
Abstract
Considering the United Nations’ Sustainable Development

Goals (SDGs) and the need for a balanced spatial distribution of
urban medical resources capable of perspective of hierarchical
diagnosis and treatment, i.e. providing continuous and accessible
medical services during potential public health emergencies, we
assessed accessibility and service capacity of the three hospital
levels in Beijing. Using geographical information systems (GIS)
and the two-step floating catchment area method with the street as
research unit, we found that there is an over-supply of medical
resources in the centre of the city with weaker support in the

peripheral areas as manifested by less supply in relation to popular
demand of medical services. The spatial distribution of hospitals
at all levels and their resources was found to be uneven: 82.4% of
the residents can reach a tertiary hospital (a hospital offering
advanced specialized medical and health services to multiple
regions) within a 15-minute drive; 50.6% can reach a secondary
hospital (a hospital offering comprehensive medical and health
services to various communities) within a 10-minute drive; and
77.6% can reach a primary hospital (a hospital directly delivering
prevention, medical treatment, healthcare, and rehabilitation ser-
vices to the community of a certain population) within a 15-
minute walk. It was noted that the supply/demand balance of med-
ical resources in the tertiary hospitals decreases from the centre to
the periphery, while the secondary hospitals show a dual-centre
pattern and the primary hospitals a more uneven distribution, with
oversupply in the East and the opposite in the Centre. The results
of the study provide supplementary decision support for improv-
ing the hierarchical diagnosis and treatment system and accelerate
the overall deployment of medical resources.

Introduction
The allocation and layout of urban medical resources are

important components urban, public service facilities and their
spatial distribution is related to citizen health and social equity
(Liang & Yang, 2021). In 2015, the United Nations proposed 17
Sustainable Development Goals (SDGs) with 169 targets to
achieve global sustainable development by 2030
(https://sdgs.un.org/goals). Among the 13 targets of SDG 3.8 the
need to achieve universal health coverage is emphasized. This
requires allocation of medical resources to be fully covered and
balanced with respect to supply and demand. As a consequence,
the assessment and monitoring of the implementation of SDG 3.8
is a regional, necessary task for the implementation of the 2030
SDG Agenda, and an inherent requirement for regional sustainable
development.

Epidemics or pandemics, such as influenza A/H1N1, COVID-
19, have caused serious loss of health and sustainable develop-
ment. Outbreaks of infectious diseases pose a serious challenge to
the health system and society as a whole as they can disrupt the
delivery of essential health services, e.g., China, the world’s most
populous country, experienced an difficult impact due to the re-
emergence of COVID-19 in December 2022. To cope with such
situations, hospitals need to adopt effective strategies to manage
the supply/demand ratio of resources to effectively prevent con-
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gestion and assure that continuous and accessible medical services
are provided (Yip et al., 2020). Beijing Municipality has long been
striving to promote a balanced distribution of high-quality medical
resources, with coverage of basic resources as evidenced in its
“14th Five-Year Plan” for 2021-2025. 

With regard to health, spatial accessibility reflects the degree of
convenience in finding medical care. It is an important research per-
spective used to evaluate the rationality of the spatial allocation of
public service facilities, as well as an important indicator to mea-
sure whether the result is balanced (Liu et al., 2007). For example,
in the United States (US) Bennet et al. (1981) conducted a study to
predict the location and number of medical facilities based on the
population distribution of Lansing, Michigan, while Luo and Wang
(2003) evaluated the spatial accessibility of public medical
resources in Chicago area by using the two-step floating catchment
area (2SFCA) method, originally proposed by Radke and Mu
(2000) and further improved by Luo and Wang (2003). McGrail and
Humphreys (2009) improved this approach by introducing a dis-
tance decay function and variable effective service radii. Based on
the traditional nuclear density analysis method, Schuurman et al.
(2010) introduced the gravity model to improve the accessibility of
medical institutions in Nova Scotia, Canada. Wang and Tang (2013)
studied the employment situation and accessibility value of primary
hospitals in the US State of Ohio, from the perspective of the sup-
ply/demand balance, and compared the differences in their distribu-
tion between downtown and suburban areas.

In addition to accessibility, scholars also reflect on the balance
and equity of medical resources through other methods and per-
spectives. For example, Ruiz et al. (2013) used the concentration
index to evaluate the equity of the Colombian healthcare system in
terms of four dimensions: population health status, quality of
health services, health service utilization and health care expendi-
tures. Horev et al. (2004) used the Gini coefficient to study the dis-
tribution of health care resources in the US by combining various
influencing factors, such as the number of physicians, the number
of beds per capita, geographic location, and income disparity.
Aftser the concept of accessibility was proposed, Wang (2006)
studied the accessibility of various residential areas to medical
facilities in Shanghai through the nearest proximity method based
on population data. Cheng and Lian (2018a) used the hospital
grade scale factor and population scale factor to study the spatial
distribution of hospitals in Shanghai’s Yangpu District, while Li et
al. (2018) included hospital quality level, number of physicians
and number of beds in an evaluation system exploring the balance
of medical resource allocation in Xiangtan from the perspective of
the hospital competition effect. Zhao et al. (2018) used spatial
analysis and statistical analysis to construct the minimum travel
time and spatial accessibility index to evaluate the spatial differen-
tiation characteristics of the accessibility of medical facilities in
Beijing. In 2017, taking the street as the basic unit and considering
ground and rail transit as two travel modes, Meng and Zhang
(2017) used the 2SFCA method to analyze the accessibility and
spatial characteristics of secondary and tertiary hospitals in
Beijing. Our investigation planned to analyze the current supply
and demand situation of medical resources in the central urban area
of Beijing from the perspectives of hospital spatial distribution pat-
tern and their service capacity, i.e. resource allocation. We used the
street scale as evaluation unit to grade the access to care and fur-
ther investigate the supply/demand balance by taking into account
the population size and number of hospital beds, which helps opti-
mize the layout and allocation of medical resources.

