[ Downloaded from jwmr.sanru.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22516174.1400.12.24.2.9 ]

[ DOI: 10.52547/jwmr.12.24.193 |

Sl o Balio 5 (55,9LLS pgle oISl
3l 03> Cupie aclibingsy

ay Ve ltane g b /VF o)l [emdjlgd Jlo 55ul 059> o pie doliingy

"‘_;Mﬁhs)-’ ‘\J&Q"
S lwdmnd (5l Sago Jad 51 03liw! b ANFIS oS (5wt
Cand ) e 30 313 (551

SN JRVESWIN TS FYRS PP V5 WU POV O

Ol coliile S ¢ oMl Jb’] o&uily coliiile )" sl o ‘_r»,\;e‘a—o”f ol ol (55 597._@"3 -\
(behrouz.yaghoubi.h@gmail.com : Jggue o8k g5) ¢yl ! coliiile S ¢ o Maol o3l oKl coliiilo S7 sy ol quwino 09,5 Hlsbiwl =Y
Ol 0liile S ool Bl5T oKl colisile S sy cl wdize 09,5 jLuiils =Y
Vo NA ek go)b WA sl s )b
YoF BOAY caio

bgus 045
Coatl Sl ol 98 ile (e o) StS dagd 9 KB (Al )3 oy 4 plor ke (29 50 (Bl s St 5 e 1A 9 Aol

5 ook oy Siloand Ul Vb Co g 5 085 oy (sgime (ign slaglyy Wil il oous slagtg) ol 2 ogde el 0,08 (gl
390 4 59 onlpl ) (2Rl 5 (Slae Cldllae )3 ladiy o g (loj 3 (2924850 53 (ol A8 by cnl Jl edliul 215 Ty alie Clegsge
w53 dalllas cpl 5l Bus g o 039338 (SiHl dile wglate Pluwe (gilwdnd 5 ezt sl (souas (oeb goiie (SUST Cungie 9 38
A8l (o Sage foad 9 ANFIS (o8 5 Jae 6 bawgs €y o e jlid ()L

Uhsp 4lagy oSy S oo Laugd YOV 51805 Lo 1 allu Y e s il ajl 4 3 cady b ik eadlllas (il 5 1 s,y g Sgo
dasl 55 00,5 5 WANFIS (oS 35 Jdo g 0 48,50 0 K90 i JIANFIS Juo 5 Slos g0 (slyr K0 jledy i (iludind (s guno
o ) S el daysl ol eslinel b e 3505 glolid Sl oo slaodl se slapdl (Kiason 355 b ] oozl b
el 905l sl g Jlo XY claoshy I egimn ogn sl Jre Sbjsel (cly 45 canl S34 p5Y A5 03l dmwg Jde cuin WANFIS 4 ANFIS
b sl 93 bl ANFIS Jue Coguas mlgi dlawd oy pdiaga cdald] )3 13 )5 odlitwl Jlo Yo (glaosld

3550 ANFIS Jue gilodiy sy Sogo odlgils calisen slie] g 13,5 )5 ousyy 3y90 ANFIS 8 5 ANFIS 1 cla Jue gols slaadly
9 ANFIS (cla Juo dunlio .000)5  8yme ANFIS Juo 5 Slas dgs (sly Sogo 00lgils guae o yins (lgisay demy o slody 8 575158 55
5 4355 WANFIS S5 sl Jie guls e b Liolj8l glalasDe LB IS5 & 1) ANFIS o 5,Sles o g0 s &S o lis WANFIS
R polie Jlo olsisd) ) opesd Jod B <85 b 1y LS5,k poolie Juo ol k5 pme sy Jo olsisas WANFIS 8 o o5 w5 Julos
WA Aol yioddss YOV« 5 /MDD +/AFY b (gglus iy 5y Jae sl RMSE ¢ MARE

Jbe st 5y e @aojls )k o35 sl sl o yiise (12) 5 (1-3) (t-2) (t-1) sylod byl a8 oy i gl 2.6 paS sl
229 WANFIS .Sy

ANFIS «udy yod o6jlwdund «Sage Jids osjludingg o j1d ()b 1 6alS (sojlg

OhBer 5 (M opizmen X038 ot Sy CB
e oy (Fghas (wac 4Sud Jie dhwga (10)
038 b ) SPel )9S By alale (Sl
ar sl jlog s Jue las ude S (ol Wl
slodly (YY) hlen 5 (rutd 038,8 oppn (ko
Sy b |y Slag aged A ¥ il 6y (S5
35 63 Jho daogi sl Lol 03] (e (S Je
ly Sege fas g byl egian (uas aSud ]t
ol oS 5 il A Jae waly lis Ll 0903 S e b
by CE L1y Bua ol polie wd il ol oS dw
shad o)l (1) ghlSen 5 Sl 2903 (gjlodnd
gl 3900 (et ol S s |y Ul 1535
Eghan mas b Jlo b g L pudl Jae mls
Syt Sles sl Jlo aSm ol i g W08 duslde
> (Sajels e yall ol silednd sl

