DOI: 10.22059/JESPHYS.2022.327450.1007341 (a5 allis)  YYS “YAW domkuo 1 F2 ) jlas o) o ke oFA 653 ol 5 e oS b

Pk et S35 50 Vi Oy (s 4SS sl 0, R p g 5L
ECMWEF Jus 155 40 aadllae Of 5l slabe

"l

Ol idgio 92 pole g nliilyn olCivg sy qold] pocii 5 (coilids o] 0uSiing sy o bl

OF NV IY e 5l Gy VFe )+ sdly o)

0 S

9 095y csuainb plas Sl colibedll 5 9> pole il laojer )3 (sgtan (as (il gyl o)yl
IS5 ) S anlag] s laxo g ok 0955 e gian s (sladSusd 3l odlizl )3 usbel Jlges Lol Sg5 oo 00litl _iiu sty
ol a8 5590] (6l camlio o) bl K 13 llib i de 1 45 cgimn mac cladSus I oolitul ;D wre
5 Sl Sy s Siluplaio slabyy Jold Y dix (gt uas &b (hjgel il gy b lie (yl )
o Sly oddplie z9dte (LS 9 Jobm 2dd ze5e (b3S BEGS (gsiand wuysl (Jmdsb zsdje L3S
95 U3R o Slr G (ras &b S glate (nl (Sl xS (e HE Anlie 5wy 3590 5988 AL Alale
oolizl il pjgel by 5 ERAS cslaosls 5l o Uassel sl & 350 ol ECMWF Jis alale )L
023l 5o g s laype STk ((Stuad (pd (aSls ke wiliseo (Bjgel gy b 3Slas s Sl D90
gli ole slp oS Ciliie oldlyaa 3blie )3 )e5de (slagby) 3Mes (pizmen b e Juo o (sl Sl 415
5 Sie Silepbite (hyy 93 3Mes o5 2 L lapadls awlis I Jols s 85 15 Dbl 2)9e iged plgiea
b duglio ) caizadlss (Bg) 99 ol wiad sl sy e aSed (Bigel (sl Ko gy slaz b sl 53 S )lom S i)

Kyl Candds |y (g yndn B3 b gl (i e 5l U8 ECMWEF o (clnosls

s Sl S pg) wpsl i Silopkate iy ECMWE Juo g iy (e 4508 1S slaely

b alale o i gl s S 1 (YeYea)
Sls G oT colen gladie 5505 5 o b 558
Gl san s (S Sl eslitul .5 S eslizul
o3litul 35 Gy g Aoy B (29355 MBS Sntn Gl

(Y Yb OLan 5 pldSL) 5 S
b ol s Sl Cenl Sl Sl (g lers
Oy ot s Jom (51 omae S LUl S 5 Ll 5 e
4 al Ko oleme (b g3 K S s
o5 e slaws VY s oy slaw Sl Y s
Cf‘}‘ S BLREIE C«L ) QYJA):&,ZGSJ»U»

3y @b Bas B8 SVl IS a4 sl sl

Jdrdsb zgdie bolS

doddn L)
2555 53 S Dl bl 055355, S AS 4 g b
3815 53 15 YA Jla 53 Ol oaclil (sl 5)
shad 5 alale 385 o i (Ui (Y0Y0) 0L
S04 Sl O 8 a0 Wl o clos 555 2L
IS Ty R PR G O N O BT
St 03 03 7S ) pon pile 85k e s,
o o ol gln sk e ealimal B5L 5 L
5 SMalis bl ¢SS L T lad
oot 3 S ol 65k sl
(ls50T laine Lol 9) ook 5 Lo 5l 5580
SaaSs e sl ias 3l om ol 03 3 sd e 4l
0358 o wVkir sy (Bsan oar
OLHar 5 elaSTL ke Olgea pd e el

pakdaman.m@gmail.com

Ll 0,557



VY Ll eJMsYAoJJJaw;Q@jQ}} Yif

wlabe 5L oty U (W) 0L ple 5 ol (o)
CLSE oS5 L hgy Sl eslizel L 0Ll s
Ll bl anwg S 2hS 5 (o pae (oas
W s alale 3oL o SSle (slaesls I eslizul
kS 558 e 53 S Ol K s o]
(3 g old o3lizal Y417 5 140) sladle b 5 i
e 505, YWV Jle gl ailale 5oL i i 4
L1y bl aalamltis wte (WWAA) O,
Frean as Kb g Soge b5 Sl eslizl
sls (al;dl Foas eed sdde 5 okilejles
ool ol bl sk eyl dir (g5lad e
2 el de ladie b 5 A5 el D3y b
OLHSes 5 o3l s dulis (oS Hle ool bl
53 Ol ik Al b oleacd 6l sladde (VWAA)
395 Jbo 5T b 5o @l 25, b de 4l 5
03 fop, (5 (soas 4SE Gl By S eslinad |
(RBF) e glad wb me 5 «(MLP) Y s
SVR) (s S ls Lokt 5l ooble 0o 5
ol Ble 5 Lo 53 (SVRRBF) elal 4l 5 (Linear
b skie s sl amw g IBM SPSS Modeler
Sl sbesls 5 Olin oSl (5 mssu slaesls
3 @8l3 Oldos 5 w2 dndr by Ol (Lol
23 WWAD-WAF (LT o)s b andllas 5,50 aibae
OLar 5 o35 mls L5 S eslizul &g, el
L 45 g 55 Ol 5k aw s (65lwacd 4 (1Y4A)
3 Ul Uzt o cae GaGE L O30l
53 ST b5yl e bty 58T 5 s &St ol s
93 Ol il Jae &K gyl addlas oyl
e 5 GL sbajss 4 by dae oo gldals
Slo e Cimmen Sl 039y (SLL st lajg) 4 by e
Seslewl b 0g)be ad = 53 0L 2 (25 53 S50 3959
Partial Mutual PMD) > flize Sledbl 0 Sl
A% a5 (Information

