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Figure 1. Geographical location of the Mohammad Abad Watershed


http://dx.doi.org/10.29252/jwmr.10.19.211
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.19.2
http://jwmr.sanru.ac.ir/article-1-931-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-17 |

[ DOR: 20.1001.1.22516174.1398.10.19.19.2 ]

[ DOI: 10.29252/jwmr.10.19.211 ]

Yy

(¥)
X=4,,y=B; - f2=p2X+Q23’+7'2'
dLb)».o])lJrz o p) ch 9 I 5P1 Sl Y 9X ‘51@‘539)9

IS5 53 ANFIS Jgane (s loms (1Y) sitd 2955 &
o alio aY slesS ol 0 & .l sad &) Y

WA el g 5lee 1N ojles /2d Jlo 50l 0565 o e dolitingy

\ $3189,7 e

e Sl b VAT Jlo 35k gl w0l
Sy Jho S (Alb plRa ol 45 (7)) as
Sy el (FIS) (536 gl mimums 5l (ANFIS)
VL dsgere diges S5 SUGENO gl ddye (5,6 Jao
ol Bl 5 5 S5 & s36 IF-Then

Sl wlie (V) sl
X=A,,y=B, - fi=pX+qy+n
X y
A
e ae WSS
A, L) N y—
S’ . TR

Wa

B (TT)e—X

= T
INJ— i

(3) ANFIS Jso ()lone =Y S5
Figure 2. Architecture of the ANFIS model (9)

35 sl 0 () ISPL N L a8 &Y ol pli g5 X Y
1S o dpmoloxe 1) 00l Jlo i et
(V) b,

wi

OP? = w; = “i=12

t wi+w,

Coos 4 |y pli 98 <8 )lie &Y oyl )3 T 0,8 o 4
S (o Al 5 @b eolatwl b Jde (293
(A) e,
OP =wifi=w(Pix+q;y+1)

L&s).uobl.: 4s gore {pi,qi,ri}5 Y 4\.3\/ u_'>5)> W ‘Uj 5 oS
il o
Gilas 1) ANFIS LIS a5 ¥ ol o5 o 0 &Y
S (o0 dple
() b,

0P} = overalloutput = Y, W;f; = %
sl o alisy (@ olie smoter 9 $iby e
85 Cyao MATLAB 138105 51 eolasiwl b ablaesxe
2955 sodly (gilwue 55 (5395 2l Ll )y
s S (iledley) ilojlme Wodls (295 4
3 2gdn odlatel (gilhgy (Bigel (slp (higel (slagS)
Bmess 2Ulg5 g CanVl obygp 38U (gjlég 5 oS L]
sbodly cplply sl gihe (Db Ca2)l 5> Laid ol
> lnesls S a1nles o s5gd Ul (s bl (sbisel
Qb (s 5 Jls) s LB 5l (See Vb plos

il oo 0 o2 ANFIS 35,18
pxie Sl Cogas ey Y pl 08 i) Y
iy g baly) bwg (29)5 09)5 S o0 Mg ) 639y
20,5 oo
OP} = pyi(x) « i=1,.2 (v) abasl,
(¥) kil
OP! = up;_»(x) « i =34

Bi-2L) Al ola 3,50 0,5 4 (39)5 Y b X ol > oS
gy S5 bug oS casl 08 cpl b badye (56 4sgoome
Ol 2 Sl 4 g b gde paside 05 (pl Cogias
&b Jysa o9 Wyl e b (55 @ Gios
FE 5 Oygen ol (29 & M Sbul cogas
Lol dowle
(0) s
OPi1 = ppi—2(x) = W

c.gl.';' JSW a5 Lot Lh):.n‘)lg: A.c’aqu{a],b],Cl} :O] 2 LY
Sk o JBlis oV Sl g ad o g 1) Coguae
A
20,8 o wpd (809y9 JUKw Y pl 06,5 Y AY
Sl 5l S s @) el &S (295
20,5 oo dsols yj allas
(%) il

0P = w; = py(pp () « i =12

1- Jang


http://dx.doi.org/10.29252/jwmr.10.19.211
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.19.2
http://jwmr.sanru.ac.ir/article-1-931-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-17 |

[ DOR: 20.1001.1.22516174.1398.10.19.19.2 ]

[ DOI: 10.29252/jwmr.10.19.211 ]

\AM W39y ol oy 2 (ras —(Sage by 5 iy Jhe 93 2L b))

9 slboje p Jre Cuxdge g wbde ool
Silwoil lp s Sl dns Soge b g
ol (W) spie oyt ol pplej (SSE L maw
25 JS5 4 g Dad ge ol diunS Soge as (i
g oo Ry ya