Materials and Methods
The 2SFCA method and geographical information systems

(GIS) assist service area analysis, which refers to the determination
of the coverage range of a facility based on the distance or time
required to reach its location. By analysing the population covered
by each service area, the service capacity of the facility was deter-
mined under different travel demands. This approach was used to
conduct an assessment of the spatial layout, accessibility and ser-
vice capacity of three levels of hospitals in Beijing: i) The tertiary
hospital operates at the provincial or national level. It provides
advanced specialized medical and health services to multiple
regions while also conducts higher education and scientific
research; ii) The secondary hospital operates at the district level. It
provides comprehensive health services and is able to conduct
research on a regional basis; iii) The primary hospital is the most
common and operates at the township level. It directly provides
minimal health care and rehabilitation service to a specific popula-
tion within the community.

Study area
Six central urban districts in Beijing, namely Dongcheng,

Xicheng, Haidian, Chaoyang, Fengtai and Shijingshan, were taken
as study area. These districts cover about 1,381 km2, include 133
streets and have a resident population of 10,989,000 according to
the latest census. The distribution of hospitals at all levels in this
area is shown in Figure 1.

Data source and pre-processing
We used basic geographic information data for 2020 including:

i) road network data from Open Street Map (OSM)
(https://www.openstreetmap.org); ii) administrative districts and
streets data from National Center for Basic Geographic
Information; iii) hospital data (names, coordinates, categories and
other information) from the Gaode Map platform (https://lbs.amap.
com/api/webservice/summary/) based on the Compendium of
Statistics on Health Work in Beijing and data from the Beijing
Health and Health Big Data and Policy Research Center
(http://www.phic.org.cn/), there are 102 tertiary hospitals (44 of
which being Grade-A) (the highest level of hospital in China’s
healthcare system), 107 secondary and 767 primary ones - 976

                   Article

Figure 1. Overview of the study area. The upper right of the study
area is Capital Airport Street, which is under Chaoyang District.
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hospitals in all; and iv) population distribution data (from
Worldpop, a 100-m2 raster-based population dataset) covering
Beijing. The above data were transformed by the projection coor-
dinate system WGS_1984_UTM_Zone_50N before use. The
topology of the road network data was checked to ensure integrity
and accuracy. 

Population data
Our work was based on the following data for the year 2020:

i) the resident population (from the Bulletin of the Seventh
National Population Census of Beijing, no. 2; ii) the number of
physicians (from the Compendium of statistics on health work in
Beijing); iii) the number of hospital beds (through data crawling on
39 medical and biological information websites, such as
Health.com, Clove Garden etc.). All information was geo-aligned
and linked in Excel tables with geospatial data such as hospital
administrative borders and surrounding streets.

Research design
To investigate the supply/demand balance and overall distribu-

tion characteristics of the three levels of hospitals in the study area,
we used the street scale as unit utilizing 2SFCA and service area
analysis to evaluate the spatial distribution, accessibility and service
capacity. The overall technical flow chart is shown in Figure 2.
Nuclear density analysis and service area analysis were used to
study the spatial layout, service scope and hospital capacity. Then,
the 2SFCA method was applied to reveal the supply/demand bal-
ance for each street with respect to accessibility of medical
resources. Finally, the global and local Moran indices were used to
obtain the spatial differentiation characteristics of this accessibility.

Kernel density analysis
Kernel density analysis is a method of non-parametric estima-

tion of spatial point patterns based on density, with values varying
with distance from the central point. This method takes into
account that the service provided by medical facilities declines
with distance, which reflects the length of travel for medical treat-
ment (Yu & Ai, 2015). We used this tool in ArcMap 10.7 (ESRI,
Redlands, CA, USA) to analyze the kernel density for all hospitals
in the central city of Beijing. The calculation formula is as follows:

                                      
(Eq. 1)

where Oi represents the kernel density of facility point i; Kj the
weight value of facility point j; dij the distance between facility
point i and research object j; r the bandwidth; and n the number of
research objects j within the bandwidth range r (Ling, 2018).

Service area analysis
Considering the travel demand for medical treatment by resi-

dents, including the time to reach medical facilities, as cost, we
summarized the service areas of hospitals in the central urban area
of Beijing as done by Utami et al. (2022). We calculated the ratio
of the population covered by each level of hospital in each service
area to the total population to provide a reference for setting the
search radius. Based on the functional positioning of hospitals in
the Hospital Hierarchical Management Standards in China and the
concept of a circle indicating 15-minute access to medical service
by walk mentioned in the “Healthy China 2030” (State Council of
the Central Committee of the Communist Party of China, 2016),
we calculated the service range of primary hospitals, with the ser-
vice radius set at time intervals. We also calculated the service
range based on driving, with the service radii set at 5, 10 and 15
minutes for the secondary hospitals and 5, 15 and 30 minutes for
the tertiary hospitals. The formula used was the following:

                                                                                                                                Article

Table 1. Road speed assignment criteria.