Mo (Giludnd Cax (Vo) (hlSer 5 gagig (e
sgls e 3 VAT B YooY o 5l Sloj ol > LS50
(smas 45d Jaa 93 by dlale ©jgoa |y (5398 50lS
sl Jde S oy L Wl W50 peess calisee S e
H3j (a5 (Jgd QB B L) Sk polie (pae

Aodlo
& ol iz (295 )0 (b S (w9 (e3S
el Jay55 50 (i Comal 1 plnl 5l “L"_g}t‘} o)
g sl wle cilsee (o slalyy ol egMs
oy (Silwdnnd 2Ulg Vb s g €85 Jdray (o gias
s b hgy cpl 5l eolatwl )b 1y lie Glegdge 5 3L
lllas 3 baije 5 oloj 0 2pdpe 2 (oliws
53008 4 joy 4 ey onlple b Bl 5 Slae
9 O3S slp (Sghas Jigr goite SLSUSS Cugne
4 g o0 03938 S)L aile wglate Plue (65lwdd
(VF) ohlSen 5 SS9 (W) (hlSen 9 J (Jie Gl
5 $pob (V0) lSen 5 SOy (VV) ()Sen 5 g
(V1) ke g 0lesS 5 (V) ohlSen 5 Yook (1Y) (o Sen
iz blE > pasuie Sloj slaojl 3 ()l polie
9 (Sgmas pheh Oglite (SWUSS I oslal b 1) ol
OH&er g (05T cdaldl 13 03505 (g5l Jde p 5 Slowle
5 g Sghae ras s ANFIS Juo bug (F)
Silodnd (S5 @i dlSe (bl «Sage
23,8 &l g3lle jauiS > M &ilBag; 059 > (SW)L
—Sog0 sl ie s &S wb ool L adlles (ol jo
L1y oyl pdlis ogias oas 4Ses — g0 o ANFIS


http://jwmr.sanru.ac.ir/search.php?slc_lang=fa&sid=1&auth=%D8%B4%D9%87%D8%A8%D8%A7%D8%B2%D8%A8%DB%8C%DA%AF%DB%8C
http://jwmr.sanru.ac.ir/search.php?slc_lang=fa&sid=1&auth=%D8%B4%D9%87%D8%A8%D8%A7%D8%B2%D8%A8%DB%8C%DA%AF%DB%8C
http://jwmr.sanru.ac.ir/search.php?slc_lang=fa&sid=1&auth=%D8%B4%D8%B9%D8%A8%D8%A7%D9%86%D9%84%D9%88
http://jwmr.sanru.ac.ir/search.php?slc_lang=fa&sid=1&auth=%D8%B4%D8%B9%D8%A8%D8%A7%D9%86%D9%84%D9%88
http://dx.doi.org/10.52547/jwmr.12.24.193
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.2.9
https://jwmr.sanru.ac.ir/article-1-1028-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22516174.1400.12.24.2.9 ]

[ DOI: 10.52547/jwmr.12.24.193 |

lnd dimas 9 (29 j9 e ¢ Setiliged el

a¥ Sy b 3o 3 ()b (gilwand sl Soge J1a il ool L ANFIS aSus (¢ lodine

F S5 sbdse o8 oy gl Joo)l pliwped (28
wolis (1) a3 5 Jebly ogy gt iy <
sl ases el dlo Ve oy gl Sy o wlale 3l
oy Jao 5l oolizel b 1) i) ool Lo cuss
Copd &S Waly olis gl .03 O3S 5 ol e
u)‘)JLJ Y +/AYA l; ).3‘):. )9§An 8die JJ«o M
bl Sk Jhde (Gilwand o8 2UlF sguan
Sbyiahl siloand cax ol 5 b IRl e
ge lodpns JSda (bl wole edemy (Suiglg)ie
e buwg (V) e 5 g)0g lady )8 eoliwl
w55 Jhe So Sage fas g platdy )by oedle
P oher b )l palie a3 (ly Eghan Lhon
(YY) ) 5 5o Js 20l &) Al YO 0)90 S b
oyl g leMbl gy5T 5 ookl b ovu )b aSus
Silodie dmg)l d2ly> )b A > Clicd oS
2 S8 Al 5 ol s ey oo Sy nS
o ol siledse g 35 lpl 9dS il (o
Caol 1365 1 olius Cacal | Gl sladses o G
ol sl sl eolaiwl b calisee pdie ¢opl o ogMe
Sy 3 endy Gl Gileand 4 ©ple gie 300 g
le3,S ys5bsS

cilasio Jluw (guae her sbghy) 50> S)b
SI)b dler 1 oz oy (silwand oIy 5 035
el g i Mys8 y omlio €8 5l o yhgy oyl W50 1,
PRl 5 Gl Ol laaiia )5 apadye
Cage 2 joy oy blie ol ddsa cnlply s
Db o0 03938l (£ giuan g (slaJse

by b e 53 Lok b sl el cadllas ol
Sy b dlls Y b ojl Sy g3 oyl Jless 5l
o Ll 53 9 Ab 035 (3035 (S (Sghae hgr Jdo
A48 (plolid b o 590 9 5

