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. hazards capable of causing substantial loss of life and property damage. The
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landslides, and quantifying the displacement of landslides within the Tang
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01 October 2026 Subsequently, new landslides were detected by comparing satellite images taken
before and after the earthquake. Then, employing multi-temporal radar
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interferometry, 12 Sentinel-1A images—comprising data from both before and

Keywords: after the earthquake—were processed. The results indicate that, among the
Earthquake-induced identified landslides, the earthquake triggered the activation of four landslides;
landslide in addition to surface ruptures, these exhibited significant deformation in the

form of displacement along the satellite's line-of-sight (LOS). The largest
SBAS-InSAR

landslide occurring on the slopes of Mount Shahneshin covering an area of
Sentinel-1A 18,242,677.47 square meters exhibits an average displacement of approximately
42 cm and a maximum displacement of up to about 53 cm along the satellite's
line of sight, indicating a high degree of slope instability in this area.
Zagros Additionally, three other landslides on the slopes of Mount Gamishan despite
their smaller extent have exhibited a relatively uniform pattern of displacement
along the satellite line-of-sight, averaging approximately 45 centimeters; this
indicates a similar response of these slopes to seismic triggering. A
simultaneous analysis of radar interferometry results, the distribution of
earthquake epicenters, and the locations of active faults in the region indicates
that earthquake-induced movements played a significant role in triggering and
intensifying landslide displacements.
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Extended Abstract

Introduction

Landslides caused by earthquakes are considered one of the most important geological hazards,
and due to their rapid occurrence, they can cause extensive loss of life and property. In this regard, the
intensity and duration of earthquake motion are considered to be the most important factors
stimulating the movement of slopes. In this context, radar interferometry is one of the newest remote
sensing methods that, by processing radar images, enables the preparation of maps of the
displacement of the earth's crust over a large and continuous surface. One of the main applications of
synthetic aperture radar (SAR) remote sensing is the monitoring of areas affected by surface
deformation using the differential interferometry of synthetic aperture radar (DInSAR) method. The
Ezgeleh earthquake occurred on November 12, 2017, with a magnitude of 7.3, 10 km from Ezgeleh
and about 37 km northwest of Sarpole Zahab County in Kermanshah Province. The study of the
earthquake's focal mechanism showed that a rupture in a blind fault in the Zagros Fold Thrust Belt
(ZFTB) was the main cause of this earthquake, which led to various instabilities, including landslides
and rockfalls. Therefore, the present study focused on landslides caused by the aforementioned
earthquake, within the Alvand and Tang Hamam watersheds. The primary objective of this study is to
evaluate the impact of the Ezgeleh earthquake on landslide activity in the Tang Hamam and Alvand
basins. This study aims to determine the earthquake's role in landslide occurrence, assess the
displacements caused by the event within the study area, and establish a foundation for future research
on geological hazards.

Material and Methods

In this study, landslides were first identified and located using a digital elevation model (DEM)
with a spatial resolution of 12.5 m, topographic maps with a scale of 1:50,000, satellite images
available in Google Earth, Arc GIS, and Global Mapper software, and field observations. Then, in
order to investigate and determine the amount of displacement and movement of landslide masses,
radar interferometry and Sentinel-1 radar images were used. A total of 12 Sentinel-1 radar images,
including six images before the earthquake and six images after it, were downloaded from
https://scihub.copernicus.eu. After importing the images into the ENVI and SARscape software
environments, in order to fully cover the study area, the burst corresponding to the Sarpole Zahab
region was selected from the Sentinel-1 images to be used in the radar interferometry process. Then,
the temporal and spatial relationship between the images was examined using a connection graph.
Next, interferometric processing was performed within the framework of the SBAS Interferometric
Processing method, which included image co-referencing, view interferometry generation, filtering,
and phase unwrapping. The output of this step included filtered view interferometry (FINT),
differential view interferometry without topography effect (DINT), and unwrapped phase (UFA). In
order to reduce systematic errors and improve data quality, the Refinement and Reflattening step was
performed using ground control points (GCP). In the next step, data inversion was performed by
executing SBAS Inversion — First Step, and the average land surface displacement rate map was
extracted. Then, by executing SBAS Inversion — Second Step, the land surface displacement time
series was calculated for each imaging date and atmospheric effects were corrected. Finally, the
Geocoding step was performed to transfer the results from the satellite view geometry to the terrestrial
coordinate system.

