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Predictability of the Arctic Oscillation Index

Using a Barotropic General Circulation Model

Shingo Kato

Abstract

The Arctic Oscillation (AO) is one of the dominant atmospheric variabilities
characterized as opposing atmospheric pressure patterns in northern middle and
high latitudes. The oscillation exhibits a ”positive phase” with relatively low
pressure over the polar region and high pressure at midlatitudes.

In this study, we investigated whether long-term prediction of the Arctic Os-
cillation Index (AOI) would be possible, using some models such as a barotropic
general circulation model. AOI is related to the zonal mean polar jet anomaly,
and an index of the winter weather in the Northern Hemisphere. This model de-
veloped by Tanaka (1998) predicts the vertical mean component (i.e., barotropic
component) of the atmosphere with an external forcing of the barotropic-baroclinic
interactions. In order to correct the bias of the model, the ensemble forecast using
some error averages before the initial time was performed.

As a result, it is found that AOI could be predicted exceeding two weeks by
predicting the barotropic component of the atmosphere. The ensemble forecast
considering the bias correction showed better results than control run, therefore
it is thought to be effective to use the ensemble forecast. And the ensemble fore-
cast with more ensemble members was skilled. On the other hand, the forecast
occasionally largely varied depending on the initial value. As a cause of the bad
prediction, it is thought that the model problems relate to the prediction skill be-
cause the sensitivity of the initial value is low in the barotropic general circulation
model.

In order to improve the prediction skill, we need to consider another method
to correct the bias of the model, and to study the mechanism of the AO in more

detail.
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<F—psyr >
iuG()—QQsinﬁ-vG()—i- ! i¢’G()—0
ot T mAP mEm\P) T sy Tm P =
Oy, . 1 09,
o1 —QQSIHQ'Um—F G,COSQW—O (39)
<E RSy >
O o Gon(p) + 208080 - U G (p) + -2 6!, Gon(p) = 0
8tmmp mm P a(‘?@mmp_
Im +2Qsin @ - u,, + L 00, =0 (40)

ot a 00

11



AN
I
|
gle &
V

9 > 9, 1 0 1 0

o [ (v_Ra_pqsme(p))} ¥ acosd ax mm )T o g mOn(p) c0st =0

L0 [0 (92 0 )] Cnl®) Dun | Gunlp) Dumcost _

ot |op \ YR op ™ acost O\ acosf 00 n

FE Culp) . Com il T,

1 0 p> 0 1 1 Ouy, 1 Ovycost
 Gulp) Op <7_Ra_me(p)) * % (acos@ o\ T cosd 06 ) =0

1 0 p? 0 B 1 1 Ouy, 1 Owv,,cosf
~ Gulp) Op (’y_Ra_me(p)> o ag;jl (acos@ on | acos0 00 )
p @%L@Bgéﬁ Q) )\’ tvd)lf‘aé%(

(41)
3 (41) DEDIE p OBOBE, A0 0, A, t OB TH D, £, 3 (41) A
PR SLODIE, MUNERD L EDARICROND,
Z 2T, FAMRE hy, (equivalent height) & FHWN T,

1 o [ p* 0 ) 1
- 2 Caq.m)=—— 42
Gmuﬁéﬁ)(vR Op ) ghm 42)
&‘d—ék\
1 n 1 1 Ou, n 1 Ov,,cosf
ghum, % acosf O\ acosf 90

ot acosf O\ + acos 6 09 (43)

o, N m( 1 Ouypy, 1 8vmcosﬁ):0
ZOX DI, KFEH W ESNETICER ST 52 LT MBI T 4 TSR
R B EEREE R (42) LAREAEE FERK (39), (40). (43) 2 Z &R T
T 5, PNEMEE RO ITENEARE R, KRG T R O MR IR SIS B
Lo, LT, ZOFEMZOWTHT 5,

