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ABSTRACT

The mechanisms of landslide occurrence are influenced not only by internal and
external (climatic) factors but also by anthropogenic activities. The study area,
Salavatabad Pass, is located in the east of Sanandaj County, Kurdistan Province, along
the Sanandaj—Hamadan transportation route. This area is highly vulnerable to frequent
landslides each year. The passage of the main Sanandaj—Hamadan road and human
activities, such as unregulated construction, gardening, and road construction, have
exacerbated these hazards. The present study aims to identify, measure, and classify the
continuous mass movements using radar interferometry and examine their relationship
with land use patterns. To assess vegetation cover dynamics, eight Sentinel-2 images
were utilized to derive the Normalized Difference Vegetation Index (NDVI), which
helped determine the appropriate dates for acquiring radar images. Subsequently, eight
Sentinel-1 radar images from a four-year period (2016/08/20 — 2023/05/09) were
processed using interferometric analysis in SNAP software. Additionally, a Landsat-8
image (2023) was used for land use classification. After applying atmospheric and
radiometric corrections, a supervised classification (Maximum Likelihood
Classification) was performed in ArcGIS, categorizing land use into six classes. The
interferometric results revealed an annual displacement of 1.2 cm, totaling 9.5 cm over
the study period. The hazard zoning indicated that 20% of the area, primarily classified
as bare land and rangeland, fell into the high-risk category, while 40%, with land uses
including rangeland, barren land, roads, and agricultural areas, was classified as
moderate risk. The road network was separately analyzed and divided into four
segments, where the first segment (900 m long) was classified as high risk, and the
second segment (6.6 km long) fell into the moderate-risk category. Ultimately, 14
unstable zones were identified along the road corridor. Among them, zones 1, 2, 7, and
8 exhibited the highest displacement (-4.6 to -2 cm), while zone 12 showed the least
movement (-2 to -0.6 cm). The results further indicated that slopes facing north,
northwest, south, and west experienced the most significant displacements.
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Results and Discussion

The radar interferometry analysis of four Sentinel-1 images from October 2020 to September 2023 revealed an average
annual displacement of 2.4 cm, with a total of 9.5 cm over the four-year period along the Salavatabad pass road. The
highest displacement was observed in areas with steep slopes, especially in road sections. A land use classification using
Landsat-8 and Sentinel-2 imagery showed that 14.45% of the area, mainly barren land and pasture, experienced high
displacement, while 29.33% of the land, including pastures, barren land, and roads, showed moderate displacement.
Two road sections, measuring 6.59 km and 6.6 km, were identified as high-risk zones, highlighting the impact of road
construction on landslide susceptibility. Agricultural and grazing areas were found to be particularly vulnerable to
landslides, supporting previous research on the role of land use changes in slope instability. The highest activity was
recorded on the northern, northwestern, southern, and western slopes, especially during spring and autumn due to heavy
rainfall and soil saturation. The analysis was validated through field surveys, confirming that areas with the highest
displacements corresponded to road sections showing structural damage, such as cracks and landslide debris. These
findings underscore the effectiveness of INSAR for landslide monitoring in regions with limited ground-based
infrastructure. In conclusion, this study demonstrates that both natural factors and human activities, such as road
construction and land use changes, significantly contribute to landslide risk in the Salavatabad pass region. The
combined use of radar interferometry and land use analysis provides crucial information for identifying high-risk areas,
which can guide future mitigation and infrastructure planning.

Conclusions

This study highlights the significant role of both natural and anthropogenic factors in landslide occurrences along the
Salavatabad pass road. Through the application of radar interferometry (InSAR) using Sentinel-1 data and land use
classification with Landsat-8 and Sentinel-2 imagery, we were able to effectively identify and map areas with ongoing
slope instability over a four-year period. The results indicate that landslide displacement is most pronounced in regions
with steep slopes, especially in areas impacted by road construction and agricultural activities. The study found that
14.45% of the study area, primarily barren land and pasture, experienced significant displacement, with moderate
displacement observed in 29.33% of the area, including agricultural and grazing lands. Notably, high-risk road sections,
totaling 13.19 km, were identified as areas of particular concern. The findings emphasize the need for targeted mitigation
efforts, particularly in vulnerable land use zones, to prevent further damage and ensure the safety of infrastructure and
local communities. Ultimately, this research demonstrates the potential of using InSAR and land use analysis as a robust
tool for monitoring and managing landslide risks, especially in areas where traditional ground-based methods are
limited. The results can inform future land use planning and risk management strategies, contributing to the development
of more resilient infrastructure and the sustainable use of land resources in landslide-prone areas.
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Table (1): Specifications of Sentinel-1 images

Number Data Pair Track Pass Baseline Polarization clz)dl?e(iilegy Mster/slave
1 2020/10/16 6 A -9 \'A% 0.95 Master
2 2021/10/11 l 6 A 19 \'A% 1 Slave
3 2022/07/19 6 A 75 \'A% 0.94 Slave
4 2023/08/09 ’ 6 A 167 \'AY 1 Master

2- i s gluai wlasien 1 (V) Jga
Table (2): Specifications of Sentinel-2 images
NUMBER APPLICATION Date sensor band
1 Ndvi 2020/08/19 S2B b4 — b5
2 Ndvi 2020/07/19 S2B b4 — b5
3 Ndvi 2021/05/19 S2B b4 — b5
4 Ndvi 2021/05/31 S2B b4 — b5
5 Ndvi 2022/10/17 S2B b4 — b5
6 Ndvi 2022/08/15 S2B b4 — b5
7 Ndvi 2022/06/22 S2B b4 — b5
8 Ndvi 2023/07/12 S2B b4 — b5

G:lﬁ.':)' ‘5093) J..\.o C‘)‘M| > \- J-M k5)|‘>|) ).g.sl.u}' Olasine : (V) J,A?

Table (3): Specifications of Sentinel-1 radar images for DEM extraction
Number Data Pair | Track Pass Baseline Polarization Modeled Mster/slave
coherency
1 21/06/2023 . 6 D 167 \AY% 1 Master
2 08/07/2023 6 D 198 \AY% 0.76 Slave

A Cawadd pgual wlaseic : (F) Jeus
Table (4): Specifications of Landsat-8 image
Application Date Sensor Landsat Band
Landuse 2023/05/12 OLI 8 Bl....b7
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NDVI 5L
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Table (5): Specifications of NDVI index
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Figure (2): NDVI map of Salavat Abad Pass during Sentinel-1 image acquisition period
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Table (6): Specifications of band combinations used for land use extraction in the study area
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Figure (3): Land use and elevation map of Salavat Abad Pass
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Table (7): Area of land use in the study area
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Figure (4): (a) Raw stacked image, (b) Interferogram image, (c) Debursted interferogram image, (d) Goldstein-filtered image, (e) Final
georeferenced image
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Table (8): Specifications of displacement for four image pairs (2020— 2023)
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Figure (5): Map of cumulative displacement rate in Salavat Abad Pass over a four-year period
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Table (9): Area and percentage of displacement classes
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Figure (7): Zoning map of material displacement in Salavat Abad Pass
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Table (10): Length and percentage of road segments in displacement class map
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Table (11): Location and specifications of 14 extracted areas from the 2023 cumulative displacement map
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Figure (8): Slope displacement deformation rate in Salavat Abad Pass using Google Earth images
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