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Figure 1- The location of the Bagharabad study station of the Qamroud river.
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Table 2- Quantitative data summary statistics (quantitative data) at Bagharabad Qamroud station.
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Figure 2- Structure of ANFIS model, (Kisi et al., 2015)
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Table 1- The results of the tests to determine the normality of the data at the Bagharabad Qamroud station.
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Figure 3- Histogram and frequency of daily rainfall data of Bagharabad Qamroud station.
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Figure 4- Histogram and frequency of daily temperature data of Bagharabad Qamroud station.
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Figure 5- Histogram and frequency of daily flow data of Bagharabad Qamroud station.
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Figure 6- Histogram and frequency of daily sediment data of Bagharabad Qomroud station.
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Figure 7- Time series of rainfall, temperature,

sedimentation and daily discharge of Bagharabad Qamroud station.
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Figure 8- A: Sediment measurement curve of the training part, B: Calculation and observation values for the test part

(oar g Sdde 008 patine Blae sy - e Jold diedion o3 oSl dw o Shee GBS (nl o
—Jae ol 0 Vb ce g oS JJsa SVR Jowlowl g, polie coies sl ANFIS 5 GEP «SVR sle
aslip 5l doe Gl 6nS e lp S Bl sile e sl b alie 35508 SLTAL oSl o les
15 4 oolitol MATLAB f38la 5 Lume ;5 odd (o908 oy polio ol ilideo 539,5 slosSI 1 slas ogms,
sl lgeay (FI3 L TL) alize 690,V icewss o8 Jad Sboj pl8 1o b2 00 polie g guy ( Syl oo
20,5 oolatwl (V) Jgu 7,8 44 SVR Jow 10 69955 gilwJow ;0 b st ol &.,j:o).._;l.. b o eolazwl L3 4

B Jue (gl bawi a3liiw! CBliseo (gldgs JUuw Y Joua

Table 3- Different scenarios used for the models

Qt, Qr1, St (f8) Qt, St, Ty, Pt (f1)

Qt, Qt2, Qt1, Sta, St (f9) Qt, Qt1, Sta, St, Tt, Py, Pra (f2)

Qu Qt1, St1, St, Pt (f10) Qu St1, St (f3)

Qt, Qt1, St1, St, Ty, T (f11 Qt, S, Tt (f4)

Qu Qt1, Sta, St, T, Te1, Pra, Pt (f12) Qu St, Pt (f5)
Qt, Qt1, Sta, St, Pra, Pt (f13) Qt, Qt1, St St (f6)

Qt St (f7)
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Table 4- Parameter values and performance of the SVR model for different input patterns during the test period
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Figure 9- The output results of the model in the MATLAB environment during the test phase
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Figure 10- The output results of the model in the MATLAB environment during the training phase
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Table 5- Parameter values and ANFIS model performance for different input patterns in the test period.
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Table 6- The performance of ANFIS model according to different membership functions for the optimal model
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Figure 11- The output results of the model in the MATLAB environment during the test phase
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Figure 12- The output results of the model in the MATLAB environment during the training phase
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Table 7- Values of parameters and operators used in the GEP model at Bagharabad Qamroud station.
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Table 8- Values of parameters and performance of GEP model for different input patterns in the training and test period
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Table 9- The results of applying different mathematical functions on the value of the RMSE index

R? MAE | RMSE (ton/day) by Joo &b
-1a8 OAR VAYS +-*/ F1
+IAQ Yra aFA +-*/Inx, e F2
NiYs YAQ A +-*[ X, VX, x3, x2 F3
-2 YEO YAVO +-*/1nx, eX, VX, VX, x3 x2 F4
-jay £50 VYAY +-*/1Inx, eX, VX, VX, x3, X2, sinx, cosx, Arctg X F>
Sgm &U £
- FIAN INEE roz
- rYea YOYAS oyl
NEVA KA vaos .
“IYA VWY an (oS
240 Time series
220
°
N 200 —@— Target - @ Model
2 180
o
< 1o
|_
= 120
S 100
E 80
§ 60
40
20
0

