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REHHEOLFIC BT 5, THRER - Wil - BEXBORAYMEH L 2h > 0ROV TERT 5. £
PO HER500hPa FE &, 13IZEROBWE AR (SST) OBEESE (SVD) BATIC L YD, HEL EORFEA
T—IEROEECX 2 DOBENDH L Z L BRT. &6, SST 0 3 »HAEYRZI 2HiBCT S€F 7 SVD
BT EAVT, ZhSOEBOART - BEHOREBRIC OV THEET 5. A4S FY50hPa &K L 500hPa &E
D SVD AT DRER 2> & BRI &5 & OBSE R T2,

500hPa mE & SST D SVDE 1 £—F (SVD ssr-1) &, 500hPa & £ 50hPa EE D SVDE 2 £—F (SVD
250-2), HDVIIRTEDE 2 E—F (SVD ss7-2) EHHFDHE1E—F (SVD z0-1) i&, BHTEL—FKT 3. SVD
sst-1, SVD z0-21%, )NV =—=aFAEE (ENSO) 0¥ 7 Firk, 1970FERFIFOBFAFE SST LIbkF
¥ ED500hPa BEZHZNhD, BEBROZE L ER-ETR2L52Tw5s, ZhCHFOPEE CRRARDEE D
HSST DETZEHL TBY, THRRBEOBERE IEE 2 ORISR T 25 EERE 7.

ZHhENMUT, SVD ss7-2 & SVD zo0-1 BILFEREFORBE* EOARLEBORTEHE—FEIX NS,
CORBRLERBEBBOME S L EBECBERL B, MBI NAO (North Atlantic Oscillation) /¢ —
CORBEELD, R7 Y TBTCORBEBOELLREL. gk, ZO0E-—FEIRKTBORROEILEEL TH
BEDSST ik bHEERIZL, BELAPSECHI T, IRAFEOHILEBBORE Y- 2D 5. SVD
ss7-2 X SVD zso-1 DBFRINIEB L e HERA 7y — v E bV Y F 2D, BRIETRIBIERKICBBICFSEEZ
Jo. ZOEIBRAMORER, KI[OWHES EHEU EOTRBEROJBRER L OBEDO RN 2 TR T 5.

1. lFtwic —7%, 19884Eh 519894F 12 o0 1F TALEIR TRELZ B E

T, KX - BEOTFE~BTEREOLE»EH
ERUTWS, FRZ1970FR D&% bk T LT
ol RI[BREBOELL L Zh ICHED BHERIAR
(SST) D{ET (MJE, 1987 ; Nitta and Yamada,
1989 ; Trenberth and Hurrell, 1994) iz B << HI5>N T
BY, IhETOWMELSBRFRFATFED SST
DIREVPWFEE O L 2B L TAROBERG I
L7z Z 3R &EN T3 (Nitta and Yamada, 1989 ;
Kitoh, 1991 ; Graham, 1994 ; Lau and Nath, 1994 ;
Kawamura et al., 1995).
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LB Z 57 £ D|EVHRVTW S, FIzE, b
BoWEHESE (Walsh ef al., 1996), JLEEROEEH
% (Robinson ef al., 1993), % &—Y 7 @R OHEK
(Tachibana et al., 1996) e EB3EFon3. Z DR
I 3EZZOIERORTIERG TR E LB RS
1, North Atlantic Oscillation (NAO) A4 > 7 v 7
AH5EE D (Hurrell, 1995), HA % & LR TL D
SEBERLIED, 2—F v THBTOELWFE
BEL 5N T3 (Yatagai and Yasunari, 1994 ;
Yasunari et al., 1995).

500hPa H & & 131223k D SST # AT, KA
o — VB s BB fE#EYT (Singular Value Decom-
position analysis, LA SVD fB#7 & B&FR) %1To 72
Kachi and Nitta (1997) 1 ki, +EU EORFEA
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TF=NZxT 5 SVDETOE 1 E—NEFE2E—F
BENZN EELROT0FEREY, S0FERKROE TG
T3,

—7%, S0EMREMEL T, LXEREBE OB T -
TWw3 Z EMEfHEINL TS (Kodera and Yamaza-
ki, 1994). %7z, BREBEOBEY = v b DT IIAEK
HFOFI %) —EOEEREEELERE Z LItk
D, MEEOERBICHELE XD 5L, KER
ETNREIZERIOSERINALTVS @21
Boville, 1984 ; Kodera et al., 1991). 8HF— %z
IEHEMHRA AT %2 B A U ¢ TE BB E50hPa & & &t
TR D E RS D BEfR %3 U7z Perlwitz and Graf
(1995) 1, ZZRBE L HRBE OOV EEI 2
BEOLOLHY, FAHARZ NV =—=aFHiES
(ENSO) wBfRLT7 VYV a—yv ¥ VEREOEE %
o Tibah, A ZRBEOBIROMS &xfHiE
OTEBSEICEE L TWwWa Z L 2R LTz, %72, Kodera
et al. (1996) 1Z&THD50hPa & EH ) S RERIIE S
BA%t (EOF) fB#ric kv 2 DR 3 REME# * R
HU, —HIZENSO CBfRT 2 D TH B, fi5id
BB OBIBOM S ICBIRL TB Y, KKRICHNET 2
TFRRRC X 2EEFEORNTHZ Z L 2REL
TWw3,

IR SIZR LT, Kitoh et al. (1996) i, KG¥EE
BEETFVOEBA BT, XOERFEXHFER
D 1, %2 EOF Ek5 OBR% L, 500hPa BE B
LUETIVSST L OMBIREEEHEL, BEciiR
MiET2200F—FE2RHL.

ZDEIRXEADEVRR 77—V OKK - #BEFEE
BOZEEI I3, B0 SST L EEBEFRT 2D L,
NERELBRLIATHH DI L, BEOWED
SREWHSHIZHEDDOOH D (EE-HH, 1997).

AROEHWIE, 0L 2BAEDOELEDOKRK - ¥
D, BEL FOBER 7y — V2 EOTE R ML, B
WZBOEMRLBEDEALIZ DOWT, DR RT3 2
ERZHB. KR - BHEEERORAEEHOET— ¥ 2
H 20, BRR L Hbh 3 Hetin@iFEo 1
DTH5 SVD 25, SVD @i 2 > DZef
ST AEROMTCHBEOR WA 2T 5 5k T
b5, RETIZ, SVD I OWTHEIZHAL, B
WU 3 HIT 2 %500hPa B & SST @A L7z
WRERT. £z SVDTD X 5 kst Cidk
K[EMBEOEBORE D ILRE2H, #hs0RE
BRI DOV TS SR, ZRIZDWTHEET B0

4

2, 2D00FKBEORR % T 587 T 7 SVD # %
5. —H, KROEBHORME2BEET 201213 %
OHREREDHZLESD Y, F4HTCINTEOE
By : TESRRBE & OBEfRIZ DT, 500hPa & £50
hPa &ED SVD B2 AW THRNS. Zhs DR
KOWTHESHITHMT 5.

