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Analytical Study of Arctic Oscillation
Simulated by Global Warming Prediction Models

Masahiro OHASHI

Abstract

The Arctic Oscillation (AO) is a dominant atmospheric phenomenon charac-
terized as opposing atmospheric pressure patterns in northern middle and high
latitudes. As a long-term variability of surface temperature with recent global
warming is high associated with the Arctic Oscillation Index (AOI), it is attracted
attention that the AO is an important research ploblem in the study of global
warming.

In this study, we analyzed the AO simulated by 10 Atmosphere-Ocean General
Circulation Models for the Intergovernmental Panel on Climate Change (IPCC)
Fourth Assessment Report. Control scenarios used in this study are thé 20th
Century Climate in Coupled Model’ scenario in 1901-2000 and the Special Report
on Emission Scenarios-A1B "’ scenario in 2001-2099.

As a result, a primary mode of the empirical orthogonal functions in winter
unexceptionally represents the AO pattern in all models. And 4 models that have
some ensemble members simulate a variability of global mean surface temperature
well. Then, we analyzed the AO separated in internal variability and external
forcing response in a decadal scale variability by using 4 models. Internal variabil-
ity appears commonly as the AO pattern, however the pattern of external forcing
response varied widely with models and senarios. In addition, timeseires of the
AOI of external forcing response represented a remarkable positive trend since late
the 20th century with the increase of greenhouse gases. Finally we conducted the
same analysis using the barotropic S-model, and we got a similar result as IPCC
models. It is concluded that the decadal variability of the AO can be explained
by the purely internal variability of the atmosphere.

Key Wards: Arctic Oscillation, Arctic Oscillation Index, global warming
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0000004 000000000000000.0000003000000
(u,v,¢)0000,30000000 (1),(2),(18)00000000000000
oooooooo.
0000300000000000000000000000 (Tanaka 1991).

M§U+LU:N+F (19)
T

rO000000000000O0,r=2t000.0 (1900000000000
go.
voobooooog

U= (u,v,¢)" (20)

M,LOOOOOO0

. 0 p* 0
M = 2Qd 1,1, ——— 21
. P
0 —2Qsin 0 aalaseﬁ
_ : o)
L= 2Qsing 0 2 (22)
1 9 1 O()cosb 0

acosf® ON acosf 00

14



NODOOooooooo

-V - -Vu— wg—g + tanfyy,

a

N = —V Vo —w§l — el (23)
2 [Py . yoe 9 (p 09
dp [}’;,YV vap +wPr9p (lgv Bp)]

rOooooboobooobgn

_ 9 (p\)
o (o (2)

diag)0 0000

ggn

(booog

ooo.

00 (19000000000000000,00000000,000 (F=0)0
0000 (u,0,¢4)=0000,0000000 (W,¢,¢)0000.00000 (19)
0000000 NDO,

_ W 9 v 9 1,0 tanf 1./
(acos@@)\ + aaé)u wapu + a uv
— u 9 v N,y ,0,7  tan@, s 1

N = _(a00568A+ a@@)v Wapl e YU
o[ (v 9 4 v O\ od o (p 09

Op |: Y (acos& O a 89) Op +wp8p Ry Op

gbbodgboooboogoon
gogbboobooooon.

ou’
M— +LU =0 2
or + (25)
U/ — (UI,U,,¢/)T

0000000000, U =W, v,¢)'0U=(uuv,e¢)00000.
000000

000000000 (25)0000,000000 Gu(p)DOD0OODO,00000
goboobooggbood.

U()\7 97p7 7—) = (u7v7 ¢)T

15



[e.9]

= Z (um, Uy ¢m)TGm<p)

m=0
oo

= z_: U (X, 0, 7)G(p) (26)

000000 mOOO0ODOOOOO (vertical mode number) D00 O00. 0000
(27)OOOoO,00000000oooooooogg.

d p? dG,, 1
_—— 4+ —G,, =0 27
dp Ry @7_+ghm (27)
1 0¢n, 1 Ou,, 1 Ovycosf

= 2
gh,, Ot +acos€ o\ +acos€ 00 0 (28)

000000 (2700000000 (vertical structure equation) 00O . 000
gooooobobbbboooooooouooooo,

W—ZQS]H@UWL—FWW:O (29)
W—i—QQsmeum—i—gW—O (30)

O0000.0(28),(29),30)0 00000000000 (horizontal structure equa-
tion)000.000000000 h,00ODO0ODO (L)000,0000000 (27)
0000000000000 GRr(pLOOODODODODODODODDODODD.OO,000
0000 (28) 0000000 A, 00000000 DOOO0OOODOOOODOO, Ay,
00000 (equivalent height) DO OO O0O.

