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13- Fuzzy C-mean clustering-SVM (FCM-SVM)
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1- Artificial Neural Network (ANN)

2- Adaptive Neuro-Fuzzy Interference System (ANFIS)
3- Gene Expression Programming (GEP)

4- Bayesian Neural Network (BNN)

5- Radial Basis Function (RBF)

6- Multi-Layer Perceptron (MLP)

7- K Nearest Neighbor

8- Gaussian Process

9- Support Vector Machine (SVM)

10- Evolutionary support vector machine
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Figure 1- Geographical location of hydrometric stations in the Dareh-Roud watershed
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Table 1- The physiographic characteristics upstream sub-basins of hydrometric stations in the Dareh-Roud watershed
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Table 2- Statistical parameters of train and test data for discharge and suspended load for the first and second groups
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1- Grid partitioning

2- Subtractive clustering (Sub-Clustering)
3- Darwinian Evolution Theory

4- Fitness function
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Table 3- The values of the parameters and operators used in the GEP model

S logliis S§ Gl ySlos
General setting Genetic operators
Number of chromosomes Mutation rate
u*") °)"A';I 7 J}L“L'J?)I? C)" 0.1
Head size Inversion rate
r°9}9‘9)5 » 10 Slass 3 6”9“‘ z» W')’ C)" 0.1
Number of genes IS Transposition
Number of population production RIS Transposition
Linking function Addition (+) One-point recombination

ol (38505 43 3lwl 3,90 (41 pie (Suod Cul s pdlio —£ Jous
Table 4- The values of correlation coefficients of the variables used in this study

Q A St E T. S CN  SL
Q 1

A 0.504™ 1

St 0.283™  0.470" 1

E  -0.214™ -0.499" -405" 1

Te  0.445%  0.891™ 0.636™ -0.410™ 1

S -0.341" -0.644™ -0556" 0.860" -0.675" 1

CN 0.109™ 0.182" -0.013" 0.307" 0321 0.193" 1

SL  0418" 0.140” -0.068" -0.063 0.115" -0.105" 0.065" 1

**_Correlation is significant at

Kawdgd Jio dw 2 (6152 (Blae 5L (o5

he 0.01 level (2-tailed).

53 0w iy pa eI -0 Jaun

Table 5- The defined scenarios in estimating suspended load for the three intelligent models

Syl (63959 S piio B9 o
Scenario No.  Input variables  Output variables
1 Q SL
2 Q. A SL
3 Q,A,S SL
4 Q,A,S, St SL
5 Q,A,S,St,CN SL
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Table 6- Performance of the ANN for the various input combinations in the first group

R? RMSE (ton/day) NS

Qi" 05)-' oy
Scenario  Number of neurons
1 8
2 7
3 5
4 6
5 6

0.20 9.76 0.22
0.38 9.42 0.31
0.45 9.24 0.36
0.49 9.06 0.40
0.53 8.59 0.44

P93 09,5 53 Bl (39,9 SN (g3l ANN Juo 5,Slos Y Jgu
Table 7- Performance of the ANN for the various input combinations in the second group

el 09 dlas
Scenario

Number of neurons

R? RMSE (ton/day) NS

abbowNE
~ OO ©

0.32 1090.54 0.18
0.46 1064.31 0.23
0.53 1049.61 0.30
0.58 1048.09 0.32
0.59 1046.20 0.34
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Table 8- Performance of the ANFIS for the various input combinations in the first group

S Cugas ply dlas

) R? RMSE (ton/day) NS
Scenario  Number of MFs

1 4 0.29 9.60 0.26

2 4,3 0.39 9.41 0.31

3 4,3,2 0.48 9.13 0.38

4 4,3,2,3 0.55 8.94 0.43

5 4,3,2,3,2 0.57 8.73 0.43

093 89,5 4> aliSeo (63959 WS gl3las ANFIS Juo 5 Shos -4 Jgua

Table 9- Performance of the ANFIS for the various input combinations in the second group

