RUL %’T 9 G)L:RT JPEVRCTIPR Y YL SN PP TR vy
\fN)LQ-! Pgw 9 J.Qa o)Lo.a’;’: rg-bé)b JLN

Omitlo Olay o JBlas g gLy 10 1 il 31 o0liw! b T 8131 o 31 pused (65 LwJoko
bty Hlo p

RS FOUC AN TIVIIC. JUNVIIARIE W J¥ PPPWER
WAA YT b &,

AR/ YITY: by gl

Sl (oo Ry (ol Al

ouaSy

Lo gl 50 o] (laosls ponis clggew e 4y pies cais ol ol 452 40 08,50 5 aee slaai] s 5l S s
Ol oo Sl e Jlade S yd S b cnl by 098 e osliinl ()3le g razly o 5l jSed e sl (paS S (e
sl 535,515 50 b o] sl Sl e e (sl 005l (025 Ly, 5 a1y g p0 oL 5,85 5 ke
@5k adlate ja 50 5 Cowl Sglitte aliSie bl )3 (225 Luly; <85l ol 55 Shls w6359 plarear (culidlen
gbme ol S0l b 5 JStio (699,5 slo el plad dy (gus s 5 00923 10,55 5 (2l 280 5l (prizpan w0l (mils
Oele Slarpe Plaz g bty Jlop pedle slaoe L b))l Guiows (ol 5 Bam ablge o0l Gloj 9 anpe S0
dw ailjg, cwlidlen glaosls 5l Gaazs cpl jo .abl oo lendS sl jo ol olsl b 3l 5P aedd S by oy
GosS s ol )l s s sl (VFVEIYAY) Jlo 1Y Soto 4y (a5 55 50 3 5,5 ) Sy gian oS!
b s iy (s Cogh ) oS o Cosby (63959 slo eyl LVF (55501 LSSVM 5 SVM (sla Jow 4y (5349
e Lo oS 5 jan oKias! o LSSVM Jas .09 MBE § RMSE (s a8 g R? (s piis slls oLl lelu g ok
g5 yeior RZ 611 LSSVM o aslllass 50 sloolKis] dad ;o piomed Conl 009 ;500 olSiiag! 90 4 Cond gim i
Lol 039 SVM Jowo 44 Cos 5 55 MBE  RMSE

ot Caid LSSVM Juo SVM Joo | ol}T T 51 s 1 gudS ey

(J g 000uun 99) Farasati2 760@gmail.Com :J giuus oo g5 Juwos! « 3 i ¢ 19315 0 0LEilS (53 y9LiteS” 0uStiild ¢(5 510 3 9 &5 0 09,5 Ll .

s.m.seyedian@gmail.com 1 ! oS « wgglsuuss olEiils «(5 ) yglins ouSiild (s )Io sl g &5 yo 09,5 sbobiw! . "
daab@gmail.Com ol 1 causS « wgals uusS oKl (3 yaliteS 0Kl (il )l (ggiails . "



yvy

Olnl &1 9 6yl (owaigo (Lidgh (sole syl
Voo sl .pgm g oz 0ylols o003 Jlw

S5 g0 (xm 1 B3301 B 50 &S sl & j90 (nl 4 SVM
Jolas a5 00,5 Sl Glaigsa (S peeal jye oS
20,5 e 3Sle H0,00 sladiws 51 Sy o b o] alold
(oe 50 S paeds &5 39b e Sl QL g5
@9 Bl 9 WS Jod ot ) Gy Lalys
2 b gomaal gly by, SVM il aisb
Slp cmlio (239 55000l 5 Sl ol la S g sLad

pai, 2007) 54, oo jlosis oy Jiluwo

e 5 (S5edg,00m Jilae ;0 220 SVM 6,5 s S
alies 31 ooliiwl L SVM Jow el saoslazwl ol
w5l ailis; Uy, it @lr 989 il
L;..\J)Lg 9 u_wb...a‘}:o ool 51 solawl L g Liz
ANN-GA 5 ANN Jowo L ol mls § 0505 oolazal
S S RMSE slie 4 ;w0 SVM g, 0 dslie
FIL Bl g S (sB9) 9 0D 500 (B9, 99 & s
3 B0 by, S oleeas SVM (behzad., 2009) o4
CO) by, e sl (Sgdsie lillas

liong and sivapragasam, 2002) oMw oo i
(Asefa, 2004) ey ol Jys g (Yuetal., 2006 ;
SVM  sllgs 58 5,05 - pded diwe) o .ayo,S oolaiul
B o ol (3l 5 ailie) jome 0551 <o 3Ll o
(Moghadamneia, 2006) <é,5 |3  _w)pn0,90
3,90y lp (Eslamian, 2009) ., Ken 5 Lol
99 zuli g 0olatl ANN 3 SVM o sl ailsds 51 oS
polie cpl a8 del Cawd o +/A) g AT CS 5 4 ylens]
2y 3591 ;3 ANN g SVM Jow g0 obls ,S5ko
,» Cimen 4 Kisi and Cimen(2010) .ol o aslsds
525 8 (025 Lol s SVM Juo s Slae o5 Slizios
Syg0 ailye) 395 9 S St 0 L SuF s
L SVM Jue a5 Wty azel cpl 4 0ol 1,8 aslas
ol ailiyy Ol ez sleengs Sl xS
YL b S8 ol s g (o Sy (ganl )55
el 1,95 5 diligy @z 385 9 RS St 0
Jilas Jaw ohls byl (YY) ) Ken 5 olo,

