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Reuvisit to the Singular Eigenmode Theory for the Arctic Oscillation:
Mechanism of Energy Accumulation at the Eigenmode with Zero Eigenvalue
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The winter of 2009/2010 was abnormally cold in many places in the Northern Hemisphere. The
surface pressure anomaly was characterized by the typical Arctic Oscillation (AO) with the negative
phase. The AO can be understood as a singular eigenmode of the atmosphere whose eigenvalue is
zero (Tanaka and Matsueda 2005). As the analogy of the AO, we can realize that zonal wavenumber
zero contains largest amount of energy, where the eigenvalue of the zonal equation is certainly zero.
Similarly, the barotropic component of the atmosphere contains the largest amount of energy, where
the eigenvalue of the vertical structure equation is certainly near zero. With this analogy, we consider
the mechanism why the AO mode contains the largest variance of the low-frequency variability of
the atmosphere, convincing that the AQ is certainly the dynamical mode.

1. ZC®IZ

A HL T A L7z 2009/2010 EAZED S0ERAY 72 28 1%
R E) (A0 v A T R) DEETHAELTWD (KET
2010), ALABIREN 1T KRG ER O K JA I E B O JFK 72 D 25
RO HONT, FEFICLVBIRN R 2> TnDE LD
THHN, AFRETIHIREANTHE EEZ D,

ABIRBN IR R K OB ROV LS EE X b, D
BEAEEREr LR RE—FTHDLZ L OHRER
fi# L BEA TN 5 (Tanaka and Matsueda 2005), Ziuid® x
TWBH A LA —)b (B ZIE 100 4) OFEALIZERD
FEBEDH A LA —v (Bl z1E 10 4E) OBEEH I s
U CREE S 5130, FEEHEBILA b7 b HEHE I
Lo TH AFEMIZHIE SN D IR KIERONTHEE TH 5,
ZOERGLET )= DA A DA — MIERITIEET D
ZEMTE O ETZOA W &SN D & FretE i imd TE
A

AEOFEFR T, ATHICEAEY 2 OEFFIZT R LF
—BNEEDLINEEZD, FHORARERET L, BERKO
I O IRV —2 F D03, ZAUIHED I PE A%
EHRAOEAEO DM TH 5, SHEF FIITNELERK I
THRNAX—NE D, I binEfE FRAOBAEO0 O
it Ch D, 3 WL KROMBEFMOP T, EAMHE O Ofif
DABIRENE 72 D T, A EIOFEER TIL, A0 B NFE— R
THDHZEEMELOD, REZOMRICT R =N E
HDOMNEZEER LI,

2. 2009/2010 40> A0 ~ A F A
B 1 IFRRITICE D 2009/2010 FEDAZE (DJF) FH Ol

HXEDFERAED DMK TH 2, AHEE I EDORIERA
BHY . a5 P REICADRIERAEIF

L, KL KEED 2 N FTHCAREDOE— 2 3H 5,
Z DARENY — TR AT O EOF TER SN D A0~ A F
AZDHLEDODONRE—THY . ABIEE O R E A if2 O
HDTH D, BIEEFER (A0D) % % & 12 L7 REDHRIEIX
EHERZED 35 Th Y . FOIEHMESRIL 100 £ 1 FEFLRE
ThHD,

X 2 1Z[F U DJF oM FRIRIRZD AN TH D, 7 U —
I U RELTERAEE Y, FRERY T L O I E
RIBOBIRZEN TR IIFET 5, FRCT A U I RN
LALKFEEE, I —1 v T DT IOV AREN LS,
ORI L 0 2 oW EPREINLTVWS, 20, BHA
FEARAZEA Y 8y 7 BB ST NV 7 — R —fHET
IXZOER Zkh D Z LN, Z OIRESAIL A0~ A
FTATHESNDFEEDO LD TH D,