Gl e Kb e & (TN 0L 5

Sl 5 05T L Ll @l gl o Sy 30
35 1y ¢ g p 3558 Lo s (5 comlin (5 5lane
S5k a3l el 3 e e 51 S
o 3 eslial osasta 5 (IS - )3) uile
Ll 5T e D3 e (e g S
J= i @y > &8 prae S5 25T Al b
g GLOjs b (Bly Gileang s
dlos OT BT BB oyl Olges WSk

ity
sslizul L (oalen abele ¢S (VFY) 0L, 5 (ga13T
Gty S L WRF s MMS  olisole sladus
N385, e Lzl 6T K58 3 ok 5 0SS
Sl sles aliluys (Wl Oojswoa) sde a
Fran s SE S Sl eslimel b L S
S eslizal b Sylg 53 5 3,8 513 A31s 4 e 305
ool SVl sl e e, Ll )
Ol Jlad dabie gl oL 08568 slaabknT ol ,
& O0F49) 01,n 5 Lol s el g 5 dmsloes
Lden oSl wlale 3oL (sbaesls 5 i (iledde
Yo Sdeas (VAAF-Y OV F) (6L o5 5 el
(ol sl jesls g anwly s Olgea Jl
Lo plaw slos ¢ als ol oliacS 5 sladlS
(ol 000 Sl gl ea sl Ve sles
e Olged ol ole 5 gibde Yoo &Kl
3ol el Jdsas LT s S eslaal Jatw
w5 8 o ledie S (st e sl
Kb w3555 Sl Solers (i OAS Gadie Sy
Lgl.au':}) B ...\JJJS oslaiwl u’,\.aLo J:.lmj B T
St ol (te Gl WS bl 50k
ooy &S (Y Ye0) 0L 5 el STL Jle Ol e a
el SVslee o gl ol 5,850 st
Oeoeed i3 ST L) (56 - s e 55 05l
23 gl 3y (YY) OlSes 5 elaST

L3 S &1 5T (g5led e



o . P ' ¢ . afe
AL e B it 3 3 Vg Oy ey s S8 A5 T )Nl g5 5L

g) C»bf)\s—éfﬁ';! Sz Solupkie Gl by, Jols
BFGS (gt o2, 8 (sl 350 0LLE
o kb wlide 3350 OLSIE 5 Uslm el 5350 OIS
sl 5 oy p )50 935S POL alale fnie lp
e S S skt ol gl NS e S
Jbe wlale 2OL (o7 Aol n o Sln 055 n
50T sl Glp & 358 b ECMWF
oslatul Calises uijfT sl sy 5 ERAS (slaesls
A ST Ak wlale foty oo b osh o
Slp mas b 25saT Gl s Sl KIS 0 5h

13,5 2 5 e S8 3l f gl 0
53505 0 S sm b (et dlie pas i
Syl @olgiy @y S i per 3 ulg )
S3losly 3l ol 308 I 35 pam ibu 358 o0
b by 5aS b able ot ¢l oolgit s
ke la gy ESST4 5 O3 e (F5ar st
MUl i b 4Ll Gileas

35 A8l b s (6,8

B s,y .Y
WY iz 05 e (£ 5mn s S5 S S Je
sl o o3l 0L Y S s

$2959 Y hxe gl 4¥Y P

BlF s S e b 6 Joli b0 S s
j%)%b@%j\{é{})‘bbﬁ-ﬁ&sﬂi{fu
olizal BT I e & @l bide Hksle

s GBS (b 3 g 0l 5 51 S 050

T 1l 53 Lol dnn g 25 05 03 Aok oo
i § s s (salgiiy a4 sl 63505 035k
s S e Calg 53 (Saerer gy b L
SMae b Sl &S s 63955 0 L Je T (oolgiiny
U5 .l 1y e o a8 el Slay e ke 4o
y omas aSils Sglize LIS (YIA) 0L
Colg 03 s LS wsp b wohe sk
s S Gl s, oS skt o) Sl
Ly e (T00) (el isls slgiiey Jos o 5 Jos
208 do sy 5 5 ey e S K ol
3,5 3l 0 g o 4t (16,

Gy s s g (Y YY) 0L 5 o
CFSv2 Jue slos 5 sl g S5 5 Silede
Sb 4y by o s 45 Lsls 0L T L5 S oslizal
G 5o Sty b oamlie )3 esae ae
oL es g}i}é‘ Al e 5 Shes 43\?4;?.
N BT b san ae Sk sy ) (T0YY)
2 b ot lp e LS s Gk
adlles pl 53 W5 S eslanal 4iljy, 5 alabe ulie
5 e bl lie 3 e 48 5 Sles Ad asein
S5 (YY) sgds 5 5T Sl @l el
23 L Sl oty 6l Y i O ey (e
Sl 5PV 0L 5 o L3S eslizal 5
AL el S o lp Ut L) ey (e
S gras S Solers o5 (gl LT b3 eslina
538 oslizl Uast 5 09037 55 5 33 8 sal S 4l
i gy B ade 5 Y js &S b0l
s sl Gl Gl sty S 08wy 5
A5 S esla Q;U; s lors b ae
) 53 ) 4S8 Ak wlale gty Soanl osdle
ECMWF Jue >35,5 Sy S b 5 dls
Sk 25507 53 S Gl by bl (55 o plon]
o dlie opl 5y Sl Coaal Sl 58 e

