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ABSTRACT

The recent growth of population densities and economic expansion has created a greater concentration of
residential and commercial risks within the urban areas, which result in frequent emergency and disaster
situations that have led to the loss of lives and valuable properties. Assessing these effects of road network
on emergency services using GIS technique is necessary for effective and efficient emergency management.
The study mapped and analysed the accessibility of ambulance services, fire services, and hospitals in
Lokoja metropolis using geographic information (GIS). The findings provide valuable insights into the
accessibility of these emergency services to residents of various settlements. These findings can be used to
improve the planning and delivery of emergency services in Lokoja metropolis. It is recommended that
additional ambulance service stations be established in underserved areas such as Zangon-daji, Ganaja,
and Krocha to improve response times and coverage. Implement real-time ambulance tracking systems to
optimise dispatch and resource allocation. Consider establishing additional fire service stations in areas
beyond the 10-minute service area, such as Zangon-daji and Krocha, to enhance response capabilities.
Conduct public awareness campaigns to educate residents on fire safety measures and emergency
procedures. Explore the establishment of satellite clinics or community health centres in areas beyond the
10-minute service area, such as Nataco, Ganaja, and Krocha, to improve access to primary healthcare
services. Collaborate with transportation providers to improve connectivity and access to existing hospitals
for residents in underserved areas.
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1 INTRODUCTION

mergency is considered as an event, actual or imminent, which can endanger, threatens life, property
E and the environment, and which requires a significant and coordinated response [1]. Emergency

services are services provided to persons after the sudden onset of an emergency medical condition
[2]. However, as a result of the complex nature of the environmental structure, emergencies worldwide
have become a serious phenomenon that threatens human life and property and as a result, the need for
appropriate emergency management is a current phenomenon in the present time [3]. Emergency
management is defined by different scholars in different ways. Waugh and Tierney [4] referred to
emergency management as the discipline where science and technology, planning and management are
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employed to deal with extreme events that can cause injury, death, extensive destruction to property and
interrupt community life. According to Ying [5] emergency management is the action of utilizing
technology, planning, and management to reduce vulnerability for large-scale, threatening, and
unpredictable natural emergencies. The recent growth of population densities and economic expansion has
created a greater concentration of residential and commercial risks within the urban areas, which result in
frequent emergency and disaster situations that have led to the loss of lives and valuable properties;
consequently, there is need for proper emergency planning and response system [6]. The increasing rate of
emergency incidences in Nigeria is an issue that cannot be overemphasized and it is no longer news that
emergency has become the order of the day in our contemporary society. In Lokoja metropolis, emergency
vehicles are faced with accessibility issue that has been hampered by the available road network to serve
the entire population. Response time and distance plays an important role in emergency management
service delivery [7]. This will make a huge difference between saving and losing lives and properties,
conserving the environment and protection of the economy after getting incident information [8]. Before
the introduction of GIS, emergency response decisions were mostly based on a manager's perception and
work experience instead of current information on the incident that requires emergency response. However,
with the introduction of GIS, planning for transport road network techniques is now available for effective
service delivery. Geographic Information System (GIS) is an efficient technological tool that supports all
stages of emergency which include planning, preparedness, mitigation, response, and incident management
[9]. In each of these phases, emergency management requires accurate and dependable information about
the current situation of emergency, existing sources and facilities [10]. A Geographic Information System
(GIS) possesses a multitude of applications within the field of emergency management. Specifically, it
serves as a highly efficient tool for determining the most appropriate routes for emergency vehicles, thus
addressing the issue of identifying the shortest path for such vehicles [11]. When applied to a transportation
network, a shortest path algorithm enables the calculation of the path that entails the least travel cost or
impedance from the starting point to the desired destination. Depending on the specific cost type, this path
can be referred to as the shortest, fastest, or most optimal path or route. There are various factors that
influence the impedance experienced by emergency services and their vehicles, including distance, travel
time, and traffic congestion due to fluctuations in traffic flow over the course of the day. Particularly in
urban areas, traffic congestion poses a significant problem and can impede timely emergency response [12].
Lokoja metropolis has in recent years expanded exponentially in all directions Owoeye [13] but the road
network infrastructure to aid emergency situations has been in a slow rate [14]. Lokoja metropolis still faces
problems of traffic congestion, high road accidents and fire outbreak. This has consequentially hinder
emergency service delivery like accidents and fire outbreaks in times of emergencies. Assessing these
effects of road network on emergency services using GIS technique is necessary for effective and efficient
emergency management in the study area. In order to enhance the efficiency and responsiveness of
emergency services on road network in Lokoja metropolis, it is necessary to delineate the service area of
emergency services and identify the best route to an emergency service location using GIS technology.
Research and practical applications are essential to explore how GIS technologies can be seamlessly
incorporated into existing emergency response systems to improve response time, and overall coordination
during critical situations on roadways. Although road network analysis for emergency services have been
carried out in some parts of Nigeria [15, 16], there is limited study on road network analysis for emergency
services in the study area. Despite the progress made in geographic information systems (GIS) and network
analysis methods, there is still a lack of understanding when it comes to analyzing the service area, optimal
route, and nearest facility in the road network of Lokoja metropolis. Although previous research has
examined each of these elements separately, a comprehensive approach that takes into account the
interaction between these factors is missing. Therefore, this study would map the location of existing
emergency services and conduct service area, closest facility and best route analyses from the emergency
services in Lokoja metropolis. This research will lead to more efficient and effective information for the
assessment of the study area for emergency service delivery in the study area. The information gathered
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will thereby allow emergency service agencies in the study area to deploy their resources in the fastest
possible time to the affected areas, as this will save lives and properties.

