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5. Artificial Neural Network
6. Wavelet Artificial Neural Network
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2. Autoregressive integrated moving average
3. Seasonal autoregressive integrated moving average
4. Artificial Intelligence
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8. Feed-Forward Neural Networks
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7. Dyadic
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9. Neuron
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10. Autocorrelation Function
11. Correlation Coefficient



18+-1F ((1F ) HLasl) ¥ ooylods BT alo o ) nxo g oyl s (oo 4y 3ls | o)) K00 g Az \FF

69933 <=5 5 (e 9955 SRS ok Lasdg)g slass il
IS S, i sl ol T lizeey 5,8 sl |,
Srga Lo 1(0) 5 QO (5loj (sloes oo (QUEFT) Bao) e
©99y3 Olgrsas g o a3 ¥ o ¥ glaulide o dbd jole
) Jysz 85 jsbilas wa b Jlael o e 4S5y
ookl conds 4y 5o gloj (wlbido g0 2 0 (anl coaline L3
el Guals cely 699,9 plgear L8 ole o)L (Hlej (5
31 1ads WANN Jow (6995 sl 4zt o el oo Jow
ol ooy oolatwl 8 oo g8 ¢ 8 ol S iy, Slej (6

3 Sae WANN Juo usliioniz 50T (Shs a4z g5 b
@ 4295 b ized 5 b ei obj (5399 Slass 5 eslinul 4
ot e (Cowlus ST 4 by ) () Jour mbs
db4 S>ge Jiau 5l WANN Jow Lawgs ailale g,y aslSoss
Fol ¥ apes slogabie L QD) 5 QMY ©95)5 w255 5
ole Sogo b asyzs Jolds a5 gl o i 9 ol 0l oolaul
ol 00l S3(Y) Jguz 0 il o F Sloj wlie g db4
Joaws 5l colaul g oo camlive (V) Jgaz ;0 a5 b jlen
Sgnty el lily; (Gloj (6 ambiioniz BT Jdoa, S
S pE VY den 0 ANN o s Juw &do az g LB
L ogd oo odnlive a5 jsblean Jg Cwl ouds ailale SUlg,
s (Shoddg> Cools Jdoa (gt o8 SRl
ol 005 oy jmalS giluJae cds (Sl gley 5y
Jaws sl eolaiwl 098 o cvmlive (V) Jgaz j0 a5 jgblen
Spete sl el Gloj (5 anlioniz BT Loy Szge
ot pE VY den 0 ANN o Cos Jow do ax g5 LB
L ogdce oanlie a5 jsbrlan Jy ool ouds ailale LUl
Cpnd (Shoddsd oot Jdoa (cagin o8 SRl
Sl 00,8 oy JralS (gilw Jow cds «olily, Sley 5w

ads johieds i bes wlale Sloj 6 (S 12
it 5l adlad Sl g S92 90 (Sloj slagSl g ba Shg
s ubide j0 dbd Soge 4 Lo lawgs ool S
oo Jolds &5 @l (p e 9 b osliinl ¥ g ¥V 4500
s S5 Jyir s el ¥ s

S 5 9 oo odaline (A) Jgaz 0 45 jeblea
Joe 80 0gupn dely Soge o 3l oolaiwl s ailale sles
oa—d ailale sled cim i pB VY aon ;0 ANN o

