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1- Recurrent Neural Network

2- Multilayer Perceptron Neural Network
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Table 2. The results of Wavelet neural network training and validation

Wmsu«:)ﬁnl&‘ﬂ)b&ywdlﬁ&»‘).\aﬂybeb YJ9A>

i Covo ohsel Sy gl L "
RMSE RMSE : m = oylad
R (ds/m) NS R (ds/m) NS 9 Y ez &Y
-[a¥yY -[-¥Y -IAYS -IANY <[+¥ <IA-- S S35 oM Y-¥-) \
Bitas -[e¥Y -IAYY -IAYY -[ovY <IA-- ks S35 oS y-1-3 Y
-favy oleyy -IATY <IAY - o[+¥ <IA= ks S35 oS y-¥-) ¥
-/avy -lo¥s <IA¥ - NN -[-v¥ AN s e oS Y-0-) i
-/avy AN -IA¥D <JA¥Y ofevy -/yaa s e oS Y-Y-) )
AT -[+¥A -IVA- -[asy A -Ivao e e oS Y-A-) 5
[R5 -[o¥¥ -IAYY ANV o[+¥ -V ks S35 oS y-4-3 Y
-1aYY AT NINYS AT o[+A- -IVA- ks S35 oS Y=Y A
</0A -[+¥A -Iva- AR <[+YA -IVA- ks S35 oS Y=1¥-) a
-/ay- -[+¥0 -Ivoy < [AAY -[-v¥ “IAe s e e oS Y-1¥-) V.
-[a5¥ -[-¥¥ -Iv¥s -/avs aYe -Iva0 S SS9 oS Y-10-) N
200 2800 -
- @IJaLﬂm _u_‘,L._.J_-m
700 - (eally 700 O
600 l E.EDD .
3 ol 3
3 so00 - . de .| Fisoo
ﬁ? 400 1 ZQ‘ T ‘%54:,5 1 L
\%ﬂ - - - j .
E 300 - "ﬁ! e > T 300 - .
3 et Vi : i
— 200 4 “e. ) (s E—‘m” ] —
=] RMSE=0032
100 =100 1 N-5=0547
o [a] T T T
T 0 00 400 500 200
SAmmane RS SN g S 8GR IERWESO AL 4 O
ot Zud glm ealy eyl cds/my
(T oo g L)‘J)?J Ay abdd aodly (gl Sogo uas aSS Jdo Ay polie I ols jloges =¥ IS5
L.wl.’xn 9 u;l.).&yl..m );JLM ul.m u“.flf )1394; (u uLo) A Con ‘JAL.MA L.wl?m .)La.n («A”
Figure 4. Dlagram of optimal values of Wavelet neural network model for recorded data in validation phase
A) The observed and computed values over time B) scattered plot of observed and computed values
ol o &) mwecous g hjeel iSu slaedls S Gman s dSowd g

bV oylesd sl 395 o otnlio ¥ Jgds 55 & jshalen
Obe Aoy (ppieS g AV (Ko o pd (ki
B e N I g B P
plo & Cund v Como dlajpe o JAVe ISl
alyg, of Sl ol gileJde cas b)lisle
D S p & jsboles s dals el LIS
SuSll colia Slusbre jolie mllal cusl (ascine
Eghan (mas &b Jho (2w Couo dspe 4 by
Js ol a5 jehatlen )b 3gg Slialie polie b
eSS )D (Eguas mas &Sud Jdo Cuwl oddosly L
il o dSles dluin 5 deS e S p
O3S LS8l jlade a4 S35 1y pdlie cpl &S g psbey
g e (V) Glims g LB 30 @l b & sl 03
P calhs (V) GhlKes 5 Slhgws 5 (F) o,
Ml @ dg Lo ply Olge @B onl oS
Vb Cep ol sdes (Shy osias uas (lbaSid
I om o presd QU oS 550k Uy by
pis g amlpl lalad ply 5o gpdllasil (g5l
S isu o JKal Ge Cyao 0 dsg BB VST sl

ol 485 sy @iy S 4 b L]

