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Extended abstract
1- Introduction

Landslides play a significant role in damaging communication roads, agricultural lands, pastures, mountainous
regions, and causing erosion and sedimentation in watersheds. Today, countries dealing with landslide issues
have a strong inclination towards comprehensive studies that include assessment and zoning of risk, damage
evaluation, and developing management plans. Therefore, in this study conducted within the Chesb watershed
as an area prone to landslides, efforts were made to map landslide susceptibility. Based on the investigations
carried out, it was found that few studies have been conducted solely on identifying landslide points within the
Chesh watershed. During these visits, it became clear that most landslides were not marked on the map provided
by the General Directorate of Natural Resources of Zanjan Province. Consequently, through field observations
and corrections to this data set, 81 landslide points were identified across the Chesb watershed.

2- Methodology

In this study, following an extensive review of domestic and international literature, three machine learning
models—Maximum Entropy, Random Forest (RF), and Support Vector Machine (SVM)—along with 15 factors
influencing landslide occurrence were selected for landslide susceptibility mapping in the Cheshmeh Watershed
in Zanjan Province. The first step in landslide hazard mapping involves identifying and collecting data on factors
that significantly contribute to landslides. Data collection was conducted through fieldwork, library research, and
consultation with the General Office of Natural Resources of the province. Among the influential factors in
landslide events, those that have been found to have a significant impact based on previous studies as well as
expert opinions were chosen. Ultimately, the most critical factors affecting landslides in the region included slope
gradient, slope direction, elevation classes, geology, distance from rivers, distance from roads, distance from
faults, Stream Power Index (SPI), Topographic Wetness Index (TWI), Slope Length Index (LS), Topographic
Position Index (TPI), Terrain Roughness Index (TRI), surface curvature index , land use type , Normalized
Difference Vegetation Index (NDVI) , and isohyets . For modeling landslide risk , 70% of identified landslide
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points were used for model training , while another 30% were used for model validation . This approach allows
for evaluating and validating the accuracy and predictive capability of the employed models

3- Results

Based on the results obtained from the maximum entropy model, 49.83% of the basin area falls into classes with
very low and low sensitivity, 30.17% in medium sensitivity, and 20% of the region has high and very high
sensitivity. Additionally, the area under the ROC curve during validation was found to be approximately
0.91.According to results from the random forest model, 74.31.19% of the basin area falls into classes with very
low and low sensitivity, 12.94% in medium sensitivity, and about 12.76% of the region has high and very high
sensitivity. The area under ROC curve during validation was found to be approximately 0.93. In addition to
maximum entropy and random forest models, a support vector machine (SVM) model was also examined for
assessing landslide susceptibility in this study.Based on results from SVM model, about 73.05% of basin area
falls into classes with very low and low sensitivity, about 8.15% in medium sensitivity class, while around
18.83% have high or very high susceptibility areas.The AUC-ROC value during validation reached
approximately 0.87. These findings indicate that SVM performs exceptionally well in zoning out landslide-prone
areas within Cheshmeh Watershed.

4- Discussion & Conclusions

Based on the results obtained from evaluating the models, the Random Forest (RF) model was identified as
the most superior model with high accuracy in assessing landslide risk in the study area. By comparing these
results with real conditions through field visits, there is a very high correlation between the landslide susceptibility
mapping results using RF and actual evidence in the study area. Therefore, by focusing management operations
on high-sensitivity classes and selecting RF as a superior model, about 74% of the region's area will be excluded
from management processes, resulting in less financial and time resources being allocated.According to landslide
susceptibility maps generated using RF model, areas with high sensitivity are located on steep slopes upstream
and at higher elevations. This is due to steep slopes and gravitational forces causing materials upstream to slide
downward. Additionally, some landslide areas are located on lower slopes used for agricultural purposes or
orchards that overlook communication roads and power transmission lines.
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