Road category                     Speed (km/h)                                     Road connection                                                 Speed (km/h)

Motorway                                                      80                                                                  Motorway_link                                                                                 60
Trunk                                                              80                                                                     Trunk_link                                                                                    60
Primary                                                          60                                                                   Primary_link                                                                                  40
Secondary                                                     40                                                                 Secondary_link                                                                                30
Tertiary                                                          30                                                                    Tertiary_link                                                                                  30

Figure 2. Technical flow chart.
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                                      (Eq. 2)

where Ab represents the service area under impedance b; td the trav-
el time under interruption value d; and sx the service range of any
point x on the road. Impedance refers to the cost attribute of the
service area and interruption to the specified service area range to
be calculated. Since travel speeds is influenced by preset speed
limits (Luo & Wang, 2003), Meng and Zhang (2017) divided roads
into four categories: expressways, main roads, secondary roads
and branch roads and assigned corresponding speed values. Zhao
et al. (2018b) assumed that each movement occurred at the same
speed and assigned the road speed according to the road network
and road class. We obtained the length of the road elements in the
road network by geometric calculation and the travel time by
dividing the road length by the road speed that was divided into
two modes: walking and driving. We used a walking speed of 1.25
m/s (given as reference speed in the Gaode Map API) and assigned
the driving speed according to the OSM data description, with the
specific criteria, as shown in Table 1. To be more consistent with
the real situation of most residents’ medical travel, and to take into
account the results of the service range analysis of hospitals at all
levels, the search radius by car for the secondary and tertiary hos-
pitals in this section was set to 10 minutes and 15 minutes, respec-
tively. Considering that the higher the hospital level, the wider the
service range, the search radius of Grade-A tertiary hospital was
set to 30 minutes by car. With reference to the “Healthy China
2030”, the search radius of the primary hospitals was set at 15 min-
utes on foot. These criteria were used as the search radius to calcu-
late the medical accessibility of each residential site, and the
results were aggregated by street (converting the number of beds
per capita into the number of beds per 1,000 people) to obtain the
accessibility of each street, i.e. the number of beds per 1,000 peo-
ple within the search radius.

Supply/demand distribution
We summarized the number of hospital beds per thousand peo-

ple within the search radius for each hospital level in each street,
which gave us a mathematical figure (A) for the degree of accessi-
bility of the hospitals. According to the corresponding standards in
the Beijing Urban Master Plan (2016-2035) and the Special Plan
for Medical and Health Facilities in Beijing (2020-2035), the num-
ber of beds per 1,000 people in Beijing in 2016 was set as the qual-
ified line in the supply/demand balance, the number of beds per
1,000 people in Beijing plan in 2020 and 2030 was set as a good
line and an excellent line respectively.

Because of the large difference with regard to hospital beds,
the accessibility at each level was expressed in numerical form in
order to compare the allocation of medical resources at each level
more clearly in the graded evaluation. In the comprehensive

assessment, the supply/demand balance of medical resources was
evaluated by grade to obtain the current status of the overall allo-
cation of medical resources in the central city of Beijing (Table 2). 

Accessibility analysis 
After searching for all supply points within the search radius of

each demand point for the 2SFCA method, the supply-demand
ratio (R) is summarized to obtain the accessibility value (A) (Peng
et al., 2012). The setting of the search radius refers to the service
scope of the three levels of hospitals under different travel needs.
The service area analysis results were used to establish the search
scope, with the hospital as supply point and the residential build-
ings as demand points. In order to ensure the accuracy of the exper-
iment, we created a net with cells measuring 500*500 m taking the
centres of the cells as residential points. The population in the each
residential area was weighted based on the number of permanent
residents of each street and the 100 m2 Worldpop population raster
dataset for 2020. The calculation formula used was the following:

                                    
(Eq. 3)

where j represents the resident point; Qj the weighted population of
the resident point; Nj the population of the resident point (from the
raster dataset); N the total population of the resident points in the
street (from the raster dataset); and Q the average population of the
resident points (the resident population of each streets). For each
hospital location j, all resident locations k within the threshold
travel time d0 from the catchment area j were searched and the
number of hospital beds-to-population ratio (Rj) within the catch-
ment area calculated by the following equation:

                                   
(Eq. 4)

where Pk represents the population of region k whose centroid falls
within the catchment (i.e. dky ≤ d0); Sj the number of hospital beds
at location j; and  dkj the travel time between k and j.

For each resident location i, all hospital locations j within the
threshold travel time d0 from the catchment area i were searched
and the number of hospital beds-to-population ratios Rj at these
locations summed up by the following equation: 

     
(Eq. 5)

where Ai
F represents the accessibility at resident location i; Rj the

number of hospital beds-to-population ratio at hospital location j,
whose centroid falls within the catchment centered at i (i.e. dky ≤

                   Article

Table 2. Evaluation criteria for the supply/demand balance of medical resources.

                                       Accessibility level (A)                                                               Supply/demand balance (grade)

                                                                      10.15                                                                                                                             Unqualified
                                                                10.16-11.56                                                                                                                          Qualified
                                                                11.57-13.94                                                                                                                              Good
                                                                    ≥13.95                                                                                                                              Excellent
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d0); and dij the travel time between i and j. A larger value of Ai
F

indicates a better accessibility for a location (Luo & Wang, 2003).

Global spatial autocorrelation
In order to assess the spatial distribution characteristics of

accessibility of each hospital, we used Global Moran’s I (1950) to
analyze the differences and overall correlations measured at the
street scale. The formula for Moran’s I index is the following:

(Eq. 6)

where n is the total number of geographic spatial units; xi and xj the
observed values of healthcare accessibility at the spatial units i and
j; x̅  the proportion of healthcare accessibility in the geographic
space; and wij the spatial weight matrix. The Z-score represents the
significance level of Global Moran’s I, whose values vary between
-1 (negative correlations) and 1 (positive correlations), with values
near 0 indicating that accessibility is independently distributed and
the values thus unrelated. 

Local spatial autocorrelation
Local spatial autocorrelation (Anselin, 1995) divides cluster-

ing into four types: High-high (HH) and low-low (LL) types,
which are positively correlated, while high-low (HL) and low-high
(LH) are outliers, which are negatively correlated. We used Local
Moran’s I, which complements the global approach by analyzing
the distribution of spatial differences of adjacent locations. The
formulas are:

                               
           

(Eq. 8)

where xi and xj are the observed values of accessibility for the spa-
tial units i and j; x̅  the proportion of medical accessibility in geo-
graphic space; wij the spatial weight matrix; n the number of spatial
units; S2 the variance of medical accessibility for the spatial unit i;
and m the number of spatial units adjacent to i. 