ras Sud @l b))l g dmlie e (pimen

2L oolitl L cguan pac &b Jao jl «Soge
ol S o @l S5 25 )t S I
SoaSd (295 Y cols dly ol Gais ool o &S
9y, SeSed (hjgel 05 ool (sgian as
ol s Ll Ly bjsel pinys)l 1 odlil b ¥y
2 Ser @Sen @ )il - Syg) wi)eSl
GI}’ alisee uL.S).s )‘L)‘mh’ A5 oolaw! 4\&».»4 u»)?ol
)G olas .y )3 eolaisl (s (o) 4,{\{ 2 S e
g odbad)S s )5 Voo Al (g50h Anld > Y
Sge s Cluye xSl Jumo Sa &y S 3Slas
s 1 dese slaysy A ol 48,515 L)
eopdse e coale @ g b (295 5 @O0
Olegs Y 53 29350 (sl ey dliad aSST b ol yasuiie
23,5 Gasuie s lade gals cas o s g e b
sl g o9l 5 S oS slagyg olasi b K,
Sl Sy Rl a5 Wl asbl gloj b LS
2 09 VF L elasd o8 il anili s dgum0 55 6l
ilodae auld o &b e s gl olek 4
s¥kes alie ) Job @l ¥ s 5 b Jobs
bl oyl olen 4 45,5 dilive cla ksl


http://dx.doi.org/10.29252/jwmr.8.16.178
https://jwmr.sanru.ac.ir/article-1-914-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-30 ]

[ DOI: 10.29252/jwmr.8.16.178 ]

VAY (L, lsag) 163 )50 adlllas) Sogo (mac aSuis 3l odlitwl b aasliag, (S xSl colan yass

e oo g hisel oo 3 (sgias (as slaeSed e )l ol @l Y S

Table 3. The results of artificial neural network training and validation
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Figure 5. Diagram of optimal values of artificial neural network model for recorded data in validation phase
A) The observed and computed values over time B) scattered plot of observed and computed values

Colia Slhalie polie OMS! coles 1o 0yl ol il
o ©ipon Jro 9 dg Slawbre 5 (S8
Ol s g dssle (s i) glaalie plie (1S0Le
2355 a5 Golel 0)93 albCud slaodly diged 4y Cupes
Sl S5t ok S ol o plen (Y IS)
s ASud g Soge (e &)yl la s
5 Cawl 48,518 a0 pE Ve Wb o s b (guae
Wb g Sage (eras &b gladse st e (i
S dop YVYY o WWEAY iy & Soias was

Dbl e Shaalie polie (1SShe

LJae 3 Slos dw Lo
5 bl | plasas ap Ol bl b bl
L Je 93 yp b asude ;50uS5 b bl dwlie
l Loyl wlbag, ol (oSl colan wilg o 055
Jo 90 2 mls 0 US55 & shailen S giloans
Cawl odds 02l i lej (b jd Shwlie polie 4 Coud
3fes polie g1 (1e3S 3 Sage (as 4 Jie
e & o5 1y polde alS a8 gl AsS 4 )l Jgd LB
g Sl b b wls ol a8 sl 0d) ez 8l

S SSE )8 libl o > Soge 45 d905



http://dx.doi.org/10.29252/jwmr.8.16.178
https://jwmr.sanru.ac.ir/article-1-914-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-30 ]

[ DOI: 10.29252/jwmr.8.16.178 ]

YAD WA i 9 jmb /Y5 o)l [pidia Jlo juscl 09> o pite doluiangs
800
700 -
|
600 -
3
:}500— . i"lv i
\3;400_ .',‘x',;)' ’,‘ % el
e & ! - .
g300- RN , ;,, i | £ :
(] 3" ."v - B
3200 - : 4 ¢ Sl
52 WNN
100 - eceeee ANN
0
A ONDD N AN N AN N —ADNDOD®OADNIION A N LM
ANMNSTITNONOOAOANOANNMNILINGOONG®ONOO AN
™I A A A AN AN AN NN

oAl Cud Lgl.lz’ oalo Agoes

b..\&w dl}ba.)l.) dl)A u_cw P 4&..») 9 gi>9ﬁ emas dSu.»J J.Lo w )J.)La.n G’L.ml.’?m— 6".\.&[..».9 9 O‘JI)J )‘.)94.: -5 ng
Figure 6. Diagram scatters plot and observations — computational optimal Wavelet neural network and artificial
neural network models for recorded data validation phase

