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One of the most critical issues encountered during and after an earthquake is optimal
routing for emergency evacuation, which is among the initial steps in crisis management
and must be executed as swiftly as possible; otherwise, it could lead to an increased
mortality rate. Accordingly, the main objective of this paper is to establish optimal routing
for emergency evacuation during a destructive earthquake. To achieve this, the influential
factors in the vulnerability of the study area were initially identified. In the next stage, the
Analytic Hierarchy Process (AHP) was used to assign weights to these factors, and a
vulnerability map was then prepared. Following this, the accessibility of District 1 to safe
locations, such as medical centers, parks, green spaces, and barren lands, was assessed
using QGIS software. Overall, the results indicated that District 1 of Tabriz, due to its
location on the active Tabriz fault, is at high risk during earthquakes. The findings also
showed that the northwest parts of District 1 are more vulnerable to earthquakes compared
to other sections of the district. Subsequently, using the genetic algorithm, an optimal route
to a safe location was identified, taking into account factors such as the shortest path and
criteria like road width and population density. For this purpose, the starting and ending
points representing areas with the highest and lowest vulnerability, respectively were
identified. Based on these points, the optimal route, which largely follows Tavanir
Highway, was determined.
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Introduction

The expansion of social life, especially the increase in urbanization and the continuous development of cities,
has significantly intensified the scale of natural disasters. Therefore, examining strategies to cope with these
crises has always been one of the main concerns for city managers and citizens. Emergency evacuation of the
population during crises, such as earthquakes, plays a crucial role in reducing human casualties and accelerating
relief efforts. Hence, the swift relocation of people away from high-risk areas is considered a key action in crisis
management. Given the importance of rapid evacuation in high-risk zones, having an optimized and efficient
routing plan is of utmost importance. Accordingly, the objective of this study is to provide a model for optimal
emergency evacuation routing during destructive earthquakes using the Analytic Hierarchy Process (AHP) and
Genetic Algorithm to determine the best, easiest, and safest evacuation route for the population in District 1 of
Tabriz. This goal is achievable through Geographic Information System (GIS) technology and its associated
techniques and analyses.

In recent years, the number of casualties caused by human-made disasters and natural calamities such as
floods, earthquakes, storms, and droughts has increased significantly. Among these, earthquakes, as one of the
most significant natural disasters on Earth, have always resulted in irreparable loss of life and property within a
short period. One of the most critical issues during an earthquake is the transportation of injured and affected
individuals to safe locations and medical centers. Following an earthquake, the urban transportation system acts
as a shelter and a pathway for emergency transport, firefighting, and similar operations.

Materials and Methods

The main processes in this research are as follows: collecting the required data, preparing a vulnerability map of
the study area, assessing the study area's accessibility to safe locations, and finally, performing optimal routing
using a genetic algorithm. Planning and data collection are the initial steps in any project. In this study, to
identify the necessary criteria for determining the optimal emergency evacuation route, the land-use layer of
Tabriz city, obtained from the Tabriz Municipality, was used. Additionally, population data were acquired from
the Tabriz Municipality's online portal. Subsequently, the study area's accessibility to safe zones was evaluated
using the QGIS software environment. Finally, the analyzed criteria were converted to TIFF format and
introduced to the genetic algorithm for optimal routing.

Results

Planning for a safe and rapid emergency evacuation is one of the most critical strategies in emergency situations.
Due to the uncertainty of human behavior, the complexity of this issue multiplies. For a long time, in the absence
of comprehensive studies, buildings and crowded locations were evacuated simultaneously during incidents. The
drawbacks of this evacuation method became apparent when several casualties occurred, not due to the incident
itself, but because of crowd congestion during the evacuation. To address this issue, a multi-stage evacuation
process was proposed, aiming mainly to reduce congestion and manage the evacuation more efficiently.

Another essential aspect is optimal routing for emergency evacuation and quick access to safe and low-risk
areas such as parks, green spaces, barren lands, and access to healthcare facilities. In line with this, the present
study examined the vulnerability of District 1 of Tabriz to earthquakes and conducted optimal routing for swift
access to safe zones. The results indicated that District 1 of Tabriz, located on the active Tabriz fault, is at high
risk during an earthquake. The findings showed that the northwest parts of District 1 are more vulnerable to
earthquakes compared to other sections of the district. Factors contributing to this vulnerability include the high
age of buildings, steep slopes, proximity to the fault, and high building density.

The results from the genetic algorithm demonstrated that the selected route struck a good balance between
the shortest path and the use of main thoroughfares. Additionally, the algorithm avoided high-density areas in the
city center, which could improve travel time. The use of highways along parts of the route indicates that the
algorithm also considered travel speed. Previous studies on vulnerability assessment and optimal routing have
used fewer parameters and simpler algorithms. In this study, an effort was made to consider all influential
parameters, utilizing the genetic algorithm for its high efficiency in optimization tasks.

Conclusion

Overall, the results indicate that District 1 of Tabriz, given its location on the active Tabriz fault, faces a high
risk during earthquakes. Findings showed that the northwest parts of this district are more vulnerable to
earthquakes than other areas. Factors contributing to this vulnerability include the advanced age of buildings,
steep slopes, proximity to the fault, and high building density. Below are several recommendations aimed at
planning and preventing potential risks and damages:



Journal of Geography and Planning Vol. 29, No. 94, 2026

Location of Medical and Emergency Centers: Use optimal routing techniques to determine the best locations
for constructing hospitals and fire stations, ensuring proximity to main roads and quick access to high-risk areas.
Additionally, the design of emergency access routes to these centers should minimize traffic congestion during
crises.

Widening of Roads: Expand main roads and create dedicated emergency routes for evacuation vehicles and
crowd dispersal, using optimal routing analysis. Advanced routing algorithms should be used to simulate and
plan emergency evacuations, identifying and addressing bottlenecks and high-traffic points during crises.

Use of Routing Algorithms: Implement optimal routing algorithms such as the Genetic Algorithm, A-Star,
and neural network-based algorithms to identify the quickest, least congested, and safest routes during
earthquakes. These algorithms should be adjusted according to real-time data, including road damage or crowd
concentration, to recommend the best route at any given moment.

Keywords: Optimal Routing, Emergency Evacuation, Earthquake, Analytic Hierarchy Process, Genetic
Algorithm, Tabriz.
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