Les giloy 6w YL (Ko g ool Jdoas 5
low Sz s Joo 285 (Lo a8 Ll8l b

] o.b)ii

WBloe $99)9 <o 5 £ T Jold &5 ditne (g, 51 ANN
b Slo 395 Fr B esog)g olass 4 azgi L a5 oud oolii ]
095 Sl b s (e g ool a8 5 A o 1S5 V0
2 jsbolen cwloa & S3(F) Jgaz 0 1,5 5 Sl
69959 e Vo g Vol gl 095 e oualive (F) Jgur
5 Sl e s Hlais 50 slapls aen gl S3lw e
Jsl 5 sl dadd oa iS5 S5 L (53959 e ¥ sl
P IR L S 50 5 o tbige e B ol i
Jeloar ANN @ omsss Joo b 55w oe mls i
uials) Ollyy (Sloj (6 pw (Kimandss hn s (S
IRV BN
L les (Gloj (s (3 pl5 VY B) iz (55l fe sl
69959 <255 €9V J—sld &5 peinn (b9 5l 55 ANN
097 AU e(895,9 olawi 4y a5 L aS oa b ool l a3l oo
Sl b i g 5 o0Bazd S a5 o S5 10 b ol
S ssboles el ot S5 (B) Jgaz 50,155 5 Sl 095
(Srodd9> Sy 4 425 b 09l oo oaaliv (B) Jgoz 5
Silmdie 4 Cumd (il Joe @l dod (Sloj (5 558
ot el Rl o g wilbioe e Sy, -k
Wl @bl s g 0pdisad g3l ]oe <o als sly 55
S et @l @ ar g b dlee a5l e V)
g ANN @_ciands> Joo b wgi dilale Olilg, aalSa >
lp aalsl o ailale slod alfain (cn by ()2 eipon
ol ooy oolatwl WANN ayglsaiz aidlad Jow 5l oo i

WANN Juwo -Y-¥
=S 5 Joe (Baiod cpl jo o Soolaiul Jas (yeeg
ANN lacs b sl lojen oolaiul gl a5 a_il .o WANN
sosls a5 & jgo pl a4 cculonl (Al Soge o
ANN @ (5395 Olgieds Soge o bood (33l p iy
G538 o5 4 4z g L Ban ol jslatedy .aig—i oo Jlos!
<\ AAY Morlet g Grossmann . Jlw lgc @) 485 &5 o
(VY o )Ken g Khanghah V-3V ()] ISen 9 Nourani
a5 sl oliia 5 AD4 jole Sgo b i o Srge L

el 00l 53 bl g e g oads oolanwl ¥ g VY
30 g ANN o b ol 4y a5 L Sllg ) (g5l o sl
5 SUly, b x> ablaly shls Uy, asonl (285 s
oo cmalie (63955 CLRI jolatady Bl o B35 ()L



N 18+-1F (1F ) Lesl) ¥ oo,lods BT alo o ) nxo g oyl s (oo 4y 3l | o)) K00 g A .z

ANN Jowo b SUlg)y - 50,b g5lwdowe Lol g mubi -F Jou

(o0 Jlo,3) RMSE i E ~ o s e sl icte
e Sl e o] 5999
Sa -l-58 RN SIYE v Q(t+1) )
SNYY -1~V VAT Y V) Q(t+2) Y
Y -1~V YN Sy A Q(t+3) v
SN “[-YA — Y R V) Q(t+4) €
MY -V T Y [ Q(t+5) ) o
ST R — ¥ — YD V) Q(t+6) 3
ST R YY" -J-YY A Qt+7) v D
SAYY S[-YY T ofee YY) Q(t+8) A 10
ST oYY — o AD AT TA—) Q(t+9) q
Sy oYY A -[-AF V) Q(t+10) V.
Sa oA ey -1+ 04 TA—) Qt+11) X
A R R Y [ Q(t+12) VY
AR <[~ FY -1V AR F--10--) Q(t+1) \
SNYY Y /A 1oy ff Q(t+2) Y
S o154 Y -8 f--0--) Q(t+3) v
/YA “[oYY —MY T FoT—) Q(t+4) £
NI Y —./-ay - rYe V1) Q(t+5) o QM
<AYY A —-/+Va ofee¥ f--q--)\ Q(t+6) i Q(t-1)
Yy R Y —ofe$ Foi—-) Qt+7) v Qt-2)
Yy AR Y YRR f--A—-\ Q(t+8) A 1
SNYY o159 —efeY- R 5y Q(t+9) 3
SN ) VY- YD 5y Q(t+10) V.
SN ¥ ) -V YV 5y Q(t+11) X
SN ) Y SNV 5y Q(t+12) VY
SNy SfepY VYD -/FTa Veo¥—) Qt+1) )
Sy Y Y VYA VooV Q(t+2) Y Qo
AR <53 —-f- AIYYD Vo) ¥ Q(t+3) ¥ Q1)
L[5y /- 0A “IYA¥ CIVYE YooYV Q(t+4) f Q(t-2)
<Y o[eVY —N\PY AR YooV Q(t+5) o Q(t-3)
SNYY N YR Y Ve VA Q(t+6) 3 Q(t-4)
SNYY o154 —eJ¥Y oY [ Q(t+7) v 109
SNYY N RS Y [ Q(t+8) A 1(t1)
/YA N —IYA —e Y0 VoYY Q(t+9) q 162)
SINA AR Y 180 Yeq-) Q(t+10) V. ©3)
Y o158 RN -1-4 Yeq-) Q(t+11) X 4)
SNYA o[-0 —IYYY -I¥F VeoYY—) Q(t+12) VY

