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Article Info ABSTRACT
Article type: Landslides, recognized as complex natural hazagpdse significant threats to
Research Article infrastructure, human communities, and fragile gstsns. This study aims to

investigate the influence of geomorphic charadiedson landslide occurrence
patterns in the Shahid Abbaspour Dam watershed-@wlikh) using the advanced
machine learning Random Forest algorithm. The datesmprised 15 key layers
influencing landslides, sourced from various datseluding 1:50,000 topographic
maps, 1:100,000 geological maps, Landsat satétisgery, and field observations.
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Published: 22 June 2026 environments, followed by modeling using machingrméng packages in RStudio.
The results indicate that geological formations. 728), slope (19.5%), and distance
from rivers (15.2%) are the primary factors coringl landslide patterns in the
region. The model output reveals that approxima88yt% of the watershed area
(75.37 km?) falls within the high-hazard class, dmminantly concentrated in the
southern and southeastern sectors. Model perfonamaluation using statistical
metrics demonstrated the algorithm’s robust peréorce, with an overall accuracy
of 0.986, a Kappa coefficient of 0.972, and a no@an square error (RMSE) of
0.0101. This study represents the first comprekerisindslide hazard assessment in
this watershed using machine learning techniquesiiging a scientifically rigorous
framework for risk management, environmental plagniand mitigation of
landslide impacts in similar mountainous regions.
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EXTENDED ABSTRACT

INTRODUCTION

Landslides, as one of the most complex and desteuatural hazards, pose significant threats to
infrastructure, human communities, and fragile gstesns, particularly in mountainous regions.
These phenomena, characterized by the sudden @wajrdisplacement of soil, rock, and geological
materials on slopes, can cause substantial ecoreomitiuman losses (Li et al., 2024; Guzzetti et al.
2016). The increasing frequency and intensity afl$iides, driven by human activities such as road
construction, deforestation, and land-use chancmspled with climate change, have made them a
critical challenge for natural hazard risk manageim{®&ohan et al., 2023). The Shahid Abbaspour
Dam watershed, located in the Folded Zagros zandiighly susceptible to landslides due to its
diverse geological formations (e.g., GachsaranQuaternary deposits), rugged topography, and high
tectonic activity (Mumipour & Moavi, 2022). Theseorditions underscore the need for a
comprehensive study of geomorphic factors influegdandslides and the development of accurate
risk zonation.Recent advancements in machine learning, partlgulae Random Forest algorithm,
have revolutionized the analysis of complex, msdtirce geospatial data (Liu et al., 2023). Random
Forest, with its ability to model non-linear retaiships and mitigate overfitting, has been widely
applied in landslide susceptibility mapping (Powgdmi et al., 2020). However, few studies have
utilized this approach in complex watersheds Itk $hahid Abbaspour Dam, highlighting a research
gap that necessitates a detailed investigationgusialti-source data and advanced methods. This
study aims to identify and prioritize geomorphicttas influencing landslides, produce a high-
resolution hazard zonation map, and provide a stieframework for risk management in the study
area.

DATA AND METHODOLOGY

This study employed the Random Forest algorithimyestigate the influence of 15 geomorphic and
environmental factors on landslide patterns in $trahid Abbaspour Dam watershed. The selected
factors included elevation, slope, aspect, distdnom faults, distance from roads, distance from
rivers, geological formations, land use, normaligiterence vegetation index (NDVI), soil texture,
seismicity, slope curvature, topographic wetnessdexn(TWI), stream power index (SPI), and
precipitation. Data were sourced from multiple faanhs, including 1:50,000 topographic and
1:100,000 geological maps (Iran Mapping and GechigOrganizations), a 30-meter resolution
digital elevation model (DEM) from the ASTER senstmandsat LC09 L2SP satellite imagery
(USGS, dated 4/2/2025), and field data (145 laddsfioints). Data processing was conducted using
ArcGIS 10.8, SAGA-GIS 9.0.1, and ENVI 5.6. Slopspect, SPI, TWI, and curvature maps were
derived from the DEM. Distance maps for faults,dsiaand rivers were generated using the Euclidean
distance method, and precipitation maps were ateaia inverse distance weighting (IDW)
interpolation. NDVI was calculated from Landsat geey. Modeling was performed in RStudio using
the Random Forest algorithm, following these stepata Preparation: All data layers were converted
to a 30-meter resolution raster format and spid training (70%) and testing (30%) datasets.

