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Introduction:

The Muskingum method was first developed by U.S. Army engineers to study flood control in the
Muskingum River Basin in Ohio. To evaluate the performance of the SHO algorithm, the results
of its implementation have been compared with other basic algorithms such as GA and ICA. The
coding of SHO, GA and ICA algorithms was done in the MATLAB (R2018b) software
programming section. The results showed that the statistical parameters obtained for the river
studied by SHO algorithm in two nonlinear models of Muskingum indicate the proper performance
of these algorithms in estimating the optimal values of nonlinear masking modeling parameters in
flood detection compared to other algorithms.

Methodology
Two equations, of continuity and nonlinear storage have been used as basic equations (1) and

(2) in the Muskingum model:

) ®
S, = K[XI, +(1-X)0,] (2)
S, = K[XI, + (1-X)O,]" (3)
S, = K[XI," + (1- X)O,"] (4)

In the Maskingam model, the parameter m is added to the equation as the power to consider
nonlinear effects (greater than one), which enables the model to better estimate the nonlinear
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equation between cumulative storage and flow. Equation (3) is more accurate than equation (4) and
has been used by (Mohan, 1997), (Kim and Geem, 2001), (Chu and Chang, 2009). Therefore, by
considering the equation (3), the following equation can be derived

1\ Sym_ (X
O, = (ﬁ)(ﬁ) (1_ X)It )

The following equation is obtained by combining equations (1) and (5):

A, 1y Sym, Lo
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Where (ASy)/At is the change in storage over time.

S... =S, +AS, (7)

That St + 1 is equal to the amount of storage at time t + 1.
The NL5 method was first proposed by Chow (Chow, 1973).

m (8)
- _pym
Sin —b(al)

m )

O.n
S, =p(— 2
out (az)

In this study, in order to evaluate the optimal values of K, X and m parameters in the modeling,
the objective function is used as an ambiguity of the sum of the remaining squares (SSQ) between
the actual output volume and processed according to equation (10).

minSSQ=ZN:(Ot—OCt)2 (10)

t=1

Where O, is the volume of the processed (calculated) output flood at time t and N is the

number of time steps of flood processing. Example studied in this study are information from
Wilson River and Kardeh River in Khorasan Razavi Province. A nonlinear relationship is
established between the values of St and [XIt + (1-X) Ot], and the performance of different
algorithms in obtaining the optimal values of the parameters of the nonlinear masking equation can
be examined. The highest inflows and outflows on the Wilson River were 111 and 85 cubic meters
per second, respectively. The efficient catchment area is located in the east of Hezar Masjid-Kopeh
Dagh zone and is one of the sub-basins of Kashfarud main catchment area. The highest altitude
point in the northwest of the basin is 2977 meters above sea level and the lowest altitude point at
the exit of the basin and in the downstream of Kardeh village is 1200 meters. The distance from
Mashhad to Kardeh village in the south of the basin is 47 km. The average rainfall in the southern
part of the basin is 37.2 mm and in the northern part it reaches 450 mm. The data studied in this
study are two-day observational floods on 07/02/1371 to 02/08/1371 in the form of 6 hours, which
have been harvested in two stations of Kushkabad and Kardeh.
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Results and Discussion:
As can be seen in Figure (1), all met heuristic algorithms have been able to fine-tune the output
flood.
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Fig. 1- The Output Hydrograph Routed Algorithms by Wilson River (NL3)

Case Study: Kardeh River

Comparison of NL5 and NL3 models with SSQ and MSE statistical indicators showed that in the
developed NL5 method, optimization and proximity to observational data is better than the
previous method with fewer parameters, as well as measured and calculated NL5 hydrographs and
its comparison with The NL3 model is shown to be efficient in Figure 1. The calculated hydrograph
is in good agreement with the measured hydrograph. In addition, the figure shows that the NL5
model accurately calculates the peak discharge of the output hydrograph, which is an important
variable in the hydrographic process.
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Fig. 2- The Output Hydrograph Routed using Two Model NL3 and NL5 by Kardeh River

Conclusion
Based on the optimal values of the nonlinear modeling parameters of the masking model and the
calculated output hydrographs based on it, for both case studies, the value of all target functions
examined by SSQ and MSE was significantly reduced compared to other existing models and
improved output flow rates were improved. They came closer to real values. This error reduction
is 83% and 96% for the first SSQ and MSE target functions for the first study and 72% and 71%
for the second case study, respectively. Therefore, the proposed structure of the non-linear model
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of masking, along with metacognitive algorithms, can provide a more appropriate process of single-
sided output hydrographs based on input flood hydrographs.
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Table 1- The values of the parameters obtained from the proposed algorithms for Wilson River

(NL3)
Algorithm X K B SSQ
SHO 0.301 0.167 2.151 128.778
GA 0.300 0.328 1.999 138.805
WCA 0.301 0.166 2.152 128.786

o357 439 (Sl » ool g0 (SRR 1o (S Jolsl polio -V Joue
Table 2- The values of the parameters obtained from the proposed algorithms for Kardeh River
Parameter Num Rep  Population size

SHO Value 1000 70
N Numof  Mutation Coupling
GA Parameter Num Rep  Population size Genes Rate Rate
Value 1000 70 240 0.01 0.80
Num Rain Num
WCA Parameter  Num Rep Drops Rivers C1 Omax
Value 1000 70 50 2 1
120
—&— |nflow
100 — O— Qutflow
. -4~ SHO
B A 2 ¢ TV — G GA
g
w 60
o
S 40
b
0 .

