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Abstract: The outcomes for emergency medical services (EMS) are highly dependent on space-time
accessibility. Prior research describes the location of EMS needs with low accuracy and has not
integrated a temporal analysis of the road network, which accounts for varying mobility in a dynamic
transportation network. In this study, we formulated a network-based location-allocation model
(NLAM) and analyzed the spatial characteristics of emergency medical facilities within the fifth
ring road in Beijing by considering time, traffic, and population characteristics. The conclusions are
as follows: (1) The high demand area for EMS is concentrated in the areas in middle, north, and
east during the daytime (8:00-20:00) and in the middle and north during the nighttime (20:00-8:00).
From day to night, the centroid of the potential demand distribution shifts in the Western and
Southern areas. (2) The road traffic data is sampled 20 times throughout the week, and variations
in the average driving speed affect a higher mean driving speed on the weekend. This primarily
impacts the main roads, due to these roads experiencing the greatest fluctuation in speed throughout
the week of any roadway in the study area. (3) Finally, the 15-min coverage of emergency medical
facilities are sampled 20 times in one week and analyzed. Fortunately, there is 100% coverage at night;
however, due to traffic congestion, there were a few blind coverage areas in the daytime. The blind
area is prevalent in Shijingshan South Station and the Jingxian Bridge in the South fifth ring.

Keywords: emergency medical facilities; traffic jam; megacity; network-based location-allocation
model; Beijing

1. Introduction

High-quality educational and medical resources are the primary purpose pursued by urban residents.
However, the spatial distribution of educational and medical facilities is uneven. In particular, the regional
imbalance of medical services is more prominent, and medical treatment becomes a prominent factor
affecting people’s livelihood [1]. The proportion of medical technology is the highest factor among
influencing aspects, followed by charges, medical ethics, and traffic convenience [2]. The attractive
radiation range of high-level hospitals is far beyond the scope of space accessibility in general, which has
caused a certain degree of the shortage of medical resources. Although China was promoting the medical
classification system in 2015, it has not been enforced. It remains uncertain, for the impact of accessibility
on medical services has changed. Compared with other medical services, emergency medical services are
more dependent on the accessibility of time and space. Medical personnel rush to the scene in the quickest
possible time, and the corresponding rescue measures can significantly improve the survival rate of
patients [3]. Therefore, it is essential to improve the regional equilibrium allocation of emergency medical
facilities with high accessibility. For the megacities with more than 10 million people, the improvement
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and optimization of the spatial distribution of emergency medical facilities has become a critical part of
the healthy development of the city.

The existing research is executed with all medical service facilities (including comprehensive
hospital, specialist hospital, hospital, emergency medical facilities, clinic, and so on), mainly from three
aspects, including the analytics and evaluation of medical service facilities [1,4], study on the spatial
and temporal accessibility of medical facilities services and its influencing factors [5-7], and the location
selection and spatial optimization of medical service facilities [8-10]. There is relatively little research on
emergency medical facilities for megacities. Chen et al. (2016) used the floating car global positioning
system (GPS) to analyze the impact of traffic congestion on the space-time accessibility of emergency
medical facilities in downtown Guangzhou [11]. Guo Zengxun et al. (2012) analyzed the temporal and
spatial distribution of 120 emergency needs in urban areas using the Beijing emergency center dispatch
information database [12]. The research of all medical service facilities consider multifactors such as
the hospital’s grade, capacity, and facilities level. However, only the space-time accessibility will be
considered for emergency medical facilities when responding to emergency needs (this will not be
considered in the extreme case of the nearest emergency ambulance). Therefore, the research on the
spatial layout of emergency medical facilities needs to consider factors such as population, time, and
traffic. First of all, quantitatively simulate potential first aid needs; then, carefully consider time and
traffic factors to analyze the spatial accessibility and coverage of emergency medical facilities, and,
finally, optimize for the shortcomings. Some scholars consider the availability and efficiency of facilities,
such as the gravity model [13] and its derived mobile search method [14], and the location-allocation
model (also called the LA model). Since the 1970s, the location-distribution model has been widely used
in site selection studies in education [15,16], firefighting [17], medical [18], and emergency facilities [19].
The existing spatial optimization of medical service facilities using the location-allocation model [8,9]
has deficiencies in these two issues. First, the shape of the residential area or the neighborhood
committee or village committee is the request point. The second is using the road speed without
the time and area difference as the impedance parameter of the road network. In actual situations,
the demand for emergency medical services is generated at work, life, or place of residence and needs
to be expressed more meticulously. In the same way, the traffic conditions of roads also change with
time and location. There are differences in traffic speeds between the peak traffic period and the peak
period and the main road sections and suburban road sections. Studies have shown that there is a
definite spatial and temporal difference in the accessibility of emergency medical facilities under the
influence of transportation factors [6]. Therefore, a more detailed simulation of traffic factors is also
required when performing coverage analysis.

