[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

VEDY 5l X ol o Tl ¢ ame S bl lad Lo & 555

WA =100 olis
Wlo S P 35 30 (Tlowi 0 yowd (5 g0 35 W3 505 (Slig) (5 9Ny

ol pl oy ooyl slKiils (Ll yior 09,5 ( cwlisdilgh 9 ol HLobuw! & I 3 gzume
olpl oy oyl s olSiils (Ll i 0g )5 ¢ cwlbiudlgd g O bl 0 S luns pun>

Olpl oy oyl s oliils (Ll yi 09,5  cwbiudlgd § O (6555 (G9RANIS (FI 0 (S>> S g0 ooaw

VN A2 ks by VEoo /oY allio el ys

oS
SIS b3l 39 0519 41 ¢ il (slocalad 51 il (2198 9 T i 5150 1) (6 s ;050 305 (Ggas calad (5 S
adlaio by 3 (Sl FYL (L3150 GBS 7 4 (6 o )5 92 105 L (S 20 et 3310 (o0 (0§ (2O (63251 S g
S 5200yt jgline 4 Cawl 0y 58 50 JLaSlds Slglyd (I3l 51 (Sl ol nl &5 Gl (g o S Ao S
0Ly &b b oy gylue alge (s 5 Gk S slo Sl I dile G pe 5o (Jlod 0Sar (6 yunn 5 W po8
OLis gy Laidly ol ol oolistw! (o) gelaww jLAS g (o (29,5 Wb g0 Gl cCamnld g gl Lo (5 e Iiai
4z Y EIL SYL ol bbb ye Com 4 5 kidlias (b sz @U b 6o S ui oS (L8l (o (s 1
YUY e 51 G0k pa o Coml 0318 LAS 1) ()l 51 padend sl (381 (Jud (53,5 (Sl 8 pil g (oLl (250
P EUTL Jab 5555 5l jhawd )y (B (radli C8 > 3 0yl il S unnl arbld 33l (Ll pier (256 a2y
il (e 1 ey oliae 32 ot 9 (5535 ljCagk; railobw 1 wilgi oo &5 Cuwl 1y a3l (bl da (2 pe
S 2l 4 e 900 lowd &1 (ailgp 9 O Ol bl g (65,53 i1 (Sl & (G pane ) 2308 (Sgmrilad (10 S il
S oo 1) ad Cuomw 42 (g0l i WS (S Loy oS doeli 53 9 Sl Wlsh (o 3 1 slo e i 3Udg ) (S lad
SB93 ped 9 33 LoyS bl g (o g aidly il bl aldl i (pye 42 )0 ¥ B (0] (o2 9,5 iy Ego b (owiieed
W oS 0y sl puizead g Cowl ond (GBS popmd)g 50 gl dS Gl g (SUS ulEl el ol g Sl ongs S
W po8 s sl 5148 ol LS Ghagly aidl (S job a4 cawl oud YL (o ldlyia S p e S & (5 prne S

RO U Ky LTINS L RTA Ry [ OIS | B g wewr st 4

B PERYC IV TP JUVESNPSUTPIC JCHOC S JEINC SNV LPIT RS

Email: mjalali@znu.ac.ir ) g 0diau g5 1)


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

)‘OJLO.W‘LULo.».Lw o dakaie dfwy@huu‘wwj)w)).l \oF

doddo
S 555 & ST AinyaS B oad (g3l a5 saalive lsa 5 T Slibbie 5 (355,55 e S
b g goladl ( cloix] Callasl &l 51 5 S ol (Seidel etal: Y+ <A Luetal., Y+ V) col 5L L8l
oo sla sl Ol i Sieon (Seidel etal., Y+ oAy wil anals o | b JLSis 5 Sub &l 51 256
@Bl (2 53 SRS G 9550 Sl Lol je (S ymnn,S B0 peS (DS 4 (S e S e sloz L
GRIB 315 ausldl 5 Lo da Sas o 1 (g )ledig Sl Jlasl Jomiliy (o (53,5 L (5 pomn S 3blio
Sietal) wS bulr 1) alicesh; 5 15LL Gloee a5 3500 1) Jouily cnl (S22 30 (6 S bl sl
ol gl JLuSis 5 ams (o, 1) (6 yune S dos bl ol505Llo (yixen 5 «(Y+ + 4 Bronnimann et al, Y+
ol dal s g b weildl ;o .(Post et al, Y+)¢; Feng et al, Y)V) w5 wois |, Ko sbegjsw
Sz s Gl 5 e Gelie Sby 65 s 905 5 Vb 655 b BiyeS b (6 s Tt
(Polovina et al, Y+ +A; Moore et al, ¥+ A) il oS ol (o yiwd slre a0 Cunl (S (6 pun ,S 0 505
@ a2 5o i 1) (6 e )5 G5 (61 yans el (San 0l g 3L dlgp sled SlagSUl 1o S 55 58 (ol ogdle
S g5 on 3blie ol )5 s 85558 15 TinaS 5 il 5 oo (6 ek (535 Siobol,T et s
5 ol Bblie ;5 Bl Cama 5l oo Sga> aSul 4y 4z g5 L (BIMerY ) £) WS slbowl s S il ooz
by el azg BB osill jsbody (6 mae S Bblis (50 Sladely S (o0 (W) S S e (2l9a
5l slosalie slos gl sl Slaniod Jlab diilate G lizeen (Jlod 0 Sacd (5 )T 0508 (sligy (50 s
DL e s il gse G 5 Lo e b ale  (Saelins slaesls (e (8 e T oS B0
B w8l (e S yeS oLl (e el Slajle ple el (G e Sai 08T (B S onias
S 00 Lt Sl s b slos bl e s (DaViS, TV FU, YY) o)l com e ol i
yob 4y (Lucas, Y+ Y; Davis, Y)Y, Davis, Y+ V) ceul (6 o Sdad 3blio ol 5z g (6 oS bl
sk 5 9 slashos (o 570 o5 e S 9 oS bl (250 i s slolons ol 3l (552 ool
Slop cpl O el aibe o e jo Ja (805 idg)d balls o 4 cpl ol aibee sl oy o )8
it Lols VLo (s g (kb ol & cytmadjg orenl S0y 5 ey B slaas 2 Jdoay iy
STy casby g Sl @l a5 el Slsr g O wleles jo cwlal jaie O Joa bo S (Hartman, Y49€) el
oSl loie & Yoons g «(Trenberthetal, Y+ +¥) s o Jl ailes sla b0 3blis 41 (5 pnn 5 o oS dilaie
cSeid a8 Ll «(Hartmann, Y+ V1) 05l co iy 5 (6 a5 dilain 10 (ZAHC)) (g kdlcaai (oo 5 (sladlais
@) sladhie go5 ol (Sow s leillbal ladlate (1 S0he loais @595 Solus Job 4 ST ne 5 el
Jobw a¥lu 50,8 (.Sl glddlaie Olynss cw)p yo (Ruping etal,Y Y A) saws lis Jlads 0 Sas 10 9>
Jsbo 90 Oja0 a4 Jao Joku sladlais Sk wilos ) adrin g obxil 1) 4l can 2l gladns o Jao
oo a5l aS el Jlod 4z 0 V¢ g lginl bas o Bdes o)l 3blie )0 (gosr0 &5 > b Jol a5 098 0 palls

ool ol 02 (g yran 5 Gblin 1o wad laGn g 98, b g 0 o0 JSE5 |, (ITCZ) (slojl> o ] Kot ailaia )]

