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This research aimed to map landslide susceptibility in the Dehsheikh watershed in
northeastern Khuzestan province, identifying high-risk areas and proposing practical
solutions using the Multiple Linear Regression (MLR) algorithm. The study examined 15
influential parameters across four main categories: geological factors (formations, faults,
earthquakes), topographic factors (slope, aspect, elevation), environmental factors
(precipitation, land use, vegetation cover), and hydrological factors (distance from rivers,
Topographic Wetness Index (TWI), and SPI).

In this study, 129 historical landslide points were identified and 2,500 random points were
generated as control samples. The data were split into a 70:30 ratio for model training and
testing. After preparing information layers in ArcGIS, SAGA-GIS, and ENVI software,
modeling was performed using the MLR algorithm in the RStudio environment.

The ROC curve validation showed the model had excellent performance in landslide
prediction with AUC = 0.909 for training data and AUC = 0.906 for test data (p < 0.01).
Factor analysis revealed the geological formations had the greatest impact on landslide
occurrence (coefficient = 0.60, p < 0.001). Specifically, the Quaternary and Gachsaran
formations showed the highest sensitivity due to their unfavorable geotechnical
characteristics. Slope (0.47, p < 0.001) and distance from rivers (0.34, p < 0.01) were
secondary influencing factors. In contrast, elevation (-0.09), faults (-0.10), and NDVI (-
0.16) had the least impact on landslides (p > 0.05).

This study demonstrated that integrating field methods and remote sensing with machine
learning algorithms provides a powerful tool for landslide risk management. However,
limitations include the resolution of input data and spatial scale of analysis. Simultaneous
consideration of natural and human factors can make planning for high-risk areas more
effective. Implementation of proposed solutions including biological measures, water
resource control, and structural measures could lead to significant damage reduction.
Future studies are recommended to use combined methods with higher resolution data and
three-dimensional modeling approaches.
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Introduction

Landslides rank among the most destructive natural hazards, annually causing substantial human casualties and
economic losses globally. This phenomenon, characterized by the downward movement of soil and rock masses
under various triggers, leads to infrastructure damage, community displacement, and depletion of natural
resources (Tian et al., 2025: 1). Primary triggering factors include natural elements such as intense precipitation,
seismic activity, and snowmelt, alongside anthropogenic influences like land-use modifications. These
collectively compromise slope stability, precipitating slope failures. The mechanics of large-scale mass
movements are further governed by lithological characteristics, topographic irregularities, and climatic
variations, all contributing to slope instability (Wang et al., 2020: 2). Notably, dynamic hydrological processes
and pronounced elevation gradients serve as key predisposing factors. Human interventions, particularly
infrastructure development and vegetation removal, exacerbate susceptibility. Consequently, strategic planning
of slope modifications and settlement placement is imperative to mitigate risks in vulnerable zones (Ahyuni et
al., 2023: 1).

Materials and Methods

This study employed an integrated methodological framework combining field-based investigations with
advanced geospatial analysis techniques to comprehensively assess landslide susceptibility. The research
approach began with an extensive review of existing literature and case studies to establish theoretical
foundations, followed by systematic field surveys to ground-truth potential conditioning factors. Through this
dual approach, we identified and categorized four primary parameter groups influencing slope stability:

1. Geological (lithology, fault density)

2. Climatic-environmental (precipitation, vegetation index)
3. Topographic (slope, aspect, elevation)

4. Hydrological (drainage proximity, water table)

The analytical core of the study utilized Multiple Linear Regression (MLR) modeling, selected for its
demonstrated effectiveness in handling complex, multivariate environmental datasets. The MLR approach
offered three key advantages for this research: first, its capacity to process multiple continuous predictors
simultaneously; second, its ability to establish precise quantitative relationships between variables; and third, its
utility in generating predictive equations through coefficient estimation. he derived model took the form:

L=Bo+piXi+PXo+ ...+ PuXut ¢

Where: L = Landslide probability; X, = Independent variables; 3, = Regression coefficients and € = Error
term.

A rigorous data processing protocol ensured consistency across all geospatial datasets. All input layers were
standardized to: a uniform coordinate system (UTM WGS84 Zone 39), consistent spatial resolution (30m pixel
size), and compatible file format (GeoTIFF raster layers). The landslide inventory, comprising 129 verified
historical events, was compiled through a multi-source verification process integrating: high-resolution satellite
imagery interpretation (Google Earth), systematic field validation surveys, and archival records analysis. This
comprehensive approach to data collection and preparation enabled robust model development while
maintaining scientific rigor throughout the analytical process. The standardized methodology not only facilitated
accurate susceptibility mapping for the study area but also established a replicable framework for similar
investigations in other landslide-prone regions.

