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Abstract

In this study, the hybrid support vector machine-artificial flora
algorithm method was developed and the results were
compared with those of the support vector machine-wavelet
model. The case study of Dez catchment area was used in order
to estimate the flow rate of the rivers employing the daily
discharge statistics from hydrometric stations located upstream
of the dam in the statistical period from 2008 to 2018. The
criteria of coefficient of determination, Root Mean Square
Error (RMSE), Mean Absolute Error (MAE), and Nash-
Sutcliffe coefficient were used to evaluate and compare the
models. The results showed that the combined structures
provided acceptable results in river flow modeling. Also,
comparison of the models based on the evaluation criteria and
Taylor’s diagram showed that the proposed hybrid support
vector machine — artificial flora with the correlation coefficient
(R?= 0.933-0.985), root-mean-square error (RMSE= 0.008-
0.088 m®/s), mean absolute error (MAE= 0.004-0.040 m®/s),
and Nash-Satcliffe coefficient (NS=0.951-0.995) performed
better in estimating the daily flow rates of rivers.
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Table 1- Specifications of the studied stations
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Number Station Longitude latitude
1 Abgarmeh 48°4319"" 33°54' 7"
2 Tirmarvak 49°3"46" 33°28"37"
3 Gelerod 48 °36' 23" 33°54'8"
4 Silakhor 48°47'52" 33°46'43"
5 Tire 49°3"46" 33°28'37"
6 Chamchit 47°57' 58" 33°22'43"
7 Absardeh 48 ° 45" 17" 33°44'13"
8 Sezar 49°33'15" 33°54'7"
9 Talezang 48 ° 46" 17" 32°49
10 Tangpang 48 ° 46’ 32° 56
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Fig. 2- Flowchart of artificial flora algorithm (Cheng et al., 2018)
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Fig. 3- The cross-correlation between input and output parameters
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Table 2- Selected compositions of input parameter
$39)9 BB el oiin (sLCwS 5 -Y Jgua
Number Input Output
1 Q(t-1) Q(t)
2 Q(t-1),Q(t-2) Q)
3 Q(t-1),Q(t-2),Q(t-3) Q(t)
4 Q(t-1),Q(t-2),Q(t-3),Q(t-4) Q(t)
Table 3- Statistical characteristics of the parameters used
Station Minimum Maximum Mean SD Skew
Abgarmeh 0.14 16.10 1.61 1.26 1.83
Tire Marvak 0.00 8.87 0.71 1.23 2.99
Gelerod 0.22 7.74 1.74 1.12 1.53
Silakhor 0.00 149.00 412 6.58 7.55
Tireh 0.29 256.00 7.16 11.74 7.34
Chamchit 0.72 76.60 5.80 5.74 3.90
Absardeh 0.16 22.20 1.79 1.87 3.25
Sezar 0.00 1963.00 57.84 77.61 6.94
Talezang 0.00 5799.00 147.18 166.44 13.80
Tangpang 0.00 3191.00 86.50 119.26 11.42
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Table 4- Optimal variables of the support vector
machine model
Olsiedy 1351 cymile Jio diney p3lie —F Jou>
Alghorithm SVM Parameters
Yy € C
10 0.1 0.18

Acrtificial Flora (AF)
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Table 5- The analysis of AF-SVM model results for selected stations
S (ol (gl (Eguan LS — lutdy Y0 crilo Joo gl Jukowi -0 Jgan

Station Training Testing
R? RMSE MAE NS R? RMSE MAE NS
(m3/s) (m3/s) (m3/s) (m3/s)

Abgarmeh 0.915 0.060 0.025 0.936 0.942 0.037 0.018 0.958
Tiremarvak 0.930 0.071 0.028 0.947 0.968 0.033 0.021 0.987
Gelerod 0.922 0.053 0.015 0.942 0.948 0.032 0.012 0.948
Silakhor 0.935 0.065 0.026 0.962 0.970 0.031 0.015 0.988
Tireh 0.912 0.065 0.030 0.928 0.933 0.042 0.020 0.951
Chamchit 0.850 0.118 0.076 0.874 0.898 0.088 0.040 0.917
Absardeh 0.918 0.052 0.017 0.942 0.938 0.035 0.015 0.936
Sezar 0.936 0.038 0.028 0.966 0.938 0.021 0.011 0.981
Talezang 0.946 0.029 0.020 0.971 0.972 0.015 0.008 0.989
Tangpanj 0.953 0.018 0.009 0.988 0.985 0.008 0.004 0.995
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Table 6- The analysis of WSVM model results for selected stations
e (Sl gl p Sago - luiely 4152 (raile Jo gl Julodi —F Jgaa

Station Training Testing
R? RMSE MAE NS R? RMSE MAE NS
(m3/s) (m3/s) (m3/s) (m3/s)

Abgarmeh 0.910 0.064 0.028 0.934 0.933 0.042 0.020 0.951
Tiremarvak 0.928 0.074 0.032 0.944 0.965 0.036 0.025 0.984
Gelerod 0.944 0.032 0.022 0.968 0.970 0.018 0.010 0.987
Silakhor 0.931 0.069 0.029 0.958 0.967 0.034 0.017 0.985
Tireh 0.908 0.067 0.032 0.925 0.930 0.045 0.022 0.948
Chamchit 0.846 0.126 0.084 0.868 0.890 0.094 0.045 0.911
Absardeh 0.915 0.058 0.021 0.937 0.935 0.038 0.018 0.932
Sezar 0.932 0.042 0.031 0.960 0.960 0.025 0.014 0.978
Talezang 0.924 0.048 0.033 0.941 0.957 0.028 0.017 0.973
Tangpanj 0.917 0.055 0.018 0.938 0.938 0.035 0.016 0.954
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Fig. 6- The correlation coefficient of the studied models in the validation section
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Fig. 7- Diagram of the root mean error squares of the models studied in the validation section
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Fig. 8- Graph of computational and observational values of the studied models in the validation section
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