WY L Oy ey s S e il i)



VPN Llg eJMsYAoJJJaw;Q@jQ}} Y\s

gs2r QL E 5 Ul s saje 0L S BFGS
&ﬂ Bl e v\J":ﬂLS‘ o3l Cf;' e 4 ool wl.;.fu
k) ol oslatwl )}&5 aslale U;')L ‘_,’..fu;'m“.g_ Ls‘f. l.ag}ij)

. L (P e

s A 5l S gy N-Y
Mg s G pgte (Pl Sileag by, oo
Ol s il 4 (oln w5 93 45 o e 01 S
ool GEB Dleals 53 0T o sSan 5 355 o0 ekl
o Il s pize sldas Il L K5 (g Sl
A5 31 0T o sSae amlos 5 4Bl il Ol o jilo
@losg bty s W w6l Sl
S (PSS L L s e e Sl
30 03 s 03] o B Ol ml Oler o Sl
e 5 Al b Obes e le (IS5l S 5 )

(Y O 5 50) 555 0033

H=]T] )

4 0 i Ol Jold o S5 e Sl ] OT 5 &S
el A G0 4 S e S sl w6
25 Sogon OL3LS ls e, S ol 53 cooman
3 3 op s

g=]JTe (¥)
b33 oS5 il il (s S5 sl Olos &S
Syl 93 sl dloes JB HLES] Ly gy &S
b by ol ‘Q‘;f)t‘—dfﬂ';{ =S b
25 Soyen (Fas sl bes b)) 68l
gk oo Sl gsa

Mesr =M =TT+ A1 g ©)
S Cal b i Ay Sl L 0T 5 &S
Ao A By e Olgea sk ew WL
5 OBL) WT o Consa 58 By bl ST sl

(V49F (g

1
1+e™*

o(x) = ()

L S LIS UBLICE - B
s S Gl B add > S
($S) el 0 s 0,1 OT 4 55 4Y W O
(V4A4

St 55T (sl sadate Sl 555 ¢ 503 (6 g
s 5T 3 loger Conl odd &1y uae
S s el ge 5L (Silekig s SO L (e
28 e S 05 dp 0ae OT o bl
3,91 s 1y Lzes O i BB sl eyl (el
o &S iluang JFles g5 cnl o3 e ml [(pve
Eb e 35 Gl 2P oolper 5 03 s o
D g g 4yl g C\.A.:\ R

S o Sl N&A) S o5 0,5
G355 x OF 55 45 Casl 4N iz 05 o (o8
r.ja..?J;B T{EN3Y) CL»J bols olsp A 5 e S
s e 9 s Y LOjs el ae 2
Lpd e g5k L 05y opl A Sle laaY
ol 03) sl 5y palie 4 N(x, 4) OSGYI o> b
Sl b Asl 5eSons (Slale ok Ol Jlis
b sl 15 &S (6 an HWasls g0y slie O(x)
Db Salin yolie calie sl 3) das il 1y 348
Ol oo Soysocp) 3 (Jdosilb glaesls L 5 «lals
A al)s aug ol 3L Gl p 1) ) o5luang die
S S

min, E(A) = Y, [N(x,A) — 0(x)]? )

Soun mb b S 0oty s 8 (g lningy s & S
L T aSA adss avg palie cpns b .Cwl E(A)
0(0) 31 Jss b6 u s NOGA) cpns o OLE3 A"

R
(S Silepkie il gy R Cand ol )
S (Jrdsk g3 038 (OISl E 5



o . P ' ¢ . afe
Ty e B it 3 3 Vg Oy ey s S8 A5 T )Nl g5 5L

Output:
. ANN >
Monthly Precipitation
| Longitude T
ERAS Data

il hg, S a4 aS (ealgldy s S & osls .\'JS.S
T absl 8 ‘Q!)S)La—fﬂ.‘.?{ S Solepkie il
5 Dol s mase 0LalS BFGS e (J-dsb
g RSl edd ke 050 0Ll S
Sl amlae il Ol ST
CLJ Sl RV S &..& &)}AT Calisea
d\.q»_ ‘U“Y dgibojj::wﬁgwﬂ\g..&éii cQL‘;.lLA)'T
e e S 4y Vb B UG U
aad 5l Olgy AN Gl slaw e Gl cpuomen
5 ) A el g sy s DSl
Y4 0L
Ls%:wi“ 5 eslizal Caliee Sl RS 53 e
el 5 b Sl oSl (Ko
besle opl 4 bgye Llgy i ssliel CalSSL

O 5 osl3mld) ol 5 Sy i

:(YY4A

R = T (X;—X)(0;-0) %)
[P -2 3 0-0)7

MSE = % n (X — 0;)? )

NS = 1 — Zi=m&iz00* )