2 MATERIAL AND METHODS
2.1 The Study Area

The study area is the capital of Kogi state and it’s located between Latitudes 7044'0" and 7054'0"
North of the Equator and between Longitudes 6°36'0” and 6°48'0” East of the Greenwich meridian. It is
bounded to the North-east by Koton Karfe, North-west by Kabba/Bunu, while a part of Adavi Local
Government in the South-west and Ajaokuta Local Government Areas in the South-east makes up Lokoja
metropolis. The study area is strategically located as it is a gateway to the Northern and Southern parts of
the country [17]. See Figure 1. The dominant primary activities in the study area are Agriculture, trading a
low percentage of tertiary activities [18]. Lokoja has three markets: The new market (International market);
Old market; and the Kpata market. The major market in Lokoja is the Kpata market [19]. Other
unauthorized markets are also common in the study area such as Adankolo and Lokogoma markets.
Essential products sold in these markets are grains, vegetables and general household items. As a result of
the increases in population and socioeconomic expansion, therefore it becomes disposed to a variety of
emergency situation.
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Figure 1. The Study Area

2.2 Reconnaissance survey

A preliminary survey was conducted by the researcher in order to get more familiarized with the
study area. During this period, the researcher was able to assess the present situation and state of the road
network on emergency services. A visit was also made to Kogi State Ministry of Health and Fire Service

Agency in order to get the names and locations of the various ambulance vehicles and the location of fire
service vehicles that are available in the study area respectively. Table 1 shows types and sources of data.

Table 1. Types and Sources of Data
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S/No  Type of Data Source Purpose

1 Geographic coordinate of Global Positioning System (GPS). Coordinates of the ambulance,
Emergency facilities hospitals and Fire service locations
location

2 Road network shapefile grid3.gov.ng. Road network analysis

2.3 Data Processing

Two categories of roadways, namely Highway and residential, were recognized, and a speed limit
of 50 kilometres per hour was designated for both. The length of each road was calculated from the attribute
table, and subsequently, the time and physical distances were determined in minutes and kilometres.