S 50 T e ol sloadlye 51 (S 5ym5 g o5
G35 Syl cuz S Jalge alox 5l 5 adlate
SbLs 55T 0lS BT 5Ls 3B o505 ol o 5L
9 S d.‘ol...a e 0)4544 su—| u‘)pu J..a_v.a w.ﬁbls »
3O S e Syglyp sl alyr Sisaes
STzl 5l psed el (5550 o lin slas o yali s
Sl koo ol o ol loools s Cdgpms Judo @
&5 Sgiisn oolitul (y3be g ezl piS (pes
5 ol ag Copae Gyl 5 S (VYA @il
o3l et S 51 (Slelllas 3o (595 5 5 280 251
S5k oo M ol i J 2555 (e oS5« Sle
Y95 SEl Gyl 4 a5 b (Liuetal., 2010) oS o
@L’..o et w).:d.n ‘Q‘J‘i‘ )A uT éng.o dﬂojm 989>
o ol 015 g cal o953 1 ool cenl 5l O
s o8 Sloghs) o imly 5 (Sl jle Sl
Lf'(':?fa ol.:f G ).».70..) (GO .))51).3 ).:.)Lm oolawl
“\““"l‘s" o..\...uc)l,o‘ Eale u-"-*-’BSL" sdoles )| oslazul
&5 ez kS 2l 5l e 3l e 0By ol 5
AJTQSQ Cawd A ‘SQL..? w‘fa L)ul.w‘ » )L.:é)j,c oL:.f
09,0 3Lid g0 slasals slass (Allen et al., 1998)
oS ojlyen ol JeB B cBs nija cotile ey
g yoolw slamg, 5l eoleiwl oo a | lad=e
sl iogh bt cul asle Bglass 3.85 e o
A sht sl Jus a5 cul codly ol 5l (S iy
ofles 385w sadlie ok iy o
6ol sl yel b o)l aieils 043 a5 oges soliiul
sl Jas diwl,y ol jo (wang et al., 2016) o4 aalss
5 b e ooy Jo )3 ol 4 az g b aredige
o b (nl salezjlosd @ly she Wl oo 0duzy
5 GVM) oleidy by il sladoe a4 (g
05 c)L,:"_SSVM
Ol 51 a5 sl JBU L 5550k slats, 5l (o SVM
559, Sebee ooliial g S, 5 ganailb oy



S 38 (gmas (g, o5 0l i Buiod gl .8 S
o 3l e 9511 (sl syt S 5l e sy Ay 4,
Y Sleols) canl s )95

Lews 5l s gl ow 4 (2016) o, 3 Wang
99«31 S5 eV aiz (g by b 5l esliul
5° olatiy o edle Slaye Jlaz g g S5 9,
S ool plas mls wBby e @l slaplil
75 Osee S5 B GRY) & Cad aslllaes j5e sla o
WO (S (G B L) By

ol Ho dlale Jouily 355 9 jtud Wg) (o) 2
bl oy 5T Y B plizsh 5 i
Al FY 0,50 SO 50 Gl Sy op,aeb 5l eolaiul
sl sl Jas ooles aS ols lis ol .90 )5 g5le Jowe
OLer 5 GUO .l ouls 0l VY ool jo Guiss
Oygods gz e olS 3ya5 g S A o (V0)))
30,5 0yel p laiy Jloy dle 5l eolanul b aslye,
-0 olasdn oy cmdle Juaw aS ol ylid §ubos E.)L\J
L oo,s OV U 1) x> y0 ol (5,05 ¢ joied slaosls wilgs
S e B Saile ety B9, b endiauloe polie
oo Ly Jlad 5l adhaie g0 jo Slisios
e g (smae laaSid (ltiy o edle (gem S
20 &z 0 olS ailjsy 5y 5 e 05l sl 2 o
Sy edle Jae as ols lid mls wo )5 eolaiul
S 55V 285 1 LS a5 5 4 sty
Guo, 2011; Kisi and ) <ol ls )55 5 o Joe ads 4
.(Zounemat, 2014

P Pt Slr A5 S G op 0 G o
Oletdy oy edle 5 (Eoian (onac 4D 5l ailale
Glasis Jaw g0 y0 aS ol olid bt ol colanul
o 4 Seap g Vb &ds Sl pleiidy b (edle g (oras
4o (Kisi and Zounemat, 2014) sciwa ls,45
oo | oS 5l s 35500 (sl a0 (nkos
oy oedle (3l 9P (eetas orac slaaSd
Sl 0,5 o 225 (sl Jae 5 (56 Blate by
ols Hlas Budow gl .ayo,5 colaiul O lginl — latul o
235 5 g3 Bhie s gltty oy petle slafie o

Ol 2! O 5 6kl (owiipen (Lidg sy (oole 4 pid
VFoo ke . pom 9 ez 0 lous .o 3l Jlw

bl e (i 5o Olitiy oy Hedle Slayye
Joe o0 Sles a5 o lis (oS plks s Lasl
5 2oy o) 65 ANN Jue & s LSSVM
L1y e o gl il &s YY) e
oty oy aile Sl Jilas Jow 5l eslina

iS4m0 e LS ekt ol 5] ol glis i S ol )b
LgL{bua}Lw OAJJ;).})») LSSVM JM ) &_A.ASJJ
SilwJoe @ (2016) ), Ken ¢ Wang el s Slos
30 Slawlxe iy, G ) eolawl L s 5l s
Adon 4 dxgl b oSy e 0 alise slap il
Oorole sl Joe )5 ol oxw Babd pl )8 yiegh
Oliy oy Slauye Jla> o GVM) loiiy Jloy
Slp oyl w5l S Jlake a3 o (LSSVM)
IR sipse GBS 5 GeS i jai S slaolin]
oaan slilay oul S5 gla Jue o Slae jslate (pay.cd 8

S gy 2 (8999 i oS 5

35l e ol Sl Gedle 5 sras-s3l gl
Jae as ol las gl oSl alale §pe poed
Jas Sloy omizen 09 ANfis Juw 5l yige o5 SVM
oo $39)9 sl 35 9 w3 Sloy s abil>
ol gla e 5l aST b 4 cond cy0)8 ool

Dgs oS By il oolaiwl (504,9 (lgied
SN2 sla g, a5 ols plis 4S5 )s caegh s
S G s ol Syl o Wl ol
5 Yl s Jow ol s (Kisi and Zounemat, 2014)
W () 23590 00 Slooduy sl (£2L, alal;
lag09,5 wilons geali (g jlwaigy o Joo b o= :L.:l.:
Oeed dy (Voo F wli (Llo) 0gd oo gl pnl [Sogs
oise sdae oLyl 4 eoasie Gl iaghy (Jdo
3 il Jauily Gy s 090 p 0 (egian
¢ Au»)lf Sl odubodaliv laosls )| oolawl b SES
o (Eohan (orac sloaSh glaghy, 0p)
Olisiel (225 by (eized g e 3B gl
R 90 plo)S aliey e 05l ol