2. T—49 LBRFE

F—2 i3 TAEHET [SIPTREEHRR (R
HIFRER) fRE D ALEER500hPa B L, KRR
DBITIC X 248k SST, Y v HHA¥KEERE
TN —7 DFENIC & %L ER50hPa B % vz,
500hPa FE R I3 IBEE 5°X 5 DI FH 7T — 5 T20°N
~90°N &2 A L7z, 19744E 1 B~19824F 2 B1220°N
LI KR EOB T REHEDH S, SST ixd LD
R 2 X 2WFE 4° X5 YL, REOKFIX
RS &L T38S~58 N2 A L7z, 727 LR
KFBED—ERIZ T — & HBRIF T %, BRI 1963
FEnb1996F T (33%) 2HEMALE. Ih kb
Ti2500hPa HE OEZERNIC RAMED % Wi Th
%, %7, 50hPa EEDT—2iE, NV rHEKHE
DFEBBEIT—F 210X IR FICH TIIOLBRFA
T —2 D10°N UL %, 196345 519945 % TD31LIWK
DWTHA L., ARBTIILFENIZ12, 1, 2HDS3
DATEYL, LERFEET ZHEBEE, FAKC1,
2HRMNIETBbDET B,

T FERE L TRBRES Ao Twa SVD #
HFERAWE, ZOFRICOVTIREIZS  OFSHNE
ENTWBDT (BlZiF Bretherton et al., 1992 ;
Iwasaka and Wallace, 1995 ; &4, 1996), Z Z Ti
fBICHIAL TH L. SVD#FIZ 2 DDREL BRI b
WVBDRERTID & B\ D3 L BhE 3 2 B Ze 2 % #
HY 2 HatNFEDO 1 DTH L. Che@fTs L
ED, ZRZNOBCEMBERME 2 ROZM/ Y —
v &2 O BEREORERTIME SN 5. SVD ##T TH
DHENIE— RV EMTHSITE 2 DOBFICFEFFIC
WET 2 EMNY — BB T RN RS, b
b & SVD BREABOEED 1 DT, E£ED M X
N {F5|(M=N) %, MXN OFERTF U &, N X
NOF EATIHIW, NXNOERTHOHEE VT,
D 3 DODITHI DRI RS 5= TH 25 (Press et
al.,1992), Th2FALT, 2008 %EB~X7 hL(fl
z1E, SST# M /5 EL500hPa EEHE N Sk YY) O
R 5, BT O&SEATY R EBETE %

YRR 4. 8.
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FHEL, ¥512SVD 21745 2 & T, EuicBhEED
BORBE—-FEHET 22 e03CE5. 22 TE—
FDIELZIE W OXAERSY (FRRE) O 2 K E WIHE
WWHRED, ZDE— NTHHATE 258D 2 FHH
REVEHZELW Goniz U, VOERRZ bV,
ZhZEN N EHOE/E Y — iz L TBY, Z
hozHVTROBERFATHE, ZThZhoFiost
LT N #HoORRFRROKRRIINE S,

EEBOZEMDI % R 2 1 DI I3RFRY] & BT HD
7 — 8 L OREIRGRE (272 13ME%E0) 2EHEL
TEIRS 245, HHARGREFARSHEFOHORRY &
OB ZH S 2, BHEORRY L OBMREHE S D 2
DDFEND Y, Hi#E % heterogeneous regression (F
721% correlation) map, #% % homogeneous regres-
sion map & &, R4 2B 0OME OBRM: % BRI R
9 Z &5, heterogeneous regression map =1 5 D
B THE, bL2DOODBIFAILT -5 2Hi-T
SVD B 217 213, /R L 2 75 IEHITHI E %D
HHE O EOF BTt £<E itk 3.

SVD it/ o2 /2 DEET— N 25§ %
72D OPDNNT A=y —BHwLNE, W ONt
ARSD2ERMCED2BEBEO2ROEHE R
squared covariance fraction (SCF) & IR, Z0
E— NOEMLERER2RT. 2 RRTIELOMN
BfREL 7 13, 2 DDHOMEDBRORE 2RY. %
DE—=FRBWT, FHOBORERIID, f5D%HD
EHEEO LN T 2HHET 25 v 5 58I, het-
erogeneous correlation map DFEED 2 %, &
Hr L 72 22N T4 L 7z variance fraction (VARF)
2S5,

AR B B SVD #EITIE, £ TR O FE
5 DR OHBITTS % v TiT - 72, 500hPa & &
& SST o6, ZEMIRIZIE, 500hPa BE IXSEEN
LETHEEL, BEELBREORTHROEE 2IZIZR
CZLTHs 1 RTICAHEREL T N=571z, B
EEERWVSSTIRDOWTIE, EEZEE % WITORK
FROMEELTHEST M=1076 & L T» 5, HETY
ZEHE L 72, 500hPa = L 50hPa BEE D SVD &Iz
2VWTiR, BEMALORFEAVIRLYIC, BTFH
EORE T 2EBEDOF AR TEH %2 THETH 2
FHELE. BREICELTHOEDLY BVBBED M
WEEEREETH S, BRI, b o085
BUTLDT - RFRINCE F h 2 BEBROEAL DR
Z &5z 57%®, Kachiand Nitta (1997) & 13840

1997 ¢ 8 A

V=7 b v Y RORRECKRRM 7 4 vy — %S i
1Z{To Tk,

3. 500 hPa B & SST DREERIZDWT

27, BIORBEEICOLWTHMAAETRTS
. MFERICEE LNTRBEOBESOESED L S
YD THEERLIDIC, 1976FEERBE L LIcHT
%D 5 X FHD500hPa mEDER2 -7, F1HKa
AT, fEBRER 5 %OWAl t -RECEISEBEREEDD
BB R L 2. JLRTEREIC80m LA DR E
DETBRSN, HFFIHrs6 T ) - Py
JCTREBELR, b7 XV AEEISI—a v Uh
DTRFHRCBENETHR NS, Zofficdlk
TEEETHEEREDO S BB/ L, RS T
DEZDEBHDORKE S 2S5 p0BbE S, ZHIIRHLT,
7 I AA D SICKEERY, »ACHEMEE TIER
REVSIL ST 5. FAfkICKRD I SST OFL%2 5
1 bwwd, TRERFILAFECET, BEATFE
PoEILT 2V A OWETEREBR S, FEBIIR
BOENEERMITE, 2V 73 0V=7 b SREIC
RO 2 5, BFEAFETZNZTNL.CCUAEDE —
7 &0, ERFERII/NS VY, JLRFEEHEEIER
COHLEBEEVGFET 5. ILATFETRLETOD
BLWORICN, 160W H7:D T—1.00CA T k-
TWw23 2, FREIZHL TIEFRNHRICERFECS
—1.0°CoRERPRE >N 5. 81K b X Miller et al.
(1994) @ Fig.6 Lt FICHMHTRRLTEBY, 7%
V—ARRZEBMIME TR BT 5.