ANN b Lo (65 o 5L 5 gl -8 Jazr

(o2 Jb ) RMSE ] E ] o . 5 sla e

Tl Sise! Tl gl $599

NARYY .[-ag “IA-Q - IAf4 YY) T(t+1) \

NARE NARN Ni%as Ihe - YA\ T(t+2) Y

CNYY ARNY < IVEQ < IVYA YA\ T(t+3) Y

NARE SARY4 -/yay < IAYY Y—-V—) T(t+4) £

.[-ay NS <IN IV YA\ T(t+5) o

o[-Qy “[+q < INOF < IASA Y—-0--) T(t+6) 14 T(t),

NN NARY4 < Ivay <IAA YA\ T(t+7) v T(e-1)

<AYY SANR - IVYY -IveY Y—-V—) T(t+8) A

NAE) SN CIVYO < INED YA\ T(t+9) q

NARA SARR - IYA¥ < IAYY YA\ T(t+10) )

.[-ay NN < IAOY - JAQY Y—-V—) T(t+11) N

-/-q- -|-A$ - IS - IAVA YA\ T(t+12) \Y




18+-1F ((1F ) HLasl) ¥ ooylods BT alo o ) nxo g oyl s (oo 4y 3ls | o)) K00 g Az )44

db4 ok gs."’.o L WANN J.\.o Cowbws ).Jl.i‘i aQ b,.g).o JuSle g @Lu -5 J,.\.‘?

(o0 Jlo5) RMSE E
N R . 1 emas S Sl ool 89,9 w0,
P SO 3y P SO o9l
A% ooy I5Y -1AA A vy o0y
10
oYt A2 A IAVY <JAYA A=AV R— R
Q(t-1)
o o1 100 LY Ve YA U] O B
0
Aevy R - IAPY <JAFY PSRN L (5 EE——
Q(t-1)

ablo llyy (ol 33 F 43225 (wlidio 9db4 jolo S g0 LWANN Juo jLisbu g gl -V Joua

(o3 Jlo3) RMSE E B - .
(o el (oo el a ~ - =
IR AN AP -jA%Y Yo-Vd--) \ Q(t+1)
Sef R < IVAS e YooVA--) v Q(t+2)
NN SfevE - IVYY -IVA$ YooYy ¥ Q(t+3)
N Y “JFV- “IAY - YooYy f Q(t+4)
AN JfY - 103y - AP YY) o Q(t+5)
L o¥q ¥y S JEAY <IN Y--1a-—-) 2 Q(t+6) QO
/- 0A NN N - IVYY YooV Y- y Q(t+7) Q1)
--08 </ 0A YV < IVAY A A Q(t+8)
-5 o[ $F SNY e Y4 ] Q(t+9)
e Y i Niave L Ve Q(t+10)
vy /400 Nitat N YA N Q(t+11)
.-y /-0 “/faY SJEYY Y—f) VY Q(t+12)

Gl Lo Suwgi 0 ¥ a3 whidlo gdbd jolo SK>90 LWANN Juwo jLs Lo g gl -A Jgu

(o35 Jlo i) RMSE E
— — Sl Nig NERY 8999
D e el ettt Shise!
ety S ¥Y <1359 <JAYY Y- F—) \ T(t+1)
o[e5Y S5 JAYY LR Yooy Y T(t+2)
oYY </-04 NENY < JAFY Y--Ya--) ¥ T(t+3)
NB%i .54 SN </AYY Yooi ¥y £ T(t+4)
«[-YA 41 AR < [AYY Y—-YO--) o T(t+5)
“/eYA LYY A JANY Yoy 2 T(t+6) ()
“JevE A NET JAA Yooye—o) v T(t+7)
T(t-1)
SI-YA vy -JA%4 ANy Yoo\ A T(t+8)
LRI o[-VY A4 </AVY Y—Vo--) Q T(t+9)
BB NB%i NN NERE YooV A--) ) T(t+10)
evF eVE NER <Ay L ) T(t+11)
A o[- VY AR <[Y Y—\V—) WY T(t+12)
s 3l plaS e mwiorws al> e o Nash-Sutcliffe b oo dus lio -Y-¥
iloads auglie ;055 L (Lo g by abole slllas Sl sl Joe mls (gilodoe coeas bl jslaea

e wlale slod 5 DUlsy Sloj (g slp jsbaie rene e luly WANN ANN  laJos 51 250 calise