> ,(0;-0)?
okl KLl o ia 0 5 Xi G Lilsy 55 S
0 5 X cpomen ool Oldalin 5 Jibe slayls » adl 5
Sldalin 5 Jbe pslie 5 Kke sdasOli o ja

s e QLS |y Oldalin sldas 5on Hldde . dus

Q‘ﬁjb—fﬁ';{ o S S5 S Silephe
36,8 e Sl B05s ) g pn S3leaneS ol enay
&ls ) SS b s T olis wgy o il
sy s (GileaS edle w2, S0l
OB 5 gy ) L3l oo 55 0135l Dl po (S 5laaaS
148y

S Sbosly Jrdsh gaose obsl 8 s
2l K& (2aF 5 Kb S e gl
T35 0Ll laisy s a8 s
Sleil 3 Ll E Ly Cer ged Al
Solgdy S Sy 3 s el s s el
oslizul ﬁui” obgs STl -dsl
2T OAW) sk L3 02, Sl Sl 358 s
RCW

Sy IS ey & BFGS Sagad by,
Sl 3 oS Cal Ldel (Gileangy flee
Ol Wl Ober gl I B il
(sl el 350 0Ll 8 o) S 53 3 4 or dpmlons
Lijy 4 Cowd s al (ol Rl drle Gl
P =T T - TR R I S
SIS ey Sl Oy Sl sy
3 Jsl 1SS 53 sl Sy pd e oalinl
OLsIE s csdn byl ST s .l OLsIE s,
Qb«b\f D90 93 Bsb o dembe Ld LG s Ts.\;u
DLl E sy dsles s Slas 35 edd plde £y
el 4 3L LSS a3 oS Sl pl b Sl g3
VW O 5 1H15L) G o (s sl

Golgiy gy Y-¥

S gl BisaT Sy A 3l eslinal slgig 34 L
L solein Sy S sl Ol 5o o psian sras
28 db>Ma ¥ Jg:« 33



VPN Llg eJMsYAoJJJaw;Q@jQ}} Y\A

Sl s e Sl s S oSSE L 1) baesls
LECMWE (slaosls SlowT I .l 0315 13 015,18
orea b 35 ERAS (lassls chimas a3 & oSS
o 355 68U S s o e S S8

Calen 51 Oloj 25 (l,1s ECMWE Jke 4S1xiT 5
Jde VY (Jle Caliee ole VY (gl Ol o 10 e
B 4§.:~ Sogecpl 5o o slgds Ol
selm sle slaosls slun 45 ol Jke ANN(m, D)
Wl s> 5 gaT pll b Ol

Sy ke ladds 25seT 31 ey dlae opl s
Wulg 5 cslize sbaole 5 Caliiee Wl laok
s Sl o Sl ¢ Sas g o L e Il
Jlo ole VY 16 pa sl SOl 25 el 5
534S Lo dnloes Yo NV-Y NP Jl”._lb:)"\— sleosls ¢l
FCON PRV-PRWA SN P IR A PP L

S5 03 Ve IS o ba O JSE 4 ey L
b o> T s S s (Sican Sluis
L ‘Qbf)lﬂ—dfﬁ'ﬁ 5 S Solepkie oy 9o b
el i B psy ple 5 ERAS ool (slaesls
(323 o) gy k;:.«.o.a s o polae sdalie gl
sl ol 53 ) Jgd 2V USE ode islia

F IS e b Sl e Sile Sie 5
5 Si Silepke sy 93 4 by JMEs o eS
S PSALINS RN U SCI CH . gL |
%WOJQA{‘\?}:\{.M)@OW‘)WL
Slapz s Sl slaole gl L pp pd
P30 33 g peme 3 Ll (Ll (¢ g 3 Sas il
ol Slisy ple Sl 5 pasle ol 5 S
oz S Jas g g S

553, 8kes o gazme 53 & 258 s 05 o 0l
)95 2 ‘Q‘;Jb—dfﬁ"}{ 5 Sim Solupke sy
s pisel s pay s 3N -Y g st

TR @\:5 Yy

Ui (B it (ool (e 4SE J Sl elizal |
~S i s sk Gl el i)
BFGS 5 yad (Jmdsly 250 0Lsl S (IS0
o plda 9350 03I E 5 Jslm 2l 5250 L1 E
i G pECMWE Jae o5 5 5515 5 s (6l
o) 6l 23 8 15 eslinal sy5e 58T 5L ailale
Jebowi 3L sbosls 55 s ECMWF Jue (glsosls ¢ slite
&'y 5 3% Y018 L VAAY L) oyss sl ERAS
o314 G, ol sl sl Ol s
aska (¢l (https:/cds.climate.copernicus.eu)
Wi 3L )3 Ol 5 5ES 4 s suoe Lol e

Sl 4wy L oolgly g S (e
3 85 eslimal 3y5e (B i 3 eddslgiin
B VAAY Sloj o5 4 by e (slaosls ohie opl gl
Glaesls 5 s i el glaesls Ol giea (63Me Yot
kel G YV B YN Sl oy 4 by e
el 3l glaosls I eslizal s s w3 8w
539 $14E Oy ot dlale w5 YSIERAS
Gl ol 0313 Ol Cilben Sladllas 3 s (g m
a5 b hyls 58S Gl Jad BB Cds baesls ol &S
Glesls & Jui) ERAS (laosls d = &l w
A s 53 Ll (BCMWF S e il
55 candllaesy go aibate (gl osls cpl b5l 5 Lla 8
OLEer 5 955D Sl odd ), oibiee YL
s edzasOlis &S (VoYY (O San 5 ol &5 ¢¥4 Y
030zl Unosls Cpl 3l o o 55 10 ccmnlgsT J o 5
0y93 &l p ERAS glaesls &8 ol S5 0LLE i
0595 Sesls 5 Tl 3L ,s LB OeSHVAVA I b
o 33 a3l Oy gons 55 VAVA B VADY Sle)
Yo ssd= ERAS Lol glaesls SIS ¢SS5 tizs
\“V‘)J&:ﬁjcbd‘_s}:ﬁ‘}lzsA' CLEJWJGJ,:P};
) SRS dege shp Jold | e sl