0000000 Gu(p)000000000,00p000000 f(p)0D00O,O
gooooobbbbooooad.

F0) = 3 fuGinp) @1
= [ 1)) (32)

ooo f,00mO0D000000OO0ODO0ODOO.

000000 m=0000 (barotropic) D00, 00000 (external) D000
gbo,ggbbodbbod,ogobooobbooobboobbuoobnboo.
00000000000 m> 1000 (baroclinic) D00, 00000 (internal)
gbbodb,mbb000boobobuoobbodbmuobbo0g.ggboo
gooobobbobobobodug,gogdidm=000000000000000
gbbod,ggbbooboobbuoobbogboobobuoobbooboo

16



ooo0.00b0dbDm=000000000 heO 97284m0O00.
goooodg

000,0 mO00000000000000000000000000000,
0000000 (28),(29), (30)000. 0000 (28), (29), (30) O

0
M,,—U,, + LU,, =
5 Un + 0 (33)

gogoooog.obbmmiOb0miboooooooog.oob

1

M, = 2Qdiag <1, 1, >
ghm

Um = (um7 Um, ¢m)T

goo.booboobboobod X, Y,,00ouo.

X, = diag (\/Qh7, \/ghiw ghm) (34)
Y, = 20diag (\/ghms \/ghn: 1) (35)

00000 33)pooooooooooo.

(Y, M,,X,,,) ;T (X' Un) + (Y, LX) (XU ) =0 (36)
000
Y, 'M,, X,, = diag (1,1,1) (37)
0000 (36)0
;T (X' Un) + (Yo' LX) (X' Up) = 0 (38)
oooo. o,
0 —sing 2w O
Y 'LX = sin 0 0 am% (39)
am O am  O() cosf 0

cosf O cos 6 o6
DDD.D(39)DD a, JOOO0000000O0O0O0O0O00O0000O00O00O0O0O00OO0OO0
ad.

ghum,
2Qa

(40)

oy =

17



gboobo,0b0b0ob0o40b0booboobogdg: oo, Ao, Q00
dddd, o e, OO0 nono
000000 (Tanaka 1985).

00 (38)000-00000000000000O0O0O0O0OOOOO,0000O
gogbbobuoooobobbooooobobooo.

X;LlUm (>\7 67 T) = Z Z H”lm ()\7 9) eiignlm‘r (41>

n=—oo [=0

H,,,(\,6)0OOO0O0O0O (horizontal structure function), 0 O O Hough O O O
O00O0.HoughOOOOmUODODOODOODOODOODOODOOOOOOO,0000
ooooooooob,0o A0 DbO0.O0D0pRUDOOD,IOO
ggooooooobobon.

00 (4)00000000 (38)00000,

i Him + (Y, LX) Hygy = 0 (42)

00000000000000000 Hy,(A,)00000000 0,,,0000
000000.0(38)00000000000000000, HoughOOODODO
0O©.u.(0)0000 H,,(\,0) 0000000000000 000000000

0o.
H,im (A, 0) = O, (0) €™ (43)
000,
Unlm (9>
G')nlm (9) = _ivnlm (9) (44>
anm (Q>

000.0000000000000 #/2000000004=+/-100000
ggo.bdooob 3sbbbogoobobboooobob.oooobboboo
000000000 (Rossbymode) (.0, 000000000O0ODO,00000
00000000 (gravity mode) ly,, l, 00 0.

O Swartrauber and Kasahara (1985) O 000, 000000 H,y,, (A,0) 0000
0000000000000 0.000000000O0000000 Hyw(M\,60)0O
goooooooobb,bbbbbbbooooooooooo.gooon

18



gogbbobuoodgbbboooobbbuooobn.
gogbbobuoodbboboooobobuooobon.

