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Extended Abstract

Introduction

Rivers are always faced with erosion and sediment transport. Sediment transport in rivers is one of the most
complex topics in river engineering and is always the focus of experts and water engineers. This phenomenon is
one of the important hydrodynamic processes that affect many hydraulic systems and water facilities and is
considered one of the basic problems in the exploiting surface water resources globally. 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.
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, unavailability of the required data, and the inaccuracy
of the data due to human error for simulating sediments. Nowadays, fuzzy and neural intelligent conductor
systems, due to their ability to solve complex and nonlinear phenomena, have found many applications in
various water engineering problems, including sedimentation. The purpose of this research is to evaluate and
compare adaptive neural fuzzy models (ANFIS), support vector machine (SVM), gene expression programming
(GEP), and group model of data handling (GMDH) in estimating the sediment load of Tirah River, Markazi
Province.

Materials and Methods

In this research, first, the long-term daily statistics of temperature, rainfall, average flow rate, and sediment
concentration of Hasan Abad hydrometric and sediment measuring station located on the main branch of the
Tirah 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 the input parameter pattern can be based on the relationship between
flow and sediment flow parameters, rainfall, temperature, flow, and sediment flow. Of course, considering that
the mentioned parameters have a historical course, therefore, the design of the input patterns of soft computing
models should be done based on time delays (like what is discussed in the analysis and forecasting of time
series). Determining the most appropriate time delay of the input parameters in the modeling of discharge,
sediment, temperature, and rainfall, then the appropriate design of the structure of the used soft calculation
models was done. In the next step, the estimation of sediment discharge using an SVM, GEP, and ANFIS group
method of GMDH data control and comparison of three data mining methods, and also with the sediment rating
curve and observational data. About 70 % of the research data was used as training and between 20 to 30 % for
validation and testing.

Results and Discussion

Based on the statistical indicators of optimal model selection, the best performance of the SVR model has been
obtained for model number one. In this model, the R? and RMSE obtained from the model are 0.96 and 0.0047,
respectively. Besides, the R* and the RMSE error of the models in predicting suspended sediment values in the
test stage are 0.95 and 0.014, respectively for the ANFIS model, and 0.50 and 4.97, respectively for the GEP
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model. The best performance of the ANFIS model has been obtained for model number one. In this model, the
R? and the RMSE obtained from the model are 0.95 and 0.014. The R? and RMSE of the models in predicting
suspended sediment values in the test stage are 0.96, 0.0047 for the SVR model, and 0.50, 4.97 for the GEP
model, respectively. The best performance of the GEP model has been obtained for pattern number nine. In this
model, the R? and RMSE obtained from the model are 0.99 and 0.010, respectively. The R? and the RMSE of the
models in predicting the amount of suspended sediment in the test stage are respectively equal to 0.70, 0.015 for
the ANFIS model and 0.78, 0.0185 tons respectively for the SVR model.

Conclusion

It can be seen that the performance of the GEP model was better compared to other models. SVR and ANFIS
models are ranked second and third. In the next step, the best-selected pattern of ANFIS, SVM, and GEP models
was used as the input of the GMDH model. First, input pattern one, which was selected as the best pattern for
ANFIS and SVM models, was introduced as the input of the GMDH model. In the training and test, the values of
R? statistical indices are 0.94 and 0.99, respectively, the RMSE error value is 0.0079 and 0.0038, respectively,
the MSE value is 0.000062 and 0.000015, respectively, and the MAPE values are respectively 0.007 and 0.003.
In the next step, input pattern nine, which was selected as the best pattern for the GEP model, is introduced as
GMDH input. In the training and test steps, the value of R? is equal to 0.95 and 0.98 respectively, the RMSE
error value is equal to 0.0077 and 0.0045 respectively, and the MSE value is equal to 0.0006 and 0.00002
respectively, and MAPE value is equal to 363 and 502. The results showed the acceptable performance of the
GMDH model with the highest R? equal to 0.99 and 0.98 and the lowest RMSE equal to 0.0038 and 0.0045,
respectively.
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Figure 1- The location of the watershed study station of Kamal Saleh Dam, Tireh River, in Markaz Province

>y )3 05 &85 (295 9 0y 63909 SNV 2 sl Jae
&S gilodde 13 (39)9 o yiehl Sloj 13 (o Fwlie an