5

. . & & T Z . Sl
AAL e Gl it 83 0 Vi Oy e S8 BT o8 g5 G

Correlation

0.9

0.8+~

o
b
T

Correlation
S
(=]
T

[=]
o
T

0.4

0.3 1 1 1 1 1 1 1 1 1 1 1
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

oLl S (M) gl,s)u—ﬁ,g?;‘(BR) S (5)'@(..15;» u‘U"I S s 8l s aeeolzel Sles e il glasle o 4 u.(“w..w U} .\"JS.Z
(SCG) e.:\.iu.dl.:iﬁ C):)A Ql.ié‘_/,f 9 (CGF) JJL_'.—J.?JJ cj)}n QL;_:'; BFGS L;J):.,AMZ ‘(CGB) JJ_‘JJli CJ:}A

Mean Squared Error (MSE)
T T T

1400 T T T T

1200 -

—*—BFGS

1000 -

600 -

Mean Squared Error

400 -

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

(LM) a\,s)u-;fﬁ'?{ (BR) 50 3luphine Sl s b Sl s sl Sl ey il laele (sl e Slay e Sl £ S
BCG) sdd pwliin 73330 0L S 5 (CGF) sl 2l 25350 0L S BFGS 55048 (CGB) J-dsb £330 0L1 S

Nash-Sutcliffe efficiency (NSE)
T T

0.8 T T T T T

e S
0 o
T T

Nash-Sutcliffe efficiency
4
T

o
w
T

021

1 1 1 1 1 1 1 1
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

0.1 . .

(ILM) Q\,s)u-_f,g?; BR) (5= siluphkin Gl s i Sl s melasl S oy il glaole (gl LSSl 55y s 0 K
(BCG) s oliie 75530 031 S 5 (CGF) sl 205 75350 0Ll S BFGS 55545 (CGB) J-dsb 5350 0Ll S



VPN Llg er‘onJJJ‘w,ij}:é Yy.

0Ll S (M) oS =S 15 (BR) 3 silpdine (23sal Loy 28 Sl 5 ommslizel Gl a)ss s slacle 5l Sooror o N J g

(SCQG) s ool a0 Jli:ljf B (CGF) Jsl— 2l s Ql.isljf BFGS S sad (CGB) Jg—J}\g: [

s 1St el o2, S y

.

BFGS BR CGB CGF LM SCG

VAVE VIAYO AN Ao VAE VNO \
VA0 VA LIAOY AVY CATY VAV \
VIAYA CATY VA AVY VIAYA FIAYA ¥
VAR VAY SN VYA % A ¢
CVYY AQY VXYY VYO VAT VAT 0
ARV AV Al VER VAT CVEY 1
Va4 VAL VA R V/AGY +/144 v
AY CVVE ) AR YAtV A A
AT V/A0% % AYY A VBV q
A\ VA0S VAYA VAYA N a% VAR Ve
+/104 VY /0VY ANt Y v 1
UAVY AT VIAYA VYA VA VIAS VY

plas sl p dsl st Olej o7 ol Coanl 1> <SS !
Sl a3 Hast Olej ool olo Olen 4 Lo g 0 0315 claole
Sl oF 5 a5 Sl darole 4 by o 03l ol pa
by b JKo Sl oysn Cpmman sl g0l L
AV F S @ a5 bl (amtaslasl o)ss 4
S5 Ses cCales S5l Glaol; 5 el b
(M) A S5lmeS 5 fas b oadis pisel (omas
Lol 53 gy e sl & bilers (Cl Dglae
ey bogute @l Ol Sl ST 5, sl
B b Sy oSl (Soer s w
ol bl Gl > Sles (Sl 5 el
Ul Oley A1l s s b osylse SIS 53 s
b dle Ol goas Gl al 35 omae 4K 5 Shes
ol 5 ole g3 sl Olej 53 A 5V F L e & a5
s b Ol Kb (Soear o polis
ole Olen Il sl Olej 3 g «adSSlam 25 e ls

Ll

NS Gl e ol oolgiig i) 53 ST
oo Ll olej 28 31 eSS a6l s Jle ole VY
S b ey e e S e S L
Wss Olgsas a5 (Cowl odd sbol Calides i) gal
sk whyl Jol sl gy bg e d 5 F o s S
933 Skt (S a5 b K05 5 |
2l 4 S Q‘}fﬁ—gﬁ';ﬁ 5 Sim SHlepke
or Elp s fe eas Kb sl i)
23le sl GOl ple 55 gy 53 cpl 5 Shes
3 s Sl Sl ( Stnen s 5 sl
5 sl oy 53 ol Gl SOl 5 et ls
3 Jle claske CLJ 5 sl slaob; (=LJ sl

el ok aloes VYV B8 s S
o peli aw polie Casu A 3V F s S
o el s s Sl o Sibe (Ko
sly s M) Q‘ﬁ)b—gﬁﬁ S slp Sl

o513k daas oo Ol Calides 5l slaole) 5 aols



5
afe

- At e & T ¢ .
e ...Q;Jle&gg;ﬁuaﬁq’ﬂxgubsﬁﬁM&?wuwylﬁjﬂltyﬂb

Correlation

0.8

o
o

Correlation
o
»