Multisource location data such as the floating-car data, mobile terminal location-based service
(LBS) positioning data, network data, map, and point of interest (POI) data have provided solutions
to the deficiencies mentioned above. The POI data using the electronic map platform can be used to
obtain the location of work, life, or place of residence as a request point for emergency medical services.
The traffic situation data calculated based on the floating car global positioning system (GPS), mobile
terminal location-based service (LBS) positioning, and mobile internet user volunteered geographic
information (VGI) collection [20] can help obtain traffic speed information for different road sections at
different times. The POI data has been proved to be of great significance in facility planning, urban
space, and rescue analysis [21,22], and it has been applied in urban research [23-25]. The GPS and VGI
data of floating cars are also widely used in urban traffic and spatial analysis research [25,26].

There are three classes of location models for emergency medical services (EMS), including
covering models, p-median models, and p-center models [27]. The objective of covering models
for EMS is to provide covering the demand point within a distance limit and budget constraints.
The covering models contain the location set covering problem (LSCP) [28] and the maximal covering
location problem (MCLP) [29]. The LSCP aims to locate the smallest number of EMS facilities that are
required to cover all EMS demand points [30]. The MCLP model for EMS seeks the maximal coverage
with a given number of facilities [31]. The objective function for the p-median model for EMS is to
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minimize the total distance between the demand points and the facilities [32-34]. The p-center model
for EMS tends to find the center of a circle that has the smallest radius to cover the destinations [35,36].
It is essential to optimize the EMS for considering multifactors using location models [37].

This study aims to improve the problems in the study of the space layout of existing emergency
medical facilities and consider time, traffic, population, and other factors to study the spatial layout
of urban emergency medical facilities. First, by using POI facility data combined with population
distribution grid data to more closely simulate the potential demand distribution of emergency medical
services, then using the collected traffic data of different time and road sections to simulate the road
traffic conditions at different times. Finally, the location-distribution model was used to quantitatively
measure the coverage of urban emergency medical facilities, combined with the lack of optimization
and improvement. The study aims to enhance the scientific and practical research of the spatial layout
of urban emergency medical facilities.

2. Study Area and Method

2.1. Study Area

The study selected Beijing within the fifth ring road (area of approximately 668.40 km?) as the study
area, mainly based on the following considerations. First, the city of Beijing is large in scale and densely
populated, and the spatial layout and optimization of emergency medical facilities are more urgent
and typical. Second, Beijing’s urban functional areas are staggered and complicated, and the traffic
situation is complex and dynamic. The significance and value of emergency medical facility coverage
in functional urban areas and traffic conditions in complex cities are significant. The permanent
population of Beijing was approximately 21.7 million by the end of 2015. There were 10,425 institutions
related to health, including 701 hospitals, 30 disease prevention and control centers (epidemic stations),
19 maternal and child health clinics, and 1979 community health centers, with 111,555 beds in total,
including 104,644 hospital beds, as shown in Figure 1. During the year of 2015, a total of 163.4797 million
visits were made to Beijing hospitals. Beijing is home to the highest quality of medical resources in
China, and its scope of influence is, to some extent, covered by the whole country, because high-quality
hospitals also have a strong appeal to patients in that specific field. In contrast, emergency medical
facilities serve more local populations. This study focuses on emergency medical facilities to address
the challenges for the distribution, coverage, and optimization of medical emergency medical facilities
in the context of traffic congestion.