1 3 I * * *
<Hnlma Hn’l’m> = Z /2 / (UnlmUn’l’m + anmVn’l’m + anmZn’l’m)
T™J-%Jo
e cos dNdl  (45)

O0000ooO00ooooooD,nmOd2!mO00000000C00O0O00ODODOOO
00000000000, 0 (39000000 L, =Y,'LX, 0000000
O0000000000,0000 (skew—self adjoint) D00 0O0O.

<Hnlm7 LmHn’l’m> + <LmHnlm7 Hn’l’m> =0 (46)
0 (46)00 (42)00000,
(O-nlm - O':L/l/m)<Hnlm7 H,ym>=0 (47>

000.0 47)0000000000000000.

en=n'001=0r000

0 <H,m, Huw>00000000000000000000000000, 0
000000000.0000 @N00000000 opm=0%, 0000000
0,000 0.,,000000000000.

e000D0D0ODO

O pm # 0%, 0000 (47)00000000 <Huyym, Hyp> = 00000
000000.000000000 0, 000000000 Hy,,J,00000
com 000000000 Hyy,, 0000000000000000.
00000000000,000000RmO0000,000000000000
oo.

1 z 27
Hyin Hoiom> = o [* [ g iy, 0080000 = 8,000 (48)
dr J-z Jo

0000000000 Hye(\0)OOO0DO000,000000000000000
0.
0D0mO000000000000000000,A 6, 700000000000
00000 A,(\6,7)0000,

A >\ 9 T Z Zanlm nlm >\ 9) (49>

n=—o0 [=0

27r
Guin(7) = 1 l/ (/ w0 0,7) - H, cosfdNdd (50)
T )=

19



ggo.

Judoboougaoobon

000000000000000000,300000000000 (), 6,p)
0000,0(1900000.300000000000 My,(\6,p)00000
00 G,(p)0000000 Hy(\,0)0OODOOOO0000,00000000
ooo.

Hnlm()‘7 07 p) = Gm<p>Hnlm()\a 9)
= G (p)Oui (6) ™ (51)
go3douoobooooooonoooobooooo,onoooooao.
1 Ds > 27
Ty, Thyim> — / / ’ / IL, - IT,,. cos OdAdddp
dmps Jo J-z
6nn’ 5ll’5mm’ (52>

0000000,3000000000000000000.0(1900UONDO
rO300obOobOoOobooobooboobooboboboon.

U()\,H,p, 7') = Z Z Z wnlm X Hnlm()\ 0 p) (53)

N()\797p7 T) = Z Z Z nnlm Y Hnlm()\ 0 p) (54)
n=—N [=0 m=0

F(\0,p,7) = Z Z Z Futm (7)Y XL (A, 0, p) (55)

=0
DDDDwnlm(T),nnlm(T),fnlm(r)DDDDD,DDDDDDDDU,DDDDDD

O0ON,00000000F000000000000. Wam(7), T (7)s Faim(T)
000000000000 (2)00,000000000000000.

Wi (1) = <U(X, 0, p, t), X Tum(X, 0, p)> (56)
nnlm(t> - <N()\7 97 b, t)a Yrjllnnlm()\a 97 p)> (57)
Jam(t) = <F(X, 0, p,t), Y TLym(X, 0, p)> (58)

0000000 (1900000000000, 00000000000 30000
ggbooboooooboo.

<M§U+LU N-F, Y, 1Hnlm>:0 (59)
T

20



0 (53), (54), (55)00000000000 (58)0000000,0000000
000000,000000000000000000,00000000000
000000000000000000000000000000000000
ooooooo.

K K
oW, = —1 Z Z rijkWiwg + fi (60)

J=1k=1
i=1,2 -, K

dr

ugod,rodbodgoin,sdbuobouoodogooaon, rdood
ooooooooooo.oooood ;00000000000 (wave-wave
interaction) D 000 0-00000 (zonal-wave interaction) 00000000
00 (interaction coefficients) 000 O00O0O. KOOOOO, K = (2N + 1)(L +
H(M+1)DOOODO.NODOOODODO,LOOODOOO,MOOODODODOOOOO.0O
U0 K —-occlUUOOOoogobooboob,b0b0ob0obobobuobobooon
go.
goboob,gobobboggobobuoobbobuog,bbbooogboobobod
gobodbbooboboobobooboooobo,bboooobboobobo
ggbobobooodgbbobod.