VY 1emITA L(1F) linal) ¥ o5lods DY o o 5 bumo 5 &3] yos ookt &g s | oyl ySod g o .

WANN oo (sn abgyye oo (n e @l (V) Jgozr 5o
b ommons b o 50 F 3o ol  db4 ole Sga b
A Cand o 80 ol 38l b y0 g el 0als sl b oo plu
oS el ol osimolid 4 el oas ool Lad by Jow s
5 Szge ol eolital gt slapls s o LoyE
o (il 285 pRadar Gl el 4y ubide Gl
95 6B daonds> (Shg bl a5 Led Gloj (5 sln !
25 50 ANN o il oo 4z 53 B aysliscSs aidlad cl>
- et 5ot S e ot jlesliial g 0 Jol |, sli
S gty S0 Ao 10 20l 3gugs ey Wrosls J3ls
Sz sl o lde i Slos (g s ANN Jas &
Sl 9 699)9 (Sloj Sy E95 Seot 12 Censl 03,55 ol |,
oil38l coolauwlsyge wilale glos Sloj (6w gls ST Ml
Wi )3 9 Joe 639y (RPN Sl Ladd o el oL
= (V) Jeoo o cal ool g5l Jow jo s sl
9 db4 j3le Soge L WANN Juo (oiny abgrpo Joo (n e
dlie baoe plo b (riwions al> e )3 ¥ a5 ol
ooy ylis L Jow ple 4y Comnd o] ial38l o ,8 g sl 00l
Soals aen o Lo, a5 codl opl oamsylas a5 ol s
B8 et Gl el Sarge s 5 oolitnl ity
P SN st e Gelike SRl (Jg cesl 0l (g5l Joe
Sl 08,55 oloy! (5 5lw Jow cds

> yo 53 Joo ©B kil w0y A lio —V+ Jgu

Srge Jyod LWANN oS5 Jow L ANN s (sl lisLs
Q) Jolaz) el 0uls duslan ¥ oV oF 4520 slo wlias 9 db4
Murrumbidgee 3,1 ase> e ol b ((V+) 5
Blybl adlais g ail oo (0o )0 V) 500z g (Ao 0 AA) 2550
05 VKM 2 ;0 105 ¥ b SrgS Lo Cumozr sl 5 il
Lyl 2,25 goi )18 Sl Dl b o iz s
3 dilaie yeine Sl gl Gupl ads gsiie Sl (olldl
N esie @Vl 550 ke 9 o O 5l 50 b e YV -
(Comy (P 50 Sohea Y02 U gl po (> gi 50 S len VY- ¢
,té, Murrumbidgee 3 pl ase> Cllg, sloj (6w 0o cucly
loole Sy, b (hend (Sasod g 203 (Lis 095 5 (a2
Sy E9 @ azgi b azmil jo (V) JK0) aldl adls arnds
§ hnd laddsS (Shg sl a5 aslllass 90 Sl Sles
wls ANN oo il o ax g b ayglsas adlad cll>
e ol Sorga o oslizad Jy o Jal ], o
“Ub opalE dan 10 o i gl Sgug el baosls i3ls 4
Rl o 4525 ey (lite SRl (izme 5 00 (e
Sl el @S adlad b g 58 g b 25

ol i i splS aen

—Como a0y Joo CBY o Aoy A lio -1 9o

LWANN Joo a1 Cond @llgy (Floj 5w 5132 (o2
¥ @ wlide 9dbd jole S>g0

Faylie 3,90 sla Joe

el o yo bbb slod Gl 5w §lp o WANN o5
ANN
) db4 level 3 db4 level 2

Falie 3,90 (sla oo ) -\ . £ )

