[ Downloaded from jsaeh.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.52547/jsaeh.8.1.93 ]

VEe el ) ojled eiie Jlo « dase Ol yble olad Lolo 4y 25
Ve =AY Slxio

oS! ki 43 (DO g (oSl (S pakiio (M Sblwgd gk (g 3w ) IRLT
S 30yl P> saw!d  SlaSliac 08 gume

(Ol yal 8 3) o) s oSS (0T @il (owiigen (51 'S (9ails 15 ol 4o e
(o ygl w0 9) (3l 5 olEiild ool @alio cwaiten 09,5 ;Luitild ¢ Silgs Lo L ule
)).J| 6‘45.‘:.3.0 uT us).w “ggb.&.'xc ‘5}.[)4.0[5).3 BT swb.w“‘ LS')'ZSQ GO ‘5..39.»

WKLY/ 0N aled b yrd WAANY /¥ : Ao el y

PRV

2 bl o (o Gl 50 bl oo maldl et OlT g Sl Sule S o e 59 Gl Lol UL I (S
dold sdgumo jo il Jead b JSlus sloo g wSlas slod (oL Jold il Sloalicn codsl obd i Big)
—Cbldlg 5l SG pp Cdl Gl (Sl Sle,S 31 (U el pdi GLST 2 ogMe (551 9 Bl S L) $35 50 5l (290
(IDW) abold (g8z0 (250339 (2b.3950 95 5 eoliiuw] b Ll ol 50 0055 (oaani SIGLLS slo5 aboxr 31 ovos o
s JB 0 ik (535 5eSilae by g o Jrod (glaity )30 4 255 9 ObT e (T (syen ol s Flualive slaools
6835 (NAT) xub Jolge (ALL) <550 Jolge gjlwtmnd g Sloolic glopiso S,lailiw] polio dowlro g allw
e Gl b s @l (RO g (55kyISET 5L 0590 IS I (i M I iy J 55 sl g (GHG) (glailals
o905] 9 At bl CliKil by 3l ooliiwl 9 (EOF) oy25 dolaio el ailyi dlowg 1 J S sblyal 51 Jols> sbrosls
Sod (bl ik duw 5B (sly o Joolo gl 4 425 b b (w55 S JUSm I S0 ya il daouiledl Wl
ogdle 44108 (RO 9 55k y T ALL JUSows jlg 3 il (sl Jguad (b o i 43 JBlas (glod 9 250>
i (B) slwowbio culpd o 3Vl cad i ra 20)00 (5550 (A Lod Gl 50 GHG JUSws o)l Jiloo los sl
Bl glod (Kb «(+/AA) ailiaso) o)l Al dw JSIaio yod (2Siloo 4 bgryo i i 4 ALL <550 glaciilsly
Slod (ke 5l baid &5 Gl b jlw plifio b g . abli 0 (+/VF) iliwnli 25 Tas (Glod (Sileo 9 (+/VA) o)l

Al o (IVY) 8 )8 RO g (55w b oles Sl

SF o il 29 Slrdold (i Cutl Cuns! ¢SO Cunnd “53L~,ls.&i cpeld s :qu.\.JS” 6"“ 03“3

Email:armassah@yahoo.com i) g oding g -


http://dx.doi.org/10.52547/jsaeh.8.1.93
https://jsaeh.khu.ac.ir/article-1-3108-en.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.52547/jsaeh.8.1.93 ]

i 3 sodl (gl yaiie Lad Sllugs o (g5l IS ¥

doddo

2 oeldl Slo it sy eldl s S8l s Ko el ez w5 48,5 590 lalllas bl
5 sy Gt ;0 oo (R Wl (o8l (glayiie Daejlie i o)l 0gzg Of wlie 5 (s3dls e
9 35% JUSAS b e £989 0 yomio Wl o0 90 5 (Selg 0ep 45 52 0 sl 5 adl s adhaie Sy (Sl
Sl lyeeds g |y s 08 (sorldl Allo %5 55 5l 5 A 5T F s I, aify (slopiasessS]
S s, 5l Slss (!l Sbs)l g ow)» sekie 4 | (Ganopolski & Calov, Y-\ ; Stocker et al.,Y-\Y)
sladoe 5 557 ocldl (sloJoo e il xmss o1 U e s 5 i 05 57 sldae (sl ilins
5 21 OBFLS slacildly 4 (o) 0)5 s Slagaly 5l e S0 el ladas 5 IRl ol (Sodlg e
Dl o8l s pocais 5 s5le sl (Velasquez et al., Y+13) 00,5 oo alls s wix slasyss b =)
ol @il Sl iy, cp e (Mondal & Mujumdar, YY) cul ggoge (pl oduzmn LYo o4d lp (o)

(Ribesetal, Y+ 1Y) ol oo dig il cuiSl oy, ol )0 S50 Julse cliss g Ol s
w1y ol s 5l il abols b wull Ol s (Slass sl s 50,91 et a5 canl sl " ol 1T
Foe e &5 D500 a5 ganl P 4 (ot & b s s e olid bl slagasly I (S alews
IPCC- ¥+ \¥) wiS oo ) sslel hlizes (g plo sine lans b olaygy b et o sl |y o piz 51 (50
e oot anTp s (58 Slo 85 55 50 5 o)l chlisee laJuld oS5 4 x5 L (ARC

(Hegerl & Zwiers, Y+ V1) coul (g5lo, KT a0 Cod (5 s Souzes

5 AVl i,k sl o Sl ) el o g5l 55T OT Sl a5 > calise gz g 1 Sladl S 58
5 iz Slalllas 4o (o) ,o (Marvel & Bonfils, Y+ \Y) ool (o5l 80T LB o wsildl 5 o Sis Lab
s )0 el 3 (o2 5 3L )KET gy ogas o (s0g0me dlaxi ot g el 48,5 S 90 oz s
5 ) Sl Glo,B L Sl S slagulide ;0 43S &jg0 Slidon iy 5 0ud ploxl gladhie 5 glass>
g go o)Ll Hlnl s Sl o alive Oldlas 51 S 4 aslol o . (VFA0 (] ) Ken

Ol as sl jo ag cllS eSSl oy, 4 (VAFF-Y e 20) 0,90 ow,p L (Wanetal, Y-\ F) o) Ken o g
by 5l ool b Ll el p0canis g (g5l 0T BB (e a5 30 0+) (rwj 0,5 (oYL sla o pe s oul8l oS
Gl 895 2 el s ol 4 B iz p a5 W) amti (al 4 CMIPR 58T Sl il slo Joe g3l
CllS olagl5 clo JiFs b (NAT) xmb slo Ui 4 |y o] ol 4 ls ool g ol 0052 e 4Vl
COlS cunSSl g, 5l eolawl b «(Peng etal., Y-19) o )Kan g S )00 adod [0 g0 pCaws (GHG)
Livgia glos 4 Yo o8 B VAFY Jlo 5 axbly ) 5 Wged oyt 635 o Sl aigy o |, AVl o Siloo slos arg
504,90 YIFA (ol 0 a0 WYY (liaol 0 bgs o ] as 0 +/8 a8 4l iol38l wgads a0 VY'Y e 4
Gitle,S Nsy 1 6l sixe i (GHB) llilS clojls JUSaws o,k 51 Sl Sl g el ails Ligl3dl olis;
ol 0030, 8 Saw s Kk jo laz o VYD les iulidl cel a5 gyeb 4 ool atils Yl g Lad
ey 0,5 Jed Sl slapye 0yind 0 Lo Jad cwyp L (Duan etal,, Y1) o Ken 5 150 uizen
dilaie ) Lad slos ialdl 4o ol (i Slilge slooigled o5ig 4 slailels slayls clale 2ylisl a5 wudly


http://dx.doi.org/10.52547/jsaeh.8.1.93
https://jsaeh.khu.ac.ir/article-1-3108-en.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.52547/jsaeh.8.1.93 ]