12



3.3 SMEBEER

SRS T RE A (42) 2 < ITIZ E T OBERRJMEBLETH 505, TN BIFLLT
THEAbND,
p

1 s
(u, v, w) =0, at p=ps, and — K+ Adp < o0 (44)
Ds 0

ZIZT, w=dz/dt THY T TRPR<, K+ A lJ#EB = 1% — L GRLE
TRF—DFITHY | LD 2RDOBEDOFESIBAIRE W 5 B BB R4t
LD, 2720, p=0 OMRITRRA LR D7D, AROFEE (FIZiXp=0.1
hPa) Cw =0 & FT252EHFARETH D, ZHITED, SHEMEHFEKX (42) 1%
Sturm-Liouville % A 7OHEEFERE L 720 FIRERE, HOLWIT T —F ik
(Galerkin method) IZ XV fiE< Z &3 T& % (Tanaka, 1985, KZM), £ DOEA
EIXEE. BEARE Gn(p) IZULTOWNED T CIEREARZ 727,
1 P

<:Gm@»,cn@)>=:5— OSGmﬁﬂGn@)@azémn (45)

SITORT mon ERRDEHSY PAEERL, G, 127 BR Y H—DFL
2. p THHERIES R,

ZO XD R EMEREE G, (p) DIEHEALZMELZFIATSZ LT, JUE p DIEE
OB f(p) IZBI LT, IROEEZHL (vertical transform) #EH < Z &N TE 5,
@) = Y fuGm(p) (46)
m=0
= JoGo(p) + [1G1(p) + -+ + fmGm(p) + -+
ZIZTy fo I3 m AET— FOSREEBRLRE TH D,

WH0IZ Go(p) 2T p 2D TOMND py TTHEST D L.

/0 " (0)Gonlp) dp = / " oColp)Con(p) + LGA(D)Con(p) +

oot fnGo(p)Gm(p) + -+ )dp  (47)

-i;”@&@mmﬁiilm%@%@@ (48)

e

1

13



fn = pi F ()G (p) dp (49)

ZOEEEE AW U 2R+ &

u
U = | o C U6, N p, t DB (50)
o
Ug Uy Um
= | v |Gop)+ | vn |Gil)+ -+ | vm |[Gulp)+--- (51)

0 1 m
0 Um
ol I o (52)
m=0 Qb{m
= > U,Gulp) ¢ Uy i3 0, )t OB (53)
m=0

Z T, BEREIILLTCE LD,

1 Ps
Uy =< U, Ginlp) >= - / U Go(p) dp (54)
s JO

F7o. T m ITENETE— K (vertical mode number) % EBET 5,

- m>1 : HEE—F (WHE—F) -~ % mE— NIHEHEIZ m
B D% b >

- m=0 : JEEE—F ONFE—F) - $hEHFMICEHE b7, S
FHIENITEAE & A E 2L
L7evy (BhEEE155)

WG LT NETE ARY MV ETF UL, $NEE— R m =0 OJEFEE— K77
FEZBRBLILET NV THY, BIERKENES N LIRSz 20T
NThB, £fo. 2 (23) ROBMEEIE ST A—4 4 X, 19784 12 A5 1979

14



F11 HETO, 51 GARP (Global Atmospheric Research Program) 425K 5HR
(First GARP Global Experiment, FGGE) ] O FHKIRT — & &2 b L IZH N
L7z ROTNEEE— FOFMERE ho 1X. ho = 9728.4m TH 5,

15



3.4 JKFHEEREE

ENE ST ENCESEE L5 & OF m T— RORRR] - AEHFmICET 5 HFRAT
b5 (39). (40) 38 £ Ot (43) 1ZATHIF 7T,
oU

M,,——~ +LU,, =
5 T 0 (55)
LEFH, 22T
10 0 U
M,=|01 0 U,.=| v, (56)
0 0 g,+m ¢

ThH D,
fio, WERAEEK U, LHTBRARERICRTZ BIZELTZDIC, UTOL SRR
=T X, &Y, BEAT D,

ghm, 0 0 200/ ghy, 0 0
0 0 ghm 0 0 20

ZhEEANTIR (55) 2L+ 5 &

(leMme)Mm%(XmlUm) +(Y,'LX,,)(X;;'U,) =0 (58)
Z T,
' 100
Y, M, X, = —
m 5| 010 (59)
00 1
IRDT, MRGTHER] 7(=20t) 2B AT D Z LT,
(X3 U) + (VLX) (XU ) = 0 (60)
-
L%,

