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Estimation of the type 5 Muskingum nonlinear model parameters in the
flood routing with The Harris Hawks Optimization Algorithm (HHO)

Saeid Khalifeh!, Saeed Reza Khodashenas?, Kazem Esmaili®, Vahid Khalifeh*

Abstract

One of the major issues in the hydrology is the prediction of flooding and subsidence, or the rise and
fall of river hydrographs at a certain point. This can be analyzed by flood routing. The Muskingum
method is one of the hydrological methods that can be used to save time and money with simple
operation and proper accuracy of flood routing. The use of meta-heuristic methods has shown
satisfactory results so far. Therefore, in this study, the performance of Harris hawks optimization (HHO)
algorithm in estimating the optimal parameters of the non-linear Muskingum model has been evaluated.
In this paper, the fifth type of Muskingum nonlinear model (NL5) was first used to evaluate the HHO
algorithm in the Wilson River (Applied Research) and the Karun River (Case Study). In order to evaluate
the desirability of the research findings, the results were compared to the results of the genetic algorithms
(GA) and harmonic search (HS).

The results of the HHO algorithm for both the Wilson and Karun rivers indicate the minimization of the
sum of squares (SSQ) as the objective function, which is 11.64 for the Wilson River and 143050.02 for
the Karun River.

Based on the results, the HHO has better performance than the GA and HS algorithms, so the proposed
algorithm can be used with good confidence to estimate the optimal values of nonlinear Muskingum
model parameters.

Keywords: Optimization, HHO, Hydrologic routing, Muskingum, NonL.inear type 5 model
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Estimation of the type 5 Muskingum nonlinear model parameters in the
flood routing with The Harris Hawks Optimization Algorithm (HHO)

Saeid Khalifehl, Saeed Reza Khodashenas* ,Kazem Esmaili3, Vahid Khalifeh*
Introduction

One of the major issues in the hydrology is the prediction of flooding and subsidence, or the rise and
fall of river hydrographs at a certain point. This can be analyzed by flood routing. The Muskingum
method is one of the hydrological methods that can be used to save time and money with simple
operation and proper accuracy of flood routing. The use of meta-heuristic methods has shown
satisfactory results so far. Therefore, in this study, the performance of Harris hawks optimization (HHO)
algorithm in estimating the optimal parameters of the non-linear Muskingum model has been evaluated.
In this paper, the fifth type of Muskingum nonlinear model (NL5) was first used to evaluate the HHO
algorithm in the Wilson River (Applied Research) and the Karun River (Case Study).

Methodology

This paper has evaluated the performance of The Harris Hawks Optimization Algorithm (HHO) in
estimating the optimum parameters of the Muskingum Non-linear 5 model. To investigate the research’s
findings desirability, the coclusion of the Harris Hawk optimization (HHO) have been compared to the
results of other.

Meta-Heuristic methods including the Genetic Algorithm (GA) and the Harmony Search (HS)
Algorithm. Meta-heuristics sample a set of solutions which are too large to be completely sampled.
Meta-heuristics may make few assumptions about the optimization problem being solved, and so they
may be usable for a variety of problems. HHO algorithm simulates interactions between two species in
a way that one species seeks to find the most suitable. HHO algorithm starts with an initial population
called Ecosystem. In the early Ecosystem, a group of organisms (decision variable) are randomly
generated in the search space. Each organism as a candidate is a candidate for a solution that corresponds
to a certain degree of fit, representing the degree of conformity with the intended purpose (amount of
objective function). This algorithm uses a new solution by mimicking the biological interaction between
the two species in the Ecosystem. Three distinct phases (cross-use), Commensalism, and parasitic,
similar to the biological interaction model in the real world, are introduced. Each interaction is defined
based on the type of Interaction. In this way, the two-way profit represents the cooperation phase, the
one-way profit represents the Commensalism phase, and the one-way profit and the other side losses
represent the parasitic phase. In all phases, each being interacted randomly with the other. This process
continues until the process is completed (reaching the maximum number of iterations). In this paper, the
fifth type of Muskingum nonlinear model (NL5) was first used to evaluate the HHO algorithm in the
Wilson River (Applied Research) and the Karun River (Case Study). In order to evaluate the desirability
of the research findings, the results were compared to the results of the genetic algorithms (GA) and
harmonic search (HS).

In this paper, minimizing the sum of squares (SSQ) between the volume of real and routed outputs
has been considered as an objective function to evaluate the optimum parameters in the non-linear 5
Muskingum equation. The obtained optimum parameters from algorithms for both rivers show that the
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HHO, GA, and HS algorithms could approximate the SSQ to optimal value and all meta-heuristic
algorithms could route the output flood as well.

Discussion and Conclusion

The results of the HHO algorithm for both the Wilson and Karun rivers indicate the minimization of
the sum of squares (SSQ) as the objective function, which is 11.64 for the Wilson River and 143050.02
for the Karun River.

Based on the results, the HHO has better performance than the GA and HS algorithms, so the
proposed algorithm can be used with good confidence to estimate the optimal values of nonlinear
Muskingum model parameters.
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