1 VE e o) o)led qiin Jlo o aame Ol blbe olias ko 4

gy BI85 S gy oy S 45 5 CMIPS clasluyy degazme 3l oobinusl b Ll s o Uyl cyoj 0,5 |
g loo s ol ol mals cel lga sloos¥T § slaldS glajls Lasl jials b oles oo a8 axdl o
3 el sles &l pss anlllas b 35 (Dileepkumar etal., Y+ 1A) o, es 5 JlegSnhis .o o) 4 atusly ol 56
b SIS slal8 oig 4y 9 (ANT) Slusl slacciloly a5 dom, 45es ol 4 1205-Y+ <0 slaJlo b s
Nald ) ggo9e (nl ojglee clale fal8l g (oLS ile (ool 6l st 5wl paie Cal e
CRU (glaculns s CMIP |5 s>se (oln o 3l oolitul 5 dings el ol Jos 51 oolial b LT ol 090
e (B3 5 (65l KT BB ol 4 omne Jalge a5 aiily o

Cug,8l gunaSil sleools ¢ slaulin slo Jus paiy (6w brolaigy 5l eslaiul L (VWA0) ), Ken 5 (gon
S SlaGl ey b 5 030,S o3liiul ;58 8 atgy SIS S g, 51 (e (s]2 (APHRODITE)
9 el Jolge ggamme JUSow a5 0Bl j0 1985 (058 Loz edgazme ,o (RXOdAY) o35, = 9 RXVday) o5, S
Eoi L adF O g0 Olyuss aS ol lid mls Ko Ojle 4 cwl poca g &b, 8T LB (ALL) b
e Sl o8 Wity €55 ) 2 ] Bl e Sl Sl 5 5 bl Finlas il ig)o 5y
a2 &S J jo el as 0 VIO g VT s 5 a4 ol s & ocas BB Ol sy ol RXOday g RX)day
B ol 4 (NAT) xbs Jelse 51 86 JUiSs 5 (GHB) elailels’ clols La 5 b cla JiSms 3 5
ly; oyl Sialen (Zhang et al,, YY) o) SKen 5 SSl5 Sldllas b ol opl 508 BOCams § 55k, K]
B ALL) Sy JiSms a5 wisy o 1AOV-Yeo0 lolo b e gloyize olalllae b 5o o]
—la 5 (55l ST LB alBlaz jgb 4 Gl slalE 5 el sl JLKw Jg Col 20l 5 (53,8001
(GCM) 5> og0e 53,5 sloJae jo Combd sae JJo a4 Cowl (S gao50 (! 45 iniiae Ll iogs 20
Al

oolaiwl glaghaie yulde ;o sader loolliwl glaslie glaosls 5L dgl (gl U oals g Budzs (pl jo
wolaidl 5 wlbow Cosdae Ll 5l a5 coil 635 0 5,0l peim sbbasls gdod (pl jo Slllas cogusee g
&l Olee 5 Comez o515 5wl Gy dilaie (pl 50 )90S5 SSRGS (nl g oedle [n) 0l Slofag Sl
55 oo oelil 55 3 o il orlBl Ll 51 (6 e S0 IS 5,0l 31 lon g O s 5 o
ohals Al &l g )5l slag Lw (ngas 5 e slacitloly 5 Jelse S50 )0 1) 945 Gl S eeeal 5 (o
ol 18 33ai ) Slor ke, il o 1, ablate iyl olin Olsicse 528 som 5 rlad 53k Sl
oliaisT 5 eundyet Slainds i b else (GHG) laills clajls cilises slacilsly s b ek
b el i 51 o3l (5T s oDl 1 518 (305 W(ALL) _xebs g bl Jolse ggame 51 oS 5 5 (NAT) a
S 3 Mol 5 wles s | aaiiloly 51 S 50 3 5 00505 gy 1y 50 Jalye Sl Gle S
g b anlgs o )Lil ool 00 IS 4y sla g, g osls A3 mlie ( Sllllas oogasme (B yre (yeud dnlal jo Lwly (pl jo
e ;3 oalial 8,90 351 g lin (S (5T At 5l oy Caled 53 5 39bise 4510 S oS 5 255 & s

208 o (B


http://dx.doi.org/10.52547/jsaeh.8.1.93
https://jsaeh.khu.ac.ir/article-1-3108-en.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.52547/jsaeh.8.1.93 ]

i g ol (gl pite b Sblugi i (5,551 ¥

S5 gy g ool
S5 55 5l 5 o8 aplind Joli o ol 535 5,0l iy slaaials Stgsy ol 5 Slalllas o3gana
) adlase cnl 5l Oles slagbinl )3 ;58S Cumex p)lez SG S92y g adlate (nl jo )9l cwlow Sl 385
Sloedad (05 115 5 oy o s j5liin &7 55y s s B 3375 (1= JS5) ol 0905 (5lofzg apesl o
13 ol pdycaml b Olble blie ;0 Dol 4 eogame (pl a5 ool el dibate opl o (solaidl 5 ixio
Sy9yo adlaie Ay Cupde ln lidlse f3s Jelse g cSld jolaie o adlaie @Bl (Fo)l 090 (o)

Gadl s ol st byl (Sledlas o3 gume 1 JSUi

sleools olul pl 5 ad Gl Gble cpl ooes bollw! | S in gkl oy Job iSlas plpl
2 09rse s o lasiluand Cadgasme 4 Azl b Al £9,8 oMee VAAD Lo 5l ciiie ol (soles
osls 355 51 dal 5 oblige @yS oosien ooyl pls slaosls 1Y il adlsl Y-8 b CMIPS o5
dw adhaie ol cod8l Ll s ) jelaie 4 g ol A3 (https://irrimo.data.ir/) jeuS cwliilss lejle glaslin
Ol 035! S8 4 (et w5l Sale 50 5 90Tl gl sl dilis, iSTas gles 5 JBlas (sles (3L e
(OV-Jgoz) c8,5 )18 ooliiwl 0,50 (g Lol M oSS g Can
axdllan 9590 (S o) (hadod (owlidlen glaolum | wlakiu ) Joua

slos :Sile slos (:Silee Lbogie i)k gho jlels)l  olélax Jsb oldlar oe 9,50 oSl

(C°) Jslo> (C°) gSlo> (mm) Mmy Lo (4> ,5°) (a2,5°) axllas
A YA ARRIION yYav/a- YOIAN 0+/0 s
AN YYNA FYVIAN RN vo/sa OV oLl e
\ATN VYIY \ARZANS YEPOIY - YOIV OVIAA sl

CanESM- 1ol Jow saolaigy 5l dilaie 5 Slez md8l 5 50 slacuiloly o b LS (gilwans jolaie o
ey Jols a5 wil oo e 0,5 St o Jow pgo Jus adly 0 CaNESM-Y,+ Juw .ol colatul Y.
Lol (CMOC) cwsildl )5 slaJos 5 (CTEM) gy (0,5 sl Jos 9 (CanCME)  _wgildl 5o slo Jow

8Bl s j Janzen lojleo alis 5 side /dly jo a5 bl oo 1oLl coBl (g5l 5 Judoi 357 00 Jgamme Joo )]


https://irrimo.data.ir/
http://dx.doi.org/10.52547/jsaeh.8.1.93
https://jsaeh.khu.ac.ir/article-1-3108-en.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.52547/jsaeh.8.1.93 ]

ayv

VEe el o) o)led qeiie Jlo o dame olblie olas Llog 4y,

Ry yias | g_sS—.'.B Gl yioglS B0 Jow cpl <d0 )l 18 (LewedS” i 0 o 65‘5) L,550g oKasls jo g el

G ygeo 4y BxBoS Kg,y O yl>old (Scinocca etal, YoV 8) aib oo cro; 0,5 2lsr g ol slagsiluans cga b Jos

(Y- JS8) el 0als &Sl o ge S0 Gz oS bl oo g

Slaslie sls ools acgazms
()..5‘..\9- sk 9 Jﬁ‘..\} b ‘u*’)l-’)

sl LX) GCM o8l sla oo sleolaig
(NAT 4 GHG ALL

v

[Cad¥ LS)L“’T slad> uo; ) ‘SlLOT osls
(Sloalin glroslsy Ken

\

Slalio g lel 0y 4 azgi b

Slwlie sle ools

ol Joe oy Sl

v

Al ¥ 5l 5eé b peSiles drmslons

v

g S slal,>!