—%, BIETRUL & 51219885 1 5 198941 b
IR TR R EBSRB I > TWwb, I ORI
BIokZE LT, 1988FEE 255 L T /K540
FH0E BE2M) 2R5 L, SST o TcoEIF
FEAERONT, VFEROEL IR EHTH
2255, %72, 500hPa EEDS ) —> 5> FE
JERFEERL TRIRED VY — BI0ERD D (B
1Ma) OERLIZR>TEBY, 7)) =7 v FEDR
IZ13120m b OFERERTBEL TS, Zhizxl T
KEBBOT7 7 odb7 X ) ATEHITHFTDE 2
F =TI, TVER EELOBMBIERE RT3
HEZSOBER7 ¥ 78 T60m ODEEERASHY, 7
7 XA OEERENES W, LD SST 0% (5
2BDb) BZFEEIR-> TB D, JERKFEDEHDL0°N
HRCHRAL. S CREOFEIR S, ZOEitiEFEHwy
BRI L 2o T3, FdLRKBEEDLNAHTC b,
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A 2 T
60E 120E 180 120W 60W 0

(a) Difference map between 5-winter aver-
ages of unfiltered 500hPa geopotential
height : (1977/78~1981/82) — (1971/72~
1976/77). Contour interval is 20m. Shaded
areas indicate where f-test exceed 5% sig-
nificance level. (b) As in (a), but for un-
filtered SST. Contour interval is 0.5°C.

¥—7T0.8CORBBRONSD.

INSARRELBEOEEVED L S WWHEL i
ZoTWVEhEFRDIZDIT, 1964~1996F DELF1Y
500hPa & & £ L3¢ SST o SVD fi##r 217> 72, L
TTI1¥500hPa & & & SST » 5K SVDE 1 € —
K% SVD ss7-1, 852 €— N % SVD ss7-2 EFERZ &
123 %. SVD ss7-1 122w T, SST DREBRRE 500
hPa SEDFFEJRE (heterogeneous regression
map), 500hPa FEDREFRE L SST OBRFEEIREXN,
BLURRREORRTIEZHZTNEIKa, b, c
WY, Y — IR RIBRETRRL, A
D35 D BFRREE RS & OFHBE RIS HEXHE TO0. 44
OB E DT, W T— 5 FI330%
&, W5 %K% THE S MEBEMREL0.344, A1 %
KETIH0.442TH 5. BRI B F R TRIWCHIL TR
0D, BLXZEOHRIZIX R THAS. ERFRER
AT U T2 SR OB R = TRARIE L Th 20T, Bz
1¥500hPa HE ORI T20m OFMERIE, SST OREBHf%
B+ 1 BERELZ T L R 20m SES LR
THEBEERLTWS,

6

(a) Z500 DUF (1993-89)-(1988-84)

A% N
R N
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YA I et
60w 0

120E 180 1200

As in Fig.1, but for (1988/89~1992/93) —
(1983/84~1987/88).

Fig. 2

SVD ssr-1 ZBEAFED SST OEEH L FE D0
TeAbKFE~ILT 2V 7 EOBESZOESTH 5. 500
hPa BEOZEM/ Y —> (F3Ma) b RKFEEEDR
DoHF LT TOBFED Y 7 )V EARERE I H
RZIEH 2 EAHBESRENTHY, ZhETRENT
ENSO iz 3 2 L Db RN TBE D RE /Sy —> &
BL—%7%. SST 0ZMafh (B3KDb) FEL
B A FEREOFREMIDEDENR DA E {, TEE
ERFECZA EFFEOERSD 2. £, HIZ
0.2°CRBE &/h& W, 4~ FE, LRFEDIED Y 7
FLVHEBELLOBDH Y, HROE I b EHESH 5.
BEFRBOY—2%2R5E (B3Kc), F1z2131966
1970, 1973, 1983, 1987-88MFE TV =—= g FE L
525N TEY, THHENSO LEEL-EHTH S
ZERBBCHD. i, BREGEORRINZI704
RETFECKE ZADERRL TV 505, 1977
BEAY ODEDEERS>TED, HHEUEORR
AT —NVOEMBER>TWSE I EBRTRNLSE, —
FH, B1MaDIABEE»S T =TV FEPIFT
ONRF—VFEIMaicGiFEA LR,

B2E—FTH5 SVD ssr-2 25 % &, 500hPa &
EoZEM/;y—> (E4RKa) BFERRICEI -7
i (FE2Ma) OFEERL LBHZTWS, DD,
B TEEMESTEETEL B LRIy —Y—

SRR 4. 8.
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SVD1 Z500(DJF)~SST(DJF) Lag:0
(a) VARF=10.1% , Z500 Hetero.Reg.[m]

60E 120E 180 120w 60w 0

§ X B P ‘ R=0.829
S B i 1S‘c‘)ﬁ'd'ZSOO Dashed:SST-
1965 1970 1975 1980 1985 1990 1995
The first SVD mode of winter (DJF) 500-
hPa height in the Northern Hemisphere (20°
~90°N) and quasi-global SST (38°S~58"
N) for 1963/64~1995/96. (a) Heterogene-
ous regression map for 500hPa height where
the local unfiltered height anomaly is
linearly regressed with the expansion co-
efficient of SST shown in (c). Contour
interval is 10m. Shading indicates where the
absolute heterogeneous correlation is
greater than 0.4. (b) Heterogeneous regres-
sion map of SST, where the local unfiltered
SST anomaly is linearly regressed with the
expansion coefficient of the height. Contour
interval is 0.2°C. (c) Time series of the
normalized expansion coefficients for 500-
hPa height (solid) and SST (dashed).

Fig. 3

RY =T, FOHRTHEE, HF 5B~ —>
7V RBOAR, a—oay Sehsdt7 AV HEE, X
TYT7 OEBSHENTH L. BRARKOKRT (B
4 c) IFB0FEMRATHIL, NS RADMETH, 19894
DBAERIEDEERD, Z0OE— FMN0ERDKD
DRI SREEFERSRLTWE I LD S &7,

1997 £ 8 A

SVD2 Z500(DJF)-SST(DJF) Lag:0
(a VARF=13.7% , 2500 Hetero.Reg.[m]
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200N\ AN M

EQ1—
\

2084 (]
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i 8 e SOﬁd‘ZE)OO Doshed SST-
Toes 1970 1975 1960 1985 1900 1305

As in Fig. 3 but for the second SVD mode.

Fig. 4

1970~724E, 1976~TT4HE1Z  BEEERDEL R L THB Y
1976528 L T 2HIHD 5 XL F0E (Fl1Ka)
RohsbKEE»S 7Y —> T > kbt TOEL
b, TOE-—FRZEHZOHNTWAE LS THS. 1980
FERERLUREIZ T > L EQOELRHE L Tz dd, 19964F
BORBbTLIZARELC]:, &6, Z0E—FK
BEDEVEBAYy—LVO MY RbHBEIICRZ
5. SST LDBMRER2 L (B 4Kb), HEIZFHS
JEAFEEAKRAEDOTRERICIEDY 7 F 1855
D, BEBICERZBRIIIZLALRShn,
B, 500nPa B & SST DBAf% % SVD @i &
DRANTELD, 0L BHEFIT TR 2 DOEHK
FMOEBOR DX IZTTEL DD, FhsDREE
Rz TRAS RV, BEREBREODWTEET S
72 12500hPa & & & SST ORI CHRE%* ok 7
7 SVD i 1T > 7:. KROBERGEZFH Z L ek
X MEBED 528, 500hPa BEIRELE (12, 1,
2 A¥) IcEEL, SST @ 3 »nH¥ESE 1A
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(b) VARF for Lagged SVD Mode!
O 1

(c) VARF for Lagged SVD Mode2
O T

Fig.5

ZXFICB I 2EEDOARK - BEORAMEBHORHIIOWT

SCF for Lagged SVD

Aatl
aciy

. h !

