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dls o 50 gy )liw S0 b dunlio ;3 S2_MLP yisren

4 a2g bl (g fcuslio (295 55 4 55 (P lue]

9ol (0 (82939 99 45 295 e S 399 Sl

S 2y Shos oy hjgel aloyo o 1) (e 56 L
Slasly

Table 8. Error metrics in training phase of MLP

MLP (omas aSuud (553901 als po ;3 s 5JUT
MSE J8las 39 o0 sdalie A Jodo 1 a8 job jlon
4 S2_MLP &S (sl (pjgel dlo o (o Sl MSE
SI-MLP &) o oS e+ +¥) g o[22V (35l b cas s
Ao by gy taS Ja_de S3_MLP 4

SI_MLP S2_MLP S3_MLP
(Lb39) (s slie) (Lb3se)) (oo lie) (Lb3se)) (s lel)
Epoch(,1,55) Veoo AVA Vee- Vee- Vee- A-¥
Minimum MSE ofeeae Y eV Y o[-V Y
Final MSE e ers eV Y o[-V Y

9 ¢/ L ,uly NSEL S3_MLP Jusg+/5¥ L
) ul_m.s |) T ] .))_il.a& o[5Y l_: )_3|).3 AM
MLP ac a8 wsdodh olis & S5 ) oS jshailen
g o I | a8 (rasd s Sy (s> blE 29l
5 i slaodld jguan d9ueS Wlgi o o YD 5 (G aS
5 Oloslens Sliios gl b &S Ll 4 el dlo ya
Sy 35 (TA) ofSad 5 plolass 5 (78) plysiguL

3y
2500
= == =05 Obsered
2000 5 = e« 0s_Simulated
= n
B 1500 (A}
< l||
£ 1000 '"‘
F] [\

1 2 3 4 5 6 7 8 8 10 11 12 13 14 15 16

Days

) MLP a5 (y905] dls o 53 Uad 5JUT
M@I)U5Q)Jﬁwm%4§:|30w@w

Vg andag L )b el anlb Job )3 (el
Ol b O?"ﬂ degoo ;3 S2_MLP & cél o g5 o
g gyl plw U awslie » S NMSE § MSE
(+/5+¥)NSE (gl)ly a3yl o) (piomon Cunl 00,8 Jos
d}’)l-‘—**’ A Coumd s 03— d).»\/l_s ('/;Y;) AM 9
—lp AMg./0a¥ L, LIy, NSEL,SI_MLP

1400 A2 has
. 1200 .
=
3
I 1000
=
o
= 800
-
H
E o0
]
£ *
3 400
200 *
o
0 500 1000 1500 2000 2500

Qs Observed (ton/day)

S 9051 2218 Jsbo 5 S2_MLP Lasgs 00 35l 2 igusy e o Slamlite gus) jl =5 S
Figure 6. Observed sediment load versus simulated sediment load by the S2-MLP during testing process



WWE Gdg) las gy (5lodund > S gy 4 045 dige MLP s MLP CANFIS as sloaSud o1)lS auglio

Lo ceBgss pigs 5 -/ Jlanl L glaLass
L ol )l SO alac s g )3 oalan ol +/«) Jozsl
P Ve by s wSlis 9 B Corer Dl a5 Ve v e
basgi 003 350,y gy V S5 a5 ah)S ) LS
oo A o i 1y 503l A0148 Job > MLP-GA
N gz 0 s (ool (slmjlae g LS 3L
oS 255 o odnlin 4 job lad .l osalie 1B
00 Uy 1l NMSE /AR by 1 olime Uy S35
=l AM 5 JPOA ply sl =355 o pb b e
g Sl a3l (650 0,Slas MLP Juo 4y Cannd +/500 |
DS ooyl 8 0! il 3 AM asiw olul 4

2500

= ==+ (5_Obsered
2000 " o= == s Os_Simulated
— (]
& 1500 i
z it
5
£ 1
< 1000
& .' ] ’
1\ A
500
i AR
, - A

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Days

MLP-GA Juao
S Ly auglio ;3 MLP a$d a S L 5
gy Olie 2yglyr 3 1) sySinns 3,Slae CANFIS
ke oS 5 Ohjg—el Sl Sy sl b s
1 e 48,5 SiaS S2_MLP 4S5 (gloxe slayialyl
53935 Sl yte ol ¢ gae aSud gl o)y Bai>S
5929 4o S gl L lay 4 53 g0 dlasi
Lol 0bjl— e o293 slaodb L (Jus by
Gl sl a5 g llo slaodly b ably (slaosl
Se (W Sy pipe Sl s it ool sl

500 1) b
.
700
&
3 600
2
IS
S s00
T 00
B
3 300
E .
'g’ 200
100 .
o
0 500 1000 1500 2000 2500

Qs Observed (ton/day)

S2_MLP y)L.w u»l.w] 2 L)?")] ..\,01)3 J919 3 MLP-GA Jamy‘ o0 3)9])4. gy JJ‘.M 2 1) dl.,\.tbl.un Cgw) )L =Y Jg.w
Figure 7. Observed sediment load versus simulated sediment load tIJg/ the MLP-GA during testing process based on
the scenario S2_ML

il guas sbaSid geil Al ye 1 b5yl sbayiel)y -4 Joa>

Table 9. Evaluation metrics of different ANNs during testing phase
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Abstract
In this study, the predictive performance of three Artificial Neural Networks (ANNS), i.e.

Co-Active NeuroFuzzy Inference System (CANFIS), Multi-Layer Perceptron (MLP) and MLP
integrated with Genetic Algorithm (GA) in the Zoshk-Abardeh watershed were compared. In
this study, three scenarios were considered and simulated in each model. In order to simulate the
scenario S1 water flow were fed into the network as input. Daily water discharge and rainfall
depth were considered as the input for the scenario S2. The scenario S3 was simulated based on
the water discharge, daily rainfall and temperature as the inputs. In all scenarios daily sediment
load was considered as the network output. Results showed that the optimum architecture for
the S3_CANFIS #as the best network) was based on the Bell members 'IE function, hyperbolic
tangent transfer function and the Levenberg-Marquardt training algorithm. The S3 _CANFIS
with the lower MSE and NMSE acted better as compared with other scenarios during the testin
Brocess. This scenario based on the NSE equal to 0.743 and the AM equal to 0.806 showe

etter performance, as well. The results also suggest that the S2_MLP with 5 neurons in two
hidden Ia?/ers, sigmoid transfer function and the momentum learning algorithm with NSE and
AM equal to 0.604 and 0.626, reﬂaec_tively acted better as compared with other MLP scenarios.
Since the MLP network compared with CANFIS showed weaker performance in sediment yield
simulation, the GA was integrated with MLP to determine the optimal network architecture
parameters for the S2_MLP. Results showed that GA-MLP with NSE and AM equal to 0.658
and 0.655, respectively led to a higher capability for sediment load simulation in comparison
with MLP network. Totally, the S3_CANFIS according to the criteria MB equal to -0.043, NSE
equal to 0.743 and AM equal to 0.806 showed better performances in predicting sediment yield
than the other networks in the studied watershed. However, both networks did not show a
satisfactory power in sediment load simulation which could be arisen from the lack of data
(especially extreme data) in the training series and also the existence of systematic error in
observed records.

Keywords: Neural network, CANFIS, Multi-Layer Perceptron, Genetic Algorithm, Sensitivity
analysis, Water discharge, Sediment load