2.4 Data Analysis

The network dataset was created by using network analysis tool in ArcGIS 10.8. The closest
facilities, shortest route, and service area tools in the Network Analyst extension in ArcGIS 10.8 was used
to generate the, closest facility, best route and service area respectively. The Best route for this analysis
involve tracking all possible routes from the emergency vehicles to the incidence location and presenting
the route having the shortest path to the nearest emergency service in the study area. The shortest route
solver was used to identify the shortest route from emergency incident to an emergency service. The closest
facility solver was used to find the facility that is closest to an emergency incident. The Network Analyst
tool was used to determine the service area coverage extent of emergency vehicles based on distance and
time within the study area using drive time polygons. This also helped to evaluate accessibility by exposing
any deficiency in facilities coverage within a given time and area. 5 and 10 minutes was used to generate
service area in order to identify areas of incomplete coverage and weak performance by the rescue units.

3 RESULTS AND DISCUSSION
3.1 Mapping of Health Care Facilities in Lokoja Metropolis
3.1.1 Mapping of ambulance services in Lokoja metropolis

The map of Ambulance service stations in Lokoja metropolis was produced in ArcGIS 10.8, and
their names are presented in Table 2. The map of ambulance service stations is shown Figure 2.

Table 2. Names of Ambulance Service

SN Names Facility

1 Federal Medical center Ambulances Ambulance
2 Kogi State specialist hospital Ambulance Service Ambulance
3 Diem Intensive care Ambulance
4 Chari Maigumeri Ambulance Services Ambulance
5 Grand Specialist Ambulance Services Ambulance
6 Albarex Ambulance Service Ambulance
7 Unnamed Abulance Service Ambulance

According to Table 2, there are seven (7) ambulance service stations in the study area, with most
of them situated in Adankole and Kabawa regions (refer to Figure 2). It is apparent that these locations
are strategically chosen based on factors such as population density, proximity to major roadways, and
accessibility to different parts of the metropolis. By positioning ambulance service stations in Adankole
and Kabawa, the objective is to provide prompt emergency medical assistance to a significant portion of
the population. However, it is noteworthy that the absence of ambulance service stations in Zangon-daji,
Filele, Ganaja, Kroca, and Nataco does not necessarily indicate an inadequacy of emergency medical
assistance in those areas. It could be that these locations are still within a reasonable response range from
the nearest ambulance service stations in Adankole and Kabawa. The decision to establish ambulance
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service stations usually stems from an extensive analysis of various factors, including population
distribution, traffic patterns, and the availability of resources. It is plausible that future evaluations may
prompt the establishment of additional ambulance service stations in other parts of the Lokoja metropolis
to enhance coverage and reduce response times in underserved areas. In any case, the local authorities
responsible for emergency medical services in Lokoja metropolis should continuously assess the
distribution of ambulance service stations to ensure that they address the evolving needs of the
population. This may entail considering factors such as population growth, changes in settlement patterns,
and feedback from the community to optimize the location of these critical facilities.
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Figure 2. Mapping of Ambulance Services
3.1.2 Mapping of fire service stations in Lokoja metropolis
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The map of fire service stations in Lokoja metropolis was made in ArcGIS 10.8, and their names
are presented in Table 3. The map of fire service stations is depicted Figure 3. The mapping of fire service
stations within the Lokoja metropolis is a crucial component of emergency preparedness and response.
This approach enables authorities to deliver a prompt and efficient response to fire incidents in the region.

Table 3. Names of Fire Service Station

SN Names Facility

1 Kogi State Fire Services at Ministry of works Fire Station
2 Kogi State Fire Services at New Market Fire Station
3 Federal Fire Service Fire Station

Based on the information in Table 3, there are on three (3) fire service stations in the study area
and two of them are located close to Kabawa and the other one is situated between Filele and Nataco
settlements. The proximity of fire service stations to densely populated areas such as Filele, Nataco, and
Kabawa suggests a focus on providing prompt emergency response to areas with a higher concentration
of residential, commercial, or industrial establishments. This strategy aims to minimize response times,
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as quick action is crucial in containing and extinguishing fires before they spread and cause significant
damage. However, it is important to note that the absence of fire service stations in Zangon-daji,
Adankole, Ganaja, and Kroca could pose challenges in terms of emergency response coverage for these
areas. The reasons for this could vary, and it is possible that the locations were not considered high-
priority or were not identified as areas with a significant risk of fire incidents. Additionally, budget
constraints, infrastructure limitations, or other factors may have influenced the decision-making process.
While the absence of fire service stations in specific areas may be a concern, it does not necessarily mean
that emergency response services are completely unavailable in those locations. It is possible that
neighbouring fire stations cover these areas, although with potentially longer response times.
Additionally, fire services might have contingency plans or mutual aid agreements with nearby
jurisdictions to ensure adequate coverage and support in case of emergencies.

