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Abstract

Knowledge on the natural potential of basins is one of
fundamental needs to optimal utilization of runoff and thus,
rainfall-runoff simulation in basins is of utmost importance.
Continuous simulation of rainfall-runoff in Maroun basin is
performed in this study using Artificial Neural Networks
(ANNSs) in order to evaluate the ability and accuracy of ANN
for runoff estimation. Considering the fact that the number of
rainy days per year is less than sunny days, so runoff is caused
by two different mechanisms. In continuous rainfall time and
a few days later, runoff mainly is from high discharge and low
base time. But on most days, when there is no rainfall, low
baseflow and long base time form the outflow. Thus, in this
research a dual criteria model of rainfall-runoff including
model on rainy days and non-rainy days were examined. Also
the input variables effective on runoff in the Maroun basin are
determined using the partial mutual information (PMI)
algorithm. Comparison of statistical criteria between the single
criterion model and dual criteria model indicated that the latter
was more accurate. Therefore, the Nash-Sutcliff coefficient of
single criterion model and dual criteria model for test stage of
network were 0.86 and 0.94 respectively.
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Sboyite Jlgie jobo a1 5 0l £958 (639)5 Slayiiie plos QL]
ot N o Bl wiad o ials 1) o 3 Slas &S (29,9
o s g o by Wilen & Cul ol L8] (gl g, Lo
)18 3929 (639)9 Slaiie CuS 5 (e LI i (SuedS
Bl e S e Elslie oo 518l ol bl 05 e
2R Oatizre ol 5 Ol Sl (Lol )l (s (glie 2 (g5 5
Ol 9 e o3lil (63959 (Sl yiie Ayl dsgere el Cux
sokaie 4 (ASCE) 85 yel (yly0e (pmwitize dssly 4iaS gy b,
Cool oad Al idord 4 baye cldlas ;5 ANN )8

Sl yusio LS Jhgy 50 .l 3bj Hlws (Bgy opl 50 Slasbre
D9y (nl g oo Bl (P @ pB) slalsyo g0 @ (9399
bgrye (sbasgacmep plod (8,50 5l Gl jglaie 4 el
2yl o8 & o8 (29 93 3980 032)8 4 (6399 S yuie &
s> 4 gy Ubg) s &y gy Sl g gl 4 gy Sl s )le
2ol 49y B9y ) 0l s 4y gy 9y A Cams (g b )8
0dd OBl (39)9 (slayiie degerme Sy b (Jlgie aloye o
e G Olyi @it e dge 1) Jae 3)Sles a5 (g e
b el s & gy B9y ) 9de B3Il Jae 4 53959

I Ll Y 85lowd (o335l Jlw oyl ! S aalio Cliioe
Volume 15, No. 2, Summer 2019 (IR-WRR)

YA



I) Ui Ul}’@ &S .))l.) d9>9 ‘MLL;Q Y )I da..a.c dgy odnlin ASJ
J9 3,5 i yai (Shannon, 1948) H ¥ -y 6ls 9,0l & 4595 b
MLl 145 s o yidlS |y cuslaBpre ] (XY) blite clinli
Gy Ly Sy g 290 Zliiwl Y jlade U amd o 0jlsl X
d 4 Y e cusbbpae pn ialsd A(OXY) lite cleMb]
& ygas dlue ol (Cover and Thomas, 1991) cawl X osalie
ool o 03 ialed ¥ JSS (0 0l 93y S yiie Cuand S
X Jo 4l yialS Cualabpic oS cunl ols S piie Caond oy
et HOYIX) 5 HOXIY) by (5,1 sy o &0 Y
e 2j Jsep b olgie ) (M) Jlite SleMbl el oa
:(May et al., 2008) >,S" duwlocs padiuno

:Y) = P&y
IX;Y) = [ p(x, y)logp(x)p(y) dx dy ()
9 X (pdfs) " glansls Jzsl JBs wlg iy 4 P(X) 5 P(Y)
Sy Sl ypds sl Yoly sl S 26 p(XY) g diwa Y
3zl Jotme (1) > Jlais] JISs ol s o3 o las
L g e odlitwl o (sl Jas! cla &> 35005 1 cy0p)
daly > LS5 e i b Jloin] JBs sladygly o liSils
:(May et al., 2008) cuil> punlss (V)
V) L D)
1Y) = n <=1 lOg [f(x;)f(y.) (Y)
odnlin Nl gldiges (gliuoys 00 3)51).3 & )isblo.»fu] D as
Olgse (V) dasly o w8 (gly iliseo slalie .l (X,Y) 5
o) lise S 305 0 o3lizwl € b Y jl Yoono Jg 5,5 oolil
o b dade 4,5 a )3 xeb wiplS) Wil ol ascie
(e S ME 550 5 585 3,51 i ol o (1) o
Jazsl JBe @l 3551 o 0 a8 5185 by 4 (3L (S
S plgi g (glanisls