!

! v

GjkuylSs] pue

(ALL, GHG, NAT) ils JL5 Vs || Y s
(N g 2 olisl o 6 s (3 it i S €
Vv
Ao BT eSS EOF
B Loousle Loowlosdly oyge5]
Sl B> L1
aby
- - als
B S pAe e s

e gy sl Y S


http://dx.doi.org/10.52547/jsaeh.8.1.93
https://jsaeh.khu.ac.ir/article-1-3108-en.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.52547/jsaeh.8.1.93 ]

i 3 sodl (gl yaiie Lad Sllugs o (g5l IS A

(ALL) s 03l oo (NAT) 5 (GHG) «(ALL) JUins ans ol 3eiows ol ;o anlllan o,50 slocsjloaness
Bl g reb elge g SIS slajl5 ( Sludl lge (alos a5 (cne (nl & Conl (Al ez Ll 10 L
anllas 3,50 JBlite 0)90 b (riwions g amlis Cuz g owo S Bl lagjluad )3 (Do VALY (siaio
b cos Byo 1) ey 0,5 o> s (GHE) LK L @llds olajl ol (ojloand o ool
Gardyss slocllad 1) b slacibly o glagiluand 50,5 oo )l 50 GRS slajls sleas ]
2 opdle S o Giluand Gl slasls (28,5 Sl 50 oo |y (e 0y8 o5 (NAT) JUiSews b (Slaass]
Bl G Oz or hulpd eaiaslid) w8l (S9)0 63t Sileand ol 4 e gla U
ol ggnme 5o a5 wi solizl Pi-ctrl) o8 sbalzl 5l aosiladl L3 (ygesl b Slslrs J5u8 5 ((onio
oled G 3l (S i p0 2 YL bl Joe Gl e asdllas 3550 (sl yeiie (sl (g5laned JLo VA
VY oo &g a axly ot g glial 5l ey boliis s ol OYAA (L en 5 5p0b) ot bl b Joue
Sl a 699y5 Olyie @ melil H9)0 i Gileand Caz s Wb 4y Sldlas oype b ble all

IRV JPURT NGO PP W (O

sbolosls o
5 ool G2alS 1y ol 5,0 (6 me 3 5L 55 Olon Laisilosent & Slaalie lie 3905 o5 b
— oSl 5l ool (Jawe slaosls & Slaalie ulide (o503 Suo3 sl bs, 5l (S 09580 | (g5l ST Jlexs]
gy 3l sladhie (Sl dulore ki 4y dslllas (pl o (Westra et al., Y-\Y) cul gladlais b glass> 5.5
Lol el o ooliil B Sbobes sly s bl sbois, b wimyn ol solitul (IDW) alols ugSas 850555
Wanetal, Y+1F) s,ls ol bt 5 oSl Soeaiy Slais sl e 56 oolitul 5,90 6 o5 ol b3,
5Sre (BIG5s Shgy & e (slaelKiny] (slabaii baeols (g3l IET Spad Gl 5 bl Cosi ez 1Y

O-alal)) S0d o gl Syso a5 sbiokes IDW) alols

A= (3)0(—\ o)

gt Dy (2009 Oy @ (Joeome bl g aiged adlai (oo alold Dy el T diges allal (59 Ay cably cnl 5o
Ll (tal)T g 95 g0 0ls HLuy (55 5hai 550 aladi 51 Gl alols (glyls blas 4 ogy cnl o il (SKoluon
OY ol S g Sla) sl oals 38,5 a5 0 SO pln (V) abasly o a0 Guaos ol )0 05 g0 Ll

51 eolatl Ay clewSl gla iy, o (Detectability) (sjle Kol @08 ialidl sla by, 5l Ko (S
0,99 oy yokaie 4 13 (Zhang et al., Y- \Y) col Pl Jlisl jasls b Jbgl bai ool ojlailiwl ,olie
eile 1ol a5 & g0 s ol solitul laosly duslie g e paie oo o lailiwl polis j axdlas 8,90 (5 L]
s Wls ds 0,50 ¥ s (5lel 0,90 JS ) del Cews s lagjluas § Sloalin slassls gly alle ¥ J3lose ud
o il 38l el g, cpl 30,5 o lasliw!l (Jlo Y1) S ol 4 G odal Cws 0 polie o g (0
o sles iSlam sloo o lailiwl polie dowloe Sz 00,5 o (5o, KT 5,08 d5ups 9 (SIN) g 4 JUSw
1ol oolazwl (V) alal) 51 )b g


http://dx.doi.org/10.52547/jsaeh.8.1.93
https://jsaeh.khu.ac.ir/article-1-3108-en.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.52547/jsaeh.8.1.93 ]

19 VE e o) o)led qiin Jlo o aame Ol blbe olias ko 4

7 = Xi—li (Y )
o

S el 0,90 b Daejlye suxie Sl ot ol T Jle jo st Jlade x; claslive ouls o laibiwl Joleo 1 Z ol e as

(EOF) o252 wolzio &algi o

4 S slalz! 5l ool gy IS CltSSl gy 4 (B0 g s3le KT an] 3 50 ope Blus 1 (S

3978 Sewd ol 5l plagiluand cids o (S8 Glalal o 0Bl (G950 6 e lagluaned jslaie
Jso jshaie 4 Wgd o adgs Al Voo e O e slaoyge 10 Vsare a5 diias o O i e 0,5
&5 oad s (Jlo Y1) Slillas 090 b L Blize slooyss & st nl apeldl (5,8 5 s 3503
il Sl Jae 4 Slaslie 5 (GHG § NAT ALL) Lol sla JlSew sbasjlodds ol jan 4 ,blis ob
350 S LS b anlei oo adds (Bolai slaosls 5l (6 jims lagluaned cal Koo & jle 4 gl oo (Byne e
Job 4 4z 95 b (silwand cnl olaigy arily (20 5 55ley 0T LB Slpis 09 4l ime &jg0 50 adllas
I gd o sondl slaools 5 pesil > odsi Eel ( Slalllas 0,50 b blite looyes 1S5 5 5 kel il 0,9
ol jrals (Sew o> U J,uS slagsluacs jo 1) bosls po &b pocand 4 &b, 0T a8 sl (6l
Allen & Tett, 1333) cuul (EOF) L (0,55 delate ailys (bs, 5l ool baosls pox> 2alS slogis, 5l o
b Gy ol olnlis o)ls c¥s Lol Sledbl Cons p jaopé  Sirod mlsi onl 5o (Allen & Stott, Y- - ¥
iales 0y Lol shadlie Koo Sle 4y il gl 1) b il op 3 clal o Lol sloailye Julo
o wlad Jsle S LSas b (BOF) om0 deleie pé ailys a5 > o s oo las oley Lo 1, bagu yile

ol 5 s a ol alaly a8 Al e gy SRSl Ll a5 S sy
X(t,s) = XM ck(t)uk(s) )