T3 57 o7 0 1 32 +3
Lag for SST (month)

SST(EP)
30 A i ;
201 SST(Total)
0] g T
SST(NP) |+ Z500(Total)
0 *‘3 "2 -1 0 +l1 +‘2 +3

Lag for SST (month)

30 4

201 :
7500(Total) _.aw
104 e

———g  o—9—0
T | SST(Total)
0 -3 =2 -1 0 +1 42 +3

Lag for SST (month)

Squared covariance fraction (SCF) and
variance fraction (VARF) based on lagged
SVD analysis are plotted as functions of lag
with which 3-month averaged SST leads
winter 500hPa height (for DJF). A positive
lag denotes the height leads SST and vice
versa. (a) SCFs for the first and the second
SVD modes, (b) VARFs for the first mode
of 500hPa height (Z500 Total : 20°N~90°
N), quasi-global SST (Total : 38°S~58°N),
equatorial Pacific SST (EP :14°S~14°N,
1200'E~80°W), and north Pacific SST
(NP : 14°'N~58'N, 120°E~105W). (c)
VARFs for the second mode of 500hPa
height (Z500 Total : 200°N~90°N), quasi-
global SST (Total : 38°S~58'N) and north
Atlantic (NA : 14°N~58N, 80°W~0°). In
(b) and (c), VARF values are obtained by
averaging the squared heterogeneous corre-
lation coefficients over each of the domains
as indicated.

OHIRICEA 3 DA T o ¥ THETSIZEEL, SVD
P{To7.

ES5XICix 7 7SVDEMN © K/ £—F O SCF,
VARF 0K Z 712 & 22 t%2 7R, Bz, 500hPa
= (Z500) © VARF 13, EATHEBAOEESOEE)
2% SST OBEMEN ENTETHETE 20 %2R
THIETH 228, 2T, KK -HEEEOMHEERO
HEI2L B3B8 R L PERE2—Hc L k-
T2 EVS [RRERTZHENDL. ZOHEER
LT SST @ VARF iz oW T3 8EBANICEHE L /- fE
bRLTBL. HPhoRS3REAFE (EP:14°S
~14°N, 1200 E~80°'W), JtAF#E (NP : 14'N~58°N,
1200E~105"W), JtK7E¥E (NA  14'N~58N, 80°W
~0°) ORBEHE CEBMEFY LI 2L R2KT. $5
KX SVD ssr-1 & SVD ss7-2 DEWEEHL TEL
T3,

SCF (65K a) T 7DD HcLbE—FITL
DOEMERTHAS L, SVD ssr-1 Tt SST % 4TS
BB E, SVD ssr-2 Tid SST %85 B354,
SCF OfEIZ7 772 LOBE L VK& %% SCF 3%
1 E— FOREAICKE {4H5%FTHBEZED, SVDssr-2
216%RBER DS, Zhid SVD ssr-1 D SST D%
fiNy—> (E3Xb) BEEDLWERHICY 7 v
ZHoTWVEDIKL, SVD ssr-2ix SSTDY 7'+
AWBIFEAERONT(EA”D), KROEE A
EHDTWELOIEEEZONS. > T SCF DX/
i, TR LEBOEEIC BN T, FE—FH
HOZEGREEKET LI LICEETRETH S,

SVD sst-1 ® VARF (855 b) i3 SST »3%173 %

BT HFEAFHIR TI3HI36% %2 5%, SST 233 »H
B EEAHLUTE TcHbiAl, JbRPREDERER
Tk SST 238 5 ¥ 728 &1 VARF 28 K
L, + 3»HATI5%ICET 5. SST £4kD VARF i3,
FETEBR R T 2 R 2 & 0 EHIRES D 2w
25, HRE DK & WREAFFEROE % KIRL Tw 3
500hPa E&E D VARF (20°N BUL£R) 1310% % T,
256 SST BEITT 2 b TFricsEgmL iz,

—%, SVD ssr-2 (385K c) X SST ORI %E S
2%t VARF 880U, ¥ 7+ 2 » A TIbkid
RO SST D&% R AT 528, 2B CTEHT
% & SST &3R5, SVD ssr-2 13500hPa EEE
WDOWTIE SVD ssr-1 ERU»ZE N EOEE) % 5
B3 3.

SVD ssr-1 Tk, 77 0%EicxL T VARF 0%

\\%ﬁl/ 44' 8
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SVD1 Z500(DJF)-SST(SON) Lag:—3
() VARF=11.3%_, 7500 Hetero.Reg.{m]

60E 120E 180 120W 60W [}

Time Series

R=0.85

-2 """" i o1id:'2500"DdshédeST‘
1965 1970 1975 1980 1985 1990 1995

Fig. 6

As in Fig. 3, but for a SVD analysis with lag
of -3 months (i. e., for SON-mean SST and
DJF-mean 500hPa height).

EHBHEX IR R ¢, dLRFEEF % BT SST
DZ 7 —3»HTVARF DEBHE DK E %525
SVD ssr-2 D& T 7 DELIC LT VARF OF
3 SVD ssr-1 £ D AT H Y, 500hPa@mE &
SSTO VARFiczhZEno 7+ 1, +2 A TE—
IDBENDE. IO LRFEFERHL WL ERSN
BEIDE (SVD ssr-1 Ti& SST, SVD ssr-2 Tid500
hPa &) KBV, HE8T MR T — LB W%
RyeEzonkd.

2 6 MIC L D500hPa B & FhiC 3 » A %AT
29, 10, 11AYD SST D 7 SVD Bt 1 € —
F%R$. VARF,SCF 7213 Tk r DEb b THIC
527 % k3L D b AE v, 500hPa &R D ZER S
F—r (FB6Ra) KizFhIFEREBEIZ RV,
SST 13 hEEEET A F1E CEBNIE & A E 2 HEES
BALTWwWS(E6XD). —F, BEZ 7 2@zl
SST BAKIZ 3 HEBN S HICT S Lk (B 7KX)

1997 %8 H

SVD1 Z500(DJF)—SST(MAM) Lag:+3
(a) VARF=9.8% __ 2500 Hetero.Reg.[m]

60E 120€ 180 120W 60W 0

(c) SCF=41.2%

: : M- 541id:7500 Dashed:SST-
1965 1970 1975 1980 1985 1990 1995

Fig.7 Asin Fig. 3, but for a SVD analysis with lag

of +3 months (i.e., for MAM-mean SST
and DJF-mean 500hPa height).