S Cugas plgi dlas

] R? RMSE (ton/day) NS
Scenario  Number of MFs

1 4 0.38 1081.70 0.20

2 4,2 0.51 1050.49 0.31

3 4,22 0.60 1037.77 0.38

4 4,2,2,4 0.62 1028.41 0.39

5 4,2,2,4,3 0.65 1001.07 0.40

Jol 09,5 43 lisee (39,9 NI 4ljlay GEP Juw 5,Sdos -V ¢ Joua
Table 10- Performance of the GEP for the various input combinations in the first group

RMSE (ton/day) NS

51" RZ
Scenario
1 0.36
2 0.45
3 0.61
4 0.64
5 0.68

9.48 0.31
9.19 0.39
8.14 0.52
7.93 0.53
7.69 0.55

@92 59; ) BliSe $%99 dlﬁ,i” ‘5‘)‘4: GEP J..\n D)Slo.c -1 Jg-\é
Table 11- Performance of the GEP for the various input combinations in the second group

RMSE (ton/day) NS

99' RZ
Scenario
1 0.44
2 0.56
3 0.65
4 0.69
5 0.72

1057.96 0.28
1047.39 0.38
1024.28 0.41
993.82 0.42
975.26 0.43
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Figure 5- Scatter plots of the observed and predicted values of suspended load using intelligent models for the best scenario
(a), (b), (c): The first group; (d), (), (f): The second group
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Figure 6- Performance of the models in estimating suspended load for the first group based on R? and NS coefficients
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Figure 7- Performance of the models in estimating suspended load for the second group based on R? and NS coefficients



1AA LT — 0 oF ojlod FF ule (S g o a5 AY

2o gladle p3 ais a8)S e ile e sl (oS
iy ysSde (gyieg)ad slaolKiw! cundYl ;o Kop lalols
Lmonls 3,05 e Comgo £odgn cpl 5 sl 003 lin] il
oo Oy WY Jgin @l Gk 35 (ool (>
0)3 4oy p3 a8ly ply ol )3 395003 Al g aw )3 igu,
e Sla oy Wy, > adly olKtsl oSl g amd 0 &) 29,
o=l dne ol 4SSl ol olaidl 5g5 a1y o5y yinlw
ol 2 Adgs Cudd &S 295050 ddgs (sladdld w53 &S Cul
S (s2gyS A iy pb g 00 HeS Cgw) ofag (20 e
LS a s Ioaingy JAS5 L Sl 5 g S35
2B ggdge (l dgbie i g ohig 23 9 025 Iy
Lo e )l (Stsod o s g 391 00 01y 5 (Stuad (90

Y DJ-AJ Cauwddy u.o.m )lA.&o s4..é>9> w

5 4

9 ANFIS AANN Lo Jao oy Slos wyp & adllas opl jo
2 &ly 2900 sl as e Blao Sligus) ol it > GEP
L Oees9 o L Jio Gamd ol Gubo b asly ooyl )l
L g 09 bl (0 ) loyn o poolio 31 odliziol By 3las
o Jso 225 acs2539 5 5 & B 5238 loogas 1 6L
5 il bawgi odel Cavday o b bld oyl 5l a8 .l daume
P laJis 0, Slas i (Julio 0 )b calhs (V) oS
S A Q (539)9 Sy Jold B 95U & Blate Blas )b (e5S
RMSE 4 NS R2 claasli lie Jol 09,5 ;5 .31 CN o St
ey ANN Jae (gl (0 o8l) susliw e il
sl s ds ANFIS o clys 59, 05 o5 MDY 5 =/FF (/0¥
=l e 54 GEP Juo sl g 595 00 oF AIVY 5 /Y o0
£93 0955 1Dyt el Cawdds jgy 50 o5 VIEA g /00 - /FA
Sl (0 o) soplow Lt Glilas 55 3o slapasls olie
Sy oy D o VeXEIYe g /Y /02 ply i ANN o
9359) 2 0= VoMY g /¥ /20 ly i 4 ANFIS Juo
A 9y 50 o AVOIYE o +[FY o /VY jly sy GEP Jae 4ly
0als (8,8 155 )3 Ly ot litel gl bl el s
ANN Lo Jie 2L «ldSSlo — i 5 (e Gupd b
5 sl 09,5 sloolSi] 3l b (silotusd 2 GEP 5 ANFIS
Slas 3 351 yinn GEP 1o ol 1 93 09,5 15 Ll 3 I3
95 Jsd 1B e ANFIS 3 ANN (cla Jas