\ - Zonally Averaged Hadley Cell


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

VOV VE) 5l o o )leds vogs Jlo ¢ slapmme ol bls lid Llo 4y,

99,5 (090 5 tuwl 0ol &Bly ogiz g Jled ax,0 Fr B Y sga> 50 (6 e S sblie o o] Jop asls g
(VO E-F0 ) Wy 3T 5l a e Jas by ol sblie (Xian et al, YoYV) coul oS 93 50 50 J,2 Jsko
OV S W0 W) 6l ugildl 5,5 <0V  E-VF°E) pl)] Logildl e «(F+° E-V++° E) win Lugildl
CS > ilaie Cid (il (6 e ,S bl ,3 (Ve W=F -2 W) bl gLl 5 (FO° W-A-° W) o> sl 5]
8l o BT ez Ghalidl g 5,k 995eS 5 (et b DS > ()] (6 e Fhans Bblis po 5 0ly sk s Y )
Ol Gezpen el oal &ly 3blie (ol )3 (e ol o Gladhie Jun o she (S led oS sl Gl )
o3l ot 5 i gl iy 3T Jue Jolo slagSl .l e 5 T il glaailols onims (L4 dilaie cip
Seidg 8 axLis i (Zhang et al, Y+ +A; Trenberth etal, Y+ ++) col gladhis . SSleo Jao Jgho asliw ol
288 it S8 el ol gl g 5 wie Gegill (Jae Jske 5l Sanas g yus8 81 Jas Jsl
sl gy G5 e polie Sl ke e Jobo sblia plo b anslie o Lol Jun Jshe b a3l 55,
Gy sladbie Joa Joko (Zhangetal, Yo+ £) coul dilio s sl Sis mhaw g s )81 (6l oo 10 (o) (o> 9,5
lailate Jan Jsho ol Sias sl i slaJolo 3blie plo & i gt 0 Soni o o] ogil
ok 3l o o5 15 53 Jshoo 30,5 Sy 5 ol sl o Jsbo § 5ol Sl a9 51 p0!
G55 S 5 el lathie i Jsho 5| 5L g 5 b oS 5 Gelbl oyl 5 ladlate Juw
as Wlosls 3,158 (Zhang et al, Y+V)) Ko ¢ I3 .(Nolan et al, Y+ +V) o)l osi> 0,Seud 10 J,8 Joko
Gyt b (VY W=AAW) LT ogildl 5,8 9 OV-E-VEAE) ol gl e po Jao Jobo &l
oy Jaw Jolo a5 cdl s (Wang, Y+ +0) il o ls S5l bls )| BAWM) 3,5 slewl Sl gmile
N0 W) oyl egildl 3.5 Joa Joke g oyls (ol giaas dig, & bles OV E-\V-"E) ol,l Lusildl
losl ot (ol Ko e Cush a1y (Job 535 G 5 Sl ol 5558 9] slagl o (- W
e B 5 Al o as Quan, YoV ey >g,5 wil zge il g (Keyseretal, YiAY) o)l o> sloce
&9 FS,b g s (EL Nin0) sl slaz, sla Jlow jo Jao (505 a5 canl ooy wlaiils by e wiziws
o alaly 0 6l e pole o )8 rimen ol oS g s (La Nina) LaY sla o slas, ol 5o
S cpl Lol sYongyun etal, Yo AT TE0) o 0 0925 somge s 50,5 L Jao Joko (005 oldl s> o ie
Joe aunlin 059y 4o a5 sl (Wang etal, Y+ Y+, Wangetal, Y+ YY) 1 ISen 5 Silg slo jipgh b o plio jo
by o o, 55 (somsge (TN il b 1y e Jslos 58 5 Cusis (CIMPY; CIMP®) oa cuir
(S e b (5 ot 5 Wis oS By (o0 & (Shing 43 (SOlOMON et al, Y1) ]S 5 (ygashs slacls
@ldliz (oo by (e (S oo (Joo (50,5 bl (00 i a5 ol Lt Tl g axiss gy gy
ST wile (SBgd sy slaslne b Lol oty slans b ¥l o Sbej slaelie Ll 5l o)l o c
&l GBS o5 2ul33l ((IPCC) ol s Jgo oy Sl obs,l by 0l Siccod cCals g glas )| s
Rl el g Y el Gl gt g Slod 2B ¢ ped yg Giale S s ey (2D 621 e
wileo Slo 558 s (dgy DlBLEzE] (ggm clad ol ) b (g yrune S dilaie o Gdgy (50,5 lagSl ollad


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

)col.%..»‘bul.o.»lu oS ddlaie Jﬁwyc.b‘uu‘)uxw5)w))a VOA

walym g 50 1y lojlr iz olog; som il S plr 4 b gy sled 4 2l 5 Ol Sl Sl aely
Al g b iagh Yongyun, Yo A) caly wales S (6 s Sdend S glaai oS axcl jo g cldls
B Y 055V AVA Jlo 51 (6 a5 0 poS a5 a0 olis olep 9 O (sladlaie 5 go0e slo Jow 03 S (55l
dad oS (Davis, Y0 ) je0.(lucas, YO V) Cnl 00,5 i 0,80 90 ;0 0 oldl s> oie a0 Y
235 oSS S35 i 059 41 o Sl slocelad 51 (56 g 5 T Dy 3150 1, (6 e S 0SS5
Slszz b Pauletal, YOA) o Ken 5 Jsil oo 3l 51 g pdisn @Y o JB 5 eej 2l )
ol plisl mls el alsn 5 o Sl 5l Glles e 4 g s sy S0, Dl i oo 4yt
30155 8 sl sl 2 5 U lisho s alig  J Conbyn S o 8 oo 5 A2 paS 0 S 45 o1
S i il e e T 3blin Sl 3l ) 2 (8 ol Bl 5 Lo slog S s T il 5
S S e i a5 05 il 25 1, 5 5SS Ll G T i 5 Uil e U5 ol ot
S (08 o 50 45 25 g0 Uil Lol el (aseiie 5 (il 4 5 (6 s Sdad b S (] (e
LBl 531 5 ol Slesid St (e 4y (ST 42150 e Vb kil 4aldl (m) o8 (05 05 |
(IPCC, YA, Y v ilodged (myp 43S )8 o Job jo Sl maw loo (nSle jo (b 25 W,
S ot S oy S aihate 1S 5l (S 5V oLl lo (658 4 e S a0 peS Sl S5 esS
Sl Grdomt pol> Gaod jl Ban .l oS o p0 JLuSas Gl B (Sl el Gl 45 el
2 St S 308 Gy ki ol g BB @ az g b el dile slago e 0 (Jlod 0 Sod (g e S i oS
Jsb 35 ot 0, Sasi (8 s Sk pa (sligg LTV 55l e bl s 55 e slalyta c Jlach o Sad
355 505 il e 4y Wi Jlod oS s A8 ¥ Sonl 008 i Slallan Slej (5
APl i Gl Jleds oS (6 pmn S i peS Sly St 3903 (Al Slp (GBS (nl 5o Sl

Sl 00 oozl uaM

)lS &9)9&00‘6
sl 2o 50 Jlod o Sad e S wiyeS Sty Gt Wi Gloair o5 ol e slo)las
oo sh glaosls 5l e § astine asld cuia 5l asdllas (pl j0 058 o sl WS (6,5 ojlail | ails
Al T Slej ozl g < /YO /YD S S5 L (ERA®) aseus (ECMWE) obg)l ppelgnr Do leo (s sion
Glisee asls coia b1y Jdols Jolo slgy ool oods ol 380 o5 55 (css asli 5l oslizal L (Y- VA=12VA)
lises glaars b asls ol .l oad ools nlis (V) JSS 50 Slad & jg0 1 a8 () Jsaz) 0l 63,5 oy
Huetal, Y*Y)) |, il oo (P-E=+) p5us 5l o)l S o] 0 a5 oldlas 6,0 aos 5l ols g O pitacns

Slas 3k 0 6§ 0 yeS olélae> oye lsie 40 (Davis & Rosenlof, Y)Y, Allenetal, Y+ ¢
wily e b )9S skt )l &5 ldlaa (Bye G Aol L) (e )S dijeS (550 pgs eSS -
.Johanson, Y+ %) 555 o (atuie ciul YOWMT Lo Sa 12 (5 e, dos JW dilaie 1o e (5,5

adb bl ol 4o PETRC R I ‘_gLaﬁloys‘a..\c Jdo 4 (6 e 5 bl ,0OLR ‘Sw))l);olg.au;,w


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

V04 VE) 5l o o )leds vogs Jlo ¢ slapmme ol bls lid Llo 4y,

WM™ 4y Soo5 Jgane polio b ailbe o o,e Jlasl dilaie 4 (g e )5 3blie 5l OLR & ps ialS 095 oo
Vasques Freitas et al, ) |)ISen ¢ ol 3 udeSwly lawgy a5 (6,55 Gudod o (HU & FuU, Y+ V) ol YO T
yobite (6 e S Qe (5,8 0ged astine gl YEWM™ |, ORL polis s plol oo (1S5 ] o (Y410
xY oo;

A (6 yuo S Ao dlaie 4y Sl (6 ppans )5 ddlaie Cugls jg censld g mhaw slos oLl a5 e pgw el -
3,90 50 WA> Ead50 SO iR (pl ;0 0ed o Cgwte (550w dihaie Iga sles slisdl jiSlas mhaw e
les jo BB lgie 4y eyl jo Solns! (g4lal sl (6 e )§ Sz glen Sling! 6lauly 2STas o3ludl
@S opl 5 38 Gy a5 (Davis, Y)Y YYYYS Frierson, Ve Vi Y) ol ool (o mha g Cennls g o sl
S(WMO, Y3oY) coul ooy solitwl 0 K/AM sles aslin! G 5l olgiwl Gbls o

PSS SV SO NP [ RPN ECPRI-WC SO I [E RSP e
ooy Beizs ol s (Choi &etal, Y+)¢ ;Waughetal, Y+ YA Yole; Statenetal, ¥+ A VI9) el ouls ais 5
sl 48518 () 2 990 (Lo 9 b Ol Ol slo Jad LSl 5o

OSlee & Cesl s (g (b Ly YU (bl 250 Glyie o)l i S (ope ey eSS -
Al oo JBulgiSa Ve e -F e mhaw 3l g lae ol iSTas

