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EXTENDED ABSTRACT

Introduction:

Soil and water are two vital natural resources on which human life strongly depends. Soil hydraulic
properties, particularly saturated hydraulic conductivity (Ks), play a crucial role in addressing problems related
to soil and water management in agricultural, ecological, and environmental systems. Ks directly affects key
hydrological processes such as surface runoff, soil erosion, and deep percolation. However, soil and biotic
factors influencing Ks vary greatly in both space and time. Hence, it is also expected that K will vary in both
space and time. Moreover, K; is one of the most difficult, costly, and time-consuming soil hydraulic properties
to measure directly; Therefore, indirect estimation methods are commonly employed.

Terrains play a fundamental role in modulating the earth's surface and atmospheric processes. Landform
features generally control the movement of water and materials across the landscape, thereby influencing
watershed hydrology at the topographic scale. Using terrain attributes to model Ks may serve as a suitable
alternative, as terrain data are relatively easy to obtain compared to intensive soil sampling. In previous soil
and landscape studies, the relationship between terrain attributes, remote sensing data, and Ks has not been
thoroughly investigated. The main question is whether integrating these data with soil properties can enhance
the accuracy of Ks estimation. Accordingly, this study evaluated the efficiency of multiple linear regression
(MLR), decision tree (DT), and artificial neural network (ANN) methods for estimating and mapping the
spatial distribution of Ks in parts of the Chardawel and Chamshir sub-basins (Ilam Province, Iran), using readily
measurable soil properties along with environmental covariates (terrain attributes and remote sensing data).

Materials and Methods

The study area extends from 46° 25' 53.08" to 46° 50' 13.52" E longitude and from 33° 31' 23.11" to 33°
50" 25.59" N latitude, located in the Chardawel and Chamshir sub-basins, Ilam Province, Iran. A total of 95
sampling sites were selected using a stratified random sampling approach, ensuring representation of land
capability classes, land use categories, and geological and topographical features. At each site, Ks was
measured using a Guelph permeameter. Disturbed and undisturbed soil samples to a depth of 30 cm were
collected from the same sites for laboratory analysis. All samples were air-dried, gently crushed, and sieved
through a 2-mm opening. The samples were analyzed for particle size distribution (PSD), particle density (Dp),
soil moisture at field capacity (FC), total porosity, effective porosity, and soil organic carbon (SOC). The
geometric mean diameter (dy) and geometric standard deviation (og) of soil particles were calculated based on
the method proposed by Shirazi and Boersma (1984). Undisturbed soil samples were analyzed for bulk density
(Dy) using the cylindrical core method.

A set of 16 terrain features was extracted from a Digital Elevation Model (DEM) with 12.5x12.5 m
spatial resolution (ALOS PALSAR database) using SAGA GIS software (Version 9.3.2). Additionally,
Landsat 8 satellite imagery (OLI/TIRS sensors) with a 30x30 m spatial resolution (sourced from the USGS)
was employed to extract remote sensing variables. Principal Component Analysis (PCA) was performed using
the XLSTAT toolbox in Microsoft Excel 2019 to identify and select the most influential variables. To estimate
K values, MLR, DT, and ANN models were developed using R software (version 4.5.1). The validity of the
derived models was assessed using the coefficient of determination (R?), root mean square error (RMSE),
concordance correlation coefficient (pc), and mean error (ME).

Results and Discussion

Based on the PCA results, among the 40 soil properties and environmental covariates used for spatial
prediction of Ks, 12 variables including percentage slope, topographic wetness index (TWI), LS factor,
analytical hillshade, total catchment area, and channel network distance were selected. From the remote
sensing indices and reflectance values, bands 4 and 5 of Landsat 8 OLI/TIRS (as the biophysical variables),
along with silt percentage, sand percentage, deo, and soil particle density, were identified as the most effective
covariates.

The results demonstrated that the ANN model, with a greater coefficient of determination (R?v.in= 0.80,
R%e= 0.49), lower root mean square error (RMSEwin= 0.008 m/d, RMSE«s= 0.25 m/d), and higher
concordance correlation coefficient (pc-wain= 0.89, (pc-est= 0.70), outperformed both the MLR and DT models
in estimating Ks. While the MLR and DT models tended to underestimate Ks, the ANN model produced more
accurate and reliable predictions. Overall, the ANN model yielded reasonable estimates of K for the study
area's soils.

A spatial variability map of Ks was also successfully generated by integrating soil properties with
environmental covariates, suggesting the usefulness of this approach for developing agro-hydrological models
in data-limited regions.
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Sensitivity analysis of the ANN model highlighted the importance of two soil properties, sand percentage
and soil particle density, along with slope percentage, analytical hillshade, and topographic wetness index
terrain variables in the spatial modeling and distribution of K in the studied lands.

Conclusion

Terrain and remote sensing data, along with soil properties, were integrated using stepwise multiple linear
regression (SMLR), decision tree (DT), and artificial neural network (ANN) models to predict the spatial
variability of soil saturated hydraulic conductivity (Ks) in parts of the Chardawel and Chamshir sub-basins,
Ilam Province, Iran. Our findings indicated that incorporating environmental covariates with soil properties
can significantly enhance the accuracy of Ks estimation, particularly when using the ANN model; thus, this
model can be used to develop a digital Ks map with acceptable accuracy to support sustainable land planning.
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