SPnS glad Cluye (10he dio) 5 PGk e Gupd
o590l (sly modl> doyd Ve imgds opl ) s bl cusls
Sl coles y b ol 903l 9 (S ylisl (gl Mo yd Yo g
slodly g i dokie b g K0S b gglSeals i,
ol Olasein g Olpss 83gdoe . Lu5 dwglie  Slinlie
2 Algy by g (b oy (23 b > clall
@ g boawdee ol ) 0 Ole ipteby g olatdy
ogdle daJae 4 (639)9 (slayite & jiol 8 grsly Coonl
2 156 5 ey 35 b2 9 (S5 5l gy g (o2 ke
Lod ),.sb 3y90 0 b eolaiw] Cawy Mg g iulwyd bl
2 g 58 Blao gy e o eopl S g
b b (Sl Sl e cwl adhis Bl S cugb,
Scpl @ g b o)l Oglite Cugboy b S 53 (59, S
Aoy, Bl b Hlade cuwnl g Sid S nle s
SE Cugby g 039 Fole bd ©yge cnl 3 Db e ok

Gl BoS

Tlo JboS 2Ll s 0lmg] (o8 (g2 aoYs jlof - Joua
Table 1- Statistical summary of quantitative data of Hasan
Abad Kamal Saleh station

Variabl  Opser. Min  Max Mean  Std. deviation
P 588 0 66 1.56 5.983
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Q 588 0 68.5 3.64 7.481
S 588 0 0.5 0.01 0.034
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Table 2- The results of the tests to determine the normality of the data at Hasan Abad Kamal Saleh station

0298 4l opgel Ly S ogeil
P-value oLl Yo 4oy )5 3y Sy O Ll s P-value s,lel  jho (o8 (38 3, Sawy O lisebl maw
P 0.0001 0.01 0.05 0.0001 0.01 0.05
T 0.0001 0.01 0.05 0.0001 0.01 0.05
Q 0.0001 0.01 0.05 0.0001 0.01 0.05
S 0.0001 0.01 _ 0.05 0.0001 0.01 _ 0.05
Sy 9mld ool Sayls gyl igesl
P-value sl yao o8 (3,5 5y Sn,y A Glueb! paw P-value s,lel  ho (o8 (3,8 3y Sawy O lisebl aw
P <0.0001 0.01 0.05 0.0001 0.01 0.05
T <0.0001 0.01 0.05 0.0001 0.01 0.05
Q <0.0001 0.01 0.05 0.0001 0.01 0.05
S <0.0001 0.01 0.05 0.0001 0.01 0.05
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Figure 3- Histogram and frequency of daily rainfall data of Kamal Saleh station
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Figure 4- Histogram and frequency of daily temperature data of Kamal Saleh station
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Figure 5- Histogram and frequency of daily flow discharge data of Kamal Saleh station
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Figure 6- Histogram and frequency of daily sediment data of Kamal Saleh station
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Figure 7- Sediment gauge curve for the training part (a) and calculated and observed values for the test part (b)
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Table 3- Different scenarios used for the models in Hasan
Abad station
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Table 4- Parameters values and performance of the SVR model for different input patterns during the test period (RMSE, ton day™)

Ggeil A e 53 3, Slae (oylol (slayasls

el dloye )3 3,8kas (o)l (sl jasls

R’ G RMSE R’ o RMSE I
0.96 0.0047 0.0047 0.96 0.0064 0.0064 SVR1
0.76 0.0115 0.011 0.86 0.028 0.028 SVR2
0.80 0.011 0.012 0.50 0.048 0.048 SVR3
0.82 0.0146 0.015 0.22 0.063 0.060 SVR4
0.89 9.58 11.78 0.64 42.08 42.03 SVR5
0.62 0.043 0.042 0.90 0.017 0.0172 SVR6
0.93 0.016 0.018 0.50 0.05 0.05 SVR7
0.50 0.024 0.025 0.77 0.036 0.036 SVRS8
0.78 0.0181 0.0185 0.70 0.0393 0.0393 SVR9
0.86 0.0117 0.0117 0.99 0.0047 0.0047 SVR10
0.93 0.010 0.010 0.64 0.0422 0.0422 SVR11
0.73 0.015 0.015 0.87 0.028 0.028 SVR12
0.63 0.013 0.0142 0.73 0.04 0.040 SVR13
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Figure 8- The output results of the model in the MATLAB environment during the test phase at Hasan Abad station
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Figure 9- The output results of the model in the MATLAB environment during the training phase at Hasan Abad station
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Table 5- Parameters values and ANFIS model performance for different input patterns in the test period (RMSE, ton day™)

Ogo3l Al ye 53 3,8 )Ll (slayadls el Ay )3 3,das ()l (glajadls Jua
R c RMSE R c RMSE

