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3- Adaptive Neuro-Fuzzy Inference System
4- Genetic Expression Programming
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1- Intelligent Methods
2- Artificial Neural Network
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Figure 1. The Sistan region location and Sistan river schematic.
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Figure 2. Sediment rating curve of Sistan river.
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Table 1. Combination of input models.

s oS 5 ol
Combination of inputs Scenario
bos aaS 5 aleley SO (0
1
'Water discharge, TD
Lo 4.’?6 Lo W (e 5
Water discharge, Maximum temperature and Minimum temperature
Los aipeS 5 adog O] ol (o IS 5 (25 les aeS les wion 3

Maximum temperature, Minimum temperature, Water discharge, Classified discharge, TD

Jds 4 635,55 G L 5 gy 23 G Nt a2 Y o

Table 2. The correlation coefficient between the water discharge and model input parameters.

Loding D]

ol (g IS s o> 4SS Loy audis P S 23
les 4S5 Classified Minimum  Maximum Water  Sediment
™D discharge temperature  temperature  discharge  discharge
0.07 0.85 0.11 0.13 0.7 1 T
Sediment discharge
&b
0.05 0.97 0.04 0.06 1
Water discharge
Los ain
0.40 0.06 0.83 1 o
Maximum temperature
Loy €S
0.25 0.04 1 i
Minimum temperature
ol gk P IS
0.05 1 GRS ot

Classified discharge
los dueS 5 acdos B
TD

Ol G355 595 5 G5 (5709 s0p oSy (g5 Wesls (5l Dlewo gas —F g

Table 3. The statistical properties of data for Kohak hydrometry station on Sistan river.

B R
Skewness <7 ¢~ :SD Maximum  Minimum Mean Variable Step
SD/Mean
(1"1’13 S-l) QLvJP- J)
2.67 1.72 186.87 117845 0.39 108.27 TS o
Water Discharge ol
ton day) ini
434 26 135021.59 1566836 133 5179819 (OndaY) s es Training
Sediment discharge
3 -1\ .
L
3.46 1.59 53.36 488.59 0.195 33.39 (ms7) Sbr o2 )
Water Discharge 005!
ton d 1 o i
5.79 3.34 50549.2  577483.22 17 111582 (onday) o o Testing

Sediment discharge

1- Difference between maximum and minimum temperature

2- Standard Deviation

A
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Figure 3. Schematic of a adaptive neuro-fuzzy inference system by triangular membership function (21).
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Table 4. Mathematical functions used for gene expression programming model.
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Table S. Training and testing results for artificial neural network.
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Abstract

Background and Objectives: Correct estimation of suspended sediments volume in rivers is
one of important issues in river engineering, water resources and environment projects. Sistan
river is one of split main branch of He/mand river, which task of irrigate 70% agricultural plain
and is responsible for providing part of Hamoon water in Helmand. Given the many problems
caused by sediment in rivers, sediment science researchers have done many effort to achieve
sediment transport relations according laboratory and field studies. Because of multiplicity
parameters involved in sediment transport and complexity process of erosion and transport
particles, most of the sediment relationships need to solution complex mathematical equations,
however, it aren’t accurate results. Also regression relations between water discharge and
sediment discharge aren’t good correlation. Cobaner et al. (2008) is compared the potential of
neuro-fuzzy technique with those of the three different artificial neural network technique in
suspended sediment concentration estimation. The comparison results shown the neuro-fuzzy
models perform better than the other models for the particular data sets (8). Aytek and Kisi
(2008) develop an explicit model based on genetic programming. Their research’s results
indicated that the proposed GP formulation performs quite well compared to sediment rating
curves and multi linear regression models and is quite practical for use (3).

Materials and Methods: The recent years using of smart systems in order to increase accuracy
of estimating of river sediments are common. In this study were used the smart systems
including Artificial Neural Networks (ANNs), Adaptive Neuro-Fuzzy Inference System
(ANFIS) and Genetic Expression Programming (GEP) in order to estimation of suspended
sediment load in Sistan River. Root mean square error (RMSE), mean bias error (MBE) and
determination coefficient (R?) statistics are used for evaluating the accuracy of the models.
Results: All smart ways estimate suspended sediment load better than empirical relations. The
third scenario of ANFIS from artificial intelligence (Al) methods with RMSE=20983.43 and
R’=0.97 is the best result in estimation suspended sediment load. Also Al methods obtained at
95% absent aren’t significant difference between results and according to error rates all Al
methods are highly accurate.

Conclusion: According to the obtained results in this study used three methods to estimate the
suspended sediment load are suitable but Genetic Expression Programming is preferable to the
other two models because of develop a mathematical model. The dramatic impact of the
classification of discharge is clear in the precision of the suspended sediment load estimation.
According to this research results, suggest estimation of suspended sediment load is suggested
using Al methods in Sistan River.

Keywords: Suspended load, Sistan River, ANNs, ANFIS, GEP
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