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Methodology for creating dynamic emergency vehicle
availability maps

Abstract. One of the main priorities of emergency services is to minimize the response time to calls. In the
process of proper allocation of emergency vehicles, maps of emergency vehicle accessibility are found to be
helpful. These maps represent areas within which emergency services can reach the specified location within
a certain time. Calculating travel times requires taking into account the rapidly changing current road condi-
tions. This paper presents a method for dynamically generating maps of emergency vehicle accessibility,
considering network models and irregular computational grids.
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1. Introduction

The priority of emergency services, such as
ambulance, fire department, and police, is to
reach the incident location as quickly as possible.
Research indicates that 10% of fatalities result-
ing from accidents occur within 3—-5 minutes,
and 60% occur within 30 minutes from the inci-
dent time. Hence, the proper location of rescue
team stations is crucial in determining response
time to emergency calls (Terzi et al., 2013).
One way to reduce this time is by developing
an early map of time coverage, which helps plan
the locations of emergency vehicles effectively.
Coverage maps are commonly used in analyz-
ing the coverage of areas by telecommunica-
tion networks, but they can also be utilized in
other fields to present various spatial informa-
tion (Piorkowski, 2018).

With information about travel times between
the vehicle’s stationing location and other points,
an accessibility map can be created, also known

as a service map or time coverage map. Each
area consists of an infinite number of points,
and finding optimal routes is a time-consuming
problem; hence, appropriate sampling of the
area becomes necessary by selecting its rep-
resentative points (Plokita et al., 2016). These
points, when plotted on the map, determine
the zones within which the rescue team can
reach within the designated time. The available
literature on the subject illustrates the evolu-
tion of GIS (Geographic Information Systems)
used to reduce response times to emergency
calls by creating accessibility maps. The work
by Branas et al. (2000) is often recognized as
one of the first systematic approaches to mod-
eling the deployment of ambulances and hospi-
tals based on geographical accessibility and
time coverage. The application of GIS models
allowed for optimizing resource allocation, re-
sulting in a reduction of the emergency medical
team’s response time. Research on the optimal
placement of ambulances has also been the
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subject of investigation described in the work
by Andersson and Varbrand (2007). This article
presents possibilities and decision support
tools for ambulance dispatch centers, focusing
on the dynamic relocation of ambulances and
its impact on response times to emergency
calls. Similar studies were outlined in the work
by Schmid (2012), where the authors proposed
a new approach to ambulance placement and
management using ADP (Approximate Dynamic
Programming), leading to an average reduction
of 12.89% in ambulance response times.

In the study by Wajid et al. (2020), an optimi-
zation of the service area for emergency med-
ical services (EMS) was proposed using the
Double Standard Model (DSM) and Google
Maps API, enabling the computation of travel
times between ambulance locations and acci-
dent scenes.

The issue of service area coverage also has
legal implications. In Poland, there is a legal
requirement known as the “statutory response
time” for ambulances to reach the incident loc-
ation, which is set at 15 minutes in cities and
20 minutes outside of cities. Therefore, the aim
of this study was to create a tool that dynamic-
ally and in real-time responds to changes in
the transportation network or other unforeseen
circumstances, in order to model ambulance
service areas within the statutory response time
(15/20 minutes). The significance of this issue
is evident in extensive literature research on
accessibility maps created in various countries.

For instance, the work by Peleg and Pliskin
(2004) presents an analysis of accessibility for
the city of Haifa, where the authors presented
zones with travel times set at 8 and 15 minutes.
The placement of ambulances and coverage
of demand for the Odunpazari District in Turkey
was shown in the work by Swalehe and Aktas
(2016), with the aim of creating a map repres-
enting areas that ambulances can reach within
5 minutes. Similar issues were also addressed
in the work by Terzi et al. (2013), where acces-
sibility maps presented service areas achiev-
able by EMS within 10 minutes. Ambulance
accessibility zones based on travel times were
also presented in the work by Shuib and Zaha-
rudin (2010), while the articles by Budge et al.
(2010) and Ingolfsson (2013) show coverage
maps based on the probability of the nearest
available ambulance responding to a call. In
the case of ambulance accessibility in rural

areas, it's worth mentioning the work by Van-
derschuren and McKune (2015), where analyses
were conducted for the Western Cape region
in South Africa. The article by Westgate et al.
(2016) presents an analysis of the probability
that the nearest ambulance in Toronto will arrive
at the incident location within 4 minutes, based
on a city road grid as a reference map. It is
essential to emphasize that analyses and ac-
cessibility maps for emergency vehicles should
assume that these vehicles move differently
than civilian vehicles. This means that calcula-
tions carried out for ambulance accessibility
maps should consider the speed characteristics
specific to emergency vehicles. Therefore, this
study was conducted as a continuation of the
authors’ previous research, which demonstrated
that ambulances in the Matopolska voivodeship
(Poland) maintain a relatively constant average
speed regardless of the time of day, weather,
or season (Lupa et al., 2021). The obtained
speed characteristics served as reference data
for developing the solution in this study.

