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Modeling soil loss due to gully eragsion in the data-scarce regions

ABSTRACT

Gully erosion is recognized as a detrimental form of land degradatiomand soidfloss worldwide. Considering the time-consuming and
costly nature of field monitoring, this research aimed to develop medelsfor &imating the volume of soil lost due to gully erosion in
the Choopanlu watershed, located in West Azerbaijan province, Iran.“The study commenced with field monitoring to identify gullies
in the area. Following this, digital layers of factors influencing gully erosion were prepared to facilitate gully clustering and selection.
These factors included topographical characteristics (elevation, slope, aspect, surface curvature, and relative slope position index),
vegetation, land use, soil, lithology, and hydroclimate indicators (distance from stream, drainage density, topographic wetness index,
annual precipitation, and frequency of heavy rainfall events). Subsequently, the volume of soil lost due to gully erosion during the
three-year period (2021-2023) was measured as the dependent\variabledor the selected gullies through field observations. In this study,
three machine learning models including random forest“(RF), support vector machine (SVM), and artificial neural network (ANN)
were employed using a cross-validation approach. Cochran's‘formula results indicated that among the 67 identified gullies in the field,
a minimum sample size of 58 gullies was required. Following clustering, this number of selected gullies was chosen from the three
identified clusters. The annual soil eresion caused hygthe selected gullies (i.e., 58 gullies) was estimated to be 172 tons in 2021, 196
tons in 2022, and 208:tons'in 2023. Accerding to the modeling results, it can be inferred that the RF model demonstrated the best
performance, followed by the SVAM mogdel with moderate performance, and the ANN model exhibiting the poorest performance in
modeling soil loss due to gully erosiogt

Keywords: Choopanlu watershed, Gully erosion, Machine learning, Modeling, Soil loss
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2. Random forest

3. Artificial neural network
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Modeling soil loss due to gully erosion in the data-scarce regions

EXTENDED ABSTRACT

Introduction

Gully erosion is a critical and detrimental form of land degradation and soil loss affecting various regions worldwide. Its
significant impact necessitates comprehensive assessments and monitoring efforts to mitigate its effects. However, traditional field
measurement techniques for gully erosion can be time-consuming and costly, posing challenges in accurately quantifying soil loss from
this process. To overcome these limitations, this study aimed to estimate soil loss resulting from gully erosion through the application
of machine learning models. The research was conducted in the Choopanlu watershed, situated in West Azarbaijan province, Iran. By
leveraging the capabilities of machine learning, the study sought to establish a more efficient and reliable method for, assessing soil
loss caused by gully erosion. This, in turn, would aid in formulating effective strategies to manage and control land degradation in the
region.

Material and methods

The study commenced with field monitoring to identify gullies in the area to achieve this objectivesFollowing this, digital layers
of factors influencing gully expansion were prepared to facilitate gully clustering and selection. These factqgs included tepographical
characteristics (elevation, slope, aspect, surface curvature, and relative slope positionindex), vegetation, landuse, s@il, lithology, and
hydroclimate indicators (distance from stream, drainage density, topographic wetness gex, annual precipitation,and frequency of
heavy rainfall events). Subsequently, the volume of soil lost due to gully erosion duringithe three-year period (2021-2023) was
measured as the dependent variable for the selected gullies through field observations. In this'study, three machine learning models
were employed for modeling: Random Forest (RF), Support Vector Machine SVM), and Artificial'Neural Network (ANN). The cross-
validation approach was utilized for modeling process.

Results and discussion

Cochran's formula results indicated that among the 67 identified gullies in\thie field, a minimum sample size of 58 gullies was
required. Following clustering, this number of selected gullies was‘ehosen from‘the three identified clusters. The annual soil erosion
caused by the selected gullies was estimated to be 172 tons in 2021396 40ns in 2022, and 208 tons in 2023. The results of the
multicollinearity analysis indicated that the elevation exhibited collinearity-and thus was excluded from the modeling process. Based
on the RMSE values and the coefficient of determination, it can be inferred that the RF model demonstrated the best performance,
followed by the SVM model with moderate performance, and the ANN madel exhibiting the poorest performance in modeling soil loss
due to gully erosion. Consequently, the Random Forestimodel emerged as|the most suitable model among the tested methods.

Conclusion

In conclusion, this study successfully applied machine Iearningmodels to estimate soil loss from gully erosion in the Choopanlu
watershed. The analysis of 67 identified gullies,with a minimum sample size of 58, revealed an increasing trend in annual soil erosion
over the three-year period. Multieollinearity analysis led to the exclusion of elevation, and subsequent model comparison indicated that
the RF model outperformed the'SVIN and ANN medelsqh predicting soil loss due to gully erosion. These findings demonstrate the
potential of utilizing machine learning,‘particularly the:RF' model, for efficient and accurate assessment of soil loss from gully erosion
in similar contexts. Further research couldexplore the application of these models in other regions and investigate additional factors
influencing gully erosion"processes)
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