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Abstract

Muskingum, a hydrologic channel flood routing, is a method of predicting outflow by using the relationship between inflow, outflow, and
storage. As many studies for Muskingum model were suggested, parameters were gradually increased and the calculation process was
complicated by many parameters. To solve this problem, an optimization algorithm was applied to the parameter estimation of Muskingum
model. This study applied the Advanced Nonlinear Muskingum Model considering continuous flow (ANLMM-L) to Wilson flood data
and Sutculer flood data and compared results of the Linear Nonsingum Model incorporating Lateral flow (LMM-L), and Kinematic Wave
Model (KWM). The Sum of Squares (SSQ) was used as an index for comparing simulated and observed results. Exponential Bandwidth
Harmony Search with Centralized Global Search (EBHS-CGS) was applied to the parameter estimation of ANLMM-L. In Wilson flood
data, ANLMM-L showed more accurate results than LMM-L. In the Sutculer flood data, ANLMM-L showed better results than KWM, but
SSQ was larger than in the case of Wilson flood data because the flow rate of Sutculer flood data is large. EBHS-CGS could be appplied
to be appplicable to various water resources engineering problems as well as Muskingum flood routing in this study.
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3.2 1t

ANLMM-Lo|| 2435t EBHS-CGSE HMSE 302.%,
HMCR-Z 0.72.2, PARS 0.5% 183 CGSRZ0.52 A%
Stof =3g5F3IT. Table 1> ZF 3<=2t=.9] ANLMM-L {7
H4= i 9loot,
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Wilson 242} &= Wilson (1974)0] H] A AT H 7
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Table 1. Definition of parameters in ANLMM-L

flood data k X m B 0, 0,

Wilson | 0.01 ~ | -0.50 ~| 1.00 ~ | -0.10 ~| 0.00 ~ | 0.00 ~
flood data | 1.00 0.50 | 3.00 0.10 | 1.00 1.00

Sutculer | 0.01 ~ | -0.50 ~| 1.00 ~ | -0.10 ~| 0.00 ~ | 0.00 ~
flood data | 1.00 0.50 | 3.00 0.10 | 1.00 1.00

Table 2. Results for Wilson flood data

Time Input Output LMM-L ANLMM-L

(hour) (m’/s) (m’/s) (m’/s) (m’/s)
0 22 22 22.0 22.00
6 23 21 22.1 21.58
12 35 21 21.7 21.69
18 71 26 22.6 25.51
24 103 34 30.7 34.50
30 111 44 44.7 43.66
36 109 55 58.1 54.67
42 100 66 68.9 66.04
48 86 75 76.1 75.49
54 71 82 79.2 82.11
60 59 85 78.5 84.98
66 47 84 75.6 83.93
72 39 80 70.7 79.61
78 32 73 65.1 72.64
84 28 64 59.1 63.85
90 24 54 53.4 54.35
96 22 44 47.9 44.83
102 21 36 43.1 36.22
108 20 30 38.9 29.37
114 19 25 35.4 24.53
120 19 22 323 21.29
126 18 19 29.9 19.73
SSQ - - 815.68 4.61

EBHS-CGSE A-§5t] A3 ANLMM-L] of7f 4=
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Fig. 4. Comparison of results for Wilson flood data
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FEK=0.6772,x=-0.2979, m =1.0103, 8 =-0.0409, 0,
=0.5505 712]11 6,=0.3714°]t}. Table 3-2 Kinematic Wave
Model (KWM) 2 ANLMM-LE 2]-85} Sutculer 354212
ol A5 2= At Ao|rh

Table 32] KWM 2] ZA7}= Karahan and Gurarslan (2013)
o] ATZ 91851931, ANLMM-L 2] Ai}= EBHS-CGSS
Z]-8-510] 315 Aot} Table 35 A HHHKWMS] SSQ+=
532.62°]31, ANLMM-L2] SSQ+=280.60°]™ ANLMM-L
9] @ 2}7}252.029kF At} = W R fEFo] gE5H]

Table 3. Results for Sutculer flood data

Time Input Output KWM ANLMM-L
(hour) (m’/s) (m’/s) (m’/s) (m’/s)
0 7.53 7 7.00 7.00
1 9.06 8 7.62 7.41
2 28.00 23 9.98 9.00
3 79.80 25 29.16 27.51
4 64.30 75 73.78 75.06
5 38.20 60 63.01 61.32
6 41.40 40 41.98 37.33
7 4130 41 4125 39.80
8 33.80 41 40.48 39.45
9 32.00 32 34.64 32.53
10 29.00 30 32.13 30.72
11 35.00 34 29.52 27.97
12 63.10 35 36.16 33.97
13 110.00 60 62.98 60.72
14 170.00 105 108.45 105.20
15 216.00 160 166.29 161.87
16 131.00 206 206.02 204.01
17 101.00 128 136.31 127.60
18 65.00 97 104.68 97.47
19 62.40 61 67.14 63.30
20 53.80 60 63.35 59.95
21 36.30 50 53.18 51.49
22 29.60 33 37.84 35.09
23 25.00 27 30.34 28.53
24 21.30 23 25.11 24.02
25 19.60 19 21.68 20.48
26 18.00 18 19.71 18.82
27 17.30 17 18.10 17.28
28 17.00 17 17.39 16.61
29 16.00 17 16.97 16.30
SSQ - - 532.62 280.60
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Fig. 5. Comparison of results for Sutculer flood data
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