(V0) il

)

Wi(a,b) cal W(t) Syo 5 hbbise b W (t)
slagle) 9 45 zohw Cod &l Soge copo
At g S oy pB8 dluw N .Cowl ool Cuwdy caliseo
s Sy Slg o We(a,b) sl 6503 Sloj Juolsd
olos @ ilS 8 4l 9 b gloj 3 1y ol Sloj (s
S2ge olie g (Soge @b QL A8 pSade Gl
ddoyo )3 (VA) S (Sage a5 ) e E9290 9
il asgerme SO 1) SIS dtuwS Soge b ajps
4 Sage S S e 45 amb 5 Vb slasl s
SYle bawgi jb (gl b 9 YU (slagpils 3 abuds S
Sy ) SOlis &S Dj § pdaw 10 (V) ol oad gy

Db oo iy j Oygear Cunl (S

wi(a,b) = lal Z_ Zf(km)w(

Dj = Ykez wr(a, b)Y (a, b) (V5) abasly

g0 b ploj ga wbie ) (Soge oo wi(a,b) &
P (B Soge) adl buas el Ssee (@, b)(OW
Job 5l ol JiSw o asbe B loj g @ (wlis

(V) e
§= Zjez D]

Jol dtwd &S 20 o Juols Dj aiwd 93 (Soge asjzs
sy saDj & g wsb o) < Sa=2 e )b
(VA) alal,
Ay =25 D;
(14) ke

oK) (20 4 bayye G ool g0 el oolatwl glaosls
(20 0313 Vo0AD Sl & Jlo YA Jolis a8 cowl 39,55 )5
objgel dtwd 93 &y &8 Wb o WAL BYEY Gl 5l &l
WJae 93 Ll oyl (AY0) el 5 (A7)
USLo)’ Lﬁlﬁ’d)ﬂ’ EVRC IR adlao C)i‘ 3D A LSMW
Joslinal b sy pj 4 ygesl 5 el srosls (53959

bt Slayye (5:5ke (sbojline 5l e 2l (sl bl )5 (YY)
03wl E s oy 9 (RY) (Staods o > (RMSE)

(V) aasl
RMSE = [132,(Q¢ - Q)°
(V) ek,
re - ELIQ - D@ -
r(Q - ) B (@ - Q2
E =] Sal@P-7)2 (V) alay],

T, 1QIP-Q0)2

5 Shalis (o :K(Q]_?)‘meb 31.\,3—‘ N bl
Slo 5:S5ke i Q%) 5028 250 23 {(QIY)

o Y& (b > wljgy (20 0dld VOAd Waodls S sl
O59e] Aiwd 93 4 &S 39 ga s oKt (\E"F\—\\“/\‘\)
iy WS enn e (AY) osil o (FAY)
5§l Cugae b ¥ L lsle cpyin A5 (dpomds
9 )5 bl (lgsSs) gbellmf (gjloJas o Jas
2090 39)) g0 & gy ol (23 (s3lBgp Je (3939
5 0303 Jae ) (dn 9y 9 S Jg) ke
Se9e had

Sty S 8 ol Ghag (Sage b
Cagis 5 g &S o 43555 IS bl il 5] A game
Soge olie ) i 9 xS0 5 (ol @b degerme S
Spgody JRw  (Soge bad il cwsn pb
ol odld oy bl s Sogo g S (Siuwad
T Sege cupl sed gl I ) Gyl e
S ol gl (Sage B mre Caje )5 by
siie JWSew 6550 s5b a1y (S 5 ploj LML
4 g 00p Sei sl Shy b a4 e 0 ool ol
WD) Sage @l A8 by Jial jho 4 Wl Caspu
Dgdee Gy 03k S5
[T @®wde =0 (W) dlal,
15,k g go o3litual JuSs U (4l & (S50 2l
D).».C 9 yuo c).».’>01.3 cC/J)A ‘)Lh t_§>}n ')‘
)l )JLc n_§>9.o U»L.mc g ).».'>L: )I ool b lIj(a’b)(t)
235 (o Jol j Jges
—t  (t-b
Y (© = lalz ¢ (=2) (VF) aa
aeR ,beR , a£0

LS diwgy Soge diwd 9 & Soee la s
bcwjoloin sole o5 clp Ngdiee mands
Y Sy ‘-\43‘” el g gy Sloj sl JiSw el
S ocwlay) ] wns ol el S


http://dx.doi.org/10.29252/jwmr.10.19.211
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.19.2
http://jwmr.sanru.ac.ir/article-1-931-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-17 |

[ DOR: 20.1001.1.22516174.1398.10.19.19.2 ]

