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ARTICLE INFO ABSTRACT

Article type: Large earthquakes can cause severe damage to buildings and infrastructure. Earthquakes are
Research Article highly unpredictable, and fires caused by large earthquakes are even less predictable.

Historical records indicate that small fires, often ignited by earthquakes, have occasionally
Received: escalated into widespread, devastating blazes, resulting in severe damage to people's lives and
2025/10/27 property. In this regard, the present study, considering its nature and the horizon in which the
Accepted: drivers are identified, is based on a futures research approach, which is applied in terms of
2025/12/16 purpose and descriptive-analytical in terms of research method. The statistical population of
pp: the study comprises all specialists and experts with the necessary knowledge and experience
82- 102 in firefighting and safety. To extract the key drivers affecting the performance of fire stations

after the occurrence of environmental hazards, 30 variables originating from scientific projects
Keywords: and articles were identified in several stages with the help of experts and inspired by theoretical
Fire Department, foundations. Key drivers affecting the performance of fire stations after the occurrence of
Earthquake, environmental hazards were identified. Based on the results and output of the cross-sectional
Future Research. structural model (MICMAC), these drivers or variables have often had a direct and indirect

effect on the performance of stations with different intensities and at various levels. In this
regard, the direct and indirect effects of the variables include the impact of human resources
on the reliability of communication systems, the access and transportation logistics on inter-
organizational coordination, the impact of the reliability of communication systems on the
prediction and reduction of seismic intensity and characteristics, and the role of financial
resource allocation on inter-organizational coordination. The relationship between the level of
awareness and preparedness of the community and the allocation of financial resources, the
impact of relief equipment and technologies on improving the resilience of physical
infrastructure, the reliability of communication systems on the management of environmental
and climatic factors, and the impact of relief equipment and technologies on the allocation of
key financial resources were identified.
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Extended Abstract

Introduction

In urban areas, the typical adverse effects of
natural disasters include a combination of
physical destruction and disruption of the
functioning of urban elements. These include
the destruction of residential structures and
buildings, road networks, and access routes
such as bridges and communication roads, and
basic facilities such as water tanks, power
plants, telephone, electricity, water, gas
pipelines, etc. Among them, the transportation
network is the most important element for relief
and crisis management after an earthquake. The
transportation network plays a vital role in
providing relief and saving lives after an
earthquake. The optimal performance of the
transportation network can reduce the direct and
indirect effects of the crisis. Therefore, the value
of relief time and reducing the delay time to help
the injured in the network can be realized
(Rashidi Fard et al., 2020). Natural disasters
such as earthquakes are capable of inflicting
irreparable damage on humans and the
environment. Earthquakes are among the
natural disasters that cause significant human
and financial losses every year. Today, with the
advancement of science and technology,
suitable grounds have been provided for
recognizing and reducing these natural hazards.
Therefore, risk assessment is vital for proper
management and damage reduction (Majidi &
Biglari, 2023). Earthquakes are one of the most
important environmental hazards in many
Iranian cities. In this regard, spatial assessment
and detailed zoning of wurban seismic
vulnerability are essential requirements in
earthquake mitigation planning. Evidence
suggests that the threat of earthquakes in urban
areas is increasing globally and is a growing
problem in developing countries (Maddi et al.,
2023). Post-earthquake fires are described as
fires that are directly or indirectly caused by
earthquakes. Among post-earthquake events
and secondary earthquake disasters, post-
earthquake fires are usually among the most
dangerous, as historical earthquake experiences
show. Secondary earthquake disasters, such as
fires, may cause much greater damage than the
earthquake itself and seriously endanger society
(Jial, 2001). Large earthquakes can cause

severe damage to buildings and infrastructure.
Earthquakes are highly unpredictable, and fires
caused by large earthquakes are even less
predictable. Historical records show that small
fires, often started by earthquakes, have
sometimes grown into large, destructive fires,
causing severe damage to life and property. The
first concern is about fire damage to individual
buildings, where the likelihood of loss of life in
tall buildings is much higher than in shorter
buildings. The second concern is about the
potential for widespread fire damage across a
city. Factors that affect the likelihood of a small
fire becoming a large, widespread fire include
the extent of earthquake damage, type and
density of building construction, wind
conditions, loss of water resources, and
firefighting capabilities (Botting, 2000).