6'I80°E 6'400°E 6'420°E 644 0E
' ' ' A

T480'N 7TS00N T920'N
A

T460'N

-

740N

Legend

S Fire Station
® Settlement
I Road Kiometers
& . . 0 125 25 z
MM River Niger i - -&
6'35'01 6'40'0'[ 6'1;01' 6'4;0“[ 6'460°E =

Figure 3. Mapping of Fire Station
3.1.3 Mapping of hospitals in Lokoja metropolis

The location of each hospital was mapped in ArcGIS 10.8 as shown in Table 4. The maps hospital
in the study areas are illustrated in Figure 4.
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Table 4. Hospitals in the Study Area

SN Names Facility
1 Ali Omeiza Hospital
2 Federal Medical Center Hospital
3 Poly Hospital Hospital
4 Kogi State Specialist Hospital Hospital
5 Ankuri Hospital Hospital
6 Chari Maigumeri Hospital Hospital
7 Niger Hospital Hospital
8 Grand Specialist Hospital Hospital
9 Honey Gold Hospital Hospital
10 Shifaah Hospital Hospital
11 Mount Gerizim Hospital Hospital
12 Healing Spring Specialist Hospital Hospital
13 Carecrest Specialist Hospital & Fertility center Hospital
14 Albarex Clinic and Maternity Hospital
15 Confluence city Hospital Hospital

Table 4 discloses that there are fifteen hospitals, with a number of them located in and around
Adankole, Filele, Nataco, and Kabawa. These hospitals in Lokoja metropolis provide a wide range of
healthcare services to the local population, playing a crucial role in providing medical care, diagnostics,
treatments, and emergency services to residents in the surrounding areas. The proximity of these hospitals
to these neighbourhoods ensures that residents have relatively easy access to healthcare facilities. The
availability of hospitals in Adankole, Filele, Nataco, and Kabawa is advantageous for the local residents
as it reduces travel time and enhances access to medical care in case of emergencies or routine check-
ups. The presence of multiple hospitals in these areas also promotes competition, which could lead to
improved healthcare services and quality of care. However, the lack of hospitals in Zangon-daji, Ganaja,
and Kroca areas may pose challenges for residents in these neighbourhoods. They may need to travel
longer distances to access medical facilities, which can be inconvenient, particularly during emergencies.
This situation underscores the need for better healthcare infrastructure and services in these areas to
ensure equal access to healthcare for all residents of Lokoja metropolis.
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3.2 Best Route to Emergencies Services in Lokoja Metropolis

The best route for accessing the three emergency services (ambulance, fire service and hospitals)
were generated in ArcGIS 10.8 using the network analysis extension and the results are presented in
Table 5. The graphical presentation of the best route for each emergency service are presented in Figures
5,6and?7.

Table 5. Length of Best Route

Emergency Services  Total Length (m) From To
Ambulance Services 19235.44 Grand Specialist Ambulance  Chari Maigumeri Ambulance
Services Services
Hospital 27000.68 Grand Specialist Hospital Albarex Clinic and Maternity
Fire Service 6611.73 Kogi State Fire Services Federal Fire Service

Table 5 indicates that the best route for ambulance services spans a distance of approximately
19,235.44m, starting from Grand Specialist Ambulance Services and ending at Chari Maigumeri
Ambulance Services. According to the Table, the best route for accessing a hospital covers a distance of
about 27,000.68m. It begins at Grand Specialist Hospital and concludes at Albarex Clinic and Maternity.
In the case of fire services, the results of road network analysis recommended route that covers a distance
of approximately 6,611.73m. It starts at Kogi State Fire Services and terminates at the Federal Fire
Service as shown in Figure. This information implies that the indicated path is the most efficient for fire
service vehicles to navigate between these two locations. In summary, the results of best route network
analysis provide information on the distances and starting/ending points of the most suitable routes for
emergency services such as ambulance services, hospitals, and fire services. This information can be
valuable for emergency response teams, enabling them to quickly determine the most efficient paths to
their intended destinations.

