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Extended Abstract

Introduction

Today, relief and fire services are one of the
most important urban services provided by
city managers to protect the lives of citizens,
their assets and the environment against fire
and other urban hazards, Therefore,
approaches related to fire prevention and, in
fact, fire management require efficient and
practical planning by urban planners. Because
the operation of fire stations due to its
systematic nature, in addition to the pre-factor
of compliance with the required rules and
standards, is affected and controlled by the
structure of cities in terms of obstacles and
urban constraints and forces causing time
delays.

One of the main concerns in managing urban
fires and minimizing their casualties is the
issue of dispersing fire stations in suitable
urban areas, as this is a vital step in responding
in a timely manner to emergencies, most
notably urban fires. In other words, the service
area and its optimization process determine the
area covered and services of each station and
have a direct relationship with how the spatial
distribution of those stations.

In this research, two important aspects in the
field of locating fire stations, namely access
and maximum service coverage, are discussed.
The first refers to the ease of access to the
areas where the fire occurred and the second
relates to the service area of the fire station,
which usually has a maximum distance of (2
or 3 km) or a travel time equal to (4 or 5
minutes) from The station is considered to be
the scene of the accident. Both components
reflect major concerns about the optimal
response time in emergencies such as fire
rescue and emergency services (EMS).
Therefore, this article moves in order to
identify the relevant hazards and reduce the
resulting vulnerability in urban environments

Methodology

This research is descriptive-analytical in terms
of methodology and applied in terms of
purpose. The spatial optimizer model proposed
in this research is an extended version of the
LSCP and PMP models. This model has

conditions in order to locate the selected
facilities so that this type of facility is closer to
the areas of demand with fire risk in addition,
the current fire stations with the desired
location are also considered in the final
calculations of the model. This research model
was performed using Gurobi optimization
software  (version 7.0.2) and Python
programming language in the ArcGIS
environment.

Results and discussion

The proposed model in this study has been
used in a practical way to improve the
efficiency of the firefighting system in Zabol.
As mentioned, the purpose of this study is in
the first step to improve the efficiency of
existing fire stations and in the second step to
optimally locate new fire stations. For this
purpose, two scenarios have been considered:
the first scenario, assumes the absence of
existing fire stations, and the second scenario
emphasizes the need to maintain a number of
existing efficient stations.

Scenario 1: Optimal locations for fire stations

In this scenario, the model is solved assuming
that in the current situation there are no fire
stations in the city (q = 0). The result is the
best solution proposed by the model, which
shows the most potential locations for the
construction of new fire stations. Using the
two-objective solution method, the lower limit
for the number of new fire stations (with a
coverage time of 4 minutes) is 6 (Pmin = 6). In
other words, in order to cover the standard
urban area of Zabol, we need at least 6 fire
stations.

Scenario 2: Based on maintaining existing
stations

Scenario 1 showed that we need at least 6 fire
stations to achieve a maximum and optimal
coverage level. Since the establishment of 6
new stations seems unrealistic regardless of
the distribution of existing stations, in order to
find the most optimal locations for the
establishment of new fire stations, the
preservation and even relocation of existing
stations is inevitable. The second scenario

Journal of Research and Urban Planning (Isuue 50, Autumn 2022) YFA



Spatial optimization of fire stations in terms of access and service coverage (Case study: Zabol city)

moves in the same direction and its priority is
to maintain one or two existing stations next to
the new stations in the city.

The results showed that the existing station in
Zone 2 has ideal conditions for maintenance
due to various advantages such as proximity to
the center of the district and suitable distance
from other installed stations, while the station
in Zone 3 due to improper placement
compared to new stations ( p) and unnecessary
proximity to another (preserved) station does
not have survival conditions and requires
removal or relocation.

Conclusion

The results of this study indicate that although
the existing stations in Zabul are located
almost in the central part of districts 2 and 3 of

the city, but with increasing the number of
stations and even relocating existing stations,
access and service coverage will increase
significantly. The research findings also
showed that of the two fire stations in Zabol,
the station in District 2 due to suitable features
such as adaptation and proper distance to the 5
proposed stations, proximity to crowded areas,
access and proper service coverage, conditions
for maintaining and continuing services,
However, the existing station in District 3 of
Zabol city does not have the conditions to
continue  providing  services due to
disadvantages such as lack of proper distance
from new stations and finally access and
double coverage level with other proposed
stations, and if retained, impose additional
costs on municipality and city management.
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