2.2. Data Preprocessing

The dataset in this research mainly included real-time traffic data, emergency location data,
population data, POI facility data, road network data, and administrative divisions and other data.
Emergency site data, POl facility data, and real-time traffic data are all available via Python Reptiles from
the Open Maps Open Platform (http://lbs.amap.com/). The first-aid site and POI data were obtained in
August 2016. The first-aid site was the emergency center in the Gaode POI three-level classification.
After data deduplication, 80 first-aid sites in the study area were obtained. After data preprocessing,
the POIs have been obtained a total of 187,700 of the nine major categories. The population grid data
was produced by Worldpop (http://www.worldpop.org.uk/), with a spatial resolution of 100 meters [38];
real-time traffic data was mainly used to obtain the road traffic speed information under the Gaode traffic
situation interface. The acquisition time was 8/15-8/21/2017. A continuous week of data was collected
to distinguish road traffic conditions at different times on weekends and weekdays. The collection time
points were 0, 6, 7, 8,9, 10, 12, 15, 17, 18, 19, 20, and 21 o’clock. After removing the inaccurate and
incomplete information, a total of 634,200 pieces of data on road speed were obtained. It should be
pointed out that the road traffic data provided by Golder did not cover some low-level roads. The road
network data came from OpenStreetMap (http://www.openstreetmap.org/). Other data, such as the
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regional administrative data, came from the national basic geographic information database, and the
statistical data came from the Beijing Statistical Yearbook 2016.
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Figure 1. Study area and locations of the emergency medical facilities in Beijing.

2.3. Method

The methodology of this study was mainly divided into three parts, including the spatial
identification of the potential needs of emergency medical services, the construction of multitemporal
traffic network, and the coverage analysis of multitemporal emergency medical facilities.

2.3.1. Spatial Identification of Potential Demands for Emergency Medical Services

The potential demands of emergency medical services involve three elements, including time,
place, and person, which can be summarized as which people have the potential for emergency medical
services at which sites. At the present stage, subject to technical and data reasons, it is unrealistic to
obtain full-time spatial locations for all people. This paper adopted a compromise strategy. It considered
human work and living activities and divided them into two-time intervals. Then, found out where
the person may be located in the two times frames and used the population data to simulate the spatial
distribution of people at different places. Specifically, the time was first divided into two periods
of daytime (8:00-20:00) and night (20:00-8:00 on the following day). Most people mainly stayed in
workplaces during the daytime and stayed in residential and accommodation areas. In this situation,
we could find and classify the corresponding POI categories. The population grid raster data was used
to extract and obtain the estimates of personnel for each POI site by a geographic information system
(GIS). Finally, the POI data was used to estimate the population of each POI site as the population field
value. Using 100*100 m as the minimum grid unit for the kernel density analysis, the results of kernel
density analysis were used to characterize the spatial distribution of the potential emergency demands.
The higher the density, the more the population, the higher the demand for potential emergency
medical services, and vice versa, the lower the demand for emergency medical services.

Table 1 shows the main activities of urban residents at different temporal periods. The analysis
method mainly involved in this section is the kernel density analysis. The kernel density analysis
was used to calculate the density of an element in its surrounding neighborhood. It utilized a kernel
function to get the value per unit area based on a point or polyline feature to fit each point or polyline
to a smooth conical surface. Only points or line segments that fell within the neighborhood were
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considered for computing the density. If there was no point or line segment within the neighborhood
of a particular cell, the cell was assigned a null value. We used the default search radius (bandwidth)
based on the space configuration and the number of input points. This method corrected spatial outliers
without causing a large search radius. Using the population field gave some elements more weight
than other elements, depending on how important they were. The kernel functions of the study were
based on the quadratic kernel function described in Silverman’s book [39].