90 ;2 O AL v o (ghlae ol aig oS Slélae bie e S g Aoy oL8lae oo il el -
b O)&A—:—"

labis plyie ap JSulgiSa Voo e 5l 50 gyl ol nSibe S 2bSliz (B5e 05l 5 Sl ke (a3l -
Al i 0Ses 1 )0 dile sla (28 5 S )T Bblie G 50 ()l b aS 39 (oo (et (LR (e

V) dolxs

s _

= [ fux v

U VA (oiS sl Sloy wlide T ofyao) g (500 8L Us (g, edl cacl g (5 )l oL daddgo V g U o) dloles o
s o s 1y lailaie uSles 51 GBlyzl b oliw o] o a5 ol eddy alSs Lo

JFeng & et al YV T )l oo (s JSwbeiSe 000y g)kdlaal b mb ol piie el -
-aas b, b lawgie a>U (Johanson, Y+ +9; Lou &etal, Y+ +V; Hu & Fu, Y+ +V; Nguyen & etal, Y+ )V
55 Ol (Gl ailaie Lawgie) s 8 sl (ol Jshos 05500 alons ailale (1 Sles slaosls 51 sl
5wl & jle (CO0K, Yt 8) (65,5 Olaites ;0 o> sl )90 ol Ho .Conl ool oy 25 g

dpvcosy] | dlpw] _
3y + o = n0. (Y) dolss

' _ zonal-mean meridional stream function


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

)‘OJM‘LULo*Lw Cos dakaie dfwy@huu‘wwj)w)).l Vo

FUSub ¢S 4 )L (0) 7 oldlas oie () Fs0g0e oL ey (@) ¢ V(5 ledlchas oL e o (V) ] 0 aS

1098 Gy Ol o Shes @b W6l b ans o ojlal a5 ol

o v ) d[W¥ cosy]
[v] = acosy Op and [w] = acosy dy =0 (¥) dales
il izt e Vol o Shee
_Ymacosy Veeeae-
Vp.yl=——/J, "~ [vldp () doles

Lol pey 3> (@) 5 2Ll (250 (V) (e Elad @) (] dblaie 5 klcaas o (uSSle (V) Lxl jo
Py =0 kg s T aS Sl o Sad 50 50 oLl sla o G Aol b Jola Jolo sligy S5 i 5 oy
..)5,.4‘54 ’AM W ‘CA.MJ‘

o 005 53 (5 et F 905 5y (5105 L liuslono ooyt ) S

wlrnsy el
alV O WM™ ey (25,3 ail g0 Gl (55555 bghas 55 o5 oldlaz (o2 | (OLR) o) (29,5 ails zge il
ol hio b yho pud 5l b S a5 SLSlae e (P-E=+) 5 5 o)L S
el yao JubgSa Voo e 15 e maw g lae ok aS SL3l s> e b (55l ok
JElgSa AD- 515 50 (gl ok ainy oldlae e S sy Al
\H—‘fu)'ljs)odj.\.oolg&&p%&gélpuéf oyl i co
Lo g jlid ariin oldla> o5e Uy o lad
Hedy9 YL 5 (G obal S At el 5 gl slos
ol i Sy 00 S5 5 S bsk i) Al e el s ol

Y - meridional wind speed
Y - vertical wind speed

¢ - latitude

© - pressure in pa

1 - mass streamfunction


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0 ]

13 VE) 5l o o )leds vogs Jlo ¢ slapmme ol bls olid Llo 4y,

400

800

1000
g
g3 [
j 1 984 L 1 f L L 1 L L 1 1 L
EQ 5N 10N 15N 20N 25N 30N 35N 40N 45N 50N 55N 60N EQ 5N 10N 15N 20N 25N :;f);i 35N 40N 45N 50N 55N 60N
Lat

(63180 315 (1 J3920) (VAVA-Y+VA) (6 prm 55 i oS ool eppn by Mo 0 Sind ytepms ooy 53955 Sl ) IS
5 50 6 skelias by &l (AY) Jwly 9550 ADe 515 50 o cu paw dilarag (A ) Sl 9550 Yoo 315 55 piuo gelans
b slod ((AE) (b cuolins 3 bghs) YeomFoe 5155 o)l s Co Ao uilos ((AT) (1-°KQ/S) J Sl g5 Boe

(JSenly 9350) (o3 b 5L el {CHWIMT) (a0 (52955 3l 90 (b £(B) jusess 31 b3k puuS 1(A®) Cannlsy
(D)

OS5 9y ool ailes sl o ye 50 (Jled 0 Seus (6 e )5 3 poS (Sl (§ 2y i jslate @ asdllae (ol jo
@bl 2ye elol 2 S rme ) 00508 Sl S Ol gy (nl 5o el oad sslinul (a2 (5Ll
Sloj Gl Jelo o (ol 4l ol ol (35)) Se wily Slyds oy 00,5 00 33500 oy (b 5o
calpe bl gy 0yl il g sled 4 Wgy el j0 05 e g, 5l s sS ) SlegSl el solld]
3 laghe) ol a5l sl slaghy) el 2l OlS6l S g 6l (sl Ry a4 g S
9SSl i sle (58 iy piliese b (g, cnl T oo Jled 4 codlBl o piie Wi, Jedos 9 3500
gy ool (gl 5 (oo (Kmrandgs) (5 S st sl o0ls Plial 5 (Jlo 2555 Lagae) pols Jlozs|
e ools 4y ol pac (g el )l slo iy, j0 ead o )lil gl B8 s 4 5L sae o 4y (gl LU sl
a4 Sl sy S (b gee )Ty 65T ol oo e 4 (el iy, Ll 50 (sl ool sla g, oDy 5 005k

09 oo ol 8 e, &5

Z.=a+bT +e (©) Wolas

Ls b ‘T..x.,.a)’l ey e Jlo oyl el 0 (T=5Y,n) Gl T ooyl o b (o8l it Ztl:;.u.ll 4
sanlice b8 e dolal e G a5 04 0 0ilg3 0590 1 sl (LBl,muil b onilendl) Uas € 5 (ol sl ay )

2

DS g8y walpo )b g uien .l oy o obyly 9 e (nSlae b by 2598 5l aS all oo


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

)‘OJLO.W‘LULo.».Lw o dakaie dfwy@huu‘wwj)w)).l \FY

T i 9 T s

9 o) o Dl 4 bgrye (Jola ol ki b o9tz 5 Jlod 00 0 b0 haw i slo (5 lnials DS
SpeS by (Jola Joho ad plore @ conl i b)s gl JLid pe Sl &S oldlaa oye ol b gl S
(Waugh et al, Y+ A: Ve1y; Choi,Y+V¢: YodY; Staten et al, Y+ VA Y19) il ouls 48,5 Jla5 o (6 e ,S
It oS 13 8l sanlie BB i )3 TD (o )3 s 5 e oS 50 o o b azcty
WS o o3 1y (S Ll o ol ool T JISal i V18 L i 0 Ko 4o 5 JISulygiSa VoYY
i g il slagpye o by 5l ,Lad (Bl Jled o Ses 592 sl (105 50 5t (VT (Broo ()
alle g 50 Jlb publ flug el codled dalais (0 ohg 4 1, YL slaoye jo byo 515 jLes el g0,
ol aig, (Waugh etal, YA VoveE) ol IKan o &ly mls ulul 5 (Gillet & etal, Y-+ 72 YAY-YAE) ]
b lse () ool 05 s 31 Gt B ostldl (53 52 (90 s S5m0 b 55 b olymm Lo o L3
Joe il 4l 5 Soew )5, Jdow b aS o)ls callas (Schmidt and Grise, Y+ VY) w5 5 coed] Sliass
5Bl 53, 5 by i L Gl b i 0S5 Jun Jsbo (S5m0 8 S o wiols s CMIP2
ol 5 o ugledl 5, 5 iy b s L8 33l b Jlad oS Ll nl 5 (o b 31 s o
) G ol a3l i 355 el b s s B S 3,50 55 nn) o il S| s
S5 5w g 292> el Gegildl 0 e mlan JLad (gogme slanig) 3l g3k Gise 4 Glg e 1) (Jae Jshe
b Jlos ST 039> 10 o) o Hlid s0520 slansy, Lol wuils Jlod pl)] Logildl asg> 0 1) o1 5
e o 08 33 s o L2 sl (sl 5 (550 LIS o @ s 5l o s 3
5 Ly sl jlad wig,y O LY gledSs lw! o (Schmidt et al, YY) o,y oo 5 a0 Joo Joko 58 L
03l 3l g ,S ) o doles .l 0als ools lis Jled 0,8 10 1) )l g sl b (sl sla Juad
oslail ey bawgio jsb ey Jlo ;o (b8 Ll 5 OLewals slo Jad )5 i o 5l JLad oldlie (e oas
b o 0,50 50 Lo 515 )Lid 5l s bins) sl ,o Ll sy oo 2alS ldl i azys +/+ 54 g +[+ +YY
asllas ol o S jsb il e ialidl oldlim az s <Y 5 /1Y olail 4y hawgie jsb 4 o Jle o iyl
P 4,0 O U Y e (VYA AY) YA Sloj o3l b 3l 5 lies) slodad jo Lo 51y jLisd vas o lis
Sl 5o liansy Juab 9 Ly 555 b dlyior e b Gl i i o sl by il i
b bad )0 pioren g tcwl Ay (5S4 s OVIR° B Y Ve Jlo jo 54z 0 FYO SLélse o, U VAAY
el ails 5 oLlae a5 FYO-FR0 LLilas 5o B YA 10 5 19AR-1200 NAAY slle b


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0 ]

\PY

VE) 5l o o )leds vogs Jlo ¢ slapmme ol bls olid Llo 4y,

355N

y =-0.0032x + 36

1 | 1 !