YvY



YYo

Olnl &1 9 6yl (owaigo (Lidgh (sole syl
VFeoslee pom 9 o 0losds o205k Jluw

b oolizul LSSVM 5 SVM sl Jos sly>! sl
wlo 59y Jold poousd (rnd Sz 5lisyee sloyally
Casb) (Sl 5 2S5 Sl &l az e Lo
oy ] Slels 5 uSleo 5 ,Slas ¢ JBlas o
S3bode sl osliinlsjgo b yesiie (2 Ske ) Jgir
2 slp skl oyg0 Jsb o dilale Jeuuily 55 5es
ool Cadgn and e oLt |, aolSian] I S

el 00l 03,51 ) JSS 40 anlllans g0

) s o0 iy, S 9ysln lp el

(Tezel and Buyukyilidiz, 2015

L gy 9 olge

Sl oyl mhas 5l psed fss jglaieds caalllas ol o
o 5o VWAY BATYVF ola o wlitlon (sla el
S il o Bl a8 5 i g NS (55 ol

54°00°E

55°0'0"E

38°00N
>z

37°0'0'N
b
|
L
(&)

38°0'0'N

37°0'0'N

oolitul Lo 3y, plo C85 howiw sl 5 Cudlsy s,

Vg F A

IV OYIF VY

ST g Sl o J8las (sles Jolis laosls ailys, olie

Slrelum| (owlidlen gl yiolyly (il :(V) Jgux
WAF VY gla by b axlllans y30

el
&l
o8l

)
1l

b
m/
S

1<)

ghy sby s> s> 0
Co oS g8l ol W&
oS oo S e S
N
e o 9 C e
&5 e € %
AT ¢/ C
(




(SVM) ¢yl 418 9 oyl

el alal) jo a5 glasd i Il sl sla e o
) Heble 6250k (3500 53k oo S (seras
Gay ol 5l eslimul Lasbiee platis lop opdle
5 Sledbl ganailo )0 o1 515 sl 00g; el
5,5 sl el oaoslizinl g5, Jilae o T3]
s, Dibike et al.(2001) |, o1 Jluws ;o o9, op
Ol oy edle 50,8 &l CUlg, (5 (g 5lwaneds
Silodings 63585 Sl 2 2ollS 6550k s S
sl giloaneS il ol I as cl oo
BTN LI EIVER PENE VIPVIPIN CL S P o0t -3 = e
N ey aiSasl)ogds o
Gl gz b slabsy abozl Glaiiiy Jlo il
sty 4 Cad (295 2L 23 Gl o a8
SlaaSed aboxjl (hgew )55 g GRS Glp S ger0d
S yin b el ools las aVair (g (sras
Sl T gyl 4 G Gl o il Joa
S Glapiie 5 S (SBpel laosls b oS
leools @y atn by o 4 Cos Ll WS
s (SVM) ol oy oeile ol ol o350]
il (sl ol 5185 cl JBUL 650k slais,
Vapnik lLwg SVM ogi o eoliiwl oS, 4
lel 5ok (6555 by g el 00y B y2e (1998)
slabd ;o 2ligs anaiil gl (o35, SVM al oolily
Sl colin G2y gycnlil g Sl olgs (sla Sy
Ok Jlaw i )0 09y slodie (b Jilaw
2,18 gogaome Jas slroslainl s o a5 ol o a3l
LB ool pagin 5l eslinl | (1998) Vapnik
Fos G LT X (69959 o lgi oo laml aS™ ols L
Lad (1 5o g ols Jlamil ol say b glad G 4y (oSt
Sy ST a5 5,5 g ol plmil 1, L5l oy ol
el Jlacl bl 10 1) s o da Ll s ey i s
L orodels wlgioe o5 an b 099 sLad yo awn
&b alwgts Xii(539)9 Jlop ST ass fall cada
ol @l 09 il 059 sLad J3o P (X) a8
g2 ale> 5SS &

Ol 2! O 5 6kl (owiipen (Lidg sy (oole 4 pid
VFoo ke . pom 9 ez 0 lous .o 3l Jlw

axdllaos yg0 (s Joo 1 (6999 Lo ol sl
S LSSVM 5 SVM sl Jos 4 (3,5 wilizea (glasSI!
ol a2 Y Jgasr

Sl (ot (gl 45999 ilito s 5 :(Y) Jgur

s 3l &l reted

o syl 639y eyl Pl
PNIBERS S 2 e
n-uz EVA \
Tmean EVA Y
u-n EVA Y
Tmin-u EVA ¥
Tmax-n EVA I
Tmax-u EVA 2
Tmin-Tmax EVA Y
Tmean-n EVA A
Tmin-n-u EVA q
Tmax-n-u EVA \.
Tmin-Tmax-n EVA i}
Tmin-Tmax-u EVA \Y
Tmin-n-u EVA VY
n-u EVA \f
Tmean- EVA V0
RHmean-n-u
Tmin-Tmax- EVA \$
RHmin-n-u
EVA

Sl az e T ‘@L';.éi Slebo olaws N o8ly e
et Sasb, RHmin ol e i 0 (0Kl 4z 50)
ax,0 TmaX (Sl (cond Cugb, RHMEA, (powie
Al Ol
Pgel sl osls jlac o Ve jlwszrss ol s azgi
oetle o (i Como glp o3 weyd Yl
oty Jlop oeile Slaye Jla g platiy oy
0,5 solawl

Yv#



Yvy

Olnl &1 9 6yl (owaigo (Lidgh (sole syl
Voo sl .pgm g oz 0ylols o003 Jlw

0<aq; <ci=12..,1

0<a<ci=12..,1

X)) cemlio st e Al Ol 5 )50 j0 oS Dl
O (Xi) 3 D)) dmlro 0l .0ib o o yiws ;0 O
wlad o Slawloes abl oo oduzen Jlaws o5 slad o
K(Xi,YD)= (@ (Xi). @ (slain als 3l ooliccasl L (635
Slmll) 6955 sLad ;o (L1 wdgi b 3l oo ploxil (X))
Wiboo p) Oygets S5 @y (e Bgme (oulg S

(Yu et al,2006)

lu-v|?

