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Extended Abstract

Introduction

Landslide is one of the most frequent natural hazards, capable of threatening human lives and negatively
impacting the natural ecosystem on a larger scale (Tien Bui et al, 2012; Balamurugan et al, 2016; Dey
et al, 2024). In terms of severity, landslides rank as the seventh most catastrophic event among the
various geohazards occurring on the Earth's crust (Nadim et al, 2006). Landslides, as common natural
geological processes in mountainous areas, present serious threats to human safety, transportation
infrastructure, economic growth, and ecological environments. Currently, landslides are increasing
worldwide, and countries around the globe are experiencing the threat of landslide disasters. In general,
landslide susceptibility evaluation can offer a basic foundation for landslide prevention and control,
enabling comprehensive management with targeted emphasis (He et al, 2025). Since the 1960s,
numerous methods have been developed by researchers worldwide. These methods are generally
classified into two main categories: knowledge-driven models, such as expert scoring, analytic
hierarchy process (AHP), fuzzy logic, and fuzzy comprehensive evaluation; and data-driven models,
which include traditional approaches like information value, frequency ratio (FR), and logistic
regression, as well as machine learning techniques such as artificial neural networks (ANN), support
vector machines (SVM), random forests (RF), and decision tree models (He et al, 2025, Zhao et al,
2024). The Goujebel pass in East Azerbaijan Province is prone to numerous and large-scale landslides
due to its specific topographic, geological, and climatic conditions. The frequent occurrence of
landslides has not only caused the destruction of natural resources but has also become a serious threat
to human settlements, infrastructure, and particularly the key Tabriz—Ahar transportation corridor.
Therefore, accurately identifying high-risk areas and producing reliable landslide susceptibility maps
can play a crucial role in reducing human and economic losses and improving the safety of
transportation routes in this region. The objective of this research is to assess and map landslide
susceptibility in the area from the Goujebel Pass to Ahar City using the Support Vector Machine (SVM)
model and to analyze the role of influencing factors.

Materials and Methods

The study area is located in northwestern Iran, within East Azerbaijan Province. Geographically, it lies
between 38°21' and 38°29' north latitude and 46°50' to 47°02' east longitude. Covering an area of
approximately 193 square kilometers, it encompasses sections of the mountains surrounding the
Goujebel Pass and extends to the western of the city of Ahar.
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The primary data used in this study include 1:50,000 topographic maps, 1:100,000 geological maps, a
digital elevation model (DEM) with a resolution of 12.5 meters from the ALOS-PALSAR satellite, as
well as Sentinel-2 satellite imagery and Google Earth images. For spatial analyses and data processing,
ArcGIS, ENVI, and SPSS Modeler software were used. The main method for landslide modeling in this
study is the use of the Support Vector Machine (SVM) model. This method was developed in the 1990s
and, due to its high efficacy in various algorithms, is recognized as one of the most widely used
approaches (Riaz et al, 2024). This model learns the complex relationship between effective factors and
landslide occurrence by being trained on a dataset consisting of historical landslide locations and
contributing factor layers. The learned relationship is then extrapolated to the entire study region to
create a susceptibility map (Kavzoglu et al, 2014). A landslide inventory is recognized for providing a
comprehensive record of historical landslide events currently present in the study area. The landslide
inventory map (LIM) can be developed using high-resolution satellite imagery, aerial photographs,
previous literature documenting landslides, and extensive field surveys (Ali et al, 2022). In this method,
a historical landslide distribution map of the study area was first prepared and then divided into two
datasets: 70% for training and 30% for testing, while non-landslide points were also randomly selected.
Subsequently, the landslide conditioning factors including variables such as elevation, slope, aspect,
lithology, distance to faults and drainage networks, the Topographic Wetness Index (TWI), land use,
and vegetation cover were prepared in raster format. In the next step, the values of these layers at the
locations of the training points were extracted in the ArcGIS environment to construct the data matrix.
The SVM model was trained using this matrix with the application of the radial basis function (RBF)
kernel, and its parameters were optimized. The performance of the final model was evaluated using the
testing data and metrics such as overall accuracy and the ROC curve. Finally, the model was applied to
the entire study area, and the final landslide hazard zonation map was produced in five classes: very
low, low, moderate, high, and very high.