X (60) 1%, AKEHEE R, F72037 77 AW R E IR D, ORI,
AEREERIE, T T B & FREI Hyy, &R, 22T Hy 1L 5
m $EE— RIS T 5 KE ) —<LE—F (OF AHEE) Z2E£L, IKRFED
n IXHEPEHEEL (zanal wave number) | [ 1XEFIEHEL (meridional wave number) %

16



BT 5, A (60) DFE Hyyp, 13, IREIE— N nlm (XSS 2 ER OB E A IRENEL
Onim & & BT, EAEMEZMHES Z L TROLND,

Kasahara and Puri (1981) 12X % &, 3 (60) Ofif U, 1£. Hyy Z2HND 2 &
T, ROLDWCEHBES 52 &3 TE D,

U,n(A, 0, 7) = XouHuym (A, 0)exp(—io,mT) (61)

Z O EIKPAHEE TR (60) ITRAT D &

% [szl (XmHnlmeXp(_ianlmT»] +(Yr_nlLXm)(X;11 (XnHumexp(—iount))) = 0
— 10 Hpm (N, 0) + (Y ' LX) Hym (A, 6) = 0 (62)

Z 2T, KPEERE Huyn (N, 0) 13, FEAbEE 2 k32 N7 x s hOVEIEK
O & WK ENZRTHER A exp(in)) EOT Y NAFEE LT, BLFO
IZRIND,

H,.(A, 0) = ©O,,(0)exp(in)) (63)
Unim(9)

= —iVum(0) | exp(in) (64)
Zyim (0)

KA IE BAE Hyppr, 1ZIRDIEAZRA 2727
7 27
% / / H,., -H,,, cos0d\dd = §,, o (65)
-z Jo

ZIZT, TARZYAZIFERIEEZER L, £, nlm & n/lm I3RS E—F
EEWT S, ZOBMRNS, RO T — U = T2 (Fourier-Hough transform) 73
BIID,

5 om $HEE— RICHY T 2 BRI BT 2RO~ MVBIEE W, (), 0, 7)
s IR

m(\, 0, 7) E:E:wml Hom (), 6) (66)

=0 n=—00

LELZLENTE D, 22Ty Wy X 7=V AT EBZETH D,
A (66) DT 6) &0, BT CE SIS PR

nlm(

2m
(W, Hu) = 27r/ (W, -H}, ) cosfd\dd (67)

17



ZEH ¥ 52 LT,
1 % 2w
Wi (T) = 2—/ / W..(A, 0, 7)-Hy,,. (A, ) cosf dA\df (68)
s 7% 0

B ZENTE D,
X (60) 12, ZDOT—V Z=NTEWEET & |

d .
Ewnlm('r) + Zo-nlmwnlm(T) =0 (69>

LB,
ZoRIT LD L. BEHEREE 0, ($EERO T, A0 2 HE OMIZEIZIEE)
ONAEDO B ZRH L, WOBRIEIIEL SRV L2 R LTS,

18



3.5 3R/ —<ILE— FEAXKERH

TR, SEAEERE G (p) EARCEHEERE Hoyn (X, 0) S S E, ik

KRRZHAREL Uiz 3ot/ —~ bE— REEL L, (N, 6, p) 2R L. 3%kt
J —~ = FEEURRAZ T, 7Y 7 0 7 HRA(31) @3 W A~T hv
KinziE <,

IL. (A, 0, p) 1E. Gun(p) & Hun(A\, 0) EDOT Y AFETERIND,

Hnlm(/\7 ‘97 p) = m(p)Hnlm(/\7 9) (7())

G
Gm(P)Onim (0) exp(in)) (71)
ZO3WIT/ —= = PRI, LT TERSNOAMO b & THEAZFM 21
e 2 ENRENTWS (Tanaka and Sun, 1990) .