b mley 5l a6 SO loolaiul b Hlai 050 Lle jo aid) |15 @ sbadiges b bd Jow slass M akaly ol 5o
OV ) § ganw) aidil oo loj 0 S wilss CK(t) ¢ UK(S) asb

sy (32 ke (235 @
wlale ilyy) o wlio ;0 Sloy slags o o5 3lu, K0T kil § Sincod 3o (i pruiiass bLS )l s 4z g5 L
o (g (g ) (S (ot oy iy p b al e y0 0 5085 18 L5l 0590 AVl g Lad
Aol deslae wil oo e 0,5 (o2Bly Lyl blis giladow Gl 5l aS ALL JUKes g Slaslice sl
A oylgn poo anle aw (s (e Jlo Cads dale s oS 5 a4 (bl cpl 0l Agd cwed sous® Jad
Oy &lp e slaole é».o.?U)‘ (b u)‘ PRt 4.._9;).‘4.; o )..ul) ‘ﬁ)Lér? anlo dw g ul...w.‘l.; (P g aolo


http://dx.doi.org/10.52547/jsaeh.8.1.93
https://jsaeh.khu.ac.ir/article-1-3108-en.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.52547/jsaeh.8.1.93 ]

i 3 g0l (gl it b il i (55l 10T Ve

Lasgi )l (e 29y 02l il e Aty SIS Sl o bl (B9 (Bt 5 53l ST slab, 5 S
8l drwgi ladse g lacetils ple S 4 g a5 4 5 0,8 glal (Hasselman, 1aVA 144 144Y) olus
5 (Hegerl & Zwiers, Y-+ ¥) wyg) 3 J,50 Slidod 4 plgge atm) opl 0 a5 &j90 Olid alox |l
Gl 5 Uog, (ol 9ed oLl (Ribesetal., Y- V7) |, Ken g juol, s (Hannartetal., Y-\¥) -, Ken 5 & Lls
lageuly a5 ol (al (20 S g (g3l KT 0 bl [ogy (258 el A8l dnnsgi o ailil (a3 (g S
(B) L L (Scaling factors) jlu wlie culys azsliz (b, cnl )0 .Col g5 oty Jow 5l 7 5xine ouds (g3lwas

;‘5w| u)f u)ﬁ..o G)L..u)liujduﬂ; c\DLH.v U‘?“(S‘Q ‘Mla)M)‘ )..f)f LQ)T p s A uL....o.]o‘ 009l g

b eSSl (0) abyly ol Cons abgyre JUSiw 4 1y 3l Wi oo il \ laie Jols gl oyl

a0 Hlid 1) digs Gl clSl by, 0 eolatul o a0 o laslisl
y=Xi Xipitv=XB+v 9]

polis g cnl X b (gilwas slagul slagSl 5l Seiw M Slaalice sbesls las, jloyy akaly pl s
gbon 03ls uled V b 55 oaldl (930 6 s et b 95 10l o 1B 9 B dmslone 3590 Jopore

ol ge s @y abaly 15 ol (6 p0dy ks il lgsS
Cy = (vvh) o)

o (B339 Dlaye gamaySy (O # 1) adlige 539 Snes a5l g5 GuillseS ages &5 (ul @ azys
ol o 1000 e 091 5 s (L3 1, 595 a5 Jlo 45 s e &31)) B slalbas 5l 693 LS (sl pess
il 5y 4 a5 39 e oolizl (pre-whitening) >dol Klee G 5l el

e(PvvtPT) =1, *)

S Y Slaslice a5, b n 5l ailes o P ag, a5 clils az g il sl glas ) K sty e pile i alaly ol o
aon slp 1) g oelly Wlsn oS ook 4 JelS (peoas; b Sl @b S o sk 4 adl 2SS
445 9900 ATl L 039y Jopome « S5 wlidie g l)lg 1) 05l 392y wams Al Gl Slej (sl el
Oyt ol ool (e a8l 565 s 5293 PV oS Ll 5109 (giludind (conldl Jas bawg ind & )50
105 50 Aol wenlio b (3500 JBla L a5 Cenl B iy f 4 bogyye as sllas 90y (uil)ls (0 5eS b s
r(B) = (PXE — Py)  (PXF — Py) = #"PTPH (V)

Wl palys Jilao 0 f 4 azgi by
B =X"PTPX)"'X"PTPy = FTy W\

Lol ploiie S cunSl Gloa F ozl alal, o


http://dx.doi.org/10.52547/jsaeh.8.1.93
https://jsaeh.khu.ac.ir/article-1-3108-en.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.52547/jsaeh.8.1.93 ]

Ve VEe el o) o)led qeiie Jlo o dame ol blbie olas Llod 4y,

S gy orl b eslial leowileSl DL gejl g 5l eid ol gl oo (ow) 2 ekt 4 llie (0l o
Saaled S350 (6 s b digy il cotSl dliwg 4 00 005 (e (slaodiledl LT a5 iy cpl 4 gl
slals> Ko o le 4 (Allen & Stott, Y- - ¥ Allen & Tett, 1392) coul 48l drwgs 5 0ol sl §,5 L o)l
Sk ogr (Bolad &j90 50 ouilendl (6 uiS Bi> 1) Gloy (S Su o 5 (b iy slaadlhe cales
O 403y o il so rarlil it (59 Bl (ol (slacslatnnds 15 pio o8 51 (S0 5 Cagnd o i
sl gyl g wig, lile PBola e 1o dslllas 550 b JLSew azsliz pl plo conl baosls o5 Solas
009 solar JYarul pl Como byl oly cas GlailedS slajlS das Jalse 4, 485 & o Ol s led o0
sobate 4 oailerBl 905 w9 cnl 5l icunl oo S gald (J S slalizrl Lawgs a5 ool @l (3950 (5 s
3580 Olipebl gl (bl 5y owlaidly Jsud LB sloosgame 05T (nl 13 055 o0 Sygo £5050 al ()2
ametd Glsi oo s @y odgae (nl (99,5 g T 5l ol s 4y slaoailonBl azmiliz 5 055 o0 (atiiie adlllas
~JiKe 4 oo Slagaliie colpd dnbre I G Baiod (5o widlge (J9d BB 2B il il o5 285
@l piie Ol i o )0 il (w5 (55l 58T ol oS oo U (0505 (astie 5 adlllae 350 lo
b 5l jolaie cpl 4 00,8 ailne VAAR-Y 0 Sldlas oj90 b iSTas sles g BBlas sles ()L
Ly po slopolbiio calyd 50 ond 20Cums b LS (ly o0 o uibil pyolis 4y Sloj sl pos ot s,

