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Background and objectives: During the rainy season, soil infiltration replenishes
soil moisture in semiarid regions, influencing vegetation regeneration, erosion
potential, and groundwater recharge. Infiltration of water into soil is a key process
for providing water supply to plants and plays an essential role in controlling surface
runoff and groundwater. This study investigated infiltration modeling in different
vegetation types (Quercus brantii, Astragalus ecbatanus-Euphorbia denticulate,
Grass, and Grass-Astragalus rhodoseminus) in the Alashtar watershed, Lorestan
Province, Iran.

Materials and Methods: The study area, part of the Kashkan watershed in Lorestan
Province, was selected for modeling infiltration rates using various soft computing
techniques. The study area is located between 48°1028"” - 48°23'29" N latitudes
and 33°45'17" - 33°517223" E longitudes, covering approximately 112.54 km?
Elevation varies from 1481 to 3613 meters above sea level. The area has a cold and
semiarid climate with a mean annual rainfall of less than 570 mm. Five soft
computing techniques—Support Vector Machine (SVM), Gaussian Process (GP),
Multi-Layer Perceptron (MLP), and Random Forest (RF)—were used to model
infiltration rates. The total dataset comprised physical soil characteristics, with 70%
used for training and 30% for testing the models. The input data included time, sand,
clay, silt, soil density, and soil moisture, while the output data were infiltration rates
measured using a double-ring infiltrometer at 23 locations. Three statistical
parameters—coefficient of correlation (C.C), Root Mean Square Error (RMSE),
and Mean Absolute Error (MAE)—were used to compare the efficiency of all
models.

Results: The results indicated that the Astragalus ecbatanus-Euphorbia denticulate
vegetation type had higher cumulative infiltration and average infiltration rates.
Among the models, Random Forest (RF) and Gaussian Process with PUK kernel
(GP-PUK) showed the least error in estimating infiltration rates with the input
combination of time, sand, clay, silt, soil density, and soil moisture. The GP-PUK
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model demonstrated acceptable accuracy in Quercus brantii and Astragalus
ecbatanus-Euphorbia denticulate vegetation types with correlation coefficients of
97.2% and 98.4%, respectively. The RF models performed better than other models
in estimating infiltration rates for Grass and Grass-Astragalus rhodoseminus
vegetation types, with correlation coefficients of 83.9% and 99.9%, respectively.
Conclusion: Predicting infiltration rates is crucial for hydrologic design, watershed
management, irrigation, and agricultural studies. The results show that soft
computing techniques have suitable capabilities to predict soil infiltration rates.
These models can quantify infiltration amounts and estimate runoff in different
vegetation types. The research findings can help local authorities manage and
develop their areas systematically and effectively.
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