40

m WNN

30

B ANN
20

10 ‘ “

0

0
< N

100% —
11
=

17
18

221

(2o,0) Uz
34

-10 ‘ i

-20

-30

Shalio yolie (Ske 5l (gdo)d Gty Jho 93 dige sllas jlges -V S
Figure 7. Optimal error diagram of both models, as percentage of the average observation values

Al s oo g Ay ol el

w58 ) A Sage s 45ad VL € s
oMb ol 4 e «Soge dwns pb S8 L S
@ Cumd pguize £y dbml cel 5 oad b LS ()l
Gl Egemeyy Al (Sgian (pas &S e
Sl o Sogo nae a5 ol oolatwl Jad o oyl
g Al 5o aliog, Ol S usl colin pesd die)yd
Ol g Car p upde Slesenas sl L8
8l oo ailsg) cnl 0y 9 (55)5LiS

e Kb slofin Sle Sl aggy
Sl (Gilodnd Cup |y (Egtan (as &S 5 Sage
b 8,5 )8 i) 550 Loy wlisg, o Sl
g Vb Cdy Sogo mas aSb Jdo oS ob L Buiod
Sy Sl g (xSl Colin eSS 0 b slas
Comi (Slo g Al el pdlie (B (eSS > (oYL
9 5L Buod @l b &S )b eghae as 4SS 4
O OlFe @l ol a3 calas (V) ) Sen
S Slo il it & P Srgn s 452 390
sb,ls 9 L;),S o}l..\.?ld..g EL_,’.’.>| N P> g ol


http://dx.doi.org/10.29252/jwmr.8.16.178
https://jwmr.sanru.ac.ir/article-1-914-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-30 ]

[ DOI: 10.29252/jwmr.8.16.178 ]

AP (Lo SIS w53, 1063 )50 aslllas) Snge s 4505 5l sl b bailisg, (S S Colin ez

Fl%)

1. Bangjad, H., M. Kamali, K. Amirmoradi and E. Olyaie. 2014. Forecasting Some of the Qualitative
Parameters of Rivers Using Wavelet Artificial Neural Network Hybrid (W-ANN) Model )Case of
study: Jajroud River of Tehran and Gharaso River of Kermanshah). Iranian Journa of Health and
Environment, 6(3): 277-294 (In Persian).

2. Dastorani, M.T., K.H. AzimiFashi and A. Talebi. 2011. Estimation of Suspended Sediment Using
Journal of Artificial Neural Network. Watershed Management Research, 3(6): 61-74 (In Persian).

3. Dayhoff, JE. 1990. Neural Network Principles: New Y ork: Prentice-Hall International,6501pp.

4. Eshghi, P., J. Farzad Mehr, M.T. Dastorani and Z. Arab Asadi.2017. The Effectiveness of Intelligent
Models in Estimatigdg the River Suspended Sediments (Case Study: Babaaman Basin, Northern
Khorasan). Watershed Management Research, 7(14) :88-95(I1n Persian).

5. Faryadi, S., K. Shahedi and M. Naba;Poor. 2013. Investigation of Water Quality Parameters in
'Ii jan Riv?r using Multivariate Statistical Techniques. Journal of Watershed Management, 6: 75-92

In Persian).

6. Gazzaz, N.M., M.K. Yusoff, A. Zaharin Aris, H. Juahir and M.F. Ramli. 2012. Artificial neural
network modeling of the water quality index for Kinta River gMalaysia) using water quality variables
as predictors. Journal of Marine Pollution Bulletin, 64(1): 2409-2420.

7. Ghorbani, M.A. and R. Dehghani. 2017. Comparison of Bayesianneural Network, Artificial Neural
Network Gene Expression Programming in River Water Quality (Case Study: Belkhviachay river).
Watershed Management Research,8(15): 13-24 (In Persian).

8. Khanna, T.1990. Foundation of neural networks: Addison-Wesley Series in New Horizons in
Technology: New Y ork: Addison-Wesley,540 pp.

9. Kaveh, A. and A. Iran Manesh. 2005. Artificial neural network in the optimization of structures:
Building and Housing Research Center, pp: 112-120 (In Persian)

10. Maier, H.R. and G.C. Dandy. 1996. The use of artificial neural networks for the prediction of water
quality parameters. Water Resources Research, 32(4): 1013.-1022.