202 ) @)swsls S &b

K(u,v) = exp(—

bt Olaiiy Jlop a5 peeal U (oo
(Yuetal., 2006) sq: dals> 5 aloles & jguoas

fO) = B (—ai +a)) k(x;, %) +b (6)

ol lodasie Coli b oyl o W oasln
0055 My Bam olSST il BS ol 55 @ g Sy S
SVM s il b oo ol <ansl F(X) (6l ol o3
Gize ((Znly asgas) ladiges | slacsorme alowsey
D9 s

(LSSVM) Gl o JBlas oLty 510 2 miblo
oy owsle  Suykens and Vandewalle (1999)
S |y (LSSVM) Slay o Jolo (g 5lwaige b liy
I, SUM L golie Cudgame &3] (o Jgn s 45 0o,
A ol s aS e Jee SYM 1 s Slewbore
Al sbu b @y degeme S > 4 5l (b9l
.))L) ‘Mb(s‘o SVM uS.‘.w)L{ J> aS dJijb G.wymb))
5% yeba by, ol (Khemchandani, 2009)
D09)y0 &S J o ams ge rals ) ol S (Sazen
die J> 5 Ghisel lp Oty @lajloy 5 SVM
daan LSSVM g, 0 gl oo oolaiul  Sguew)S,
@S 0y g s sleange s J> sl (ob590] slaosls
@ g0l slaosls LSSVM g, )s .04 co oolisul

L)‘)M 9 Dibike |) u_j JjL\M o L)‘"’?) U"‘ éﬁ)lf U"’lﬁ‘
Oedle io,S &l llg, (3 (5leans sly 2001)
695 Sl p el (6 S0k it S5 Ly o
GilwaieS lyainl Lol 5l aS cawl sde (g5leay
S A Slex S 45w e oolaial (g LSl sl
UW;) JM ) (Y' AR ‘d)ml) \)5....4‘50 Bl
Slaysie Ol dbl) d9doe 2R Sor S, Plaw
O S 5 Jde 10 058 astie (€ jlxe laz) olacel
a5l b sgs aSY alisly jsie b s e 0 SVM
ily 9 Jitane psite (s abaly 35800 (22 (S9e S
sl>) ilacel g laae ogded; f(X) aile g &b L
Dol yateiuwe (€ jlxe
fX)=WT xpx)+b M

y = f(x) + noise (2)

&b glbaasie b b g ulys oy Woasls
0355 Mey Ban olST sl S5 @l 58 @ 5 (oS
25 IS 4 el @l g ClllSS 059 (lad 0ed o

fW,X) =W X @(x) + b(Y)

090 Gle ojledige

Minimize% Z:j(ai —a;i) (a; — aj) X(%)
(0. 0(x))

1 1
e ) (@—a) - Y yila-a))
i=1 i=1

> (@ —a)) = 0slacysgama b



Yue et al., ) sgd oo oy g Oyg0h 5 b o
(2006
)

. . . C 2 1 2
minimizeg 5 1€11% + EW

o @b e LUl Glp Sl es og saly>

8,8 18 roiedyge i Y i) a4 s
RZ = 1 — Ziza(Bo=E?

YL (Eo—Eg)? an
" (Ep - Eo)? A
RMSE = 72‘“:1( p~Eo) M)
n
MBE =
i=n | Eo —Ep|
n~i=1 (max(Eo)—min(Eo)) x 100 QY

oS polie EP cddiosslive ;s polde EO drosly sloxiN
5 s Slaypo (Sl iz ol iz ye ool oad 05l
S a4 b (Ked oo g sho b L Sk
ooy sl (g ien CBo L) (giludncs Jow il 550y

ST 33T abaw 31 s jlade 5 lol gla s Lis
moola b ailale a2 oyt (55lw Joe gl pols dslllas yo
Sl YWA jo 00 B AYYE 06,8 51 Sl VY la
e Cono gl YYAY B AYAR o 0l 5l g hjaal
Joe lodasin aig polie dx dl> 0 40 0l ol

A oy LSSVM g sVM

&l5 SVM Joke b oosduline o bl by asLis

i (5999 eI b axllans ;g0 (gLro LS|
oSyl o 1 Gilises slagSl bl slo,bone o Jsom
@Az baasee Glad ) S g oS 5 e 58
oS 5 i S o] )0 VP ojlads (56501 Y Jgu
JAA g 1AV AV RZ oy iy 6lls o5 4 abIS
<INV /YO MBE 50N 5512 £V RMSE -y, yiaS 4

Ol 2! O 5 6kl (owiipen (Lidg sy (oole 4 pid
VFoo ke . pom 9 ez 0 lous .o 3l Jlw

ool it (sl 5al )y 5| a5 el (slallas
Wlg oo 5 Conl HLSs bdiges daan gl a5 WS oo
LSSVM (g, 05 a8 )5 ,ai 50 (6 80k G (lgieay
Aibss GgamyS ) 9 obainb alius g0 o > 4 0B
o oeisle oyeu 5, (Valyon and Horvath, 2005)
25 8 jlotinte e o ol Sl o Jiloo b oLy

slecasgams b

W.o(x)+b)—y;+& =0
i=12,...M

QRD!
&b el 5 oy polie iy 4 b gw ol o a8
B8 gl sl o )b 8 ks G5 5,
1535 o0 (et ) 4l

(Vomitye, j(w,e) = ;WW + 2 37 (ef)
yi = Wio(x) + b + x;:i00905e b
B g ol las i oS eeas el Y L] o a8
Sob oo 90l laosls gl
LSS

MBE. RMSE. R2 sy olol sl sl

ey adb ooliial baJoe 2 o3l s (o) 2 slaiens
L oo 0,915 polie bL5 | e saimsylis o8 s
ol yiio ol Glee 4z 42 a5 Canl sabdiwle polie
g5 o0 0,90y polie WS § cowl 3 SGo5 b, oy
-RMSE  a3ls 0y dalys S sabawlre polis
02>l cpl il oo Joe Bl licebl pac sasmslis
S oS QLS 0SS e e S0 S 4y 4z 2
<, yelb (Singh and San, 2014) 54 salys Jow
Aa38 90 paiie Hlade Jow LT Vgl as s oo olas MBE
iz ol o8 ke Lt WS o sl ol b oS,
a5 D9 g0 Lastiue sl yao ply MBE a5 Sl .ol
G55 5 00,5 0yl w55 1) ead adlllas sl Ju
RCEX A RARPY S CONUON- STV R A RV P JE S
ol odindmlne polie b o 0,91 p polie L3 oyl 50
Consl 5 S50 bls | cpl el yitn o Jade 4z y2 a8
eS odidamle Hlade boosd 8,9l p Jlade M