DgSsP S

TS i g 0
Sy s S e

Sbogye slosls ijly 1o (EOF) o,26 delrie pls glya! S8 a0 a5 0,505 BB mlis o i dwslie
Jlo aliee Jgad (sl ol Caws & YAAD-Y+ 0 0,95 sl CANESM Jow slosjloas 5 Sldllas edgame
oo (Vb (Snrod oo b Jgad (F p 5o aslllas 3590 pite S sl a5 555k 4 isls (LA, (glite s
2l lp (Soaon o pd Gliee @l @ 4z b gy e (Stawed <o ypd b (> K00 ad 0 Js on
gilh) (6o Jlo Cuns anlo aw 4 Solos (p iy g bl oo /T AVl 30,0 b an (1Sl o laslin]
s cplcal AY (S o po lyls a5 058 0 bgs e el (S5 oS T i lile 4 (Lwsle ey )58
il 1S SIS S 5 el Gl Sy 5 i 4 s AN U 4 g5 @l Jpab plo
RV PN FoOv [ WSt T CONUON - SPUOY] JUC-S RTINS IS UC S0 3 KRS DR SCOUOW IS | W () IRV SCO I COWION-S
Y (Siod oo lylo a5 ail so jsSde yurie Yl wlide 4y bgy e (Siad oo (YLl oyl
Ot Soplod (e < IVF (Siaad 030 b Glisli Jad 4y bgpe 251> (glos oud ok Jgad (g 0 5 e
O Sz ool 5o Blas sl Jolaie e alle an nKloo 0590 p0 S oo lo 1) gileand g Oloslis
Jad g AVl (1. lhoo 6l o b a0 < IVY g < IVA (ol g ais oamlice Loy Jad § aVle polie  Sen oo
(=J592) desyo0 395 Bl @ Jliwss 9 5l Jpad sl (Saalon (nl a5 Jlo 5o el cows e


http://dx.doi.org/10.52547/jsaeh.8.1.93
https://jsaeh.khu.ac.ir/article-1-3108-en.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.52547/jsaeh.8.1.93 ]

e 5 o3l gl i Lad Sllags i (g3le ST V.Y

ALL JUSw o Jblan sl gilwand b (Slaalin yolie (Siuwwsd co ps ¥ Jguo

ALY Jils sles file Al ¥ iSTas sles nSile Al ¥ e i)k (nSibe arilona 550 Sl alaie
-7 7Y [AY (o)l a8 cargilf) (lies
<IvY 10 - IoY (s v eyl e
A NA44 -+ ¥ (ol «awgST (¥g) s
oY <Y <Y Geoloss yealsi ¢S 5l
“IVA -JAY Jf- (ols sale) £YLu

ALL JUSs (op0Cumi 3 g5l Sil @

JUiSe) 28ly Olez slocuilly (mous 5 (3l SoT iz Jpab (San mlS iy drslo 5l
5 lailoly S 5 el (65l ST gl (Gl 1)) S gl el & dzgi b 25 90 (ALL
G 5 UK il 4 g b s e o 1 aellas 5 pn alate i Gt Sliess 3 s 5
&5k, 581 Gilalllae diibate (gl JUSms (nl s @ o oS el (0] Sl ho a3 (VL s 5l (slones a5
1 o (3lodad Slyeeks ciblse (V) 5y e ol )s5ie slaliy ded aSnl & az g b ogde 4 anl o
yoodle g atil Salen 635 0 5yl g5 lhasls Slaslis ;o Oloss L ALL S o (o)l i
Sllllas oog0me ;0 w8l Lsd 4T W cae Gl s S (s el ABF Do s (BOCas (55l
855 s 1y DA 3y o s JUSm 02l s bl 2 Glssnd o Sl 08l 55, Gl 5 Gl slaglind)
ol Lol it sloliy (800 0, e 5 8,5 o i & b (sl g () S @l (ot 3 Jlo al
SO A bape bl Gl jo Bl cnl (S cwl ate polae Jold imls By deye Ul
s 5 Jse 4 Litye e i 5 2l ool 5 e Jse slasltent 5 s o7y s 4 i JUs
Gyt 3550 50 15wl (S lalyzh) (aio O I iy laggiloads 50 o5y 4 o] (iloans
oo oz 555 Jlotol g 055 oo oolitul 7S szl g5luaneds o0ls (6w 60L Jlmn Sl allare o Bl g0
218 92y g sladiged 355 (50 ee ALL JiSiw 5 J55 ileand GlagSl o (SB1630 pae 1 o
iy s g slwand (ol a5 Cunl ] ( Boluis § (ke Ko] G ol Sls s 5l (S al S5 a5 jshiles
it sln Jon Slogas 4 drgi b gl wsS ol odalive 1) AiiS e 05 |, oarldl (glageasly 5 Lo,
Slyodle 4y ol oolaiul (EOF) swlein o,o0 wilgi 5l lacealad pac jalS jolaie 4y Liul, ol jo s um
Sy @ slegme IS5 ol e (o 2) JS) wb a8 S I 4 beailendl Sl seil (Jue T (o)
olpo a by o sleosiledl coled (ygo3l opl s az g5 b oims oo Gialed ae;3] Joud BB 0o 0 0-20 sleosgaze
5505 |y @S (al (255 4 geme,S 5 Joe o5 Sl Lol 4 a8 o)1 18 o090 1l )0 ALL UK Lo lidio

sl 00,8


http://dx.doi.org/10.52547/jsaeh.8.1.93
https://jsaeh.khu.ac.ir/article-1-3108-en.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.52547/jsaeh.8.1.93 ]

Vv VEe el o) o)led qeiie Jlo o dame ol blbie olas Llod 4y,

best estimates of scaling factors for betal residual consistency test
o | T [ o
2 o
g 3
s I
ER g 3
g
g
<
2
s g
o S
g - H
& g 37
2 E
T @ 2
S o
? £ o o
g o
g ¢ :
o B g o
> g 8
° g
S
o
o B
S o
- < |
- @
i
T T T T T T T T T T
2 3 4 5 6 2 3 4 5 6
Number of EOF patterns retained in the truncation Number of EOF patterns retained in the truncation

b wgie sl sl hlize o EOF 4o (B) jlupuliie culpd 180 (yLaabl odgume 3 il () g JSb 2} S5
pas W yd B-00 diels ¢ bl b EOF slosuiladl ol a0l gulis () cowly Jb ALL JUKw e’ aibins
0903 ol
oads ools Hlas (o -Y) S ,0 ALL JiKw cos ailinl 2STas slos &l sl 20l § (63ke, 801 ol
Sl gaose ol 4 Wload 035F VIO U Laoy; 5l Soil alols b seleie sy @l ol elul el
P ALL JUSw ooy 4 o Jlil 4 Koo O ke il ALL (oS 5 JiSew (20 5 (53l I00]
loodiladl (5051 b sl ols &, Sldliaz ogazme (ul o aldl i g Abbse f5e Al slod i
Syslp 1y om0 weliie wly s Lws G5 a8 coul ou ools Liules (& -Y) UK 50 JiKw onl 4 bogs o

best estimates of scaling factors for betal residual consistency test
ry
~ J—
o B
S g g
E 7]
—_— g &
g
“ T :
g
@ 1)
§ 3 8
g 2 s 8
2 2
s £
L. 2 4
< s &
2 &7 o
g @ ° o o
o E °
s 3
1 o
) - -4 e 4
e 1 4 8
T T T T T T T T T T
2 3 4 5 6 2 3 4 5 6
Number of EOF patterns retained in the truncation Number of EOF patterns retained in the truncation

PSSl sloo buwgin (gl w iliso s EOF 3 (ﬁ) Slwwbdo o pw-yA Y dw‘ edguzo g dileo ((@) e b Y S
PAE Ao yd B0 aield g bl gl EOF sloouilondl ool g0l guli (&) cawly s ALL JUKiw s’ aibiamsls
0903 Cunlad

L) S0 prie 90 @l b alie jsb 4y o)l JSlam sles slp ALL JUSws oy (o533 50 (uizeen
bzl 4 Ly (& -V USE) b (podans § gjle ) KaT JiKw opl (ailawl Sl 1 Sle slos g ailiuws;


http://dx.doi.org/10.52547/jsaeh.8.1.93
https://jsaeh.khu.ac.ir/article-1-3108-en.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.52547/jsaeh.8.1.93 ]

e 5 o3l gl i Lad Sllags i (g3le ST V¥

s.in)).) Lv QL.AM)O ‘\‘ OOSJDLA u...ula 4...4‘0 9 o.>5.3 )‘05?).' LS'P é&w )l ‘5>).‘>u J.Ala...a é“?—) )JL...J Cmnses EOF
laloals pae 5l 56 sl 5Sas b EOF o 0g2ge Sinloal a o)Lt 45 jshiles aibce VL b io