1% SST DB KTFED & 7 F )V BB SHEHEDS
MNEL 3, Larl, BRENWI &2 Y FEEIER
AR, HAORO20°NfHLi B S h 5 EAEE, $i&
BRSO AMBERIEIME 2. 7 7 ORER 7 —v
25 BT, BRIz Z2h s 0T ZHHE: ENSO 0%
NREVWERSONSE, FIKLES TRTIHESST D
ZHIBRERL L L5, BERRRT CREEREED
BEOICHEINLIRENDS D 598, HBRKTRS
&b 2 I TRUERIZED 5720,

FE2E—F SVDssr21220w T, FIHIEZD
500hPa @ & zhiz 1 » A1, 12, 1 B¥EH0D
SST @7 7' SVD M OER R T. RRDZERM/Y
F—YEE AR VDIZ SVD ssr-1 & R
7298, SSTCRIZ LA YBREEMHEEANRE IR v, B
9RzizMic 1 »hAER- 1, 2, 3 AFHO SST %
512358 D SVD ssr-2 2y, BFEHEcA-IE-.
A OB SILRBEFED BB D/ Y — > DR
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SVD2 Z500(DJF)~SST(NDJ) Lag:—1
(a) VARF=11.0% o Z500 Hetero.Reg.?m]
-

\{ : 1 : R=0. 847'
Y i - Solid:7500 Dashed: SST
1965 1970 1975 1980 1985 1990 1995

Fig.8

As in Fig. 4, but for a SVD analysis with lag
of -1 month (i. e., for NDJ-mean SST and
DJF-mean 500hPa height).

T, K FEDICNHTHIEDEIE 4 Kb ik L
TREL > TS, F1BERVIDI9SIELIRE D %
DIZEAR B L TH L DEFEZFCHATWS, &
ITHREREZWY, I 72 2~3pABNC LS
&, SST DILKFEHEDREIIFZ Y, ILATEEDRE
BIEEHICE 512 ko Tz,
PEDHERIZOWVWTEEDBERDE STk B,
(1) 500hPa B & SST DA FEHFE LT D SVD AT
BE1E—NF (SVD ssr-1) 3EVEAFERE SST L AFE
H~IL7 AV H EORSIEBRG IR L, SST 122w
TIHHEEILRFEE 1 > FEE, JLREE, HEROR
ZHMBEERD, Z0E— FRELXOEREA 7y —1T
13 ENSO i IG L, B+HEDORE A 7 — )V T3 19704
RAEFICBEBR ST L 7.

(2) B2E—F (SVD ssr-2) ZALAFEEEE L D500
hPa BEDY 7 F VR OGBFEET, b7 XV HHE
~I—ay N FIIE~T ) - T > NHEH

10

SVD2 Z500(DJF)~SST(JFM) Lag:+1
(a) VARF=14.2% oOO Hetero.Reg.[m]

SELA
ucu

%:p Qf\

120E 180

(C) SCF 17 77

20

A

40S

'~%~~"~t '''''''''''' e SbﬁdZSOO DoshedSST
1965 1970 1975, 1980 1985 1990 1995

Fig.9

As in Fig. 4, but for a SVD analysis with lag
of +1 month (i.e.,, for JFM-mean SST
and DJF-mean 500hPa height).

FEWke s, W7 Y7 OEMHEDKE N, SST Dy
ZFVIRIEECEE <, PREEILKFE LKEFETH
25CTHETHS. BRI PV Y FIZERST
1970~724F £ 1976~T774F, 1988~89FICBEERIRIZZ 1L
LTWw3h, 196FEMDICIRb T MBI,
(3) ZFHD500hPa BE wxt L CHEfZE 2 L 572 3
WHAESST O Z 7 SVD iz X > T, SVD ssr-1
& SVD ssr-2 2t 3 %5 &, SVD ss7-1 1% SST % 4
TR IHE W, REKFESST © VARF 23D T
K& &Y, 2460 SCF, VARF diZIZZhici->T
e 2fERBH 5. UL, JLKFEERTIZ, SST
BN S/ VARF K& W, SVD ssr-2 3£k &
LT SST BN 2T 7 DB & 23558 % b,
SST DAL RFEHEFH D VARF BE L KT 5.
SCF 1% SVD ssr-1 2513 % 12 K & { 40~50% % 15
®, SVD ssr-2 1315~19%FRETH 5.

(4) 2 7%4> SVD ssr-1 1%, SST % 3 »FEITX

\\9{5{‘0 44. 8
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SVD1 Z500(DJF)—-Z50(DJF)
(a)VARF=2982 o 250 Hetero.Reg.[m]

e

S Solid:Z500 Dashed:Z50 -
1965 1970 1975 1980 1985 1990 1995
Fig.10 The first SVD mode of winter (DJF) 500
hPa height and 50hPa height both over the
Northern Hemisphere (20°N~90°N) for
1963/64~1993/94. (a) Heterogeneous
regression map for 50hPa height where the
local unfiltered height anomaly is linearly
regressed with the expansion coefficient of
500hPa height shown in (c). Contour inter-
val is 20m. Shading indicates where the
absolute heterogeneous correlation is
greater than 0.4. (b) Heterogeneous regres-
sion map of 500hPa height, where the local
unfiltered 500hPa height anomaly is linear-
ly regressed with the expansion coefficient
of 50hPa height. Contour interval is 10m.
(c) Time series of the normalized expan-
sion coefficients for 500hPa height (solid)
and 50hPa height (dashed).

¥ % L BT SST OIEMBE AL, BEAF
HERL ZOMOBEBOY 7 FV3BAT 5. 7,

500hPa R EDHEBIZ P LM E 225, ¥ — Y HEK
HE VKRS LR, HZSST 2 3 »rHBLE

1997 £8 A

SVD2 7500(DJF)-Z50(DJF)
(a)VARF=10.7% o750 Hetero.Reg.[m]

17500 Hetero.Reg.[m]

455,

N

¥ . #R_0828
i S 7 S6lid:Z500 Dashed:Z50
1965 1970 1975 1980 1985 1990 1995
Fig. 11 As in Fig. 10, but for the second SVD mode.

o 8

2 LB ATFRESST OEAEBIZTE F 2084 ~ F
#, LK, HAORE, ¥=7MHOIEMHRME &k
LR RO AR 2.

(5) SVD ss7-2 13 SST % 1 »pAEITERB 5 7% L
3 &, SST OMBEANHE £ » KR TR OEE R
5. SSTH1»HAEBNSE I %L % LhEEILRTEE
DAL A 72 =B OFEIE & ALK FECNFH O IE
HEELSEE D, BRFID19SSERTBDEMIZ> & D §
3.

4. X & TERREEOBBRICOWT

T, ZZETEZFONGEOEERY & SST O
BRIZDOWTRTE 7288, RICHTHEOLE) & TLRRE
B DOBHRICDOWTHARTA S, 1964~1994FED31%LD
500hPa @& & [H UM O TE L EE50hPa & & (8
B3z 20°NLUL) 2 W T SVD B 21772 55
N72SVDE1E—FR 2SVD -1, £2 - %
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SVD z50-2 £#3 %. 10K SVD z0-1, H11EIC
SVD z50-2 9. MOFRIZEIFOE 3, 4 KicH#Ed
28, T3 EDOT, ETHHITE LIBAI
Wl 5 % (1 %) k¥ THE 2 HHBMRENZ0. 355 (0. 456)
Th5.