0.2

Lead time number
(IM) SIS 5e=S gl sy bz gyl Oles s 5 amslizsl oy o) s slacke 1 (Saman oo A JSS

Mean Squared Error (MSE)

1500

1000

Mean Squared Error

Lead time number

(LM) @SS i) has sz sla il e (51 5 mmnslizel o 0553 s (glaols gl Uas Silas o S00s V K

Nash-Sutcliffe efficiency (NSE)

Nash-Sutcliffe efficiency

1

Lead time number

IM) SIS =S 08 oy @bz laslasl ey 6l 5 (ommslizel Sloj o) s slacke (sl CalSTlam 25 g i A JSKS



YEN Hlg o) oylad oFA 093 (Ll g ey S5 vy

My Hanl Blaj il g g b aST 505 e sdaline
Dl Fr 0> S Silepkine oy 5 Shee ¢
3V A S a5 Ll Ol e A3 o 55 e
st oyt el ole 1 28 s O s o)
o Olen Jol LWzl 0l 51 e Letls 4w ol

el

015 oo 5ol slap S 5 Shee 0l 0L 1
Ui Gbesle i gl 0 T LUl
Widi Gy YONP-YONY lael oys 53 o0 Shes
Bl 3 54t painta U 5S  yuiS GUlAe
e 5, S 3 Sl 2 G i

Correlation

polie e WY s Ve & b K wline b
5l Sl Sl ((Scar o el
Silophie sy @y 1 Sl 5 sl 5
Ol Calses Hlasl baoley 5 bole sl 5 52
bole (b M) 50 A b S8 4 ar g b s
Sl emas S 5 Shas Calizes izl clailej
Locwl Oglie i olupkie Sy boes
ot el 0l 5l SOl sl il
it e e a0 5 Shes mes s
B sl s b Sl o Sile ¢ S

5o ol 3 F s bl g e Slams (Sl

Correlation

Lead time number

.(BR)&}Q{&)‘LAVL;A S oslime bl Oles sl s bl Sl eyss cilises slaels gl Staan o b .‘\JS.;

Mean Squared Error (MSE)

1200

1000

Mean Squared Error

Lead time number

(BR) ;0 5;b?mjj) Sslaze glalanl Olej gl 5 5 eslzel Sleg o3 Ciliee Glaske gl 5 et Dl e oSke .\'JS.J»



a N e & T Z . afu
vy o Ok e S5 00 N Og ey s 3 5T 2N g5 b

Nash-Sutcliffe efficiency (NSE)

Nash-Sutcliffe efficiency
o o o o o o
&8 & &8 %8

o
o

Lead time number

(BR) (5 silopdine S5 Soslize slaslasl Olos g 5 mmsliel e o3 ciliien slasle () STl (25 MY JSSS

g3o50 ) O35S Gbla plas gl 5 ST Hsba) Sl
ilaplaie gy 5l el adeia 5 Y S s
51 UCGB) Jrdsly 335 0Lsl S gy «BR) (s
DB psd 4y 53 (Sl jetls i L
BR gy ccadSlam 5 s li ldde ki 15,8
odiS 5515 5 s Jka b dwslis 53 ((CGB i3, adl )
@ s Sl psea (el andly ECMWF

Dad 3 s Cels c)j.."..f

NSE for (CGB)

oSSl 5 e la Sldie VY SKE (4 ga Ol s
O s 58S oL g kit GbLe
Cemad ch..i ol s e e OlE ool S,
IS gl il ol jaseiie 55 ECMWE Jue 5 Shes
ksl 055 4 g5 Slaole & b gy o cisad Ol e 4
b Jg..; B 4§ JJLQLQ.A s:,.w‘ d)‘ )Ué};‘ QLAj BEEN)
03,5 S [ NSE oy pb jlde o 2l 4515 ole

NSE for (BR)
) 73 - I
o 0.71
36°N 0.43
0.14
33°N w
(%]
-
0.14
30°N
-0.43
27°N 0.7
<-1.00

24°N
44°E 48°E 52°E 56°E 60°E 64°E

39°N

36°N

33NN

30°N

27°N

24°N :
44°E 48°E 52°E 56°E 60°E 64°E



VEY Sl 0)\.&.&6"/\0)})‘\.@3)@&}5—1{}} vy

NSE for (SCG)
—

= I ; <1.00
E 48°E 52°E 56°E 60°E 64°E

24°N
44

NSE

NSE

24°N T
44°E 48°E 52°E 56°E 60°E 64°E

(LM) S8 8 (BR) (5 3l Giisel Sy G 6l s omimolisl Sl o35 sl ool sl RIS 5 g A Y K3

Sl oley sl s (SCGQG) s oobie T OQ:\J§ ) (CGF) J;L—sz T Q}Lgsljf BFGS 55 g (CGB) L}g—leg T8 JQ:!JK

amlie 53 “:)‘;)Lﬁ_‘ifj:';:}‘l 5 Sim Silepks b,
el g e S 55T sl S0 ) sl b
“S s S Slepkine ) 5> S L ol 4
slaole 31 (g mh Sluws 43) S fbn 63\3\}3 cc\;)b
2 (S e oo g bagn, S a1 Jle Gl
SSLS pioes & Ll g prbse 2l AN
s e i (Solene Cotle (B 3 b oS
\) v:,_)jij\p ol Slesbimal (b e e Sl 005