B g, g dlge
Azl 3,90 adlain

TV g (Byd Job dddYF 54> 0 ¥R d el o
A yeiorod ol 0a b x 8l Jlad 5y 4283 VF
g g ghae (Graj 3 @y yhogh WA Colua b i
D)l 80l slac] maw jl y o b (WSle jolods
O3 Loy Jolgw (5,b w2y b by L‘%; L,b
s ol 55l Jlad jlidy clodibols j1 ko bisas
Olasuin ) Jodoa 33 05 b e o2l _wl e a0
Cumbge ol 00 o po iy o] (SU560g)0un
Gl 005 040iS ol V IS5 50 Cudy jaad oldlyae

ot S il Sloj s s> (A) (5y50 5 S0
Joo g |y liogiin ;9a8" 5,5 )5 @Blg ade> dllw V¥
o5 alale 5 (Sain alis; Gloj slaojl o Loyl
B3ly L g o905 ol 35 1) Sge (cla sl gl .xd;
il g 85 b 1y byl polie oSie Jio oS
2,5

il 51 oalatul b (V) () 5 cewly ccnl 2 0ge
N Sk o35 sl ) ANFIS Jas colicas o8
20l 5 Lol ingad (sjloatiy s3lo j9uiS (slaoje |
ANFIS o b duglio 15 |y S5, polie a5 St oS
e bwgi (V) oL 9 (60Mly 5 (pess (g0 o by
|y, So obisS o oy90 S > b lyis ANFIS
o Cagloy g Lod Sl (i |y (o)l ol ol 535 (e
b obb palie bl 93 cul jledlial b g 828 (153
ey bwy (V7) ohles 5 LY ddges gilo e
| . N s oS s M ¢ 5w

i eghan phor lant)sSll g T2y (228 430
2o ltdy )30 (g )S) 9 (Sgas (mas 4Sud Jub
Sloj sboil 3 1) (5538 lagliol 5 (S > )k
aSai oS wb oo Gl 0) eesd Gde Wil g olisS
cd b s jl lejosl o o)l polde sons uac
s 5Skee (8) fSen 5 3] 5 (SShotend o
sz gty plodel 1o (5l ore33 l |) ANFIS
P23l (sjloaisy « S5 wia)el) Jed 5l sjloaisre o09)
Ol Wl Sanise dgue 4290 (5l (Silwdinge 9
5 429 9 (St ANFIS o5 Lo o 53,5
Dy )05 (g ydey Bl Jae plo b awslie
s 65 —gy Jsa Sy 3l edlizal | (5) oKt 5 Sl
—ohb e b 4 dtuwly (5B gl aSud e
9 Bgw O SladS > il oje (dlp 1y Uy,
=95 Jdeo a8 Wb ol Wl s (gilw Jde Wl
SHL gileand @l elie Slasil jlSie (556
Je o (W) ohlSen 5 pe omizmen Cusl l55
o jhd Ak palie (1055 lp |y 4Bl a5
Joe sy sl ol sl dasss aos)] 5 o5 2
S gl 5l bty Jhp (g S) (egtan Sign
_\N.e)f 0y s

b Bl Jhde (V) llSKen 5 (s cnl 2 0gMe
S 3 odliel b Al OF oy ojb o 5 |y dgude
Joo 8 2635 ol bl 008 (giloand (osias nas
BB i b1y wlale byl Mo yoShe Legias Lben
Coys shbe (Jlis plye & wunl 03 (giluand J5d
2D dple <AV L golus Wl S Jae (Siuon
S b Sage fas <S5 L (F) ghlSer 9 (b5 sl
@55 Jhe 93 glutdy )by edle y (egan (s
@ Jdos g 435 b Ll o dawgi (ogiae oga
o gl ppl ade Sl il iledse

1- SARIMA

2- Ensemble Empirical Mode Decomposition (EEMD)
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Table 1. Hydrological characteristics of Rasht Station
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Figure 1. Geographical location of study area
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2- Autocorrelation function
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http://dx.doi.org/10.52547/jwmr.12.24.193
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.2.9
https://jwmr.sanru.ac.ir/article-1-1028-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22516174.1400.12.24.2.9 ]

