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Introduction

Mountainous regions of Iran, particularly in the northern and western sectors, exhibit a
heightened vulnerability to slope hazards and landslides, attributable to an interplay of
topographic, geological, climatic, and anthropogenic factors. The Alamut River Basin,
situated in the northeastern segment of Qazvin Province and encompassing the southern
slopes of the Alborz mountain range, represents a particularly high-risk area. This region is
characterized by frequent landslides that inflict substantial damage on agricultural lands,
residential structures, and essential infrastructure. The inherent dynamics of slope stability,
influenced by gravitational forces, significant precipitation, snowmelt, geological
formations such as faults and fractures, and human activities such as road construction,
contribute to slope instability. Conventional landslide detection methodologies, including
field surveys, GPS monitoring, and optical satellite imagery, are hindered by limitations
related to high costs, spatial sparsity, and dependence on weather conditions. Recently, radar
remote sensing, especially through the application of Synthetic Aperture Radar
Interferometry (INSAR), has emerged as an effective tool for the precise monitoring of slow-
moving landslides and surface displacements. This study seeks to analyze slope dynamics
and identify active landslides within the eastern Alamut region utilizing advanced radar data
and techniques, thereby facilitating the updating of existing landslide maps and enhancing
risk assessment protocols.

Material and Methods
This research employed descending track data from the Sentinel-1A satellite spanning the

years 2018 to 2020, utilizing the Small Baseline Subset (SBaS-InSAR) technique to detect
ground surface displacements over a three-year period. Furthermore, the Digital Elevation
Model (DEM) difference method and differential interferometry were applied to evaluate
surface changes associated with a specific landslide event that transpired on April 3, 2020,
in Khobkuh village. The SBaS approach facilitates the generation of time-series
displacement maps by mitigating atmospheric and orbital errors through the utilization of
multiple interferometric pairs characterized by short temporal and perpendicular baselines.
A total of 32 Sentinel-1 images were processed using the StaMPS software, with the ALOS-
PALSAR DEM (12.5 m resolution) employed for the removal of topographic phase. The
findings were validated through the use of GPS measurements, Google Earth imagery, and
field observations. Additionally, land cover changes were analyzed using a six-year time
series of Sentinel-2 data, which was processed via the Maximum Value Composite (MVC)
algorithm to minimize vegetation-induced noise. The accuracy of the displacement map was
assessed using the Receiver Operating Characteristic (ROC) curve and the Area Under the
Curve (AUC) metric.

Results and Discussion
The SBaS-InSAR analysis disclosed annual surface displacement rates ranging from -48.6

mm to +40.2 mm throughout the study area, signifying both subsidence and uplift
movements. Fourteen active landslide zones were identified, several of which correspond to
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previously mapped landslides that remain dynamically active, including the significant
historical landslide near Moallem Kelayeh village. The validation process produced an AUC
value of 0.78, indicating a relatively high level of accuracy in detecting active slope
movements. The integration of radar-derived displacement data with existing landslide
mappings from the Qazvin Natural Resources Administration resulted in an updated and
more precise landslide inventory. For the Khobkuh landslide event, the DEM difference
method estimated surface elevation changes ranging from -1.62 m to +2.75 m, while
differential interferometry calculated displacement rates between -25 mm and +70 mm,
which were consistent with SBaS findings. These results affirm the efficacy of radar-based
techniques in capturing both long-term gradual movements and abrupt landslide events. The
analysis also underscored that the most significant displacements occurred in regions
characterized by sparse vegetation cover and exposed geological formations, particularly in
areas with clay-rich Neogene deposits and active fault lines, such as the Khoshchal and
Alborz thrust faults.

Conclusion

This study illustrates the considerable potential of radar remote sensing, specifically the
SBaS-InSAR technique, in monitoring slope dynamics and identifying active landslides in
mountainous and inaccessible regions, such as the Alamut River Basin. The integration of
multi-temporal radar data with field observations and GPS validation establishes a reliable
and cost-effective methodology for updating landslide hazard maps and assessing associated
risks. The findings indicate that several historical landslides remain active, thereby posing
persistent threats to local communities and infrastructure. The updated landslide map
produced in this research can serve as a crucial instrument for land-use planning, disaster
risk mitigation, and early warning systems. It is advisable that future studies incorporate
corner reflectors as ground control points to further enhance measurement accuracy. Overall,
radar-based monitoring provides significant advantages for detecting subtle ground
movements, facilitating proactive management of landslide risks and minimizing human and
economic losses.
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% Ground Control Points

27 Slant Range

28 Geo Reference

29 Reciever Operating Characteristics (ROC)
30 Digital Elevation Model (DEM)
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32 Polarisation

33 Vertical-Vertical
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