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Iran has vast mountainous regions and due to its geological, climatic, and seismic 
characteristics, is prone to numerous landslides. Given the diversity of 
topography and climatic conditions, this hazard occurs in many mountainous 
areas across the country. This research aims to identify zones with landslide 
potential and to mitigate the risks and damages caused by this hazard in the 
Damavand basin. The Damavand basin, with an area of 757.8 square kilometres, 
is located in the northeastern end of the Salt Lake basin. The methodology 
employed includes a combination of library studies, field surveys, and the use of 
radar images. After conducting field investigations and interpreting aerial photos, 
over 500 landslides were identified. Subsequently, 13 possible factors affecting 
the landslide occurrence were extracted and mapped. To prepare a landslide 
susceptibility zoning map, the Frequency Ratio (FR) method was utilized, 
resulting in a map with an accuracy of 81.7%. In this method, three factors of 
Normalized Differential Vegetation Index (NDVI), slope and Topographic 
Wetness Index (TWI), which indicates the amount of water accumulated in 
different areas, have the greatest impact on the occurrence of landslides. 
Additionally, the Differential Interferometric Synthetic Aperture Radar (DInSAR) 
method was used to estimate the amount of ground displacement and identify the 
active slopes of the area, and the necessary processing was done on Sentinel-1 
images in two years. The results showed that the most significant mass 
movements are observed in the northern regions of the basin. Due to the very high 
accuracy of the ground displacement maps and landslide susceptibility zoning, as 
well as the concern about identifying hazardous zones, the study area was divided 
into three zones. The final map can be used as a framework for monitoring, 
planning and adopting a suitable strategy for sustainable development in 
susceptible areas. 
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INTRODUCTION 
Iran, having vast mountainous areas, high tectonic and seismic activity, and diverse geological and 
climatic conditions, has most of the natural conditions for creating a wide range of landslides. 
Therefore, identifying areas with landslide potential and zoning them is one of the fundamental steps 
in natural hazard management and reducing the damages caused by this phenomenon. The wide range 
of landslide phenomena makes it difficult to define a specific method for identifying and mapping 
them to determine and assess the associated hazards. However, experiences gained from experiments 
and surveys conducted in many parts of the world have shown that various strategies and 
combinations of methods and techniques are employed (Guzzetti et al., 1999; Kanungo et al., 2006; 
Zhang et al., 2018; Devara et al., 2021; Kouhartsiouk and Perdikou., 2021; Entezari and Kordavani., 
2022; Liu et al., 2023; Davari Sarem et al., 2024). In this regard, this study utilizes a combination of 
two methods: landslide susceptibility mapping and Differential Interferometric Synthetic Aperture 
Radar (DInSAR) for monitoring areas with landslide potential. The innovation of this research 
compared to similar studies lies in the combined approach, whereby the region is divided into zones 
with varying degrees of hazard based on two factors: ground displacement and landslide susceptibility. 

 

DATA AND METHODS 
The study area, located 55 kilometres east of Tehran, lies on the southern slopes of the central Alborz 
in a mountainous region with a mild climate. The study region is situated at the northeastern end of the 
Salt Lake basin, within Tehran province (a small part of this area extends into Mazandaran province), 
and is one of Iran's sub-basins (the Damavand sub-basin), covering an area of 757.8 square kilometres.  
In the first step, a total of 502 landslides were identified within the area, which was divided into two 
groups: 30% (testing) and 70% (training). Next, using ArcGIS 10.8 software, maps of the effective 
factors (including elevation, slope, aspect, lithology, Normalized Differential Vegetation Index 
(NDVI), rainfall, distance from the fault, distance from the road, distance from the river, Topographic 
Wetness Index (TWI) [amount of water accumulated in different areas], curvature [geometric features 
of the land surface], plan curvature, and profile curvature) identified in the region were prepared. In 
the third step, the FR value was calculated for each subclass, which resulted in the preparation of a 
landslide susceptibility zoning map of the area with five risk classes: very high, high, moderate, low, 
and very low. In the final step, the results obtained from the intersection of the landslide occurrence 
zoning maps with the landslide distribution map and the calculation of the Density ratio (Dr) and 
Quality Index (Qs) were presented for the proposed model. Also, using ESA-SNAP Desktop 9.0 
software, a displacement map was created from 16 Sentinel-1 radar images in the satellite’s line of 
sight for the period from October 7, 2021, to September 27, 2023. Finally, to evaluate and determine 
the accuracy of the landslide susceptibility and displacement maps, 30% (150 landslides) of the 
landslide data, which were randomly selected as test data, were used. 

 

RESULTS AND DISCUSSION 
According to studies conducted on landslide occurrence, normalized differential vegetation index, 
slope, topographic wetness index, elevation, and rainfall, in that order, have the greatest influence on 
landslide susceptibility zoning using the frequency ratio method. The results of the landslide 
susceptibility map evaluation indicate that the zoning map prepared using the FR method, with an area 
under the curve of 81.7%, has desirable and appropriate accuracy. Additionally, the ground 
displacement map, with an area under the curve of 74.2%, demonstrates high accuracy. The 
assessment of slope movement in the area indicates that the average maximum and minimum 
displacement rates in this region are between 1 and -6 centimetres per year, respectively. Also, the 
results from zoning landslide-prone areas using the frequency ratio and differential interferometric 
synthetic aperture radar methods show that the northern parts of the area have a very high potential for 
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landslide occurrence. To identify hazardous zones, the study area was therefore divided into three 
zones. 

 

CONCLUSION 

1- The landslide patterns in this area are diverse and include rapid slope movements induced by 
rainfall, rockfalls, bouncing and rolling, shallow landslides, and mudflows and debris flows. These 
landslide patterns are a direct reflection of the complex interaction between natural and human 
characteristics in the study area, highlighting the necessity of using combined methods for landslide 
analysis. 

2- In the Frequency Ratio (FR) method, 64.54% of all landslides fall into the very high and high-risk 
classes, 26.10% fall into the moderate-risk class, and 9.36% fall into the low and very low-risk classes. 

3- Considering that the study area is located in a mountainous region and does not face the problem of 
groundwater depletion, and due to its location on the southern slopes of the Alborz Mountains, the 
observed displacements can be attributed to slope movements and tectonic factors. The results of this 
research showed that radar images have good potential for detecting and monitoring slope instability 
and calculating their displacements. 

4- The very high accuracy of the ground displacement maps and landslide susceptibility zoning using 
the frequency ratio method, along with the concern for identifying hazardous areas, led to the division 
of the study area into three zones: areas with very high and high potential for landslide occurrence, 
areas with a displacement exceeding 25 millimetres per year, and areas with overlapping coverage of 
both previous zones (areas with very high and high landslide susceptibility + areas with a 
displacement of 25 millimetres per year). Accordingly, these three zones account for 42.35% of the 
total basin area, with the northern regions having the largest share. 

5- Based on the research objective and considering the map of hazardous areas, the cities of Ardineh, 
Damavand, and Abali, the Emamzadeh Hashem–Rudehen (Haraz Road), Abali–Gilavand axes, and 
the rural roads of Ira, Zerehdar, Chenar Shargh, Tamisan, Ardineh, Sadat Mahalleh, Javard, and Havir 
are exposed to landslide occurrence and vulnerability to this hazard. 
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