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Abstract

Earthquakes are among the most devastating natural disasters, causing significant damage to human society.
Therefore, assessing seismic vulnerability and developing strategies to mitigate this risk are critical issues today.
Abdanan County located in southern llam Province is particularly susceptible to earthquakes due to humerous
fault lines, a history of destructive seismic events, and inadequate adherence to safety standards. This study
aimed to measure and evaluate the earthquake vulnerability of the county. To conduct this research, we first
prepared digital layers representing the factors influencing earthquake occurrences. We then standardized the
criteria maps using fuzzy membership functions and weighted the criteria through the CRITIC method. Finally,
we employed the multi-criteria analysis method of ARAS to create a zoning map with 5 vulnerability levels. The
results indicated that the most significant variables affecting vulnerability were the distance from the earthquake
epicenter (weight: 0.153), land use (0.133), geological formation (0.130), and distance from faults (0.125).
According to our findings, approximately 22.20 to 30.35% of the county’s total area fell within the very high
vulnerability category. Additionally, the cities of Abdanan, Murmuri, and Sarab Bagh, along with 40 villages,
were classified as having very high vulnerability, while 16 villages were categorized as highly vulnerable.
Furthermore, using the rock curve method and a sub-curve level of 0.80, we found that the accuracy of the
ARAS method in identifying and zoning the vulnerable areas of Abdanan County in relation to earthquake risk
was very promising.
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Introduction

Earthquakes are among the most destructive natural disasters, consistently inflicting severe damage on human
society. According to United Nations reports, earthquakes are the most significant natural disaster in Iran, with a
catastrophic event occurring approximately every 10 years, resulting in widespread homelessness and loss of life
(Mohammadpour, 2019, p. 78). Creating a zoning map to assess residential vulnerability to earthquakes is an
effective method for identifying at-risk areas (Heidarimozaffar & Tajbakhshian, 2022, p. 75). In this study, we
focused on zoning the vulnerability of settlements in Abdanan County to earthquake risk, employing the ARAS
multi-criteria algorithm to accurately estimate the seismic risk in this region using both spatial and descriptive data.

Materials & Methods

This study was applied in nature and employed a research methodology that integrated data analysis, Geographic
Information Systems (GIS), and multi-criteria analysis techniques. We utilized ArcGIS, Idrisi, and Excel
software for image processing and data analysis. To assess earthquake hazards, we first identified the key factors
influencing vulnerability, including slope, Digital Elevation Model (DEM), geology, land use, distance from the
epicenter of previous earthquakes, proximity to communication routes, distance from population centers (both
cities and villages), distance from rivers, and distance from fault lines. Next, we prepared information layers
corresponding to each factor within the GIS environment. Standardization of these layers was performed using
fuzzy membership functions, while factor weighting was conducted using the CRITIC method. The final
analysis was carried out using the ARAS multi-criteria method. After developing the vulnerability map for
Abdanan County regarding earthquake risk, we evaluated the model’s accuracy using the ROC curve.

Research Findings

The results from the ARAS method indicated that 531.12 km? of the total area of Abdanan County fell into the
very high vulnerability category, while 726.22 km? was classified as high vulnerability. Additionally, 687.50
km* exhibited medium vulnerability potential. Meanwhile, 336.89 and 110.99 km? were categorized as having
low and relatively low vulnerability potential, respectively. A comparative analysis of altitude and slope factors
against the final vulnerability map revealed that these at-risk areas spanned various altitudes, ranging from 200
to 2000 m and slope classes from 5° to 80°. In terms of land use, residential areas, agricultural land, forest
coverage, and medium pastures constituted the majority of regions with high and very high vulnerability potential.
When comparing the distance from population centers to the zoning map, it became evident that vulnerable areas were
situated within 0 to 1000 m of these centers. Regarding the distance from communication routes, regions with high
vulnerability potential were typically located farther away, between 1000 and 5000 m from these routes. Additionally,
the analysis of proximity to rivers indicated that highly vulnerable areas were found within close range, specifically 0
to 800 m from water sources. Notably, the population density of cities and villages tended to cluster near these water
sources. Furthermore, areas classified as having very high and high vulnerability were located in close proximity to
previous seismic foci, particularly within 0 to 1000 m of these sites.