5l Al oS o)l dg3g PMI 05,680l a8y jlso dus $game 50
SleMbl gl jlne =Y FosdgaiJgir Sl polie )
X oot 905l Slze =¥ (Akaike, 1974) (AIC) Masls]
ooy > g & (R) (Sten <o Slpw polie Jolo>
ly e Sy sl @9 sl (s Jge b Al g oS s
o (SNisod oy D90 50 Cawl laiol ol 1558 diges ol
ol Jshia S oo 59y L @js S il K903 (a5 595 < (R)
Slods ausl L;.)L«ué\.: & 31y dol.s).: (R) wa U_»I)Do
S g iged dlusy gl R (ly (sl ylade o5 (David, 1966)
b lpes 1 slp Pl (elod iy p5 6 (ad (Sten

Cuwl Jly8 a8 S5elg s i jI JolS S7y> .(Sharma, 2000)
e «539)5 Lyt calie Ll polaie 4y 398 (gilu Sl
(sam Canl (Ko gt O] S50 (6399 (sl jeiite ST 080 0
Syt S (Shle 4 D9y Cuwd I pla 3)90 53 Sl
2 o5 2 ge Sl (e Ligh 4B)S Hla5 )3 Canpdl (639)9
wilizes clo g, 3l (5 5 b9y 55 ANN o (3500 18
P S99 Slpie e Cax S 5 il b by,
g0 03 54 ANN (slodio b adlllas 5)50 s (g5l Jo
e glaghy) @l oS5 5l Ll 2959 lapiie
G b ey cpl 51 SO yp aSl 4 dn g b 02 )S o yastiie
55 Oy onlpll Bl e (93959 slopite (e sl
ey Ml e (939y9 lapiie Gl > el gl s
sl e 83939 Sloyite G lp mle Uiy U]
@9 Jeaily onlply Cons dga0e (0B 2 4 &5 (gy0bay
sl 4 adlse o plgis @ & cuslie Slapin )Xl AL
Judot &S el oS 0> 3ng g adlsl ANN (sla o
e LT g, b ol )l Ll & 4 5 Abl e slgil Lnosls
Sl pile (ped Ca (63959 slopite CBIl (oSl 005
PMI' o)s80l daosly (05155 slus p sla e 53 %0 (63909

D8 o (Bymo PMI 50,6501 jlaid] &y dobsl jo b 0

(PMIS)

ol 5 038 (Syxe (PMIS) PMI (slive 51 (399 ool o 55l
sy olols cqs Sharma (2000) Lwes laol 4o s
PMI 02,6801 a8 035 dnngs' (S055))8 (sl 4o 53 %0 (5399
bg (Y) (295 S5 (C) 9999 S 855k L) 1S5y
o & (il C 3 ciglize CSaS 3550 15,3) 6CS 9,51
@ @y b) Wi puSl (295 pie 4 29 L) PMI
ool pagie m3 o ploml (Wl sl LS J) 4 olaedes
¥ lebl clbodgioms (slie 5 45 o 35l CS (clyy PMI oS
e Q05155 gl Sy Laugs o LSS o558 5] S
Sl ysie dcgammo) S 4 CS il b dxe (63959 51 .l 0
bl b o asbl o SOl ¢ oad ddlsl (sadblsesl (63950
cibgin i jpS0 Ldlaio s ciled (Bl 5yl gmn (5399 g oS

D9 s

(PMI) (o252 il coleMb! 3,0, ~Y-Y-¥

ITAA bl (¥ 8 jlowd (o2 33 Jw ¢ ! O golie oliyiios
Volume 15, No. 2, Summer 2019 (IR-WRR)

¥



9] Cawds (gl dwloma pl 48 (30 Be s B A+ o (g,lade oS
&y Slg5 o odly ] a8 545 o 00latul Slyou palio b slaesl
25 a8 S G MU (slis 1 (992 St (y90]]

