Journal of Water and Soil

Vol. 28, No. 3, Jul.-Agu. 2014, p. 534-545 W (T

-
-

S g0 50T 31 eslizul b sbicaig 4y, 0L 415y, kwse 23 .

T3bT i e o d gy = epions wshn - T gsbidul glllae sban

VWAY/Y/A S @)U

(55918 Zluo 9 pole) S 9 O & i
BYF-OFD .o ATAY jg e — 015 yo ¥ 0,lous YA ol

LEVCCS

S 9 Sago U (itee (2g) 99 31 adllao (ol 13 adle T plie Cae 5 S5)a0ly 3 IS D)lse Sl (S laailng (0 ot

g 555 e a5y, asliy) bawgie (o3 (slmodld yolate pas b edliul sblcuios w39y by (05 Swiiw yobiie 4 (ANN) L cgune uac
é\aLﬁm &9@ L)""5) 4 pgwgo Jsl ws) » ..\J.))f oolawl Y222-Y . - A Lg)LoT 0)9d J919 » wl.w)‘s.h aliw‘ Y LY .‘09;)40 AJl)s) L)’))L SleMb
Lsgio o> 5 4ljg) Uil Esare sloj g 5l <Ky 5 ely Sago 45 b odlisl ST Al lsie 43 o Lalises Sago 5l (CW)
P9> gy ) b 03l Loy gl 595 Vg9 59y ¥ 9y ¥ gy ) (e Rl Sl 4 (b (o0 Jae 285 plodl i © g (b2 4,
plosl adgl 699)5 mle (595 > adsl (3310 e 4 Sage il ool b bl (WNIN) s aSd 5 Sarge (AL (Sg) 4 powge
S S 4 B o ple g 456 (63959 i plo 23,5 LSS 49l (6399 (e pile gl (639)9 L ple slaa]yd (iludlo g b e (8,8
Ly e85 plonl (LM) &S Lo S iyl ojel @b 5l oolizal b & 3jsel w50 Jlos! (FFBP) Ll g winysS b sy Y dus
FANN 5 CW sla i L anilio 13 WNN Jae (sl i 315 0Lt gulis 08 plosl cotaolisS” Sloj slagdl il & by (i
Oial33l HAAYAA & <OV IR o)Ll e 5,V 4 o, V3l i 331 Lol LCW e 53 ccuns als yo 53 8l o )l3y08 5 5VL cdd
oylel Jlade oy Y @ 50y V5l it 38 LEalS LANN Jie 5 b o (ialS 4l p caSoyio AYYYS 4 AV/AWY I RMSE o)Ll o 4
Uil L WNN Jse 5 aSls 5 .cél ials asl 5 caSoyio Y05+ 4 O/AAYA 5l RMSE o,lel jluda 5 iol33l «/AVES &y +/5Y-0 ] R?
Lol 4l s xSoyio +/AVED 4 YIESVA I RMSE ool o 5 b3l < /AAYY 4y < /AEYE IR o)l [l 59, ) 4 5o, V 5 mistar 31

sl

(Span (mas 4Sud blite Sogo lhag) (b (23 (npin 165 W 23lg

Sl (o3 9 (3L bl (1Y) 298 485 )l )5 o ole (pai>
e Cabll g 485 )5 a5 350 yidin CdaolsS (Sl nsie
il o ay cto il sl iy Jlie )1 s il
5 ilwdde ) yide GlaSaam ) g 039 YL sls )l
e (St Laobg) 0jayel (Y) 1)10y05 0 (gjlodends
950 0y50 CleMbl J8las ¢ loj 0 enddo cde 4 wald oL
Al M Jglite Jl 3 @y 38y b ple 2l g
sladas 0l ool sl 2 gl Gmoin oty obe
ol ol 0 a8 15 edlit il 3)50 pgus o ey ()]
Oe0lge gyS )8l Jae wiile (loj sois e (e sla e
(Y 5 1) 2l so b bgy ey Jshie dlas jI (ARMA) 'S i
s cLndSi 1ile L don sl o) il s sla Lo

4- Autoregressive Moving Average

-

Aol

eSS g iy Hajls (aw el wlie ele oyt

ol (@ gt il oanl 3 balsag, by (03 38>
by 9 deolisS (ol Jold S ated 95 3 lgs o0
oy 38l Ygaxe o 0lisS (gla o i ) D505 sl Citosily
P AS (Jygme ) S pS e 4l 0 jo) cdn I kST (e
U algi oo g 0390 (SYeb Sloj 38l oyl cose il (sl i

ez Saes olEiily (Ll pole 0uSiily (ol glie (i (655> (semmaily -
jlaal

(Email: sajad1998@yahoo.com 2 ghne odin g5 —i#)
525 o8l (65,98 018l (ol uutis 09,8 yluila-Y

