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Barotropic Component of the Atmosphere
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. Barotropic Component of the Atmosphere

EOF-1 (15.6%)
0.15 r—r—r—rrmrrr—r e et A , —
010 i
0.05
o
S 0.00 y
w
-0.05 I
| 010} -
!? _015. ...... PV PV PSSP SO AU PR W ST U TP U ST ST S S S JUT SR S S S S S S S 4 L
; " {950 1960 1970 1980 1990 2000
[ Year
! P
; [ 8 JEE S-E 7V ASD EOF-1 DERAFI (AO 4 ¥ 7 v 7 A), 365 B BBHTHMEN MG S 1
b,
Barotropic Component
Time Spectrum of AO Index
5 106 L 1
105}
£ 10°
£
[3]
a
U"-)‘
:
o 10°}
1 .
j 102}
i - 1030 T 07 102
; ‘ Frequency (1/Year)
i
9: WEES-EFNARDAOA ¥ F v 7 X (M8) DF 4 hAXY F s

P e




Geopotential Height

Baroclinic instability Q.
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Unstable eigenmodes
No. Growth rate Period Scale index
1 0.10 9.8 0.026
2 0.10 7.5 0.023
3 0.09 1.6 0.003
4 0.07 5.9 0.019
5 0.06 3.3 0.008
6 0.06 39 0.010
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Standing eigenmodes
No. Growth rate Period Scale index
1 0.01 — 0.056
2 -0.05 — 0.047
3 -0.18 — 0.014
4 0.07 — 0.010
5 -0.38 — 0.010
6 -0.56 — 0.005

R 2 BWREF T F 1-6 DIGIREK (day™!). BH (day). KA - (EAXTT)

RPHETHIET2E— FORTETHIET 5T~ FREMBRINEN, A b—b 15y 20
BBICERL TV B, WihIZe L, MIBEY B#IIREEE— FEELTY A0 % NAO,
PNA 7% EIMIET AEHE— Fldh v kit or,

TITRIZE- FORMICEB L TE- MRLE T o720 REMEENIZEBRD S 5D TH
MORWHDILEET AL, #B., B EROEE (BF) T FIZEE» %3 5, Jhud
(12) AT, BREFEREL 22E- FTH), BHOKER6 T— FOAFEREHFBET, 1
BRETEREIBERL 2o T e TOBRE-FELTERLALAT—VOKEVLD
PONUNIHENIAERPER2 THB, FHE-F 1L 20BEFR] 1I1ISFT, bbb,
BTREG)., TNEZRMOE(PERETEL 2o TVh, EHE—F20T, Bty —>
TERDOHEDAFHIEL ) 5o EUDRHISIHEOEDHNiIh), FELCBKE—F
(NAM) O#8% LTV 50 KTFERPKEFECEDEAP LRV, BITHERIZLIB L, &
ME—F1&2IIEMEMEDITL ZoTHY, TOE— FILTALF DA S h T
BT 5L, —HRELHICHIBLETZBELPICEET 2, L L, I TOBIBRIINE
CHBR 262wz, MERF-ORKE- FPLQB L EELTIV, ThLDE-
FRAZEL LTHET 520 TEL L, IFRAHEERTIINVF -2 R SN THET
bDEERZLND, E— FORY —METZNEN 0.056 £ 0.047 TH Y., B 1 TIZEELITH
$5 Rhines A7 —VEBIBKEBRAY -V THEH, TOBKT— Fid, KEPIZHELEL
I BRRAY —VONFMLERFEEE— FThH o, TFVARD LA F—INE O
RICEBE, REKEH O DA NF —RIRFFRIEHEEROENL T, MOERETI L
FoBRE 22TV 5, ko T, MBBRPL T4 5 ) —KICL 2EFEESL DI AN



E_OHEHAr— FT. BEROICEZORAR Ty - VOBEFEFE— FICZANVF -8
0. BIKE— F (NAM) BBET 5 LBRTE 2, JNIEEHE- F20T, ZORAMIMER
MR KR LRETH D, ERIZATHNL, TOE— FIZZHVF—HHE S ILER
RE—FELTHRSND EZEXLBND, EiHE— FIUTREIRIET L LRBREOE
%%—Ffﬁh\MKWNAO@PNAKE%?%%%%~F%%Ltﬁ\ﬁEL&#oto

