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ARTICLE INFO ABSTRACT

Earthquake, as one of the natural hazards, causes irreparable damage to humans and
the environment, and assessing the vulnerability of an earthquake is an important
step in planning, preventing, and reducing the damage caused by it. Khalkhal City
has a high potential for earthquake occurrence due to the existence of many faults
and seismic points. However, despite the importance of the subject, the evaluation
and zoning of Khalkhal city's vulnerability to earthquakes has not been investigated
yet. Based on this, the current research seeks to evaluate the vulnerability of this city
against the risk of earthquakes. For this purpose, first, the effective parameters were
identified by examining the resources and paying attention to the environmental
conditions of the city. Then, the standardization of the layers was done using the
fuzzy membership function and the weighting of the criteria using the CRITIC
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Keywords: method. Finally, using the MARCOS multi-criteria analysis method, a five-level
hazard, vulnerability map was prepared. The results of the study showed that the factors of
earthquake, distance from the fault, land use, and distance from the epicenter, respectively; With
GIS, the weighting coefficient of 0.133, 0.120, and 0.113, have the greatest impact on the

MCDM. occurrence of earthquakes in the region. In addition, according to the results of the

Khalkhal City. research,_ _24.53 anq 15.83 percent of th(_a c_|ty's area has a high an_d_ very high
vulnerability potential. Also, based on the findings of the research, the cities of Kolur
and Hashtjin, along with 28 villages of the city, have a high vulnerability potential,
and Khalkhal city and 42 villages of the city are also in the zone of high
vulnerability. Therefore, to reduce potential risks, appropriate planning should be
done in vulnerable areas. In addition, according to the results, the accuracy of the
MARCOS method is excellent in evaluating the vulnerability of Khalkhal City
against earthquakes, with the level under the curve (0.86).

Cite this article: Piroozi, E.; Asghari Saraskanrood, S. & Zeinali, B. (2023). Evaluation and zoning of the vulnerability of Khalkhal City
against the environmental hazard of earthquake. Environmental Hazards Management, 10 (3), 245-260. DOI: http//doi.org/
10.22059/jhsci.2023.366500.796

© Elnaz Piroozi, Sayyad Asghari Saraskanrood, Batool Zeinali. ~ Publisher: University of Tehran Press.

BY NG DOI: http//doi.org/10.22059/jhsci.2023.366500.796

Introduction

Earthquake is one of the most catastrophic natural disasters that affect humans [2]. Today, nearly 20
percent of the world's population lives in active earthquake-prone areas [1]. On average, an earthquake
occurs in Iran every seven years with loss of life and property [3]. According to Iran's earthquake risk
zoning map, Khalkhal City is in the high-risk zone and earthquake is one of the threatening risks in
this city.
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Materials and methods

The current research is applied and the research method is quantitative-analytical. To process images
and analyze data, ENVI, Ecognition, Arc GIS, Idrisi, and Excel software have been used. To study the
earthquake risk, first, the effective factors (slope, dem, Geology, land use, distance from the epicenter
of previous earthquakes, distance from landslides, distance from communication road, distance from
population centers (cities and villages), the distance from the river and the distance from the fault)
were identified according to the natural and human conditions of the area. In the next step, the layers
of information related to each of the factors were prepared in the environment of the geographic
information system, and the evaluation and standardization of the standard maps were done together
using the fuzzy method. The weighting of the investigated factors was done according to the CRITIC
method and the final analysis, using MARCOS multi-criteria methods.

Discussion

According to the output of the MARCOS method, 68.421 square kilometers of the area of Khalkhal
City is in the highly vulnerable class. Examining the location of cities and villages shows that the two
cities of Kolur and Hashtjin, along with 28 villages (equal to 18.67% of the villages in the city), are in
a very vulnerable zone. Also, 653.60 square kilometers of the area of the city, including Khalkhal city
and 42 villages (equivalent to 28% of the total villages of the city), have high vulnerability potential.
In addition, the spatial analysis of the seismic vulnerability of Khalkhal City shows that 725.15 square
kilometers of the city area, which covers 40 villages (equal to 26.67 percent of the city's villages), has
the potential for vulnerability. has an average of 615.66 square kilometers of the area of Khalkhal city
has low vulnerability potential (including 31 villages and equal to 20.67% of the total villages of the
city). 91.247 square kilometers of the city's area has very low vulnerability (including 9 villages and
equal to 6% of the city's villages).

Conclusion

The results of this research showed that the factors of distance from the fault, land use, and distance
from the epicenter of the earthquake are the most important influencing factors in the occurrence of
earthquakes in Khalkhal city. Analysis of the final map shows the high vulnerability of Khalkhal city
in terms of earthquake risk. Considering that earthquakes are accompanied by irreparable financial and
human losses, it is necessary for responsible organizations to pay attention to the results of the current
research and to prioritize responsible and appropriate protection measures, of course, expertized by
experts. In addition, according to the obtained results, the accuracy of the MARCOS method in
evaluating the vulnerability of Khalkhal City against earthquake risk is excellent, with the level under
the curve (0.86).
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1. MARCOS (Measurement Alternatives and Ranking according to Compromise Solution)
2. ROC (Receiver operating characteristic)
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