WSS o byl o ) (B0 Cad 3 WL IR e gs.’.US (V) IS 50 fuized all J S slal >

best estimates of scaling factors for betal residual consistency test
< o
. g 8
T - 2 o7
1 T s w©
3
g
I I -
o — = S
.
0
g 5 £
8 g 8
o o 3
£ B
5 £
a ) B o
g 3
¥ 4 s S 4
; 2 8
8
5
E -
E
@ - ° 4
o
e
@
&
T T T T T T T T T T
2 3 4 5 6 2 3 4 5 6
Number of EOF patterns retained in the truncation Number of EOF patterns retained in the truncation

Jilos slos buwgze (gl ciliso b EOF 15 (B) jluwlidio sl pd 7.8+ oylionods] o590 9 ailuo (&) ez JSi 1Y JSUs
P Juo 0 B-0 awls g Jbliw by EOF sbonilodl wls QQ”)T = () cwly o ALL JUKow i ol
O903] Cunlad

GHG JLSuw pocumi g gilw, il o

s ol adl oo dilbns) (arezs ()L o laslinl polie gl (@I-Y) USG5 Sglae s [ Sls (7 -F) S5
@ bgye sloas o (pysd &S Jae cpl 4 cl GlUS slas8 Ol 5l cou slagjlwand 4wl dums i
Jo @ Ll coiiand ((B3Cums § (55l KaT me ) SO g yho polie Juli siz o a5 coul (g3lo wliie culyd
)‘ iz 6[.23 EOF 5o CJLAJ 9 Cn| Jrv )l ).n..o.f e Qolxio 6"5" @L« ULM.QJ@‘ IAPRCN O“’L’ als aSsl
GRS sblE 4 by, JUSw Wil ekl mls cpl 4 olg oo wiagd o950 S5 Salen
D 5 oS 1y E5050 (nl 5o besiledl GlS aej] bl Cuns (BOlas § (g5le, K0T LB LS & (GHG)

Wb e ALL JUSow zolis g8 4 bl opl aS wix jo (7 -F JS0) &S owls


http://dx.doi.org/10.52547/jsaeh.8.1.93
https://jsaeh.khu.ac.ir/article-1-3108-en.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.52547/jsaeh.8.1.93 ]

V0 VEe el o) o)led qeiie Jlo o dame ol blbie olas Llod 4y,

best estimates of scaling factors for betal residual consistency test

4 =

~ 3

?

w

— 8

-T- g

~ o 3
S | o

o

fi]

scaling factors

Cumulative ratio model/observation variance
5e-01

2 0
I
|
[
|
[
|
I
5e-02
[

T T T T T T T T T T
2 3 4 5 6 2 3 4 5 6

Number of EOF patterns retained in the truncation Number of EOF patterns retained in the truncation

Wil ol wsin (6l ciliko g EOF 3 (B) sl wlidio cul pds 78+ yliomods 039020 3§ diloo () e JSib :F S
Caxlad pue duo ;0 0-0 wwls g Jbliw by EOF sleouiloudly wsls QQ”)T = () cwly IS0 GHG JLw e
o903

S35 5l 5 Gle e Glaie g 4 (F-0) IS8 ;0 GHG LS s ol Jdo 4 a5 el Jb jo ()
PR ST OV TRPURF Y S RGP VIS YR S SYCUUWE PP -5 WO\ Wt I Cowel L S REppd PRGH JUUs SV JPPPHE Ly

O3 ey] @l 0w 6l e Hob 4 bl Slae sl Kle 65, Lkl 4 GABE slayls
WS oo Sl 1) Eadge cpl (s09a> b (3-0) S 4o laosslesdl

best estimates of scaling factors for betal residual consistency test
o
= B
o
—_ 8 24
o —‘* s 8
T g
g
<
2 S
=1 g =
o )
S 2 24
g 2| s 3
2 €
:
& o | 2 B
O g
I
g2 24
2 2
v | g 8
kl 2 N
] - o
8]
o B o o
§ o
2
@
4 hd
T T T T T T T T T T
2 3 4 5 6 2 3 4 5 6
Number of EOF patterns retained in the truncation Number of EOF patterns retained in the truncation

PSlas slod buwgino gl p il b EOF 3 (ﬁ) Swwlbdo col o AT dl;.,.m.bl 039uzxo g dileo ((F) o b0 S
PAE B0 yd B8 awld g bl sl EOF sbrouiloudl <bls ryg03T gu s ((9) cuwly b GHG JUSmw coxs ailmss
0303] kel

S (adlate o L) (Mo Jlo pg slo aw JBla> 1 Slo slod p o Sl aS ALL JiKw 5 odle

99 3 4 JSb cpl 4 azgi Lol 0w § 55k, K0T (GHG) IS slajls JUSew (3 -7) JSb 50 o,
)’l/;;.&..,m_xz_?).a:)_iio@)qdMwely‘x)lx@@ﬁulegl.\qgimLmﬁ\‘9\’G,)qdmla;.a@ls
aals ;o bs EOF 1251 aSiyl 4y a5 b s baowilendly Ol ygej] it so0 s g (55bw 55T Jg ALL i

(=7 J58) Sl o935 (o J s sl wilasd 57138 (el


http://dx.doi.org/10.52547/jsaeh.8.1.93
https://jsaeh.khu.ac.ir/article-1-3108-en.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.52547/jsaeh.8.1.93 ]

s 5 o3l gl i b Sy i (gl VoF

best estimates of scaling factors for betal residual consistency test
—_ g b
~ o g
g I A
s 3
_ _ g
g
<
2
T g g
o -
g ;%
8 g 8
& S B
° 8 o
o S 4
£ 1 2 3
z 5 o o ° .
]
E
S
8]
- B
- o~
Q|
@
1 Il
T T T T T T T T T T
2 3 4 5 6 2 3 4 5 6
Number of EOF patterns retained in the truncation Number of EOF patterns retained in the truncation

J8las slod g (gl cikizo 5 EOF 15 (B) 3hu wluie colpd 18+ oybasob! 550 g diluo ((3) qe JSuis 15 JSoib
Pas Juo )0 B-20 awls g yblow sy EOF sbonilodl wls QQ”)T LG () canly S0 GHG JUEw e o)l
0303] Copalad

NAT JUKw B § byl o
o allas Ol 1 gla g jluans a5 cxe pl 45 ars o isled | (2 -F) S b polies ol 50 (5 V) S
JB Sldlae dahie ,o aliwe; o,b Sless 5 ol 4 NAT JUSw b (Sleassh gad o slacalad)
e lcebl sogame ol aiels ] Caws a5 laly o (Sialeal s oogdle ) 058 BOCad g (55l
b b sy sy 4 adad Jlisl 4 [0 O jle 4 aiil o yhe )l SSe S o8 delis mlgi as
S gl gl e, Wl ailate il Sl e L B i s b sy sleclled
2 Saled pac g om0 lis [ NAT JuKw gl odnl caws a4 slaly STIS (5 -V) S5 0 boaslesl

WS oo Sl 1y Eadge cnl F 90 sla EOF o o9 40wl

best estimates of scaling factors for betal residual consistency test
© a4
o
@
~ o e %4
— g 8
3
g
c
—_— 8
g i
0 -
s 2 8
8 S é e
3 o o
2 - ° o
o o
2 <
g 9
£ s 8
| £
; ]
5]
- 1 8 O
R &
T T T T T T T T T T
2 3 4 5 6 2 3 4 5 6
Number of EOF patterns retained in the truncation Number of EOF patterns retained in the truncation

b i JlogiT 11 hlisko 5to EOF 5 (8) shasioluin ol 78+ slisabol sogiomo 3 4o (5) oy JS& Y JSC
e 1oy D48 anald 3 ke 5l EOF glaouilonsl &ild cyp051 gulis ((3) cawly JSois NAT JUaww s ai¥flus
0301 Coxlad


http://dx.doi.org/10.52547/jsaeh.8.1.93
https://jsaeh.khu.ac.ir/article-1-3108-en.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.52547/jsaeh.8.1.93 ]