Results and Discussion

This study aimed to produce a landslide susceptibility map of the Goujebel pass using a Support Vector
Machine (SVM) model. Analysis of geomorphological indices showed that more than 98% of the
landslides occurred at elevations between 1,450 and 1,750 m, with 42% of them specifically
concentrated in the 1,640-1,740 m elevation class. Approximately 88% of the landslides occurred on
slopes of less than 30%, and the north aspect, accounting for 63%, was the most significant slope
direction for landslide occurrence. The study of geological indicators showed the determining role of
lithology, such that the PLQ-c unit (discontinuous conglomerate with marly interlayers) covers only
44% of the area but hosts 95% of the landslides. From a hydrological perspective, a significant overlap
was observed between high values of the Topographic Wetness Index (TWI) and the spatial distribution
of landslides, with 66% of the landslides occurring within 100 m of drainage networks. Regarding land
cover, approximately 70% of the landslides occurred in rangeland areas; however, the NDVI did not
exhibit a clear pattern. Evaluation of the Support Vector Machine (SVM) model with a radial basis
function (RBF) kernel demonstrated very good performance, withan AUC value of 0.933 for the testing
dataset. Based on the results of this model, lithology, with an importance coefficient of 0.268, was
identified as the most influential factor, followed by elevation (0.141) and slope (0.138) as the next
most significant factors controlling landslide occurrence in the study area. The final hazard zonation
map showed that the majority of the area (approximately 54%) is classified as very low and low hazard,
about 21.3% of the area is classified as moderate hazard, and 24.4% falls within the high hazard class.
High-hazard zones are primarily located on the sensitive PLQ-c formation on moderate slopes (10—
30%), which represent the main centers of large and active landslides in the area. Therefore, it can be
concluded that a strong and significant relationship exists between the spatial distribution of the PLQ-
¢ formation and the occurrence of major landslides in the region. Water infiltration into conglomerate
layers with marl and silt interbeds leads to an increase in pore water pressure, a reduction in internal
friction, and ultimately weakens the cohesion of the layers. Under such conditions, the slope gradient
plays a significant role as a facilitating factor. For example, some of the large and prominent landslides
in the study area, including the one located east of Pireh-Yousefian village, have occurred precisely in
areas where the PLQ-c Formation has a significant outcrop and where favorable hydrological conditions
have prevailed. Notably, landslides within this formation are not only more frequent but also larger in
area and volume. In general, zones with high and very high landslide susceptibility can be identified as
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the primary centers of instability within the study area. The accurate identification of these hazard zones
can serve as a basis for restricting construction development, monitoring slopes, and implementing
preventive measures to reduce future landslide damage.

Conclusion

The present study employed the SVM model with an RBF kernel to perform landslide hazard zonation
in the Goujebel area, demonstrating high performance (training AUC = 0.943 and testing AUC = 0.933).
Lithology, with a coefficient of 0.268, was the most important factor, and the PLQ-c formation
accounted for over 95% of the landslides. Next, elevation and slope were influential factors, with
coefficients of 0.141 and 0.138, respectively. Landslides mainly occurred at mid-elevations (1450-1750
m) and on moderate slopes (10-30%). Land cover and land use factors played a lesser role. The
landslide hazard zonation of the Goujebel area indicates that structural and lithological controls have a
dominant influence on slope instability. The zonation map of the area showed five hazard classes, with
approximately 54% of the area classified as low and very low hazard, and 24% as high hazard. High
hazard areas are primarily located on the PLQ-c formation and on moderate slopes, requiring continuous
monitoring and management. The results demonstrated that combining SVM with spatial data is an
effective tool for producing landslide susceptibility maps and supporting disaster management,
environmental planning, and infrastructure design. Special attention to susceptible formations
(particularly the PLQ-c formation), control of hydrological factors, and monitoring of areas with
moderate slopes are among the key strategies for reducing landslide risk in this region. The findings of
this research can serve as a basis for environmental planning, disaster risk management, infrastructure
design, and land-use planning in the study area. Although the study demonstrates strong performance,
future research is encouraged to explore alternative models to further enhance landslide susceptibility
predictions.
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Table 1: Results of Moran's | Test

Index Value
Moran's | -0.03
z-score -0.76

p-value 0.45

Description
Close to zero (random pattern)
Within the range of £1.96 (not significant)
> 0.05 (no significant spatial autocorrelation)
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Fig. 2: Spatial distribution of landslides in the study area
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Table 2: Pearson Correlation Matrix of Effective Factors (Coefficients > 0.3)
Variable Elevation Slope TWI Distance to Drainage
Elevation 1
Slope 0.35 1
TWI 0.62 -0.28 1
Distance to Drainage -0.41 ) -0.19 ) -0.53 ) 1
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Table 3: Variance Inflation Factor (VIF) Values for Effective Factors

Variable VIF Status Variable VIF Status
. Acceptable (Caution .