9 395 00 a3lw €y ~N(0,1) gy S Tl igas ojlul o (gly
Egoome Dgd e dmbe fo il Jlasl S @l g
Mg gy ~N(0,1) 5l Jaws e85 ~N(0,1) gy 31 )15 50008,
5 fo lassls Jlans! JBo ply @y jl diged o sl 09000
olie @l 95 e il T(exey) Lilkio g 03 e fie,
50 Cauwl 04 0 calizes slasiel gglaw (glp ¥V Joio o 1 Slo
2 3 ol gy &5 0nd A g0 f oS iBgie (Sl dlals
5) 45 1b(99) o Ib(95) dbgyye Sl yolie b ICSY.S ),
Sbo Jlxe 93 oyl 5l A @gd o Awslie odalcwst ¥ g
s piS ASL] (s e Gllel )36 sl adne Clusslone
Bl g o0 03l Dgu Cabgio iy oSl aSil b dgus sl LU
Gl yuxio Ol b 3 oo el jlail ol 263wt ddls  Sluslro

(May et al., 2008) 545 plooil yizs o Hloams (5358

(Z) Jso2 3051 jlre —Y-Y-¥

o Sy g8 bl gy S plsin g 0315 s (gl b,
2l 5l glise a5 BB jokay o)lain )00 X e S LT 5" 0]
odalie S Bl ol L’)}nﬂ ol ! X polis 1 slasgommo 5 500
e LS o dunlie Clialine olod 1Sl 4y G 1 35000
Slp 30 B bl p ¥ 5l 38,5 Z slael il b glosnline
loodls) 29 o dd)S Jlas 1> iy 00 lginy Yoo Jloy x99
degeome (3650ke Jl Jlhme Bliodl 2l ¥ ) iy o)lude > oy
Al S gte Al Sy S sinJsed > (153 aosl
L)"‘ 2 u""‘*‘" uo)B PMIS M)?ﬁl dl).’ Sy dl!bob‘.) RS
5 Bl glapsie Sy b ) el dcgesme a5
A M]? L;)L»L.m ko Lglm)uu.n 9039 M‘s).\.c

HY) S//__ T
/ \
,

HIY|X) \-.‘

| |
| - |
f—
\ /
\ /
/ M(.H\
/
/ \
{ — _,--fl'{'
{ |
|

' HX| 1 |

Iﬂ
\ /
\»-5 - A H(X)

Fig. 2- Venn diagram, relation between Ml and
entropy for Y as output and X as Input (May et al.,
2008)
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Table 3- The potential set of input and output variables resulting from the forming of training patterns for
single criterion rainfall-runoff model

Sl ST Jao (gl (oij90l SLagsll Calu 5 Jools (g )5 9 (639,59 (LB piio Jomnilly dsgommo —Y' Jguo

Uy, -,
Variable name Variable Variable Type

Ridanak(t) Idanak present rainfall Input
Ridanak(t-1) Idanak past day rainfall Input
Ridanak(t-2) Idanak 2 past day rainfall Input
Ridanak(t-3) Idanak 3 past day rainfall Input
Ridanak(t-4) Idanak 4 past day rainfall Input
Ridanak(t-5) Idanak 5 past day rainfall Input
Ridanak(t-6) Idanak 6 past day rainfall Input
Ridanak(t-7) Idanak 7 past day rainfall Input
RAlgan(t) Algan present rainfall Input
RAlgan(t-1) Algan past day rainfall Input
RAlgan(t-2) Algan 2 past day rainfall Input
RAlgan(t-3) Algan 3 past day rainfall Input
RAlgan(t-4) Algan 4 past day rainfall Input
RAlgan(t-5) Algan 5 past day rainfall Input
RAlgan(t-6) Algan 6 past day rainfall Input
RAlgan(t-7) Algan 7 past day rainfall Input
Qldanak(t-1) Idanak past day discharge Input
Qldanak(t-2) Idanak 2 past day discharge Input
Qldanak(t-3) Idanak 3 past day discharge Input
Qldanak(t-4) Idanak 4 past day discharge Input
Qldanak(t-5) Idanak 5 past day discharge Input
Qldanak(t-6) Idanak 6 past day discharge Input
Qldanak(t-7) Idanak 7 past day discharge Input
Qldanak(t) Idanak present discharge Output