WANN ANN e
db4 level 4 db4 level 2 YA \id 0F) Y
V¥ ! \ 54 vy v

Y Y
-10 ADA NE £

YA v
R N p OA 004 V¥4 I
\ £ N Yvs FAY Y\ I3
) A\ 7 OAY a0 Tva v
! ! " v YOA £ra £YN A

| YA A
AfY YO 5. q

) VA a
v R ) FOA Yas vf ye
3 \ 1 YAY AYY Ny 1
) ¥ Y Off FYA YYA Y

oobie gdbd jole S>g0 LWANN Joo 8o iol58l odums ylis + codlese
Joe s als sasmsylis - Cedle g dunlie 590 Joo 4y Comnd ¥y j2

oobie g db4 ol S>g0 LWANN Jowe 8o 2ol38] sases lias + Cudles
Joe cds als sncmolis — Cdle g duslio 9550 Joe 4 Cons a0
RV




18+-1F ((1F ) HLasl) ¥ ooylods BT alo o ) nxo g oyl s (oo 4y 3ls | o)) K00 g Az \FA

(<)

Observed runoff
x WANN model

Runoff{dimensioniess)

Time (manth)

Observed runoff
*  WANN model

Runoff (dimensionless)
04

= |
=
2010 2011 2012 2013 2014 2015
Time (month)

Observed runoff

*  ANN model

= (&) )

Runoff ({dimensionless)
4

2010 2011 2012 2013 2014 2015
Time (month)

Sy b s lio 53 Slly, Flaslive Sloj g pw -7 S5
(€ 9 (& Flo3 G JS (GIANN §ANN Slrs Soj
YAOLEYY Jjlolée Gl g

S o5 azmais -F

Jsd 5l Ll Glay g Lol sla Sy
Jow ol jo 1) i o e didhad Cll> §  Swandg>
Can9> Joo ANN Jow oS oo Wl g5lwa i (6l
Codd9> S aS Sy slog b ablas jo 5 ol
WANN Jow Jg 000 oo a1l conlis gl cwiyls oo
a5 (Soge o Camols g boosls gloy (o3l i Jdoa
S 4525 L) ol 1) ayglis aiz adlad 2l s oy
dad plidie So Kby plaSy0 &5 lag o 2j 4 Sloj
SreaS Sby g, b ablas o (il oo Lpg—ase
$lp 1w oo @l el gulis sl az g5 B (ay5ls
DBl 5590 addlhans j90 (Sl elide (rizren

Sllgy Sloy s sl a5 3l (i s3lwJoe s b))
aglioiz adad b 5§ s Alends>  Shg Jdow
&9 CIOYZE) ols &l ) 1) s mls ANN Jow caxg LB
¥ a0 wbie g dbd jole Soge b Soge s 5l oolal

Spl don 10 zll dgup Sl rosls ls i lgiea

1 TS
TE= ===
0.8
j 0.6
“ 04
—@— WANN (Runoff)
0.2
= #= = WANN
0 (Temperature)
1 2 3 4 5 6 7 8 9 10 11 12
i e
Al glos g Sllgy sla Joo oy ity o dny Lo -0 i
(o dl> oy

Sy Jdot 0gd o0 osalive (B) JS& y3 &5 jobilen
VYU g asglbans adlad clls § s diuand s>
ot Nos g el oats ol ) (oraslin gl Ul ms o8
Lacdlas el oo Jolis 1) s ol o8 F LY 51 iy
Al oli8l Joe 8o o,bge ale VY Lol 4y ol SGo
0091 gli ST g YU | Niapdgr Cools Joay Ll Lol
ol 1) oowlio gl wany pBNVY U s i oo Gy (5w
ol 00
Sa plENY 5o 0 aS ol i il ae @l (2bs)
Joe 4 Cod (5540 0 Slas WANN ot conds  Sm ion
50 855 ebay ol a bls Sy bl g i ;0 ANN
oo e g Slly; (Sloy 6 v o8 Sy (S
aS J 0 09 < /AY ply Epeak (oo d> 0 0 WANN
S i 5o 050 218 ply Epeak jlxs ANN Jos (sl
5° 5 WANN Jow (520 bawgs Lod (Sl (65w 0 o8
Jow sl aS Jlo 30 595 4120l y Epeak (i dl> o
Sy G (F) JS—3 ;5 .09 +IYA il Epeak ,Lss ANN
Sloj GBs s b dslie )0 (0 5 ) Slanliwe LUy,
el 00y puoy (ANN g WANN (slo Jow (s y54) (Slwlono
el (asein (z-7) 5 () S5 slacwend 1 a5 jobjles
a5ls ANN o 4 Cd (6 50 0 ,Sboe WANN  Jo