YYA



yva

Olnl &1 9 6yl (owaigo (Lidgh (sole syl
Voo sl .pgm g oz 0ylols o003 Jlw

5l s e oeess e (2011)Guven 5 Kisi.co!
$L1s SVM o a5 sy 4z ol 0 ol ol31 lans
Tezal and cul 55 i o oYL s
as ol olas o3 Gadss mls (2015)Buyukyildiz
39l p 6l (omlie B 5l platy oy rdle Jae

A 10595 &lyg,y puSed

8o slo el )y el 18 0 las (65501 ol o /10
b S p (g Sugh) fiSlas g Plas oo 2STa g
s a8 s onlaln el ooy LT clely
3 S 8 gl 0gr (69955 slo bl (n i
b Geizred Sl 03gr O ol a5 5 i
Glls AN oSyl ;o SYM Jas & sz 4 azg

035 500 oliugl g0 A el oo Opde

SVM Jow 31 eoliiul b o of3T gdaw 31 s jladio g bol (gla sl :(¥) Jgao

\¢ Vo \¥ \Y \Y AR 3 q A \4 14 ) \4 A A\ \ oadld eh‘
o8yl

7,V Y F,AF §,4¥ VY [ F.v F.v F.v v, AR FA YN v,$ #,Y RMSE (KX

GAY LAY 4 4,Aan A 8 8 80 8 A LAY LAY % 4 4,47 4,47 R2

GYO LYY ) GO LYY LYY LFY L YE LYY YA LY LYY YA ¥ OYF Y0 MBE

F09 ¥4 Y, VY Y,eF FAS 0 F,4F 0 VYR F,YY VYA Y, VLB Y, P8 4,4y #,YY #,¥Y RMSE oS

LAY A% 8% 4% 4% 4,4 4% 4,4 4,40 4% 4,4 4,4 4% 4% 4% 4,40 R2

o)) 14 PO R4 v OA 7Y 00 oY . YF A RY YA e e YY ¥ OY¥F MBE

8, F,¥0  F,¥O  F,¥O FLVO O FLNO O FLVO O FLNO O FLNO O FLNO O FLNO O FLNO NS AAF F,¥0 $,¥0  RMSE A

GAA 4,8A LA LAN L8A 0 LAA 0 LAA 0 LAA 0 LAA 0 A4 LAA 0 LAA 0 LAA 0 L34 L3A 0 4,8A R?

0 o0 F N Ne o NF O NE N N N LY Y LY Y YA LY YF MBE

2 F gV sleJsur @ azg b .cal oog Koo oK)
R? &l,ls LSSVM  Jow asdllass g0 sboolKiws] don
SVM Jow & cus (5,5 MBE s RMSE 4 e
OB S skl o F o ¥ Jguzr 4 azgi b Cosl 00,
145\ iy & |y s LSSVM o cyaS 5 oy 5
4 (2016) ),Sen 5 WaNg .coul ools als sy
ey bl eslinul bocas gl RS gileee
9 OsesS) Ry 90 (S S Vi (g n
@lisee lapddl o lociiy oy ile Slayye JSlos
as ols las ialeyl opl 5l ol wbs wislb e
adllaes;se (latiy Sl edle Sluje Bl Joo
B3 L 1) G5 B oS, Gy, A Sens

LSSVM Juo b sudsdummlxe 5 lol gla asLis

69979 SN b axdllans ;g0 (Slroliwn! !y
GBS ol ;o0 VF o)leds (o8I Y Jgur 4 4z g5 L
<A RE oy ity s i 4 ADIST g a8 j0
MBE 5 #/'5 & O/A RMSE oy 208 5 +/3A 5 +/3A
Jolis V8 o les s3Il ailie (VD 5 +NY /1D
Sughy Slas g Jlas des piSlas g Jlao slaalil
oplpls sl ooy S8l Glels 5 ol Sy ¢ o
hls 039 6599 byl (n i Il &5 265!
0350 Sl olil s 5l i (St 50 e 280
» LSSVM Jas f Jsoz @ 425 b Guizeen ol

99 4 Lol (it G LIS (oS ko]




RUL %’T 9 G)L:RT JPEVRCTIPR Y YL SN PP TR o
\fN)LQ-! Pgw 9 J.Qa o)Lo.a’;’: rg-bé)b JLN

LSSVM Jue 3l sslici! b o 8137 gelaws 1 pusiesi e (,b] (sl asli «(F) Jaus

V¢ 1o V¥ VY VY K Ve q A v 7 ) ¥ Y Y ) Lasld KB
i)
5AV,¢ v,¥ v, A Y, v, v,? 7,V v,a v, LA N v,¥ (Y v,V 7,f RMS &R
E
‘.4 .,4 SN A .8y .,aY LY ., AA ., ., A ,8A AN A .4 RA2
A A v A v A A
o o 00 LAY N oY Y oY LY o) o LY N NRYY MY ¥ MBE
> v 4 4 4 v )
5, v,q v,A v, A v,V v,V V.8 VLA V,YVL,E VL, YL,E VLY v, A 5,V Y  RMS oS
E
.4 ., Y Y Y .,aY .,aY N .4 ., A LAy LAY 4,0 4A .4 RA2
A v v v v v v
o .Y oY oY oY oY oY o oY oY .Y LY A oY Y0 .Y  MBE
L \ ) . . q g
7,1 Vo, Ve,4 Yo,8 YA FPF VLAY YLy L2 TN 7,V 4,4 £V V. V¥, v, Yy \+,  RMS P
¥ v ¥ > 5 5 v ¥ 5 E
) ., A VA VA YN YN ., LA ., ., A LAA A .44 .4 RA2
A A A A A A A
o o VA YA MY MY MY o NRYY o o YA oY Y .\ MBE
1y A 4 v ¥ 4 v