1 Ds 5 2m
<Hnlma Hn’l’m’> = / / / HnlmH:;/l/m’ cos d)\dep (72)
2mps Jo -z Jo
= 5nn’5ll’5mm’ (73)

ZOIWI /) —~vE— FEBOBELRMELZFHT 52 & T, X (31) IckiFr~7
LU FIZELT, RO L DICHEEREMT S Z L8 TE S (Tanaka and Kung,
1989) .

N L M
n=—N [=0 m=0

N L
=—N [=0 m=0

Z 2Ty W (T), fam(T) 1ZENEI, WEREEAZ ML U & SEREIH~ S
MU FICE L CORBGER BRic/ —< /L E— NEBEE) Tho., B« o
KO TH D, IRFED nlm 1L, NEICHEEE S n . BEILES L, SEESR m %
RLTEBY, EnEh, HHE N, L, M THrEn T\ 5%

X (31) & TLym(A, 0, p) DNFEE LD L
<M%?+LU N‘PVYHLM>:0 (76)

19



LD,
ZoRiz, K (74), (75) OBIRXE ANV D &

<M%§+LU—N—EY5EM>

= <M6—U Yr_nlnnlm> + <LU> Y;zll—‘[”lm>

ot '’
— (N, Y, 'MLyn) — (F, Y, 'Ly ) = 0 (77)
Lo,
d K K
Ewnlm + Z.O-nlmU)nlm = _in;n/ n/;n” Tnlmn! Um/n/! 1" ! Wit {rm! Wiyt 11 fnlm
L h,
ZZ T,
nlm — 1
n'l'm" — j
n'U'm’ —  k
e BRS Wl
d K K
sz—l—mzwz = —iZZTijkijk—i—fi, 1= 1, 2, 3, ey K (78)

j=1 k=1
LELZERTED,
LLED X 51T, AIREIEZ fE o 7@ Iy TR E LT, AT PR
CE DTV I T4 TR LR TS D LR TE S,
g, X (T8) POREOEWKIL. UTFDLBY Tho,

p

K & (= 2N +1)(L+1)(M+1))

o; ¢ FrERKEEARIE L L7oKEE G (777 2 50
(60) DEAMHRIE L V562 MR OEAREE TH Y . @ik
[ Qg BV gV
Tk FERRIBONE - WHHAAEM (wave-wave interaction) & 2V ME, Ik -
WAHHAER (zonal-wave interaction) (2B L COFEAAEHFREL (in-
teraction coefficients) TdH Y, T X TOEBM O AN 2R L7z
\ RETHY, BHTHD

20



PLEIC &0 NEHERRSY & LRSS 1 5 72 2 SAE RSB G(p) . B A E—JE &
BT — RS 725 A PHEEREL Hopm(N, 0) OFHERND 2 LT, 7 2
F 4 T HBRFRE AT MVER (T8) TRTZENTE 5,

21



4 FHT—4

AW T U727 — %1%, NCEP (National Center for Environmental Predic-
tion) /NCAR (National Center for Atmospheric Research) O REKfENTT — & Th
D, FHFMIILUTOLEBY THD,

o K7V RIEIFE : 2.5° x 2.5°

o SnE.Z U » RREFE : 1000, 925, 850, 700, 600, 500, 400, 300, 250, 200, 150,
100, 70, 50, 30, 20, 10 hPa @ 17 J&

o [GHFHE KRV = (u,v) . VART V¥ ¢
o WM : 19504E1 H 1 H~20074 12 H 31 H

e [Kf[H : 0000Z, 0600Z, 1200Z, 1800Z
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5 fRTAE