2. Methodology

Creating an accessibility map, even with the
use of classical GIS software, always involves
solving a certain computational problem. In this
case, a specific computational grid is assumed,
and the density of nodes in this grid deter-
mines the accuracy of the calculations. The next
chapter presents a solution that reduces the
number of computational nodes while increasing
calculation accuracy. Furthermore, considering
that the described solutions pertain to entirely
dynamic accessibility maps, reducing compu-
tational complexity was necessary to shorten
the time required for generating the map and,
consequently, adapting it to the varying condi-
tions on the road.

2.1. Architecture

The solution operates based on the GeoTools
library and the GeoSpark system. GeoTools is
a set of tools for building Geographic Informa-
tion Systems in Java (GeoTools, 2023). GeoSpark
is a programming platform used for processing
big data spatial data (GeoSpark, 2023), built
on Apache Spark, a distributed computing engine
(Apache Spark, 2023). At the core of GeoSpark
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lies the Spatial Resilient Distributed Dataset
(SRDD), which stores spatial data across mul-
tiple computer units’ disks or memory and en-
ables parallel manipulation (Karau et al., 2016).
Such a dataset can be stored in the distributed
Hadoop Distributed File System, managed by
the Apache Hadoop programming platform
(Apache Hadoop, 2023).

The user interface was developed using the
OpenLayers library, which presents the data on
an OpenStreetMap basemap with an overlaid
irregular grid of computational points. An illus-
trative fragment of this grid is depicted in Figure 1.
The grid nodes are strategically positioned in
areas accessible to motor vehicles while exc-
luding points within buildings, fields, or forests.
The grid creation is facilitated by employing
the Open Source Routing Machine (OSRM)
routing engine, elaborated in the subsequent
subsection. The OSRM engine is based on
OpenStreetMap data, where the road network
is represented by nodes (OSRM, 2023).

2.2. Irregular grid point

Ensuring appropriate sampling of the area is
crucial for the application’s functionality. The

grid points can be distributed with equal dis-
tances and density (Figure 2) or irregularly, as
shown in the image above (Figure 1). The nodes
of a regular grid rarely correspond to locations
accessible to motor vehicles. This fact can
significantly hinder the usability of the accessi-
bility map, leading to inaccurately determined
routes and difficulties in calculating travel times.
Additionally, it can greatly extend the time re-
quired for computation. As a result, the optimal
solution was to create a grid tailored to the road
infrastructure layout.

Among the various possibilities, the OSRM
engine offers the ability to determine the nearest
point on the road network for any given pair of
geographic coordinates. OSRM is based on
OpenStreetMap data in the WGS84 coordinate
system (EPSG 4326). Communication with the
OSRM server occurs through web APIs (HTTP),
which return responses in JSON format, similar
to the one presented in Figure 3.

The algorithm for constructing an irregular
computational grid based on the OSRM routing
engine proceeds as follows:

1. Calculate the coordinates of a regular grid
with nodes spaced at 250-meter intervals.

http://osrm2-4199.cloud.plgrid.pl/nearest/v1/driving}19.956389,50.051952 |

38FAAAAEgAAAFKAAAADAAAA -

xW2QEOWbKFUMBNC7vRxQQUAAAASAAAAWQAAAA4AAABIAAAA3OEWAWMS -

JSON  RawData  Headers
code: "0k
w waypoints:
v 0:
w nodes:
0: 243362171
] 243362183
v hint: "sgwAgP
wKlgjABcLv7AgQA7wMHyOwW3"
distance: 31.145364
v location:
2 1 19.95619
i 50.052201

Figure 3. The difference (property “distance” [m]) between the location of the nearest point
on the road network and the coordinates of a grid node
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2. For each node in the regular grid, send an
HTTP request to the OSRM server to obtain
the coordinates of the nearest point on the road
network.