8 EFLHELEER

Kﬂ%fd%@ﬁﬁ@%ﬁ@%@m‘ﬁi%%ﬁ%ﬁ&ﬁa%f\ﬁim&@ﬁ%—F%
xS BHEEICEELMEES-EFVERBEL, TTRBHNENLbDLFAL AODE
BA AT, FINTEE ko tBRET. EFVOEH T FEERIBWT, BRI
MIET B NEHLREF T FFK KRB EET DD E D B ERST,

JEE S-EF % 1 BEETSL EMES Y. ZOEME— F%& EOF B2 L DI~/
£ EOF-1 &£ LTEMEILZEMKN A T— FAEL N, XBRORETNERYET
hIEENTED/S Y — VAT, KR L REECHE L2 EQERP LA ALNI, EOF-1
@%%ﬂ@ﬂ%v?v7x)@74A1N7bwwﬁ%th\%%%4ﬁﬁifﬁﬁé
2T PVERL. FRIDEVEARTIRERANRY PVIIELT 2, FIZEELARS b
WY — 2 TEEE L e o ARFZE TRV ZIEE S-E 7V ik AO IZ3HET 5 EOF-1 (ZR & ¥,
EOF-2 #*& EOF-4 2 Tb %%, B4 NCEP/NCAR BT 7 — 5 2676 N5 REMAEH
? EOF DR L ITI—HT AT &#6\u@%Twuﬁﬂéhéki®WEﬁﬁ®W
FEELLBRLTWA LD LRI N,

PEOERITESE . EFVARONENLERE— FEERICHELAL I, KO
MERT B BIKE— F (NAM) (BT 2 BAE— FERAR Y — VOFHE— FE L TH
WAk, ZofkE— FIEREFEEHDL, RRE- FOWEERoL I T, ERDK
BORNFIETHE-FTHY, E— r«wlzw# ﬁ%#@hﬁ&%mﬁﬁt&%@ﬂ
B CLEBT X 5o JEE S-E 7V ICH 1 B0 DT H L F —ifid, BEL & DIMIALENE
HOATH) . ZRALFNF—iBE k> TRIRE— FARESNEHL T2, 2L, I
ERRICBIT BEED SHRENOZ AN F — DA 27— FA% TR OBAR Y —
VOBHERE- FIHNG 2 LT, RKE— F (NAM) HR@E F&LTmLéhTw
HEEZOLNA,

EErEE L OMEEERAL LT, LamfﬁﬁﬁW@ETﬁEf%60me% Fid,
K—5—Jzy MPLEHEERLELIOIIHL, -7 — /l/FDﬁE@Tﬁtéhé
Polar = Fit, K—F—Yxy PV E EITFEL, K- 7= /x/bkﬁﬁiéﬁﬁ
TAHENDT 4 — F/3y 7 4% 5 (Tanaka and Tokinaga 2002) TWEIERAORE WA TH
D\»h#lzw#—ﬁt&ofﬁﬁmiaéa&% b#@iT%b@t%xBnéo

1 213K E— rmmm#k$¢z;0k@¢mxr AF7/7&%H6# B
L OMEERTHRES AT EERNIIRLAODTH S, KEFNOAM-LIT V7
B 2 BEOERTEP-75 v 7 AQEENEML, K-F— Tz FiNLSh, KA
HICE. BB EOBERESENS L. BIRTIHIRKE - FOBEIN G, FERICKTE




3
b
P!