Results

The results revealed distinct patterns in factor influences, with geological composition ($=0.69), slope gradient
(p=0.53), and proximity to watercourses (f=0.50) showing the strongest positive correlations with landslide
occurrence. Conversely, elevation, distance to faults, and vegetation density demonstrated minimal impact.
Statistical validation confirmed all factors were significant (p<2.2x107'¢), though with varying degrees of
influence. The study area was classified into five susceptibility zones, with high and very high risk areas
comprising nearly half (48.89%) of the total watershed. Model validation produced excellent performance
metrics, with Area Under Curve (AUC) values of 0.909 for training data and 0.906 for testing data, indicating
high predictive accuracy. The findings highlight how specific geological formations, particularly Quaternary
sediments and Gachsaran salts, combined with steep slopes and riverbank erosion, create optimal conditions for
slope failures. Human activities, especially road construction altering natural drainage patterns, were found to
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significantly exacerbate landslide risks. These results provide valuable insights for land-use planning and risk
mitigation strategies. The robust model performance demonstrates MLR's effectiveness for regional landslide
assessment, while the detailed susceptibility mapping enables targeted intervention in high-risk areas. Future
research directions could incorporate temporal dynamics and higher resolution data to further refine predictive
capabilities. This study contributes to improved understanding of landslide triggers and offers practical tools for
disaster risk reduction in vulnerable mountainous regions. The factor correlation analysis yielded important
insights into landslide susceptibility in the study area. Strong positive associations were observed between
landslide occurrence and three key factors: geological formation showed the highest correlation (r=0.60),
followed by slope gradient (r=0.47) and proximity to rivers (r=0.34). These findings align with established
geological principles, as weaker rock formations and steeper slopes naturally exhibit reduced stability, while
riverbank erosion actively undermines slope support. Conversely, minimal correlations were found for elevation
(r=-0.09), distance to faults (r=-0.10), and vegetation density as measured by NDVI (r=-0.16). The negative
values suggest these factors may have a slight stabilizing effect, particularly in the case of vegetation cover
which helps bind soil through root systems. Notably, all variables demonstrated statistically significant
relationships with landslide occurrence (p<2.2x107'¢), though their effect magnitudes varied considerably in the
MLR model. Geological units exhibited the strongest influence (p=0.69), followed by slope angle (f=0.53) and
drainage network proximity (f=0.50). The susceptibility zonation revealed a concerning distribution of risk
across the watershed. High and very high risk areas together accounted for 48.89% of the total study area
(135.92 km? out of 278.10 km?), with very high risk zones concentrated along the Karun River valley and steeper
slopes of the Dehdez route. Medium risk areas comprised 26.86% of the watershed, while low and very low risk
zones were limited to higher elevations and more stable geological formations, covering 24.40% of the area
combined. Model validation metrics confirmed the robustness of our approach, with AUC values of 0.909 for
training data and 0.906 for testing data. These excellent performance scores indicate the MLR model
successfully identified and quantified the complex relationships between landslide triggers and occurrences in
the region. The minimal difference between training and testing AUC values (0.003) further suggests the model
generalizes well to new data without overfitting.

Conclusion

This study conclusively demonstrates that slope instability in the region is primarily governed by three
interconnected factors: the lithological composition of Quaternary sediments and Gachsaran formations, steep
topographic gradients exceeding 30 degrees, and ongoing fluvial undercutting along the Karun River. Human
activities, particularly the construction and maintenance of the Dehdez route roadway, were found to
significantly exacerbate these natural risks through three mechanisms: alteration of natural drainage patterns,
increased hydrostatic pressure in slopes, and removal of critical slope support structures. The research outcomes
provide actionable insights for land management and disaster mitigation. First, slope stabilization measures
should be prioritized in high-risk zones, particularly where vulnerable geological formations intersect with steep
slopes. Second, revised land-use planning regulations should account for the demonstrated susceptibility
patterns, potentially restricting development in high-risk areas. Third, infrastructure development guidelines
should incorporate geotechnical assessments that consider the full range of factors identified in this study. For
future research, three promising directions emerge: (1) incorporation of temporal factors to enable dynamic
modeling of seasonal and climate change impacts, (2) integration of higher resolution topographic data from
LiDAR surveys to improve micro-scale risk assessments, and (3) development of probabilistic risk assessment
approaches to quantify potential damage scenarios. These advancements would further enhance the practical
utility of landslide susceptibility models for regional planning and disaster preparedness.

Keywords: MLR algorithm, hazard zoning, Deh Sheikh Basin, landslide, machine learning.
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