3. Create an irregular grid using the coordi-
nates obtained in the responses from the OSRM
server (Figure 4).

4. A standard OpenStreetMap topographic
map is used as the base map for analyses.

In the first step, a regular grid consisting of
5221 points was created, covering the area of
Krakow city, as illustrated in the image below
(Figure 5). The grid size (250 m) was dictated

by a desire to compare results with the study
by Piérkowski (2018). However, the grid size
can be arbitrarily adopted, adjusting analyses
to the desired precision. As a result of the above-
-described process, it was transformed into an
irregular grid (Figure 6).

Some points on the road network serve as
the nearest points for multiple nodes in the re-
gular grid simultaneously. An example of such
a point can be seen in Figure 7. As a result, the
final irregular grid comprises only 4759 nodes.
This characteristic reduces the amount of in-
formation needed for the accessibility map

Figure 4. Points arranged regularly (a) and their corresponding nodes in the irregular computational grid (b)
(base map: map data copyrighted OpenStreetMap contributors and available from
https://www.openstreetmap.org)



30 Michat Lupa, Weronika Naziemiec, Katarzyna Adamek, Mateusz Zawadzki

Figure 5. Regular grid of points covering the area of Krakéw city (base map: map data copyrighted
OpenStreetMap contributors and available from https://www.openstreetmap.org)

Figure 6. Irregular grid of points covering the area of Krakéw city (base map: map data copyrighted
OpenStreetMap contributors and available from https://www.openstreetmap.org)
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Figure 7. Points in the regular grid (a) sharing the same nearest point on the road infrastructure (b) (base map:
map data copyrighted OpenStreetMap contributors and available from https://www.openstreetmap.org)

creation, thereby shortening the computation
time. Further reduction in computation time can
be achieved by aggregating points with distances
less than 100 meters (Figure 8).

2.3. Routing

To construct an ambulance accessibility
map, it is essential to calculate travel times

between all pairs of points in the computational
grid, considering both directions (Koziet, 2014;
Lewandowicz & Flisek, 2017; Mitosz et al.,
2014; Piérkowski, 2018).
PT=(G x G),

where PT]x,y] represents the travel time between
point Px and Py.

For this purpose, we utilized the aforemen-
tioned OSRM routing engine and the Contrac-
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Wik,

Figure 8. Closely located points in the irregular grid that can be merged into one point (base map: map data
copyrighted OpenStreetMap contributors and available from https://www.openstreetmap.org)

tion Hierarchies algorithm (Geisberger et al.,
2008) to determine the route and travel time
between each pair of locations. Gathering this
information, the solution stores it in a distri-
buted spatial data set (RDD), allowing for various
fast computational operations (GeoSpark). By
employing this approach, the calculations can
be executed in parallel across computational
clusters, leading to a substantial acceleration
in data generation. The process of adding a new
object to the collection, and thus, performing

the calculations for all grid points, proceeds as
follows:

1. Sending an HTTP request for the route
and travel time between specific points.

2. Creating an instance of the LineString
class representing the route’s geometry.

3. Adding travel time information to the User-
Data field of the created object.

4. Adding the object to the distributed data set.

These calculations are schematically pre-
sented in the following figure (Figure 9).

ﬂplicallun
dd new object
ly| LineString 90 new ahjec
- route
- timer

response

webAPl P

OSRM
Engine

o

I

Distributed
Datasets

Thsinbuned fis sysiem

=)

read

‘I,‘ wirite

LineString

LineString
- route
- time

Figure 9. Scheme of distributed computations
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After gathering the information, the applica-
tion saves the dataset in a text file. Each line of
this file corresponds to a single route saved in
the Well-Known Text format for LineString,
along with additional travel time information.
Next, this information is stored in a distributed
file system (DBFS), enabling rapid data reloading
without the need to retrieve them again from
external sources.

3. Dynamic coverage map

The creation of a dynamic accessibility map
begins with a trigger action — indicating a point
for which polygons representing travel times
will be returned. Each point indication triggers
the following sequence of actions:

1. Sending a POST request with a list of coordi-
nates for the selected positions to the applica-
tion controller.

2. Filtering the SRDD (containing all possible
routes) to identify routes originating from the
points in the list.

3. Remapping the obtained set of routes into
a collection of pairs containing the following
values:

a. Endpoint of the route (also a node in
the irregular computational grid).
b. Travel time to that endpoint.

4. Determining the shortest travel time for
each node.

5. Sending the information obtained in the
previous step to the view layer.

6. Displaying the coverage grid, where points
are colored based on travel times:

a. 0 minutes (vehicle parking location) —
pink color.

b. Between 0 and 7 minutes — green color.
c. Between 8 and 15 minutes — yellow color.
d. Between 16 and 20 minutes — red color.
e. Above 20 minutes — black color.