0 50 Time (hr) 100 150
Fig. 2- The Output Hydrograph Routed Algorithms by Wilson River (NL3)
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Table 3- Statistical Indicators for Wilson River (NL3)

Algorithm MSE SSQ
SHO 5.852 128.778
GA 6.309 138.805
WCA 5.854 128.786

(NL3 Joo) Wilson dil-395 (515 (ow3 25390 SBai 1901 dawgi 0l Sbigs (9 5 SI 59508 5 3le —£ Jeo
Table 4- The values of the output flood hydrograph data are calculated by the algorithms for Wilson

River (NL3)
Observational 3 .
WCA GA SHO Outflow (m¥s)  '"flow (m™s)  Time (hr)
22 22 22 22 22 0

21.784 21.784 21.78 21 23 6
20.000 19.914 20.013 21 35 12
20.195 19.486 20.177 26 71 18
29.975 29.155 29.955 34 103 24
44566  44.425 44,561 44 111 30
57.104  57.449 57.113 55 109 36
67.515 68.264 67.534 66 100 42
75.576 76.496 75.592 75 86 48
80.424 81.281 80.455 82 71 54
81.504 82.125 81.532 85 59 60
80.285 80.597 80.285 84 47 66
75.871 75.867 75.868 80 39 72
69.817 69.590 69.818 73 32 78
61.811  61.524 61.811 64 28 84
53.418 53.285 53.415 54 24 90
44410  44.410 44.142 44 22 96
35.341 36.170 36.363 36 21 102
28.315 29.589 28.347 30 20 108
23.417 24.770 23.451 25 19 114
20.239 21.308 20.262 22 19 120
19.486 20.108 19.494 19 18 126

Wilson 4895 gu b dwlio —0 Jeus
Table 5- Comparing of the results of Wilson River

Model  Algorithm K X oy oy B C: C SSQ MSE
NL3 SHO 0.167 0.301 - - 2151 e e 128.778 5.852
NL5 SHO 1141 0333 0.735 0.789 2.351 0.835 0.789 21.776 0.262
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Table 6- The values of the parameters obtained from the proposed algorithms for Kardeh River

Algorithm X K B SSQ
SHO 0.341 0.0216 4,783 4.554
GA 0.373 0.177 3.542 5.235
WCA 0.352 0.026 4.640 4.462
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Table 7- The values of the output flood hydrograph data are calculated by the algorithms for Kardeh
River

Observational Outflow

3 .
WeA oA SHo (m%s) Inflow (m3/s)  Time (hr)
241 242 2.42 241 2.41 0
2.369 2.365 2.373 241 2.56 6
1.509 1.212 1.566 241 7.37 12
3.497 3.381 3.503 241 7.93 18
5.695 5.913 5.626 5.77 2.66 24
4.560 4.748 4.542 6.16 2.56 30
2.501 2.401 2.505 2.5 25 36
2.481 2.344 2.488 2.5 25 42
2.530 2.580 2.518 2.5 2.5 48

(NL3 o) 08,515 4395 (S 2 () 28390 SobT S ol -A Jgur
Table 8- Statistical indicators before by Kardeh River

Algorithm MSE SSQ
SHO 0.503 4.554
GA 0.581 5.235
WCA 0.506 4.462

NL3 g NL5 foawgd 3 oalaiw! b od 5" dils-895 (Sl p sUaS™ i 590 ool duslio -4 Jou>
Table 9- Comparison of SHO algorithm results using Two Model NL3 and NL5 by Kardeh River

Model  Algorithm K X oy oy B C, C, SSQ MSE
NL3 SHO 0.0216 0341 - - 4783 - e 4552 0.503
NL5 SHO 0.284 0.533 0.688 0.725 2.726 2474 2.033 1.261 0.145
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Table 10- The results comparison of the Algorithm SHO and past studies on the Wilson Flood

Researcher Year Method SSQ

Mohan 1997 GA 38.23

Kimetal. 2001 HS 36.29

Xu et al. 2011 DE 36.77

Vafakhah et al. 2015 ABC 35.62
Khalifeh et al. 2019 GOA 35.55
Khalifeh et al. Current study SHO 21.77
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