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ABSTRACT

In the current study, the risk of landslides in the Zamkan Watershed, located in
Kermanshah Province, was evaluated. Two machine learning models, Support Vector
Machine (SVM), and Logistic Regression, were used to prepare a landslide
susceptibility map. Toward this, 13 informational layers including elevation, slope,
aspect, Melton ruggedness number, terrain convexity, stream length, valley depth,
topographic wetness index, precipitation, geological formations, distance from rivers,
distance from roads, and vegetation cover were utilized as independent variables.
Approximately 70% of the watershed's landslide pixels were used for model training,
and 30% for model validation. Model validation was performed using ROC curves. The
results indicated the higher performance and accuracy of the radial basis function (RBF)
kernel of the SVM model for generating landslide hazard maps in the study area. The
area under the curve (AUC) for the RBF kernel was approximately 0.951 for model
training and 0.944 for model testing. The results suggest that slope with a coefficient of
0.28, precipitation with a coefficient of 0.27, lithology with a coefficient of 0.26, and
elevation with a coefficient of 0.22 are the main controlling factors for landslides
occurrence in the Zamkan Watershed. Both the SVM model and logistic regression
confirmed the deterministic effects of selected factors on landslides. About 35% of the
study area as classified as highly susceptible to landslides, primarily in the eastern half
of the watershed. Factors such as high elevation, steep slopes, heavy precipitation, and
the Kazhdomi Formation's composition were identified as key contributors to this
susceptibility.
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Extended Abstract

Introduction

Identifying landslide risk involves complex interactions of internal and external factors. It poses a significant
challenge for local governments and decision-makers and is valuable for assessing a region'’s susceptibility to
landslides. Predicting the location and creating landslide hazard maps are crucial initial steps in reducing and
managing landslide risk. The primary goal of landslide sensitivity modeling is to identify areas prone to mass
movements based on past event distribution knowledge. This idea relies on identifying regions where a
specific combination of physical features may indicate a propensity for similar events in the future. Typically,
landslide sensitivity modeling involves correlating the spatial distribution of past landslides with the spatial
distribution of influential factors such as morphometric features, geology, geomorphology, and land use to
generate sensitivity maps. In the present study, the risk of landslides in the Zamkan Watershed, located in
Kermanshah Province, was evaluated. For this purpose, two machine learning models, Support Vector
Machine (SVM), and Logistic Regression were used to produce a landslide susceptibility map. The SVM
model is part of machine learning and artificial intelligence models, while logistic regression falls into the
category of multivariate statistical models.

Methodology

In the current study, logistic regression and support vector machine models were utilized within the
Geographic Information System (GI1S) framework to assess the spatial distribution of landslides in the Zamkan
watershed. According to the research objectives, landslide distributions in the study area were considered as
the dependent variable, and 13 explanatory variables were utilized, including elevation, slope, aspect, the
Melton ruggedness number, terrain convexity, stream length, valley depth, topographic wetness index,
precipitation, geological formations, distance from rivers, distance from roads, and vegetation cover. In the
present study, the spatial distribution of landslides in the Zamkan watershed was analyzed using data provided
by the Natural Resources Organization, Google Earth satellite imagery, and field surveys. These data were
employed in the landslide hazard modeling process. Over 120 landslides were identified at the watershed
level, with a total area of approximately 173 hectares. Approximately 70% of the watershed's landslide pixels
were used for model training, and 30% for model validation. Model validation was performed using ROC
curves.

Results and Discussion

The results indicated the higher performance and accuracy of the radial basis function (RBF) kernel of the
SVM model for generating landslide hazard maps in the study watershed. In this regard, the area under the
curve (AUC) for the RBF kernel was approximately 0.951 for model training and 0.944 for model testing.
The results suggest that slope with a coefficient of 0.28, precipitation with a coefficient of 0.27, lithology with
a coefficient of 0.26, and elevation with a coefficient of 0.22 are the main controlling factors for landslides
occurrence in the Zamkan Watershed. All SVM model functions, as well as logistic regression, also
demonstrated the deterministic effects of these factors on landslides occurrence in the study watershed.

Conclusions

Based on landslide zoning maps using SVM and logistic regression models, over 35% of the study
watershed area was classified as high and very high susceptibility classes. These areas were predominantly
distributed in the eastern half of the watershed. High elevation, dominance of steep slopes, significant
precipitation, and the presence of the extensive Kazhdomi Formation comprising layers of limestone,
claystone, marl, and shale were identified as the main reasons for the high sensitivity of these areas to
landslides.
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Figure (1): Geographical location of Zamkan watershed in Kermanshah province located in the west of the Iran
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Figure (3): Spatial distribution of recorded landslides in Zamkan area
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Table (1): The charachteristics of the geological formation in the study area
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Figure (4): Factors used in landslide risk zoning of Zamkan area
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Figure (4). Cont: Factors used in landslide risk zoning of Zamkan area
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Figure (6): Importance of factors affecting landslides Figure (5): Importance of factors affecting landslides
using Linear function using Sigmoid function
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Figure (8): Importance of factors affecting landslides using  Figure (7): Importance of factors affecting landslides using
Radial base function Polynomial function
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Figure (9): ROC curve of Linear function
AUC (Training) = 0.837
Gini (Training) = 0.674
AUC (Testing) = 0.818
Gini (Testing) = 0.637
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Figure (9): ROC curve of Radial-based function
AUC (Training) = 0.951
Gini (Training) =0.901
AUC (Testing) = 0.944
Gini (Testing) = 0.888
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Figure (9): ROC curve of Sigmoid function

AUC (Training) = 0.735
Gini (Training) = 0.470
AUC (Testing) =0.731

Gini (Testing) = 0.462
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Figure (9): ROC curve of Polinomial function
AUC (Training) = 0.885
Gini (Training) =0.770
AUC (Testing) = 0.866
Gini (Testing) = 0.731
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Figure (13): Landslide risk zoning of Zamkan watershed using support vector machine model (radial basis function)
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Figure (14): ROC curve of logistic regression model
AUC (Training) = 0.934
Gini (Training) = 0.867
AUC (Testing) =0.924
Gini (Testing) = 0.848
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Figure (15): Landslide risk zoning of Zamkan watershed using logistic regression model
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Figure (16): Area percentage of landslide risk classes of Zamkan basin using SVM model and logistic regression
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