Discussion of Results & Conclusion

The findings of this study indicated that the most significant factors influencing earthquake occurrence in the
study area were distance from the epicenter, land use, geological formation, and distance from fault lines. Our
analysis revealed that approximately 22.20 and 30.35% of the total area of Abdanan County fell within the very
high and high vulnerability categories, respectively. Additionally, the cities of Abdanan, Murmur, and Sarab
Bagh, along with 40 villages, were classified as having very high wvulnerability, while 16 villages were
designated as being in the high vulnerability zone. These results highlighted the considerable seismic risk faced
by the region. Given the potential for earthquakes to cause devastating financial and human losses, it is crucial
for responsible organizations to heed the findings of this study. They should implement appropriate protective
measures developed in consultation with experts to mitigate risks and enhance community resilience against
seismic events.
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Figure 3: Map of criteria considered in assessing the vulnerability of Abdanan County to earthquake risk
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Figure 4: Flowchart of the research process
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Figure 5: Standardized map of criteria
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Table 1: Correlation matrix, contrast matrix and calculation of the final weight of the criteria using the
critic method

Soad s jla

33 J....f LR 3 A HLlel aleay, o5l tu-‘)' o Dl

X)) 435
VATA N VAR 3\ —/YEY VATA - /\AY /Y AR VAN\Y \ S
/eqy /+qV AR WAVNY AR —+/2av AEA \ AR\ gl
/0\0 /Y0 —+/0Y4 /10 —+/OYY —+/YoY | WAEA Y8 d315 058
—/2VE | =/ 0 /oY VAR VS \ —YOY | —e/eqv | -y PHERS
YOEA —+/+V1 Y —/FVY | N —vJOYY | e NEY | = NAY bl
ARE o/eVY —v /80 \ YVY VAR +/10) WAVNY ALY Lwsy 5 4
—/\Ar YaY) \ —v/8) /ENY +/aV) —+/0Y4 EVARS ol IRYA ¥ A ¢ gy
AT \ VAYAS o/VY —+/¥1 R YARY A RE\ 2N VAR A iy
| AT ALY Y YA —+/eVE /0N /+QY YLV Y

L& yw Sl

23] M5 sy 5 A bl el Sy, opls gus,! — Ol

Ly, 435
Y VARS! V/YEY +/AOA V/VAY VoY AZL ATV . -
VLAY ANy \VARAS UMY \VARA V/eav +/A0Q . JJATY gl
t/EA0 AL /04 Ve \/oYY \/Yox . ZN-L A2 d3)5 058
\/oVi AR </AY4 (VARR A . \/YOY \/+qv VoY PHERYS
/404 /v +/OAA V/YVY . A \/0YY VLY VAV bl
+/Va4 +/AYA /e . \/FVY \VARR /Y84 MY */AOA Lwsy 5 4
VA VALY . V/80) +/OAA +/AY4 1/0%4 VAR V/YEY ol yae
CJAVE . NAY +/AYA VeV \TARY: VAL /Ay VYN iy
. VJAVE VA +/Vaq /404 V/eVe “/EAO VLAY Y s

S > b Sle bty Wy, o5 gLl = S

e 435
v/ Y0 v/oY AAY \ZatA AOLY AIYLY v/EYo VA V/VVo L2 ¢ gaze
+/YOA JJYYO VARE AAA /Yo VAR /YA AYY ARS Sl Sl sl
VA0 YV \/VVE \ViAnY% \/) oY V/+0) Y/v AT /A V/0Y Sl Ol 5
AT Yo VAN ARYS ayN3 Y /oY V/aVE YARES V)

VENY O b 55 e




Vo OLKer 5 (frle s AP35 s ol SUILT Ol s (5 gl sty 5 (52

03 Ol g S Cobs 51w e e ghS VYUY 5 OVVNY sy il g 5l ol s 5 4 a5 b

Jotlty Ol et Cmls 51 m 2 S TAV/0 o 5513 15 505 5505 Sl (6l L HED

313 i oS i 5 oS St Jeolty e kS VA8 S YTVAR (S s e ste (6 i
(Y Jsa)

47°0'0"E 47°20'0"E 47°40'0"E 48°0'0"E
N 1 & 1 . . & e
Oliw 3 (5 i T (G dig) Al
, A3y s iy 8 QT
S z
e | &
b s
o
on
Z ||| o5 s e
£ ) 4
g- [ o i £
20 || 7] thwsio s i L
i o
| Oy @
B b s s pdvean
o ey mmm Kilometers
0 510 20 30 40
] T T T
47°0'0"E 47°20'0"E 47°40'0"E 48°0'0"E

(80T OBty 5 1 020) A5 o 255 OUILT Ol g (6 00yl (sipaigy 225 1SS
Figure 6: Zoning map of Abdanan County's vulnerability to hazards
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Table 2: Class information obtained by applying the ARAS multi-criteria algorithm
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Figure 7: Relative performance detection curve and area under the curve for the earthquake hazard zoning
map of Abdanan county
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