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Abstract

Introduction

One of the most critical issues that have always been the concern of researchers in water engineering and
hydrology is the simulation of runoff or river discharge to plan, prevent damages, and solve the water shortage
problem, and soil erosion. In addition, due to the ever-increasing limitations of extractable freshwater resources,
it is very important to predict the river discharge and its changes as accurately as possible. The prediction of
runoff, this important hydrological variable, significantly impacts the sustainable management of water
resources, engineering designs, environmental protection, water supply planning, water quality management,
irrigation systems, and electricity generation worldwide. Besides, for data accuracy and to modify and complete
the data, the results of these models can be used. The rainfall-runoff process is one of the most complex,
dynamic, and non-linear hydrological phenomena, which is influenced by various factors such as temporal and
spatial changes, geomorphology, and climatic characteristics of the catchment area. Knowing the connection
between precipitation and runoff is one of the important issues of hydrology because precipitation data are used
in flood prediction, and a good prediction is made when a suitable relationship is defined. By increasing the
accuracy of river runoff prediction, more efficient management and planning are done. Therefore, improving
runoff prediction modeling seems essential.

Materials and Methods

So far, complex and diverse relationships have been presented to predict the extent of river floodings, such as
conceptual rainfall-runoff models, time series linear models, and hybrid models. However, due to the lack of
accurate knowledge and the complexity of factors affecting river flooding, the values calculated from various
relationships have significantly differed in many cases. In the meantime, hydrological models, with their
potential, are considered efficient tools, especially in climate change conditions. One of the models that
researchers use to model rainfall and runoff is the RRL (Rainfall Runoff Library) hydrological model. This
software package includes integrated and conceptual models (such as AWBM, Sacramento, SMAR, SimHyd,
and Tank). In this research, the comparative evaluation of the Sacramento, SimHyd, and SMAR models of this
tool has been done in predicting the long-term runoff of the Galikesh watershed and also investigating the effect
of parameters on the performance of each model.

Results and Discussion

In this research, after preparing the input data, the models were calibrated and validated for 1989-2010 and 2010-
2019. The simulated and observation runoff results were analyzed to check the potential of the models.
Furthermore, after evaluating the model using the optimized parameters, the sensitivity of each of the parameters
of the three Sacramento, SimHyd, and SMAR models was investigated in the simulation of runoff from the
Galikesh watershed so that the sensitivity of the models to the change of parameters and the effect of each
parameter in the simulation makes it clear. To be the results of the evaluations indicate the optimal performance
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of all models in runoff simulation. However, the Sacramento model with a Nash Sutcliffe coefficient of 0.82 for
the calibration period and 0.7 for the validation period, and then the SimHyd model with a Nash Sutcliffe
coefficient of 0.71 and 0.76 for the calibration and validation period has the best performance in the runoff
simulation of the Galikesh watershed. The SMAR model has shown weaker results than other models in runoff
simulation. Finally, the sensitivity of all parameters was checked. The results showed some parameters such as
LZTWM (Lower zone tension water capacity) and Zperc (Maximum percolation rate coefficient) in the
Sacramento model, impervious threshold parameters and infiltration coefficient in the SimHyd model, and the
evaporation conversion (T) parameter in the SMAR model was the most sensitive to reducing their values. Also,
increasing the value of the Rexp (Percolation equation exponent) parameter in the Sacramento model and the
proportion direct runoff (H) parameter in the SMAR model has the greatest impact on the simulation runoff
compared to other parameters.

Conclusion

Different models have been proposed to explain these complexities, considering the importance of runoff
forecasting and the non-linearity of converting precipitation into the runoff. Different structures and approaches
of studied models have led to their different predictions, which has led to the importance of the comparative
evaluation of the models for various purposes. For this purpose, in this research, three hydrological models,
Sacramento, SimHyd, and SMAR have been used to simulate the runoff of the Galikash catchment area. The
investigations showed that all three models could simulate the outflow of the watershed, and all the models have
successfully simulated high amounts of runoff. However, the Sacramento model has performed better than the
others. Models parameters sensitivity analysis has been investigated considering the importance and effect on
runoff simulation. Finally, The sensitivity analysis showed that some parameters are more sensitive than others
in the runoff simulation. The optimal amount of these parameters should be considered during the simulation due
to their high sensitivity.
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(Podger, 2004; Daechini et al., 2022) Sacramento Jas 84 4ixgg (sl yzal)l =Y Jgio
Table 2- Calibrated parameters of the Sacramento model (Podger, 2004; Daechini et al., 2022)
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(Podger, 2004; Yu and Zhu, 2015) SimHyd Jae 84 diste st sl =Y Joun
Table 3- Calibrated parameters of the SimHyd model al. (Podger, 2004; Yu and Zhu, 2015)
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Table 4- Calibrated parameters of the SMAR model (Daechini et al., 2022; Podger, 2004)
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