Legend
=~ Ambulance
® Settlement

—Routes

Road
;]I River Niger

Y v Y v
IS C4o0E 420t VU0E 480

Figure 5. Best Route to Ambulance Services

Kiometers
0 125 25

N

16



Nigerian Journal of Engineering Science and Technology Research, Vol. 10, No.

TS2OUN

TN

TeUN

TUN TEUN

TN

Loal L) 4
A

ot
"

a0t
A

i

S Fire Station
@ Settiement
= Routes i
— Road 0 12525
{# River Niger S el AT
€IT0E C400E 6470€ Caroe

$460E

TUUN

Figure 6. Best Route to Fire Stations in the Study Area

1, 2024(9-26)

QTN

U
1

IS0E

$400E

C4T0E

420

V4SO

P

Legend

m Hospital
® Settlement
= ROutes
Road
I River Niger

M
e IFOE

400

Figure 7. Best Route to Hospitals in the Study Area

17



Nigerian Journal of Engineering Science and Technology Research, Vol. 10, No. 1, 2024(9-26)

3.3 Closest Facility Analysis
3.3.1 Closest ambulance service station to some settlements in Lokoja metropolis

The closest Ambulance service station to some locations in the study area was produced in
ArcGIS 10.8 and the results are presented in Table 6. The closest Ambulance service station map is shown
in Figure 8.

Table 6. Closest Ambulance Service

Settlement Closest Ambulance Service Total Minutes Total Length
Filele Grand Specialist ambulance services 2.631 2191.305
Adankolo Unnamed Abulance service 0.670 557.975
Zangon-daji ~ Chari Maigumeri Ambulance services 5.468 4554.647
Nataco Grand Specialist ambulance services 7.939 6613.669
Kabawa Federal Medical center Ambulances 3.076 2562.747
Ganaja Kogi State specialist hospital ambulance services 7.768 6470.728
Krocha Grand Specialist ambulance services 7.694 6409.205

Table 6 indicates that there are a multitude of ambulance services available to various settlements
within Lokoja Metropolis. Grand Specialist Ambulance Services is the closest provider to three
settlements - Filele, Nataco, and Krocha. The Unnamed Ambulance Service caters to Adankolo, while
Chari Maigumeri Ambulance Services is the nearest to Zangon-daji. Kabawa is served by the Federal
Medical Centre Ambulances, and Ganaja by the Kogi State Specialist Hospital Ambulance Services.
Response times and distances differ for each settlement. Adankolo and Filele have relatively shorter
response times of 0.670 and 2.631 minutes, respectively, indicating that ambulance services can reach
these settlements quickly. Meanwhile, Nataco, Ganaja, and Krocha have longer response times, ranging
from 7.694 to 7.939 minutes. These details can help evaluate the efficiency and accessibility of
ambulance services in the Lokoja Metropolis. Identifying settlements with quicker response times and
shorter distances for ambulance services can be crucial in emergency situations.
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3.3.2  Closest fire station to some settlement in Lokoja metropolis

Table 7 provides information about the closest fire stations to various settlements in Lokoja
Metropolis, along with the total time it takes to reach each settlement and the total distance to travel. The
closest fire station map is illustrated in Figure 9.

