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Figure 1. Location of Til-abad watershed and station in Golestan province
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Figure 2. Steps of proposed method
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Figure 3. The relationship between sediment and discharge based on single-line curve
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Table 1. Estimated sediment based on correction coefficients for a single line curve

Qw Observed sediment Estimated sediment (cumulative values of sediment
(Water discharge-mq s1) (ton day™?) discharge (ton day))

USBR FAO MVUE  QMLE Smearing
0.103 0.352 0.23 0.30 0.38 0.28 0.34
0.27 0.99 0.70 0.92 1.17 0.85 1.03
0.492 1.72 1.41 1.86 2.36 1.72 2.09
0.792 3.66 2.53 3.32 4.22 3.08 3.74
1.182 5.63 417 5.48 6.97 5.09 6.17
1.582 7.73 5.88 7.73 9.82 7.17 8.70
1.992 10.05 7.65 10.06 12.78 9.33 11.32
2.412 12.23 9.49 12.47 15.84 11.57 14.04
2.832 15.21 11.32 14.88 18.90 13.81 16.75
3.322 18.42 13.63 17.91 22.75 16.62 20.17
3.822 21.33 16.00 21.03 26.72 19.52 23.68
4.362 23.64 18.66 24.53 31.17 22.77 27.62
5.062 27.14 22.57 29.67 37.69 27.54 33.41
6.262 32.64 32.25 41.08 52.19 38.12 46.25
7.562 37.54 41.02 53.92 68.50 50.04 60.71
8.965 49.84 51.92 68.25 86.71 63.34 76.84
10.762 58.84 67.74 89.04 113.12 82.64 100.25
12.862 79.14 87.60 11516  146.30 106.88 129.65
15.062 106.34 108.89 143.13  181.84 132.84 161.15

+21 -7.6 -27 -1 -18

Average error percentage
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Table 2. Estimated sediment based on correction coefficients for a two-line curve

Qw Observational ~ Estimated sediment (cumulative values of sediment discharge (tons
(Water Debi-m3/s)  sediment (tons per day))

per day) USBR FAO MVUE QMLE Smearing
0.103 0.352 0.20 0.21 0.41 0.23 0.27
0.27 0.994 0.64 0.67 1.29 0.74 0.86
0.492 1.717 1.32 1.39 2.67 1.53 1.78
0.54 2.31 2.80 4.08 3.00 4.14 4.48
0.792 3.661 2.42 2.56 491 2.81 3.26
1.24 5.813 6.72 9.81 7.19 9.95 10.76
1.182 5.627 4.09 4.33 8.30 4,74 5.52
1.582 7.727 5.83 6.17 11.83 6.76 7.87
1.992 10.053 7.64 8.08 15.51 8.86 10.31
2.412 12.23 9.52 10.07 19.32 11.04 12.85
244 11.313 14.63 21.34 15.65 21.65 23.41
2.832 15.206 11.40 12.06 23.14 13.22 15.39
3.322 18.422 13.80 14.60 28.02 16.01 18.63
3.74 16.213 23.40 34.14 25.04 34.64 37.45
3.822 21.326 16.27 17.22 33.05 18.89 21.98
5.14 28.513 33.06 48.23 35.38 48.93 52.90
6.94 37.513 46.46 67.77 49.71 68.76 74.33
9.04 57.813 62.82 91.65 67.22 92.98 100.52
11.24 85.013 80.21 117.01 85.82 118.71 128.33
Average error 16.9 +1.4 -26.5 -5.7 -17.5
percentage

buwg as oo §lp (2ol ol o Loy 69591 2 Cgmy —F Jgua
Table 3. Estimated sediment based on correction coefficients for a mean curve

Qw Observational ~ Estimated sediment (cumulative values of sediment
(Water Debi-m®/s)  sediment (tons discharge (tons per day))

per day) USBR  FAO MVUE QMLE  Smearing
0.10 0.35 0.31 0.36 0.50 0.41 0.50
0.27 0.99 0.89 1.02 1.43 1.19 1.45
0.49 1.72 1.74 1.98 2.78 2.31 2.82
0.79 3.66 2.99 3.41 4.78 3.97 4.84
1.18 5.63 4.74 5.42 7.59 6.31 7.69
1.58 7.73 5.56 7.49 10.49 8.72 10.63
1.99 10.05 8.43 9.63 13.49 11.22 13.66
241 12.23 10.37 11.84 16.59 13.79 16.80
2.83 15.21 1230 14.04 19.68 16.36 19.93
3.32 18.42 1467 16.74 23.46 19.51 23.76
3.82 21.33 17.09 1951 27.35 22.73 27.69
4.36 23.64 19.77 22,57 31.64 26.30 32.03
5.06 27.14 2353  26.86 37.65 31.30 38.12
6.26 32.64 31.10 3551 49.76 41.37 50.39
7.56 37.54 39.50 45.10 63.21 52.54 64.00
8.96 49.84 48.76  55.66 78.01 64.85 78.99
10.76 58.84 6158  70.30 98.53 81.91 99.76
12.86 79.14 7726 8820 123.61  102.75 125.16
15.06 106.34 93.91 107.20 150.25 124.90 152.13
Average error 13.8 -1.4 -29.5 -15 -30
percentage

NN
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Figure 6. Diagram of the training process based on error rate with 1000 iterations
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Table 4. Results of the proposed method in predicting suspended sediment load at Tilabad station

Methods ANN training algorithms NSE MAE RMSE R?
(tonday?!)  (ton day?)
Proposed Back propagation algorithm 0.4321 3.0168 47225 0.6728
Method Descending gradient algorithm ~ 0.3842 8.8024 6.7966 0.5161
Bayesian algorithm 0.3326 8.2035 8.4015 0.4572
MLP-ANN Back propagation algorithm 0.2941 7.1030 8.0542 0.4372
Descending gradient algorithm ~ 0.2602 9.0954 11.1232 0.3967
Bayesian algorithm 0.2136 14.3584 16.5348 0.4038
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Abstract

Information on soil erosion and sediment production, meteorological features, hydrological features
of rivers such as discharge, as well as human factors, are often very complex, indefinite, and
nonlinear. Therefore, the use of machine intelligence algorithms (such as machine learning
algorithms) is a good option in simulating and predicting river water quality variables such as
suspended load. The aim of the present study is to present a proposed method based on Multilayer
Perceptron Artificial Neural Network (MLP-ANN) and Non-Dominant Sorting Genetic Algorithm
(NSGA) for predicting suspended river load. In the proposed method, the NSGA was used to train
the MLP using the error propagation method and determining the optimal weight for the neurons. In
this study, the suspended load of Tilabad station located in Gorganrood river during the 1982-2015
years was used as a case study. The results showed that the proposed method has a higher correlation
coefficient compared to MLP and the value of R2 was 0.6728 and 0.4372, respectively. The value of
Root-Mean-Square Error (RMSE) in the proposed method and MLP based on back-propagation (BP)
algorithm is 4.7225 and 8.548, respectively. Therefore, in the proposed method, the NSGA has
caused a good improvement of the MLP. The NSE value in the proposed method and MLP based on
BP algorithm is 0.4321 and 0.2941, respectively. The results showed that the proposed method had
good accuracy in predicting the suspended load. The proposed method with BP training algorithm
has a better performance compared to the descending and Bayesian gradient training algorithm.
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