Geopotential Height Geopotential Height

Norlhern Annular Mode Northern Annular Mode

B 12: TRE— F (NAM) 25, AFHEBLURBEEDZ b—4 F5 v 21281 EE B
EDHEERATHE SN BT 2R LERE,

DAM=L Py 7B LBEEDERHTR-F—Vzy PO SN, KERICE. Ei
CRORENBRNL &, BETIREALERRE- FARRENE, Zhii A0 75 20D
FHTHLH. A0 VA FADBHIZOVTHRBD I L HER b, KR EKFENTD
DAF—5L+7y 7 DEHIZFIUT, BEVIZHRIZZ WD, DENRESEEFE— FEL
TOFTRE— F (NAM) BEDHAIIBVTORHRENS Z &5 b, M7 EOF B4 %
179 & KPP ERTEEIC 2 DOEAFL 2 HOLBIRS (AQ) X EME— F& LTELN
HEEXONSG, MART — VOEHEFE— FIIEEOBHOND K L CRIETE 2 0
T IRBRALICHE S SRBI R KILZ X B4 282 b Milankovitch RIS 3 LT b AQ 2585
E—FELTHND L) Wi (G. Stenchikov, D. Shindell FA1E) EFBEL 2\,

EIEES

KBS 7 5 A0 KEDEBHLEEM %+ > ¥ — IARC/FRSGC OWEO—RE LTH
bl FRRO—BETIRLTT &> L BHHIE, LERE, FARKE. 5 & 0T
BALTT S HREOKEES A, BEE AEET 2

e E P8 N

Alllbauh], M. H. P, B. J. Hoskins, and D. B. Stephenson, 2001: Arctic oscillation or
North Atlantic oscillation? J. Clim., 14, 3495-3507.

Deser, C., 2000: On the teleconnectivity of the Arctic oscillation. Geophys. Res. Lett.,
27, T79-782.



Exner, F. M., 1925: Dynamishe Meteorologie. Wien Verlag von Julius Springer. 415 pp-
(Translated by T. Sato, 1998, Iwanami Books, 338 pp in Japanese)

Fyfe, J. C., G. J. Boer, and G. M. Flato, 1999: The Arctic and Antarctic oscillations and
their projected changes under global warming. Geophys. Res. Lett., 26, '1601~16Q4.

Kalnay, E.M., and Coauthors, 1996: The NCEP/NCAR reanalysis project. Bull. Amer.
Meteor. Soc., 77, 437-471.

‘ Namias, J., 1950: The index cycle and its role in the gene;‘al circulation. J. Meteor., 7,
) 130-139. ‘
Rhiné.*‘s! P.B., 1979: Geostrophic turbulence. Ann. Rev. Fluid Mech., 11, 401-441.

Shigehisa,'Y., 1983: Normal modes of the shallow watér édil'zgpgpx}s_fqr zonal wavenumber
zero. J. Meteor. Soc. Japan, 61, 479-494. ‘ -

Shindell, D. T., R. L. Miller, G. A. Schmidt, and L. Pandolfo, 1999: Simulation of recent
northern winter climate trends by greenhouse-gas forcing. Nature, 399, 452-455.

Tanaka, H.L., 1985: Global energetics analysis by expansion into three dimensional nor-
mal mode functions during the FGGE winter. J. Meteor. Soc. Japan, 63, 180-200.

. 1991: A numerical simulation of amplification of low-frequency planetary
waves and blocking formations by the upscale energy cascade. Mon. Wea. Rev.,
' 119, 2919-2935.

, 1998: Numerical simulation of a life-cycle of atmospheric blocking and the
analysis of potential vorticity using a simple barotropic model. J. Meteor. Soc.
Japan, 76, 983-1008.

, 2002: Numerical simulation of Arctic oscillation by a simple barotropic
model and the analysis of the linear eigenmodes of the model. J AS (Submitted).

|
‘< ll component of the atmosphere. Science Report, Inst. Geosci., Univ. of Tsukuba,
224, 1-21.

, and H. Tokinaga, 2002: Baroclinic instability in high latitudes induced by
polar vortex: A connection to the Arctic oscillation. J. Atmos. Sci., 59, 69-82.

wintertime geopotential height and temperature fields. Geophy. Res. Let., 25,
1297-1300.

\
! | Thompson, D. W. J. and J. M. Wallace, 1998: The arctic oscillation signature in the

Walker, G. T. and E. W. Bliss, 1932: World Weather V., Mem. R. Meteor. Soc., 4,
53-83.

FHEAL - HEAE, 2000: IBEASEFVEROVEERNIAVF—ART PVOY— 7R
BRICEAT ARFE. KR 47, 619-633.

. and D. Nohara, 2001: A study of deterministic predictability for the barotropic

AT D I TR R T AT A TR

T e R e R