Table 4- The Potential set of Input and Output Variables of the dual criteria rainfall-runoff model for rainy
days

b W59, 4 bgspe W45 Gllgy) — 5L (slalulogd Jao (29,5 9 (63959 S piie Jaily asgoomo - F Jgua

Variable name Variable Variable Type
Ridanak(t) ldanak present rainfall Input
Ridanak(t-1) Idanak past day rainfall Input
Ridanak(t-2) Idanak 2 past day rainfall Input
Ridanak(t-3) Idanak 3 past day rainfall Input
Ridanak(t-4) Idanak 4 past day rainfall Input
Ridanak(t-5) Idanak 5 past day rainfall Input
Ridanak(t-6) Idanak 6 past day rainfall Input
Ridanak(t-7) Idanak 7 past day rainfall Input
RAlgan(t) Algan present rainfall Input
RAlgan(t-1) Algan past day rainfall Input
RAlgan(t-2) Algan 2 past day rainfall Input
RAlgan(t-3) Algan 3 past day rainfall Input
RAlgan(t-4) Algan 4 past day rainfall Input
RAlgan(t-5) Algan 5 past day rainfall Input
RAlgan(t-6) Algan 6 past day rainfall Input
RAlgan(t-7) Algan 7 past day rainfall Input
Qldanak(t) Idanak present discharge Output
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Table 5- Potential set of input and output variables of the dual criteria rainfall-runoff model for non-rainy
days

St $Bjg) 4 g pe Sy DUly) = 5,1 labildgs Jie (29,5 9 5399 S eiie Jemdlly dsgocme —0 Joio

Variable name Variable Variable Type
Qldanak(t-1) Idanak past day discharge Input
Qldanak(t-2) Idanak 2 past day discharge Input
Qldanak(t-3) Idanak 3 past day discharge Input
Qldanak(t-4) Idanak 4 past day discharge Input
Qldanak(t-5) Idanak 5 past day discharge Input
Qldanak(t-6) Idanak 6 past day discharge Input
Qldanak(t-7) Idanak 7 past day discharge Input
Qldanak(t) Idanak present discharge Output

005 e 3 4Y slogygy 4 loles 4y (clayg s aSs ol
WY (39)9 «S o @b (2lIS 13U 5 e 4Y a2y ol
Aol o ashl 4l 3,5 el Cowds B Xgy ol g 33,5 oo (g

RBF ¢laaSuss —)-Y-Y

Lol sl o8 0392 )55 Sy (oras 4 255 RBF (glaeSi
oy diojls RBF (cloaSed .t MLP (claaSes aps
Sl oy w2295 b yo3 i 3kl (adSied 4y S (6 pii
@ G JialsS Sloj 3 plyiee |y aaSed ppl (Jg aiib oo las
aSus g9 oyl (Kalraetal., 2005) sls 5 590] josuin (slnasis
4 oo Y 5 ly (oo 3 5l eolainl b 1) (sam N (629,9 56N
2l (93939 4Y Ao SIS i Z (29 N S
A8 o Jlo)l ey @Y slao)S 51 S m a4y 6395

Inputs

X,

X

Input Laver (i)

Hidden Layer(j)
Fig. 3- One layer perceptron network (Bowden et al., 2005)
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Table 6- PMI results for single criterion rainfall-runoff model
SUly, - )k SRS Jso (5151 PMI o o801 gl -F Jgo

Iteration Variable 1(x;y) MC-1*(95) MC-1*(99)  Hampel
0 LOGQIldanak(t-1)  3.030 0.038 0.041 3.491
1 LOGQIdanak(t-2) 0.324 0.038 0.041 3.649
2 LOGQIdanak(t-3) 0.219 0.038 0.041 1.672
3 LOGQIdanak(t-7) 0.176 0.038 0.041 0.075
4 LOGQIdanak(t-4) 0.128 0.038 0.041 1.854
5 LOGQIdanak(t-6)  0.128 0.038 0.041 1.349