sy opdle S| (S bl im0 Loog—ase)
Sylaly gloy s adhad s3> J S olley cainansgs



¥4 1A+ (1P HLewsl) ¥ oo Lol BY ol coms ) buzo g oyl o (oo 4y | o) Sod g o5 .2

FY-00 . AF AV G 0 olRiils oy laors

EIEXVEET LRCH [V JUSNSSPAINE Y S 2 R RIS T Rt SR Y
A:JUa.c L;lj).u—‘ —uS.?'}c O)L:.’.a )‘ obu.'l_w‘ l) Gﬁﬁlj)w

b g o)l jes e Ay iS5 ‘"4-,:-43) azl;0 69,90
NO-AF A AYAY (515 ol Can

Abrahart R], Anctil F, Coulibaly P, Dawson Ch, Mount NJ,
See L, Shamseldin A, Solomatine D, Toth E, Wilby
LR, “Two decades of anarchy? Emerging themes
and outstanding challenges for neural network
river forecasting”, Progress in Physical Geography,
2012, 36,480-513.

Addison PS, “The illustrated wavelet transform
handbook: introductory theory and applications in
science, engineering, medicine and finance”, CRC
Press, 2002.

Antar MA, Elassiouti I, Alam MN, “Rainfall-runoff
modeling using artificial neural networks
technique: a Blue Nile catchment case study”,
Hydrological Processes, 2006, 20, 1201-1216.

Chang FJ, Tsai M], “A nonlinear spatio-temporal lumping
of radar rainfall for modeling multi-step-ahead
inflow forecasts by data-driven techniques”,
Journal of Hydrology, 2016, 535, 256-269.

Dinu C, Drobot R, Pricop C, Blidaru TV, “Flash-flood
modelling with artificial neural networks using
radar rainfall estimates”, Mathematical Modelling
in Civil Engineering, 2017, 13, 10-20.

Grossmann A, Morlet ], “Decomposition of hardy
function into square integrable wavelets of
constant shape”, Journal on Mathematical Analysis,
1984, 154, 723-736

Khanghah TR, Nourani V, Parhizkar M, Sharghi E,
“Application of information content to extract
wavelet-based feature of rainfall-runoff process”,
In Proceedings of the 12th WSEAS International
Conference on Applied Computer Science, WSEAS,
Greece, 2012, 148-153.

Kim T, Valdes ]B, “Nonlinear model for drought
forecasting based on a conjunction of wavelet
transforms and neural networks”, Journal of
Hydrologic Engineering, 2003, 8, 319-328.

Nourani V, Hosseini Baghanam A, Adamowski ], Kisi O,
“Applications  of  hybrid  wavelet-Artificial
Intelligence models in hydrology: A review”,
Journal of Hydrology, 2014, 514, 358-377.

Nourani V, Kisi 0, Komasi M, “Two hybrid Artificial
Intelligence approaches for modelling rainfall-
runoff process”, Journal of Hydrology, 2011, 402,
41-59.

Sharghi E, Nourani V, Najafi H, Molajou A, “Emotional
ANN (EANN) and wavelet-ANN (WANN)
approaches for Markovian and seasonal based
modeling of rainfall-runoff process”, Water
Resources Management, 2018, 32, 3441-56.

Tankersley C, Graham W, Hatfield K, “Comparison of
univariate and transfer function models of
groundwater fluctuations”, Water Resources
Reasearch, 1993, 29, 3517-3533.