Table 1. The main places of activities for urban residents in different periods. POI: point of interest.

Time Major categories Detailed Category of POI

Villas, dormitories, residential areas, residential
quarters, and dual-use commercial and residential
buildings; company companies; museums, archives,
art galleries, planetariums, libraries, cultural palaces,
science and technology museums, exhibition halls,
convention centers, schools, scientific research
institutions, training institutions, media
organizations, cultural and art groups, driving
schools, and scientific and educational cultural
venues; tea houses, pastry shops, cafes, fast food
restaurants, cold drinks shops, dessert shops, foreign
restaurants, Chinese restaurants, casual dining
establishments, and catering-related venues; sports
venues, entertainment venues, leisure venues,
theaters, and resorts and convalescent places;
subway stations, port terminals, railway stations,
airport-related, and coach stations; securities
companies, insurance companies, banks, and
financial service agencies; and industrial and
commercial tax agencies, public security agencies,
transportation vehicle management, society-relevant
groups, foreign institutions, government agencies,
and social organizations.
Villa, dormitory, residential area, residential area,

Residential and commercial and residential dual-use buildings,
Accommodation services hotels, guest houses, and hotel

accommodation services.

Residential,
Corporate company,
Science and Technology Culture,
Food and Beverage Services,
Leisure Services,
Transportation Station Type,
Financial Venues,
Government Agencies

8:00-20:00

20:00-8:00

2.3.2. Multitemporal Traffic Network Construction

Traffic congestion is an important factor influencing the temporal and spatial differences in the
accessibility of emergency medical services [6]. Therefore, it is essential to consider the road network
modeling for traffic conditions at different times. First, we collated traffic situation data that was
crawled to obtain the traffic speed at each time of each road segment and then used the road network
data to create a network dataset and, according to the driving speed and the road length, the driving
time of each road was calculated and the driving time was taken as the cost impedance of the road. Thus,
a plurality of road network datasets were obtained, including traveling time at different times. The key
to the research was the crawling, processing accuracy, and real-time performance of traffic situation
data. Since the traffic situation data collected through the Gaode API was segmented data—that is,
the speeds of different sections of a road were different—after the time dimension was superimposed,
the speed of each section of each road was different at different times of the day. While in a network
analysis, if a road is broken into small sections at different speeds at different times, the computational
complexity will increase exponentially, and the number of small sections after an interruption will
increase dramatically. Therefore, this study adopted the following preprocessing method. Road data
with traffic speed in each period was converted into a 10*10 meter raster grid. The average speed of
each raster grid at the same time in different days reflected the average speed of the road. The gaode
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traffic congestion data itself also had coverage blind areas; all speed-free road sections used the average
speed of all other roads at the same time as their driving speed. In addition, in the construction of road
network datasets, considering that ambulances have road priority, they can be free from road turning,
traffic lights, and road direction. Therefore, appropriate settings were selected when the corresponding
road network parameters were set. When the road impedance was set, the impedance field of the road
was set to use the travel time. This travel time field can be defined as the value the road length dividing
the corresponding road speed.

2.3.3. Multitime Status Analysis of Emergency Medical Facility Coverage

The analysis of the coverage of emergency medical facilities at multiple times is mainly to
measure and analyze the arrival coverage of existing emergency medical facilities at different time
points for all potential emergency medical service demand sites. This process involves three factors,
including emergency medical facility sites, potential emergency medical service demand locations,
and road traffic conditions. The emergency medical sites are fixed, and most of them are open 24 h.
The spatial distribution of potential emergency medical services at different times has been identified,
and road network data at different points in time have been established. Therefore, the research purpose
in this section was to calculate the coverage of the existing emergency medical facilities using the
public service coverage model according to the corresponding road traffic conditions for the needs
of potential emergency medical services at different times. Specifically, the POI site for the potential
emergency medical service in the corresponding time period was set as a request point, the POI site for
the emergency medical place was set as a facility point, and a plurality of times were established based
on the time. The demand POl sites for the potential emergency medical service in the corresponding
period were set as the demand points. The emergency medical site POI was set as a facility, and based
on the established road network dataset for multiple times, the “maximum coverage” algorithm in
the “location-allocation” model was used to calculate the coverage of the emergency vehicle within
15 min (“Emergency Center Construction Standards” (BAN 117-2016). The minimization impedance
algorithm was used to simulate the site selection optimization for the possible coverage blind spots.

