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Objective: Landslide risk zoning can be an effective reference for natural hazard
reduction and land use planning, but the modeling process involves multidisciplinary
knowledge, which leads to its complexity. This research aims to zoning landslide risk in
I1zeh County using the MLR machine learning algorithm modeling technique.

Method: In this study, modeling was applied by considering fourteen predictors. Thematic
layers of all predictors and landslides were prepared in ArcMap 10.8, SAGA-GIS 9.0.1,
Rstudio, ENVI 5.6, and mainly from DEM-based derivatives and field data to prepare
predictor data layers.

Results: The modeling results showed that the MLR algorithm, with a kappa coefficient of
0.9711, RMSE of 0.0102, and R? of 0.9812, has a very accurate performance in predicting
and explaining landslide risk. These figures indicate a high agreement between the actual
and predicted values and a high explanatory power of the model. Among the identified
effective factors, distance from roads (with an importance coefficient of 0.73), slope
(0.62), geology (0.54), and distance from the river (0.42) had the greatest impact on the
occurrence of landslides. Also, pressure from road construction, radiation direction,
increasing slope, and the soft nature of Gachsaran rocks, marl, and Quaternary sediments
were identified as factors that exacerbate slope instability. In contrast, faults, elevation,
and topographic moisture index have shown a reducing or neutral effect on the occurrence
of landslides. Based on the hazard zoning map produced by the MLR model, about 21.7
percent of the area (equivalent to 96,905 hectares) is in the "hazardous" class and 15.3
percent (20,338 hectares) is in the "very hazardous" class.

Conclusions: This indicates that a significant part of the region, especially the southern
regions, is highly susceptible to landslides, which doubles the need for preventive
management measures
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Introduction

Landslide hazard zoning refers to the probability of landslide occurrence in a specific area,
independent of time, and based on the local environmental and geological characteristics. Such zoning
maps are typically based on the principle that future landslides are likely to occur under similar
conditions as those in the past. Landslide risk, in contrast, pertains to the potential for damage or loss
involving vulnerable elements such as population, infrastructure, and properties.

Iran, due to its geomorphology and tectonic setting, is exposed to a variety of natural hazards. Mass
movements and slope instabilities, in particular, pose serious threats to human activities, often leading
to considerable economic and structural damage. In Izeh County, the combination of geological
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complexity and a history of seismic activity underscores the necessity for continuous monitoring and
implementation of preventive measures.

This study focuses on landslide risk zoning in Izeh County using a machine learning modeling
approach. The innovation of the study lies in its methodological framework. By applying machine
learning algorithms, the research enhances prediction accuracy, minimizes human error, and improves
the model's ability to capture complex relationships, compared to conventional statistical methods.
Algorithms such as Random Forest (RF), Support Vector Machines (SVM), and XGBoost can detect
non-linear and intricate interactions between influencing factors—capabilities that traditional techniques
like logistic regression or weighting models often lack due to their simplifying assumptions.

Method

Although many factors were involved, in this study, the most important and effective of them
Although numerous factors influence landslides, this study categorized the most significant ones into
four groups:

o Geological Factors: geological formations, soil texture, and faults

o Climatic and Environmental Factors: precipitation, land use, road proximity, and NDVI

e Topographic Factors: elevation, slope, slope direction, and curvature

e Hydrological Factors: proximity to rivers, Topographic Wetness Index (TWI), and Stream

Power Index (SPI)

After preparing the spatial layers related to landslide occurrence, all datasets were standardized in
terms of coordinate system (UTM_WGS1984 Zone 39), cell size (30 meters), and spatial extent.
These were then converted into raster format (cell grid) and saved in TIF numeric format.

Along with these layers, a training dataset containing 123 documented landslide points—collected
via Google Earth and historical records—was imported into RStudio for model training. The Multiple
Linear Regression (MLR) algorithm was employed to develop the landslide hazard zoning map for the
watershed in question. Model validation was carried out using five performance metrics.

Results
Based on the grid_code values associated with landslide points and corresponding parameter codes,
the following correlations were identified:

Road index (0.73), slope (0.62), geology (0.54), and river proximity (0.42) showed the highest
positive correlations with landslide occurrence.

In contrast, fault proximity (-0.08), TWI (-0.15), and elevation (-0.23) exhibited the weakest (or
negative) correlations.

Given that the P-value for all parameters was < 2e-16, all factors significantly contribute to
landslide occurrence. However, the magnitude of influence (Estimate Std) varies:

Road (0.79), geological formations (0.63), slope (0.54), and river (0.46) had the highest predictive
influence.

In contrast, elevation (Estimate Std: 0.02) showed relatively minimal effect.

The zoning results classify the study area as follows:

o Safe zones: 168,793 hectares (34.1%)
Low-risk zones: 10,186 hectares (4.1%)
Moderate-risk zones: 153,749 hectares (24.8%)
High-risk zones: 96,905 hectares (21.7%)
Very high-risk zones: 20,338 hectares (15.3%)
According to the hazard map, much of the basin lies within moderate to high-risk categories.

Conclusions
This study aimed to identify landslide-prone areas and assess the predictive accuracy of the Multiple
Linear Regression (MLR) algorithm in Izeh County, Khuzestan Province. The model achieved high
performance with:

Kappa coefficient: 0.9711

Root Mean Square Error (RMSE): 0.0102



Landslide Risk Zoning Using Machine Learning Algorithm Modeling ... | Ebrahimi & Ilanloo 53

Coefficient of Determination (R?): 0.9812

These metrics confirm a strong agreement between predicted and actual data, and demonstrate the
model's high explanatory power. Compared to domestic studies such as those by Karam and Turani
(2013), Sharifi et al. (2014), and Seddighi and Ghasemi (2014), the current results confirm the
significant role of human factors (e.g., road construction) and natural factors (e.g., slope and geology).

Furthermore, MLR outperformed other models such as AHP, logistic regression, SVM, and
Random Forest in this case. Overall, the findings suggest that MLR is a reliable and efficient tool for
landslide hazard assessment. The model can accurately delineate high-risk zones and offers a valuable
foundation for sustainable development and risk reduction. It is recommended that similar approaches
be employed in other landslide-prone regions, especially for infrastructure planning and land-use
management.
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