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Abstract :

Understanding Total Available Water (TAW) in soil is critical for effective
irrigation planning and optimizing water management in agricultural fields. This
study aimed to model available soil water using Random Forest (RF) machine
learning, Ordinary Kriging (OK), and Gaussian Sequential Geostatistical
Simulation (SGS) to estimate TAW and establish its threshold values. The
research was conducted across approximately 147,000 hectares of the Sistan
Plain during 2018-2020. Soil samples were collected from a depth of 0-30 cm,
with 200 samples in total, and 18 environmental variables derived from Landsat
8 satellite imagery, digital elevation model (DEM) derivatives, and climate data
were used. To select covariates, Baruta’s supervised algorithm was employed
alongside expert opinions. Modeling was performed using the Random Forest
function and the Caret package in R, with 75% of the data used for calibration
and 25% for validation. Uncertainty in the final maps was quantified using
Bootstrapping and Q-rank (K-Fold) methods. TAW was simulated using the
SGS method with 200 maps generated with equal probability, following data
standardization in SGeMS software. E-type estimation maps, corresponding
variance maps, and TAW probability maps were produced. The results indicated
that the environmental variables MRVBF, MSAVI, Plan Curvature, and SAVI
were the most significant predictors of TAW in the Random Forest model.
DEM-derived variables showed a stronger correlation with TAW than satellite-
derived variables. The highest TAW values were observed in the western and
northeastern parts of the plain, where soils had heavier textures. Validation of
the OK model demonstrated a normalized root mean square error ((RMSE) of
less than 34% and a bias of 0.65%. In contrast, the RF model had nRMSE and
bias values of 37% and 0.088%, respectively. The slightly lower accuracy of the
RF model (by 3%) compared to the OK model could be attributed to the flatness
of the plain, insufficient auxiliary variables, and the imbalanced soil texture
classes in this floodplain, which experiences severe wind erosion. The 90%
prediction interval (PI) derived from the Bootstrap method ranged from 0.4% to
2.28%, while the weighted-order method yielded a narrower range of 0.05% to
1.28%, indicating that the weighted-order method offered lower uncertainty.
Simulation maps produced using the SGS method showed that the TAW
variance, based on the reproduction chart, was 1.8 (wt%). Both the E-type
estimation map and its corresponding conditional variance map followed similar
patterns, with the conditional variance being closely tied to TAW values.
Overall, the maps generated by the SGS simulation method effectively modeled
the spatial distribution of TAW and its associated uncertainty in regions similar
to the Sistan Plain.

Keywords: soil available water, filed capacity, wilting point, environmental
variables, normal kriging, random forest. Simulation
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