5.1 KRDIEERS7 D

AWFFECHWTZIAE A2 FLET /L (Tanaka, 1998) 1%, KK DNEERL Sy D 7
EMOHLIZET VT D, RADIEER T, K (78) 128\ T, U IT 47
TR (3L) LEEE— R m=0 D3R/ —~/LE—FEEONEEZ L L2 LT
x5,

U
Gw%7+LU—NFIUY§HM>:O (79)

Iz AT MVERIRT DL

K K
%wi + low; = —i;;rijkijk +fi, 1=1,2,3,...,. K (80)
LB, 2T, KIFETMIBT 2R EBEKRT 5, R TIX, HIERE
IEn=0,1,...,20 T, EAEEIZ 1 =0, 1, ..., 20 DFEXFE— RO TY]
Wri., HRAREHEKT D,

K (1) ITBNT, 7V 2T ¢ 7 HEROBBEIL, EEEREK G, OEME
IZEVIEER S DA BFED, 2T, FHEE N O v 25 0HIE, HE NS
MHIEF ICE0 5, £, EE—EMHAEERS FicdEhbd, Lo, EERK
DTV T 4 TR (T9) B FERT D L

ou ) 1 0¢ tan 6
ﬁ—Qﬁsmﬁ-v%— Y =-V.Vu+ uwv + F, (81)
v ) 1 0¢ tan
wn +ZQs1n0~u—|—Eae =-V.Vu-— - uu + F, (82)
o¢' /
5 -V -V¢' —ghoV -V + F, (83)

LD, T L, ANOFHHIIA T —V 7 X0k Lz, lELD, K
LONEERSICBET 270 27 ¢ 7L LT, & (81),(82), (83) &bz,

5.2 JEI£ S-Model

X (80) WD T 5 2 L T, HLOMLDWIBEL w; BSRED T LITRD D,
X (80) o EEFE &L LT f; DERIITES TiER, 7236, LB DY
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B SBZMBNAFT =T = 7 R % 5 2 e TRERIRE > L7236, WA
225100 AL ESBIERKE £ o7 < A LELEZ % Z &7 Tanaka and Nohara
(2001) TRENTWDLDT, ST f; . WRER w, L 7 OB E LT
IRBE LS NTAZTAXTELDPB X LERD,

INETORBEOET VTIEL, ) f; & LT, M, HERLE, Rk EEE,
MEREEZEL L TT ey ® 0 TOBYEFER L E21T0, BlllShD KO RT
Ty X T DTATHA 7 NVOFBICKT LTS (Tanaka 1991, 1998) , 447
28 2 DY BLRFE D B THEEE L7 ZOE 7 )V Z)EE B-Model 215, JIHE
B-Model I%, WTET B JIFARLENIHNTZ 8O T A AR T <, FIHHEIZ 2D
DREZMATHRLET By X IPRHBEIND &V I F#EAH 5 (Tanaka and
Nohara, 2001) , L2>L, HIEZROEAZT T, [URMEOFBNER 5 & 1EE
AT EFTTAZ) DO RN T TRV v VOBIBUINA T AT, NHERR
DREEZSGET 5121, WEOBWI = T A M X DMEloRT A2 Y E—
VarpunELirof, UL, WEOBWI A b T A MIKKOMTS 2 il
L. TR NFHIBRMHAEERATOS D OS> TEEBICHET 5720, ZDOEN
BIZRE S TidZe vy,

Z ZTARMIE T, BRSNS ORI, BUAIT — & ) BREHIC
B L7 ai@sh /) & v 57 /1 (Tanaka and Nohara, 2001) # %512, 470 f; &
IRREZH w; 2 W CELT O X D IZHEEYR L7,

ZIT fi i f OKBEECHHOL ORI, Ei, T AL ) A IHEHEE
BTHY, K e O/ NV LER/MET DX SIS, ROV AT 278 Ay, By &
BT — 205, LT ORIFETRD T,