The study used the L-A model, which suitably locates facilities to ensure that the requirements
of the demand point are met most efficiently. The L-A model has a variety of algorithms that assign
demand points to facilities while locating facilities. For an emergency medical facility, on the one
hand, the emergency medical services of the hospital must arrive at as many places as necessary
for emergency treatment within the specified response time. On the other hand, the first-aid site
should make it easier for the ambulance to reach the demand place within the minimum travel cost.
We propose a Network-based Location-Allocation Model (NLAM), including the maximum coverage
(also called the maximal coverage location problem, MCLP) and the minimum impedance problem
(also called p-median algorithm), along road networks.

(i) For possible coverage blindness, the p-median model can be used to perform a simulated
siting of emergency medical facilities, which refers to setting facilities at appropriate locations so that
the sum of all weighted costs between the demand point and solution at the facility can be minimized.
The p-median model selects the facility that minimizes the sum of the weighted impedance (response
point assigned to a facility multiplied by the impedance to that facility). We proposed a p-median
model along the road network based on the formulation of the ReVelle-Swain model (1970) [11].

The notion is shown:

e P = total number of population
e M = total number of demand points
e i=index of demand points (i=1,2,... , M)

M
e  W; = the weighted value of the population associated at the demand point (P = ), w;)
i=1

e N = total number of potential candidates for the EMS location
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e j=index of potential EMS facility sites =1, 2, ..., N)

e d;; = the shortest-path distance between demand node i and potential EMS facility j along the
road network

e  p = the number of optimal locations

The mathematical description of this model is described as follows:

M N
Minimizef = Z Z w; *dij *xi]' (1)
i=1 j=1
subject to:
N
injzlz i=1,23,...,.M )
j=1
Xij <Y i=123,...,M, j=123,...,N (3)
N
Y vi=p @)
j=1
xl-]-:{O,l}, i:1,2,3,...,M, ]’:1,2,3,'”,]\] (5)
]/]:{0,1}, ]:1,2,3,,N (6)

The objective function (1) is to minimize the sum for all demand points of the network distance to
their closest EMS facility. Constraint (2) requires that all demand points are to be assigned to only one
EMS facility point. Constraint (3) allows demand point i to assign to a point j only if there is an open
EMS facility at this location. Constraint (4) ensures that exact p EMS facility locations are to be chosen
among the N potential ones. In Formulation (5), x;; equals 1 if the demand at node i is allocated to the
facility at site j and equals 0, otherwise. In Formulation (6), y; equals 1 if an EMS facility is located at
site j and equals 0, otherwise.

(ii) For the current coverage of emergency medical facilities, the maximum coverage location
problem model is mainly used for the location facilities, so that as many request points as possible are
allocated to the impedance interruptions of the facility points being solved. The algorithm handles the
request as follows. Request points outside the impedance cutoff at all facilities will not be allocated. If a
demand point is only within the impedance interruption of one facility, the request point will assign all
of its request weights to the facility. If a demand point is within an impedance interruption at two
or more facilities, the demand point will assign all of its request weights to the nearest facility only.
The mathematical description of this model is as follows:

Maximize Z Wi * Y (7)
i
subject to:

Z xpzy Vi 8)

J&N;
2. 5= ©)

j

x;=1{0,1} V¥j (10)
vi=1{0,1} Vi (11)

The objective of Function (7) was to maximize the amount of the covered EMS demand. Constraint (8)
defined whether the EMS coverage had been provided to a given EMS demand i based on the location
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decisions. Constraint (9) specified that the p EMS facility locations were to be chosen among the N
potential ones. Constraints (10) and (11) defined the integer siting and coverage variables. If a facility
location j was providing coverage, then x; equaled 1; otherwise, x; equaled 0. If the demand i was
covered, the decision variable y; was equal to 1; otherwise, y; was equal to 0.

