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Arc GIS. Geographical area: The study area of the present research is the city of Saqqez.
Methodology: This is an applied study conducted using a descriptive—analytical
method. The required statistics and information were collected through library
studies and remote sensing data. To evaluate the relationship between the degree
of physical vulnerability to earthquakes and the factors affecting vulnerability,
GIS and the Analytic Network Process (ANP) model, along with Expert Choice
software, were used; subsequently, the final earthquake risk zoning layers were
produced using the spatial analysis capabilities of GIS.
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English Extended Abstract
Introduction

Many cities around the world are exposed to natural hazards, among which earthquakes are considered
one of the most destructive and unpredictable phenomena. Iran, as part of the Alpine—Himalayan orogenic
belt, is characterized by high seismicity; approximately 17.6% of the 153 destructive earthquakes recorded
worldwide have occurred in Iran, placing the country among the 13 most disaster-prone nations globally.
Earthquakes account for the largest share of human casualties caused by natural disasters in Iran, and most
Iranian cities are therefore vulnerable to seismic risk. Urban planning seeks, as one of its principal
objectives, to reduce the vulnerability of cities to earthquakes, and the first step toward achieving this
objective is to identify and assess the physical vulnerability of cities to a possible earthquake. The city of
Saqqgez, located in Kurdistan Province in western Iran, lies in a zone of relatively high seismic hazard. More
than 30% of the area of Kurdistan Province, including the western and southwestern regions and the city of
Saqqgez, is classified as being at very high earthquake risk. Several faults, including the Piranshahr fault,
the Saqgez River fault, the Senteh fault, and the Valikhan River fault, are located in and around the city,
and the historical record of seismicity indicates the possibility of high-intensity earthquakes in the region.
Given that natural hazards are influenced by geomorphological factors, examining the effect of these factors
on the occurrence and intensification of natural hazards is of considerable importance. Accordingly, the
present study aims to zone the physical vulnerability of the city of Sagqez to earthquake risk and to examine
the influence of geomorphological factors on the occurrence of earthquake

Purpose

The present study aims to zone the physical vulnerability of the city of Saqqgez to earthquake risk and
to investigate the effect of geomorphological factors on the occurrence of earthquakes, thereby providing a
basis for reducing the vulnerability of the city through informed urban planning and crisis management.

Geographical area

The study area of the present research is the city of Saqgez, one of the cities of Kurdistan Province,
located in the west of the province and sharing a common border with Irag. The city lies between 46°17’
and 36°14' latitude from the equator and is bounded by the city of Baneh to the west, the city of Bukan to
the north, and the city of Divandarreh to the east. Saqgez County is classified among the mountainous
regions of the country. According to seismic zoning studies, the city is situated in a zone of moderate risk
with a maximum intensity of V11 on the Mercalli scale, and the expansion of the city toward the surrounding
faults has increased the probability of its exposure and vulnerability to seismic hazards.

Methodology (Material and Methods)

This is an applied study conducted using a descriptive—analytical method, and in terms of its nature, it
adopts a developmental-applied approach. The required statistics and information were collected through
library studies, field observations, and remote sensing data. The research method is exploratory, and the
study combines descriptive, exploratory, survey, and analytical methods. Fifteen indicators were selected
within the physical dimension to assess vulnerability. The validity of the research instrument, a
questionnaire, was examined through evaluation by university professors and relevant experts, and it was
confirmed after the resolution of deficiencies. To determine the priority and weighting of the criteria, the
Analytic Network Process (ANP) model was used in Super Decisions software, and pairwise comparisons
between the criteria were performed by experts. The layers for each criterion were then rasterized,
standardized, and combined. In the next stage, the layers were prepared and classified using ArcMap
software, and the fuzzyization of the layers was carried out. Finally, the information obtained from the
previous stages was integrated in the ArcGIS environment, and after producing the vulnerability map for
each criterion, the final vulnerability map of the study area was extracted by overlaying the resulting map

Results and Discussion

The physical capacities of the city of Saqqez reduce its vulnerability to earthquakes. The results showed
that the highest weight among the physical dimension criteria, comprising 15 main sub-criteria, belongs to
medium-density residential space, with a weight of 0.16911, while the lowest weight belongs to access to
sports facilities, with a weight of 0.00581. The findings indicate that the seismic zoning of Kurdistan
Province divides the region into eastern and western zones, with the western zone, including the counties
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of Kamyaran, Sanandaj, Marivan, and Saqqgez, having more than 60% of its area located in the high-risk
zone. The faults in the Saqgez area include the Saqgez River fault, with a southwest—northeast orientation,
a northwest—southwest fault, and another fault along the Cham and Valikhan rivers. The Senteh fault, with
a northeast—southwest orientation and a length of approximately 50 km, lies east of Saqqez, about 5 km
from the village of Senteh. Seismographic data indicate that earthquakes of magnitude 3.5 on the Richter
scale are most frequent in Saqgez, and the focal depth of these earthquakes is shallow (30-40 km),
consistent with the seismicity characteristics of northwestern Iran. Most earthquakes in the county have
occurred around the regional faults. The fault map shows that the city's past development in the western,
northern, and northeastern parts has taken place within the boundaries of secondary faults. Earthquakes of
magnitude greater than 3.5 on the Richter scale show good correspondence with major and minor faults. A
substantial portion of the region's faults is located in the southwestern and northwestern parts of Saqgez,
and the horizontal expansion of the city toward these faults has increased the probability of exposure and
vulnerability. According to the maps and the seismicity record of Saqqez, the city is situated in isoseismal
levels of 3 and greater than 3 on the Richter scale.