O0000m=00000000 5900000

<M§U+LU N — FY’HM> 0 (61)
T

gogobooboooobooog,

dwi

K
dr Z Tk W W + S; (62)

1k=1
=1, 2, 3, , K

Mw

+10,w; = —1

|n

0000,KODO(60)0 KOOOODO,O00O0OO0O0OO0O000000000000
000,K=(2N+1)(L+1)000.0000000000n=0,1,---,200, 0
ooooooooooooi =o0,1,---,2000000000 (00000)000
000000.0000m=000000000000000000,0 (62)0
0000000000 ,00000-00000000 ¢0000000000.
0000 s =f+¢000000000000000,000 s =s;(w;, 7)00
000000 wO000000000000000000.

21



goggobbbobboo,uodd s, bl w g, 0bbbbboodugd
ggbbobuoodgbboboooobobuooobon.

g, s, 0s; 0000,00000000000000,00¢0000000
oooooooobooono Ay, B;000000000000000O0DOO0O
go.

0000000000,s0s00000,() 0000000, w0 w000
00 (pseudo-inverse) DO 0. 00000,

J

000,000 AQ0QCQCOOOOOODO.
O00000000,0000019000199900 50000000 NCEP/NCAR
gooooboboob.104b000b0bbo0bobbbw,0b0,00b000
00000000000000D0OD0O0O0DODOO0ODO,0(E0)DDDODODODO0O0OO0 s
gbobogbboo.bogbboobboil1obogobboooboooboo
gooboo,dgogobbobudd s, ggoboobuoooooboboagd.
oo0ooooOo0Os000000 ,00D00D00,000 500000 ;0000
0.000000s00000w,00000000,0(63)000000000
0A; B;0000000000000.00000,00000000C0000
0000000 (Statistica) D0 00000000, 0(63)0000000 5,00
oooopoobooSooobooo.

00 SO000000DOD0O Tanaka and Nohara (2001) 00000000,
gobdoobooboooboobooboo,boobooboooboosubooood
gbbodbooo,oobuoobbuodobbogboobobuoobboobobo
gogboooggbood.

gobboooooboo,gbbobuoooob,gogbbobooogboboboo
oob0oobooooobooboooOo,0obooboosSooobobD AocODO
0000000 (0D,2003).00000000,00BO0O0O0O0ODOO,0000

22



gogoooboobobbbbo, g d s, 0oonobobooon.
goooooobbobbooooooad.

(BC)yw; : 00000
(DF)w; : 0000
(DZ);w; : OOOOOO
(DE)yw; : 000000

gbbodb, il s gidbtbdwddbboobboggbogooo.bog
gogooboobibb,»w0dodd s, dogg,googbbb v 0000u0aggd

gbob.0oobobooobo,oobobbooobbudb w0obboon
uo.

23



4.1.2 0O0O0O0O

oo0oob0obOoobooboob0oboUo Aobooooobobooooooo
000.00000,0000000000000000000000000 A
00000000,00000000000000000¢=0;/n000000
googboo.bogboobodbooboobiodl HawrwitzOO O D OO
gbbodboboooboobboobbogb,gboobobuoobbuooboo
gbooooboobobobobd Hough OO 0Ooobooobon
OO0 HoughOOODOOOODODOOODO HawwitzODODDODOOODODOOODOOOO
D.DDDDDDDDDDDDDDDDfDDDDDDDD,DDDDDDDDD
ggbboobooobbobooaoboo.

-1 g;
—C = e

(l+1) n

gdodooododooooououoouoouooo,boooooooano,
diw; = —kpe; w; — vsw; (68)

O00.000 kp000000, 00000000000, vs00D0O00OO0O
godo.oogooooooooooooogoon,oonogooooon
godooooooboooo.ooooooobooooooooooooo. o
0,00000000 kp(2Qa®) =2.7x10%m8s~ 1 000 (Itoh and Kimoto 1999).
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4.1.3 ODUOO0O0OO0OO0OOOO0OO00

gooooogooooog (62)DDDDDDDDDDDDD,DDDDDD
googgooooooogoguoooooouo.opopboboooogogooooono
Udodw;, 0000 ogo w;DD,lDDDDDDDDDDDDDD,

dw!