SVD z50-1 ®50hPa & E D 2[5 —> (510K
a) &, 60°NLUbDMEE & hi&E20~50NH D > —
V— e RF—2THY, BEY =y bOMIL L ERGE
Yy hOFHE (FZ s D) 2ETROHRK
O ERYT. TD%E— FiF20°NLULT50hPa BES
EEROEBDIZTL A L0%ERHHAT 5. EEHOEH
W7V =Sy RtE» SRy XY 7 EIch» 1T T
140m DAE (FHBE%%%0.6~0.7) DAaREZ2RL, HF
ERTRL TV DEREIRFVRRICL> TV
23, 30~40°N O#EE M - OMEBIMREUTIZIZ £ T0.6,
3—a v S TI0.8ICEL T3, Zh &£500hPa
FEDZEMNNY —EIKDb 2T 2L, ZDE—
R D3RO0 LS 0 & TFE AR BRI 5 1 T D EAMIE
EHEEEIHs»THSE. LVFELIRZ LY —
YIURERYRYTHEOBERT, 3—ov/SRk
B, mE7O7, 7 AV IRFOEELFITEEA
£ #@OHHh50hPa £500hPa T—H L Tw3, Ly
L, 50hPa @ED A & D REH AN —RRIC % 2 55
BH Y, JbATFEERE & 4 A E¥ATILD & 12500hPa
BE L OFEB—HL &\, 500hPa HE D VARF i3
11.7%TH 5.

SVD zs0-1 LHiHID SVD ssr-2 D500hPa & E D /3
F—r (FI0Kb eEAIKa) FEHTHLIBUTYS
B, SR ERET B &, SVD zo-1 Ti& SVD ssr-2 1
WU T 2V A O EMHBESRRHL, HyRY
7 OIEMBENIEL o TWw5, ZREBTRRVLD
D, FeMavFE2Ma TR FERBOE
EHOERERZ, H10-a iz oniw,

—7, 10K c O BBEGREKORRIIM O
0.818TH 5. K& B3 L, BifRDO50hPa & & D ER
fRENZ1960FERE D S b v v NIz > THIERIT
3ODIHH B DixtL, 500hPa B (5£45) 131980
FERFEOWLRZ L, DTFLICISIESEDHEEF -
TWnw3,

KD SVD z50-2 B %3 &, 50hPa FE D%
Rty —> (BllMa) WEEY Y 7~Jb AR
g —a vy N EoAMEBEE, »F SIE» SR
T COEHBSRSh, EXRMICIIBEEZ®E L
THBEYxy b 2FHZEATH 5. H11K b D500

12

ZBRIZ B IBEDKRR - BEORAHEESHOHHICOWT

hPa BE ORI, EEREEOFROESE, JLATFER
W 54L7 2 Y B OFEFIRD 85 — >3, 500hPa &
BB TDOSVDssr-1(E 3™ a) IcEEM 3 5. SVDzo-2
D50hPa & & £500hPa /& E @ VARF 13 3£1210.7%
Th3. FlXK c O=D>DERTIL, tHBH0.828 1964
51977 IR E .

500hPa & & & 50hPa & & © SVD & — F QKR 7
&, BiffiTH S h7:500hPa EE & SST © SVD £ —
FOBFRY L 2 BT % &, [FU500hPa & & D RER
RENCBIL Ti&, SVD z0-1 & SVD ssr-2 (810X ¢
L4 c DEKREL) OXIET 5314 THIEI0. 946,
SVD z50-2 £ SVD ssr-1 (8811 ¢ £ 55 3 X ¢ DEK
1) TIdHERH0.959 % K>, [H UBORBGRE Tldk
<, 50hPa & & SST Df7E &, SVD z-1 & SVD
sst-2 (810 ¢ & %5 4 B c OBE#RREL) T0.548, SVD
z50-2 & SVD ssr-1 (511K ¢ £ 86 3 X ¢ O#RE L)
TIX0.790& %%, 2D Z L ZREBEOEE O HERR
HEVPEFICTIE 2 S IREE A U THEERE S SST
EBMRL TV B EWIEIRTHAR L F 2 5. 500hPa
EEESST DT 7 SVD O#ERE2HWIEBE I,
SVD z50-2 £ 5 7'-30D SVD ssr-1 £ D500hPa & EiF
R (Bl c L% 3 XM c 0FEFERT) CTHIEH0.979,
50hPa M & SST OBFRYI (Bl1IKc LHE3IKc D
BARE L) TI%0.807 &, FIRED SVD ssr-1 %o 7o 85
A& HRRHBENEY, L L SVD -1 77+
1D SVD ssr-2 OFBEFHEIOK L 58, 9 KD500hPa
FEORRY (£ TEKARL) oFTofMEikzhE
10.919, 0.937& %D, 7% LD SVD ssr-2 DHE
Vb IFrIEL 23,

LIZBT, ZIZTHRBIRRS ZWH500hPa &E &
50hPa HE 2Kk > BECT 7 SVD B 2HWTH,
2~ 3 »AFH#EE AW 2R D IZERLERIIEO 0
¥, VARF O3 FAFHBORICRIAE N, 202
LR U e RSB T OB ORI R 7 — v 28,
SSTO#FN IV HbIFZPIZE NI EERBLTWS
LRonD,

5. Hmrxen

INE TIThbhIHELS, BHEKFEHED SST O
ZENIBED ST EORBA 7 — v TILHEERDOKRK
ERGCHEREZ 5 ZEPHSLICESTVS, T
b b BEKFRED SST O LA S IIEEOE L%
BLTCEXORIDOBESICEEL B2 Nitta and
Yamada, 1989 ; Lau and Nath, 1994), JtAF#:H

YRK&” 44. 8.
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AT AV HEHh T TEEE T RAE—HOEEIC LS
BESDRZE /<% — > (Wallace and Gutzler, 1981 ;
Barnston and Livezey, 1987 ; Karoly et al., 1989) %
bleoTLeFEZLNTVS,

DI BEHISST 2F-7-SVDE 1 E£—F
TH2 SVD ssr- 1B EBZHNTHBY, BESHD
RENRY—> (FE3Ma) ThETRani ENSO
S THAR T LILERORE L RS —HL T3
(Bl 21X Karoly et al.,1989). SST 2#»BEfTX ¥
7285E& D SVD ssr-1 O SCF, VARF, » D&/85 X —
F—ERL, BHEATEE SST OB T Z & (58
6 b), #iz SST BAKIEN S ARIZT 7R E->
TG EEBESES L EETED) 5, Z0E—
FIZB W T AFEED SST ARSI HT L Tk
L, RRFERGICRHEREZ THWE I LR sh D
B, IDILRINEFTRENLBERERSEEST S,

Z 7 SVD AT BT, SST BARRIGEN 2 FH
o7 REBE, BIKDOEE S >~ Nt L higEdL
KFFED SST OHEBEDE E 3 2 & ik, B KT
SST il S WL LI KKBERD, Esi2Zhsd
RO SST wHEEE5225 2 2RBT 5. JLKF
HOLWNIHED SSTEFTIZOW TR, KREBBRED
b &> TED s TBOFERSS, 81 ICHEE -
BT 7y 7 ADFEE, 72 FY 7 OEIC
L 2BERBOMIILBEOME (Tokioka et al.,
1993 ; Iwasaka and Wallace, 1995) ®ELFiES = *
NE—DINC & ZBHEREGEOEE Y (Miller et
Al 19) W E > TERILL TS LBIRTE S, /-8
WRPHEP OBHA V FEE, BHRBEEAND Y +—
A—EROZEAEB L COBEDSEFEELIDLILLE
TNVEE»SIEHE L Tw3 (Latif and Barnett,
1995). —7%, Kawamura (1994) i%, 1955~19884ED
H¥ SST o[ElEx EOF (R-EOF) f#ff 2174w, Z
DM B WTE, H 1 R-EOFICENSOIZ >
SST Z&2%, 82 R-EOF 12134 > Py itk
THEOBHSOEENRZ 2 L E2RLID, B2 R
-EOF ®ZEf),$% — > (Kawamura, 1994, Fig.1TF)
FREBHFRAFEUATIETRD EBLIITHDY,
UL d &< R2 ERMBEATRE b T IEDMHEE
HBH, DI LiF, BERKTEROEEFCPLPENT
A Y FELIRFRCARCRENRELDH D L\
BIHOKBREEELET 3.