Results

Spatial hospital distribution
The nuclear density analysis for the tertiary hospitals showed a

relatively concentrated distribution (Figure 3a), with the majority
located in two core districts Dongcheng (centre) and Xicheng
(northern part). Additionally, some tertiary hospitals were seen in
the peripheral areas of the core region, such as in the districts
Chaoyang (western part) and Haidian (southern part) as well as the
western extension of Chang’an Street, with the secondary hospitals
(Figure 3b) having a more dispersed distribution, with most pres-
ence within the Fourth Ring Road. The densest area for these hos-
pitals was seen in the districts Xicheng (southern part) followed by
Xicheng (central part) and Dongcheng (northern part). The distri-

bution in Dongcheng and Xicheng was found to be relatively bal-
anced, with the northern distribution more dispersed than the
southern.

The primary hospitals are more numerous exhibiting a mainly
circular distribution (Figure 3c). The strongest presence was seen
around the core region east and west of Chang’an Street. However,
there are fewer hospitals of this type in the centre, particularly in
the districts Chaoyang, Haidian, Shijingshan and Fengtai. The dis-
tribution of primary hospitals in the study area was seen as rela-
tively balanced.

Overall, the analysis of the central urban area of Beijing indi-
cates that all the hospitals are mainly circularly distributed around
the centre, with a gradual decrease towards the periphery, similar
to the distribution of the primary hospitals (Figure 3d). There are
also many hospitals in the southern part of Haidian District and the
western part of Chaoyang District, while hospitals in other periph-
eral areas are relatively sparse

Number of hospital beds
Although the tertiary hospitals have the largest number of

beds, there are large differences per 1,000 people per street (Figure
4a). Most streets in Xicheng and Dongcheng districts have more
beds in the tertiary hospitals, while, in some areas, such as in the
eastern part of Chaoyang District and the north-western part of
Haidian District, the number of beds per 1,000 people is relatively
low. The total number of beds in the secondary hospitals is lower,
and so is the number of beds per 1,000 people (Figure 4b).
However, the districts Xicheng and Dongcheng have a compara-
tively higher number of beds and their distribution was found to be
relatively balanced. However, in many streets of Chaoyang and
Shijingshan districts, the number of beds per 1,000 people is gen-
erally low. The number of beds in the primary hospitals is relative-
ly small (Figure 4c) and the difference with respect to the number
of beds per 1,000 people did not vary significantly between streets.
However, some streets in Haidian and Fengtai districts have small
populations and the number of beds per 1,000 people is relatively
high there. Overall, the allocation of hospital bed resources among
the streets in Beijing’s central urban area of is not balanced (Figure
4d). While most districts and streets have relatively abundant and
well-distributed bed resources, the number of beds per 1,000 peo-
ple is relatively low in some areas.

Hospital service capacity
The tertiary hospitals are mainly located in the central urban

areas, with some in newly developed areas (Figure 5a). The cover-
age basically covers most residents within and outside the Fifth
Ring Road except for the mountainous areas and where road net-
works have yet to be constructed. Only 15.4% of residents in the
study area can reach these hospitals within a 5-minute drive; while
82.4% can reach them within a 15-minute drive and almost all
(93.5%) within a 30-minute drive. The coverage of secondary hos-
pitals includes mainly the streets and administrative areas around
the ring roads but different travel time costs are offered (Figure
5b). Only 13.9% of residents can reach these hospitals within a 5-
minute drive; 50.6% within a 10-minute drive, while 84.3% of res-
idents within the Fifth Ring Road, in the southern part of Fengtai
District and the Capital Airport area can reach these hospitals with-
in a 15-minute drive. With exception of the Capital Airport area,
each street is equipped with at least one primary hospital (Figure
5c), so 20.4%, 55.3% and 77.6% of residents can reach primary
hospitals within a 5-minute, 10-minute and 15-minute walk,

                                                                                                                                Article
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respectively. By comparing the service coverage within a 15-
minute walk in Figure 5c with the weighted population distribution
of residential points in Figure 5d (calculated by Eq. 3), it can be
found that the service coverage of these hospitals basically covers
the areas with high population density. Indeed, the central urban
area of Beijing forms a 15-minute health service circle achieving
dynamic full coverage of health service for the residents in each
street and township.

Overall, by summarizing and comparing the population cover-
age of all the hospitals under, we obtained a measure of available
service capabilities but under different travel demands (Table 3).
As travel times increase, the service range of hospitals expands and
the population coverage for each type of hospital increases. At the

maximum travel cost, the service range of all levels of hospitals
can cover most residents in the city. Specifically, 82.4% of resi-
dents can reach a tertiary hospital within a 15-minute drive, which
covers most residents in the urban area; 50.6% of residents can
reach a secondary hospital within a 10-minute drive, which covers
most residents at the district-level; and 77.6% of residents can
reach a primary hospital within a 15-minute walk, thus forming a
15-minute circle offering full coverage at the township level.

Supply/demand balance 
Using the OD cost matrix, which finds and measures the least-

cost paths along the network from multiple origins to multiple des-

                   Article

Figure 3. Results of the nuclear density analysis of hospital distribution.

Non
-co

mmerc
ial

 us
e o

nly



                                                                                                                                Article

Figure 4. Number of beds per 1,000 people in each street.
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Table 3. Service capacity of hospitals at all levels.

