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Table 1- Summary of physiographic characteristics of the Afjeh Watershed.

Area Perimeter Compgc_tness Time of_ Slope S Draingge Basin
(km2) (km) coefficient  concentration (%) Density  Length
(Co) (Tc) (D) (km)
40.6 33 1.45 9.2 0.74 13
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Figure 1- Location of the study area in the country.
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4- Self-organizing feature maps (SOFMs)

5- Co-Active Neuro-Fuzzy Inference System
(CANFIS)
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1- Multilayer perceptions (MLPs)
2- Generalized feed forward (GFF)
3- Radial basis function (RBF)



‘;)Z"‘.T‘ﬂ‘k;}

i sla a1 Sk 5 (ME) )5 oy
ot Sl OGPy e 9 00 2b,! RME)
S s a9 )6 o] jo 3lae Slbges,

(R?) (yd g i -

Ol aaly e ASTn Ced oo )
Ol Jis 008 iy Sl etio b a5 (5:le

| 4‘)9.»3‘5&

ZJ 31 Oobs = 0)(Ssim = 5) ]

R
|l\/zin=1(00bs - 6)2 Zin=1(ssim - §)2J|

M

—oaslice gboosls Sl 1O «gloanlice 5315 Oobs
sleools 1Sl S ondsgjlwancs s0ls Siim o
=l g 6y el aools olasws N 5 slovalin
OB 5 JbysS Vo0 ol a5 ul,S AAAY
oleo ail 3 SGop vV a ol 85lail ax 2 (YA
fomiw 55 Olee Latly) Ols o0 e ol cssas 3Ll
5 ool NAAY Sl g 6 o8 ole |y e
(Ve b o), Koo

(ME) 1,5 <y ¥

Lols ashINaYe Jlo yo @adSSle ¢ 5B 1) asles oyl
| ORPCU IR VYRR VNN I1 IOV IRCOWR PR T eI RN
Slail ax o ol paie ol o e BY sae
90 Ol (Swler il 3 SG03 ) sae 4 sl
L 2B cepe Ghagh onl o Sl S 098
A dwlee A ddasly 5l oolazul

Z?=1(Ssim_00bs)2 (/\)
Z]in=1(00bs_o_obs)2
-0l 6[.&0.)‘.) u,.fuLm O ‘L_.;‘o\.\.a:Li..o 3315 :Oobs

ME=1-

sloosls 1.SKile S onsgjluancds ol Ssim s
g&‘l&)Lw 9 LJ“L’) Cowl odls sluss 9 6‘0&@[.4.“.0
ol 1 55Lo 00 5ol o po sl ho dae (VAV .
oanlice 1Sile 859050 ;0 S5 s Jow 3,90 5 a5

.(Y~°AQ|)M9JL§)9§)¢W|QTQ§Q

7- Coefficient of Determination
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6- The Support Vector Machine (SVM)
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Table 2- Results of sediment rating curve development using different methods
(a: Slope factor, b: Constant equation of sediment rating curve).

R? b a

Sediment Rating
Curve Method

0.72 149 566
0.70 153 6.07
053 046 6.53

084 136 6.34
072 149 6.77

072 149 6.23

0.72 149 856

Qw<1m3/s
Qw>1m3/s

Linear
Bilinear
Midpoint of Class

Intervals
FAQ Correction
Factor

Parametric Correction

Factor

Nonparametric
Correction Factor
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Table 3- Evaluation of each method based on different criteria.

Coefficient of Efficiency Relative Mean . .

Determination (R2) Coefficient (ME) Error (RME) Sediment Rating Curve Method
0.72 0.09 181.49 Linear
0.67 0.61 177.91 Bilinear
0.84 0.82 211.87 Midpoint of Class Intervals
0.71 0.63 1675.44 FAO Correction Factor
0.73 0.14 204.93 Parametric Correction Factor
0.72 0.71 795.43 Nonparametric Correction

Factor
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Table 4- Estimated sediment load of each method relative to the reference method (median class

method).
Nonparametric Parametric FAO
Correction Correction Correction Bilinear Linear
Factor Factor Factor
1.21 0.38 2.59 1.93 0.34




‘;/',_/'.‘.T‘;f‘k;}

Py Ao (S (oS 5 oo 31 ool b Blao Glga )y (St

10000

1.68
1000 - y=51.51 X

2
0| K=063

[S=Y
1

=
=

Sediment discharge (ton/day)

0.01 0.1

Water Discharge (m3/s)

(azdl) (y9,b olimn! o rdiws (1uSSleo o9y b guy doiow Hlog05 =Y S
Figure 2- Sediment rating curve using the median class method at Narun (Afjeh) Station.
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Figure 4- Observed and estimated sediment
load using artificial neural networks (GFF) at

Narun (Afjeh) Station.
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Figure 6- Observed and estimated sediment
load using artificial neural networks (SVM) at

Narun (Afjeh) Station.
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Figure 3- Observed and estimated sediment
load using artificial neural networks (MLPs) at

Narun (Afjeh) Station.
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Figure 5- Observed and estimated sediment
load using artificial neural networks (RBF) at

Narun (Afjeh) Station.
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Figure 8- Observed and estimated sediment
load using artificial neural networks (CANFIS)
at Narun (Afjeh) Station.
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Figure 7- Observed and estimated sediment
load using artificial neural networks (SOFMs)
at Narun (Afjeh) Station
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Table 5- Evaluation results of each method using different criteria.