Xie JX, Cheng CT, Chau KW, Pei YZ, “A hybrid adaptive
time-delay neural network model for multi-step-

L oeizmad g (AYFA L) 0 ANN oo & Cod Smin
Jodoar (F ¥ aies (wbidie ) 4525 (Sloj eliie il
S Fmlio gl adlad Sl g S35 5 o 05 G2l
Lo Gloj s sl bl Jolo (cnion slopls aen sl
Joe s SS adlad o 5 (g8 aonngs Sy Jodoa
ooliazal Jg (+IVY<E) sls al,1 1, oewlio Lios gl 55 ANN
Ol ¥ ayjo (wlidie 5 dbd jole Srge b Sge oo
S el den 10zl dguge el osls Eile iy
525 obidie ok Mae (Jy (VA B) 0 ANN Joe & Carn
63959 oy S £ St 1) 0,85 olml | Glaiz &gl
aslllans ygo ailale (slos oo (6 oo Arglis S aidlad Conols
29 Joe 53959 GRIB] el haid 45 (wlide ol al
Sl 00l (g3l Jow jo iy gllas axs

PENY B G (o dlie (pl Baa Sl 4 a5 b
$99)9 oS QL g Les 9 Sl wlale (Slej 5w wn
w0 @ 1) o gl st elS aos sy Wl 45
375 oty Soge Lo 3l oolil 14 .l (glodss Coren]
5 ek SOl losed (o9 S 2) Sz @ Sloy S
oo 5 DUy (Sloj 5 99 2 (sl 0B 2l e e (5 Slo
935 )8 oolitals;ge (6995 Oloreas b3 o 99 (5 o Laid
23,5 Jol> sl gl

anlllaos g0 T8 58 (oo e plE iz (S sty S5 5]
(@b slaslis 5 (Kronsg> (e 2iile) o Sloogas 5
Loazlse ,o allie ol @mls @ azgs b oSl wllioo 5192
Mad (hord (Sharoddg> (Shy shlo &S Gloj slacs
Slas (@lis oyl 55 anlllaes,ge ailale SUly, by 6y Siile)
Jedod) awo sei @l ) cslie mls oy lopls oo i
Sye0 |, o5 F Y 0yl ,iSTas ¢ (oudooliul (gla o conls
Sis b Sly sl sy > s ME G
Sley Sy w8le) pative dgls ST aidlad g (558 dtuondg>
oasie spls s oo (Wlie ol o axlllass e ailals sles
1313 Gt 959e

Slwly o R0 waz 5 giie sla e 9z g 4y azgi L
097 5% sledse @UlE Oloe wsiludse s 2l
szl JS 0 1, Sarge has b oS5 9 SVM 5 ANFIS
Sl S8 (o 090 dmr ez (Smite 9 Sloj S (el
WANN oo oUlss yiier ol sl 993 o0 dross Guizre
B oolaiwl egiie obj,l sl bas 5l alFais o5l Jas 4o

&zlyp -0
ESM MIROC- Jaw 3l eolal " | Ldl ST ¢ 00l pm

Sz )*-"-’—‘ do9> goelBl-gjom bl L oy o



18+-1F ((1F ) HLasl) ¥ ooylods BT alo o ) nxo g oyl s (oo 4y 3ls | o)) K00 g Az 1O

ahead prediction of sunspot activity”, International
Journal of Environment and Pollution, 2006, 28,
364-381.

Yang ]S, Yu SP, Liu GM, “Multi-step-ahead predictor
design for effective long-term forecast of
hydrological signals using a novel wavelet neural
network hybrid model”, Hydrology and Earth
System Sciences, 2013, 17,4981-4993.



Journal of Civil and Environmental Engineering
Volume 52 (2022), Issue 2 (Summer), 139-150

wn

University of Tabriz

EXTENDED ABSTRACT

Multistep Modeling of Hydroclimatic Phenomena Using Wavelet-
Neural Network Seasonal Model

Hessam Najafi®, Vahid Nourani®, Elnaz Sharghi?, Alireza Babaeian Amini®

2 Faculty of Civil Engineering, University of Tabriz, Tabriz 5166616471, Iran
b Faculty of Civil Engineering, University of Bonab, Bonab 5157938531, Iran

Received: 09 November 2016; Accepted: 20 December 2020

Keywords:
Seasonal multistep modeling, ANN, WANN, Murrumbidgee catchment runoff, Tabriz minimum temperature.