Hospital  level                                            Travel cost                                                         Population covered (%)

Tertiary                                                                        5-minute drive                                                                                            15.4%
                                                                                      15-minute drive                                                                                            82.4%
                                                                                      30-minute drive                                                                                            93.5%
Secondary                                                                   5-minute drive                                                                                            13.9%
                                                                                      10-minute drive                                                                                            50.6%
                                                                                      15-minute drive                                                                                            84.3%
Primary                                                                         5-minute walk                                                                                             20.4%
                                                                                      10-minute walk                                                                                            55.3%
                                                                                      15-minute walk                                                                                            77.6%
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tinations, we calculated the average travel time of driving to sec-
ondary and tertiary hospitals in the study area as 12.23 minutes and
14.58 minutes, respectively. The accessibility of tertiary hospitals,
as shown in Figure 6a, was found to have an average value of 7.25,
indicating the availability of abundant medical resources. On the
other hand, their spatial distribution was not found to be uniform
but rather a gradually decreasing accessibility from the centre to
the periphery, with a single-centre, concentric distribution pattern.
This is because most tertiary hospitals do not have ample bed
resources and they are located in the central and western regions.
The first concentric circle is a high-accessibility area comprising
Xicheng and Dongcheng districts of the city centre and the south-
ern part of Haidian District. This circle has numerous tertiary hos-
pitals and the supply and demand of medical resources are well
balanced. The second concentric circle is a moderately high-acces-

sibility area covering the districts Chaoyang (the western part),
Haidian (the central part), Fengtai (the north-eastern part) and
Shijingshan (the eastern part). This circle has the highest number
of streets and the largest area. Although it has few tertiary hospi-
tals, its proximity to the core area of Beijing and the existing trans-
portation network makes for good accessibility. Thus, the supply
and demand of medical resources were deemed to be balanced.
The third concentric circle is a low-accessibility area, covering the
districts Chaoyang (the eastern part), Haidian (the north-western
part) and Fengtai (the south-western part). This circle is on the
periphery of the study area, far from the urban ring road network,
and it has only one tertiary hospital. Therefore, the accessibility in
this circle is the lowest, and the supply and demand of medical
resources deemed imbalanced existing supply cannot meet the
medical needs.

                   Article

Figure 5. Scope of hospital services.
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The accessibility of secondary hospitals, as shown in Figure
6b, delivered an average value of 2.26, indicating relatively scarce
resources. The accessibility exhibits a dual-centre distribution pat-
tern, with high-accessibility centres gradually decreasing towards
the peripheries. Chongwenmenwai Street in the southern part of
Dongcheng District and Changxindian Street in the western part of
Fengtai District form two medical centres surrounded by a rela-
tively large number of secondary hospitals with abundant medical
resources. However, although the Changxindian Centre has only
one secondary hospital nearby, the surrounding streets have only a
small population, so the hospital can meet the medical needs of the
local residents. Therefore, accessibility is good, and the supply and
demand of medical resources balanced. The street of Capital
Airport also has good medical accessibility because of the Third

Hospital of Beijing University (Capital Airport Hospital Area) next
to the airport. In addition to the above areas, there are fewer hos-
pitals in the Shijingshan District, central Haidian District and
south-eastern Chaoyang District, forming a “geographic depres-
sion” of medical accessibility, that is, the imbalance between the
supply and demand here results in a situation where the supply of
resources cannot meet the medical demand of the surrounding res-
idents.

The resource allocation in the primary hospitals is extremely
uneven resulting in a distribution pattern at an average value of
3.99 called “higher in the East and West, lower in the Centre”,
which means that the accessibility to primary hospitals is signifi-
cantly lower in the central area than in the peripheral areas (Figure
6c). Although the central area has numerous primary hospitals and
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Figure 6. Accessibility of medical resources.
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convenient transportation, most of the streets in this area have
large populations and that limits the availability of medical
resources contributing to a supply/demand imbalance. For exam-
ple, there are nine primary hospitals in Haidian District’s Beitai
Pingzhuang Street, but with a population of 164,000, the basic
medical resources do not meet the needs of so many people. In
contrast, the suburban area of Sunhe Town has only two primary
hospitals, but its population is only one-sixth of that of Beitai
Pingzhuang Street, resulting in a higher accessibility value.
Similarly, Wanliu District and Donghuamen Street in the central
area also form sporadic high-value areas due to their small popula-
tion sizes. Abnormally, Capital Airport Street has zero accessibility
because of absence of primary hospitals, but that is due its special
function for the airport.

From the perspective of using the street as unit in this research,
the accessibility to tertiary hospitals in the core districts is signifi-
cantly higher than that of primary and secondary hospitals (Figure
6d). The value was seen to gradually decrease towards the periph-
ery, with a more significant decreasing trend in the East than in the
West, indicating that the supply/ demand ratio of medical resources
for tertiary hospitals in the surrounding areas of the core area is
more balanced. The presence of secondary hospitals was found to
be in a generally low level in the streets within the study area, indi-
cating that the supply/demand ratio there is more uneven. In some
peripheral street districts outside the study area, such as Sujia Tuo
Street, Sunhe Town and Wangzuo Town, the accessibility to prima-
ry hospitals was seen as significantly higher than that of the sec-
ondary and tertiary hospitals. The smaller populations of these
street districts give them a higher accessibility resulting in a more
balanced supply/demand ratio. For areas located in the districts
Chaoyang (central-southern part), Haidian (the eastern part),

Fengtai (the eastern part) and some other areas between the centre
and the periphery of the study area, the accessibility values for
medical resources in hospitals at all levels appeared low.

The evaluation of the balance of medical resources in the cen-
tral urban area is shown in Figure 7, which indicates that the allo-
cation of medical resources in the central urban area must be
deemed as not balanced. Overall, the balance of medical resources

                   Article

Figure 7. Rating of the supply-demand balance of medical
resource in the central city. 

Figure 8. Clustering diagram of accessibility of medical resources.

Table 4. Global statistics of accessibility to healthcare.