VEe el o) o)led qeiie Jlo o dame ol blbie olas Llod 4y,

ol aslge (NAT) ol SIS 4 sl ST sbes hawgio ouls (gilwand sbagwl, Kby (v -A) S5
Ol asle Js o(F -0 JS8) sl o950 SlaldS slas8 UK a4 cons 55598 uls 5l aSl oe, e S50
o g Lg)'LA.))li:.fl FB sl 4 oo sl wilg plod o o S Sialen pae Lo 4 (laldS sl

(oo -A JS8) aib oo Jod BB o> 0 b EOF 6{7)[5 a2 o olad Q}Aﬂ @L., Oeired Abl ged (20

best estimates of scaling factors for betal

residual consistency test

~ AT .
o
g 3
e 37
o s 8
3
g
c
S
B
~
0 s 3
S 2 %4
g
& —_ - s 8
o T °
—_ 3
s - 8
] £
H o
2
]
g 4
2 %
° £ 8| o
- - 5
o °
£ E -
5
&} o
o B
' - o o
e |
&
1 3 .
T T T T T T T T T T
2 3 4 5 6 2 3 4 5 6

Number of EOF patterns retained in the truncation

Number of EOF patterns retained in the truncation

SSlas les awgio (5l iliseo s EOF ;o (B) jlw wlio <ol ps 78+ ylooab! 65gumo g dileo () G JSi A S
Pus Ao 30 B-0 aield g bl gl EOF slrouilondl ol g0l gulis (L) cawly i NAT JlSaw coxd ailumsls

9051 Canlad

L} . Sl s_JsLD.».o é»\)‘ GL».: (NAT) t.';"“'b 6me|o\5 JL»ia-») ey o)LQg JSL.\? 6LA$ hw}».a cwl.i Sy90 4O
Eoome 10 (Jg Wgd oo jui S Juld milgy > 50 doyo e oogue g il co (e SBlen il molgs aSS]

(P 9 (53l 8T BB (ol 4 g ol 15,95 5 0t et (1 BHG JUSms @ o (5 50iens s |

Ll o3 0-90 liabl ssgame 5 bosilegdl Sl gesl ls 28,5 8 4 azei b (Lo -3 JSE) Canss

best estimates of scaling factors for betal

(- JS5) 5 oss s Joud LB como 5l gl

residual consistency test

w | T -
- 2
g %
g 3
— 5 3
- g
o E
- s
s
) = g
2 5 8
] g T4
g =2 R
©
ES g
5 g
8 ] s 4
o L g8 gz
3 5 |
°
- £ 3
L 2
£ - -
o g
3 A 3 -
5
<
2
H
o L
- T T T T T T T T T T
2 3 4 5 6 2 3 4 5 6

Number of EOF patterns retained in the truncation

Blos gbod luwgin gl alizzo > EOF 3 (ﬁ)

Number of EOF patterns retained in the truncation

Hlwwldio col s 18+ Luobl oogazo g dileo (((p) e JSCi 4 i

pas wo o b-40 awld g ybliw s EOF Wwouwilodl wld UP)T @L.a () Gl y S0 NAT Jb..i.a.w oyl


http://dx.doi.org/10.52547/jsaeh.8.1.93
https://jsaeh.khu.ac.ir/article-1-3108-en.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.52547/jsaeh.8.1.93 ]

e 5 o3l gl i Lad Sllags i (g3le ST VoA

5 b S ldlls sogama ;o oyly Jlas sled eSilin 45 yeads el o5 ol a4 )5 ysb 4 ol
039l g aliso 6L¢w‘d‘5 o ddllase 3,90 (.SLQ)""“"’ L ,103.')./: )L...: u.ul...a.a w‘ra ] 6‘44[.7:15 6L®)l§ ).....u

ol oo @51 Y- Jga 10 08,5 dwlne gy culSS cuiSl by, 0 aS Ll oo yo A

Gliseo seuiloly i axlllo 3 y90 W piio (g, (SCAlING FACOrS) jlw (wlito wulps ¥ Jgus

Lo ol o> Glo obie o p0) by e N addllas 9,50 yiite

DAtd AN VIOA ALL

-4 AR N GHG b (e ()L b an (0Le
-\ —I\$ .15 NAT

RY N2 \/£Q ALL

~1/04 N YD GHG bl mSlas los Al aw .Sk
—oIYY <IFA VYA NAT

QAR AZ VA ALL

/e oIy VIEA GHG o)l Bl sles alls ans uSilee
— YA TE - /AR NAT

oS Ok beld e 4w e dle 4w Blaie 8 oS0k jo 48T &g Sl ol o)lal a5 jshiles
—ln g G, KT ALL oS 5 i 4 0)lge JBla slos (pSlee 5 ailianli 5STas sloo (xSilee cilins
Gilwacd ;0 b Jaw coxhad pac 5l 50 Wlgs o Ego90 (pl AT Wbl g0 s g Dsd lilo bl pl ol @0
ol s 4 gl sl s AL glazgy 4 it gladais ppolie o b 5l 36 L IS ool s b JliSens
ooyt o s 3l d (2o 4 bgye o 4 ALL S 50 slocuiloly cox (B) jlogeliie ol o 0 5Vt
s azgi b adlce CIVA) o)lgr JBla slos aSilis g (+1V8) il ,iSTam (slod (ySileo «(+JAA) Ailians) (sl
Foo oy Jilom sbos Sla 52 GHE JUSis j| (36 Sacudloly iy 41 b Jlain! 4y 0 Jolo ol
oy o Cad IS glajl8 51 Lol ol 4 ) Sldlas ddlate o 48§ & jge Ol olgs oo 1 g
aSlige (V) 93,5 (2ot 5 3L, 85T 0l Bl glos (oSl (gl haid a5 S (slajlS Sl ubiie
5 S PO § (5, K0T addllae 550 sl yiin 51 S d (6l p NAT JUKws codel Cows @ gl Lolwl 5
Slilwg 5 Lol 1y adlaie [0 a8 5 Ojgo Oldd gt a5 098 Sy slojlail 4 ool Caws 4 sl el ol

—ools )| aS (Wan et al., Y- \\c) u‘)l&@ 9 ub ‘_ngA.._eL‘ Lv od.a] Cowd A C.il.u Sl )So LY m}/ il d Ga.A.Ja
Sl Sialen wis S solaiwl Jlod a0 0 YL slo o e sl CMIPe sl

Sloyad

75 Gl Gl 5 (4,55 olSiils (ale Cion 5.a8) (595 s5mdsn Bl Slir Glasgain, 5l (Buiss (L o
ol JLS 5548 wlidlsn lojlo g 55l sladlate O &8 0o Saelas g (LS oKl ale cin gae) (>
adyle ],y Sas g


http://dx.doi.org/10.52547/jsaeh.8.1.93
https://jsaeh.khu.ac.ir/article-1-3108-en.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.52547/jsaeh.8.1.93 ]

1.4 VEe el o) o)led qeiie Jlo o dame ol blbie olas Llod 4y,

&L

Ol e samang sl GIS 5 e )bl ey slagty, Sl AT oli (Sl 15l oulie Slx
e bl Bl ab Silad (e (S35 ailisS LB 159 )50 axlllas)