K , K
T; = —iow, — izl(kzl(rijk + T,;kj)wk> w); + (—kac; *w) — vaw)) + s,
]: g

gobooboobobooobooobd e=1,2,3,--- K (69)

goooooobobooooo,wbOD ;00000000000 DODO.

00000 w;0000000,x = (wr, wn), f = (fr, fr) 000000000
00000000000000000,000000000000000000.

; Re(w}) Re(w}) Re(s))
- - A :
dr +
Im(wlmo) ]m(w’m) Im<5/210)
d
YAzt f
dr

000 x0 (wg, w))0OOOOO0D0O0O0O0O0O,A000000000O0DO0OCOO
o000, f0b0bO0O0O0O0OOO0ODOODODODODbD,ODO00O0O0bO0ODOD.

gogooo

0,00 fO0000DOOO

dx
— =A
dr *

000000000 0000.0000 AODO0OOQOOO0OOoOwOoOoooooaoo
PO, P=(vivy---v,) 00000,

A1
A

25



oooodAd00ODOODOObOOoobOOobO.0ooDoOo,0b00

At

0D0000000000,0000000000P 00000,

A1

P_lzw = Ao Pz
T

goo.

OPOO0OO0t0D0D0DOO0O0,P'lz2=2000000,
/\1 aleAlt

da A aser2?t
— = 2 70 <— 0 o = ?
dr

An ané

000,Plz=2000000000 20

x = Pd=(vivy - v,)

= aveM + a0t + -+ a,v,e

goo.
000 AODO0DOO N=e¢+0000000,00(0000O00ODO)00 2000
goooboobobob.pb=0000000DODDODOO,

N>0 - 00 (0Oo0)
N<O0 - 0O ([@OD)

26



oooboboo.v#0000,0000000D0000O0O0ODO.

Re(\)>0 : 0000
Re(\)=0 : OO (70)
Re(A\)<0 : 0000

b#A0UODO, 0000000000000 DO0ODL,000DbODbObDOoDODO
gobob,000000.
gboobuobw,000000000,000000000000.

goooo

gobobooogd

d
d =Az+f
dr

0000000000000,00000000000000000000000
oooooo,

Ccl;d—Aa:’Jrf’D — 0 Axd =—f
-

ooo.
0000,0000000000000000000000000,00A00O0
000A=UxV'00.200000;0<01<0,<--)0000000000
000,U=(wus ), V=(vv,--)00,000000000 w, 000
ooooooooooo.

000 ADDODODOOOOOOO,

(wi, f')

Ly
i

d = —Af=—(VZ'U)f =-> v

= ) ) e )
D00D00000.00000, f/0000000000000,000000
0000000000000 000 »000000000000000.00
0, 0000000000000000000, 00000000, 0000
000 »000000000000000.0000,000000000000,
O0000000000000000000000000000000000.0

27



ggb,bgoobbbuoooobbouoobobbod.

ggooobod

Watanabe and Jin (2004) 0000, 000000000000000O00O, 00
o000 AQODOODODOOOOOOODOOOODOOODOO.ODDOODOO
gogob,bbbobobbbdooooooobbobobbboooooooon,
gogoobboobboo.ooggoooooobobboobobbbodogooag.
gbbodbbogobogboboobbooboooboobob,bbuoobobd
gbobobobobgoboo.booooobooboboboboboboboon
ggbbobo,gbbbuooogbbbuoooobbboaoan.
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4.2 00000

o0 SsStoobobbooboboboooobooobobobooooboooooD
O00000,000000000000 (National Centers for Environmental
Prediction; NCEP)/0 00000000000 (National Center for Atmospheric
Research; NCAR) DO OODOOO0O0OD0OO0O0.00000000D0000O0D.

oooo 19500 10 — 20000 120
oooo 00, 06, 12, 187
booo u(m/s), v(m/s), Z(gpm)

00000000 2.5°% 2.5°
00000000 1000, 925, 850, 700, 600, 500, 400, 300, 200,

150, 100, 70, 50, 30, 20, 10hPa 0 170
oooo 0oQ

gbbogbog,ugbbodbooobuoobbodboobbuooboo
gbbodgbbodobbog,ggbboobobbuoobbuoobbooboo
gobbobooobbobuooo.bbuooobbboooobbboooob, oo
gogbbboooobobuogoobb.oobbbuooobo,boogooboobod
gbgobgobobobbooboobooboon.