Hospital level                                        Moran's I                                            Z-score                                                        P-value

Tertiary                                                                         0.814                                                                 15.831                                                                              0.000
Secondary                                                                    0.757                                                                 14.721                                                                              0.000
Primary                                                                         0.502                                                                 10.195                                                                              0.000
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in the central and western regions is significantly better than that
in the eastern region. If the population of each street were aggre-
gated according to the evaluation level, 42.9% of the residents
enjoy an excellent level of balance of medical resources indicating
that these areas have a surplus of medical resources, particularly in
the core and the surrounding areas, as well as in the north-eastern
and western peripheral areas. Combined with Figure 6d, it was
found that the above-mentioned areas are outstanding with respect
to accessibility of primary or tertiary hospitals. 30.1% of the resi-
dents enjoy a good level of balance of medical resources, mainly
distributed in the radiation area outside the core area; 11.9% have
access to medical resources with a qualified level of supply and
demand, mainly for residents in some streets in Chaoyang (the
northern part), Haidian District (the central part) and some streets
in Shijingshan and Fengtai. However, 15.9% of the residents live
in areas that must be termed unqualified with respect to medical
resources. This mainly concerns the residents in the currently
rapidly developing areas in eastern Haidian District and
central/southern Chaoyang District, which illustrates that rapid
development lead to popular increase that often outpaces support
leading to an imbalance of supply and demand for medical
resources.

Spatial balance differentiation 
Global Moran’s I for hospital accessibility gave a Z-score of

>2.58 at p<0.01, which indicates a significant spatial correlation of
medical accessibility by street unit. The results are shown in Table
4, where the average Moran’s I for accessibility of medical
resources in hospitals at all levels were close to 0.7, indicating that
the distribution characteristics of medical accessibility have a pos-
itive spatial correlation and strong autocorrelation, indicating a sig-
nificant clustering effect within the study area. With the p-value
less than 0.01, and the Z-score much higher than 2.58, the distribu-
tion of spatial clusters indicating accessibility in streets has an
extremely high confidence level. 

Spatial heterogeneity pattern
The cluster map of the accessibility of tertiary hospitals is

shown in Figure 8a. The HH cluster areas of the accessibility of
tertiary hospitals were found to be mainly concentrated in the
southern part of the districts of Xicheng, Dongcheng and Haidian
(the southern part). The tertiary hospitals are also concentrated in
this area, showing obvious spatial positive correlation, with high-
value areas of medical accessibility with clear clustering features.
There were no outliers. The LL cluster areas are mainly concentrat-
ed in the northern part of the districts of Haidian, Chaoyang (east-
ern part) and Fengtai (western part). This cluster type has also an
obvious spatial positive correlation, indicating low-value areas of
medical accessibility, with low values surrounding the area and
clear clustering features, requiring strengthening the construction
of tertiary hospitals in this area.

The cluster map of the accessibility of secondary hospitals is
shown in Figure 8b. The HH cluster areas are mainly concentrated
in the southern part of the core area in the districts of Dongcheng,
Xicheng and Fengtai (the western part). The Jinzhan Town area is
a HH cluster area, which has no obvious clustering features, and its
high values are mainly influenced by the Peking University Third
Hospital (Capital Airport branch). There were no outliers. The LL
cluster areas are mainly concentrated in the eastern part of the dis-
tricts Chaoyang, Haidian (the north-western part) and Shijingshan
(the western part).

The cluster map of the accessibility of primary hospitals is
shown in Figure 8c. The HH cluster areas are mainly concentrated
in the districts Haidian (the north-western part), Chaoyang (the
north-eastern part) and Fengtai (the western part). There were no
HL clusters but on LH cluster (the Jinding Street area in
Shijingshan District), which had no obvious clustering features.
This street has a population of 68,000 but only one primary hospi-
tal, which cannot meet the medical needs of residents, hence form-
ing a LH cluster area. The LL cluster areas were found at the inter-
section of the four districts: Xicheng, Dongcheng, Haidian and
Chaoyang in the upper-middle part of the study area.

Key findings 
The hospitals in Beijing’s urban area of are mainly concentrat-

ed in the centre. Although this matches the population distribution,
there is still an imbalance and irrationality in the supply and
demand of medical resources with signs of oversupply in the city
core and immediate, surrounding areas, 

The tertiary hospitals are rich in medical resources, and
although the great majority of the residents can reach these hospi-
tals within a 15-minute drive, their spatial distribution is uneven,
with a circular distribution pattern with the numbers gradually
decreasing from the core area to the periphery. 

There is an overall, quite severe shortage of secondary hospi-
tals, which are mainly distributed within the Fourth Ring Road.
Only 50.6% of the residents can reach them within a 10-minute
drive. There is a dual-center distribution pattern, with high-value
centres gradually decreasing towards the periphery, and low acces-
sibility clustering in some districts.

The distribution of primary hospitals is the most uneven, as
they are mainly distributed around the core area and along an east-
west axis. Although the majority of the residents can reach them
within a 15-minute walk, the accessibility showed an “east-west
high, middle low” distribution pattern, indicating that the medical
resources of primary hospitals cannot meet the needs of the large
population in the central area. The low accessibility clustering is
located in the middle-upper part of the research area.

Discussion
The contribution of this study is to construct an assessment

framework of supply-demand spatial balance of medical resources
from the perspective of hierarchical diagnosis and treatment, and
to present a typical assessment example of Beijing. Specifically,
this study utilized GIS spatial analysis techniques to investigate the
spatial distribution, service coverage, and supply-demand situation
of medical facilities in the central urban area of Beijing from the
perspective of balance medical resource supply and medical treat-
ment needs. Taking the street as the smallest research unit, various
methods, such as kernel density analysis, service area analysis,
2SFCA method, and spatial autocorrelation analysis, were used to
reveal the supply-demand balance of medical resources in hospi-
tals at all levels and whole in the central city of Beijing under the
hierarchical medical system.