3. Results

3.1. Spatial Distribution of Potential Needs for Emergency Medical Services

According to the characteristics of the population and functional space, using the 187,700 points
of POI data obtained, the spatial distribution of potential demand for emergency medical services
at different times in the study area is shown in Figure 2. The darker color denotes the higher
POI density after the weight of the population in the area and the higher demand for potential
emergency medical services. The shallower color indicates the lower POI density of the weight of the
superimposed population in the area and the lower demand for potential emergency medical services.
Figure 1 identifies potential high-demand areas during the daytime (08:00-20:00) in Zhongguancun,
Wudaokou, Xidan North Street, Chaoyangmen, Sanlitun, Guomao, Dawang Road, Wangfujing,
Chongwenmen, and Century City. The high-demand areas are mostly concentrated in the Central,
Northern, and Eastern parts of the study area, and the areas between the East Third Ring Road and the
Northwest three-fourth ring are most prominent. The potential high-demand areas at night (20:00- 08:00
on the following day) are distributed in the front gates of Dashilan, Yong’anli, Jinsong, Dongzhimen,
Lianchichi Road, Chongwenmen Ciqikou, Suzhou Bridge, Chegongzhuang—Guanganmen, and
Wukesong. The high-demand areas are mostly concentrated in the Central and Northern parts of the
study area, and the “Haidian Huangzhuang-Beijing West Railway Station” is more widely distributed
along the line. Based on the analysis of daytime and nighttime, the potential demand for emergency
medical services in the study area is mostly distributed within the Fourth Ring Road, and the area
outside the area between the South third ring and the fourth ring is even more pronounced. From day
to night, the direction of distribution of the potential demand for emergency medical services shifted
westward and southward. The use of statistical zoning tools to analyze the demand for potential
medical emergency services in the major administrative districts of the Fifth Ring Road found that
the total number of daytime and nighttime demand was, in descending order: Chaoyang District,
Haidian District, Xicheng District, Dongcheng District, and Fengtai District.

(a) Daytime (b) Nighttime - N

Potential
demand

High

Figure 2. Spatial distribution of the potential demand for emergency services at different times:
(a) daytime and (b) nighttime.
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3.2. Spatial Distribution of Multitemporal Traffic Conditions

Using the collected 644,200 traffic data, according to the method described in the previous section,
the traffic speeds of the roads in the study area at different times were first obtained through data
preprocessing. Extensive computations were performed on average road speeds at 20 time points
on all weekdays and weekends in the study area, as shown in Figure 3a. From the analysis of the
period, during the morning peak (07:00-09:00) and the evening peak (17:00-19:00), the average
driving speed decreased significantly, and the average driving speed had a slight rebound at noon.
Comparing working days and weekends, the average speed of the weekends at the same time was
mostly slightly higher than the working day. The average speed at 06:00 in the morning on weekends
was slightly higher than at midnight, since people have more nightlife activities in the early morning
on weekends The average driving speed at noon on the weekend compared with at noon on the
working day was slightly higher, because the residents’ trips during weekends have a certain time
delay compared with on working days. Further, using the highest value of the speed of each road at
different times minus the lowest value, the difference in speed was obtained as in Figure 3b. It can be
found that the road segments with relatively large differences were mostly along the ring roads, among
which, the ten road segments with the most extreme differences were concentrated in the Wufangqiao
section of the East fifth ring of the Jingha Expressway and the Majialou Bridge section of the South
Fourth Ring Road of the Jingkai Expressway. In order to accurately measure the coverage of emergency
medical facilities, the road network was modeled at 20 time points on weekdays and weekends using
the speed data of each road at the time. The obtained road speed distribution is shown in Figure 4.

i (a)
40
35

30

Average driving speed(km/h)

25

" Range of
average speed(km/h)

—3-10
10-13
13-20
20 - 36

—36-75

20
0 2 4 6 8 10 12 14 16 18 20 22 24

Time(h)
Weekdays Weekends

Figure 3. The average vehicle speed: (a) at different times; (b) on each road segments.
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Weekdays

Average
speed

Weekends

Figure 4. Speed at different times of each road in the study area.