5 Sleolin polie Sausly jloges ¥ IS0 @ azg5 b
(V7 o oy 565 gy oSl 1o 1, SVM Ju sz
Ao ,B 53 0l oy Saylogel 4 ax gl b iaes o LS
oS 9 R2 Jlade o YL WS oSl o ol

30 (oo g Floalin polie Sais|y ouls
Joo &b o e

17 o5 canllans g ol a0 a5kl &) 4z |
sg MBE 3§ RMSE xS 9 R2 oy ies sl
Laools (2aSTy Hloged 5 wds QLil aige 653 Slgieay
2 oy oSl sl

55 & Comd iy 655 sl MBE 5 RMSE s
Sgd A&IUG.A\))B.A oli.‘;wg“




Olnl &1 9 6yl (owaigo (Lidgh (sole syl
VAV L YFee sles pgm 9 oz 0 jlost e300 JLu

Ugy g9 5o (sheal lanltinysnd lads

0 2 4 6 8 10 12 14 16

Gay 08 e ool st i Lo

16 -
s
RMSE 6.750177
RA2= 0.986731
MBE= 0.160932

G59y 30 320 (gheel
o

SVM Juo cllo g9yt 39 (cod g Slodlice polio SuiSTy slbo;loges (V) Jsi

16
14 ] oS 5y /

RMSE= 6.790133
R"2= 0.967136
MBE= 0.001902

o]

Gy 9 )%

SVM Juo clls oy yits 39 (s g Slodlie polie SuiSTy slbo,loged (V) S dols!



RUL %’T 9 G)Lﬁi JPEVRCTIPR Y YL SN PP TR oy
\fﬂ)l{-! Pgw 9 J.Qa o)l.o.af) w-bé)b JLN

LSSVM Jow cdlo (p yigs )0 Somoii 9 Slodlin polio Suss|y

OB S o] aw jo 1,y aigs 6551 sla loges oV Sa

16 Z =
LS

14 - RMSE= 8.006647

12 4 RA2= 0.972248

=
o

0.219987

(g 38 s sheo) haalice g ladie
co

RMSE 12.16055 B
RA2= 0.981287
0.181834

Uiy g0 s sheod Silaalivay s Juiie
o]

(o 0% e (sl gmadd s jlide

1 RMSE= 8.006647
41 Re2= 0.97224¢
é . 0.219987
3
>
4
=ib 6
3 oa
2
0 T T !

LSSVM oo cdlo oy 18 (Soti g (Flobline polio (FaisTy gl jlogad :(¥) i



YAY

Olnl &1 9 6yl (owaigo (Lidgh (sole syl
Voo sl .pgm g oz 0ylols o003 Jlw

Slaye Jlaz s SVM plity o oeile Joe 5o 2
alygy s uans ;0 (LSSVM) lasisy Jlop il
oS ebilen sl ot oyl aellS 5 &b s )
SV st > (51l oelSE] 4nlS 055 e oalie
Joe 90 1 calin 0,Sles cnimoylid a5 ais +/4F
Joe ¥ gV Glo S 4 4> 95 L.cwlLSSVM § SVM
L0yl Sl e 0590 40 (6,500 s LSSVM
oo g0 5l Jol> s g Slaalie polie awlic
Joe 4 cews LSSVM Jow s o Sles ossmsylias
ib s SVM

Sl 5 5l as el (Bl LSSVM . Juwe Lol 00y8
Shse sk gy onl S (o0 Jes SVM I i
28 e aes e el ) a)sSl sl (Saeary
alts o 5 (90T (sl Oty slaylo 0 SISVM i,
ools 402 LSSVM g, 10 058 o oolatiu] Sgaw )5
@l s s b ane i Jo sl 3550l o
g oo oolaiul

LSSVM SVM Jos 4 539,5 slagsl oy .Y
03g: G5ln riae shlo VP o)led (555l
]

e VY S eSS s s LY
oo las o] aw y» ol alﬂ b 5l e
Ot ) Sl )*-‘l‘ o yial,b 51 (5o Bde oS
TS Ol Djge o nlple o) p5s
L) o2 e (Gudios (nl (69955 sl el
S (003 95409, (9 St

&l Sl
oBuils Jbo colom L FIOVA o)Ll & iogh opl
)I Sl rb)y l?Lu‘ o ! o..\g.éjf ‘P‘ w”lf..\...f

Sgd G,a8 g ST Wlosges pol 3 1) izl plxl

S e Heend VP B Gl oS 5 ol

s Bas a5 ol lis oSl aw o O oly] Adas
2 el pl 0l gl s o Glaiz 556 byl )y
O o385l (69955 syl 5l (S plads g0
@S @ azgi b wiS el 5,4, o JSie L) s
D5 S0 4 S5 ke b Joe 5,Sles walllas
5 (V+10) Buyukyildz ;Tezel aslas ;o azecs ol
bl (99 SooP 4 Az gl b pizmen RO RS Wi
Pl 5 lalls S 5 lsieas | oS 5 e Blised
JUES ..\3153@ clizee oKl jo alive (pl 90,5
AlBlas &, god ol oKiws! ;o 0 ol plo sl
FO9h et S e Sl Je 9 oSS e
Ol a5 REXP Ol ¥ g ¥V sla Joum @L.; oo
o5 S 355 S35 o 5l o3l b e |
O gl 92 50 16099 ol (50,5 4Ll 5 35 (raess
3929 Eyoge ol YO (n et Sl (S 3l (5
Solim] cuid I e b lagdg)s mr (Koo
5 Shac (5 Sl 5.l (e 5 iy 5 IS S5

& 35 A

P& G g S oy Syl Coeal Lo @
g3 onl 50 «silel Copde 5 i) Ay el
Olyie 4 LSSVM 5 SVM jluaccs slajue oIS
A oolaiwl eaudy pl S G Sl oS et
2 el ol s 5l yees 0 y5n 0 b Jas cnl 28
8 sy 0y90 DS g (paS 5 0 (IS (sleolSin)]
el Cowd &) 5l g cé )8

slos gyl oS5 b LSSVM Jae )
ISR WO RN,
Slelu slaws g ol ey Sl ood Cughs,
DI G F sloolSis] ysud 050 50 b
Fowlie SVM Juo b aslis ;0 (o8 5 jan g