[ DOI: 10.52547/jwmr.12.24.193 ]

lind dms 9 (290 j9 e« Setilged el

Yoo by b e 5hd ()b il (lp Sage Jia 5l ookl L ANFIS aSs (gjludig

oy ) 45 g0 (s3lrdenss (12) 4 (t-3) (t-2) (1)
Moges V' S5 53 b (Byme bbb (i Sge Glgis s
oo 0ad (gilwand b Shalie () awlis 5 (SuSTy

ol o 00l yLis ANFIS 8

i &5 ple » dagiloie @l bl

wlolid 5y Jie licas ANFIS 8 Ji ANFIS
Pl ey b ey b polde Jae cpl S
2 ogde 3) oSt (yid CB L e plo b duslie
oyl cln b Lawg |y in ol polie peShe Jio o]

0o "
4 o o o Observed s ®
.
w—Predicied 3 s o
el § i i
-
300 s ; = S - 2
£ o : . : P~ e -
£ = 2 2T B [ S o
- - - ~ - : @ ..
— LY S - od . ..
= 200 s -s e :
< S
=
o »
-4

100

AR

0 S0 100 150
Experiment number (monch)

200 250

- RIS ¥
- .
K
s 3 a0
L
- o [
- e
e w n B0
- - a='
- o
- - -
g o o ok e
Ziko Poioe A P+ °,
a P
2 paSSpET
3 3 X,
a0 - o o6 a ¢
T e %
.
0
o

o 1 %0 70 S 340
Rainfall-Ofserved (mw)

_ /J_,:ANFIS Je sy oA d)uwbdl_\mw oyl duoldo —VJSV_;')
Figure 7. Comparison of observed precipitation with simulated values for superior ANFIS model

Py ogae lgsa COIf2 55 eSS eolgls slac
)J.)LM g&}n b)‘yb 9.4:- L)"‘ LS‘)’ .b.))f LS’L"’L"“’
b Gglae coipey (Sumed coyps g 3Sles jadli
Soge 0dlgils Calisee (glacl adS Hle ;5 ( SW)L lade
A5 Byre 0dgls pl gde pyin leca dMeY gae
w4 35 RMSE 4 NSC d)hj sl s ls ‘_'JT sl
)J.)LSA e MR WY ua..o.?u Y¥/A) - 9 +[AVY l) )g])g
<[V b golae i sy dmey 41y AIC s MARE R
&S cal S p5Y ael canday VVOIVAY 5 +/ADD
10,8 ololis JUsS 65l dlgls gae oy biorl.l
e JUgSgh)nl odpls gac ol lp K> plow
L plp e MARE § NSC R (gl la jasls
CJL.: 4 d>gf l., ‘L)”‘)"L" Mg \Wars 9 AYA oYY
019;:—4\.3 dmey pas g&;y dl.tbo.ﬂ?jl& lacl als
ahl ) g ad (Byme Soge laodlgld gae (p s
by o e Jhd () (gilwdnd gl gae ol adlas

85 18 ealatwl 350

Sage sbodlgls
Sage Jotd e sbodlgls gy 4 50 cnl
dhbh Soge b (IS jeba b e adby,
oeideslo (haar) b (db) somgh leis b oboslgls
w0 83 5 (bior) JUsSsi,eb (COIf) uilaseS (SYm)
slacl als Lbs 5 4wl p .cwl (dmey)
olgls oS Wl astie Soge i it slaoslgls
dulio jd las lade oy yieS ¢ B oy )yl dmey
b A USS  0g Soge sbodlgls lacl plo b
i glaodlgls iy slacl oy d)LoT sl sl
haar eslgls (gly Jko olgcas Caol sdalin JlE Sog0
oS ol Jbo g ol 3g MFYYOA 5 V¥E+ o /V-Y L
X AY b gglue cwipa ol 1y MARE 4 NSC
Oly'.c—:g SYM2 oyl y ogMe kel Canwdds V/ESR 4 +/VYY
Sl a2l a8 w8 yxe Guileslio 0dlgils 5y guae
NUYOY byl cwipa o] il RMSE 4 AIC VAF
alS b > N ed) mesS YA 5 VoYF/FVS

L= sy

[
=

Sage il codlgls busgs L3yl
Figure 8. Statistical indices for precipitation results simulated by different wavelet families

Slodasd gl sl (sylel slaasls —A JSs


http://dx.doi.org/10.52547/jwmr.12.24.193
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.2.9
https://jwmr.sanru.ac.ir/article-1-1028-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22516174.1400.12.24.2.9 ]

[ DOI: 10.52547/jwmr.12.24.193 |

)