Table 7. Closest Fire Service Station

Settlement Fire Station Total Minutes Total Length(m)
Filele Kogi State Fire Services (New Market) 3.689 3072.843
Adankolo Federal Fire Service 5.934 4942.682
Zangon-daji ~ Federal Fire Service 14.205 11832.610
Nataco Kogi State Fire Services (New Market) 2.108 1755.954
Kabawa Kogi State Fire Services (Ministry of works) 2.855 2378.309
Ganaja Federal Fire Service 7.552 6291.301
Krocha Kogi State Fire Services (New Market) 11.524 9599.576

According to Table 7, the Kogi State Fire Services, located at the New Market, is the closest fire
station to Filele, with a distance of 3072.843m, and a travel time of approximately 3.689 minutes.
Adankolo, on the other hand, is closest to the Federal Fire Service, which is about 4942.682 metres away,
and can be reached in roughly 5.934 minutes. Zangon-daji also has the Federal Fire Service as the closest
fire station, with a distance of 11832.610m, and a travel time of around 14.205 minutes. Nataco, however,
is nearest to the Kogi State Fire Services located at the New Market, which is approximately 1755.954m
away, and can be reached in about 2.108 minutes. Kabawa has the Kogi State Fire Services located at the
Ministry of Works as the closest fire station, with a distance of 2378.309m, and a travel time of
approximately 2.855 minutes. Ganaja is also nearest to the Federal Fire Service, which is about
6291.301m away, and can be reached in roughly 7.552 minutes. Finally, Krocha has the Kogi State Fire
Services located at the New Market as the closest fire station, with a distance of 9599.576m, and a travel
time of approximately 11.524 minutes. A comparison of response times and distances between various
fire stations and settlements reveals that Nataco and Kabawa have relatively short response times and
distances. This suggests that the respective fire stations can quickly reach these areas in case of
emergencies. Conversely, settlements such as Zangon-daji and Krocha have longer response times and
distances, indicating that the fire stations may take more time to reach these locations. This information
can prove useful for emergency planning, resource allocation, and identifying areas that may require
additional fire stations or infrastructure improvements to enhance emergency response capabilities.
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Figure 9. Closest Fire Station to some Settlements
3.3.3  Closest hospital to some settlements in Lokoja metropolis

The closest hospital to some locations in the study area was generated in ArcGIS 10.8 and the
results are presented in Table 8 and Figure 10.

Table 8. Closest Hospital

Settlement Hospital Total Minutes Total Length (m)
Filele Grand Specialist Hospital 2.631 2191.305
Adankolo Confluence city Hospital 1.048 873.146
Zangon-daji Albarex Clinic and Maternity 2.658 2214.167
Nataco Honey Gold Hospital 4,752 3958.920
Kabawa Ali Omeiza 1.293 1076.715
Ganaja Niger Hospital 7.304 6084.166
Krocha Grand Specialist Hospital 7.694 6409.205

Based on the information provided in Table 8, the Grand Specialist Hospital stands as the nearest
medical facility to Filele settlement, requiring a travel time of around 2.631 minutes and encompassing
a route spanning 2191.305m. Similarly, the Confluence City Hospital serves as the closest hospital to
Adankolo settlement, necessitating an estimated 1.048 minutes to arrive at the hospital and traversing a
total distance of 873.146m. Meanwhile, the Albarex Clinic and Maternity serves as the closest hospital
to Zangon-daji settlement, taking roughly 2.658 minutes to reach and covering a distance of 2214.167m.
In like manner, the Honey Gold Hospital stands as the nearest medical facility to Nataco settlement,
requiring an estimated 4.752 minutes to reach and spanning a distance of 3958.920m. Similarly, the Ali
Omeiza Hospital serves as the closest hospital to Kabawa settlement, necessitating an estimated time of
1.293 minutes and encompassing a distance of 1076.715m. In comparison, the Niger Hospital stands as
the closest medical facility to Ganaja settlement, requiring an estimated travel time of 7.304 minutes and
spanning a distance of 6084.166m. Finally, the Grand Specialist Hospital also serves as the nearest
medical facility to Krocha settlement, necessitating an estimated travel time of 7.694 minutes and
spanning a total distance of 6409.205m. This information holds immense value for those who dwell in
these communities, as it enables them to identify the closest healthcare facilities in the event of an
emergency or medical needs. The time and distance information provide residents with an estimate of the
accessibility and ease of availing healthcare services in their respective localities.
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Figure 10. Closest Hospital Facility to some Settlements
3.4 Service Area Analysis of Emergency Facilities in Lokoja Metropolis

