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Objective: This study develops and evaluates models to simulate moisture
distribution in two-layer soils under surface drip irrigation to improve optimal
irrigation system design.

Method: A transparent physical model made of plexiglass was used to conduct the
experiments. Six two-layer soil profiles were tested: L1 (medium-heavy), L2
(medium-light), L3 (heavy-medium), L4 (heavy-light), L5 (light-medium), and L6
(light-heavy). Nonlinear regression models were developed considering the
hydraulic properties of the soil and the operational characteristics of the emitters to
simulate moisture movement in both horizontal and vertical directions.

Results: A comparison of statistical parameters between measured and simulated
data showed that the proposed models performed with high accuracy in simulating
the initial moisture distribution phase, with correlation coefficients of 0.85 and 0.88
for the horizontal and vertical directions, respectively. However, during the
redistribution phase, particularly in the horizontal direction, model accuracy declined
slightly (correlation coefficients of 0.52 and 0.79). The root-mean-square error
(RMSE) for predicting moisture distribution was 5.93 cm (horizontal) and 4.66 cm
(vertical), and for redistribution was estimated at 8.87 cm and 8.03 cm, respectively.
Additionally, the models showed a tendency to overestimate values in the horizontal
direction and underestimate them in the vertical direction.

Conclusions: The proposed models demonstrated acceptable accuracy in simulating
moisture distribution patterns in two-layer soils under drip irrigation. However,
reduced accuracy during the redistribution phase—particularly in the horizontal
direction—and the observed tendencies toward overestimation and
underestimation indicate the presence of systematic errors in the modeling
approach. Identifying and correcting these errors can significantly enhance the
predictive capability of the models.

Cite this article: Sohrabi, 1., Tahmasebi, P., Karimi, B., & Moghadamnia, A. (2026). Evaluation of Performance of
Simulation Models in Predicting Water Movement in Two-Layer Soils with Emphasis on Infiltration and
Redistribution Phases. Advanced Technologies in Water Efficiency, 6(2), 24-43. https://doi.org/
10.22126/atwe.2025.12042.1163

© The Author(s)
https://doi.org/ 10.22126/atwe.2025.12042.1163

Publisher: Razi University.



https://orcid.org/0009-0001-8603-2390
https://orcid.org/0009-0003-1316-2260
https://orcid.org/0000-0002-0045-3582
https://orcid.org/0009-0003-3672-5855

Advanced Technologies in Water Efficiency, Volume 6, Issue 2, 2026 2

Introduction

Numerical modeling of water flow in dual-layered soils is a strategic tool for optimizing
water resource management, especially in arid and semi-arid regions. This is crucial for
enhancing irrigation efficiency and reducing water losses. The inherent heterogeneity of
dual-layered soils, resulting from differences in texture, structure, and hydraulic properties,
poses significant challenges in accurately simulating soil moisture behavior. This research
aimed to evaluate the ability of various empirical models to precisely predict moisture
distribution and redistribution phases in dual-layered soils under surface drip irrigation with
continuous flow. The study also sought to determine the interactive effects of soil parameters
and irrigation conditions on model prediction accuracy to improve irrigation system design
and sustainable water management in areas with layered soils.

Method

Laboratory experiments were conducted in the summer of 2019 at the Water Sciences
Research Group, Kurdistan University, to assess moisture distribution and redistribution
phases under soil layering conditions. Experiments were performed on a transparent
Plexiglas physical model (1m x 0.5m x 1m) to investigate the impact of soil layering and
hydraulic parameters on water infiltration in drip-irrigated soils. Soil samples with different
textures (medium, heavy, and light) were collected from specific locations and placed in the
transparent models. Six dual-layered soil profiles were used: L1 (medium-heavy), L2
(medium-light), L3 (heavy-medium), L4 (heavy-light), L5 (light-medium), and L6 (light-heavy).
A drip irrigation system was designed using standard emitters and a pump. Nonlinear
regression models were developed to accurately simulate moisture distribution and
redistribution in dual-layered soils under surface drip irrigation with continuous flow. The
ability of these models to predict water movement in both horizontal and vertical directions
in layered soils was evaluated using statistical indices (CRM, RMSE, MAE, and R?).

Results

Calibration and validation results of the nonlinear regression models indicated their
acceptable performance in simulating moisture distribution and redistribution in dual-
layered soils under drip irrigation. Overall, the models demonstrated high accuracy in
simulating the distribution phase (during irrigation) in both horizontal and vertical directions.
The high correlation coefficients (R?) of 0.85 and 0.88 for the horizontal and vertical
directions, respectively, in the distribution phase support this claim. Additionally, the RMSE
values of 5.93 cm and 6.64 cm for these directions indicated a relatively low model error in
predicting the wetting front. However, in the redistribution phase (after irrigation cessation),
especially in the horizontal direction, the accuracy of the models decreased slightly. The R?
values of 0.52 and 0.79 for the horizontal and vertical directions, respectively, in the
redistribution phase indicate a decrease in model accuracy. RMSE values in this phase were
8.87 cmand 0.3 cm for the horizontal and vertical directions, respectively. Furthermore, MAE
values in the horizontal and vertical distribution phases were 4.8 and 3.5, and in the
redistribution phase, they were 7.3 and 7 cm for horizontal and vertical directions,
respectively. Therefore, the analysis of RMSE and MAE values also shows that the models had
higher errors in the horizontal direction compared to the vertical direction. This indicates that
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the models were less accurate in predicting the lateral spread of the wetting front. Analysis
of the results shows that the models tend to overestimate values in the horizontal direction
and underestimate values in the vertical direction in both the distribution and redistribution
phases. This could be due to the complexity of lateral water movement processes in the soil,
soil heterogeneity, limitations of the model in considering all relevant processes, and a lack
of accurate data at soil depth.

Conclusions

This study aimed to enhance the efficiency of drip irrigation systems and optimize water
resource management by conducting numerical modeling of moisture distribution in dual-
layered soils. The results demonstrated that the developed nonlinear regression models
exhibited satisfactory capability in predicting moisture distribution, particularly during the
distribution phase. However, the models encountered limitations when simulating the
redistribution phase, especially in the horizontal direction. Soil texture and layering had a
significant impact on moisture distribution and model performance. The findings of this
research can be applied to the optimal design of drip irrigation systems and the precise
determination of crop water requirements. Nevertheless, further investigations are required
to improve model accuracy by considering soil heterogeneity, the influence of environmental
factors, and developing more complex models.
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