4 WANFIS 5 1,y NSC 4 RMSE (AIC 5las ¢y
2 ol g +[AY g YO/-A% ADIFAY (colue oSy
clas g LB ials el Soge Jg o5 cul Jb
&y MARE jlide oS laisSa o WANFIS 5 o
b blie Je 5l 5208 L, ¥/ L i WANFIS 5 s
WANFIS 6 (clyy cpwiman 5 ANFIS 5 s
<IAFY il e ga VAF 5 AIC R )bl la jasls
& cool 4 piY 85 duobre AVYEY 5 AYD/NAY
1gis |, WANFIS 6 Jso ol ( Sired Sago byt
polae WANFIS 7 (cly « Jolis )0 by (mols8l wly V/A
5 VYD VO L (golus 15> R 5 MARE NSC
sl adls & cwl Jb o cpl Bad 03 ez +/AY
cwipd Jb ol ln VAF 5 AIC RMSE ¢,L]
y Bdel Cowdds A/FAY 5 QAV/YEe /e 0) b (g5lane
Sy sl 4l ple p (ilodse @l el
ol sghan hgr S cnye ol WANFIS 8
olie 5sSie Jae ey (Jle Slsicdy b byme adllae
@ WANFIS 8 () (Stusan copo 5 3Slas jadls
Omimed LS duole +/AFY ¢ AVYVY b colue cus s
s < yiay AIC 5 NSC RMSE jolie Jao oyl (sl
@ drg b kel canday AVO/VAF 5 /AN YE/DY. L
al o 38kee (abls Sage b5 dbsjlodid gl
Sy deute il Y10 L5 |, ANFIS

5 oo (sgiae (i claie 4l ple > nlnle
ouia s s e 56 WANFIS 8 e (o 5
) p o cuily glmlie ik polis ) Siuren
ol (12) 5 (63) (t-2) (1) o)lod clopsl
Cudy b @aajlyd ()b gilwand sl Byl 5 s
N K 0 pllis WANFIS LSy Jao lawys
Jio Jlalie 5 gdie polis duwlis 9 (SuSTy e
PO WA rpaid (WANFIS 8) Py

Bl Ao g aasny j9 e ¢ Sriliged ol

WANFIS sl Jao
5P sbdie @l Jdod g 40 4 Cend ol
sl ity 3 & &S len gd e ity WANFIS
i35 5 ANFIS Jas a5 5l laJae ) 34 ol 13
bl o aslis dulio A S5 3 Wlord Wy Sage
ryaids WANFIS Sy sl i 4l 4y calise
lie dagilu i bt bl Cwl ol eauis
WANFIS  Jio sly (Siusod Coyps 5 3,Sas jasls
kel Cawdey +/VOe g OFIVAY b (golue sy 4 1
b JSs a4 Soge b Ad odalin 4 45 les
Olyeds o e |y ANFIS Juo 5,Slee (glalasMo
ANFIS | duglio ;s WANFIS 1 | Sisod gy < Jlto
slasls oS cul Jbopo ol as bl g0 loya 1
4 WANFIS 1 &l AIC 5 MARE RMSE ¢l
A5 Al Y VOFAY 5 VAVS DAYAD L )y sy
d).a.os d])b WANFIS 1 cu.u.{).s dLmJAn a5 uL.o 5
Sage s & Cul 30 p3Y g s gyt 9
» WANFIS 2 Jao Sed copd &5 0d el
bl Gli8l ply w9 93 bads ANFIS 2 L awslie
&y RMSE 5 VAF NSC ,slie «pl 5 ogMe
Cawdds Yo /VVY o AVIAVD /AR o5 54 WANFIS 2
5 AIC MARE (5Ll clajasls plis ¢ yizman ]
MY b ply cwsa WANFIS 3 Jae sl R
S ol (6yghol @ piY Al duwlxe </AVD ¢ AVE/V-Y
Jaa (MARE) s e o 23,5 cacly Songn Jpis
2L I8 3 e ANFIS 3 | awlie ,» WANFIS 3
9 (Sused oy plie & Cunl (Jbb > cpl 295 oS
L gsbue gty WANFIS 4 4l 5Slee jadls
(il Jde ol ool . H0b duslse £4/VY 4 </YVR
21, WANFIS 4 5 Sl asls uie Soge Jois
2 0gMe Lauisy daue il Y/ 1ogas ANFIS 4 L auslis

1

| — WANFIS ¥ WANIES &
B WANITS T WANEES *
WANITS ¢ | WANFIS 6 WANESS 6
WANKS ¢ WANTIS 4 WANYIS
W ““‘**_ WANFIS ¢ WANTTS &
"] WANTS 3 WANFIS 3
WANYES WANITS 2 WANFIS 2
WANETS | — WANITS WANFIS |
0y 0x . W gy B0 ) 1 ' v.w".;
WANFIS 8 _ -ng WANHIS &
) s WANFIS 7
WANFIS 6 ——— LRSS WANFES §
WANTIS § J- WANDES § WANITS
T ———————————— WANIES 4 WANFES 4
WANGTS | WANIYS 3 WANHS 3
WANTTS 2 WANFIS 2 WANFIS 2
WANTTS | N | 0/ ANTTS | WANFIS |
h N b L3 Lh "o 10 10 u (8] Ol o 08 0

ises WANFIS (sl Jao bawgs 355 (g 5lwdnd gols gy L;)l.ai sl asls -4 S

Figure 9. Statistical indices for precipitation results simulated by different WANFIS models


http://dx.doi.org/10.52547/jwmr.12.24.193
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.2.9
https://jwmr.sanru.ac.ir/article-1-1028-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22516174.1400.12.24.2.9 ]