3.3. Coverage Analysis of Multitime Status Emergency Medical Facilities

Based on the road network modeled for 20 time points on the working day and weekend,
the “location-distribution” model was further analyzed, and it was found that the overall coverage
of emergency medical facilities in the study area was relative high (Table 2 and Figure 5). From the
perspective of spatial coverage, full coverage can be achieved within 15 min in the night period
(20:00-8:00), divided by whether it was a working day or a weekend. There were very few coverage
blind spots in emergency medical facilities during the daytime (08:00-20:00). In the spatiotemporal view,
different traffic conditions at different time points made the space of the same emergency center cover
in 15 min to make a difference. At the same time, due to the influence of time and traffic, the coverage
of emergency medical facilities fluctuated, and the time at which coverage fell was basically in line
with the traffic peak hours. In order to find the blindness area from spatial coverage due to traffic
factors, POI facilities that cannot be covered at different points in time need to be further extracted to
explore their spatial characteristics and get the optimal solution of the model.

Table 2. The coverage of emergency medical facilities at different times.

Working day (time) 9:00 10:00 12:00 15:00 17:00 18:00 20:00 21:00 0:00 7:00
Coverage (%) 99.99 99.94 99.99 99.95 99.81 99.84 100 100 100 100
Weekend (time) 9:00 10:00 12:00 15:00 17:00 19:00 20:00 21:00 0:00 6:00

Coverage (%) 99.99 99.99 99.99 99.99 99.99 99.97 100 100 100 100
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&

Wekday

2

Weekends 19:00 Weekends 21:00

@ Emergency medical facilities with identification number ————— Road
colorful line refers to origin-destination (OD) line covered by emergency medical facilities

Figure 5. The coverage distribution of emergency medical facilities at different times.

The POI facilities were extracted that failed to be covered at different time points, and the results
were merged. The results are shown in Figure 6a. There were two main areas that could not be covered
during part of the day, including parts of the Shijingshan South Station and the Southern Fifth Ring
Road Jingxian Bridge. The Shijingshan South Station did not cover POIs on a small area (six sites).
The scale of uncovered sites along the South Fifth Ring Road Jingxian Bridge varied from 1-36 in
different times. Considering that the Shijingshan South Railway Station has a small scope of uncovered
sites on the one hand, on the other hand, there is a first-aid center (The first-aid center was not involved
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in the analysis, because it was not in the study area) in the Jingxi District of Chaoyang Hospital, which is
close to the Northwest of Ximenkou Bridge on the West Fifth Ring Road. Therefore, the main coverage
blindness area and optimized area are in the Southern Fifth Ring Road Jingxian Bridge (Figure 6b).

« emergency medical facilities
with identification number

uncovered place
at some time

(a) (b)

Figure 6. The blind coverage area of emergency medical facilities at some times: (a) the whole study
area; (b) the Southern Fifth Ring Road Jingxian Bridge area.

Since the number of facilities within the Jingxianqiao area is not large enough, the construction of
anew emergency center will make waste. If the method of reconstructing the road from the perspective
of improving the road traffic conditions will also have a higher cost, a simple and effective solution is
to find an existing medical facility in the area and transform it to have the function of an emergency
center. This step can be performed by the following method. First, all medical facilities in the area
are selected as candidates for the “location-allocation” model. Then, use the “minimum impedance”
model to calculate and find the medical facilities that can cover the area with the least time-cost and
upgrade it as an emergency medical service solution covering this area. The computational process was
based on the road network at 17:00 on the most stressful working day. The final candidate was Beijing
Wanbo Brain Health Traditional Chinese Medicine Hospital. It should be noted that the possibility of
being an emergency medical facility is only discussed here from the perspective of spatial accessibility,
subject to the lack of our medical professional knowledge.

