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5- Willmott’s index of agreement

3- Mean Square Error
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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

(M/s) o0 (bsis) (295

(MPs) Slaalie (29,5 (2 (Ms) (53959 (22 (celo) gle

ICA HS PSO GA WCA

Y/E YIEY Y/E Y/E Y/E Y/E YIEY .

YY) YIYSasa Y/YV-5Y YIYSOvY YIYV-5Y Y/¥Y Y/o5 s
\/B-ava VIYESED V/osays /Y IYER A/BYYYY /% /Yy \Y
v/¥ava Y)Y ¥I0+V)Y YIYAVES v/o-5Y /% v/ay A
D/SADAY O/AY-AD BISVESY BN BISY AV aIvY Yiss E
¥/a5 YA ¥/200F ¥/a¥Iva ¥IVEAYD ¥/a¥+\d £\ Y/o5 Yo
Y/0)-2) YAYASA Y/0-5Y) Y/E Y Y/0-0A0 Yo Y/d vs
YIEAVSY Y/VEVOY Y/EAMY YIFEVY Y/EAREY Y/o Y/o £y
Y/ov-¥s y/ssasy Y/a\aay Y/0A-VD Y/0VAAY Y/o Y/o £A



http://dx.doi.org/10.29252/jwmr.8.16.34
https://jwmr.sanru.ac.ir/article-1-901-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-12 ]

[ DOI: 10.29252/jwmr.8.16.34 ]

¥y 31 ookl b oM obkigy Jho p3 (Jad e plESile dole (gla yiol )b 34l

&l
1. Baghipour, R., S.M. Hosseini and Z. Boor. 2014. A Water Cycle Algorithm for Optimal Allocation of
DGs in Distribution System Considering Environmental Profit. International Journal of Mechatronics,

Electrical and Computer Technologry, 4: 430-45 (in Persian).
2. Bardti, R., G. Akbari and M. Fadafan. 2010. Presentation an algorithm for estimating parameters of

nonlinear Muskingum method. 9" Conference of Iran hydraulic, Tehran (In Persian).

3. Bozorg Haddad, O., M. Moravej and H.A. Lodiciga 2014. Application of the Water Cycle Algorithm
to the ?pti mal Operation of Reservoir Systems. Journa of Irrigation and Drainage Engineering, 10 (in
Persian).

4. Chen, J. and X.Yang. 2007. Optima parameter estimation for Muskingum model based on gray
encoded accelerating genetic algorithm. Communications in Nonlinear Science and Numerical
Simulation, 12: 849-858.

5. Chu, H.J. and L.C. Chang. 2009. Applying particle swarm optimization to parameter estimation of the
nonlinear Muskingum model. Journal of Hydrologic Engineering, 14: 1024-1027.

6. Das, A. 2004. Parameter estimation for Muskingum models. Journal of lIrrigation and Drainage
Engineering, 2: 140-147.

7. Eskandar, H., A. Sadollah, A. Bahreiningiad and M. Hamdi. 2012. Water cycle agorithm- A novel
meta-heuristic optimization method for solving constrained engineering optimization problems.
Computers and Structures, 110: 151-166.

8. Eskandar, H., A. Sadollah and A. Bahreiningjad. 2013. Weight optimization of truss structures using
water cycle algorithm. International Journal of Optimization in Civil Engineering, 1: 115-129.

9. Geem, Z.W. 2006. Parameter estimation for the nonlinear Muskingum model using the BFGS
technique. Journal of Irrigation and Drainage Engineering, 5: 474-478.

10. Gill, M.A. 1978. Flood routing by Muskingum method. Journal of Hydrology, 36: 353-363.

11. Hamedi, F., O. Bozorg Haddad and A. Vatan khah. 2012. Improve nonlinear Muskingum model by a
new combinatorial storage equation. 5" National Conference on Water Resources Management,
Tehran (In Persian).

12. Karahan, H., G. Gurardan, A.M. ASCE and Z.W. Geem. 2013. Parameter Estimation of the Nonlinear
Muskingum Flood-Routing Model Using a Hybrid Harmony Search Algorithm. Journal of Hydrologic
Engineering, 18: 352-360.