Model Optimization: The number of decision treessfR0) and random predictors per node (m=4)
were optimized using 10-fold cross-validation.

Variable Importance Analysis: The Mean Decrease ufay index was used to assess the
contribution of each factor to landslide occurrence

Hazard Zonation: The model output was classifigd five hazard classes (very low, low, moderate,
high, very high).

Model performance was evaluated using accuracyp&apefficient, root mean square error (RMSE),
mean absolute error (MAE), coefficient of deterniiora (R2), and area under the ROC curve (AUC).
Sensitivity analysis and principal component arialyfPCA) were conducted to check for
multicollinearity (VIF < 5), and bootstrapping (ID®&erations) was used to ensure model stability
(Rahaman et al., 2024).
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RESULTS AND DISCUSSION

The variable importance analysis revealed thataggodl formations (23.7%), slope (19.5%), and
distance from rivers (15.2%) were the most inflisdrfiactors controlling landslides. The Gachsaran
and Quaternary formations, characterized by evapaiructures and high erodibility, significantly
contribute to slope instability. Steep slopes (®@&frees) and proximity to rivers further exacerbate
instability, while precipitation, SPI, and NDVI hadnimal impact, likely due to uniform precipitatio
distribution and dense vegetation in the northemspof the watershed (He et al., 2024).

The hazard zonation map indicated that 30.4% ofdtershed area (75.37 km?) falls within the high-
hazard class, primarily concentrated in the soutlaerd southeastern regions. These areas correlate
with erodible formations, steep slopes, and higtindige density. The very high-hazard class (18.4%)
was observed in zones with active tectonics andt fdansity. Conversely, the northern and
northwestern regions, with gentler slopes and demgetation, were classified as low or very low
hazard Model validation demonstrated the superior peréoroe of Random Forest, with an overall
accuracy of 0.9863, a Kappa coefficient of 0.9RNMSE of 0.0101, MAE of 0.0058, R2 of 0.9908,
and AUC of 0.97. The high-hazard class exhibited Highest sensitivity (0.96) and negative
predictive value (0.98), while the very low-hazaothss had the lowest sensitivity (0.24).
Bootstrapping confirmed the robustness of the teqéigboola et al., 2024)rhe findings highlight
the dominant role of geological formations and slap driving landslide occurrence. The Gachsaran
and Quaternary formations, due to their loose &iracand high sensitivity to moisture, significantl
contribute to slope instability, consistent withuRghasemi et al. (2020). Steep slopes and river
erosion further amplify instability, while preciption had a lesser role due to its uniform distrdou
(Gu et al., 2023). The southern and southeastats pathe watershed, characterized by high fault
density and human activities like road constructiame particularly vulnerable, aligning with Zuo &

Carranza (2017)

CONCLUSION

This study identified geological formations, sloped distance from rivers as the primary drivers of
landslides in the Shahid Abbaspour Dam watershbd. iazard zonation revealed that 30.4% of the
area is at high risk, concentrated in the soutlaerth southeastern regions, necessitating urgent risk
management. The Random Forest algorithm demorsteteeptional performance, providing a
reliable framework for landslide prediction. Recoemdations include slope stabilization, land-use
regulation, and real-time monitoring systems. Tstigdy fills a critical research gap and serves as a
model for similar mountainous regions. Comparedladal studies, the Random Forest model in this
study (AUC=0.97) outperformed traditional statigtionodels, as reported by Li et al. (2024)
(AUC=0.95). The minimal impact of precipitation ¢oasts with Mondini et al. (2023), likely due to
regional climatic conditions. Practical recommeiat® include afforestation in high-slope areas,
developing drainage systems, restricting humarvitieg in high-risk zones, and implementing early
warning systems using remote sensing data (Rodrijeto & Bhandary, 2024} imitations include

the lack of long-term time-series data and chaksngn modeling seismically triggered landslides.
Future research could leverage INSAR data and ldaeping models for enhanced predictions (He et
al., 2024).
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