F1Ka, brFEIXa, bEMlE, BKRY (B3
C) D1I76~TTEDEALIX, SVD ssr-1 53 ENSO @

1997 €8 A

BRI 7 —VOEENINZ T, B AFHESST O
FTEX T — VO & D LEROAKERS
DEEFEEATVS Z L %2RT, BHEAFED SST
DZAbiX El Nifio O HHBBEE N Eb 78 w5 &Y
&, Ny 275 FOFEHRENPED > TWS &SI
R % % (Graham, 1994). JLRK¥EEE O SST 8 2 B
R 7 —VRlicg8x7z Tanimoto et al. (1993) i,
ENSO A7 —n & +HER 7 — NV TEB DR/ S5 —
VBB LZEEREHLTBY, KREEESET IV
DEHBSOER»S b, EFVENSO L 2h & B
BB NS — VB R OB ER T —VOEET, ¥
WHEE TCORR L BHEOBRBEL > T3 2 e
THEhTWw3 (Yukimoto et al., 1996). Z ZTik
P ESIBEA SRV, ZOE—RRDOVTESK
BB D 52X 7 4 v 8 — TR S CHRERE
AT —NVESGEBLUTIROEI CLHLETHS D,
FhTilR, 2ZTHEELTWS SVD ssr-2 DE1bi
ES0IEBHER>TWwaTH 3 D 0 ? i TRz
o, KKEBRGOREZ F4Xa) &, B
HEE THEFSDOY 7N bo>TEY, JV—>F
YR, d—uyN, BH7Y7, BAGECHEEOFL
PHEL T3, EREEAIEROAICEET % &,
Z OZEhiX Northern Atlantic Oscillation (NAO) /¥
& — > (il 21X Wallce and Gutzlar, 1981 ; Barnston
and Livezey, 1987) L LTHIONL AT Vvatxr v ay
N = ERLIBITBD, BRIITRTH1989FLIRE
DOFED NAO 7y — > Dft (Hurrell, 1995) &7F
&35, L, NAO L i3B% Y, SVD ssr-2 % SVD
z0-1 DEEBD /Y — AL KERER 2T Tl { F
HRZIEDBD ZRL TS,
KEMHITLTEILL SST BSBR TERET 5 /5~
DT %> 2 SVD T, £FXED S5 SVD
ssT2 CHAS N 2 EFHEIIBERL, SST DZERN
F— kbR E cEE R HESERS (B9
Mb). —F, FSSTHETTEHERIFTLEAL
SST iy 7 Fvidiewvs (E8Mb). ZhosDZ eh
5, ZOEBCBWTSST BEHWICELLTwS
EEZBLONEARTHS.
FEIXbDSST OFE/NY -2 H 2 L, LKA
HETHTREDICN~40CNFHEOIEMHEBE 213 & A TH
L&D Y, LR LRPFVRESH
BR—BLBENR S5, ILREFEORHI,
basin X IZE T 5 v 7 R & SST DE{L{ER D SVD
AT 21T - 7> Iwasaka and Wallace (1995, Fig. 8) @
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[U] 65N,50hPa vs Z500(DJF)
0

90E 90W

180
Correlation map of winter 500hPa height with
winter 50hPa zonal-mean zonal wind at 65°N,
based on two integrations of MRI atmo-
spheric GCMs combined to yield 19 simulation
years. Each of the integrations was performed
with the lower boundary condition fixed to
the observed climatological SST. Contour
interval is 0.2. Negative values are shaded.
(adapted from Fig. 11 of Kodera et al., 1996).

Fig.12

WREEMIL TWwa, Tokioka ef al. (1993) iF, K
K KFEHRES GCM DL DILAF#HED SST ZEFHDFE
A%, SST ® EOF » 5D a >Ry v MEWRTHH~, &=
BE (RER-EHE) OEIFC L 2B FERT T v
JADMWRE, BREDOTZ <Y RY 7 hDMEFHBICL B
FRRER OB WREKORER X BHOMEEHSE CRE
BEETHSL Z LER L. —F, Miler e al
(1994) 13 ¥5#: GCM BHIOE T 7 v 7 2, A, #HiF
HEDEEB L AN F —DRER S Z THA L TH
KENZWERICEREBTBY, SORTFTEAKOIELRE
EHH L AN F DO & ZBRRESBOEE D%
BYEETHLIEEZRLTWS, ChoDHERESE
I bDSST DIEEDFHMIERIMUTE Y, BEH
O  (BIRa) S FREOTERROEIE
o, HBEALTF ZEREEE ZEET, B -
BB 7y 7 AL RBAROBEIBIRORE»EW T
SST B%EALT 2 LR TE 5.

ZD & Dz SVD ssr-2 OEENL, KRFERBC L -
TEHINTWBEEEZLNDED, TRIDARDE
HREDEIIBRAI=ZAXLTHROENTVWEDIES

14

R

BOEM %M L TAERBE OBIRITE : 21D
2 BB S TWvw3 (Kodera and Yamazaki,
1994) 3, SVD ssr-2, SVD z0-1 ®500hPa EEH D
ZERIN Y —> (B 4Ma, FIOKD) BFFERR T —
DL BF-oTBY, IhE Tra3hlEKEROE
ROZEE & RO WHTRE ORZE/ ¥ — >~ (Kodera
and Yamazaki, 1994, Fig. 4 : Baldwin ef al., 1994,
Fig. 3a ; Perlwitz and Graf, 1995, Fig.4c) &, Xw
—EBRoN%. SVD ssv-2 & SVD z0-1 2B L 72
BR»S, ZhoRon 3B EESORIRFE
BOBEFBED S — Y — « 85 — %, XFTERK
BEOBEY v bOEI ORI HBRLIZDD &
EHZBIENTES.

