Original Article I

Journal of T 8
Aquifer and Qanat &
Spring and Summer 2025, Vol. 6, No. 1, pp 201-214

d | 10.22077/jaaq.2025.9090.1106

Performance of The IHACRES Model in Runoff Simulation
(Case Study: Effin River Basin)

Kambiz Mohammadi'> ™ | Hossein Khozeymehnezhad2 | Mahdi Amirabadizadeh?

1. PhD student in Irrigation and Drainage, Department of Sciences and Water Engineering, Faculty of
Agriculture, University of Birjand, Birjand, Iran

2. Associate Professor, Department of Sciences and Water Engineering, Faculty of Agriculture, University
of Birjand, Birjand, Iran.

*Corresponding Author: K.mohammadie.1978@gmail.com

Received: Extended abstract
14 March 2025 Introduction

This research examines the application of the IHACRES rainfall-runoff
Accepted: model for evaluating and predicting runoff in various watersheds. The
09 May 2025 IHACRES model has gained attention from researchers due to its simplicity
Published: and efficiency. Numerous studies have investigated the model’s
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performance in different geographical regions and under diverse climatic
conditions.

The results of these studies indicate that the [HACRES model performs well
in simulating daily and monthly runoff in some cases, showing acceptable
correlations between observed data and model results. However, the model's

Simulation, . . . . .
THACRES model efficiency may be weaker in some arid regions or on a daily scale.
calibration ’ Compared to other models, such as ANN and SWAT, the IHACRES model
Effin watershed. may have higher errors, but these are still acceptable.

Finally, this text refers to the main objective of the research: to evaluate the
efficiency of the IHACRES model in simulating rainfall-runoff in the Effin
River watershed in Qaen County using evaporation and rainfall data.
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Materials and Methods

Study Area: The Effin River watershed in South Khorasan Province has an area of
495 square kilometers, a cold arid climate, and an average annual rainfall of 180
millimeters. Rainfall, discharge, evaporation, and temperature data were obtained
from the Regional Water Company of South Khorasan Province.

Methodology: The IHACRES model and the “Hydromad 2” package were used in
the R software environment. The IHACRES model consists of two parts:

Nonlinear Section (Rainfall to Effective Rainfall Transformation): The CWI
method was used. The main parameters of this section include tw (watershed
drying time), f (temperature adjustment factor), and c¢ (rainfall volume balance
coefficient).

Linear Section (Effective Rainfall to Runoff Transformation): The ARMAX
method was used.

Results and Discussion

The model’s performance is evaluated using the N (Nash-Sutcliffe coefficient) and
R2 (coefficient of determination) criteria in both calibration and validation
sections. Values close to 1 for these criteria indicate better model performance.
This study simulates the outflow discharge of the Effin River Watershed of Qaen,
on a monthly scale, using the IHACRES model and the “Hydromad” software
package in the R environment. Rainfall, runoff discharge, and evaporation data
from 1993 to 2012 were entered into the model for calibration, and from 2012 to
2019 for validation. The ARMAX method was used in the linear part of the model
to optimize parameters and evaluate model performance. The results showed that
the model performed well with Ny and R2 indices of 0.79 and 0.85 in the
calibration section, and 0.54 and 0.64 in the validation section, respectively. These
findings confirm the effect of selecting an appropriate transfer function in the
linear section of the model on discharge simulation, and the results are consistent
with previous studies. Therefore, the IHACRES model using the ARMAX method
has performed satisfactorily in simulating outflow discharge at the hydrometric
station.

Conclusion

In this study, the IHACRES model was implemented using the "HydroMed"
software package in the R environment to simulate the monthly discharge of the
Effin Qaen River basin. The software's ability to adjust the objective function and
the linear component enhanced the model's performance. Applying the ARMAX
method in the linear part improved simulation accuracy, with evaluation indices
indicating favorable results. The findings align with previous studies,
demonstrating that the IHACRES model with the ARMAX structure is suitable and

reliable for discharge simulation in this basin.
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