NCEP/NCARODO 19490 1000 5000000000000000000O0O
gbogbuogboobobooboo,gbogbuodgboobobboboo.
oo0o,19900o0o0ooooo TIROSOODOODOOoO,bobobobobon
gbooooooobooboooo, bbb goobooboboooo
gobodbbooboooobo.boobbooboooboobboobobo
gbobobooooob,boboboobobobobooobob.on, 2.5°
x 25°000000000,000000D000O0 T3o0DOOODOODDO
gobooa,0bobbogoobbbuooobbbuoodab.ooogboboo
gogboo,g0bbbdoogobbbuoobbbooogboboboo.

NCEP/NCAROUOOOOOOOODOODODOOOODOODODOODOOODOD Te2,
gbobob 3o, gboooooosgboboo,oboobobobobon
goo.gob,bgboobobooboboobobuobboob 1300000
ggbooboogo.
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4.3 0000

o0,00sSO000o0ooooboobooooooooobobooooo,ogo
gogbboboogooboboool.

AODDODODOOOOOOOODODOODDODO (SVDOOOODOOOO U)o 500
gbogoobooboobboobuoobbooboobboobuoobbon
0(00A)0,00000VOOO0D0OD0O0O0O0D0O0O0O(0O0B),000000O0
O00o0o00ooooooooooOo (Do c)gooo.

O0A0O0OO0BODODOOODOOOODODOOODOOOD,00bDOO0O0ODOOOD
gbooooooboo,so0coobobobvuoboooboviooboooo
oo-040000o0400000000D0000O0D0.0DCOOOOODDOOO
gboogbiligboobog,esbuogbuobgobgobobbob 200
ggbooooga.

gboog 1900 1010o00z0024a000006000Z20O0006000O00O0O,
000000000 00OOoODOooooOo.IpCCObO0bobooboobooboOonoO
gbobodbbooobooboboobboobo,bbooboobbuoobbo
gogbbobooooobn.
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4.4 00O

0350 NCEP/NCAROOUODOOOOOODOOODOOODO36500000000
000000 AOIDO0ODO,0300 370 SvbO0oooooooooooong
goouy,gobgoovooooooo.

441 0O0OA

03800390 SvbOOoOooOooouUugobooooednonoonoOOAD
OOo0OO0OO0O Aol0DO0O0OOoO0oOodobD 100, 0000boobo0oboooogobooo
OO0 AOIDODO0O0O0OO0OO0OOO0OO0.6e00000 1900 101000195001
De0000000O0ODOOODOO,AOIODO3OIDOOD0ODO0OODOODOOODO
0.03800,A0l00000000000DO0ODOOODOOOSRODOODODOO
gbbodbbod,uggbbodgbbodboooboobooobboobobo
g.0obbbs3sgogbobbobbuooobobbobbuooooobbobodad
g.ogb3booogbbuag,ggbooobuogbbodgboobbuooboo
gogbbbooobobobuoooobbooo.bb,oobbbooodgbooboobod
gbobodobbogoboo,bogbobuodobbogboooboobbuoobobo
Oooooboo0oooooboooooobDoOoOo EOFOODOOO,O40000
go0bO,00000DO0o0boOo00bDb0 Ao0DOoOobOboOoOoD,obDboo0oo
OO EOF1O0OPNAODOOODOOOOD.