BRIZ T TRAARKBERESE T VICBVTH IO
BoZE#hRE S TWw3S (Kitoh ef al., 1996),
BEY =y P25 2255 R 300%1LI, KR
HDTFT %5 ) — OGO & 2 EEHNK
&V, ZhZEDOFID I KERE O E&EE M TR
WEHZ, KA TED S OEBBIHICEELICS (R,
FEDS S 5 ZHEE T, ZORERIRBIKREATE
WETREEVWSIBETHZ. I 2bbHEBRRET
EORREELECBVT, 77325V — LR
OMEMERI X > T 2@ L THET T 2 REEH)
E—FNLBERT2ZL08TE5%. #lziE, Kodera
(1995) i%, XA ORI HRAERDES 3 % H ¥y
EZHWIEREOF ##ific kv, Z0&5%—#HD
EEBEROHLTRLTW S,

b L SVD ss7-2 % SVD z5p-1 CRES L 2 L EDS
KLIAEDOIIEHIRIC L > TRIE S W 2EHTH 3
EThiE, FREFNEL 2 SST %2 TEER LM
ELTRIAERETNVERESLTH, FARLEED
EUL23TTHD. FBL2KE, 2DO0OKERET IV
(MRI X7 FVET N, 77V v FETIV) D10FERESS
DEREZHE19Z (0K +9K) DT —F BT 3,
BRIEEY = v F D3 E (65°N, 50hPa DL FEIHPE/H)
EETFNVDOXFE500hPamE & OB 2R T
(Kodera et al., 1996, Fig. 11 X v). 4 Ka, %10
b EFFE R EE Y —VBREENSE.
DZ X, SVD ssr-2 R SVD z50-1 DAKE DL/
5 — VBN EF T — N & U THEET % aJhet: 2545
53D ThH5.

SST % {#-7 SVDE 1 €—F SVD sr-1 £50
hPa HE %2 -7 SVDE2 €—F SVD z0-2, 3

KR 44. 8.
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Wi SVD sst-2 & SVD zs-1 82 ZhIEH W B <
MIGL T3 Zid, Hiffioko D iRl T
RUZBED TH B, SVD ssr-1 & SVD z00-2 D500
hPa BEOHFERREIL (FE3Ma £ H1IKb) T
TR EEHEL TH 3 £0.922, SVD ssr-2 & SVD
z0-1 (B 4Ra LEI0b) TIX0.919%, ¥b5D
E—-FHITHED THO—BBRONE. ZhsDZ
L5 SVD ssr-1 & SVD zp-2, SVD ssr-2 & SVD
zo-l BENThARTE L BERBE2ED, —2RMBY
DEREZELINETCRTVWBEFEZLLI ENTE
%. Pz Kodera et al. (1995) Ti31958~19944FD
£ ZF50hPa BEDE 1, % 2 EOF E£A4 £ 500hPa &
B, SST ORFHEMEARZ/RL T\ 528, ZDERYIR
RN — OB L I TCEOUERE—RLT
W3 KRR TEBET R E Z ki3, 500hPa S & SST
D SVD TR TH THREE» 5B TH, K
7 A VE —Z DD ARBRISBIEE R WEL DL
BMERZ G5, FIZRAIC L S CEEEET 2250
E—FBHHTEZ WS 2 Th3,

ULEBET B L, SVD ssr-2 R SVD z0p-1 12 E 5
Z 5 NI80ERKDOEIZ, TVERDELEIZELD
B O SST &) L B BEFRRVWEE IO NS,
TR ZDE— FORFEA Ty — V2RO TWBEDE
%95 ?2EIE SVD ss7-2 % SVD z50-1 BB KR DHNER
EENCEELIE—FEFLEWSI 2L, HFTLHZ0D
HERS VS AIRBIB LW ZERERLEZWL, 5t
Hohb o B/E Ty, KRONEHLRHRC X 3G
BELT (1) BE»Ed %5, bswix (i) $#<
BBEVRI2DODIA FTOFRBOESL oL i
ZORFL B2 ENFEZS5NS (Kodera, 1995).
213, KIUMEKIC X 2 = —a VA nEsshib - 788
IZ1E, BiENHEL R A E— RNEAS 2 L ERESh
Tw? (Kodera, 1994). [Ekkic, SST o%&fby, E
BRHCZOE-—FOLEL Sh—HOKRKEREN LD
BhRF 3w BEEED 5 5 (Kitoh, 1988).
botd, ZRIFSSTRFKEST, WAPEKLA
BRHRERIZLS 5.

SVD sst-2 B % 3 1Z SVD z0-1 DBERT] (55 4 K
c, FIKc) KBWT, FXOEHH LY, 10FHRHK
HEVWEF MY FBEBLTWSE Z L}, KKEFT
BATSOEEERETE 2 b0 L OHEERABD
BIEERBLTWS, Ly Rid, ABEEIC
X o BEEH OB L OBERE 2 S ¥ 508, FEE
RO 77—V O BREEO—E % R T 2 Ak

1997 £ 8 A

HbH5. 0L BREE - NFEEORBYPEH D
BX Ty — v Mlic k> THRESR TW SR EWnIS R
B, BB &L CIAFERREBEROBHEEHO
FROFA L AT, SHROTERED 1 DOFESRL
BBHTHAS.

E

F—y RRELTTE sk~ Y EEKRY, S5
FRREEE BEROBREOH 2 BILBEL LT
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Abstract

Long-term variations in the lower stratosphere, troposphere, and upper oceans during recent winter
seasons, and their interrelationship are documented. The two leading modes of the interannual-interdecadal
variability are extracted using a singular value decomposition (SVD) analysis of the unfiltered Northern
Hemisphere (NH) 500hPa height and quasi-global sea surface temperature (SST). We also conducted a
SVD analysis of the winter 500hPa height and the lagged SST to get insights into their causal relationship.
Then, we investigated the relationship between the tropospheric and stratospheric circulation using a SVD
analysis of the unfiltered NH 500 and 50hPa height fields.

Highly significant correlation is found both (i) between the first SVD mode of the 500hPa height and SST
(SVD ssr-1) and the second SVD mode of the 500 and 50hPa height (SVD zs5-2) and (ii) between the
second SVD mode of the 500hPa height and SST (SVD ssr-2) and the first SVD mode of the 500 and 50hPa
height (SVD zs5-1). SVD ssr-1 and SVD z50-2 capture a striking ENSO (El Nifio/Southern Oscillation)
signal. They also capture stepwise interdecadal rising and falling of the tropical Pacific SST and 500hPa
height over the North Pacific, respectively, both of which occurred in the mid 1970’s. The lagged SVD
suggests that the enhanced westerlies over the North Pacific forced the cooling of the underlying SST. The
associated height anomalies in the lower stratosphere are characterized by the zonal wave number 2
components.

The other mode of the global variability represented by S¥D ssr-2 and S¥VD z5-1 may be considered as
the internal variability in the atmosphere. This mode represents the variability in the strength of the winter

stratospheric polar vortex, and it is characterized by the tropospheric North Atlantic Oscillation (NAO) and
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distinct height anomalies over East Asia. This mode also influences the mid-latitude SST by changing the
low-level wind. The associated SST anomalies appear as a meridional tripole pattern in the North Atlantic
that develops from winter to spring. The time coefficients of this mode exhibit a predominant decadal signal
superimposed on a linear trend, with an abrupt sign reversal at the end of the 1980’s. The presence of this
mode may suggest a possible link between the atmospheric internal variability and anomalies in the Earth’s

surface conditions or somewhere else in the climate system which acts as long-term “memory”.
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