Lins )3y gl 55 peae SSGE BT sl

&

e AT urbo- 5o cotls e o3l
J‘Jg:)}jf gJ;‘)bJ'-’-U’“'-’- )‘ oslanl L’ ‘);:)L’ Ls.?\!la.}\
WA Ldd 5 e 6555 o esolen Wbl
AT Ay

JEESRRAL LU O - e P Ot g QPR PO [0S
b i S olizel b 0L Stk AT
£ cg)‘}.: 09,8 Al g 1S3 anllae s
(2B psle) (ol g o sle (63 )5 Dlidos
A=AV (B

b e YA G OL sl £ G o)
s S 5 Sl eslizal b 0l ) adbte 3 wlabe

ool g S S 5 e e

Jsl

& S 4 ¥

S saS wlale 5L wte pesdhe clie ol s
¢SaS 4 ECMWF Jie 55 S5l o ok
T il Slagn, S (s ae S
50 058 ok wlale fu oty 03 pee oS3
35 5 bt

s b Gl Gl gy i i ol )
(Sim Silwpkie bty Jald 4N Lo 052
208 (sl zs3m 0L Sl 5
0L31S 5 sl el 75550 L3I S BFGS (35 s5as
0T Ak wble oty @l eddplde o3
G skt ol (6lp 28 S5 el 5 g )50
ok A 3 o Sl B s S
S0T sl 8l a8 i 1, b ECMWF Jubs silabe
Al eslana] Calises ui)'yT sla S9y sERAS (glassls
(s s Caliiee Je VY sl ke ol gl
Ol ole 28 51K a5 Jlole VY 51K a5
OT iy e sl Caliee 2ay (25 L & As <1,
Ldd g leang

(s b sl G i Sas ) 8l
s Dol o S0 ¢ Sar 5 2 L e It
At S g SOl 1 el

333 Sdas o 305 Ol b et s awlis I Jool> ol



.- . - T Z . afe
Yo e B oty 2 > Vi Dty e S T s8Nl g5 ST

adlae) Ollgy oL gilwdde 43 o 5unn e
i N IICTRIE R el Ad s 1G3,se
AVY oAV N Ol 285

Cf et Shu ST s e Ol cp ool (AL
Sheslial b Sl = Aol 4w gy (g5leand YA
Sl it DBl Gl y (8 gan s SaSE
S e Sl o, S L s i
SVFE N0 Ol OT mls Slads e (PMD)
AP

Pakdaman, M., Falamarzi, Y., Babaeian, 1. and
Javanshiri, Z., 2020a, Post-processing of the
North American multi-model ensemble for
monthly forecast of precipitation based on
neural network models. Theoretical and
Applied Climatology, 141(1), 405-417.

Pakdaman, M., Naghab, S. S., Khazanedari, L.,
Malbousi, S. and Falamarzi, Y., 2020b,
Lightning prediction using an ensemble
learning approach for northeast of Iran.
Journal of Atmospheric and Solar-Terrestrial
Physics, 209, 105417.

Pakdaman, M., Falamarzi, Y., Yazdi, H. S,
Ahmadian, A., Salahshour, S. and Ferrara, F.,
2020c, A kernel least mean square algorithm
for fuzzy differential equations and its
application in earth’s energy balance model
and climate. Alexandria Engineering Journal,
59(4), 2803-2810.

Pakdaman, M., Habibi Nokhandan, M. and
Falamarzi, Y., 2021, Revisiting albedo from a
fuzzy perspective, Kybernetes,
https://doi.org/10.1108/K-12-2020-0834.

Cybenko, G., 1989, Approximation by
superpositions of a sigmoidal function.
Mathematics of control, signals and systems,
2(4),303-314.

Hagan, M. T. and Menhaj, M. B., 1994, Training
feedforward networks with the Marquardt
algorithm. IEEE transactions on Neural
Networks, 5(6), 989-993.

Powell, M. J. D., 1977, Restart procedures for the
conjugate gradient method. Mathematical
programming, 12(1), 241-254.

Lee, J., Kim, C. G., Lee, J. E., Kim, N. W. and
Kim, H., 2018, Application of artificial neural
networks to rainfall forecasting in the Geum
River basin, Korea. Water, 10(10), 1448.

Zabbah, 1., Roshani, A. R. and Khafage, A., 2018,
Prediction of monthly rainfall using artificial
neural network mixture approach, Case Study:
Torbat-e Heydariyeh, Journal of the Earth and
Space Physics, 44(4), 115-126.

AW (N YA (ol i e

AVRA 0 b 5 b S rie s o s o cdis
s s Sh S g0 oS 5 g Ay
) Lo iledie sl Olatiy Lls, pdle
3 stuad e sbaylpl Sl eslend b Ul - 0L
oige 0> P S S s p S phe DML
FY=F4 (V¥ Ol jos

org YN L ko] S0 5 O ol
b5 0bsty Hlap Oge 85 sl ba) S 6,5

Ahmadi, M. A., 2011, Prediction of asphaltene
precipitation using artificial neural network
optimized by  imperialist competitive
algorithm. Journal of Petroleum Exploration
and Production Technology, 1(2-4), 99-106.