Although the spatial distribution of hospitals in Beijing is gen-
erally consistent with the administrative regions, it is inconsistent
with population demand as available resources are more inclined
to serve the urban central area (Gong et al., 2021; Meng & Zhang,
2017; Zhao et al., 2018a). In line with these results, this study
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showed that hospitals in Beijing are mainly concentrated in the
core and surrounding areas, while the number of hospitals in the
peripheral areas is relatively small and the supply of medical
resources there cannot meet the needs. Through service area anal-
ysis, we found that hospital catchments match the population
aggregation areas but as the proportion of the population covered
increases, this comes at the cost of increasing travel times. Indeed,
the service range of hospitals of all levels covers most of the urban
residents, but only at the penalty of including the maximum travel
cost of a 30-min drive used in this study.

From the supply and demand perspective, we found in the cen-
tral urban area of Beijing lacks balance between supply of medical
resources and population demand and that this imbalance comas in
two types: excessive accessibility (as is the case in the core area
and its surrounding areas) and relatively low accessibility (as in the
northern part of Chaoyang District and the central part of Haidian
District). In addition, the supply scale and accessibility distribution
pattern of medical resources vary among hospitals of different lev-
els. Among them, the supply of resources in the secondary hospi-
tals is generally scarce, while they are often abundant in the ter-
tiary hospitals. In contrast, the supply in the primary hospitals can-
not meet the demand for basic medical resources in the central area
with large populations. As evident from Figure 3, the density value
of the tertiary hospitals is greater there than that of the secondary
ones. As indicated in Figure 4, the tertiary hospitals possess a high-
er bed count than the secondary ones. Moreover, the tertiary hos-
pitals are assigned larger service radii, thereby encompassing a
broader service area. As a result, the coverage for the population
and accessibility of these hospitals are higher compared to sec-
ondary ones. Overall, the supply and demand of medical resources
in the central urban area of Beijing are currently not balanced. The
resource allocation still faces the problems of surplus in the core
area and inadequate supply in the peripheral areas. Although the
spatial distribution of hospitals of all levels in the central urban
area of Beijing is compatible with the population distribution, the
supply and demand situation with regard to medical resources at
different levels is different. 

In terms of optimizing the allocation of medical resources, we
recommend: i) to address the imbalance between the supply and
demand of medical resources in tertiary hospitals, the government
could enrich high-quality medical resources in peripheral areas by
building branch hospitals of existing tertiary hospitals, especially
in LL cluster areas, as well as rapidly developing areas such as
Zhongguancun Software Park, Lize Business District, and the
urban sub-centre; ii) service area analysis showed that only 50.6%
of residents in the central urban area of Beijing can reach a sec-
ondary hospital within a 10-minute drive, and the number of beds
and physicians in many secondary hospitals currently does not
meet the evaluation criteria for secondary hospitals as given by the
Hospital Hierarchical Management Standards. To address the over-
all low accessibility and scarcity of medical resources in secondary
hospitals, the government should not only build new branch cam-
puses of secondary hospitals in sparsely distributed areas, such as
the central part of Haidian District and the southeast of Chaoyang
District, where there are relatively few hospitals, but also improve
the resource and service levels of existing secondary hospitals,
strengthen the supervision and review of secondary hospitals; iii)
although there are many primary hospitals and a 15-minute medi-
cal service circle has been initially formed, the supply of primary
hospitals currently cannot meet the large population base in the
urban area. There are some areas where medical resources are

tight, and people have difficulties in seeking medical treatment,
especially in LL cluster areas where the population of streets ranks
among the top in the study area. Therefore, it is necessary to
strengthen the construction of primary healthcare facilities and add
clinics for infectious diseases in these areas, further expand the
supply of medical resources and increase the manpower, give full
play to the role of community health service centres and other pri-
mary hospitals as “sentinels” and improve their ability to respond
to emergency epidemic situations.

In terms of improving the macro planning of basic public ser-
vices, we recommend: i) to improve the health care system, it is
necessary to consider the rational distribution of hospitals within
the jurisdiction to form distribution pattern at different levels, so
that various levels of medical resources can be fully utilized and
avoid over-concentration of hospitals of the same level; ii) in con-
junction with the current policy of non-capital function relocation
in Beijing, some medical resources in the core area and its sur-
rounding areas should be relocated to avoid the phenomenon of
resource surplus in the core area; iii) for peripheral areas, the eco-
nomic conditions within the region should be considered, and cor-
responding medical policies formulated, to attract high-quality
medical resources. For areas with poor accessibility to medical ser-
vices, the government could implement subsidy policies, such as
providing residents with appropriate medical assistance, equipping
medical resources reasonably and improving the service capacity
of medical facilities; and iv) transportation is an important factor
affecting the accessibility of medical resources, so it is also neces-
sary to improve the road network structure, increase road density,
and improve various modes of transportation to enhance travel
convenience.

Limitations and future study
Among the limitations we note the following: i) the actual traf-

fic situation was not considered, and the operation of assigning
speed values to vector roads in this study did not consider the dif-
ferent congestion situations of different levels of roads; ii) due to
the limitations of the research data, the population data used in this
study were all permanent residents. The medical needs of short-
term mobile populations and different age groups were not given
sufficient consideration. However, “ensuring a healthy lifestyle
and promoting the well-being of all people of all ages” is one of
the global sustainable development goals, and it is necessary to
analyze the supply-demand balance of medical resources by com-
bining the population numbers of different age groups; iii) there
are now many improved accessibility calculation methods, such as
the enhanced 2SFCA (E2SFCA), which addresses uniform access
issues by assigning weights to varying travel time zones, thereby
accommodating distance decay. We are committed to enhancing
the comprehensiveness of our analysis by incorporating the
E2SFCA method into future investigations; and iv) due to the lim-
itation of data access, in view of the shortage of medical beds in
cities caused by COVID-19 and other public health emergencies,
this paper only focused on the supply and demand of hospital beds.
Scholars have already evaluated the fairness of the distribution of
medical resources more comprehensively from the five dimensions
of resident health status, medical service quality, health service uti-
lization, social medical insurance coverage and medical health
expenditure. These issues will be the direction of improvements in
future research. 
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Conclusions
An imbalance between the supply of medical resources and the

population demand in some areas of Beijing was revealed empha-
sizing the need for the government to optimize spatial planning
and policy-making and promote improvements ensuring the ratio-
nal and effective allocation and utilization of medical resources
leading to reasonable and balanced medical security for epidemic
prevention and control. This paper provides a decision-making ref-
erence for the balanced and reasonable allocation of medical and
health resources leading to better utilization efficiency and equal-
ization of public health services in line with SDG 3.8.