55y olutils ¢ 5y9LiS 018> col _wdige 09,5 ,bbiul =Y



BYD  Sogo 5T 1 oolisw! b obTcaing ails-og; oyl o 4iljgy bawgio (599 (St e

Ui gl ol dnwgs VAV=Ye o) glol 593 )3 LI ;o \'%.xi)
coan jl eSS Jloj gla wlie ;0 ANN & cund Jio ol &S 20
e g gy ) Sebsebl )l (g5 5 Sl 5,
wbablan (claodls 5l 5z opl 43 ged oolaiiol liwe) ) zbls
2 2530 By rae 5 Gl dys sLos i 5 s5las ol
)55de Jde a8 ol L gols b edlitwl diljey (wlie 5o oK)
U o aslagy by @de obeS sla i i ;5 (CW 3 WT)
259) ¥ Laad (o35 sl iomed 3)15 (ke 3 )Sdes 0 4w
CW Jao b dwlio ply o538 ls ANN e sla oo
adg> ) S5k wutn sl (WA) s 5 Slg anily
e 3,5 03zl ANN o b g 501 505 51 celo g
Sbes oo 4 Sage (6995 Ay gl Sloj (g yglate
Sy claspw (o 08 o Calisre gla ywils'y8 b dasxis
SB)L b s oslizel ANN Jio 13 (6399 lgie 4 ool Cawds
Jace a8 ol lis sel oy ol ST o i |y dw ol S
a5 i3 lin Ly ilaj cslogs o J odisd oy o0 Slaity
solingy (i 4o L8 ANN Jao (63959 Y lgin
(V) ol g (Swdgald] .ail o o 0ligS g ke Vs (S5,
0o yskaie & 9 ANN slajbg) 9 WT I (il o571, (Jas
o ol glmase 0 o Bly ellopd sladiliag, aix (b
atls gy 48 ol L gt W0 )8 edlitul Ly yd eSS
allas 3)90 adg )3 ooy (neST ) oo gy S S e
Ol 53 Sy oo Sty (pimgR Al (yp 4 429 L ABb e
Szse slagis) L adbag) ol (0 ol » & (welr adlae
oty (WNN) (a e 4505 Sogo (Al 5 (CW) dblite
lg) bawgio (23 (sl jo, Y BY) e oligS (s yolate
J)Slo.c o A odl> drwgl Jl_jpw_g; by, s
8 dulie 550 (ANN) (uae 4Sd B9y b )55 30 sba b,

O

W9 9 dlge
ouldicyl vy g0 slaculy g dadllas oy go dllaia

yobate 4 dbleuigy 4lB3g) 1ol Asgs odgame csllas oyl 4
3 bleding asgs 03,5 Ol by e b Jde drwgs
A8 V0 g0 L5 addd VY gdsn 0 oldlss odgiow
0Py AaBIYY 54 dYY L aldo e g YY) g 80d Job
Lol 48,5 1,5 Jlous

10- Rideau

Caol 0 o3kl (> sisie solaie 4 35 (ANNS) ' cgias
bt g (b slaghy) 503 5 gty pl s (Ve 53T Q)
o3y ylis liadod () 30 o yalls Ll slaodld gy 4
Loy Jolos 5 1325 )3 (aslio (g, " Sage 10T &5 ol
SLaT Ly guan b amd )3 (F) il (e Ll Sloj
7 ol o 5 (S5g)hm i nine wilizeo pgle (jlatetils
Sl )3 Sogo Wbl 3,8 4 pasie clacgbl 5| wlos,S aw
5 350,S &l dtnS Sloj sla s w Sog0 diwan i duole
Y A o c

3 9 J‘ 2> OL‘“’95 L;o.ubl L)4>-L.;3 dbbobb )‘ (5):‘.5 0 yb0 L;
i1y Gy o=l (des 3,8 0556 NAVI-YVARY gla Sl M5
SIPme sy plaie a1y (g gy oLl Gizzen 0l
U9y Az bl 3 g dged (Byme Sage 4o | Jols il

¥ - Ki g TR .
1y (CW) "ablize Sgo 50T ales 51 iloj slogs oo 50T 99
ANN 50l 5l Jols Jas 51(VY) Ko 9 Klg 250)S" (8420 55
A oy 2l 35 S at pslite 4 Sage 5T
SSb asleag wlis) by (23 Gwpie g dlale (elide 1 S
L oS5 Jde ol sl i zols duslio .1650,S salatuw] dud
? Skl disandss Jie s ARMA dlas 5| ;503 sl Jae mbs
oS )b (oyieg 2 )Ses j5Sde oS 5 e &S 0l L (TAR)
» (WT 5 ANN u—“s)’) il Jae S ] ‘(\') Ol o
$A el 0550 S 55 Wl 1 gus 3 s dg; ailale ol > (o5
Gygmo gla iy iy aS ol LS gl L6 S el all
SSS (V) S 0y ANN gla Jao s (ol58] 53 ol 5am
Wi oK 99 Slale ul-’)> e d}uM dl).g L;i?g,a mas