13.Kim J.H., ZW. Geem and E.S. Kim. 2001. Parameter estimation of the nonlinear Muskingum model
using harmony search. Journal of the American Water Resources Association, 37: 1131-1138.

14. McCarthy, G.T. 1938. The unit hydrograph and flood routing. Proc. Conf. of North Atlantic Division,
U.S. Army Corgs of Engineers, Washington, DC.

15. Mirzazade, P. 2013. Investigation flood routing methods in river and reservoirs. M.Sc Thesis. Sistan
and Baluchestan University. Civil college. Sistan and Baluchestan province. Iran. 86 (in Persian).

16. Mohammad Ghaleni, M., O. Bozorg Haddad and K. Ebrahimi. 2010. Optimization nonlinear
Muskingum model’s parameters by simulated optimization Nord algorithm. Journal of Water and Soil,
24: 908-919 (In Persian).

17.Mohan, S. 1997. Parameter estimation of nonlinear Muskingum models using genetic algorithm.
Journd of Hydraulic Engineer, 123: 137-142. ] o

18.Nourali, M., B. Ghahraman., M. Pourreza Bilondi and K. Davary. 2017. Uncertainly estimation of
HEC-HMS floof simulation model using Markov Chain Monte Carlo agorithm. Journal of watershed
management research, 8: 235-249. ) )

19. Premual, M. and K.G. RangaRaju. 1998. Variable-parameter stage-hydrograph routing method: |
Theory. Journal of Hydrologic Engineering, ASCE, 3: 109-114.

20.Premual, M., P.E. O’Donnell and K.G. RangaRaju. 2001. Field application of a variable parameter
Muskingum-Cunge method, Journal of Hydrologic Engineering, 6: 196-207.

21. Saghi, H. and A. Delbari. 2013. Investigation performance linear and nonlinear models for routing
focus Muskingum flood. 15" Fluid Dynamic Conference, 7, Bandar Abbas (in Persian). .
22. Samani, H. and G. Shamsipour. 2003. Flood routing by nonlinear optimization. Hydraulic magazine,

42: 55-59 (In Persian).

23. Shaabani Bazneshin, A., A. Emadi and R. Fazloula. 2016. Investigation the flooding poteitial of
basins and determination flood producing areas (Case study: Neka Basin). Journal of watershed
Management Research, 7: 20-28.

24.Sheikh, Z., A. Dehvari and M. Ebrahimi. 2016. Regional flood frequency analysus application of
canonical kriging method on Mazandaran Province Watersheds. Journal of watershed management
research, 7: 38-47 (In Persian).

25.Singh, V.P. and P.D. Scarlatos. 1987. Analysis of nonlinear Muskingum flood routing. Journal of
Hydrologic Engineering, 113: 61-79.

26.Tung, Y.K. 1985. River flood routing by nonlinear Muskingum method. Journal of Hydrologic
Engineering, 111: 1447-1460. . . ) ) )

27. \:§V4|8 son, E.M. 1974. Engineering Hydrology, MacMillan Education, Hampshire, United Kingdom.


http://dx.doi.org/10.29252/jwmr.8.16.34
https://jwmr.sanru.ac.ir/article-1-901-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-12 ]

[ DOI: 10.29252/jwmr.8.16.34 ]

Journal of Watershed Management Research, Vol. 8, N0.16, Autumn and Winter 2017 ..........c.oouiuiiiiieiiniiiie e eeiieeeie s 43

Parameter Estimation of the Nonlinear Muskingum Flood-Routing M odel Using
Water Cycle Algorithm

Saeid Akbarifard?, Kourosh Qaderi? and Maryam Aliannejad®

1 and 2- Graduated M.Sc. Student and Assistant Professor, Department of Water Resources Engineering, Department
of Water Engineering, Faculty of Agriculture, Shahid Bahonar University of Kerman
3- Graduated M.Sc. Student in Water Resources Engineering, Department of Water Engineering, Faculty of
Agriculture, Shahid Bahonar University of Kerman. (Corresponding author: Mar am.aliannejad?@gmail.com)
Received: September 16, 2015 Accepted: April 27, 2016

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


http://dx.doi.org/10.29252/jwmr.8.16.34
https://jwmr.sanru.ac.ir/article-1-901-fa.html
http://www.tcpdf.org