0.95 0.014 0.014 0.92 0.010 0.010 F1
0.30 0.019 0.021 0.20 0.062 0.069 F2
0.50 0.033 0.03 0.17 0.058 0.050 F3
0.76 0.016 0.019 0.24 0.060 0.060 F4
0.73 0.017 0.018 0.3 0.057 0.057 F5
0.74 0.011 0.0117 0.58 0.044 0.044 F6
0.85 0.018 0.019 0.25 0.060 0.060 F7
0.86 0.015 0.016 0.33 0.056 0.056 F8
0.70 0.015 0.015 0.80 0.030 0.030 F9
0.47 0.034 0.033 0.67 0.037 0.037 F10
0.59 0.085 0.085 0.66 0.040 0.0053 F11
0.29 0.327 0.327 0.11 0.24 -0.016 F12
0.63 0.04 0.0416 0.58 0.045 0.045 F13
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Table 6- The performance of ANFIS model according to different membership functions for the optimal model(RMSE, ton day™)
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Figure 10- The output results of the model in the MATLAB environment during the test phase at Hasan Abad station
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Figure 11- Output results of the model in the MATLAB environment during the training phase at Hasan Abad station

Jae Sl Jodo opl 0 sl oad ooy il A Jgas
sl asls LB jd Gl (63959 6651V ) 4 GEP
S il 4 Jao oyl &gy polie 5 ks (o)l
)90 w1 by (g0 lias) oSNty Als po )3 uwl 05 031> Lt
5 Vb O s & gl a5 WS 8 anlie
polie 5 Jgio & g b ad bl sl (6305 RMSE
Jae o Slas ouyiae w3 glgie dbs )bl slagasls
oS ol oad Jols & biles oS 6ljl 4 GEP9

Cawl 04 Juol> GEPY xb (o151 4 RMSE jaslis laie

(GEP) 33 ol (552540 2 Jo (559, 51 Jols il - ¥-¥
o 554 cax p sl 3 83 M 58565 lon
5 ookl 4 393 o 51 Sl GEP s 3 [3jl @b b
b duglie 5 (RRSE) L claye aws &y Loy &b
olyordy 5y @S (Blre Cgw) Silodre car @y nle
Sl Jae 3 il &l lsisas RRSE b ¢l 2l
GEP Jas ;5 odlatwl 5y50 sla ) Slos 5 o yiolyly yoolie .o

Oigd ol 50wl oad LIV Jgus 53 oLl ps o]
2 83959 oSl (me sl ggerme il 4 Juo 5o

Uy 0unt] J3 GEP Juto 45 03liaw! 5590 (512 ySlos g 1 ol )by salie -V Joua
Table 7- Values of parameters and operators used in the GEP model at Hassan Abad 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 at Hassan
Abad station

0995l s po 3 ()lel (gla il 5 Slae

higel dloye 3 )lol slaasls 5 Slas

RRSE MAE MSE RMSE R? RRSE MAE MSE RMSE R I
0.706 3.73 24.7 4.97 0.50 0.797 5.23 42.12 6.49 0.36 F1
0.638 3.58 20.16 4.49 0.59 0.762 4.96 28.5 6.20 0.42 F2
0.123 0.0055  0.00015 0.0123 0.98 0.665  0.0100  0.0015 0.0394 0.56 F3
0.682 3.52 23.040 4.800 0.53 0.835 5.63 46.157 6.79 0.31 F4
0.637 0.020 0.0038 0.0621 0.59 0.73 0.0083  0.0018 0.0433 0.47 F5
0.135 0.0061  0.000174 0.0131 0.98 0.74 0.0086  0.0015 0.0391 0.57 F6
0.411 0.020 0.0016 0.040 0.84 0.76 0.011  0.0020 0.045 0.42 F7
0.707 0.038 0.0047 0.0692 0.50 0.817 0.012  0.0023 0.048 0.34 F8
0.1087  0.00597  0.00011 0.01066 0.99 0.531  0.0087 0.00099 0.0315 0.73 F9
0.127 0.00596 0.000154 0.0124 0.98 0.511  0.0083 0.00091 0.030 0.74 F10
0.505 2.46 12.39 3.52 0.74 0.356 1.87 8.36 2.89 0.87 F11
0.467 2.32 10.57 3.251 0.78 0.352 191 8.17 2.85 0.88 F12
0.141 0.0046 0.00019 0.0138 0.98 0.688  0.0096  0.0016 0.04 0.50 F13
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Table 9- The results of applying different mathematical functions on the value of the RMSE index in Hasan Abad station
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Figure 12- Time series chart of observed and calculated sediment values from 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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GMDH
0.98 0.0002 0.0045 0.98 F9
Test Data
§ Ove A\ v v v ¥
04 4
go.z -
w o 20 40 60 80 100 120

Data Number
sng! = 0.00021314, RMSE = 0.0145-1'0%310001 = 0.0009485, Error StD = 0.014631

0.15 60

g 0 gozo

0.05 w

bo

0 50 100 A 0 0.1
Data Number Error Range

U1y 0t 3 (1 590] A o 45 lite o ;3 GMDH Jubo (295 gl — V€ U0
Figure 14- The output results of the GMDH model in the MATLAB environment during the training phase in Hasan Abad station
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Figure 15- The output results of the GMDH model in the MATLAB environment during the training phase in Hasan Abad station
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