11.Ngjah, A., A. Elshafie, O. Karim and O. Jaffar.2009. Prediction of Johor river water quality
parameters using artificial neural networks. European Journal of scientific research, 28(4): 422-435.

12. Safavi, A.A. and JA. Romania.1997. Application of wavelet-based neural networks to modelling and
optimisation of an experimental digtillation column. (IFAC Journal of) Engineering Applications of
Artificial Intelligence, 10(3): 301-313.

13. Saf Sheken, F., N. Pir Moradian and R. Sharifian. 2012. Simulation of rainfall-runoff hydrograph
and the use of artificial neural network model of rainfall in the catchment kasilian. Iran-Watershed
Management Science & Engineering, 5(15): 1-10 (In Persian)

14. Sayadi, H., A. Olad Ghafari, A. Fadian and A. A. Sadr aldini. 2009. Comparison of RBF and MLP
Neural Networks Performance for Estimation of Reference Crop Evapotranspiration. Soil and Water,
19(2): 1-12 (In Persian).

15. Singh, K.P., A. Basant, A. Malik and G. Jain .2009. Artificial neural network modeling of the river
water quality-A Case Study. Journal of Ecological Modeling, 220((22: 888-895.

16. Taklifi , A.'and G. Asadolah Fardi .2009. Comparison two models RNN and mip for predict the
amount of saltin AjiChay .Tenth Seminar irrigation and reduce evaporation, pp: 90-102 (In Persian).

17.Tokar, A.S. and P.A. Johnson . 1999 . Rainfall- Runoff modeling using artificial neural networks.
Journal of Hydrology Engineering, 3(1): 232-239.

18.Wang, D., A.A. Safavi and JA. Romagnoli .2000 . Wavelet-based adaptive robust M-estimator for
non-linear system identification. AIChE Journal, 46(8): 1607-1615.

19. Yar Mohammadi, A., M. Chit Sazan, K. Rangzan and J. Mozafari Zadeh. 2006. Using artificial
neural networks for simulate the water quality of river floodplains. First Conference on Environmental
Engineering, pp: 68-75 (In Persian).

20.Zhu, Y.M., X.X.Lu and Y. Zhou . 2007. Suspended sediment flux modeling with artificial neural
g;elt(vi/)orlfl 10\2265xample of the Longchuanjian River in the Upper Y angtze Catchment. Geomorphology,


http://dx.doi.org/10.29252/jwmr.8.16.178
https://jwmr.sanru.ac.ir/article-1-914-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-30 ]

[ DOI: 10.29252/jwmr.8.16.178 ]

Journal of Watershed Management Research, VVol. 8, N0.16, Autumn and Winter 2017 .........cooeeiriiiiineeiiiieeineecaenee e 187

Estimation of Rivers’ Electrical Conductivity using Wavelet Neural Network
(Case study: Kakareza River)

Mohammad Ali Ghorbani! and Reza Dehghani?

1- Associate Professor, University of Tabriz Science in Water Engineering
(Corresponding author: ghorbani @tabrizu.ac.ir)
2- M.Sc., Science in Water Engineering, University of Tabriz
Received: December 26, 2014 Accepted: May 17, 2015

Abstract

Electrical conductivity (EC) is an important factor in river engineering, especially studying
of river water quality. In this study we studied and evaluated wavelet neural network to predict
the electrical conductivity of the Kakareza river (in lorestan), and the results were compared
with results of artificial neural network model. For this purpose, hydrogen carbonate, chloride,
sulfate, calcium, magnesium, sodium and flow rate at monthly scale during the period (1969-
2015) as input and output parameters were selected as electrical conductivity. The criteria of
correlation coefficient, root mean square error and of Nash Sutcliff coefficient were used to
evaluate and performance compare of models. The results showed that wavelet neural network
model has the highest correlation coefficient (0.977), the lowest root mean square error (0.032
ds/m) and the highest standards Nash Sutcliffe (0.847) became a priority in the validation phase.
The results indicate acceptable capability of wavelet neural network models to estimate the
electrical conductivity of river water.

Keywords: Artificil?l neural network, Electrical conductivity, Kakareza, Modd, Wavelet neural
networ
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