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Objective: Soil erosion is one of the most critical environmental challenges in arid
and semi-arid regions, threatening the sustainability of water and soil resources and
increasing sedimentation in reservoir systems. The aim of this study was to
quantitatively estimate and spatially map soil erosion risk in the Siahoo Dam
watershed, located in South Khorasan Province, eastern Iran.

Methods: In this research, the Revised Universal Soil Loss Equation (RUSLE) model
was implemented within the Google Earth Engine (GEE) cloud computing platform.
The use of this platform enabled the processing of large volumes of satellite data
without the need for local computational resources. Five main RUSLE factors were
derived and analyzed, including rainfall erosivity (R), soil erodibility (K), topographic
factor (LS), land use/land cover (C), and conservation practice factor (P). The R factor
was calculated using 20 years of CHIRPS precipitation data. The K factor was derived
by integrating soil texture maps and geological information. The LS factor was
generated using the 30-meter SRTM digital elevation model. The C factor was
extracted from ESA land cover products and Sentinel imagery, while the P factor was
assigned based on slope classes and land use patterns.

Results: The results showed that the soil erodibility factor (K) was 0.029 (t-ha‘h /
ha-MJ-mm), indicating a relatively high susceptibility of the regional soils to water
erosion. Soil erosion was unevenly distributed across the watershed. Based on model
outputs and the FRWMO classification criteria, approximately 65.8% of the watershed
was classified as very low erosion (0—10 t ha™ yr'), 20% as low to moderate erosion
(10-40 t ha™! yr''), and nearly 14% as high to very high erosion (>40 t ha™! yr!). The
mean annual soil loss was estimated at 15-20 t ha™' yr!, demonstrating the
effectiveness of the proposed approach for spatial erosion assessment.

Conclusions: The findings of this study demonstrate that integrating remote sensing
with hydrological modeling in the GEE environment offers a rapid, scalable, and high-

precision approach for identifying erosion-prone areas.
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Introduction

Soil erosion induced by water is widely recognised as one of the principal drivers of land
degradation, with profound environmental, economic, and social consequences. Beyond the
direct loss of fertile topsoil, accelerated erosion contributes to declining agricultural
productivity, deterioration of ecosystem services, and excessive sediment deposition in rivers
and reservoirs. These impacts are especially pronounced in arid and semi-arid environments,
where limited vegetation cover and intense rainfall events enhance soil susceptibility to
detachment and transport.

Iran is among the countries facing significant challenges related to soil erosion and sediment
production. Identifying critical source areas and quantifying erosion rates are therefore
fundamental prerequisites for implementing targeted conservation interventions. Among the
available erosion prediction models, the Revised Universal Soil Loss Equation (RUSLE) has
gained widespread acceptance owing to its relative simplicity, modest data requirements, and
adaptability to different environmental conditions.

Recent advances in remote sensing technologies and cloud-based geospatial platforms have
substantially improved the capacity to perform large-scale environmental assessments. Google
Earth Engine, in particular, enables rapid processing of extensive spatial datasets without the
need for high-performance local computing infrastructure. Despite the importance of the Siahoo
Dam watershed as a strategic water resource in eastern Iran, comprehensive spatial assessments
of erosion risk in this basin remain limited. Accordingly, this study aimed to estimate annual
soil loss and identify erosion hotspots in the Siahoo Dam watershed using the RUSLE model
implemented in the Google Earth Engine platform.

Methods

The Revised Universal Soil Loss Equation (RUSLE) model, a globally recognized empirical
framework, was implemented within the Google Earth Engine (GEE) cloud computing platform
to estimate annual soil loss across the watershed. The use of GEE facilitated the processing of
large-scale satellite datasets without the need for high-performance local computing power. To
execute the model, five key factors were integrated: Rainfall Erosivity (R), calculated using 20
years of precipitation data from the CHIRPS satellite dataset to capture long-term variability.
Soil Erodibility (K), representing the inherent resistance of soil to particle detachment, derived
from a combination of soil texture maps and geological data. Topographic Factor (LS), which
accounts for the influence of slope length and steepness on runoff erosivity, generated from the
30-meter SRTM Digital Elevation Model (DEM).Cover-Management Factor (C), extracted
from ESA and Sentinel land use/land cover products to represent vegetation density and land
management conditions and Support Practice Factor (P), assigned based on slope categories
and land-use patterns to reflect erosion control measures. All spatial analyses were performed
in the GEE cloud environment, enabling rapid processing and high-resolution mapping

Results

The analysis revealed considerable spatial variation in the RUSLE factors throughout the
watershed. Rainfall erosivity values ranged from approximately 122.8 to 144.4 (MJ mm ha™!
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YT 1), Wi ¢ highest vatues concentrated in the north-western part of the basin. 1he soi

erodibility factor was estimated at 0.029 (t-ha-h / ha-MJ-mm), reflecting a relatively high
sensitivity of the regional soils to water erosion. Substantial variability was also observed in the
LS factor, reflecting the influence of terrain characteristics on runoff concentration and erosive
power. The C factor ranged from 0 to 1, highlighting the critical role of vegetation cover in
reducing soil loss. Likewise, P values varied between 0.55 and 1, suggesting differences in the
effectiveness and distribution of conservation measures across the watershed.

The resulting erosion map indicated that the majority of the watershed (65.8%) experienced
very low erosion rates. Low and moderate erosion classes occupied 9.83% and 9.96% of the
basin, respectively. In contrast, high and very high erosion classes encompassed 4.95% and
9.37% of the study area. Areas identified as erosion hotspots were generally associated with
steep terrain, sparse vegetation, elevated LS values, and insufficient protective measures. These
findings suggest that, although much of the watershed experiences relatively low erosion, a
substantial proportion remains vulnerable to severe soil loss and therefore warrants immediate
conservation attention. The estimated mean annual soil loss of 15-20 t ha™ yr! reflects a
moderate level of erosion at the watershed scale, while underscoring the urgent need for
targeted interventions in high-risk areas to minimise sediment delivery to the Siahoo Dam
reservoir.

Conclusions

This study demonstrated the effectiveness of integrating the RUSLE model with the Google
Earth Engine platform for the rapid and reliable assessment of soil erosion risk in the Siahoo
Dam watershed. The resulting erosion susceptibility maps provide valuable insights for
prioritising watershed management interventions and allocating conservation resources more
efficiently. Implementing measures such as revegetation, controlled grazing, contour
cultivation, and other soil conservation practices in identified hotspot areas could substantially
reduce soil loss and sediment yield. Furthermore, the methodology presented here offers a
practical and transferable framework for erosion assessment in data-limited regions.
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