44.2 0O0OB

O0SvbOooooooog v, 000 AO0b00obDobebO0bOoODbOO BO
Oo0oooobooo4abb004bb0b0.0bb AOIO000O0O0On A0O
gbbodbooobuoobboobboob,gbooboboobbodobobo
OO00o0O0b0.0000o00boo0oooOo AolODoD0DOooDbooDboooDoo
oooooo.gooboob0obobobob0b0 EOF1I0DOO0 ADODODODOg,
o000 AO0OO0OOODOODO.
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443 0O0OC

I O A 2 B Y 55
000060000000 CODOODOOOAOIODDODO,ODO0OO0OOOOO
OO00DO0OO00DOOoOoo0O AoIDOOooboOooDboOooD.04,0450000
ggbb,gdbb,goobbbuoodgbobbuoooobbooogbbobon
goboob,03suouuboboooobbuooboo.obn,ooooboboo
O0000o0ob0Oo EOF100000460000.00000000D0D0ODOO
AOOO0DO0OObOOoUOoOOobOOo,0bobobobOoboUobDoboboboboobooo.
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4.5 000000

o0 SObooobpgoovsoobogsbonoooboooooo,oooon
0000000000, 0000000000000000 (20050000000
go.

svbooooDoooouboooooboovioooooopobo Apboo BOO,
OOoooOoooOobooOoboooooobD AolbobDoooooobo.oobooo
gbbodbooobuogobboobb,bbogboobobuoobboobobo
gbbodbogob.oboobbuoobbogboobobuoobbooboo
g0ooboboooO0oobobooOo0o.0oobobocooboboobobooobooo
gbogbooobooboobobooboooboobbooboobobon
goo.0obooobooobooboboob eoF1000b0,0b00bobovvubooon
OO0 AOQOODOOODOO PNADODODOOOODOODOODOODOODODOODOO
OO0oO0oD AoOQDOODOOOOO.

oO0obO0bOooooOo AoObOobooooIcCobobooooboooboon
ooooboo.IpCCOO0DO00ODOODOODOODOODOODOD AOCODODO
OooooDboo,0boobo00oboo0ooooboooooo Aoooooboooo
OooOoobo,00b0o0Sstoogoooobo0oboobo0oooDbo AooOoo
OO0O0OD A, 00 COOO0O0DOOO0OOOODOOOODOOO.

O0ob0oO0oobD0O,0b000bbo00oo0oobboOoooooboOoIrPCcCcoD AR4
gogbobboooobobooo,bbuooobboboooboboboooo,bod
gogbbbooodgbbboooobbbooobn.
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5 0O

OO00oO0o0oIPCCO ARADODODOO 1I00DODODODODODODOnD 20
00,21000000000000D00 AO0DODOODODO.
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GISS-EH
Eigenvector (EOF1; 37.8%)
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Eigenvector (EOF1; 35.5%)
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MIROCS3.2 (Medres)
Eigenvector (EOF1; 38.6%)

Ml o
ot AW \W W / i J\”\

08 02000.0000000 MIROC3.2 (Medres)0 00O .

20



MRI-CGCM2.3.2 (run1)
Eigenvector (EOF1; 35.4%)
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NCAR-PCM
Eigenvector (EOF1; 37.6%)
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UKMO-HadCM3
Eigenvector (EOF1; 30.9%)
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MRI-CGCM2.3.2 (run2)
Eigenvector (EOF1; 31.3%)
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MRI-CGCM2.3.2 (run3)
Eigenvector (EOF1; 37.7%)
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MRI-CGCM2.3.2 (run4)
Eigenvector (EOF1; 36.9%)
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MIROC3.2 (Medres)

-Internal Variability-
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MIROC3.2 (Medres)

-External Response-

20C Eigenvector (EOF1;36.7%)
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MIROC3.2 (Medres)
Time Series of Score (EOF1)
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MRI-CGCM2.3.2

-Internal Variability-

20C Eigenvector (EOF1;38.4%)
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Arctic Oscillation Index (365-day running mean)
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Barotropic Forcing

Singular Vector SVD-1
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Arctic Oscillation Index (365-day running mean)

Barotropic Component of the Atmosphere
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Arctic Oscillation Index (365-day running mean)

Barotropic Component of the Atmosphere
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Arctic Oscillation Index (365-day running mean)

Barotropic Component of the Atmosphere
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Barotropic Height

-Internal Variability-

EOF-1 (31.9%)

-External Response-
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Arctic Oscillation Index (365-day running mean)

Barotropic Component of the Atmosphere
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Arctic Oscillation Index (365-day runnning mean)

Barotropic Component of the Atmosphere
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Barotropic Height

-Internal Variability-

EOF-1 (35.8%)

-External Response-
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