Acrtificial Neural Network (ANN) Method Learning Rule of

SOFMs CANFIS SVM RBF

GFF MLPs Neural Networks

4357.89 248.72 93.22  379.89

-0.1320 0.8123 0.1798  0.1987

Relative Mean Error
141.09 31838.68 (RME)

Efficiency

0.213 0.649 Coefficient (ME)
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load using ensemble model 2 at Narun (Afjeh)

Station.
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Table 5- Evaluation results of each method using different criteria.

Hybrid Model Type

Hybrid Model 2 Hybrid Model 1

Relative Mean Error (RME)
Efficiency Coefficient (ME)

8684.34 59.63
0.5759
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Table 6- Evaluation results of each method using different criteria.

Efficiency Coefficient

Relative Mean Error

(ME) (RME) Method

0.813 211.87 Sediment Rating Curve
0.8123 248.72 CANFIS
0.8761 59.63 Hybrid Model 1
0.5759 8684.34 Hybrid Model 2
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Extended Abstract

Introduction and Goal

The concentration of suspended sediments is one of the most important water quality indicators
in surface water resources and a significant hydrological phenomenon. However, traditional
methods, such as sediment rating curves (SRCs), lack accuracy due to not considering all
effective parameters. In this context, hybrid models that include SRCs and artificial neural
networks (ANNs) have emerged as a promising approach for enhancing SSC prediction
accuracy. These models, with their ability to use complex nonlinear patterns, outperform
traditional methods. This study aims to develop and implement an SRC-ANN hybrid model for
SSC prediction. The proposed model is predicted to significantly improve prediction accuracy
by combining the strengths of both methods, aiding in optimal water resource management and
the proper functioning of hydraulic structures.

Materials and Methods

This research introduces a novel hybrid model that integrates sediment rating curves (SRCs)
and artificial neural networks (ANNSs) was used for a more accuracy prediction of suspended
sediment in the Naroun (Afejeh) hydrometric station. For this purpose, data from 222 sample
of flow discharge and suspended sediment over a 50-years period (1971 to 2021) were used.
Additionally, 14 different were employed, including 6 sediment rating curve methods, 6
artificial neural network methods and 2 hybrid methods, to simulate suspended sediment. The
performance of each method was evaluated using statistical criteria such as coefficient of
determination (R?), efficiency coefficient (ME), and mean relative error percentage (RME).
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Results and discussion

The results showed that among the sediment rating curve methods, the most accurate simulation
of the observed sediment discharge conditions compared to other methods was related to the
midpoint method, with a coefficient of determination (R?) of 0.840, a modeling efficiency (ME)
of 0.820, and a mean relative error (RME) of 0.211%. Also, among the artificial neural network
methods, the most accurate simulation was related to the CANFIS method, with a modeling
efficiency (ME) of 0.8123 and a mean relative error (RME) of 0.248. Finally, to improve the
prediction results, hybrid models 1 and 2 were used. The results showed that he best estimate
of suspended sediment was related to hybrid method 1, with a modeling efficiency (ME) of
0.8761 and a mean relative error (RME) of 0.06359%.

In the mentioned method, both the estimation of peak flow discharge and the estimation of base
flow discharge were very accurate, and it was introduced as the most accurate method for
predicting suspended sediments. These results highlight the potential of using hybrid model 1
to significantly improve prediction accuracy and to better fit the observed data.

Conclusion and Suggestions

Among the sediment rating curve methods, the mean category sediment rating curve method
was identified as the best approach for predicting suspended sediment due to its consideration
of data distribution and flexibility. The performance of artificial neural networks (ANNS) in
simulating sediment for base and normal flows was good, but were weaker in predicting
sediment during flood events. The most accurate method for suspended sediment prediction is
the Hybrid model 1, which use a MSM and ANN methods. Improper selection of a sediment
prediction method can lead to inaccurate results. Also, it is essential to examine the impact of
other variables beyond flow discharge on sediment. The results of this research showed that it
is possible to significantly increase the accuracy of suspended sediment prediction using hybrid
models, and that these models can be utilized as an effective tool for managing and predicting
suspended sediments, as well as improving water resource management. It is recommended to
use advanced sampling facilities and a larger number of samples at hydrometric stations,
especially in high-flow and flood conditions, for the development and optimization of hybrid
methods. Additionally, it is suggested that engineers and water resource managers utilize the
findings of this research to develop optimal strategies for suspended sediment management.
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