[ DOI: 10.52547/jwmr.12.24.193 |

bl domao g aasns S92 ¢ Sarjliged panl ]

Y.y Cudy e e 3Ly )b (ilwand gl Soge i 3l eslitwl L ANFIS aSis (g jlwaigs
400 e o« Observed . S L 7
w—Prodicted § = . . :.
300 X o o/s
g ' . *
= B0 b7,
Zo00 |, § : ki | ¢ 1t
: [» . ’ .« - 4
= h ¢ ; :lxu ../3::0 .
8 I " B . | 0
100 H 313 : : | o3
3 . 2 R ., .
. : il N 2 "
0 e LY s . ]
0
0 50 1040 150 200 250 0 90 M0 360 450

Experiment number (month)

180 2
Ramfall- Observed (aw)

$p WANFIS Jao sly osis (gilwans b Slalie i)l dwslis =V IS5
Figure 10. Comparison of observed precipitation with values simulated by superior WANFIS model

WANFIS 8 o 505 b o 55 b yd s 355550 5 5
caB by )l polie wd slelis yyp Jde lasay oS
cops plie (Jlie lysdr 2ged (gilwdnd wle
i S5 Fp S slp 0Shes adld 5 (Sten
S s U cpioren el Cowday AY/YVY 5 +/A8Y (s5luo
Sl Lydb (n s plgisa (t12) 5 (3) (t-2) (t-1)
WANFIS Juo lawgi cudy jaud Sde jhd (Sa)b eess
LA Byxe

Sli o gloodly giluand (gl & 390 oy
Se)osl plo b Sage fad oS5 5l G5k Ggren
Caplo wydd bad cpl 1y o6 oolaiwl cgume oo
WS oo Jebos g 35 oy 0l Jleg ol Sloj oy
ol Mo LB JSSa g 1) gileand <85
Y

P GOl ileand & 39 ol b Ll
ool 03 plol 35 ino ) )l Loy ola cilisis
> Slej el S cudy b G5k ey sile e L
68,55 plol egine igh S5 Jo Sy g o
iwo)b slodly oy (s Cunle 4 d g b Yool Ll
2 ok 0> drwgl couas yign Jho dSles dunlio
Esman ghen i b awlie LB ok ddles
500 (e lp bt ple lwg ok edlatsl
ROWREVRUEN LY

5P Jhe cB b dasde o5 bl il pl
sudw ANFIS Juo 5l pay BB IS5 & (WANFIS)
Sw sodly swyda Soge g 500 Ojledy Ll
03905 Jobod g o Iy cudy o e Sl Bk Sl
ol 08y 3900 0 1y ANFIS Jue 8 4 sl
RESOLE N

Cool 5l ol @M 53 G5k Glise (055 5 (Silodned
Sloj s glaoaly slllas oyl > sl oyt ol
Jlo 1 dle Y ol SO 0 ey pd oo s Gk
S 9 ANFIS Juo bwg dilale & ygods \YAZ B AYYY
s ANFIS Jio uS'35) WANFIS adlaigy oS 5 Jdo
¥Y) ui';)’}a] Awd 93 &y odly . (gjlwand (Sogo Jis
5 o Ny S b dad eped (Jlo V) o903l 9 (Sl
A5 3 93 b ply el Jae Cogas @l dingg ol Las
P COO-S PES S L R PRV OV S W R
AW G:L.:L.w u’l") S ol dl.m)»b prPee
Sage o3l slacl 4lS qwyp b & sl D4 )Y
Ly doldl 13 a5 Byre diy jole Soge leicay demy
sl gy 51 S gl Gl Jde cud s Ul
e auglie 13,5 Gy WANFIS 5 ANFIS
&b jolis LS5 Jae o b Lis WANFIS 5 ANFIS
0,80as Sogo Jdd 505 wesd (e B L 1) Cua
b disy dge w2y JB S35 4 | ANFIS Ja
oo egion igp sl Jie &S @l Lo 5 40

&l

. Baba Ali, H. and R. Dehghani. 2017. Comparison of intelligent models in estimating monthly

precipitation of Kaka Reza. Ecology, 4(1): 1-11.

. Khalili, N., S.R. Khodashenas, K. Davary, M.M. Baygi and F. Karimaldini. 2016. Prediction of

rainfall using artificial neural networks for synoptic station of Mashhad: a case study. Arabian Journal
of Geosciences, 9(13): 624.