1. Introduction

In the present paper, the ability of the Artificial Neural Network (ANN) and combined wavelet-neural
network (WANN) model were investigated for multistep modeling of hydroclimatic processes with the least
input. For this purpose, the ANN model and then the WANN model were used to predict one to twelve steps in
advance. Finally, the efficiencies of all models were examined using the evaluation criteria, and all models were
compared with each other.

2. Methodology
2.1. WANN model

WANN combined model was designed for combining the capabilities of the ANN model and wavelet
transform in a single structure for rainfall-runoff and temperature modeling. In this model, the data
preprocessing is carried out by the wavelet transform and the results of this processing are used as inputs in
ANN. In this type of modeling, discrete wavelet transform provides opportunities for different time scales that
are assessed and evaluated separately. In that case, the input time series in different time scales are
decomposed by discrete wavelet transform, and then its various combinations are used as inputs in the ANN
model (Grossmann and Morlet. 1984; Addison, 2002; Nourani et al, 2011; Nourani et al, 2014).

2.2. Case study

The monthly rainfall-runoff data in this paper are from the Murrumbidgee catchment for 39 years (1975-
2014), located in Australia. Also, the 39 years (1975-2014) data of Tabriz temperature were used for monthly
minimum temperature modeling.

2.3. Efficiency criteria

Validation of predictive models is done for assessing the performance of the predictions. For this purpose
Nash-Sutcliffe (E) and Root Mean Square Error (RMSE) criterion have been used.

* Corresponding Author
E-mail addresses: hessamnajafi7Zl@gmail.com (Hessam Najafi), vnourani@yahoo.com (Vahid Nourani),
elnaz_sharghi@yahoo.com (Elnaz Sharghi), a_babaeian@ubonab.ac.ir (Alireza Babaeian Amini).
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3. Results and discussion

For multistep modeling, at first, the ANN model was used without any data preprocessing, and then the
WANN model with the capability of considering the seasonal and periodic properties of time series was used.
The input combinations of ANN and WANN as multivariate models were selected by linear correlation (CC) and
mutual information (MI). To this end, the linear and nonlinear properties of inputs were examined by MI and
CC criteria, and then the best input combinations were selected by trial and error (Sharghi et al, 2018;
Khanghah et al, 2012).

3.1. Comparison of models

To assess the performance of the used models, for each studied monthly time series (runoff and
temperature), the results of ANN and WANN models were compared with each other according to the Nash-
Sutcliffe efficiency in the validation phase. Therefore in Figs. 1 and 2 the best structure of each model were
compared.

—&— ANN

= &= =WANN with db4
level2

0.6

WANN with db4
level3

—&— WANN with db4
leveld

Prediction Step

Fig. 1. Comparison of different monthly runoff modeling results in the validation phase

As can be seen in Fig. 1, using wavelet transform caused a considerable increase in the accuracy of models
in all steps of monthly runoff modeling. Also by increasing the wavelet transform decomposition level, accuracy
increased in all time steps. But because of the weak autoregressive component of the monthly runoff time
series, by increasing the time step, the accuracy of models decreased and the prediction of more than three
steps included weak results.

1
0.95 —e— ANN
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Fig. 2. Comparison of different monthly temperature modeling results in the validation phase
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As can be seen in Fig. 2, using wavelet transform caused a considerable increase in accuracy of all time steps of
monthly temperature modeling and because of the strong autoregressive component of monthly temperature
time series, all 12 steps in advance included good results. But with increasing the wavelet transform
decomposition level, the accuracy of models has not considerably increased because of the strong
autoregressive and single frequency properties of monthly temperature time series, decomposition level
increasing does not give new useful information to the model.

4., Conclusions

Hydroclimatic time series components such as autoregressive, seasonality and stochastic, play the most
important role in the selection of models. ANN is an autoregressive model and in dealing with time series that
have weak autoregressive properties did not include proper results. But WANN model because of time series
preprocessing and its ability to handle seasonal multi-frequency mode, included good results. Therefore for the
selection of appropriate models, it is necessary to pay attention to the type of time series components and time
scales of time series.

In terms of multistep modeling, it is necessary to pay attention to the type, components and time scales of
time series. Because the results of this paper indicated that in dealing with time series which have a weak
autoregressive component, by increasing time steps, the accuracy of results was decreased. In order to
complete the current study, it is recommended to use the presented methodology with replacement ANFIS and
SVM models instead of ANN.
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