References 
Anselin L, 1995. Local indicators of spatial association-LISA.

Geogr Anal 27:93-115.
Beijing Municipal Bureau of Statistics. Bulletin of the Seventh

National Population Census of Beijing (No. 2) (2020)
[EB/OL]. 

Beijing Municipal Commission of Health. Special Plan for
Medical and Health Facilities in Beijing (2020-2035)
[EB/OL]. 

Beijing Municipal Commission of Planning and Natural
Resources. Beijing Urban Master Plan (2016-2035) [EB/OL]. 

Beijing Municipal Health Commission Information Center.
Compendium of statistics on health work in Beijing in 2020
(2020) [EB/OL]. 

Bennett WD, 1981. A location-allocation approach to health care
facility location: A study of the undoctored population in
Lansing, Michigan. Soc Sci Med D Med Geogr 15:305–312.

Cheng M, Lian Y, 2018. Spatial accessibility of urban medical
facilities based on improved potential model: A case study of
Yangpu District in Shanghai. Prog Geogr 02:266-275.

Gong S, Gao Y, Zhang F, Mu L, Kang C, Liu Y, 2021. Evaluating
healthcare resource inequality in Beijing, China based on an
improved spatial accessibility measurement. Transactions in
GIS 25:1504–1521. 

Horev T, Pesis-Katz I, Mukamel DB, 2004. Trends in geographic
disparities in allocation of health care resources in the US.
Health Policy 68:223–232.

Li C, Bu P, Fang J, Ma K, Chen A, 2018. Research on Accessibility
Evaluation of Medical Service in Xiangtan City Based on
Improved Gravity Model. Econ Geogr 12:83-88.

Liang G, Yang X, 2021. Spatial pattern and scale of urban medical
facilities in Nanning. J Nanning Normal University (Natural
Science Edition) 1:101-106.

Ling T, 2018. Analysis of urban hotspots based on POI data.
Master's thesis, Kunming University of Science and
Technology.

Liu XT, 2007. General Description of Spatial Accessibility. Urban
Transport of China 06:36-43.

Luo W, Wang F, 2003. Measures of Spatial Accessibility to Health
Care in a GIS Environment: Synthesis and a Case Study in the
Chicago Region. Environ Plann B. Plann Des 30:865–884.

McGrail MR, Humphreys JS, 2009. Measuring spatial accessibili-
ty to primary care in rural areas: Improving the effectiveness of
the 2SFCA method. Appl Geogr 29:533–541. 

Meng T, Zhang J, 2017. Evaluation of Health Care Service Spatial
Accessibility and the Analysis of the Spatial Distribution
Characteristics in Beijing. Geospatial Information 3:62-65+11.

Moran PAP, 1950. Notes on Continuous Stochastic Phenomena.
Biometrika 37:17–23. 

Peng J, Luo J, Xiong J, Zheng W, 2012. Review of Domestic and
Foreign Research on the Basic Public Service Accessibility.
Areal Res Devel 2:20-25.

Radke J, Mu L, 2000. Spatial Decompositions, Modeling and
Mapping Service Regions to Predict Access to Social
Programs. Ann GIS 6:105–112.

Ruiz GF, Zapata JT, Garavito BL, 2013. Colombian health care
system: results on equity for five health dimensions, 2003 -
2008. Rev Panam Salud Pública 33:107–115.

Schuurman N, Bérubé M, Crooks VA, 2010. Measuring potential
spatial access to primary health care physicians using a modi-
fied gravity model. Can Geogr 54:29–45. 

State Council of the Central Committee of the Communist Party of
China. Healthy China 2030 (2016) [EB/OL]. 

Utami RKS, Khakhim N, Jatmiko RH, Kurniawan A, Halengkara
L, 2022. Gis network analysis to optimize zoning system
implementation for public junior high schools in yogyakarta
city. IOP Conference Series: Earth and Environmental Science
1089:012035.

Wang F, Tang Q, 2013. Planning toward Equal Accessibility to
Services: A Quadratic Programming Approach. Environ Plann
B. Plann Des 40:195–212.

Wang Y, 2006. GIS and Voronoi Polygon Based Public Health
Care Accessibility Analysis. Geomatics Spatial Inform
Technol 3:77-80.

Yip WC-M, Hsiao WC, Chen W, Hu S, Ma J, Maynard A, 2020.
Early Appraisal of China’s Huge and Complex Health Care
Reforms. World Sci Series Global Health Econ Public Policy
51–83. 

Yu W, Ai T, 2015. The Visualization and Analysis of POI Features
under Network Space Supported by Kernel Density
Estimation. Acta Geodaetica et Cartographica Sinica 1:82-90.

Zhao M, Liu S, Qi W, 2018a. Spatial Differentiation and
Influencing Mechanism of Medical Care Accessibility in
Beijing: A Migrant Equality Perspective. Chin Geogr Sci
28:35362. 

Zhao S, Li N, Liu Y, 2018b. Research on Spatial Distribution
Rationality of Medical Resources in Beijing. Contemp Med
22:22-25.

                                                                                                                                Article

                                                                             [Geospatial Health 2023; 18:1228]                                                            [page 13]

Non
-co

mmerc
ial

 us
e o

nly