T T T @
—e—data2
— ——_linear

1 1 1 1 1 1 ! 1 1 1 1 Il ! 1 1 L

1979 1981 1983 1985 1957 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017

Mo 0K 33 (il o (o e Hlid iy (523 (52 s ol s (il 5 oo Y JSC

T T T T

y = 012% +30

1 1 1 1 ! | | 1 1 | | 1 ! 1 ! 1

1979 1981 1983 1985 1987 1989 1991 1993 1995 199‘;- 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017

o 05K 33 (i y o (550 gebins 5L a2l yir 556 AVls Oy ilo 5y Y S8

o,

ars

ol 1

y = 0.034"x +37

1 1 ! 1 ! | ! ! 1 | | ! ! ! | 1

1979 1981

1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017
Ju

o 050w 53 s b ey gebanw HLiS iy o3 Ll i (5 58 AYLw Ol i il (g o0 1F JSCB


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

)‘OJM‘LULo*Lw oo ddlaie dfwy@huu‘wwj)w)).l \ef

60 N— T T T T T T T T T T T T T T T T T T
y = -0.0069"x + 35 1
N b
I\
|
Y |
50
9
> :
y s "
3 |
b ]
|
0 |
[ |
| |
|
A e < Pran : ?
3 ~ 7 AN ~ —+
7/ > ¥ ~ad =& [ = . s Sl e
% ~v
¥ ¥ ™
30Nl 1 1 1 1 1 1 1 1 1 1 L 1 1 1 L 1 1 1
1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017
Ju

Pl 050 )0 )l Juad oy gl HLS iy (L8l (B 5 AV e Ol (Sloj (g B JSB

2 5> Dy 36 S50 (sl i Sl bk S 2le g ol (slaosls 3l eolil L (5 s S (3lie b S
L g s hd (sgw a3 (P-E) p5ed 5l )L juS oS (gladlais 940 oo oolaiwl (6 s 3 3ble sligy oLl 2>
ST Al ol st e 1 gl S slate il dls (6 e S a8 Ll (o lsie 4 93 i
byl 5 gl gile,S 5l AU 1) med 51 o)L S Ol s (Zang etal, YO V) el jausl 4 o) o
Sl uses wlg o aua oL g YU sles (Wang etal, Y+ +A) situils oS> bl 51 S0 50 9 2lso 5 O]
Coodi |y Jolo Jolo cnidg,d Loyl ol iy (5L 51 juded asels [ST.ams oSl ol &l a5 ;0 5 00ls
(jlal.;ao)o..\.~J.\D‘P)l?.)u]euowwsbwmbjéwwde@LPw:u;wbjoéw
i aile la o se oo w4 ax o Jg ol e ] Jlake (S e o balus iy b aSil> 10 (6 e S
Huetal, Y-\Y; Allen etal, Y+\V; Lou & etal, Y++V; Davis and ) sgi oo Cudo o] (6308 jloda nug) o0
(P-E=4) oes 5l 5, Slade aSlila j0 1) (6 e )5 9008 oldlias 55 ad P o Ll jloges (ROSENIOF, Y)Y
Ogew S 5 b aolee e o Lzs (VAVA-YVA) Wl YA Sloj o5b (o 1) 05 oo dad (ggm 4y B,k g0 30
9 b Jlade Ko & ile @ el Caws YT/ YAYA S0 4 5ud 5 0L S Sldlas (5 e sad ools 355
sob 4 s 5l b S Sldlae soe (Jle e Gl Lol ol /YA g YA Bl cud g a dolee o a
g 3 ol S s oo plis aslllas cpl ( IS jeb 4 il oo o8l Sl e ax o o[0T ojlail 4 Lawgie
oS bl oie cad ol i oS el 4l o8l Hldl s Se a0 YUY Wl YA ol b
Sl (oS el alils 5 xS as 0 T80 oldlse o,e U as 1439 VY Gldle b e 5l o)L
Slas Slglyd ymol8lhsh Sl el cplaS 098 o (6 s S dons Sis dslaine i S 5 Sl (6 s )5 0 508

ool (Jols 0 Saus jo


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

V50 VE) 5l o o )leds vogs Jlo ¢ slapmme ol bls olid Llo 4y,

aN— - T T . . . v y . ’ . . . e = - . :

1055 | ¥y=0039x+38 N =

40°NF

36.5% i P p__5 |
1979 1981 1983 1965 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017
o

Pl 0,505 0 pded 1 A5y (2Ll R (f e AVl Ol et (o) 6 P S

e 2 led Syt S i Ceons 4 9 Cupl | (Jow 42l s9w Jlod alh wlgi oo 1515 0L s lma o
355 e ot ooy L (53508 25 5 51 1515 L 5 o,Kon s e 15 ko b 5 e ob b Lo
S iz e ) glaba plyie 4 JIabsiSa Vet 515 50 mh g las sb iz a5yl 5 3
@z (B0 ad sl e (i Wil Hho oS 10 )0 aile Sledse 5 e ,S Bl i )0 )l S
s e & Jon 355 Sle & st s il sl oz 5 By s 5| JUES] Lt (6 e 3bls
oS byl 281y Sl b slaal lal <l jo (Davis et al, Y+1Y) 09 co (adrive ailo oo, )0
) 83 (i Cdle s mhas (e b b (6 pmn S oS (2Ll ex (o nlnle e se Jolie lans
Jobss 4 Y gsba )5 515 LS 5 oy 85 wmaie 0l 1y (oldliin (550 Criead Hoyoo o & 4l
0,0y pmizmed g 4> 0 Ve Sldlas be 0 el 0,8 10 jhe mhw gilae ol (Held YY) oy
OB Y USs Goll 2 (V- (B g oo (o) 2l o0 omline JB a2 )3 VY oLl (250 50 (09>
Jlo o Gl L g ol anals (2l slilam bie am s ¥ B (gl ol yio g oldlam 5e aad oo
oIl e b oo I B LAz 4z )0 [ VY ojlail 4 Lagie 15k 4 (5l 0L ho mhaw (Ll (250
OB YO LLdlir 5,e BYAIA 51990 039001348 VAR ldls b oyl cox e bilir oie s

Sl Bl (5 2lS 4 o YN

2N T =
* [—s—data2
¥y=0017"x +30 t ——~ linear
31 \
{
\ 1 A 1
" 1 ) 4
. | g ¥
/ / oy
/ | 4 .
\ /
a f — T e | )
o, 305N} \ / / +
> \ t f /
i \ 4 ‘\
E Y \ /
3 | . / / ‘
| l /
/ ‘\‘
295°%} ‘ ‘ |
i
29°% - i
1 1 L L