4 (PO 5 0 Glal Sl 5L KT ATAD sy plee Lople 5 ST 0 Slmele Jslee 1Geds8 e
‘:’L"A/;“i GJLAQUZ:“Z’U 4:’)“‘“(0‘)"| “"‘J‘c LY 150,90 axllac) At CAS eSSl o)“J"L"“"‘ u“’ﬁ) )‘ oolazul l‘ ("""b‘ )“"‘”
A=50 X Lo

5l bl (glos (Sikeo 051 j0 GCM (slaJas TS )l VYA gomns Gdsi (Sl e Lo e sloye (gl

RS ponld] s (Silate il pdiS o (VAAD-Y 1 0) (s Lol 0,90 b
Allen, M. R., and S. F. B. Tett .Y343. Checking for model consistency in optimal fingerprinting. Climate
Dynamics, 10:6:9¢Y¢ DOL: Yo, v o V/se e YAY v 000 Y9,
Allen, M., P. Stott. Y« Y. Estimating signal amplitudes in optimal fingerprinting, Part I: Theory. Climate
Dynamics, YV EVV-€9Y DOIL: YooY ooV s e YAY - o Yoo VY-S,
Dileepkumar, R.; K, Achutarao and T.Arulalan. Y+YA, Human influence on sub-regional surface air
temperature change over India. Scientific reports, A:A31Y, DOI: https//:doi.org.) +,) + YA/sEY0qA- Y A-
YVYAo-A
Duan, J.; Z. Ma, P. Wu, E. Xoplaki, G. Hegerl, L. Li, A. Schurer, D. Guan, L. Chen, Y. Daun and J.
Luterbacher.Y 4. Nature Sustainability, DOI: http//:doi.org.) +,) + YA/SEVAQY- Y40 YV £,
Ganopolski, A. and Calov, R. Y+ Y. The role of orbital forcing, carbon dioxide and regolith in Y+« kyr
glacial cycles. Clim. Past, V:Y¢Ye—Ye¢Ye DOI: https://doi.org/) +, Y3 ¢/cp-Y-) £V e-Y .\,
Velasquez, P., M, Messmer and C, C.Raible.Y+Y3. A new bias-correction method for precipitation over
complex terrain suitable for different climate states. Geoscientific-model-development, V:Yé¢Ye_ViYe,
DOI: https://doi.org/Y +,2Y3¢/gmd-Y + Y3-Y Y)Y,
Hannart, A., A. Ribes and P. Naveau. Y+ £. Optimal fingerprinting under multiple sources of uncertainty.
Geophysical Research Letters, ¢ VYY) -YYTA DOL: Yo,V o o Y/YAYGL oA OY,
Hasselmann, K. Y44Y, Optimal fingerprints for the detection of time dependent climate change. Journal of
Climate, 1:Y3ev-Yav) DOI: https://doi.org/) +;YYVe/yoY . «££Y (134Y) ++1 <VY40V:OFFTDO> Y,:.CO;Y.
Hasselmann, K.Y4Y4, On the signal-to-noise problem in atmospheric response studies. In: Shaw DB (ed)
Meteorology over the tropical oceans. Royal Meteorological Society, YeY-Yed, Vv:véreréYe DOI:
https://doi.org/Y «, Y+« Y/qj. €3V 2 TEE£VA,
Hasselmann, K. Y44Y.Multi-pattern fingerprint method for detection and attribution of climate change.
Climate Dynamics, Y¥:7+ Y- DOI: Yo,V 22 V/se o YAY 000 Ao,
Hegerl, G. C,, and F. W. Zwiers .Y+)). Use of models in detection and attribution of climate change.
WIREs Climate Change, Y:eY+—24. DOI:Y+,)+«Y/wce ) V),
Intergovernmental Panel on Climate Change.Y+)+. Meeting report of the Intergovernmental Panel on
climate change expert meeting on detection and attribution related to anthropogenic climate change, report,
pp. ¢°, IPCC, Working Group | Technical Support Unit, Univ. of Bern, Bern, Switzerland.
Marvel K., and C, Bonfils. Y+ Y. Identifying external influences on global precipitation, PNAS, £¢A: YaY. -
VAY+ 1, DOI: https://doi.org/Y +,) » YY/pnas. Y Y £YAYY Y+
Mondal, A.; P. P. Mujumdar. Y+1Y. On the basin-scale detection and attribution of human-induced climate
change in monsoon precipitation and stream flow. Water Resources Research, ¢A:V:eY. DOI:
YN YA/Y OV YWR VY ETA,
Peng, D.; T. Zhou, L. Zhang and L.Zou. Y+)14. Detecting human influence on the temperature changes in
Central Asia. Climate Dynamics, ¢Y:£eoY_£01A DOI: http//:doi.org. )+, ) ¢+ V/s+ s FAY- VA0 EALEY,
Ribes, A., F. W. Zwiers, J. M. Azais, and P. Naveau . Y+)%. A new statistical approach to climate change
detection and attribution. Climate Dynamics, Y-Y+, DOI: Y +,) + «V/s+ « YAY- 0 VAV VAT,
Ribes, A., L. Terray, and S. Planton .Y+ Y.Application of regularized optimal fingerprinting to attribution.
Part 1: method, properties and idealized analysis. Climate Dynamics, £Y:YAYV-YAY1  DOI:
Yo, e Vs dFAYSL YT Y YOLY,
Scinocca, J.F., V.V. Kharin, Y. Jiao, M.\W. Qian, M. Lazare, L. Solheim, G.M. Flato, S. Biner, M.
Desgagne, and B. Dugas. Y+ 1. Coordinated Global and Regional Climate Modeling. J. Climate, Y4:VV—
Yo, DOI: https://doi.org/Y +,YYYe/JCLI-D-Ye-+11)Y,),
Stocker, T. F., D. Qin, G. K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and
P. M. Midgley (Eds.).Y+ Y. Climate change Y:\¥: the physical science basis. Contribution of working


https://doi.org/10.5194/cp-7-1415-2011
https://doi.org/10.1175/1520%200442%20\(1993\)%20006%20%3c1957:OFFTDO%3e%202.0.CO;2
https://doi.org/10.1002/qj.49710644918
https://doi.org/10.1073/pnas.1314382110
https://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-15-0161.1
https://doi.org/10.1175/JCLI-D-15-0161.1
http://dx.doi.org/10.52547/jsaeh.8.1.93
https://jsaeh.khu.ac.ir/article-1-3108-en.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.52547/jsaeh.8.1.93 ]

e 5 o3l gl i Lad Sllags i (g3le ST -

group | to the fifth assessment report of the intergovernmental panel on climate change. Cambridge
University Press, Cambridge.
Wan, H., X. Zhang, F. W. Zwiers and S. K. Min. Y+)£, Attributing northern high-latitude precipitation
change over the period Y311-Y.+2o to human influence. Climate Dynamics, ¢V 'V \¥-\VY1 DOI:
\ ~,\ . 'V/S' ~VI\Y-~ | L\‘i\‘ﬁ‘-y_
Westra, S., L. V. Alexander, and F. W. Zwiers .Y+ Y. Global increasing trends in annual maximum daily

precipitation. Journal of Climate, Y%:Y4.¢-Y4YA DOI: https://doi.org/) +,YYYo/JCLI-D-)Y-++2:Y,),
Zhang, X., H. Wan, F. W. Zwiers, G.C. Hegerl and S. K. Min. Y)Y, Attributing intensification of

precipitation extremes to human influence. Geophysical Research Letters, ¢.: oYeY-oYov DOI:
\.,\..\‘/gﬂ_o\.\._


https://doi.org/10.1175/JCLI-D-12-00502.1
http://dx.doi.org/10.52547/jsaeh.8.1.93
https://jsaeh.khu.ac.ir/article-1-3108-en.html
http://www.tcpdf.org