The effects of the user’s actions can be ob-
served in the image below (Figure 10). The
selected intervals correspond to the EMS
statutory travel times in Poland (15/20 minutes).
Furthermore, the accessibility map can be ge-
nerated for a single point (case (b) — Figure 10)
or for two or more points (case (c) — Figure 10).

3.1. Exclusion of a road section from traffic

The authors’ research focused on developing
a solution for dynamically creating an accessi-

Figure 10. Time coverage maps — before marking

the vehicle location (a), after marking one location

(b), and after marking two locations (c) (base map:
map data copyrighted OpenStreetMap contributors
and available from https://www.openstreetmap.org)

bility map. This entails the map’s responsiveness
to unforeseen events, such as road incidents,
construction work, accidents, mass events,
and other factors that may affect ambulance
accessibility in urban areas. To achieve this,
an algorithm was devised that allows for the
exclusion of selected segments of the road net-
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work, adapting the accessibility map to the cur-
rent situation prevailing in the analyzed area.

The closure of roads necessitates the need
to establish new routes, as the current ones,
previously considered the fastest, become im-
passable. Detours can significantly extend travel
times. In such cases, a recalculation of the
accessibility map is required. Additionally,
acquiring new travel time information between
all grid nodes would involve sending n? HTTP
requests to the OSRM server (where n is the
number of nodes), significantly reducing the
solution’s efficiency. As a result, regenerating
the accessibility map for the entire area would
introduce time overhead, affecting EMS re-
sponse time, and ultimately, the arrival time at
the incident location.

To address this, the authors developed an
algorithm for generating dynamic accessibility
maps that updates travel times solely for routes
overlapping or intersecting with the closed
road segments. This way, the EMS dispatcher,
upon receiving information about changes in
traffic organization, can identify the specific road
segment that will be excluded from the acces-
sibility map (Figure 11).

The closure of a road segment triggers the
generation of a new accessibility map according
to the following scheme:

1. Identifying road segments corresponding
to the user-defined polyline (the line marked
by the user may differ from the actual road
segments, as shown in Figure 12).
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2. Creating an update file that contains infor-
mation about the exclusion of specific road
segments.

3. Restarting local instances of the OSRM
engine, incorporating the additional update file.

From now on, the engine should calculate new
routes and travel times, taking into account the
exclusion of the road segment.

A sample comparison of ambulance acces-
sibility maps for Krakow before and after the
closure of several roads is shown in the image
below (Figure 13).

4. Discussion

Vehicle accessibility maps can be a very va-
luable tool when managing a fleet of emergency
vehicles, such as ambulances. Moreover, these
maps can play an even larger role in public
safety if the times on the accessibility zones
are validated. Therefore, developing appropriate
tools for assessing accessibility maps is one of
the key research aspects facing the authors of
this work. The authors believe that this assess-
ment can be conducted through the analysis of
historical data, in which the ambulance route
will be reconstructed based on GPS logs. This
could involve, for example, determining the
starting and ending points of the ambulance
route along with the total transit time. These
points and times can then be overlaid on the
availability map, and the difference between
the transit time and the estimated time can be

_.-'. Yeps T : . 5

: : : : : : o ) Y':;

..\.‘.,.i,‘._:.., 3 : i m{._--:—,.
+(b) % £ (c)

Figure 11. Marking successive road segments closed for use (base map: map data copyrighted
OpenStreetMap contributors and available from https://www.openstreetmap.org)
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A (b)

Figure 12. User-defined line (a) and its matching to actual road segments (b) (base map: map data
copyrighted OpenStreetMap contributors and available from https://www.openstreetmap.org)

calculated as an RMSE (Root Mean Square
Error) measure. These measures should be
determined for computational grids of varying
density, as well as different hours and days of
the week when ambulances are operating.

In the case of grids with varying densities,
a choice must be made between the expected
level of spatial accuracy, the available computing
cluster, and the maximum computational time
that the dispatcher operates with to generate
a new, dynamic accessibility map. All these
issues were also the subject of consideration
by the authors of this work, who decided to
move away from raster/polygon (Azizan et al.,
2013; Diller et al., 2014; Lee, 2014) data in
favor of points, which take on different colors
depending on the travel time to a given area.
Compared to the solutions described in the li-
terature (Fisher & Lassa, 2017), our solution is
characterized by much lower complexity and
reduced calculation time while still leaving an
appropriate amount of information on the map
for the dispatcher.