Ol 2! O 5 6kl (owiipen (Lidg sy (oole 4 pid
VFoo ke . pom 9 ez 0 lous .o 3l Jlw

&l

Ol o uile s (ANN) egiae cae aSiis o Slos ob,l VAP Giiegy 7 9 (el S cpita ] o w8 (g0
glio 5 psle) Sl 4 i (4élpe 5 5 5 oulidlsn sloolSinsl (59,50 dalllas) 155 ailjs) polis (osss ,3(SVM)
NFANON (FY . ks 5Ll o sla gy (i) sleS

Sy oeile 5 Sgian cmac aSE Sl p censlin (Jow anwgi AVAV. 6,08 LS g olime iz (595 w8 w5, Sl
AY-VVENITA, gl by a5, & plomsdinn 8155 onsS oSkt siariiirs 8 Olosity

Blasyo Jilio Joto 3l oolitol b ooy ol s Ginly 45ed (b ATAY g esinped 5 (Tom ol £ ol ol
YAP-YAL(D)FD.( 0l 55,9LiS pole) ol Syl wladss (LS-SVM) iy oy cnile

hw (St 50 Ol oy il Sla e J8las Jow oL L5, AYAY L (Soew 0 g 5 gt £ ol
DY +=0) - :(VF .yl 283 5 g5Lal ds pad o o ypely sl (63,90 anlllas)  Sliws]

LA IS poes il g ¢l coile roiy g, samslin AV L cay S 595 5,95 .z 28U o £ «5)9 -z o bl £)]5
AY-YY (VE)FY ‘_,’4...10 bl oo umgh ‘J.,J sadhaie yo 2 oS d:.:.) 9 s o)jTﬁ 30 6y (gl200ls

AF-FUDO0) 10 S gl pole e oxmebs qlio 5 55y5liS 90
Oinled (il (3,05 9 e dnle jo Euile oly g (Foan (mas Al la by, anslie. VYA, o 0I5 LLL

DYV-OYY loal oyl ez augd olKails « 2585 5 (5 ,lol ass oo o o
Allen, R. G., L. S. Preira., D. Raes and M. Smith, 1998. Crop evapotranspiration guidelines for
computing crop water requirement. FAO Irrigation and Drainage Paper, NO.56.
Asefa, T., M. W. Kemblowski. M. Mckee and A. Khalil. 2006. Multi-time scale stream flow prediction:
The support vector machine approach. Hydrology. 318:7-16.

Asefa, T., M. W. Kemblowski. M. Mckee and A. Khalil. 2004. Support vector-based groundwater head
observation networks design. Water Resource Research. 40. W11509.

Behzad, M., K. Asghari M. Eazi and M. Pallhang. 2009. Generalization performance of support vector
machines and neural networks in runoff modeling. Expert Systems with Applications. 36: 7624-7629.
Chang F. J., K. Y. Chang and L. C. Chang. 2008. Counter-propagation fuzzyneural network for city
flood control system. J. Hydrol. 358: 24-34.

Dibike, Y., S. Velickov, D. Solomatine and M. Abbott. 2001. Model induction with of support vector
machines: Introduction and applications, J. Computing in Civil Engineering, 15(3): 208-216.

Eslamian, S. S., J. Abedi-Koupai., M. J. Amiri and S. A. Gohari.2009. Estimation of daily reference
evapotranspiration using support vector machines and artifical neural networks in greenhouse.
Environmental Sciences. 4: 439-447.

Guo, x., X. Sun and x. Ma. 2011. Prediction of daily crop reference evapotranspiration value through a
least- square support vector machine model. Hydrology Reserch. 42(4). 268- 274.

Guven, A and Kisi, O. 2011. Daily pan evaporation modeling using linear genetic programming
technique, 29 (2):135-145.

Kisi, O. and M. Cimen.2010. Evapotranspiration modelling using support vector machines.
Hydrological Sciences.54 (5): 918-928.

Kisi, O. and M. Zounemat-Kermani. 2014. Comparison of Two Different Adaptive Neuro-Fuzzy
Inference Systems in Modelling Daily Reference Evapotranspiration. Water Resources Management,
28: 2655-2675.

Khemchandani, R., S. Jayadeva and S. Chandra.2009. Regularized least squares fuzzy support vector
machine time series forecasting. Expert System with Application. 36: 132-138.

Liong,SY. And C Sivapragasam. 2002. Flood stage forecasting with support vector machines. American
Water Resource Association. 38:173-186.

YAY


https://www.sid.ir/fa/journal/SearchPaper.aspx?writer=5031
https://www.sid.ir/fa/journal/JournalList.aspx?ID=1033
https://www.sid.ir/fa/journal/JournalList.aspx?ID=1033

YAO

Olnl &1 9 6yl (owaigo (Lidgh (sole syl
Voo sl .pgm g oz 0ylols o003 Jlw

Liu, S.,J. Bai., Z. Jia., L. Jia, H. Zhou, and L. Lu. 2010. Estimation of evapotranspiration in the Mu Us
Sandland of China. Hydrology and Earth System sciences. 14: 573-584.

Moghadamnia, A., M. Ghafari., J. Piri., and D. Han. 2008. Evaporation estimation using support vector
machines technique. Engineering and Technology. 33:14-22.

Pai, P., F. and W. C. Hong. 2007. A recurrent support vector regression model in rainfall forecasting.
Hydrological Process. 21:819-827.

Singh, H. and A. Sankarasubramanian.2014. Systematic uncertainty reduction strategies for developing
streamflow forecasts utilizing multiple climate models and hydrologic models. Water Resources
Research. 50(2): 1288-1307.

Suykens, J. A. K and J. Vandewalle .1999. Least Squares Support Vector Machine Classifiers. Kluwer
Academic Publishers. Printed in the Netherlands.

Tezel, G and M. Buyukyildiz. 2015. Monthly evaporation forecasting using artificial neural networks
and support vector machines. Theoretical and Applied Climatology.

Tezal, G and M. Buyukyildiz, M. 2015. Modeling of daily pan evaportation in subtropical climate ANN
LS-SRV fuzzy logic and ANFIS. Thero Appl Climatol.