. Ghorbani, M., A. Azani and S. Mahmoudi Vanolya. 2015. Rainfall-Runoff Modeling Using Hybrid

Intelligent Models. Iran-Water Resources Research, 11(2): 146-150 (In Persian).

. Akrami, S.A., V. Nourani and S.J.S. Hakim. 2014. Development of nonlinear model based on

wavelet-ANFIS for rainfall forecasting at Klang Gates Dam. Water resources management, 28(10):
2999-3018.

. Azad, A., M. Manoochehri, H. Kashi, S. Farzin, H. Karami, V. Nourani and J. Shiri. 2019.

Comparative evaluation of intelligent algorithms to improve adaptive neuro-fuzzy inference system
performance in precipitation modeling. Journal of Hydrology, 571: 214-224.

. Chang, T.K,, A. Talei, C. Quek and V.R. Pauwels. 2018. Rainfall-runoff modelling using a self-reliant

fuzzy inference network with flexible structure. Journal of hydrology, 564: 1179-1193.


http://dx.doi.org/10.52547/jwmr.12.24.193
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.2.9
https://jwmr.sanru.ac.ir/article-1-1028-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22516174.1400.12.24.2.9 ]

[ DOI: 10.52547/jwmr.12.24.193 |

Blad demo 5 (298 9,00 (Snjlited el
Y.y Voo hamej g b IV o)l /om3jlgs Jlo 50l 0j9> o pte dolidmgts

7. Danladi, A., M. Stephen, B.M. Aliyu, G.K. Gaya, N.W. Silikwa and Y. Machael. 2018. Assessing the
influence of weather parameters on rainfall to forecast river discharge based on short-term. Alexandria
Engineering Journal, 57(2): 1157-1162.

8. Dabral, P.P. and M.Z. Murry. 2017. Modelling and forecasting of rainfall time series using SARIMA.
Environmental Processes, 4(2): 399-419.

9. Jang, J.S 1993. ANFIS: adaptive-network-based fuzzy inference system. IEEE transactions on
systems, man, and cybernetics, 23(3): 665-685.

10. Kumar, N and G.K. Jha. 2013. A time series ANN approach for weather forecasting. Int J Control
Theory Comput Model (IJCTCM), 3(1): 19-25.

11.Lee, S., S. Cho and P.M. Wong. 1998. Rainfall prediction using artificial neural networks. Journal of
geographic information and Decision Analysis, 2(2): 233-242.

12. Mekanik, F., M.A. Imteaz and A. Talei. 2016. Seasonal rainfall forecasting by adaptive network-based
fuzzy inference system (ANFIS) using large scale climate signals. Climate dynamics, 46(9-10): 3097-
3111.

13.Mehr, A.D., V. Nourani, V.K. Khosrowshahi and M.A. Ghorbani. 2019. A hybrid support vector
regression—firefly model for monthly rainfall forecasting. International Journal of Environmental
Science and Technology, 16(1): 335-346.

14. Mendel, J.M. 2001. Uncertain rule-based fuzzy logic systems: introduction and new directions.
Prentice.

15.Mislan, H., S. Hardwinarto and M.A. Sumaryono. 2015. Rainfall monthly prediction based on
artificial neural network: a case study in Tenggarong Station, East Kalimantan-Indonesia. Procedia
Computer Science, 59: 142-151.

16. Nagahamulla, H.R., U.R. Rathayake and A. Ratnaweera. 2012. An ensemble of artificial neural
networks in rainfall forecasting. In Advances in ICT for Emerging Regions (ICTer), 2012
International Conference on (176-181). IEEE.

17. Nasseri, M., K. Asghari and M.J. Abedini. 2008. Optimized scenario for rainfall forecasting using
genetic algorithm coupled with artificial neural network. Expert Systems with Applications, 35(3):
1415-1421.

18. Nourani, V., M.T. Alami and M.H. Aminfar. 2009. A combined neural-wavelet model for prediction
of Ligvanchai watershed precipitation. Engineering Applications of Artificial Intelligence, 22(3): 466-
472.

19. Nozari, H. and F. Tavakoli. 2019. Evaluation of the Efficiency of Linear and Nonlinear Models in
Predicting Monthly Rainfall (Case Study: Hamedan Province). Journal of Watershed Management
Research. 10 (20): 1-12 (In Persian).

20.Purnomo, H.D., K.D. Hartomo and S.Y.J. Prasetyo. 2017. Artificial neural network for monthly
rainfall rate prediction. In 10P Conference Series: Materials Science and Engineering (180(1):
012057). IOP Publishing.

21. Shafaei, M., J. Adamowski, A. Fakheri-Fard, Y. Dinpashoh and K. Adamowski. 2016. A wavelet-
SARIMA-ANN hybrid model for precipitation forecasting. Journal of Water and Land Development,
28(1): 27-36.

