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1- Root Mean Squared Error
4- Normalized Mean Square Error

2- Mean Absolute Error
5- Willmott’s index of agreement
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Figure 1. Output routed hydrograph by the a gorithms for the Wilson River
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Table 3. The statistical parameters for the Wilson River
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Table 4. The output routed hydrograph values by the algorithms for the Wilson River
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Table 5. The values of the parameters obtained from the algorithms for the Kardeh River
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Figure 2. Output routed hydrograph by algorithms for the Kardeh River
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Table 6. The statistical parameters for the Kardeh River
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Table 7. The output routed hydrograph by the algorithms for the Kardeh River
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Abstract

Flood routing in river is one of important issues in water engineering projects. Hydraulic
routing is common in especidly in river that has branches and river that have not basin
information. So as to need obtain cross section and slops in all interval of river that Muskingum
helps by saving time and cost. In this paper, a Water Cycle Algorithm (WCA) is proposed for
the parameter estimation of the nonlinear Muskingum model. The results of the developed
model were compared with those of the other metaheuristic agorithms including Genetic
Algorithm (GA), Particle Swarm Optimization (PSO), Harmony Search Algorithm (HS) and
Imperialist Comﬁetltlve Algorithm (ICA). In the proposed technique, an indirect penalty
function approach is imposed on the model to prevent negativity of outflows and storages. The
proposed agorithm finds the cj;lobal or near-global minimum regardless of the initial parameter
values with tast convergence. The proposed a gorithm found the best solution among 5 different
methods. The results demonstrate that the Proposed algorithm can be applied confidently to
estimate optimal parameter values of the nonlinear Muskingum mode!. Moreover, this algorithm
may be applicable to any continuous engineering optimization problems.

Keywords: Flood routing, Parameters, Hydrologic models, Optimization
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