Vulnerability zoning of Ardabil city against earthquake risk

Sayyad Asghari Saraskanrood 1™ Elnaz Piroozi 2

1. Corresponding author, professor of Geomorphology, Faculty of Social Sciences, University of Mohaghegh Ardabili,
Avrdabil, Iran. E-mail: s.asghari@uma.ac.i
2., Ph.D. in Geomorphology, Faculty of Social Sciences, University of Mohaghegh Ardabili, Ardabil, Iran.

E-mail: e.pirouzi@uma.ac.ir

Article Info

ABSTRACT

Article type:

Research Article

Article history:

Received :26 September 2023
Revised : 12 November 2023
Accepted : 19November 2023
Published : 18 February 2025

Keywords:
hazard,
earthquake,

zoning, GIS.

The danger of earthquakes always casts a shadow on human societies and causes
irreparable damage to these societies. Therefore, preparing to deal with this crisis by
identifying vulnerable points and fixing them is effective in reducing damages caused by
earthquakes. Meanwhile, Ardabil City is not exempt from this rule due to the existence of
numerous faults, seismic points, non-compliance with standards, etc. Based on this, the
current research seeks to measure and evaluate the vulnerability of Ardabil City against the
risk of earthquakes. For this purpose, first by examining research sources related to the
subject, some of the most important factors affecting the occurrence of this phenomenon
were prepared as independent variables. Valuation and standardization of the layers were
done by using the fuzzy membership function and weighting of the criteria, using the
CRITIC method. Finally, modeling was done using the MARCOS multi-criteria decision-
making method. The results of the study showed, respectively; The factors of distance
from the fault, land use, and distance from the earthquake center have the greatest
influence on the occurrence of earthquakes in the region with the weight coefficient of
0.110, 0.104, and 0.102. In addition, according to the results of the research, 16.67% of the
entire city of Ardabil has a high vulnerability potential and 30.27% has a relatively high
vulnerability probability. Also, based on the results of the research, Ardabil city is at an
average level in terms of the level of vulnerability to earthquake risk, the cities of Hir and
Arallo are in the high vulnerability category and Somarin city is in the relatively high
vulnerability zone. In addition, according to the findings of the research, 22.86 and 30.86
percent of the settlements and villages of Ardabil city, respectively; In the area with high
and relatively high vulnerability, 13.14% in the area with moderate vulnerability, and
respectively; 22.28 and 10.86% are located in the area with relatively low and low
earthquake vulnerability.
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Introduction

Earthquake is a process related to long-term accumulation and sudden release of energy in nature (Yang, 2009:
206). Earthquakes as one of the most catastrophic and destructive types of natural hazards; Especially in
developing countries, it has been discussed for a long time (Dongd and shan, 2013: 85). According to CRED
data, between 2000 and 2020, earthquakes killed 72,114 people worldwide and affected 1,183,443,222 people
(Lian et al., 2021:1). According to the reports of the United Nations, the most important natural disaster in Iran is
an earthquake, and once every ten years, there is a devastating earthquake that causes many people to be
homeless and killed (Mohammadpour, 2018, 78). Ardabil province, like many other parts of Iran, is one of the
most accident-prone provinces of the country in terms of earthquakes.

Data and Method

The current research is of an applied type and its research method is an analysis based on the integration of data
analysis, geographic information system, and the use of multi-criteria analysis techniques. ENVI, Ecognition,
Arc GIS, Idrisi, and Excel software were used for image processing and data analysis. To study the earthquake
risk, first, the effective factors (slope, height, Geology, land use, soil erosion, 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, information layers related to each of the factors
were prepared in the geographic information system environment. The weighting of the investigated factors was
done according to the critical method and the final analysis, using MARCOS multi-criteria methods.

Results and Discussion

According to the output of the MARCOS method, 363.86 square kilometers of the city's area is in the high
vulnerability class and 660.47 square kilometers is in the relatively high vulnerability class. Also, 586.21 square
kilometers of the area of the city have medium vulnerability potential and respectively 431.52 and 140.08 square
kilometers have low and relatively low vulnerability potential. Examining the location of the villages in relation
to the zoning of earthquake probability shows that 40 villages (equivalent to 22.86% of the villages in the city)
are in the high vulnerability zone. In addition, 54 villages, which are equivalent to 30.86% of the villages of
Ardabil city, are in the zone of relatively high vulnerability. Also, 23 villages (equivalent to 13.14 percent of the
villages in the city) have medium vulnerability probability, 39 villages (equivalent to 22.28 percent of the
villages in the city) have relatively low vulnerability potential, and 19 villages (equivalent to 10.86 percent of the
villages) city) have a low probability of vulnerability. In addition, based on the results of the research, Ardabil
City is located in a zone of moderate earthquake vulnerability. But the cities of Hir and Arallo are in the category
of high vulnerability and the city of Somarin is in the category of relatively high vulnerability.

Conclusion

The results of this research showed that the factors of distance from the fault, land use, and distance from the
epicenter of previous earthquakes with the greatest weight are the most important influencing factors in the
occurrence of earthquakes in the study area. Although several factors play a role in the formation of critical
points of earthquakes, the spatial characteristics of fault lines have a significant effect on increasing the
vulnerability of population settlements in the city. In addition, the analysis of the final map shows the high
vulnerability of the studied area in terms of earthquake occurrence, and the northern and southern areas of the
city have the highest potential of vulnerability to earthquake risk. Because an earthquake can cause irreparable
financial and human losses, responsible organizations must pay attention to the results of the current research
and take appropriate protective measures by taking responsible and synergistic measures. And, of course,
experts, put them on their agenda.
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