285% < L
1979 1951 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017

o 055 3 JISsly 9350 Voov 5155 o gebans (6 foke Oy (2l (8 &Y 5l s (il 5 s Y S


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

)| c.)Lw‘L’uLou.Lu o askaie 4_9)4 wycla.uu‘,.u.u Qg ey \idd

2 o)l iz Ca sl e oolitul o)l i Car adlie I (6 a5 Bl (S blaial L ooz
BAY S0 5 YO LY o slagase 58 5 o)l iz jLady 515 Logas oS (6rmmne S das ol 53 o s
0apd (Senlips Jalge g ,L8d 50 5 )1 5 ()1 50 o5 gl 9 510 50 (o el (Lile A B #) (5 5205k5 VO
s Olsie A o)l iz Cor oye (TEF VAT 6 KA oFFD AFAY Lol o) el oids adly s oo
2 JSlgiSe Ve =¥ e el Sl (e 0l Aty o5 Cosl s b9y Gmly [ty YU (LSl a
@ el o5 JSLgSa Ve e 5l 0 ol Cae s (Davis, Yo £0-87) ol oulds dwbre (il oo 0,50 2
ciz o oJlowsl (5,95 0 (Davisetal, YOI YY) sl o Cor Sy a0 YL slasls o lasl 4 (59
wa3se JS5 08 oy (Jola B0l s sy GBg slaasli oS o b ps cld slaad (o o)l
D9d o0 (S e S W peS (B30 GBS plgie @ o)l cax S (o 5l &8 > el ol () (Schineider, Y+ )
S il @l )00 ot a gl 5 Sl Sblre 5 (35555 5l (el 45 (6 e ,S 30T (Sl S
Iy dad oo 4y glojl> i SUis slaan oS asel jo g cubls walss o o ) sl oyl oz obog, (samw ad
@ S |y LSl 6,05 g ailie (o, sloolog, (2sSTy Barnesetal, YO T) o) Sen 5 (i)l 0iS o &Sl
laoliog, coled 45 03, ol 5 wiols 41,8 aallas 3,50 CIMIPS qoety 5155 L bl | o (glailids slajls il
Sl bl g & (p5ir 0,Sand 50 sl et a5 5k & WS (oo 05 B Byl ay alse 5 T i b
G a0 S Lt Jled 0,56 0 a5 Jb 0wy w4z 0 ¥ Jolee RCPAC o L oSS L oS5 Caness 58
ol byl g asbog, &l s o e 5gys geis (Yimetal, Y410) (il Kan 5 ol 09 o0 sl dad (9w
ol ire ysb s g Woges axlllas [, CMIP |5 CGCMs 55,5 Jaw 3l oolil by ke 3blio slgn g o1
403 0 ol5e 25 (8 Bl (g3 42 oD Bolin 2ole,T Lol e slo e csloslos, o oS i
ools s gy 53 (1) e 5 Il 355 o 00228 Il (53 &y alef (i i b 5 > 0
o i b b a3 Yo i e 5 a0, Jan sk oS il e o
1545 sl 0 0aalie V0 B )+ VS g s b JISolyiSa $8+ b #0+ 315 51 Jad ko aans g oiid ol ot
S ail (oo (Joa sladobe ;5 elide Sin la (55550 5l (GBU e A LAz 6551 o e KB
Sl 50 558 @Vl ghe slocr Grizes 5 sl (o0 3575 & 0 S 59 2 0 1) o)l iz e (g58 0l
gl 5o Jlod oS 55 bl (5ye Yoo (Soa5 50 Ol (i i 58 Jae 80,5 o oLl
A S bl ol 13 Fe MIST sg0 ey (1 Slo b5 (55505kS Ve dg0 glis )l o JKulgiSa Y-
@l (o Jlo po Gl b g calansls (Al oldlae (bye 42 )3 FEY o)l cix Cor oLl i 550
kil (2,0 Dol Gl in ites Wb oo Gl oLdlaz 4z 0 o[ YY ojlail 4 Lawgie jbo 4y o)l i
U513 ol sl AL 5 i a0 ¥OO bl i oy a8 Y418 61999 1 A9F Gloll b oyl> iz o
Ol s a5 o 1o Slgean (Zolotov, Y+ VAIA) ] ISan g 539)g5 g (Archeretal, Yo+ A) ol ISan o, T olidss b
5 wiols 8 axlllas 5,00 JSasliszSan Voo ¥ e v pxlans gl Yoo} BYAVA Jlo 511, (ol o)l iz (slaoliog, Wi,
Caige L Jl sbsg, 45 ols oL Ll gy ol ol o0 Sl el sles i o5 Jsb o sl
Fuetal, Yo+ 1) o San 5 58 liios b 5 ansl oo b ayle (b o s 5 azély JUinl YU molans 4 clis)|


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

\eY VE) 5l o o )leds vogs Jlo ¢ slapmme ol bls olid Llo 4y,

u_a‘cbje\)lo )‘)3 d.v.‘Ua.o 0)9.9 V"a la \"(Y"( LS'LL]UQA 0)30 st.‘ ‘)ﬂwwijb)5 le.m) .AJ'D) u‘;....u 45
BY o3l Loy e biene 5 (bl Jpad & azgi b5 ok o Ko sl (51 0yl iz oo, o Wi, 4z
oo Jelo (5 xS L as (Hudson, Y V) rwsgn Sliass b yuiored 5wl ool > il Cdad o v a0 ¥

Lol 00l > al> o2 gl o)l i olg, YL e oe @

36°N—T T T T T
y = 00327 + 32
35N ‘r‘\
| A
3N | / \//'
/ A \

29% L1 I | I | 1 1 L 1 1 | ! L | 1 1
1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017

Ju
Sl 0 80ui 0 0)l> i Cr (2Ll (B0 AYLw Ol i (Jloj (5w A S50

Schneider, ) 098 oo (6o S Qi joS oS Eel aile oy slace Gl (Lo Ve, Jiuli8l ailoey
MO+ ;5 S o albg L 1) (6 pmnn 5 diyeS a¥le il o Silie A o)l Jloges & a3 L (Y-8
il oad 00ls U35l (ygmm S, b alsles o oo olis (VAVA-Y -V A) alo YA Slej o3k (b |, JISuly 555a
G330 <1 VY o3l &y dasgio jsbo 4y ety oy bl e ol 5o (331 L o s
Sl ol (e az o Y BY DAY Lo jl e s ailny oo oL anlllan (il o IS b il oo
5 1A 29 DAY Gldl b oy ailny 25> oldlas (5ie Gad il i a8 wal asdly
s s il i3y oldliaa (50 Cal ey el ails S Az 0 FYO-FA° Ll o e YN0
il e azy0 10 SLsla> o, Y ) 512901998 O A Gl b

il 256
2
o
»
—
\\ -
o

20% L | | L | L 1 1 | 1 | I Il | | 1 1 1
1979 1981 1983 1985 1987 1989 1991 1993 1995 l‘}:l;_ 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017

o 0,50 35 JISasly 5550 ABe 315 Cr b s ilimay (tledlyior (36 WYL Sy o 5 A S

u,u)l.: S| ] A.9>9)> \.\.«.l) Too LJ‘“"L’ Lngeb )‘ oolaw L: 6M; ..\.u).a.s ua...?h») 6Lmu»5) )l )i;o t.;)
Slr &5 cl glsn 5 ol Clbl 5 5550 (Sesim Sl pa3ls S COLR) (e (29,5 2tk g5


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

)‘OJLO.W‘LULo.».Lw o dakaie dfwy@huu‘wwj)w)).l VZA

e Gt e 5 et (5l gz el Shlsi o Jan Jsl (50,5 o e S SiS 4y lulis
Pl b po Slighos (o olicil )90 o0 (S slayially Sl rizman 5 09 o 43T L0 50 1Lég,S 5 a3
AVl (12 Shoo 2STas 505l (xbaw slales b (o038 Ll ooy (bsh a5 (Taylor, YY) il o lon g
5500 VYD 550 (T + ) LSan 5 (ypmile iz olul 53 (Qian, YoV T2 07V ) ol g yn S i o o
55| OLR o8 Ll i (20 cynr 4ol b1, 5y iz, lidlicr (550 (0 (e (Y 1Y) (o fSam 5
polie o ytioo «(HU & Fu, Y+ +Y; Johanson, Y+ +9) uil esges aseive coel YO-WM™ L 1) o1 (5,908 bglas
S O Slop (SS9 0k bl sszg pae SIS 4 (g ne S Bblie )3 (e (795 ik zae U (58))
slap e JUisl adlaie & g a5 Bblis 5l () (29,5 wib goe b @y (R 098 (oo 8L 3blio (0l 5o
0,50s 30 (yee) 9,5 aib zoe b aciy (HU&FU, Y+ oY) ol YO-WM™ & o3 Jgeme polie b aileo
arcia 51> a5 el Cles 5 Ol YAV B YFe a8 oLdlim ax 0 YY BY LLdlis oye o Jlod
D53 b e S 02508 ldliaz (50 4 a5 cuslonaline celus » Dls YAY L Gldliaz a0 Yo (o 0
OY (B0 o) Caol ovalice BB SL3 s> ax 0¥ ohe j0 Jlod 0,8 0 YO-WM™ (5,55 byl
3 O 59, iy Zlael ialiEl e 4y s o (Hatzidimitriou & etal, Yo ) ] SKen g g e 3l
i3 G5 o (25 il e S WL (5 (b S5 o AL 15 5T a5 (5 S el
LS ey oz il (il e aily g Al ey it Ll g e el /Y VAWM Ll syl
O3l e g VAAF-Y e v 5550 Jobo 1o ol il o (2alS 0o somlive cil38l Wiy 50 maes (5 phe 45 Sl
Voooled yloged 4 azgi bt ly i 0l s e (2alS 5 GBS sy el b Sas
QAVAYVA) o ¥ lej o3l (o, (sm) (o555 9 5o e Ly (6 e S (sliy 5 e ios
Cewd Y=+ T+ Y0 S0 4 o) (29,5 b oo (b ool ools 3l g ,S 5 Jad dlolas ams oo lis
iz e o Jl o Gl b b Jole <[0T 5 YT iy s 4 olee j5 8 5b e 158 e 4 ol
w23 oo i aslllas (pl (IS j5b &by oo Gl (oLl a4z )3 ¢ Y oslail 4 Lagie sob ay (6 e S oS
e Db ialsdl i oS stel il il aldhaz Sie 4o Y B ) QYA Lo 5l g e S oiyyeS
5 el ALl S am 0 YOI LLdlir e B1299 51890 ledls b (6 pn,T i yaS oLl i
5 &le Sl 20 ey GlaleyS b 5l el 5 ©f Dl 45 Wlos S (el ()l Slelllas Bl slaans
Sl zge B Sl p Grmme S oS (BeS g Cusll Wy, b olyed o6 a5 ded S anl i Ol s
Chenetal, Y+ +Y; Mitas & Clement, Y+ +¢;Fuetal, Y+ + T, HU&Fu, Y+ +V; Song ) aizees bag po cre) 29,