Khazanedari, L., Malbosi, S., Samadi Neghab, S.,
Pakdaman, M. and Javanshiri, Z., 2020,
Extreme Climate Events in Iran during 2018.
Nivar, 44(108-109), 68-78.

Izadi, N., Karakani, E. G., Saadatabadi, A. R.,
Shamsipour, A., Fattahi, E. and Habibi, M.,
2021, Evaluation of ERAS Precipitation
Accuracy Based on Various Time Scales over
Iran during 2000-2018. Water, 13(18), 2538.

Taghizadeh, E., Ahmadi-Givi, F., Brocca, L. and
Sharifi, E., 2021, Evaluation of
satellite/reanalysis precipitation products over
Iran. International Journal of Remote Sensing,
42(9), 3474-3497.

Foresee, F. D. and Hagan, M. T., 1997, Gauss-
Newton approximation to Bayesian learning.
In Proceedings of international conference on
neural networks (ICNN'97) (Vol. 3, pp. 1930-
1935). IEEE.

Bazaraa, M. S., Sherali, H. D. and Shetty, C. M.,
2013, Nonlinear programming: theory and
algorithms. John Wiley & Sons.

Fan, Y., Krasnopolsky, V., van den Dool, H., Wu,
C. Y. and Gottschalck, J., 2021, Using
Artificial Neural Networks to Improve CFS
Week 3-4 Precipitation and 2-Meter Air
Temperature  Forecasts.  Weather  and
Forecasting.

Nguyen, H. N., Nguyen, T. A., Ly, H. B., Tran,
V. Q., Nguyen, L. K., Nguyen, M. V. and
Ngo, C. T., 2021, Prediction of daily and
monthly rainfall using a backpropagation
neural network. Journal of Applied Science
and Engineering, 24(3), 367-379.

Anochi, J. A. and de Campos Velho, H. F., 2020,
Neural network for seasonal climate
precipitation prediction on the Brazil. Ciéncia
e Natura, 42, 15.



VEOY Sl o) oled oFA 695 (Lad 5 ey K

Liu, Y., Zhao, Q., Yao, W., Ma, X., Yao, Y. and
Liu, L., 2019, Short-term rainfall forecast
model based on the improved Bp-nn
algorithm. Scientific reports, 9(1), 1-12.

YYs



Journal of the Earth and Space Physics, Vol. 48, No. 1, Spring 2022, P. 14

The Effect of the type of training algorithm for multi-layer perceptron neural
network on the accuracy of monthly forecast of precipitation over Iran, case study:
ECMWF model

Pakdaman, M.

Assistant Professor, Climate Research Institute, Atmospheric Science and Meteorological Research Center, Mashhad,
Iran

(Received: 1 Aug 2021, Accepted: 10 Jan 2022)

Summary

Due to increasing atmospheric disasters in the Iran, accurate monthly and seasonal forecasts
of rainfall as well as temperature, can help decision makers to better plan for the future.
Meanwhile, machine learning methods are widely used today in predicting temperature and
precipitation. For this purpose, the outputs of climate models are processed with the help of
observational data and machine learning methods and a more accurate forecast of temperature
and precipitation (or other climatic variables) are provided. In the meantime, methods based
on multilayer perceptron artificial neural networks are widely used.

In a multi-layer perceptron artificial neural network, the design of the network architecture is
very important and this design can directly affect the ability of the neural network to solve the
problem. In designing network architecture, questions such as the number of neurons in each
layer, the number of layers, network activity functions in each layer, etc. must be answered. In
some cases, there are methods to answer each of the above questions, but in most cases, a
suitable architecture for the specific problem under study must be found by trial and error.
One of the important steps in using machine learning methods (in general) and especially the
use of perceptron artificial neural network method is the training stage. During the neural
network training process, which actually leads to solving a mathematical optimization
problem, the optimal network weights are calculated as its adjustable parameters.

Today, various types of artificial neural networks are used in various fields of atmospheric
science and climatology for purposes such as classification, regression and prediction. But the
fundamental question in the use of artificial neural networks is how they are designed and
built. One of the important points in using artificial neural networks that should be considered
by designers is choosing the right algorithm for network training. In this paper, six different
methods are considered for training a multilayer perceptron neural network including:
Bayesian Regularization algorithm, Levenberg-Marquatt algorithm, Conjugate Gradient with
Powell/Beale Restarts, BFGS Quasi-Newton algorithm, Scaled Conjugate Gradient and
Fletcher-Powell Conjugate Gradient methods for monthly forecasting of precipitation that are
reviewed and compared. In mathematical optimization methods based on derivatives and
gradient vectors, the second-order derivative of the objective function, called the Hessian
matrix, and its inverse, play an essential role in the calculations. On the other hand, with
increasing the number of variables, the size of the matrix increases and its inverse calculation
is computationally time consuming. Therefore, in the improved optimization methods, it is
tried to approximate the inverse matrix of the objective function with some tricks.

Because the ECMWF model has six different lead times, 72 different models can be proposed
for 12 different months of the year. For this purpose, data for the period 1993 to 2010 were
used as network training data and data for the period 2011 to 2016 for testing. To evaluate the
performance of different neural networks, three indices of correlation coefficient, mean square
error and Nash-Sutcliffe index were used. Results indicated that the Bayesian Regularization
and Levenberg-Marquatt, Conjugate Gradient with Powell/Beale Restarts outperforms other
training algorithms.

Keywords: Bayesian Regularization, Levenberg-Marquardt algorithm, Multi-Layer
perceptron neural network, ECMWF.
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