Results and Discussion

An examination of the spatial distribution of old and new landslides alongside active faults and
earthquake epicenters shows that the seismic activity of the region has played a decisive role in
activating these landslides. Also, an examination of objective evidence of land surface deformation on
the slopes of Shahneshin Mountain indicates the occurrence of displacement, local uplift, and rupture
of soil and rock masses in the landslide area. The results of the present study also confirm the
occurrence of significant deformation in this domain and the important role of seismic stresses in
activating and intensifying the domain instability; however, simultaneous examination of the
Shahneshin and Gamishan landslides showed that the intensity and pattern of deformation in all
landslides caused by this earthquake are not the same. While the Shahneshin landslide shows the
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largest range of deformation and displacement, the Gamishan landslides, despite being smaller in size,
have a relatively more uniform deformation pattern. This uniformity in displacement values could
indicate the similar response of the Gamishan slopes to seismic loading and the relatively
homogeneous tectonic conditions of this part of the region. In other words, although the intensity of
instability in Gamishan is less than in Shahneshin, the mechanical behavior of the slopes against
seismic movements follows a more specific and predictable pattern. This difference indicates that the
simultaneous assessment of multiple landslides allows for a better understanding of the spatial
variability of the response of the slopes to a single seismic event, a topic that is less likely to be
investigated in studies focused on a single landslide. The results of radar interferometric analysis
based on the SBAS-InSAR method show that the identified landslides, in addition to surface ruptures,
were accompanied by significant displacement along the satellite line of sight. The displacement
values along the satellite line of sight extracted for the Shahneshin landslide and the Gamishan
landslides indicate a high intensity of deformation of the slopes after the earthquake. This
displacement rate can indicate the continued deformation of the landslide mass after the seismic event.
The difference between the deformation amplitudes in the Shahneshin landslide and the Gamishan
landslides can be attributed to the difference in the slip extent, the geometry of the slope, and the
concentration of seismic stresses.

Conclusion

The analyses show that four new landslides have occurred in the study area. The largest landslide
on the slopes of Mount Shahneshin, with an area of 18242677.47 square meters, had a maximum
displacement along the satellite line of sight of about 53 centimeters and an average displacement of
42 centimeters. Three other landslides on the slopes of Mount Gamishan, with areas of 22560.07,
6727.73, and 5528.86 square meters, respectively, show an average displacement of about 45
centimeters, and their deformation pattern has been relatively uniform. The study of the spatial
distribution of landslides along active faults and earthquake epicenters indicates the important role of
seismic movements as a driving factor in the activation and development of slope instabilities;
although the contribution of other effective factors such as geological characteristics, slope
morphometry, and environmental conditions requires independent and more detailed studies. The
results of InNSAR analysis show that the concentration of deformation in the central and lower parts of
the slopes shows the highest intensity of displacement along the satellite line of sight, indicating the
effective role of seismic stresses on the instability of the slopes.
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Fig. 1. Location map of the study area and earthquake epicenters (Source of earthquake epicenter data: Iranian
Seismological Center (IRSC), Institute of Geophysics, University of Tehran)
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Fig. 2. Geological map of the study area
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Fig. 3. Examples of morphological and visual criteria used for landslide identification in the study area: A)
Displaced rock fragments and blocks within a recent landslide mass; B) Surface ruptures and cracks on the recent

landslide surface; C) Topographic lineaments and morphological features associated with an old landslide derived
from the DEM; D) Google Earth image showing an old landslide in the study area.