T T 1
(-0 06 -
Ar+ By Ar— Bp f1 wy wr wy

ZZT () MRS, X o7 U= ()T IEEESTAL ()7 i
WATHITH D . RREER, AN, ¥ AT MTHI R IEIERS L BRI AT T e
FCEE L, 72720, B0 OB 2R LERNH D, AUEFHEL, /£
DG %R T & T, B e O NV bER/MET D LD AT 275 Ay, Byj
DEET D,
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BUNT — % & LT, AREFFETIL 1950 4-~1999 420 50 4 D4 Z=D NCEP /NCAR
T 7 — 2 2 Wiz, 1 A 4 RIOBHHIT — 2 22 IREBES w; 23k, AE{b%E
BRELTHDLETADEA LAT v FICHENTE L, K (80) 2 SIEE KK DI
fi ZRWBICH T %, DEEBROFRERET 1%L FOREO#HH TRIA SN T
WL Db, EEELTHELIANT) fi OEIIRSICTE®ROSLHEE X BN
%o 29 LTHEBNIZB0ESDNS) f; OF —2nb, KUEWE fi L7 /<Y fl %
AR5, 207 /<Y fl AREEK w;, THFTHZET, N@B)DLHicy
AT PTH Ay, By ZIBRIRET D ENTE D, 20X, BT =205
ETIVOREI ) 2 HFHEY (Statistical) (2RO TND Z Enn, K (84) TEEN
L5797 f; #HWBHET VEIALE S-Model & FESS,

JIEE S-Model DFEAMAIZ DU Tl Tanaka and Nohara (2001) (ZE LTV 5 A3,
BRERRDNEER 3 DT HzAToTofi R, TOFTIVITH L TH 8 HOTHAE
NaFFOZ EMRII, REMEE D ) FHIRII I E 2 D NEER KRGS €
TNTHDHEND ZENFRT,

EZANZDOETNTIE, HFHLEEDOT- 00, THARZEORKER & 7 AT
RZTEWDIEMRERITTNE WO FHER BV, T DO F EDNEE S-Model TliE AO D
BUXCE o7z (M, 2003), & Z CABFFECIL, JEE B-Model ® X 512, &
JERLER EOWBIBRRABEANL, LTOX I fi & "TAZ T A4 X LT,

fi = Ji + Ajyw; + Byw; + (BC)jjw; + (DF)yyw; + (DZ)i;w; + (DE)jjw;  (86)
FROFAFE =L TITRD LB TH 5,

(BC)yw; = EERLZE
(DF)jjw; : AhMEEERE
(DZ)ijw; = AR EERER
(DE)

U b X o, 477 f; ZIREEES w OB E L CEBRTH N TEE, T
WOEKEAT v FITBNT, wiSUT fi BREL, RDAT 7D w; KD D
TEMTED, Thafiks 2 & T, YIRS & HR/H%Z O w;, KD D Z
EMTE D,
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5.3 7Y IILFTH

A (86) DX AT fi BNTAEZTA X LTRER, BT VORHE (504) 72
NAT A GRHERIREZS) TRV RN b DD, ZOFETIEET ML D HEY
) Ay H) AT ABRELD T ENEZLND, T I TAIZETIE, 2 (86) T
Koo fi #Z0FEHNELD (2 ba—FY) & ETNANNALT A%
EELI-bO BE#T7Y) LT U ATHREITS T,

UT, FEFANRL T ZAEZEZE LT o T ATHRIZOWTIRAR S, #IHRZ)
75 S-Model % 6 By L. £OTHIEZ wy . E7o. WML 5 6 K
DEDOME (AR TIIMITEZRA) 2 w, £ 75 &, THELEOMEOEE Aw
(=N

Aw = wy — w, (87)
LET S,
X oT, BN H 720 OFT VIR € 1T,
Aw

LD, B, RMFETIE At=6 ThH D,
ZD e % BETANEMT LT f hHELGIC Z EICE - T, JEE P-Model
WX T DL IR ET AR T ADIEIENAREE 725,

f'=f—c¢ (89)