22.Toth, E., A. Brath and A. Montanari. 2000. Comparison of short-term rainfall prediction models for
real-time flood forecasting. Journal of hydrology, 239(1-4): 132-147.

23. Valipour, E., M.A. Ghorbani and E. Asadi. 2020. Rainfall Network Optimization using Information
Entropy and Fire Fly Algorithm Case Study: East Basin of Urmia Lake. Journal of Watershed
Management Research, 11(21): 11-23 (In Persian).

24.Wong, K.W., P.M. Wong, T.D. Gedeon and C.C. Fung. 1999. Rainfall prediction using neural fuzzy
technique. URL: www. it. murdoch. edu. au/~ wong/publications/SIC97. pdf, 213-221.

25.Wong, K.W., P.M. Wong, T.D. Gedeon and C.C. Fung. 2003. Rainfall prediction model using soft
computing technique. Soft Computing, 7(6): 434-438.

26.Xiang, Y., L. Gou, L. He, S. Xia and W. Wang. 2018. A SVR-ANN combined model based on
ensemble EMD for rainfall prediction. Applied Soft Computing, 73: 874-883.

27.Yaseen, Z.M., M.l. Ghareb, I. Ebtehaj, H. Bonakdari, R. Siddique, S. Heddam and R. Deo. 2018.
Rainfall pattern forecasting using novel hybrid intelligent model based ANFIS-FFA. Water resources
management, 32(1): 105-122.


http://dx.doi.org/10.52547/jwmr.12.24.193
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.2.9
https://jwmr.sanru.ac.ir/article-1-1028-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-07 ]

[ DOR: 20.1001.1.22516174.1400.12.24.2.9 ]

[ DOI: 10.52547/jwmr.12.24.193 |

Journal of Watershed Management Research, Vol. 12, No.24, Autumn and Winter 2022 ..........cccoitiiiiiiininiiiniiniiienen. 204

Optimization of ANFIS Network using Wavelet Transform for simulation of Long
term Rainfall of Rasht City

Ebrahim Shahbazbeygy®, Behrouz Yaghoubi? and Saeid Shabanlou®

1- Department of Water Engineering, College of Agriculture, Kermanshah Branch, Islamic Azad University,
Kermanshah, Iran
2- Assistant Professor, Department of Water Engineering, College of Agriculture, Kermanshah Branch, Islamic Azad
University, Kermanshah, Iran, (Corresponding Author: behrouz.yaghoubi.h@gmail.com)
3- Associate Professor, Department of Water Engineering, College of Agriculture, Kermanshah Branch, Islamic Azad
University, Kermanshah, Iran
Received: 30 Jun, 2019 Accepted: 7 April, 2021

Extended Abstract

Introduction and Objective: Estimation and forecasting of precipitation pattern in different
parts of the world, especially in arid and semi-arid regions such as Iran is very important. In
addition, various numerical methods such as artificial intelligence methods due to high accuracy
and speed have the ability to simulate the phenomenon of precipitation and similar subjects. The
use of these techniques plays an important role in saving time and costs in field and laboratory
studies. Therefore, the application and popularity of various artificial intelligence techniques to
estimate and simulate different issues such as rainfall is increasing day by day. The purpose of
this study is to estimate the long-term rainfall in Rasht by a hybrid ANFIS and wavelet
transform model.

Material and Methods: In this study, long-term rainfall of Rasht city was simulated using an
optimum artificial intelligence model for a 62 years period from 1956 to 2017. In other words,
the wavelet transform was utilized to enhance the performance of the ANFIS model and hybrid
WANFIS (Wavelet-ANFIS) model was defined. Firstly, the effective lags of time series data
were detected through the autocorrelation function (ACF). Then, using the lags, eight models
were developed for each ANFIS and WANFIS model. It should be noted that 42 years data was
applied for training and 20 years data to test the artificial intelligence models. Next, the number
of optimal membership functions of ANFIS model was selected equal to two.

Results: results of ANFIS 1 to ANFIS 8 were evaluated. Additionally, different mother
wavelets were examined to optimize the ANFIS model. This means that the demy was
introduced as the best mother wavelet for increasing the performance of the ANFIS model. The
comparison between ANFIS and WANFIS models signified that the wavelet transform
enhanced the performance of the ANFIS model. Also, results of the hybrid WANFIS models
were analyzed, indicating that WANFIS 8 was the superior model. The model estimated the
rainfall with an acceptable accuracy. For instance, the R, MARE and RMSE for the superior
model were computed 0.961, 0.855 and 24.510, respectively. Additionally, the values of VAF
and NSC for this model were respectively estimated as 92.273 and 0.913.

Conclusion: Results showed that (t-1), (t-2), (t-3) and (t-12) were identified as the most
influenced lags for estimation of long-term rainfall of Rasht city using the hybrid WANFIS
model.

Keywords: ANFIS, Long-term rainfall, Optimization, Rasht city, Simulation, Wavelet
transform
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