The new accessibility maps have been de-
signed keeping user-centricity in mind. Our new
approach makes use of intuitive and universally-
-recognized symbols, aimed at ensuring users
from diverse backgrounds can understand the
map without extensive prior knowledge. Color
differentiation and map perception (Lupa et al.,
2017) is a key aspect of accessibility maps,
which is why we avoid maps presented in
grayscale (Myers et al., 2015). The proposed

solution is based on classic colors that are
easily associated with a specific phenomenon,
such as green — easily accessible and red —
difficult to access (Piorkowski, 2018). The usa-

Figure 13. Time coverage map before (a) and after
(b) the closure of several roads (base map: map
data copyrighted OpenStreetMap contributors and
available from https://www.openstreetmap.org)
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bility of a map directly affects decision-making.
A map that is easy to read, understand, and
interpret allows decision-makers to quickly
grasp the situation and act accordingly.

5. Conclusions

This work presents a method for generating
dynamic accessibility maps that can be used
by medical dispatchers managing EMS fleets.
Temporal availability of an ambulance, i.e., the
area that can be reached within a feasible re-
sponse time, significantly impacts the safety of
city and rural residents during emergency situ-
ations. As demonstrated by the literature on
Geographic Information Systems (GIS) and

References

Andersson, T., & Varbrand, P. (2007). Decision sup-
port tools for ambulance dispatch and relocation.
Journal of the Operational Research Society,
58(2), 195-201. https://doi.org/10.1057/palgrave.
jors.2602174

Apache Hadoop. (2023). https://hadoop.apache.org/

Apache Spark. (2023). https://spark.apache.org/

Azizan, M. H., Lim, C. S., Hatta, W. A. L. W. M., &
Teoh, S. (2013). Simulation of emergency medical
services delivery performance based on real map.
International Journal of Engineering and Techno-
logy, 5(3), 2620-2627.

Branas, C. C., MacKenzie, E. J., & ReVelle, C. S.
(2000). A trauma resource allocation model for
ambulances and hospitals. Health Services Re-
search, 35(2), 489.

Budge, S., Ingolfsson, A., & Zerom, D. (2010). Empi-
rical analysis of ambulance travel times: the case
of Calgary emergency medical services. Manage-
ment Science, 56(4), 716-723. https://doi.org/
10.1287/mnsc.1090.1142

Diller, G. P., Kempny, A., Piorkowski, A., Grubler, M.,
Swan, L., Baumgartner, H., Dimopoulos, K., & Gat-
zoulis, M. A. (2014). Choice and competition
between adult congenital heart disease centers:
evidence of considerable geographical disparities
and association with clinical or academic results.
Circ Cardiovasc Qual Outcomes, 7(2), 285-291.
https://doi.org/10.1161/CIRCOUTCOMES.113.000555

Fisher, R., & Lassa, J. (2017). Interactive, open source,
travel time scenario modelling: tools to facilitate
participation in health service access analysis. In-
ternational Journal of Health Geographics, 16(1), Ar-
ticle 13. https://doi.org/10.1186/s12942-017-0086-8

Geisberger, R., Sanders, P., Schultes, D., & Delling,
D. (2008). Contraction hierarchies: faster and

decision support systems, the topic of accessi-
bility maps has been a subject of interest for
over 20 years. So far, both commercial and
open-source GIS tools have only offered static
solutions for generating accessibility maps,
which implies the need to regenerate the entire
map in the event of an unforeseen occurrence.
This puts dispatchers in a difficult position —
either regenerate the map using static GIS tools
or rely on an outdated accessibility map, hoping
that a closed road will not hinder EMS response
to the incident. This work presents an approach
that minimizes the challenges of generating
accessibility maps by adapting them to the
current road conditions, thus contributing to
the enhancement of public safety.

simpler hierarchical routing in road networks. In
C. C. McGeoch. (Ed.), Experimental Algorithms.
WEA 2008. Lecture Notes in Computer Science,
5038. Springer. https://doi.org/10.1007/978-3-540-
68552-4_24

GeoTools. (2023, July). GeoTools the open source
Java GIS toolkit. https://geotools.org/

Ingolfsson, A. (2013). Ems planning and manage-
ment. In G. S. Zaric (Ed.), Operations Research
and Health Care Policy (pp. 105—128). Springer.

Karau, H., Konwinski, A., Wendell, P., & Zaharia, M.
(2016). Poznajemy Sparka. Btyskawiczna analiza
danych. PWN.