Methodology

This research is applied in terms of its purpose
and is classified as futures and descriptive-
analytical research in terms of its nature and
data collection method. Its methodological
framework is a structural analysis based on the
MICMAC, which has been used to identify and
analyze the interrelationships between key
drivers affecting the performance of fire stations
after natural disasters in Urmia city. This study
was conducted in two consecutive and
complementary stages, as follows:

» Stage One: Initial identification of drivers:
Using the library study method and a systematic
review of research literature related to urban
management, urban planning, natural hazards,
and urban service development, an initial list of
effective drivers (consisting of 69 factors) was
extracted.

* Second stage: Final refinement of drivers and
formation of interaction matrix: By forming an
expert panel consisting of 5 experts and
specialists in the fields of urban management,
urban planning, hazards and firefighting
familiar with the main objective of the present
study in Urmia city, the final list of drivers was
provided to them in the form of a researcher-
made questionnaire. In other words, after
extracting the initial factors using interviews
and studies of others, from among the extracted
factors and categorizing them by consulting the
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experts in question, 30 factors were selected as
the most important key drivers (key factors) to
conduct structural analysis and determine the
possible relationships.

Results and discussion

Earthquakes often occur along specific areas of
Earth's surface corresponding to tectonic plate
boundaries. Rather than sliding smoothly past
one another, these moving plates frequently
lock together. As they lock, the surrounding
rock deforms, causing severe stress to build up
over time. However, a rock's ability to withstand
this buildup of stress depends on its material
strength. When stress exceeds this limit, the
rock fractures along a fault, slipping abruptly.
This sudden break releases the accumulated
energy, allowing the rock on either side to snap
back into its original shape—a process known
as elastic rebound. Following the initial break,
the crack propagates rapidly across a flat surface
known as the rupture plane until it encounters a
lower-stress region. The overall size of this fault
rupture depends on the amount of accumulated
stress, the physical properties of the rock, and
the characteristics of the fault itself (Coburn and
Spence, 2010). Earthquakes, as a natural factor,
have various effects on their surrounding
environment. In cities as a system, these effects
can be divided into two types: direct effects and
indirect effects, as follows:

a) Direct effects of earthquakes: The effects that
occur directly and without mediation due to the
occurrence of an earthquake and cause various
destruction and damage in cities, which are
called direct effects of earthquakes. Physical
effects are considered a subset of direct effects.
b) Indirect effects of earthquakes: The effects
that are mostly indirect and are caused by the
occurrence of direct effects, and in fact, as a
result of the subsequent results of physical
effects, are called indirect effects of
earthquakes.

Conclusion
To extract the key drivers affecting the
performance of fire stations after the occurrence

of environmental hazards, the above steps have
been carried out and implemented over several
stages. With the help of experts and inspired by
theoretical foundations, 30 variables originating
from scientific projects and articles were
identified as key drivers affecting the
performance of fire stations after the occurrence
of environmental hazards. Then, to obtain
scientific results, the drivers (variables) were
measured in the MICMAC software. Based on
the results and output of the cross-sectional
structural model (MICMAC), these drivers or
variables have often had a direct and indirect
effect on the performance of the stations with
different intensities and at various levels. In this
regard, the plan includes direct and indirect
effects of the following variables: the impact of
human resources on the reliability of
communication systems, the relationship
between access and transportation logistics on
inter-organizational coordination, the impact of
the reliability of communication systems on the
prediction and reduction of seismic intensity
and characteristics, the role of financial resource
allocation on inter-organizational coordination,
the relationship between the level of awareness
and preparedness of the community and the
allocation of financial resources, the impact of
relief equipment and technologies on improving
the resistance of physical infrastructure, the
reliability of communication systems on the
management of environmental and climatic
factors, the impact of relief equipment and
technologies on the allocation of financial
resources.
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