[ DOI: 10.29252/jwmr.10.19.211 ]

YO

WA Gl g 5l /N8 oyl /pmd Jlo jusul ojgn o e dsliing

o8 2bj)l Slajlee Voojlead Jodo Gimen in3 e
plie & dog boamde gl ) iley Jae sl
waswie NS=./vww g MSE=./\ RMSE=-/vy R=-/A
Ol «J8 59y 3 (23 polie 4 a2 b plgs oo o
ot @Vl g o bl 2o bl aw gy 53 (23
Wbdg) (2 i ome Guple Cuenl 4 drgi LS
I old e Sl Ol plie copie car
pibolil (SKidgua slagilo]se I ookl Jow
P2 @ Qlly @ g b gl S aile
S ey onl 5> )l oy g Bodls Julos g 450
9 Odofee & dino) (pl )3 Wlgi e g 0392 3390 b
VUSS a8 pebples by il baye slaglejls
P by Slwbre el Jlswa 548 0 osali
o33 o5 by Fhalie slaodly & Cums hjgal dl> o
2 o Sy Sl O US55 goil dl e 53 g
FoISG 0 eoren )b dgng Jlialie 5 Sl
sodly 5 osd (gilwand pdlie o (gl Gre O
e J i pdlie g g odalie (Slhali
i ol il Jdo gy cpl i 8 et S
aligy 23 3yglp 5 5 (sjlodnd Jod LB psb 4], (2

Ol Slgen Slalie polae b d)lge I o)k 42

Sl 0 M‘D)J uw.a.c—uxyo JAA b.wy uS)yo )JLT
9 b gyl cugas U ¥ L jBLe e oriores
SBl 5589y Jae sl (slgSS5) ghellmf g5l Jse
393) Coge 4 9o ol (25 (Jdo (] (6395 5 LO)5

A5 021> Jae 4y (3 59y 9 8 jgy )l 3)90

S35 Jo
S ras aSS Ay e (2Ll
w5 baY ol polie o )b 5l dgjbsy)
s was Sud qulie Siodns ey Y gy
gy s g ciliee Cogae @y pgle 25 Bk I
6B zliawl ol culio pimw SO s § Cuguac
(32855 pl wae aSll Jae Shb oo s slhb
(ghellmf) daoSS; Cogie 1l g9 cogie o ¥ ol
o3ls duopd Av ¢ yous 3 b ool lingar (so,8 &b 4
Olgea bodly 5l oy Yo g 5ige] (slmodls olyeay
¥ USS gy y aSs Hldle ¥ S as Gl g0l
duglio O S (bjgel aloye 53 01l 5o, ) (il ae
e STy £ JS g ggejl dpe )3 aail oy )
ol 1y Jdo oyl bwg odd ssalin ¢ odd (gilwdnd

outputmf output

o 3 (s 3lg Js sl =Y JS
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Table 1. Evaluation criteria of Neuro-Fuzzy model
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Figure7. Partial series derived from wavelet decomposition from level 1 to 6
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Figure 8. Comparison of observation runoff and computational runoff by Wavelet-neural hybrid model for predicting
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Figure 9. Comparison of observation runoff and computational runoff by Wavelet-neural hybrid model for predicting
the next day at the test stage
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Table 2. Evaluation criteria for wavelet-neural hybrid model
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Abstract

One of the most important issues in watersheds management is rainfall-runoff hydrological
process forecasting. Using new models in this field can contribute to proper management and
planning. In addition, river flow forecasting, especially in flood conditions, will allow
authorities to reduce the risk of flood damage. Considering the importance of river flow
forecasting in water resources management, various methods are used to model rivers flow in
order to minimize their potential damage by using the model in drought and flood management.
In this study, the neuro-fazzy and hybrid neural-wavelet models were used to forecast the daily
flow time series of the Sarmo water meter station located on the Mohammad Abad River. For
this purpose, the original time series has been translated to three sub-series for 28 years using
wavelet transformation and type IV Daubechies mother wavelet. The correlation coefficient
value was obtained 0.88 for neuro-fuzzy model and 0.95 for hybrid wavelet -neural model, and
the RMSE, MSE, and NS evaluation parameters in neural-wavelet model were 0.004, 0.043, and
0.91, respectively; these parameters in neuro-fuzzy model were 0.32, 0.10, and 0.77,
respectively. Finally, the results of wavelet-neural transformation were compared with the
results of neuro-fuzzy model, and it was observed that the wavelet- neural method has a higher
predictive accuracy than the neuro-fuzzy method.

Keywords: Daily flow time series, Flow forecasting, Neuro-fuzzy model, Wavelet -neural
model
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