(& Zhang, Y+ +V; Stachnik & Schumacher, Y+YY; Liuetal, Y+VY; Suetal, Y+ ¢


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

V4 VE) 5l o o )leds vogs Jlo ¢ slapmme ol bls olid Llo 4y,

L 1 1 1 L 1 1 L L 1 L L 1 1
1979 1981 1983 1985 1957 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2014 2017
Je

o 0350 )3 (g0 3 gebaaw wily g0 Gl (2Ll (P 5 WYL Ol pud (Sloj (g Ve S

ol ool plgal Gl jo Sowilio iy wgdoo Bl st (Phgr 9 emdsg O S0 @ Sl
Bgie glas ) 2ol b Lo zals sl jo a8 ol gladlaie cawls,g (WMO, Y30V) il 2aglS 0 K /KM asbis|
a0V oo ol 50 a5 00 o iy g2 5l il 0 Sl Y (nl sl Sas ol sl 4y il )0 52 g 095 o
Sl Ghie Lod 285 lis s PS5 50 mizmen 5 thboe 8 Sges mhaw ;5 jeglST pa y0 oIS il
Ol B L s 9 Y 50 S tCew] Sl s y5 50 Les alS ol (Davis, Y YT YYYY; Frierson, Y+ Vi Y)
Los ol olie cpl a5 ol (gladlate Consls jg 50 (6 e )5 3blo ccdi> )0 050 oo awlS Lo (l50e 5l glas )|
éLéj‘Lm.)J&KQ‘}:.A)OgLJUM‘yWQT)OJG.b.M@M‘S&MGW;WMQ.QCA#A)"
6)40)...4 Ll C}s.wg.‘o)j)é ‘_g).».mdo)f d.bL».A .(DaViS,*'\Y‘:YO)CAwl éwﬁwwééfum‘o&5dﬁ‘6n
Woled )0 090 oo Al lga slos slisdl S Tas mlaw (lgie 45 g (6 s T o adlain 4 Coes U el ol |
@S oot e 6l (parsds Ban p (e 45 005 0 (Byre Sl jlna edge S (ARgR nl o
Can)dyg plaw (slod el (6 e § S (glop Slins] (g lul iSTas ojlail a5 (6 e ) 0 508 slaad
ol @8l o (Davis and Birner, Y)Y, Y 1V) ool ol laws g Canls g 098l (glos BMS| aS” oLl s> (5
ol oldlpe oe ax o VU Y) Cawly s mhaw los oldl s> oy w0 lad VY S bl 5 adlas
a0 oY oplail 4 lawgie jeb a4 Cunls g e b oLl oy (Jlo il Loy cel alils
9 VAN Gl (b canls g mhaw sled (bl aa (25e Dad Gl o i b oo (RIPT LSl R

e @3l i 4z s YAUAY Gldlas oy Bas Yoo


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

)laol.a.,...;lbul.w.l.u oS ddlaie Jﬁwy@h«uu‘)uxwﬁ)w))a \Y-

40°N — : T T
o
y = 0.0043%x + 38 ‘ B
395 \ \
I |
\
39°N \ "
|
|
9, 38.57 |
3 | ‘ - A
g —— sy — oy s S | 7 N——te ¥
: {
% 3N F \ ’ \ | [

| || “\ [l | |
/ \, . | |
oy | | | “‘ | | \

\ | \ 1
v { ! | i

365N L : L . . L L L : ! ! ! - . L L 1
1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017
Je

Pl 0,505 5 5L g9 5 SIS (LSl a (f e AYLe Ol k' Sloj (5w W) S
oS 05b 00 plolid () )ledlial Gl B 4l eSilos 5l ooliinl b g e 5 00 by s 2
SNz ol GLir e e Spdipe asls ol ) ) Lt ot s pz JUil bglas
o SlasiSlo & s 5 el 5y 4108 lilin By (eSls 03108 Ol AT Sl o oy
598300 Ui | (e 52 7 3 AV 0 Lo s iy o Ll les g auian |y (6 e S s ailaie
Jobes 55055 (ot cdiinsdd s y9 53 45 1 51 528255 5,50 b (ol po s rign 50 Oy 9,8kes polie
JAMaya ) cul ol (y ya5 Jub S B+ + 5o s ledlaal p > Al Gl el 32U Jlas g pdgs jo Joo
(&etal, Y+VV;Feng &etal,¥+)7;Johanson, Y+ +%;Lou &etal, Y+ +V;Hu &Fu, Y+ Y Nguyen &etal, YV
Bee gl o sl et gl gl @b L Ly e SaiyeS WVle Gl Sk 1Y oled loges
Sl @l oad o3ls il amm S, b3 alolis ams so Las (VAVA-Y - VA) b ¥R Slej o3k b |, Kol 5i5a
YY ol cwsys @ aolee ;08 9b lade ;Koo &l a ol Cawd A y=+/+ N+ YY & g0 a0 6,4l chas )b >
az 0 IY ol & bagte sob 4 (5 pn)F iy oliliz Gae Lo o G b b Jols /Y
s ol @l e o ol anlllas o IS jsbo 4y (B St Suadle el s Gl Wb (oo I3 Ldl i
oy DAl il i o soad atil 2l oldlas sie ax s YO LY Ll YA o)l b s k!
Al S a0 YW SLdlis e 5aS Yorh g Veo0 DAY ldle b (6 pme S 0 oS oLl jin
BasYeNe 5 Yoo ¥ DAY DGAY Gl (b (5o, WS bl (250 Sk (3 ia ipa 5 o
bl Sl 51 52 5 T s (51 (6 led] i by el LBl oS 4z p0 Y00 oLl ax (5ye
Slosalice Slalllas 13,15 (6 jn S o § (6 pnms S it oS (Slon 5 O 1 sotee SLil )T Sl g Cenl s y95
Sl iale)T 5 (S5 Gl cels 5 Whige GEeS TY (8 s 13 (05 (8 s A2y 8 ans e (LS

0,10 095 g5 haw Ho 1,


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

W) VE) 5l o o )leds vogs Jlo ¢ slapmme ol bls lid Llo 4y,

335°N— T T T N T T T T t el i [

\ | data

A y =0.012% + 32 ‘/ \\ [\ // o
33N i\ . / 1 4

/ \\ ; \/ f [ \‘ ,‘/ R

Y A Y UGN

/K‘ A / I I\ | ‘ Z \ [ N[ <

f\ / ] \ \ / | \ | ;' | P //
S [ N | SR 8 / - == \/ [\ \ 7 ]

. I B T | T ‘M‘ |\ | \s‘ \
Sl A0 KL B4 \ | | | .
Y 315N i\ [ \ [

\
\ \
31°N v \

305N y ‘ i

30%L—L 1 I 1 | I 1 L L I I I 1 | I I
1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017

Je
o 0 )Kas 35 5,4l i 0y @6 bl (52 VL Sl o (5 VY S
Jsb 50 a5 59,00 Hlatl g cenl iuljil s g, ails slo (o0 ol St o] CBlate 5 (6 yumnn S 0 oS b S
DA Wl (oo (3 b b aelol ey (LB SR et g sl A GlaglS Gl b eSe g S 8
O oplacols o gasbansls o) b JlSis g Sai)b olynss 5l 250 ool § golaidl ( clam| Callasls
Olee (st Jelodsl sloosls 5l agh cal )0 098 slml 35290 slag e 5l i 2li0bLe &5 350 Sl
(Y VAYAV) Lo Fe Sloyosl g +/TO#+ VD Sl S8 L (ERAC) aes (ECMWF) Sl swlsn o
i e o b (5 e b e ] b ey b U8 ey sy sk gm A sl L
wr 4 el S581 e 5l eolawl b (o ) dlcaas oL > &b Sl g ghw sbo e Co s allny o)l
aS ol lid Jiegh cpl cwl ool aisley ailse sla Bye 10 e 0,80 (6 s T 0k oS Sl (6 S
el Al 1) il &gy aS e 5 liwsl fad jo e pdaw JLad 5l Ll 4 (6 T 00 08 o e ll den
Gy S 308 ol i (5o ol oolidl Gl iol8l wig, VAV Jlo 51 (6 e, ais a8 sl ali ST
4 VY 5 5l Gk S (@ldlaz oye 42,0 O LY Gl 5 (b slebad o b)o mhaw jLid JLae b
VL SYL L,;:L»_‘)‘)D sl u‘;“w“‘d)LﬁfJ‘MglﬂP é:b u«.’).».mflJASw‘ ol sdwlin G»LJ‘)D P
g Cowl ool las g 5Ll s aels a8l Jas 805 cnide d lalpd L8l s> e a0 Y B
Po)l i Coam malS 1) Ol mlie al 1o g ools Gial38l 1) 15es Gy co duad ol g Les aol38l yzen
Co oy il eS8 el yol pl gl ond St 0K o 50 Jao (50,5 5l jpawdyy (SBg8 slaasli ¢S >
Wlgs oo a5 Cuwl sl iolidl oLz (5ye an d F UYL (g pmun)S d0yeS (50 (oS (lais 4 o)ls cun
LoyeS (gomw b 5 S sl i ab e Bl byl e g cwired 9 (6538 4l) Cugby sla wlole
iz gy (ggw b S (b 4y b gy 00 lad 4 2lsm g Ol Dbl 5 (555,55 5l (gaoly & (g ppe S
Sl 00005 (SB58 jamsnyg 50 LS lBN 2 (s g 4l 2l (oLl (550 42,0V B (e (295 wib
6N;M).Juu)ﬂju£bum5w‘OM@bﬁsMo)j)é)ﬂwu&&ﬁé»&&‘ﬁ‘%b&‘j
\).o.«ocja»:&)‘duo ob ;uyw.hdw;.xu).of)_i.) Lglh u&bw‘ oo YL @u‘)véuuo}cwdu