ZIZT, flIEA T AMEERDAN RS, T f o TRED 2179 2
CIZKY, ET AL T RAEEBE LI w ZRODDHIENTED, LENR-T, &
AT P T EITIEMER € DFICAIUL, EfER TN TEHZ LIk 5,

L. ZOXESIZLTRDI e [TWIEIZ L > TERT D 9 22, fPkoE
DB MBI, IEM7R ¢ ZFANIND Z LIETEX R, £ 2 TARIFRET
X, e & LT, YIMEENOS 5 —EHMOFEEE e 20, ThESETHRAT v
AN IANEN

ff=f-¢ (90)
DI fBELSIWE, FHTLIHMAEE X 52 LT, A (90) ITBWTHER
L f OENFICADL, TNHEHWHZ LT, 7oV U TN THREBELT,
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B TITo T oY T THOTFEEFE DB E, LLTO L5175,

1. PIHEERT60 HM O e DfEZzRD S (1 BIZoE 48], §240HD ¢ BT
AD) o BARINTIE. & 2 REZ OfEHTIE) SIEE S-Model Zfiff > T 6 il 7
Wa L, BRI S0 0% e 2RKDD, TNEFEVIRT Z & T, §240
EHD e NRE D,

2. RO e Zfilio T, MIHMEERDH L —EHR TOYEE € 2RD D, FH
TOMMEEZDZET, T H TN AN ERES LT,

3. TD e &, BTWHAT v FIZBWTH(90) DX D IZHANITIZ, N1 T A
WiEZ L7z ECTw OT#RIEZ KD 5,
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54 WKEZEMETIVICE HERIIOEN

FERAET THWSON D & F S ERET NV ARBAERET M Lo THR—MIZ
WOHH ZENTE D, FERIVENT D% < ORIED, KRABZERHT 7 L OIRABHEE
DR E L TEMMETE %, AHI T, REBHEE 2 ZRINTHR L AT 20D
AN 7 A NBBIOERIEOT VT Y XA hZpRm L, BERVIOEH T, #HfHE
BRONT A=ZHE~DIGHZRT,

5.4.1 JREZMETIL

yp & I BEEOHRYET D, 20L&, ZORRINERET I RO LS TS
N DIRREZERET V] & RS,

Ty = Foxp_1 + Gpon (91)
Yn = Hnmn + wy, (92)

2T, wy REBIIFBIITE RV B RIEDT ML T, DIREE] &R D, v,
X AT LA XD DWIRIREE 7 A4 X ERRTIL, T ML 0, ST
Qn WZHED m WD ERBCHEET ThH D, —H. w, (T8I A X LT,
X7 MV 0, SEEIESHATE R, (28D | IRt IER ARG &35, F,, G, Hy,
IXENEN, kxk, kxm, | xk DITHITHD, FERIIEHT CHWONSBEET
ND% LT DOREZEMET VOB TEREL, H—HICIRVES Z LN TE D,
WRBZEME T VTR DO L D228 ORATE 5, £3, A (92) 0BLHIET
NERERY v, BB SN DA ZRBLT SERET AV EE R D &, KRB 2, 1
ZomRRE LD, ZorE, X91) DTVAT LAET VL, ZORIFREDEE
B B LDk T2 RBIT 2ET VL2 D, —Ji, WRIEXY bV o, ZHEET X
Bl BEZDE, VAT AETIVIIEHFOREA D= AL ERTET IV, BT
TIIEDEFZERICBIAT 2 &L ZEFNEBRIN, /A ZADPMb LT %2R
LTW5b,

54.2 AILIUTAILRIZEDREDHTE

IRAEZERH]E T WA U CEEZRBEIL. R v, OBMNIEIZEESWT, IREE
T, DHEEERITOZETH D, UTOETRT X oI, BRINOTH, Mkl En
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ZOREHEEEZFIAT S Z LIk > THR—IICEHTE 5,