Valyon, J. and Horvath, G. 2005. A robust LS-SVM regression. World Academy of Science,
Engineering and Technology. 7:148-153.

Vapnik, V.N. 1998. Statistical Learning Theory. Wiley. New York.

Wang, L. Kisi, M. Zounemat-Kermani and H. Li. 2016. Pan evaporation modeling using six different
heuristic computing methods in different climates of China.

Yu, P. S.,, S. T. Chen and I. F. Chang. 2006. Support vector regression for real-time flood stage
forecasting. Hydrology. 328: 704-716.



Ol 2! O 5 6kl (owiipen (Lidg sy (oole 4 pid
VFoo ke . pom 9 ez 0 lous .o 3l Jlw

Evaporation Modeling of Free Surface Water Using SVM and LSSVM
Models

Masumeh Farasati', Morteza Seyedian®, Kimia Daab"

Abstract

Evaporation is one of the most important and influential processes in the water cycle. Evaporation results
in the loss of more than half of the precipitation in arid areas. Evaporation pan is used as an indicator
for determining the evaporation of lakes and reservoirs due to the ease of interpreting its data around the
world. On the other hand, the study on evaporation from the pan and the rate of evapotranspiration of
the reference plant shows that there is a linear and direct relation between evaporation from the pan and
evapotranspiration of the reference plant. Therefore, by correctly recording the amount of evaporation
from the bath, the evapotranspiration of the reference plant can be estimated. The empirical relationships
presented for estimating evaporation from free surfaces, considering meteorological parameters as
inputs, are highly diverse. The accuracy of empirical relationships varies in different regions and needs
calibration in each area. Also, it does not have high accuracy and access to all input parameters is
difficult or time consuming. The aim of this study was to evaluate the efficiency of backup vector
machine and least squares support vector machine for estimating evaporation from free water level in
Golestan province. In this research, three synoptic stations (Kelaleh, Gorgan and Bandar-Turkman) were
used for daily weather data for 17 years (1997-2015). The results showed that the input patterns with
relative humidity input parameters, maximum relative humidity, wind speed and sunshine hours with
the highest R2 and the lowest RMSE and MBE.

Keywords: Evaporation, SVM model, LSSVM model, Pan
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Evaporation Modeling of Free Surface Water Using SVM and LSSVM
Models

Masumeh Farasati', Morteza Seyedian’, Kimia Daab

Introduction

Evapotranspiration is one of the main components of water balance in an area and is one of the effective
factors for accurate irrigation planning. Therefore, accurate estimation of plant water needs has a
significant effect on reducing the water crisis, especially in areas.

Accurate estimation of evapotranspiration plays an important role in studies such as global climate
change, environmental evolution and control of water resources.

In this regard, intelligent models can be useful due to their ability to solve nonlinear and complex
phenomena. These models include SVM and LSSVM.

Methodology

In this study, in order to determine the evaporation from the free surface of water, meteorological
parameters from 1997 to 2014 in three stations of Gorgan, Kalaleh and Bandar Turkmen located in
Golestan province were used to implement SVM and LSSVM models. Parameters required determining
evaporation included day, month, year, minimum and maximum and average temperature, minimum,
maximum and average relative humidity and sunny hours.

According to available statistics, 70% of the data were used for training and the other 30% for validation
of support vector machine models and minimum squares of support vector machine.

Statistical indices of coefficient of explanation R?2, RMSE, MBE were used to evaluate and evaluate the
accuracy of the models. The coefficient of explanation also indicates the relationship between the
estimated values and the calculated values. The higher the value, the closer the relationship is and the
smaller the difference between the estimated values and the calculated values. RMSE index - indicates
the absolute uncertainty of the model,

Discussion and Conclusion

According to Tables, pattern number 16 in Gorgan, Turkmen port and Kalaleh stations have the highest
R20.97, 0.97 and 0.98, respectively, and the lowest RMSE 6.7, 6.19 and 5.1 and MBE 0.25, 0.11 and
0.15. Pattern No. 16 included the parameters of minimum and maximum temperature, minimum and
maximum relative humidity, wind speed and sunny hours; Therefore, the model with the most input
parameters has been more accurate in predicting evaporation from the free surface of water. Also, the
SVM model in Kalaleh station had the best forecast compared to the other two stations.

! Asociate professor, Faculty of Agriculture, Gonbad University, Gonbad, Iran.Corresponding author,
Email:Farasati2760@gmail.com
2, Asistant prophesor, Faculty of Agriculture, Gonbad university, Gonbad, Iran.s.m.seyedian@gmail.com
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In all stations studied, the LSSVM model had more R? and less RMSE and MBE than the SVM model.
According to Tables 3 and 4, in Gorgan and Bandar-e-Turkmen stations, the LSSVM model reduced the
error by 13% and 19%, respectively.

Considering that in the three stations under study, model 16 had the highest R? and the lowest RMSE
and MBE was selected as the optimal model.

The results of combinations of patterns 1 to 16 in determining the evaporation from the free surface of
water of all three stations showed that the omission of one of the parameters has little effect in
determining the evaporation; Therefore, in the absence of one of the input parameters of this study, the
determination of evaporation does not face a serious problem. According to the results of this study, the
performance of the models was very close to each other.

The results showed that among the input models to SVM and LSSVM models, model 16 with the input
parameters of minimum relative humidity, maximum relative humidity, wind speed and sunny hours
had the highest R? and the lowest RMSE and MBE. The LSSVM model at the Turkmen port station had
the best forecast compared to the other two stations. Also, in all studied stations, LSSVM model had
more R? and less RMSE and MBE than SVM model.

The LSSVM model with the combination of minimum temperature, maximum temperature, minimum
relative humidity, maximum relative humidity, wind speed and number of sunny hours in estimating the
evaporation of Gorgan, Kalaleh and Turkmen port stations is more appropriate than the SVM model.

Between the input patterns to the SVM and LSSVM models, pattern 16 has the most optimal fit. The
main advantage of the LSSVM model is that it performs computationally better than SVM. This method
effectively reduces the complexity of the algorithm. While in SVM method, support vectors are used to
teach and solve the regression problem. In the LSSVM method, all training data is used to solve the
problem of optimization and production of results.
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