Using a Network Analyst, it is possible to find service areas around any location on a network.
The 5-minute and 10-minute service areas of existing ambulances services, fire service stations and
hospitals were determined and the results are illustrated in Figures 11, 12 and 13. These service areas
represent the geographic boundaries within which the emergency facilities aim to reach incidents within
the specified timeframes. As shown in Figure 11, settlements such as Adankole, Filele, and Kabawa fall
within the 5-minute service area, signifying that ambulance services can reach these locations within 5
minutes from their respective stations or designated response points. This is of utmost importance as the
initial few minutes following a medical emergency or accident are typically the most critical for saving
lives. Swift access to emergency medical care within this brief timeframe can significantly augment the
likelihood of survival and improve patient outcomes. The inclusion of these settlements within the 5-
minute service area suggests that ambulance services can promptly provide assistance and transport to
nearby healthcare facilities or hospitals. This proximity guarantees that residents in these settlements
have a greater chance of receiving timely medical attention during emergencies, such as cardiac arrests,
severe injuries, or other life-threatening situations. According to Custo and Trapani [20], faster response
times are associated with better patient outcomes, particularly in critical situations such as cardiac arrests,
severe traumas, and strokes. Minimizing response time boosts the likelihood of administering life-saving
interventions early, resulting in improved survival rates and reduced complications. Settlements like
Nataco, Zangon-Daji, Kroca, and certain parts of Ganaja are within the 10-minute service area. While
the response time may be slightly longer compared to the 5-minute service area, a 10-minute service area
still signifies a reasonably swift emergency medical response. These settlements can expect ambulance
services to arrive within 10 minutes. With these settlements falling within the 10-minute service area,
residents have an increased probability of receiving timely emergency medical care. Although not as
immediate as the 5-minute service area, a 10-minute response time can still make a significant difference
in critical situations. The ambulance services can provide stabilization and initial treatment on-site before
transporting patients to appropriate healthcare facilities. In summary, the provision of healthcare services
is heavily reliant on the crucial role of ambulance services. When responding to an incident, their primary
objective is to administer medical treatment and swiftly transport affected victims to the hospital for
proper medical attention [21]. As such, the outcomes of this study are of immense value as they provide
invaluable insights into various aspects of ambulance services, including response times and area
coverage, which present opportunities for improvement. This, in turn, can lead to swifter response and
transportation for critical cases, potentially saving lives and enhancing outcomes for residents in these
areas. Nevertheless, it is important to note that fluctuations in response times may arise due to factors
such as traffic conditions, geographical obstacles, and the availability of ambulances and trained
personnel. For instance, [22] highlight the significance of considering local traffic conditions and
environmental factors when defining service areas, as this information is crucial to the optimisation of
emergency medical services, with the potential to improve patient outcomes and ensure timely access to
critical healthcare resources.
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Figure 11. 5-minute and 10-minute Service Areas of Ambulance Services