29099 b g daflus Blas s (aSilas w0

LI GEP Jase sLilie 5 (oS5 et 0,Ll Wb a8 oo o
blg) sl (293 9 62909 oyt ool g (G5 dolea
S e 6l GEP o g odel cawddy &Yolse V5 5 V0
995 SW3lae )3 am3 oo (LS g3 9 Jgl sy )S sl ] Blre
G5l 5 (S) i (A) colue (Q) gl (23 sl jiie 22l
9390 33 (F 9 40)0 sy yraghS gl ) caSo yio Sy (Qs)
bl o da (g (St) JSb oo

5‘?37?(21—6.709><CN
Qs =0Q+ (_ lsin:—}g337+5) + (A —CN- (\a)
Vs +2x5y)
Qs =w+¥+ (A-6.231) —

3

In(S;) + [\/exp(\/S_f - CNZ)] %)
Jiely Lmo] Ol e 48V 5 V0 Yolre (sl )5 5l S

Gbre )L (5o 3555 el 39500 ddg> g (gladlais (sl
yoolde cpily Ll o b lawl slaie cpdy adl o ddes GY L
5 (WAAF) dlw V0 Syisie (g)lol 0)90 (o by (20 &ljg,
gy Cogods Blae )b plie daadgs i (5558 Clogad
Glro )l p2lie oo b s b droloe WadSg> 5 (sled (gl
3 85 555n L Tl 5 690 3o b Jlo o o 0 ol
ol Cwddy Ladses pj dVle 3lee jb :Sko @Ylo polis
Colie ¥l 3las )b 0Sike (0,5 wand b ] 2 09Me
Sl e 0aimd Uil & G g (23 Adg> )
aoes S Gl HsSie Glasbre guls i duuloee wul dde
ol Cunddy ol & dxgi b .l 0id 03)g] VY Jgdo 40 345050
b ) §dao )b Gty Slgwy o ades FYY D90 &Y
3 Ol ped Wad oo Joo aileg) lawg g g 3950,
25l @eye yoghS 3 Jlo 3 5V FY g IS )3 ogus) o
()) olad 5 03ljtaris Lausgs 433, ool el 15 .l 0
JUo )3 (5 ygeee AIY 0950, g (sl osd 359l gy lado
Coddy @y yloghS 53 Jlo )3 (5 VY gy 039 (23 Olie 5
g odljheis 5uiivs 5> odliiwl 3,90 (gylel (slmoygd glés .l
Ul e (WASSAY) ol ingls o (VWOF-AS) (YY) o), Kon
o 52 oMo Ll oS ke 5t 93 gl e VST LY I LS,
-oll alS slas )1 Ll (V) oLen 5 03ljseis 5idos 5
2 4SS I o ol oai odlatwl 3900 ddg> (g yieg e sla
5 ooledl oy adox ) Lol 51 (oolass Lol ol img,



AYY Ll slasgs lre yb o9l 50 Swuigs Jue duw 8 )5

39,03 a9 IS slp 0329 (23 9 4V (Blao ,U (pRile 23l VY Jgo>
Table 12- Values of the annual suspended load and specific discharge for the Dareh-Roud watershed
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Introduction: Suspended load estimation is utilized to study and investigate many problems of water
engineering sciences such as dam reservoir design, transportation of sediments and pollution in the rivers,
creation of stable channels, estimation of erosion and sedimentation around bridge piers, and watershed
management. The purpose of this study was to estimate the suspended load in the Dareh-Roud watershed in

Ardabil province using the rivers discharge values and the physiographic characteristics of the sub-basins.