Koziel, G. (2014). Algorytmy wyznaczania optymal-
nej trasy przejazdu. Logistyka, 3, 3206-3212.

Lee, E. (2014). Designing service coverage and
measuring accessibility and serviceability of rural
and small urban ambulance systems. Systems, 2(1),
34-53. https://doi.org/10.3390/systems2010034

Lewandowicz, E., & Flisek, P. (2017). Dostepnos$¢
komunikacyjna w analizach sieciowych w prze-
strzeniach heterogenicznych (Communication
availability in network analysis in heterogeneous
spaces). Roczniki Geomatyki, 15(4(79)), 375-389.

Lupa, M., Chuchro, M., Sarlej, W., & Adamek, K.
(2021). Emergency ambulance speed characteris-
tics: a case study of Lesser Poland voivodeship,
southern Poland. Geolnformatica, 25, 775-798.
https://doi.org/10.1007/s10707-021-00447-w

Lupa, M., Szombara, S., Chuchro, M., & Chrobak, T.
(2017). Limits of Colour Perception in the Context
of Minimum Dimensions in Digital Cartography.
International Journal of Geo-Information, 6(9), 276.
https://doi.org/10.3390/ijgi6090276

Mitosz, M, Ztomaniec, P., & Badurowicz, M. (2014).
Modele matematyczne optymalizacji tras w trans-



Methodology for creating dynamic emergency vehicle availability maps 37

porcie medycznym [Mathematical models of route
optimization in medical transport field]. Logistyka,
6, 7524-7533.

Myers, B., Fisher, R., Nelson, N., & Belton, S. (2015).
Defining remoteness from health care: integrated
research on accessing emergency maternal care
in Indonesia. AIMS public health, 2(3), 257-273.
https://doi.org/10.3934/publichealth.2015.3.257

OSRM. (2023, July). Open Source Routing Machine.
github.com/Project-OSRM/osrm-backend/wiki/
Running-OSRM

Peleg, K., & Pliskin, J. S. (2004). A geographic infor-
mation system simulation model of EMS: reducing
ambulance response time. The American journal
of emergency medicine, 22(3), 164-170. https://
doi.org/10.1016/j.ajem.2004.02.003

Piorkowski, A. (2018). Construction of a dynamic
arrival time coverage map for emergency medical
services. Open Geosciences, 10, 167—173. https://
doi.org/10.1515/geo-2018-0013

Ptokita, I., Piérkowski, A., & Lupa, M. (2016). Com-
parative analysis of algorithms for calculating arri-
val times of emergency vehicles. Geoinformatica
Polonica, 15, 85-91. https://doi.org/10.4467/2199
5923GP.16.009.5485

Schmid, V. (2012). Solving the dynamic ambulance
relocation and dispatching problem using approxi-
mate dynamic programming. European Journal of
Operational Research, 219(3), 611-621. https:/
doi.org/10.1016/j.ejor.2011.10.043

Shuib, A., & Zaharudin, Z. A. (2010). Framework of
tazopt model for ambulance location and allocation
problem. World Academy of Science, Engineering
and Technology, 70, 678-683.

Swalehe, M., & Aktas, S. G. (2016). Dynamic ambu-
lance deployment to reduce ambulance response
times using geographic information systems: A case
study of Odunpazari District of Eskisehir Province,
Turkey. Procedia Environmental Sciences, 36,
199-206. https://doi.org/10.1016/j.proenv.2016.
09.033

Terzi, O., Sisman, A, Canbaz, S., Dindar, C., & Pek-
sen, Y. (2013). A geographic information system-
-based analysis of ambulance station coverage
area in Samsun, Turkey. Singapore Med J, 54(11),
653-658. http://dx.doi.org/10.11622/smed;j.2013228

Vanderschuren, M., & McKune, D. (2015). Emergency
care facility access in rural areas within the gol-
den hour?: Western Cape case study. International
Journal of Health Geographics, 14(1), 5. https://
doi.org/10.1186/1476-072X-14-5

Wajid, S., Nezamuddin, N., & Unnikrishnan, A. (2020).
Optimizing ambulance locations for coverage
enhancement of accident sites in South Delhi.
Transportation Research Procedia, 48, 280-289.
https://doi.org/10.1016/j.trpro.2020.08.022

Westgate, B. S., Woodard, D. B., Matteson, D. S., & Hen-
derson, S. G. (2016). Large-network travel time
distribution estimation for ambulances. European
Journal of Operational Research, 252(1), 322—-333.



