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Evaluation and Modeling of Soil Erosion Using Machine Learning Methods

(Study Area: Maraveh Tappeh and Kalaleh Counties, Golestan Province)

Abdolhossein Boali! Narges Kariminejad?, Morteza Akbari3, Maryam Yaghoobi*, Mohsen
Farahi’

Abstract

This study aims to model water erosion in the northern regions of Golestan Province (Maraveh Tappeh
and Kalaleh counties) by investigating the role of key environmental and climatic indices. Factors such as
precipitation, vegetation cover (NDVI), soil surface texture (TGSI), land use, surface moisture (NDMI),
elevation variations (DEM), bare soil (BI), and soil salinity (NDSI) were identified as influential
variables. Three advanced machine learning algorithms Boosted Regression Trees (BRT), Random Forest
(RF), and Support Vector Machine (SVM) were employed for spatial modeling of water erosion with
comprehensive evaluation using various performance and statistical indices. The results demonstrated that
the ensemble model based on the weighted average of individual model outputs achieved high accuracy
(ROC=0.93, Kappa=0.90, and TSS=0.89) and delineated high-risk erosion zones with greater clarity and
reliability compared to single models. The resulting maps identified northern, western, and southwestern
parts of the study area as zones with elevated potential for water erosion. The significant influence of
precipitation and vegetation cover as primary erosion drivers underscores the necessity for improved soil
resource management and conservation planning. This study confirms the effectiveness of combined
machine learning models as robust tools for the prediction and sustainable management of water erosion
in climatically sensitive regions and provides valuable guidance for natural resource conservation
decision-makers.

Keywords: Modeling, Water Erosion, Northern Golestan Province, Machine Learning Methods
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