0

40 80 120

CGEP Juo 5l lwlons g Slblise Cguwy pdlie loj 6w sl3905- VY S5

200 240 280
Time

320 360

560

Figure 13- Time series diagram of observational and calculated sediment values from GEP model
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Figure 14- The tree diagram of the output mathematical function of the GEP model.
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Table 10- Comparison of the performance of the models used to estimate the suspended load for the best input model.
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Figure 15 - Taylor's diagram to visually check the accuracy and choose a better model.
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Introduction

Estimating the sediment load of rivers is one of the important and practical issues in the studies and
design of water engineering projects, such as the design and development of irrigation and drainage
networks, water extraction from rivers, etc. Sediment concentration can be calculated by direct or indirect
methods, which are usually expensive and time-consuming direct methods. Various factors affect this
phenomenon, which makes their analysis difficult. Statistical and regression models are the most common
methods of analysis, which often provide erroneous results due to the linear solution of these phenomena.
Therefore, they cannot model the sedimentation phenomenon with acceptable accuracy. Hydraulic models
cannot always be trusted due to the need for a lot of data, the unavailability of the required data, and the
inaccuracy of the data due to human error in simulating sediments. Due to their ability to solve complex and
nonlinear phenomena, intelligent fuzzy and neural conductor systems have found many applications in
various water engineering problems, including sedimentation. This research aims to evaluate and compare
adaptive neural fuzzy models (ANFIS), machine Support vector (SVM), and GEP gene expression
programming in estimating the sediment load of selected rivers in Central Province. For this purpose, the
performance of three types of support vector machine (SVM), adaptive neural system (ANFIS), and GEP
gene expression programming in the simulation of the sediment load of rivers was studied.

Methodology

In this research, first, the long-term daily statistics of temperature, rainfall, average flow rate, and
sediment concentration of Bagharabad Abad hydrometric station and sediment measuring station located on
the main branch of the of Qamroud River were collected. Then, the data sufficiency test for analysis,
checking the correlation between parameters of river discharge, precipitation, temperature with sediment
discharge, and determining the long-term average of suspended sediment in the studied stations were
performed. In the next step, a suitable combination of input variables was selected. The design of input
parameter pattern can be based on the relationship between flow and sediment flow parameters, rainfall,
temperature, flow, and sediment flow. Determining the most appropriate time delay of input parameters in
flow and sediment modeling. Estimation of sediment discharge using support vector machine (SVM), gene
expression programming (GEP), and fuzzy-adaptive neural system (Anfis), comparing three data mining
methods with each other as well as with gauge curve and observational data. The appropriate design of the
structure of soft calculation models is used, in this research, the number of data required for training (usually
more than 70 percent), research data as training, and also determining the required data (usually between 20
and 30 percent) is used for validation and testing.
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In this research, the best performance of the GEP model has been obtained for pattern number 13. In this
model, the R? explanatory coefficient and the RMSE error obtained from the model are 0.97 and 0.033,
respectively. The coefficient of explanation R? and the RMSE error of the models in predicting suspended
sediment values in the test phase were obtained as 0.53, 3.18 for the ANFIS model, and 0.70, 15.16 for the
SVR model, respectively. Comparing the results of ANFIS and GEP models with the SVR model indicates
the superiority of the GEP model, in predicting the amount of suspended sediment according to Verdi model
number 13. According to the obtained results, it can be seen that the performance of GEP model was better
compared to other models. SVR and ANFIS models are ranked second and third. According to the obtained
results, it can be said that the GEP model as a powerful and high-speed model, can be used to model the
suspended sediment in the Qomroud catchment area of Bagherabad station.

Conclusions

The results show the acceptable performance of the models compared to the gauge curve. Also, the
results showed the superiority of the GEP model with the highest coefficient of determination R? with a
value of 0.99 and the lowest root mean square error RMSE in terms of tons per day with a value of 0.010.
In this regard, the efficiency of the SVR model was somewhat better than the ANFIS model. The results
showed that all three investigated data mining methods provide far better results than the sediment gauge
curve.

Keywords: Gene expression programming, neural network, sedimentation, support vector machine.
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