4. Conclusions and Discussion

This study takes the urban emergency medical facilities in the Wuhan District in Beijing as
the research object and comprehensively considers time, traffic impedance, and population factors
to study the spatial distribution characteristics. First, using the POI facility data and population
distribution grid data, the spatial distribution of potential medical emergency service needs during
the day (8:00-20:00) and night (20:00-8:00) were identified. Then, using the collected traffic situation
data, the road network was modeled according to the traffic conditions at different times. Finally,
the emergency medical coverage at different time points in the study area was quantified using the
algorithm in the “location-allocation” model, further combining the inadequacies of the proposed
improvement direction. The main conclusions obtained in this paper are as follows:
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(1) The distribution of potential emergency medical service needs during the two periods in the
study area was identified based on the characteristics of the population and the space of residence
and residence. During the day (8:00-20:00), high-demand areas for potential emergency medical
services are mainly distributed in Zhongguancun, Wudaokou, Xidan North Street, Sanlitun, Guomao,
Dawang Road, and other places, gathering in the Central, Northern, and Eastern parts of the study area.
The high demand areas for potential emergency medical services during the night (20:00-8:00) were
mainly distributed in Dashilan, Yong’anli, Chegongzhuang-Guang’anmen, Lianhuachi East Road, and
other places, mostly in the Middle and North of the study area. From daytime to nighttime, the direction
distribution center of potential demand shifted to the west and south. The total demand for potential
emergency medical services in the major administrative regions of the study area are, in descending
order: Chaoyang District, Haidian District, Xicheng District, Dongcheng District, and Fengtai District.

(2) Statistical analysis of the road traffic situation data were obtained, modeling the road network
at 20 temporal ranges on the working days and weekend. Statistical analysis found that the average
speed of all roads in the study area at the same time last weekend was mostly slightly higher than
the working day. However, the average speed at midnight on weekends was slightly higher than the
midnight on weekdays; the probable reason is that there is a certain delay in the travel of weekend
residents compared to working days. The average driving speed at 6:00 in the morning on weekends is
slightly higher than that at midnight, because people have more nightlife activities and less morning
activities on the weekends. The roads at very different speeds at different time points are mostly ring
roads. The ten road sections with the most extreme differences are concentrated in the Wufanggiao
section of the East fifth ring of the Jingha Expressway and the Majialou Bridge section of the South
Fourth Ring Road of the Jingkai Expressway.

(3) Based on the road network model at 20 time points on weekdays and weekends, the 15-min
coverage of emergency medical facilities under the 20 time points in the study area was quantitatively
measured, and optimization suggestions were given for coverage blind spots. The overall coverage of
emergency medical facilities was relatively high. In the nighttime (20:00- 8:00), including working
days and weekends, full coverage of the ambulances were achieved for 15 min. At some time points
during the daytime (8:00-20:00) on the weekdays and weekends, there were very few coverage areas
for emergency medical facilities, which were mainly distributed in parts of the Shijingshan South
Railway Station and the Southern Fifth Ring Road Jingxian Bridge. Affected by time and traffic factors,
the coverage of emergency medical facilities fluctuates, and the time at which coverage falls is basically
in-line with traffic peak times. Further, the blind spot for the coverage of the Yinxiangiao area in the
South Fifth Ring Road was considered. Considering the characteristics of the location and the scope of
the uncovered point, the corresponding simulation site selection was given.

In this study, we did not consider the parallel method to solve the multifactor spatial optimization
problem. We will integrate a high-performance spatial analysis method and spatial cloud computing
algorithm [40-42] into the spatial optimization for a large-scale dataset to improve the efficiency in
a future work. The multifactor spatial optimization approach is essential to understand the current
worldwide emergency regarding the pandemic of COVID-19. In the next step, we will use a multifactor
spatial optimization model for the testing site selection of COVID-19 with spatial coverage and the
space-time traffic network.
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