. LY & .

sbadbo P 3 asy n plusss absg) ghyz e 2 ol
A G Jdo ool aS ol L guls )8 eoldtwl 1451339
slaJis (MLP) Y o (s (omas slaaSes b,
S MLR) "o,ite 3z (s 0500 5 (AR) 505
O CW o e dode by S ) (Sucdgald] o))y (o0
d._)".'>39) Jr géﬁ g95 )‘ u;.ul.» d‘l!bu)’t.m o 0‘39§ M )924&1

1- Artificial Neural Networks

2- Wavelet Analysis

3- El Nino-Southern Oscillation (ENSO)
4- Cross Wavelet

5- Threshold Autoregressive Model (TAR)
6- Tirso

7- Gouksudere

8- Multilayer Perceptron

9- Multiple Linear Regression
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3- Short Time Fourier Transform (STFT)
4- Dilatation Parameter

aylS by (el (olaasls p 3 (SG sblcuins alsg,
PSS (e (SR 1y @ye plaghS TP+ dga> )3 (inluse 9 0392
295 3e 4339y (b2 ailjg) bawgte (23 slaodls | Sl oS
W iy Gyl palie g sllcuigy (o] olStacs! Joeo 5
CwdVl ) & 8ly Syt 9 SFglods (2wl ol
Sk 10,8 odlazl VARV e oA gla Sl M )5 558 ke o]
ol U ol 8 15 sty ol adgs 51 15 LalSau] o)
A2 ol pglome o Ly g adss (550 bl )3 5 o2l Jl>
1y oLt gy 6lag) jopl ade (aldlie Cusboe V IS 515
olidlon clealSiy] Cusbse ol jage Sl olftuyl Joeo 5
2 (o s 3 ) ool D)ge

o)l el alS o ()l slmosls 3l eslisl 51 ey
2y cdpin plodl dielas oy b (o) L ool Sen
loodly o A plosl Wodly g9y p oY bl 5l &je
e sLmodls 5 odlitl b LalSiuy] (SIS, 13 L5y ok oS
{F) 235 (jlasls "oy Comis g, 5 rbuneds (oSl (05
295 oglome )3 slLilcupy (il oSl (65518 cle &
piY by o )3 goiie (ceuldl g (S1S g5 Lulyd g adg>
2 ol ladaie (Sl (Jae (93959 5 (i plgis 4 Cul
Sladaio (11 Slis adlllae (pl )3 slaie nl (sl 295 435" jlas
35 Ao (s (Sl Al dix (bl oslatul b (30

1- Double Mass Analysis
2- Normal Ratio
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7- Cross Wavelet
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1- Dyadic

2- Mallat Algorithm
3- Low-Pass Filters
4- High Pass Filters
5- Approximation
6- Details
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1- Train
2- Test
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2- Feed Forward Back Propagation (FFBP)
3- Tan-Sigmoid Transfer Function (TSTF)
4- Linear Transfer Function (LTF)

5- Cross Correlation

6- Auto Correlation Function

7- Partial Auto Correlation Function
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2- Epochs
3- Meyer
4- Integer Operator
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Abstract

Forecasting of river discharge is a key aspect of efficient water resources planning and management. In this
study, two models based on Wavelet Analysis and Artificial Neural networks (ANNs) were developed for
forecasting discharge of Behesht-Abad River. For this purpose, mean daily discharge data of mentioned river as
well as precipitation data of 17 meteorological stations were used in the period 1999-2008. In the first method,
called Cross Wavelet (CW), complex Morlet wavelet was used as analyzer function. Wavelet analyzing was
performed for every daily rainfall and average discharge time series, separately. The model equation derived for
1,2, 3 and 7 days ahead forecasting horizon. In the second method, called Wavelet Neural Networks conjunction
(WNN), a preprocessing was done on the initial input matrix using Meyer wavelet. Then the elements of the
initial input matrix were normalized and the second input matrix was created. A three layer Feed Forward Back
Propagation (FFBP) was formed based on the second input matrix and target matrix. After training the model
using Levenberg—Marquardt (LM) algorithm, the river discharges were predicted for short term time horizons.
The results showed that the WNN method had higher accuracy in short-term forecasting of river discharge in
comparison with CW and ANN methods. In testing stage, in CW model when forecasting horizon reduced from
7-days to 1day, the R? value increased from 0.5113 to 0.9388, and RMSE decreased from 17.9171 to 8.3226
m’/s. In ANN model when forecasting horizon reduced from 7-days to 1day, the R? value increased from 0.6705
to 0.9166, and RMSE decreased from 5.9828 to 2.5600 m’/s. Whereas, in WNN model, when forecasting
horizon reduced from 7-days to 1day, the R” value increased from 0.8424 to 0.9927, and RMSE decreased from
3.4678 to 0.8145 m’/s.
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