Moreover, annual suspended load and sediment specific discharge were calculated for the whole of the
watershed.

Materials and Methods: In this study, the Dareh-Roud watershed in Ardebil province was considered as the
study area. The flow discharge and suspended load data were collected from 16 hydrometric stations with a

statistical period of 15 years from 2001-2015. The physiographic characteristics of sub-basins, including area
(A), slope (S), shape factor (S¢), and curve number (CN), were achieved using ArcGIS and WMS. Five different

input combinations were defined based on the effect of flow discharge variables and physiographic properties on
the suspended load. Also, considering the area and slope parameters, the sub-basins were divided into two groups

(i.e., the first and second groups). The performance of data-intelligent models, including Artificial Neural
Networks (ANN), Adaptive Neural-Fuzzy Interference System (ANFIS), and Gene Expression Programming
(GEP) models were investigated in the predict of the suspended load in the study area. Several statistical
indicators, including determination coefficient (R?), root mean square error (RMSE), and Nash- Sutcliffe
efficiency (NS), were utilized to evaluate the model’s efficiency.

Results and Discussion: According to the results, estimation of suspended load without using the
physiographic characteristics resulted in a high error, and in contrast, the suspended load estimation was most
accurate by using a combined scenario involving all physiographic aspects and flow discharge. The scatterplots
indicated that in the first group, the points were concentrated around the 1:1 axis for the values of less than 20
(ton/day). However, for the greater amounts, the scattering of issues around the one-to-one line was not
appropriate, which means that the models were in the condition of underestimation. Similar conditions were
observed for the second group, the excellent dispersion was seen for the values of less than 1000 (ton/day), and
in general, the models had underestimation conditions. However, in both groups, the dispersion of the GEP
model was somewhat better than the other models. Based on the values of RZ and NS, ANN and ANFIS models
had the acceptable and satisfactory accuracy for the first group. The GEP model was more reliable and efficient
in estimating the suspended load of the first group. On the other hand, the efficiency of ANN and ANFIS was
not acceptable for the second group. Comparison of the results of different models using the best input
combination indicated that the GEP model with the highest determination coefficient (R?>= 0.68), the lowest root
mean square error (RMSE = 7.69 ton/day). The NS equal to 0.55 in the validation step has shown better
performance than the other models in estimating the suspended load for the first group. Similarly, for the second
group, the GEP model with the highest determination coefficient (R? = 0.72), the lowest root means square error
(RMSE = 975.26 ton/day). The NS equal to 0.43 in the validation step has shown better performance than other
models in estimating the suspended load.

Conclusion: In the present study, the efficiency of different intelligent models was investigated in the
suspended load estimation of Dareh-roud watershed. In this regard, an extended period (i.e., during 15 years) of
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measured data, including flow discharge and sediment at the hydrometric stations located on the mentioned
watershed, were used. In order to simulate the suspended load, five different input combinations were
considered. For all models, the accuracy of suspended load estimation was improved by combining the
physiographic characteristics and discharge values. Due to the higher accuracy of the GEP model, regional
sediment models were achieved for the first and second groups, separately. Also, annual suspended load and
sediment specific discharge were calculated for all sub-basins. According to the results, most of the suspended
load of the Dareh-Roud watershed is produced and transported in its old rivers (i.e., Dareh-Roud and Qarah-Su).
Based on the results of this research, in the Dareh-Roud watershed, 6.33 million tons of suspended sediments
were transported during 2001-2015.
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