BB FE L LT, 1970-1990 4FE DA 7 HiEkiE
{EIZ A0 7T A DIRERZE DA THEL TE D | 1990-2010 4F
WZIXF O N KL A0 ~A F ADNRE — 0 TEITT 5
CRFICIEBEBENLEE T2k ICAbND, — T
IPCC-AR4 DET NVEEIZ & D HERIRRR(LIZ, 7 A A « T
K7 4 — RNy 712 X > TSI D5 b 2 i &
THEMSATETLTED, Bl —K LAy, Zhic
B 59, IPCC-AR4 DEF AEEC X 5 1970-1990 4E DL ER
SERKIROMEE(L b Ly Rix, Bl S5 RO 2% 7
B R LY FEXILS—FHLTWD B S IL7z A0 /8K —
UBRARETR LA KKONTERNN LD 0T, T4
A s TRARRT 4— RN 712 X DIRIBES N AN 7R =
R AN LD bDEET2 L, T EBHIOZE
[ NZ — v OAR—Ex, HEKBRRIL O RICE LT,
iR CHRER MR A BT 5 Z L2225 Ok - H P 2009;
Ohashi and Tanaka 2010),



(1 2009/2010 DIF © H L w2 zo0erz010 DIF
Y R A 72 53 A : Vfﬁvf?”* b b AR R 2250 A1
-8-5-4-|3-2-|1‘|’|1|25|"L5? ﬁ1—u.50.5|1 ‘z 3?-
3. A0 DR EFE ARG LS < B 53 R
RIAKEEREZ TR T D57V I 7 4 7 HERERE 3RILA 1) Tanaka, H. L. and M. Matsueda, 2005: Arctic

Ry MVERL, EOMEREK O DE— RTHERRZMH
C7=DOMNIEE S TF N EFHEN B @R L7 KR KTEER T
TNThD, ZOETNVERFEMHETHRIBI L, TOEG N
e &, —EICEEERE REHH%0) oMrEsin
%o ZOH TR BIMERN/NSWEARITICEETD & 131
SERIC—HT G AR, &5, BB CTEREIND
BEELD 2 RO & JARIRE#E & D NFE O IR R F T ALRRHIRE)
% & EFEZ D, IR REERD 5 & Z i B o
FRUFZFE-HTHE3), LoT, ZOBILEEZZBES
Hé, BREAMEMIFEr L0 EEOHETEN &
e U Ot &b A0 O EEA NS LND,

TE & R DR BABEARAT (SVD) 21T 5 & B RMEOR b/ SN
E— RBRFEDEEN N L THRRIGE 27T, 2 2T,
FAENErDE— RORRELER LRI END, 2
DOLEIEEOEFI N L, EROILEISE % R1d 2
LT, ZTHUH A0 OREREFREGR TH D, 2009/2010
HFEAZDIF)ITIE. KEETFALOBIENIZIEEr L2,
P ) OERIZ/ NS 2R NEAENTE & A ITENR = OREFZ L %
HET D & DI D BRI OFHEEE 2D & |
IR REAEBEOR L Z D - Y EEWELT S, Zh
NEAEY 2 DA T — FIC= R X =N E DR &
EZbb,

4. Lo

2009/2010 FEZ-Z221E A0 ~ A F A CHH% ST 55 Bk
MO R E RGN IAE Uiz, 20T A0 OR: R E A i# 23 bk
SN, RKETNVOBIZEMIIZT Y L7320 | (ARZERIC
BT B FRHGE A3 B B v o Fr B E A R 0 JB TR L7
ZEiZEAbDEBEZ NS, ARIOFEFICEEL Tix, &
PRI & DIED A0 ZJhE L 72 DI AP TH - 7=, BIA
W72 7 235 % OBETH 5,

Oscillation analyzed as a singular eigenmode of the
global atmosphere. J. Japan, 83,
611-619.

2) Ohashi, M. and H. L. Tanaka, 2010: Data analysis of
warming pattern in the Arctic. SOLA, 6A, 1-4..

3) RET 20100 AHERIPREERNICEE 2K A B2
L7 RRDWIIZDOWNT, HBEREREL 3 A 3 H,
http://www. jma. go. jp/jma/press/1003/03a/extreme33. pdf

4)  KRABIEZZ- B 20090 HIERIERE(L THIE T A S
D LRI B O FEATROAFZE. TR, 56, 743-753.

Meteor. Soc.

AOIl and Wave-Wave

3-Months Running Mean

o
o
=1
A
L

0.000

Wave-Wave(Nonlinear)

o

o

=1

A
L

AOI

3 bR EY RS L 2 IROBEELHA L OBl R R 51