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

)col.%..»‘bul.o.»lu oS ddlaie Jﬁwyc.b‘uu‘)uxw5)w))a \VYY

P 4 VU Canloyg mhaw sloo ( oldl i (Bie a0V B ) G oy dllony ( oldli> o a0V B
ar s [N ol 4y Lagie ob a4y Jlo ja Gl b s ledlbas ol obyr @l b crimen 5 lilix
Vel i oz @ (6 e S 510 a3 on (L5 aslllas il IS o s el il Gl oLl i
b S S 2yeS iz e b Gl Gt 5 el Bl il Gl By a0 TID b
RESOX SRRICI 251 BPRVS FECHIN PR N CON SPPSNS o /7. I - [ESSNPS TR PRV WL PRYNL VX QTS [
Oli8l Gliss 4y Jlods 0,80 10 (6 o, S 00 10 (lig ]38l 9w oo lid 1) Cdad Cos @ ) (6 s )5
i b aslllas ol ool nme Sble sl 5 e 5 o] St Gl 4 s JSas 5 (Sas Lyl
ols as o s casllas (Adametal, Y+ Y +; Davis, Y+ Y4, Paul et al, Y+YA; Solomon etal, Y1) clagss
5 I Sliizs b eioran 5 Canl 423l (5,008 5L oLdlie slo (556 o 41 (6 pmne,S i peS Wl 03l
ol a5 ol glssren (Staten, YY) sl g (Polvani, YY) o )Ken 5 Slolgs «(Allenetal, YY) ol ISan
oS VL @l (B G 4 el al Lz @l allse b (el 05 (6 e S 30508 idgad
ol Gl bl 5l can g585 51 I8 Solal o cidn BT 50 (6 e S oi oS Ol ololids 5 anlllas ool arils
Sl bl sl 33 (6 s S yoS Oless slolid ol b 0,08 6ol Caedl s ol 5l mine 2o
25 3 p3Y (sl suyaelin e (nl ) S5 o0 Sy 5 3,15 ok Sl baystS Sl (S s alse 5 O

Dl ) 2lee g Of Slbb ol 51 250 Ol s 595 slaclad (s5luainge 5 gt b

&b

YN CTION S RV-N PSP S Pad | RU:- TSI AL gL GO EER S CE= IR UUIN | R ) SR PPUWPIPIR PR SN VORI TR WS SUNE S
NO-Y MY MY )FD oo 4 i

AYANVFA A dae bl ol Lol 4,5
s o8 ls i e oSl Ll o alitlsn s 5 Jgol AYAY . ulnadlé (s 45 2D

Ol e siminge S oKzils ol Ll « Soligs owlidlgn 5 T NYAY s (5,52
Adam, O., Grise, K. M., Staten, P., Simpson, I. R., Davis, S. M., Davis, N. A, etal. Y+)4. The TropD
software package (v)): Standardized methods for calculating tropical-width diagnostics. Geoscientific
Model Development, Y Y (Y +). https://doi.org/Y +,2Y3¢/gmd-) V-, YV« £YTA-Y VA,
Allen, R. J., and M. Kovilakam. v-\v. The role of natural climate variability in recent tropical expansion.
J. Climate, ¥ +: 1YY4-1¥e. https://doi.org/) ;) YVe/JCLI-D-Y1-+VYY¥o,3,
Allen, R. J., S. C. Sherwood, J. R. Norris, and C. S. Zender. Y+ Y. Recent Northern Hemisphere tropical
expansion primarily driven by black carbon and tropospheric ozone. Nature, ¢Ae: Yo._Yot doi:
.\ -YAmature) Y -ay.
Birner, T., Davis, S. M. & Seidel, D. J. ¥+ £, The changing width of Earth’s tropical belt. Phys. Today “V:
YA_tE
Bronnimann, S. et al. Y+ Ye. Southward shift of the northern tropical belt from Y4¢e to YA+, Nat. Geosci.
A, a%4_dve,
Chen JY, Carlson BE, Del Genio AD. Y+ Y. Evidence for strengthening of the tropical general
circulation in the Y39+s. Science Y4 e:AYA_A£Y doi:)+, VY Y7/science.) +1oAYe,


https://doi.org/10.5194/gmd-11-
https://doi.org/10.1175/JCLI-D-16-0735.1
https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

WY VE) 5l o o )leds vogs Jlo ¢ slapmme ol bls lid Llo 4y,

Choi, J., S.-W. Son, J. Lu, and S.-K. Min. Y+ ¢, Further observational evidence of Hadley cell widening in
the Southern Hemisphere. Geophys. Res. Lett., ¢Y: Yod.-_Yo4VY https:// doi.org/) +,)++Y/Y Y EGL09£YT,
Choi, J., Son, S.-W., Lu, J. & Min, S.-K. Y+ ¢, Further observational evidence of Hadley cell widening in
the Southern Hemisphere. Geophys. Res. Lett. ¢Y: Yed._Yody,

Cook, K.H. Y+« ¢, Hadley Circulation Dynamics: Seasonality and the Role of Continents. In “The Hadley
Circulation: Past, Present, and Future”. Series: Advances in Global Change Research, ¥1: Diaz, Henry F.;
Bradley, Raymond S. (Eds.), ©Y) p., SBN: Y-£:Y.-YA£Y-A,

CSIRO (Commonwealth Scientific and Industrial Research Organization). Y+)Y. Climate and
water availability in South-Eastern Australia: a synthesis of findings from phase Y of the South
Eastern Australian climate initiative (SEACI). €.

Davis, N. A. YV, the Dynamics of Hadley Circulation Variability and Change, Colorado State
University, Libraries.

Davis, N. A., Davis, S. M. & Waugh, D. W. Y +YA, New insights into tropical belt metrics. Variations Y %:
Yy

Davis, S. M., and K. H. Rosenlof .Y+ Y. A multidiagnostic intercomparison of tropical-width time series
using reanalysis and satellite observations, J. Clim.,Y¢: Y +1VY VA doi:) +, VY Ve/JCLI-D-Y Y-+ VYV,
Davis, S. M., Hassler, B., & Rosenlof, K. H. Y+ YA, Revisiting ozone measurements as an indicator of
tropical width. Progress in Earth and Planetary Science.

