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Landslides are among the most significant hazards threatening many
mountainous regions. One such high-risk area, due to its
geomorphological and tectonic conditions, is the road corridor between
Karand and Sarpolzahab in Kermanshah Province. In this study, Sentinel
1 radar images, MODIS satellite images, the 1:100,000 digital
geological map of the area, and the 12.5 m ALOS PALSAR Digital
Elevation Model were used as the main data sources. The most important
tools applied in this research included GMTSAR, Google Earth Engine,
and ArcGIS. In this study, using relative weight coefficient methods,
fuzzy logic, and radar interferometry, landslide-prone areas have been
identified by considering the impacts of the Ezgeleh earthquake. Results
show that vertical ground displacements in the study area ranged from
—5 mm to 334 mm due to the earthquake. Given that such displacements
can significantly contribute to slope instability and trigger landslides,
this research highlights zones exhibiting both high susceptibility to
landslides and vertical displacements exceeding 100 mm as areas with
the greatest landslide risk. Accordingly, the mid-slopes and areas near
the city of Sarpolzahab, due to their environmental conditions and
substantial ground displacement, have been identified as the most
hazardous zones in terms of landslide occurrence.
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EXTENDED ABSTRACT

Introduction

Landslide is one of the important and destructive geomorphological phenomena that refers to the sudden
or gradual displacement of a mass of soil, rock, sediment, or a combination of these materials along a slope.
This phenomenon usually occurs in mountainous or sloping areas and can cause severe damage, including
destruction of infrastructure, loss of agricultural lands, human casualties, and disruption of transportation
and communication networks. Different regions, influenced by geological, hydrological, and topographical
conditions, have varying potentials for natural hazards such as landslides. Iran’s geographical location
places many of its regions at risk of landslides. Among these, the western parts of Kermanshah province,
located in the Zagros mountain range, have a high potential for this hazard. Due to high elevation and steep
slopes, as well as the development of communication routes and other human activities, this region is highly
vulnerable to landslides. Besides these factors, an often overlooked point is the tectonic setting and
earthquakes in the area. In fact, the study area is tectonically active, which has caused many earthquakes,
including the notable 7.3-magnitude Ezgeleh earthquake in 2017. These earthquakes have had both visible
and subtle effects, including impacts on slopes, making them more prone to movement. Given the
importance of the topic, this study aims to identify landslide-prone areas along the communication route
from Karand to Sarpolzahab, with emphasis on tectonic factors.

Materials and Methods

In this study, Sentinel-1 radar images from before November 7, 2017, and after the Ezgeleh earthquake
on November 19, 2017, MODIS satellite images from 2020 to 2024, the 1:100,000 digital geological maps
of the Karad and Sarpolzahab sheets, and the 12.5 m ALOS PALSAR Digital Elevation Model were used
as the main data sources. The key research tools included GMTSAR (V.6.0) for applying radar
interferometry and ArcGIS for standardizing information layers and preparing the required maps. The
research was conducted in several stages. In the first stage, to identify landslide-prone areas within the study
region, the relative weight coefficient and fuzzy logic models and eight parameters—distance from roads,
distance from rivers, elevation, slope, slope aspect, lithology, distance from faults, and vegetation cover—
were employed. In the second stage, to examine the impacts of the 2017 Ezgeleh earthquake, radar
interferometry was applied to assess the extent of surface displacement. In the third stage, the areas with
both the highest vertical displacement and high landslide vulnerability were identified and introduced as
zones at risk of landslides.

Discussion and Results

The results show that the Ezgeleh earthquake caused numerous visible and subtle changes in the area.
Among the subtle effects was significant vertical displacement. Since such displacement can critically
affect slope stability and trigger movements, a map of vertical displacement was created for the study area,
showing displacements ranging from -5 mm to 334 mm. Areas with displacements greater than 100 mm
were considered unstable. Subsequently, maps combining landslide susceptibility classes of high and very
high vulnerability with vertical displacements above 100 mm were prepared. According to the results, the
mid-slopes of the region and areas near Sarpolzahab city, due to both environmental susceptibility and
vertical displacements above 100 mm, were identified as landslide-prone zones.

Conclusion

The analysis results indicate that the middle sections of this route, particularly due to high elevation,
steep slopes, and dominant lithology, have the greatest potential for landslides. One of the main factors
increasing slope instability is tectonic activity, especially the Ezgeleh earthquake, which caused significant
ground surface displacements, with some points experiencing vertical movements exceeding 300 mm.
These displacements can substantially weaken slope stability and increase the likelihood of landslides.
Accordingly, areas exhibiting both natural susceptibility and vertical displacements over 100 mm were
identified as having the highest landslide risk. Specifically, the mid-slopes and regions near Sarpolzahab
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city, due to the combination of favorable environmental conditions and considerable displacement, are
classified among the highest-risk landslide zones. Based on the findings, it is recommended to continuously
monitor ground displacements in the area using remote sensing techniques, limit construction in high-risk
zones, and implement slope stabilization and reinforcement projects. Additionally, educational programs
for local residents can play an effective role in reducing landslide-related damages.
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are assigned a value close to 0.
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Straight linear  Areas with higher elevation are assigned a value close to 1, while areas Elevation
with lower elevation are assigned a value close to 0.
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Straight linear  Areas with steeper slopes are assigned a value close to 1, while areas with Slope
gentler slopes are assigned a value close to 0.
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Nonlinear North-slope directions are given a value close to 1 and south-slope Aspect
directions are given a value close to O .
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Nonlinear Areas with alluvial materials are assigned a value close to 1, while areas Lithology
with limestone lithology are assigned a value close to 0.
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Inverse linear
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Inverse linear

Avreas near the fault are assigned a value close to 1, and areas farther away
are assigned a value close to 0.

o515 Bl & 5 0a 03> ) S0 55l S o8LS b o155 sl 3l 4
el 0ads 0818 jas SuoP iyl e e (2L il

Areas with lower vegetation density are assigned a value close to 1, and
areas with higher vegetation density are assigned a value close to 0.

Distance from fault
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Table 3- Specifications of the images used

Date Type Orbital mode  Polarization Baseline
2017/11/07 SLC Descending \AY}
2017/11/19 SLC Descending \AY 14/2
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Table 4- Final weight of parameters
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