Elevation 4.8 Threshold) Lithology 21 Acceptable

TWI 4.2 Acce%artélsehgclt(%unon Distance to Fault 1.9 Acceptable

Slope 3.9 Acceptable Aspect 18 Acceptable

D;::;:g;;o 3.2 Acceptable Land Use 15 Acceptable

Slope Length 25 Acceptable NDVI 13 Acceptable
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Table 4: Lithological units of the study area and the area of landslide masses occurring on these units

Symbol Lithological Formation
Q-al Recent Alluvium
Q-t Silt, Conglomerate, and Travertine
Q-v Andesite and Basalt
PIQ-c Conglomerate with Intefbeds of Sandy
Marl and Silt
E-a-2 Latite and Andesite
E-d-1 Dacite, Trachyandesite, and Ignimbrite
E-p-1 Latite
PE-v Submarine Volcanic Rocks
PE-c Purple Conglomerate and Breccia
PE-m Marl, Limestone, and Sandstone
K-m Marl, Molasse, and Sandstone

Landslide Area

Area (%) (%)
11.3 2.6
12.7 0.4
0.2 0
43.6 95.9

2.3 0
13.9 0.4
13 0
55 0.4
1.8 0
6.7 0.4
0.7 0
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Fig. 8: Distribution of geological formation in the region
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Fig. 12: Land Use distribution in the region
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Table 5: Confusion matrix of the SVM-RBF model based on test data

Landslide: Predicted

Non-Landslide: Predicted

Actual / Predicted (Correct) (Incorrect) Total
Landslide: Actual (Correct) TP=21 FN =2 23
Non-Landslide: Actual (Incorrect) FP=3 TN=21 24
Total 24 23 47
SVM-RBF Jos 3,Skes slo_asls # Jsor
Table 6: Performance Metrics of the SVM-RBF Model
Metric Equation Value Interpretation
Precision TP /(TP + FP) 0.875 87.5% of the model's landslide predictions are correct
Recall (Sensitivity) TP /(TP + FN) 0.913 91.3% of actual landslides have been identified
F1-Score 2x(PxR)/(P+R) 0.894 Good balance between precision and recall
Overall Accuracy (TP +TN) / Total 0.894 89.4% of all predictions are correct
AUC — 0.933 Excellent (outstanding discrimination)
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Table 7: Summary of SVM Model Performance in SPSS Modeler

Parameter / Metric
Parameter C (Cost)
Parameter y (Gamma)
Number of Support Vectors
Training Time (seconds)
Training Accuracy
Testing Accuracy
Testing (AUC)

Value
10
0.1
87
2.3
94.5%
89.4%
0.933
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Fig. 15: Factor importance ranking for landslide occurrence in the Goujebel Region
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Fig. 16: Landslide susceptibility zonation map of the Goujebel region using Support Vector Machines (SVM)
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Fig. 17: Landslide occurrences in the Goujebel Pass (Coordinates: 38°25'33"N, 46°54’18"E)
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Fig. 18: The large landslide near Mollalar Village (Coordinates: 38°26'03"N, 46°49'45"E)
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Fig. 19: Landslides occurring near Mollalar village (Coordinates: 38°26'14"N, 46°51'12"E)
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Fig. 20: Landslides in the Goujebel Pass (Coordinates: 38°24'34"N, 46°51'23"E)
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1-Support Vector Machines
2-Smoothness
3-Hyper-parameter tuning
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5-Equal Sampling
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6-Create Random Points
7-Moran's |

8-Topographic Wetness Index
9-Variance Inflation Factor - VIF
10-Kernel
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11-Radial Basis Function
12-Grid Search
13-Topographic Wetness Index
14-Confusion Matrix
15-Precision

16-Recall
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