Table 7- PMI results for dual criteria rainfall-runoff model for rainy days

Sk B9, 4 barpe iSu «olly) -4, slaluldgd Jse (515 PMI o o501 gl - Joo

Iteration Variable 1(x;y) MC-1*(95) MC-1*(99) Hampel
0 powRidanak(t-1) -0.145 0.041 0.045 2.812
1 powRAlgan(t-1) -0.063 0.041 0.045 7.046
2 powRidanak(t-2) -0.056 0.041 0.045 2.562
3 powRAlgan(t) -0.038 0.041 0.045 5.435
4 powRidanak(t) -0.035 0.041 0.045 1.872
5 powRAlgan(t-2) -0.053 0.041 0.045 1.795
6 powRidanak(t-3) -0.008 0.041 0.045 1.647
7 powRidanak(t-4) -0.027 0.041 0.045 0.894
8 powRidanak(t-6) -0.012 0.041 0.045 0.393
9 powRidanak(t-7) -0.014 0.041 0.045 2.266
10 powRAlgan(t-7) -0.008 0.041 0.045 1.456
11 powRAlgan(t-4) -0.032 0.041 0.045 0.674
12 powRAlgan(t-3) -0.050 0.041 0.045 0.319
13 powRidanak(t-5) -0.067 0.041 0.045 3.585
14 powRAlgan(t-5) -0.074 0.041 0.045 1.151

Table 8- PMI results for dual criteria rainfall-runoff model for non-rainy days
Shlup GWje) 4 by pe S by, — 30,1 gldaldgs Jao 515 PMI ok 51 gl -A Jgaa

Iteration Variable 1(x;y) MC-1*(95) MC-1*(99) Hampel
0 LOGQIldanak(t-1) 3.030 0.038 0.042 3.491
1 LOGQIdanak(t-2) 0.325 0.038 0.042 3.649
2 LOGQIdanak(t-3) 0.219 0.038 0.042 1.672
3 LOGQIdanak(t-7) 0.177 0.038 0.042 0.075
4 LOGQIdanak(t-4) 0.128 0.038 0.042 1.855
5 LOGQIdanak(t-6) 0.128 0.038 0.042 1.349
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Table 9- Characteristics of the best structure of MLP network in continuous rainfall-runoff simulation
SUlgy - 3, dwgn (5 5lwanmd > MLP 4 (sledo (590! jLd L oy o Olasedo -4 Jgua

Training  Transformation Train Test
Model Structure Algorithm function Epoch NS RMSE NS RMSE
(cms) (cms)
Single criterion 2-5-1 Traingdm Tansig 1000 0.88 39.42 0.84 22.48
Dual criteria 4-6-1 Trainlm Tansig 1000 095 4987 093  30.14
(rainy days)
Dual criteria 2-3-1 Trainlm Logsig 1500 094 1159 095  7.04

(non- rainy days)

Table 10- Characteristics of the best structure of RBF network in continuous rainfall-runoff simulation
SUlgy =59,k dwgny (g 5odems 45 RBF 45w (sledute (3901 jUd Lo (52 iy liaeniio -V + Joua

Train Test
Model Structure  Spread Epoch RMSE RMSE
NS (cms) NS (cms)
Single criterion 2-3-1 2000 0.92 34.95 0.86 21.19
Dual criteria (rainy days) 4-9-1 2250 0.91 64.41 0.87 39.36
Dual criteria (non-rainy days) 2-4-1 3000 0.93 13.59 0.95 7.15
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Table 11- Statistical indicators for observed and simulated hydrographs with artificial neural network by
single criterion and dual criteria models

labulogs 5 Glabalocs e L o s jludnd 9 (Flaalio Gl > S1)S9 ) ot (55lol Glopad L =) ) g
RBF g MLP _£gmas omas dSows

Criteria
Model Network State
NS RMSE (cms) MAPE (%) PTVE (%)
train 0.88 39.42 29.84 -0.27
MLP
) o test 0.84 22.48 32.34 -0.19
Single criterion .
RBF train 0.92 34.95 26.33 -0.88
test 0.86 21.19 29.66 -0.53
train 0.95 49.87 17.42 1.09
MLP
Rainy test 0.93 30.14 18.95 2.49
days REBE train 0.91 64.41 28.60 1.10
o test 0.87 39.36 24.76 -0.50
Dual criteria .
train 0.94 11.59 17.46 1.22
MLP
Non_rainy test 0.95 7.04 15.28 -0.31
days RBF train 0.93 13.59 17.75 1.63
test 0.95 7.15 15.39 0.13
Rainy and train 0.95 24.09 17.45 1.16
Dual criteria non-rainy MLP
Days test 0.94 13.60 15.86 0.66

