms of the relative and abstracted;

calculated comprehensively from the in Bangladesh equity status; (2)  Involving complex formulas and
A GIS-Based Integrated perspectives of the number of facilities, (2)  Data source: Unspecified combines objective and statistical methods, which are
Approach to Measure the the scale of facilities, the nearest (3)  Scale: Coarse-grained, subjective evaluation; difficult to calculate and understand;
Spatial Equity of Commur}ﬁy distance from the community center to sub-district level data (population  (2)  Uses AHP analysis to determine the ~ (3) ~ Coarse-grained data is used in
Facilities of Bangladesh [54] ?V?hbtl_e fac111tllesi,[.faC;htygr:}zlferencesu and facilities). It is estimated that weight of different facilities; empirical research; therefore, the final

subjective evaluation), and the overa each sub-district has tens of ( : ; ity i results are displayed at the national
. 5 3) The differences in facility size played at the nationa

pattern of spatial connectlons,' and also, thousands of households. are considered. Y level, and the reference value for

the research uses AHP analysis to policymakers is to be discussed.

determine facility weights.

1) Reseflrch ol?ject: Ten types of

The research creates an evaluation }S)Ebhchserw.ce facilities in (1)  The role of facility accessibility

method combining subjective and enzhen city ) evaluation is weakened

objective evaluations. First, performsa  (2) Data so;rie: Cogrls te;grglr:ed (1) Provide a comprehensive evaluation and abstracted;

‘ecti i i census data, social big data S . . . o
Evaluating urban public sub]e:tlve e'valua’gi)n C:f tht? onhng (facilities) & method combining objective and (2)  Itis necessary to obtain facility
e questionnaire on the attention an i subjective evaluation; reference data in combination with

facilities of Shenzhen by isfacti £ bubli ice faciliti (3)  Scale: Coarse-grained p
application of open source satisfaction of public service facilities, Jistrict lovel & Lation data: (2)  In the evaluation, the Delphi method questionnaire surveys, and the
data [55] combg}ed Wlth_ an objective evaluation istrict-leve }laoPu a;on aa d was used to consider the weight of workload is large.

of facility density and the number of average population data on a gri different facilities. (3)  Grid-scale population is calculated

facilities per capita, and also, using
Delphi method to determine weights of
different facilities.

scale of 1 * 1 km was obtained

through mathematical processing.

It is estimated that each grid has
several thousand households.

data rather than actual statistical data,
which may lead to inaccurate results.
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5. Conclusions

We used social big data to obtain the POI data of the resources. With the help of GIS tools and
mathematical statistics tools, a comprehensive, fine-grained evaluation of the health service resources
level was made. It showed the development of the integration of government data and social big data
in the field of healthy city research. It can be of reference value for the evaluation of urban health
levels and the formulation of healthy city development policy. Besides, the resource evaluation of
both public goods and private goods was a breakthrough that further enriches the connotation of
health service resources and can be used to achieve more scientific and systematic measurements of
health service resource levels. Moreover, the evaluation results of the health service resources can
be used by city planning departments in formulating regional development and facility designation
policies. The lower resource level areas should have the priority in allocating new public facilities, and
should also be supplemented by commercial resources that may be attracted by local infrastructure
and employment.

This research aimed to show an approach for precise rapid evaluation of the distribution of health
service resources based on refined geographic information spatial data, which can be of significance for
the current quantitative healthy cities research in China and other countries. Future related research
should consider deepening the connotation of health service resources, scientifically formulating
resource evaluation indicators, and improving accessibility evaluation methods. These are also the
directions we will make efforts in future.
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