Based on the outcomes of the analysis of service area, as presented in Figure 12, it can be
observed that settlements such as Nataco, Filele, and Kabawa are located within a 5-minute radius from
the closest fire service station. This implies that in an event of fire emergency, the fire service team can
reach these settlements within 5 minutes to provide necessary assistance. The proximity of these
settlements to the fire service station ensures a quick response time, which is crucial for minimizing
property damage and ensuring public safety. Adankole and certain areas of Ganaja are also situated within
a 10-minute radius from the nearest fire service station. Although these settlements are not as close as the
ones within the 5-minute service area, they still fall within an acceptable response time. The fire service
should be able to reach these areas within 10 minutes to provide assistance during fire emergencies. On
the other hand, Zangon-daji, Kroca, and specific areas of Ganaja are located outside both the 5-minute
and 10-minute service areas. These settlements may experience longer response times in the event of a
fire emergency, as the fire service will need more than 10 minutes to reach these areas. This can
potentially result in increased property damage and a higher risk to public safety. The establishment of
well-defined service areas of 5 and 10 minutes is of utmost importance in ensuring efficient emergency
response planning and resource allocation. The 5-minute service area allows for the rapid response of the
fire service, thereby preventing minor incidents from escalating into major emergencies. This expeditious
response time is integral in the preservation of lives and reduction of property damage. By
comprehending the 10-minute service area, fire departments can optimize the allocation of resources,
such as fire engines, ambulances, and specialized equipment. Resource distribution can be strategically
implemented to ensure comprehensive coverage across the metropolis. The analysis of these service areas
aids fire departments in identifying potential gaps in coverage and evaluating areas that may experience
longer response times [23]. This information can guide decision-making on station placement and
resource investment. The awareness of the extent of the service areas enables communities to discern
their level of fire protection [24]. Residents can be cognizant of the expected response times and potential
safety impacts in various areas. The service areas are paramount in the development of emergency
response plans and the establishment of response time benchmarks. These benchmarks can be utilized to
gauge the performance of the fire service and pinpoint areas for enhancement. It is imperative to regularly
update and adjust these service areas based on changes in population, infrastructure, and road networks.
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As communities grow and transform, fire departments must adapt their response strategies to ensure that
they maintain effective and punctual emergency services [25].
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Figure 12. 5-minute and 10-minute Service Areas of Fire Services

As shown in Figure 13, the settlements of Adankole, Filele, Zangon-daji, and Kabawa are situated
within the 5-minute service area of the hospital. This implies that inhabitants of these communities are in
close proximity to the hospital and can obtain medical assistance within a brief interval of 5 minutes. The
presence of healthcare facilities within a 5-minute reach is advantageous in that it increases the likelihood
of timely medical interventions in cases of accidents, emergencies, and acute medical conditions.
Furthermore, it instils a culture of regular healthcare check-ups and preventive care, thus contributing to
better overall health outcomes within these settlements. [26], stated that a response time of 5 minutes or
less is extremely important for cities. Conversely, settlements like Nataco, Kroca, and some parts of
Ganaja fall within the 10-minute service area of the hospital. These areas are slightly farther away from
the hospital compared to the 5-minute service area. While a 10-minute service area still ensures relatively
good accessibility to healthcare services, there might be a slight delay in reaching the hospital during
emergencies. However, it is important to note that a 10-minute service area is still considered acceptable
and provides reasonably prompt access to medical care for most healthcare needs. It is crucial for
healthcare planners and policymakers to consider these service areas when designing healthcare
infrastructure and allocating resources. By comprehending the population distribution and geographical
characteristics of an area, they can determine the optimal locations for new hospitals or clinics to ensure
equitable access to healthcare services for all residents. Moreover, regular assessments of the population’s
healthcare need and transportation infrastructure should be conducted to optimize healthcare service
delivery in these regions.
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Figure 13. 5-minute and 10-minute Service Areas of Ambulance Services
4 CONCLUSIONS

The study effectively mapped and analysed the distribution of ambulance services, fire services,
and hospitals in Lokoja metropolis. Based on the findings of the road network analysis, it can be concluded
that the 5-minute and 10-minute service areas of the emergency services cater to different sets of
settlements, with the former providing immediate access to medical services and the latter ensuring
relatively prompt access. The findings offer valuable insights into how accessible these emergency services
are to the residents living in different settlements. Based on the findings of this study, the following
recommendations are made: To enhance response times and coverage, it is proposed to establish additional
healthcare, fire service and ambulance service stations in underserved areas like Zangon-daji, Ganaja, and
Krocha. In areas beyond the 10-minute service area, like Nataco, Ganaja, and Krocha, it is recommended
to explore the establishment of satellite clinics or community health centers to improve access to primary
healthcare services. To enhance connectivity and access to existing hospitals for residents in underserved
areas, collaboration with transportation providers is suggested. By implementing these recommendations,
the accessibility and effectiveness of emergency services in Lokoja will be significantly enhanced. This
will contribute to improved public safety and health outcomes for all residents.
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