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Objective: Landslides, as one of the most dangerous natural hazards in mountainous
regions, continuously threaten human infrastructure, especially roads and transportation
routes. Their occurrence often results in significant loss of life and property, making it
crucial to study and assess landslide hazards for effective zoning. The purpose of this
research is to zone the landslide hazard along the Masal to Gilvan road using a neural
network algorithm. The neural network algorithm is recognized as one of the most
effective machine learning models, capable of solving complex problems in prediction and
classification despite its simplicity.

Methods: For this zoning analysis, nine influencing factors were considered: (1) geology,
(2) vegetation cover, (3) slope, (4) land use, (5) distance from the road, (6) slope aspect,
(7) elevation, (8) distance from fault lines, and (9) distance from rivers. The data were
prepared, preprocessed, and then entered into MATLAB 2018. A neural network model
was designed and implemented with 9 input neurons, 8 hidden neurons, and 1 output
neuron.

Results: The results indicated that the four most influential factors, ranked by weight,
were: slope (0.24), vegetation cover (0.17), distance from fault lines (0.14), and geology
(0.11). Final validation using the ROC curve showed that the AUC values were 0.854 for
the training phase and 0.971 for the testing phase, both of which reflect highly favorable
results. The error rate was found to be very low.

Conclusions: Preventing landslides in this area requires preserving vegetation and
preventing inappropriate human interventions. Preserving vegetation and sustainable
development based on environmental planning can play an effective role in reducing
landslide risk.
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EXTENDED ABSTRACT

Introduction

Landslides are one of the most common geomorphological phenomena in mountainous areas,
occurring due to various geological, geomorphological, hydrological, and anthropogenic
factors. These events can lead to significant economic, social, and environmental damages,
posing serious threats to infrastructure such as roads, bridges, power transmission lines, and
residential areas. In recent years, increasing construction activities and the expansion of
transportation networks in mountainous regions have exacerbated landslide occurrences. The
Masal-Gilvan Road, due to its geographical location and topographic features, is highly
susceptible to landslides. Identifying landslide-prone areas and zoning them is a crucial step
towards crisis management, damage reduction, and optimal planning for sustainable
development. With the advancement of modern technologies, artificial intelligence and
machine learning models have gained attention among researchers for analyzing and
predicting geomorphological phenomena. The artificial neural network (ANN) algorithm, as
one of the most powerful machine learning tools, can identify complex patterns and provide
highly accurate landslide predictions. This study aims to zone landslide hazard along the
Masal-Gilvan Road using the ANN algorithm.

Methods

The study area, the Masal-Gilvan Road, is located within the provinces of Gilan and Ardabil
and serves as one of the key transportation routes in this region. Due to its passage through
mountainous areas, the road exhibits multiple geomorphological complexities, and the
frequent landslides in recent years have heightened the importance of its assessment and
zoning. In this study, nine influential factors were considered for landslide hazard analysis,
including: geology, vegetation cover, slope, land use, distance from roads, slope aspect,
elevation, distance from faults, and distance from rivers. The data utilized included geological
maps, digital elevation models (DEM), Sentinel-2 satellite imagery, and field survey data. The
initial data processing was performed using ArcGIS 10.8, and after preparing the required
layers, the data were transferred to MATLAB 2018. The designed artificial neural network
model consisted of three main layers: Input layer: Comprising nine neurons, each representing
one of the nine influencing factors. Hidden layer: Consisting of eight neurons, which
processed the data and extracted relationships between input variables. Output layer:
Delivering the final landslide hazard zoning results. To optimize model performance, the
training process was repeated 250 times, and the data were divided into 70% for training and
30% for testing. Model accuracy was assessed using the ROC curve and the AUC metric.

Results

The modeling results indicated varying influences of different factors on landslide
occurrences in the study area. Slope was identified as the most significant factor, accounting
for 24% of the total weight, as steep slopes are more susceptible to landslides due to
decreased stability and increased shear stress. Vegetation cover played a crucial role in
reducing landslide risk, contributing 17% to the model. Areas with dense vegetation exhibited
greater stability, while regions with sparse or no vegetation were highly prone to severe
landslides. Distance from faults was also a key influencing factor, with a weight of 14%.
Areas near fault lines, due to tectonic activity and earthquake-induced vibrations, were more
susceptible to landslides. Geology accounted for 11% of the total weight, indicating that
formations composed of loose and unconsolidated rocks had a higher potential for landslides.



Zoning Landslide Hazard in the Masal to ... | Asghari Saraskanroud, Sharifi, Shahbazi 47

The final landslide hazard zoning map categorized the study area as follows: 29.7 km2 in the
very high hazard class, 38.2 km? in the high hazard class, 19.5 km? in the moderate hazard
class, 27.5 kmz2 in the low hazard class. These findings demonstrated that the western parts of
the Masal-Gilvan Road, particularly around the Gilvan village, had the highest landslide risk,
whereas the eastern sections with denser vegetation exhibited lower hazard levels. The model
evaluation using the ROC curve showed that the AUC value was 0.854 for the training phase
and 0.971 for the testing phase, confirming the high accuracy and minimal error in landslide
prediction.

Conclusion

This study demonstrated that using the artificial neural network (ANN) algorithm for
landslide hazard zoning is highly accurate and can serve as an effective tool for managing
natural disaster risks. The findings highlighted that slope, vegetation cover, distance from
faults, and geology were the most critical factors influencing landslide occurrence. One key
insight from this research is the significant role of vegetation cover in reducing landslide risk.
The deforestation, overgrazing, and uncontrolled expansion of road infrastructure in recent
years have heightened the susceptibility of slopes to landslides. Additionally, tectonic activity
and proximity to active faults have further intensified the occurrence of this phenomenon.
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