Conclusion

According to the physical vulnerability map, the eastern and southern parts of the city of Saqgez have
high vulnerability and would face loss of life and financial damage in the event of an earthquake. Moreover,
the existing physical capacities are insufficient to reduce this vulnerability, and the city has low physical
resilience to earthquakes. The results of this study can serve as a basis for urban planners and crisis
managers to prioritize interventions in the eastern and southern zones of the city, to strengthen the physical
fabric, to improve access to emergency and relief centers, and to enhance the overall resilience of Saqgez
against future seismic events. It is recommended that future research integrate social and economic
dimensions of vulnerability alongside the physical dimension in order to provide a more comprehensive
assessment of the city's resilience to earthquakes
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Figure 2. Map of the geographical location of the city of Saqgez
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Table 2. Specifications and characteristics of the faults around Saggez County
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Figure 3. Zoning map based on fault lines
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Table 3. Indicators of physical resilience
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Figure 4. Map of the spatial distribution of buildings in the city of Sagqgez based on access to
telecommunications centers
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Figure 5. Map of the spatial distribution of buildings in the city of Saqgez based on access to
educational centers
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Figure 6. Map of the spatial distribution of buildings in the city of Saqgez based on access to law
enforcement centers
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Figure 7. Map of the spatial distribution of buildings in the city of Saggez based on access to sports
centers
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Figure 8. Map of the spatial distribution of buildings in the city of Saggez based on access to
religious centers
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Figure 9. Map of the spatial distribution of buildings in the city of Saqgez based on access to
commercial centers
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Figure 10. Map of the spatial distribution of buildings in the city of Saggez based on access to
hospital centers
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Figure 11. Map of the spatial distribution of buildings in the city of Saqgez based on the
transportation network

clalad o S a5l alols 5 (o piwd G (slad g SHb a4 wpwnd (2SI jslate : jaw SUAS 9 SHb Ay w puwd
o) g5 odlitwl v g Cdge Sl 5 oRaly s glad g a Lo:di S olme &Blee ) olgi o a8 Bl oy e
lasle ol o 4y )5 & (glalno 5 5 bl oo i e 515 10 a0 (slaldd g o S 4y s iz ool o pas i
ol S, s 5 IS5 Bl e 2 \De v ) Lt g Ve emYere (VeeoBon ¢ BeomVO+ (o YO+ 5 a8 dlols



V.0 ’y“tgc‘ﬂﬁb)wc\O E,sb;w)wd@‘)bwmdbm O«

25 A B> G (SUAS &y (o yid AL slajlime o (o 53 300 U ) jaw (SLAS 5 b gyt olul
3905 Glo oo o ) JSb s gr bl ooy olaidl agd a |y Slgld oy i o B0 e =YO+ g g0 YO+ I S alold
Sruamsl Glie b (219 Sl 508 5 (25,6 5y b e i g baugte (6 pdicanl b (2l 2)5 S5 L jblize 3bls oS
238k il e glad @ (2lp yted d a Giagh ol fedge 4 dog b (ISl ) bl ol (LS 5 0b;

PR ot et ot ot apot
3 Olgas ]
. L] z
e SLA 9 L @ g E
=
H
ane E‘
4adi sloaaty
W ostsasy || 5 2
£
. ¥
A 03 3dona
o - 8
= ¢
% :
o .- #
g -
B
o i £
- s £
«)Jﬁ i wrpeswat|||d "
]
3 ®
i
S T T P BT

oo SUa8 9 3L @ (o yhuod (bl g i e Gl L (pUad @59 Al VY JSW
Figure 12. Map of the spatial distribution of buildings in the city of Saqqgez based on access to parks
and green spaces
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Figure 13. Map of the spatial distribution of buildings in the city of Saqqez based on access to
parking
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Figure 14. Map of the spatial distribution of buildings in the city of Saqqez based on facilities and
equipment
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Figure 15. Map of the spatial distribution of buildings in the city of Saqgez based on dead-end
alleys
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Figure 16. Map of the spatial distribution of buildings in the city of Saqqez based on historical
texture
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Figure 17. Map of the spatial distribution of buildings in the city of Saqqgez based on medium-
density residential space
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Figure 18. Map of the spatial distribution of buildings in the city of Saqqgez based on low-density
residential space
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Figure 19. Map of the overall vulnerability status of the city of Saqgez in terms of physical
dimensions
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Table 5. Scoring of effective physical criteria in the vulnerability of the city of Saggez by expert

evaluators
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Table 6. Results of the research findings
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