LI CiE, BE Y; = {y, -, y;} 1ZFESWT, B8 n ic1 20008 o, OHE
EERITOMBEEEZ D Z LT 5, £<IT, j <n OBEIE. BHIKE LY o
kR EHEE T AT, [T EMEND, j=n OBEIE, BHIKEO
BRI b BBEORELZHE T HMBET, [T v¥) EMEND, Fio,
j > n OEAE, BEE TOBRMEICESW TREDREBOHEE 21T 5 FIE T,
P k) EFRER D,

D OIRREHEE OREICE 2 5120121, BUIE Y; 2352 LI T CTOREE
T, OFEUAE S p(x,|Y;) ZRDIVUE L, & 2A2, K (91), K (92) DikfE
ZEHETVIIHRIEET AL THY, L1 v, w, BEN 29 DT X TEBRDARICHE
IDT, TINDDOEMFE AT ERSM 2D, Liono T, REEMET IV
OIRFEHEE DRI Z E 2 D72 DI1E, R E M BlEST 2 F 7 b s sy
AL BATHNE T RO FUT L, — RIS, BLIME {v1, -, y;} DEZX BT
TOIREE {z1, -, x,} ORISR0 2 KO 5 7o OITITH KRG HRE A B
Do & TAMKRRBZEMET MK LT, BRBYRFHHRT LT Y XA AL -T, IR
BE 1, DR EJHLAMEE DD THRMIEIETE L, 2 [Inr~r 7 g
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# 1: AO~AFTADLEE AO 7T ADXKIZEBIT 5 THFSE O lEE, FHofEix,
TP & THROMBRETH 5,

7H 14 H 21 H 28 H 42 H 56 H

AO Ctrl 0.93 0.58 0.10 0.00 0.00 0.03
EM 0.94 0.76 0.55 0.34 0.11 -0.02
Ctrl 0.86 0.72 0.79 0.79 0.61 0.36
AO +
EM 0.86 0.72 0.77 0.78 0.63 0.33
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A0 52 AD V1A

1: AONT T ADKEL <A T ADOREDOFIER Y = Mgt (RED) & KO
BRZE BB BLORERZE (IR 0o,

(http://www.jamstec.go.jp/frege/jp/report /2004 /jan /tanaka.html & 1)
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Barotropic Height and Anomaly
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Barotropic Height and Anomaly
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Correlation Coefficient
Barotropic Component of the Atmosphere
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Correlation Coefficient
Barotropic Component of the Atmosphere
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Arctic Oscillation Index
Observation & Prediction
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Arctic Oscillation Index
Observation & Prediction

nday: 28
0.4
g
u]
0.2 1
X
c
il
3]
= 0.0 y 08 - -
D ) (} it
— t [ e § o
o - l.i
YLK
02 "ae -
u .
v :
04 : ] ‘
-0.4 -0.2 0.0 0.2 0.4
Observation

34: K32 LRUC, 2720, a2y PLIAEIZ28 AEH L2 D TH S,

Arctic Oscillation Index
Observation & Prediction

nday: 56
0.4
o [m}
S . %ﬁ
®
0.2 1 $ O
[ )
c
1=l
° [}
e g 1 d L -
9 [ ] gj
o .l ll .
0.2 o -
=
'04 T T T
0.4 0.2 0.0 0.2 0.4
Observation

35: 32 LML, 7272l 'my b LIfEILS6 HEL7Zb D TH D,

72

oome

AO- (Ctrl)
AO- (EM)
AO+ (Ctrl)
AO+ (EM)

Correlation:

|
o
O

ogoome

-0.00
0.34
0.79
0.78

AO- (Ctrl)
AO- (EM)
AO+ (Ctrl)
AO+ (EM)

Correlation:

|
o
O

0.03
-0.02
0.36
0.33



Arctic Oscillation Index

JMA One Month Ensemble
Initialized at 2005100612 + 33 days
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Arctic Oscillation Index

JMA One Month Ensemble
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Arctic Oscillation Index
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Arctic Oscillation Index

Barotropic Component of the Atmosphere
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