Feng, S. & Fu, Q. Y+ Y. Expansion of global drylands under a warming climate. Atmos. Chem. Phys. V¥,
Yo oA ZY e dg,

Feng, S., and Q. Fu. Y+ Y. Expansion of global drylands under a warmer climate. Atmos. Chem. Phys., Y
Voo AV=) .- 4F, doi: V- .HVAF/acp- Y- - - AT Y

Frierson, D. M. W., J. Lu, and G. Chen. Y-V, Width of the Hadley cell in simple and comprehensive
general circulation models. Geophys. Res. Lett., Y¢: LYAA« 2 doi: Y+, +Y4/Y+ o YGL YY) Ve,

Fu, Q., and P. Lin. Y+YY, Poleward Shift of Subtropical Jets Inferred from Satellite-Observed Lower
Stratospheric Temperatures. J. Climate, Y¢: 604v—o7.Y doi:V+,YYVO/JCLI-D-Y Y-+ ++ YV, ),

Fu, Q., C. M. Johanson, J. M. Wallace, and T. Reichler. Y+ + 7. Enhanced mid-latitude tropospheric warming
in satellite measurements, Science,¥ )Y, V1 V4,

Gillet, N. P., Zwiers, F. W., Weaver, A. J. And Stott, P.A. Y+ Y, Detection of Human Influence on Sea-
Level Pressure, Nature, ¢ «: €YY PP, Y4Y-Y4¢,

Grise, K.M., Davis, S.M. Y+Y4, Hadley cell expansion in CMIP% models. Atmospheric Chemistry and
Pysics. https:doi.org/) +,0Y4¢,

Held, I. M., and B. J. Soden. Y. +1. Robust Responses of the Hydrological Cycle to Global Warming. J.
Climate, Y4: ©1Ae—2144 doi:) +, VY Ve/JCLITA4 )

Hu, Y., L. Tao, and J. Liu. Y+ Y. Poleward expansion of the Hadley circulation in CMIP¢ simulations,
Adv. Atmos. Sci., ¥+: Va.—vdo,

Hu, Y.,andQ.Fu. Y+ + V. Observed poleward expansion of the Hadley circulation since Y4Y4, Atmos. Chem.
Phys, V: eYYa_oYya,

Hudson, R. D., Andrade, M. F., Follette, M. B. & Frolov, A. D. Y+ +1. The total ozone field separated into
meteorological regimes — Part Il: Northern Hemisphere mid-latitude total ozone trends. Atmos. Chem.
Phys. % @) AY_0Y4),

IOCI. Y+)Y, Western Australia’s weather and climate: A synthesis of Indian Ocean Climate
Initiative (I0OCI) stage Y research. CSIRO and BoM, Y4 pp.

IPCC. Y4417, Climate Change Y44¢: The Science of Climate Change. J.T. Houghton et al. (eds.), Cambridge
University Press, °VY pp.

IPCC. Y+ ). Climate Change Y+ +). The Science Basis. J.T. Houghton et al. (eds.), Cambridge University
Press, AMY pp.

Johanson, C. M., and Q. Fu. Y-:-:4. Hadley cell widening: Model simulations versus
observations. J. Climate, YY: YVAY_YVYYe doi:)+,)VVe/Y« « AJCLIY Y.,


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

)|0$LW|L’QL‘).~L.J CS ddlaie Jﬁwyc.b‘uu‘)uxw5)w))a \Y¥

Johanson, C. M., and Q. Fu., Y-+, Hadley cell widening: Model simulations versus
observations. J. Climate, YY: YVAY_YVYe doi:) +,)VVe/Y« « AJCLIY Y.,

Liu J, Song M, Hu Y, Ren X. Y+ Y. Changes in the strength and width of the Hadley Circulation since
YAVY, Clim Past. A:V) 18-V VVe doi: Y +,0)3¢/cp-A-) 119-Y Y,

Lu, J., G. A. Vecchi, and T. Reichler. Y+« V. Expansion of the Hadley cell under global warming, Geophys.
Res. Lett., Y¢: LA doi: Y+,) « Y3/Y 0 AGL YALEY,

Lu,C. Deser, and T. Reichler. ¥+ + 4, Cause of the widening of the tropical belt since Y4°A, Geophys. Res.
Lett., ¥%: L+ YA, https://doi.org/Y «,) + Y4/Y « +AGL Y4V,

Lucas, C., H. Nguyen, and B. Timbal. Y+ Y. An observational analysis of Southern Hemisphere tropical
expansion. J. Geophys. Res., YV, DYY)YY, doi; Y +,) + Y3/Y AV ID YV YY,

Mitas CM, Clement A. ¥ - » 2. has the Hadley cell been strengthening in recent decades? Geophys Res Lett
YY(¥)L-vA-q.doi: V) - YA/ - - FGL- YV VEO.

Moore, J. K. et al. Y+ YA, Sustained climate warming drives declining marine biological productivity.
Science Ye4: Y YYa_) Y ¢y,

Morales MS, Christie DA, Villalba R et al. Y+ Y. Precipitation changes in the South American
Altiplano since Y+ +AD reconstructed by tree-rings. Clim Past, A:1eY-11%, doi: Y+,°Y3¢/ cp-
A-ToY-_Y. VY,

New, M., M. Todd, M. Hulme, and P. Jones. Y+ + Y. Precipitation measurements and trends in the twentieth
century. Int. J. Climatol., ¥Y: YAY3-Y4YY doi:V+,)+ + Y/joc. 1A+,

Nguyen, H., C. Lucas, A. Evans, B. Timbal, and L. Hanson. Y+ V. Expansion of the Southern Hemisphere
Hadley Cell in REsponse to Greenhouse Gas Forcing. J. Climate, YA: A+IV-A+«VY doi:+,VYYe/JCLI-D-)e-
¥4y,

Polovina, J. J., Howell, E. A. & Abecassis, M. Y+ +A. Ocean’s least productive waters are expanding.
Geophys. Res. Lett. Yo, L+ YA,

Polvani LM, Waugh DW, Correa GJP, et al. Y+)). Stratospheric ozone depletion: The main driver of
twentieth-century atmospheric circulation changes in the Southern Hemisphere. J Clim; Y £:Y2o-AYY,
Post, D. A. et al. Y+ £, Decrease in southeastern Australian water availability linked to ongoing Hadley
cell expansion. Earth’s Future ¥, Y¥)-YYA,

Schmidt, D. F. & Grise, K. M. Y+ V. The response of local precipitation and sea level pressure to Hadley
cell expansion. Geophys. Res. Lett. £¢:)+,0)«_0VY,0AY,

Schneider, E. K. & Lindzen, R. S. Y4VY, Axially symmetric steady-state models of the basic state for
instability and climate studies. Part I. Linearized calculations. J. Atmos. Sci. ¥¢: Y1¥_YVv4,

Seidel, D. J., Q. Fu, W. J. Randel, and T. J. Reichler. Y+ +A,_ Widening of the tropical belt in a changing
climate. Nat. Geoscience, Y: YV-Y¢ doi:)+,)+YA/ngeo.Y+ +V, YA,

Si, D., Ding, Y. & Liu, Y. Y+ +4, Decadal northward shift of the Meiyu belt and the possible cause. Chinese
Sci. Bull. o€, £VEY_£VEA,

Solomon, A., Polvani, L. M., Waugh, D. W., and Davis, S. M. Y+)1. Contrasting upper and

lower atmospheric metrics of tropical expansion in the Southern Hemisphere, Geophys. Res.
Lett.’ i?“, YegdT Yo Y,

Song H, Zhang M. Y. .V, Changes of the boreal winter Hadley circulation in the NCEP-NCAR and
ECMWEF reanalyses: A comparative study, J Climate Y+:©)Y3)_oY..,

Staten, P. W., J. J. Rutz, T. Reichler, and J. Lu. Y:)Y. Breaking down the tropospheric
circulation response by forcing. Climate Dyn., ¥4: YY1 _YYVve doi:) ;) V/ge e VAY- )Y
YYTYay,

Su H, Jiang JH, Zhai C, Shen TJ, Neelin JD, Stephens GL, Yung YL. Y+ £. Weakening and strengthening
structures in the Hadley circulation change under global warming and implications for cloud response and
climate sensitivity. J Geophys Res Y Y4 () +):0YAV_cA.0,


https://doi.org/10.1029/2008GL036076
https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-15 ]

[ DOR: 20.1001.1.24237892.1401.9.3.10.0]

VYO VE) 5l o o )leds vogs Jlo ¢ slapmme ol bls lid Llo 4y,

Taylor, Patrik C.Y )Y, Tropical Outgoing Longwave Radiation and Longwave Cloud Forcing
Diurnal Cycles from Ceres. Journal of The Atmospheric Science. 14; YieY-v114,

Wang C, Lee SK, Enfield DB. Y- +A, Atlantic warm pool acting as a link between Atlantic multidecadal
oscillation and Atlantic tropical cyclone activity. Geochem. Geophys. Geosyst. 4: Q+°V ¥

Waugh, D. W., Coauthors. Y+YA, Revisiting the relationship among metrics of tropical expansion. J.
Climate, https://doi.org/ Y +,) YY/JCLI-D-YA-+Y+A in press.

WMO (World Meteorological Organization). YieVY. Meteorology— a three-dimensional
science. Second session of the Commission for Aerology. WMO Bulletin 1V, no ¢. WMO,
Geneva, pp 'Y i1 VA,

Zhang, X., F. W. Zwiers, G. C. Hegerl, F. H. Lambert, N. P. Gillett, S. Solomon, P. A. Stott, and T. Nozawa.
Y. -V. Detection of human influence on twentieth-century precipitation trends. Nature, ffA: f£1—f£0, doi:

V.. YAmature-#-Y0.


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html

\Y#

)‘OJM‘LULo*Lw Co dslaie dfwy@b&‘wwj)w)).l

[ ST-60-9202 UO JrJenuyy welsAs wo.j pepeojumoq ]

[00T€'6'TOVT 268.€272 T'TOOT'0C :HOd ]


https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.3.10.0
https://system.khu.ac.ir/jsaeh/article-1-3289-en.html
http://www.tcpdf.org