Ol SIS 5 e Slyss JS & <l g0 05 F sl St
oby BlSge 4 w05 glalalsgy Jao b o gjlodud
oSS o b o g jlwdends 85 9,0 4 Cans Slialie

Al e

S5 s —F
S PMI 00,6801 (655,80 a5 s oo (U5 (3udios (] ol
oo (Souas (mas (A 2 Jhe (639)5 slayite (st
20,8 o Dllgy = i)l diwan (ilwdnd ;0 aSud ¢l yiul3dl
P g bB el Coge PMI 52,63l 5l oolatwl oyl p ogMe
drogh AT ) 5 She (9y9 Spiie S sy Jlidyse oo
ANN e s awlie L May et al. (2008) 53,5 o Jso
Sy, e ANN o s b PMIE 00,680l b adlbasngs
83 IPMI gy s b aily dusgs Jbo o bl > PMI 555
Jio drwg 3 dog BB aprdbpo booles (cile ngby
Jde cd> o5 wasl,s Chang et al. (2017) .cosl by
5 blize SleMbl S 5 Jio b o] (639)5 sl pwicio & ANFIS
el by Sy (20 :)ﬂﬂ P el ol Siues oo

VI

3 AT Jan (sl il — 36y o (s
5 AV L plp i 4 4l el alsye (il 4 glalalisg
e ylpy @Ml il copd Cpicred Sl /20
i 4 e ged] Aoge ] & Slelalogs 5 el aSs
s layo (5Siko iy ol 09 A5l o +/AF 5 </AS | il
g oS Jao b Slbee 5 Shalie SlS5)0n
GYFAD L plp ey 4 s higel dls yo (ol 4 (clabasliogs
los il yo (1Slio Ay Cpaimon Al o 4l )d o o Y/ 44
g Sl Jao b Slalre 5 Slalie Bl 0 oy
GV L ply sy 4 4 yg0)] dlsyo ljl a4 (slabasliogs
sy llan )38 Sils ol ogde 5l o 4l xSyt VWS
Ml 55 o b o g lrdnns 5 Ml Bl 59 0m e s
YEIYY b ol cudyp 0 a8l (ojgel dlspo (sl 4 (slabaslsgs
om s s lhsyad 4 Sle yuizen ASl o doyd WWIFD 4
5 llalocs Jao b Slubre o glalie G550
G YAEE b ply cudy a aSs y90)] dspo (clil a0 (clabaslsgs
Shalio by Bl 0 awlis ¥ S .abb o duo > VOIAS
dlo yo glil 4y (glabalgd 5 (lalasls S5 e b osidislodusss 4
Obr BlSerha dulie (pizmen amd o (LIS I aSud (jgel
Q@ ldalsgd 5 claalacsS Jao b osd gjlwand 5 (Slialis
@ agi bl ord o3y L & JSb 40 4l yg05] dls pe (S]]

ITAA bl (¥ 8 jlowd (o2 33 Jw ¢ ! O golie oliyiios
Volume 15, No. 2, Summer 2019 (IR-WRR)

ATA



4000

3500 | ——— Observed streamflow
2000 .} T Simulated streamflow : single criterion model
- - = Simulated streamflow : double criterion model
— 2500
I
= 2000
2
o
‘€ 1500 i I
®
L
& 1000
500 - N ‘I il :I
[] a
0,
T OO ANDDOMNMOMNTAOLLANODOMONSTOOLONOODOOMODNS-
ML MO0 OET OO IMNSANOMNMNLUUMAOOOS ANt ANOOLWL M A
A MOMNMNOOANTLOOONO A NTOOOTAMUOMNOONSOMNOOCHM
A A A A AT N NNANANOOOOOOOSTITTITET T WIOLW
Pattern

Fig. 4- Comparison of observed and simulated hydrographs with the single criterion and dual criteria
rainfall-runoff model in network training stage
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Fig. 5- Comparison of observed and simulated hydrographs with the single criterion and dual criteria
rainfall-runoff model in network testing stage
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1- Partial Mutual Information

2-  Self Organizing Map-Genetic Algorithm and
General Regression Neural Network (SOM-
GAGRNN)

3- Input Variable Selection

4- Reference Evapotranspiration

5- Partial Linear Correlation

6- Extreme Eastern Tropical Pacific SST (0-10S, 90
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7-  El Nifio-Southern Oscillation

8- Support Vector Regression

9- Random Forest

10- Multiple Linear Regression
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