o) 2l olime (a0

osliiul ()Mol (Zriw J105 by, 5l A5 989 5l amr )3 (Bpdie; €989 At 10 (e i Dl (e (b)) S L
Sacasdee 13 Sz gohaw plralr S oslwl sl ANSAR) Il (egran 4539, (6 ey 2l 5 (i SIS (b9 08
.(Bayer, Simoni, Schmidt & Bertello, 2017) ailoas ool (5 la> g o s ey ¢ gl aliBre (sloody sy alox 5l alises
Dehghani Bidgoli, ) 08,5 o s (adrive Sl b 5 gloj adhin S 5l poai g0 5 Oglas g)lol,) uw 515 0
w23 1) ey s laenl sosd) Jow adgs Sl (INSAR) (s)lsl,y eiw 3105 bg, (Kouhbanani & Yazdani, 2020
3leads 33 pglas 5B (s)loly rw Sl g, ,0 «&dly yo (Abedini & Mohammadzadeh Shishehgaran, 2022) ‘>)5Tus“
e 15 ]y JUSw 99 o 5l 900,85 oo dslie LSl 40 oSy «5 )10 pgal calizee Slej slaol jo laciadge
Y, ol yo &5 (Eslah, Zarehshahi, Malekzadeh Bafghi & Hassanabadi, 2015) sl o Cewsas (V 9 1) Luilg, 320 51 s )lol,
oaxmoLis (#) g (segpge axly i (JUSaws 56 @ (JUiSws aels [ ¥ | gl 5 gz o pslad Lalizee glo JUSw i ja Y,
5B LS gl el Lalise zgo3e 0 a0 paal JiKw oo 4z (o .l (Complex Conjugate) laliswe zgo3e
L INSAR g, 53 s s sl 35911 5 61,5558 S5 (slie 6 BT () 5 0 3 (91 — 92)

¥, = [y, lexp (ipl) ()

¥, =y, lexp (ip2)
. (v)
Y,Y,= [y lly,lexp (i@l — ¢2))
iz (gloly pslal g oly (i IS by, 5l (L33 Glress LS > 5 alralr lie e 5 (o) n ek
59 50 e g 5l a8 sl JuKew 518 M ) colatul (g, (55,8 il b (mw S35 .ol eolaiul Sentinel-1
s S 4 bgyye Sl L glis | el sl ailaie 5 5l oSYLL 6hlo by sl G b oos 48,5 SAR 9w



ol )en g (g ol
B TIF ST VS O [P UYL S PSP RS 0, g ISR

5o odd olonl Dl oss aS gemuias (sl ey 51 U350 g b)) 5 SleMbl 1 oolanul ¢ yhg, cpl LIS ol 0gd g0 3! o
¢(Shirani & Khosh Baten, 2016) 5.8 oo asline (glaalais 5l calizes (yloj 90 10 Mol pmgai g9 30 51 BN o ey lans
05 es 51 33 45 o 5 (8l aslllas 850 adlato 15 rn) il 5 (IS5 31 (30 16 IS T solitl L o
8355 )| J.»ﬁ ).v}gu &J‘“‘“ J.ALMJ Sentinel-1 6)10‘) ).73.»44 'Y Egome 4o R PR o o Ao &533 L ).._‘>‘ 6L®JLMJ o
(F JS8) 20,5 ogbils hitps://scihub.copernicus.cu 51 ey] 5l am pgas (i g (Yo VY 1ales YY) VYRS ola (LI VY 0 ) s
el Bl e Gloj alold g o)l (i B gl o] 53U g i (Sloj sba 090 p0 (BLS gy g, Ao
P Sy plo s yiadad e (g o pgar ol Jold pglal Glasie 00,5 Ol ools dcgazms ;o Yo VA adgs B YV

o] Slasein g oslitwl 8,50 (5l slaools = Jgua

Table 1- Radar data used and their specifications
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Fig. 8. Locations of the identified landslides in the study area and images acquired before and after the landslide

events. Image No. 1 corresponds to the Shahneshin Mountain slope, whereas Images Nos. 2, 3, and 4 correspond to
the Gamishan Mountain slope.
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Fig. 11. Images of the earthquake-induced landslide location on the slope of Mount Shahneshin in the study area
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