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MR E— FOFER BB ER LA, EBAROMNEMMIZIIA—R 5
V7 ORTERERENRET S, TNIZOHRATOT 2 vy ¥ IRIEDORELE
f’T 5. TOEREREDOIIRME IZKEELREICHEETT 5 RERER 7000km O
WEEQAT—EXBELNE, WER o AU —ERHR, B IN D ISRV ERE -2
DILOESERTH Y, FEREREENRBE D,

F—T—F: B|RE—F, HFREBYFWO AU A 3y, BHER, B¥R Toyxr s

RENBETIBRICBLTRERIA TV,

BRE— F (LLT SAM) 13 LF/i F R ME T
HBLFEEHNEH TH S (Rogers and van Loon,
1982; Kidson, 1988b; Karoly, 1990; Thompson and
Wallace, 2000 ), SAM OEBHIES = OIS
B1%%& LTV 5 (Yoden et al., 1987; Kidson, 1988a;
Nigam, 1990; Kidson and Sinclair, 1995; Hart-
mann and Lo, 1998; Itoh et al., 1999 Lorenz and
Hartmann, 2001 ), B =y FAEBIKIZEBL D /2
BAEXLVIZCHIHE (UTRIEZ = — X LFES),
HEMEIL L OHEERATEOBRRMALBERRE
RIMERFEN 5 Z &b - TV 5 (Robinson, 1991;
Yu and Hartmann, 1993; Hartmann, 1995; Robin-
son, 1996; Hartmann and Lo, 1998; Kidson and
Watterson, 1999; Limpusvan and Hartmann, 2001;
Lorenz and Hartmann, 2001 ),

—77, MRE7 = — A OBRBRICEAL T E
&L DI Lizbdro TV 2Ly, Shiotani (1990) <
Kidson and Watterson (1999) i%X SAM DFEBITIX
EEOEHE T 5 o7 ABEVBETTHIILEZTRL
T3, LHLEDX I REEAOCEHET S o7 X

2 [IBS:E# 3 53 3C (Shiogama et al. 2002b) (231>
T, BRAIZEBARBICL ~THEE e At —EKOE
BREETHHILEFRLE, HEEEL T000km
ORETHHEER D A —EY, EXFELTED
EEBEZFRERZICHKAIED Z LT, BAXE
BBEROBLICBITIEB AL R S-T S,
FREM & BEBBRICEL T, ThE ToHRAUN
EENL TR XV IBRENSEEREFI* R
T RIREMEN R XD, Hirasawa et al. (2000) 1
1997 4£ 6 AICEEREIA F—a 7 P THAIE AT
TevX o SEREERK L, T ayFx S
BEREREEE e AV —EDOREDEGRIZHEN
TT7UIOETEREN, BEKERSOBRES
TEALTWA, BIE<ETADRATE 7o v
FERRERXEDHE. 5-6 BMIZhbE-sTHRL, T
IV EDO R OBEEWETH L -, ZOEFIZEW
TiX, 7oy VBRENEERKELICRATS
KO RERMEEBARE WD, EEREL
TIELIELIE e o3 U 7BRESRBAI SN TWVS
(Hirasawa, 1999), #ll s 5RER & BHEA <V
FDS L, ENFEITORIELONRTa vy F o IHR
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The principal mode of the empirical orthogo-
nal function analysis by the covariance matrix
which is made for the variation of the zonal
mean zonal wind in the height-latitude sec-
tion. Variations are beforehand 10-day low-
pass filtered and weighted for the zonal length
of the area and the uneven spacing of each
pressure level. The percent variance explained
and the sampling error according to the North
et al. (1982) test is given at top. Solid con-
tours indicate positive values, and dashed con-
tours negative one. The contour interval is
0.002. The zero contours are omitted. The
areas with positive values are shaded.

FEOEBIZEDLONEHHITHED Z L ITHE
&V,
ARTITEIT B BT, BHBICDEARERK
DF—ZNLFREMEBRBBONEELRETHZ
LizhBb, FORIIBIZITe vy X U FBEREORE
THEBEREERRR TV, B28iTT—%,FE
BIUOFREMEBEBREOERICEAL TE~5%, #
WORFIEIBIHTTRT, T TIRETEHIRTE
T35, RIZEHROF—F 2B -aryR®RYy ME
WORBRIZHOWVWTRS, BRERIZTa yx o IBRE
DRAEREPRD, BRIIFLAHTTT,

2. T2, FEBLUERZEBOEE

National Centers for Environmental Predic-
tion / National Center for Atmospheric Research
(NCEP/NCAR) OFE#EFTT — % 2 A5 (Kalnay
et al., 1996), MRREITREREL L 25° 7Y v K
ThHhdH, HERELFE (68 A) DTF—F DA% 1979
FEND 1999 F£0 21 FMiCb>THITF 75, &
ELBHEHELZHAT IRERIIEFARTOD
CHLERBEIINDZ 5 AL I AT —F&EMT

Distance between merged clusters

Distance (m)
g

11 13 15 17 19 21

Stage Number

n

Fig. 2 Distance (m) between merged clusters as a
function of the stage of the cluster analysis
are drawn by marks and a thick line. Devel-
opments of low-frequency 500-hPa geopoten-
tial height from lag —10 day to lag +4 day are
analyzed by average-linkage-clustering. Thin

line is an approximate exponential function.

NO DATE CAgter N |
1 27/6/1980 1
2 2/7/71982 1
3 19/6/1983 1
4a 21/8/1982 1
5 10/6/1986 2
S 14/7/71986 1
7 19/8/1986 1
8 23/6/1987 2
o 26/7/1987 1

10 14/8/1988 1
11 24/8/1989 1
1z 5/7/71990 2
13 28/8/1920 1
14 11/6/1991 1
15 14/8/1991 1
16 5/8/1993 1
17 9/6/1994 1
18 7/6/1995 1
1o 24/6/1996 1
20 30/7/1996 3
21 22/8/1996 1
22 17/6/1997 1
23 15/8/1998 3
24 16/7/1999 ES
<S5l __8/8/73299 3

Table 1 The key-days of equatorward transition
events are listed in the middle column. Clus-
ter number of each event is shown in the

right column.

%, [UEEFHETOSENTHRRESE» O OTH
BETL > TTF—# 0 bRETSH, RIEEREETT
KDEH2HB6ND, AV F—HD 21 FFE
BE2HET S, E6IC31 ABBFEH T NI —%
»r B,
EEOEH(ZZTiXa &T5) %22 2O7IC
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(a) 31 May 1991

(c) 2 June 1991

« -

(b) 1 June 1991

Fig. 3 Synoptic maps of quasi-geostrophic potential vorticities and horizontal wind vectors (ms"l; scaled as at
the bottom of the first figure) at 300-hPa surface during (a) 31 May 1991 to (1) 11 June 1991. Contour
interval is 5-10™% s™*. Please see text for more details.

ST B,
a=arr +agrr, (1)

TZTarr & agpr RENRTN 10 BRAME X
SR T ANET— TS THD, LT arr 8
X Wagrr #FNTN REARRS, ERAHES &
T 5,

HERMEILIC L 2EEREH AN EARAIT Lo TR
¥» % (Nakamura, 1992),

8Z _ f._ =

IITV EC BERENEEMELOKERSS

P EHRBETHY, FELWgiTa ) AV R5
A—F— L BAHMEEEZRT, £l —ET7 9
TNERZEWRT 5,

7oy SERIEDRAEET Trenberth and Mo
(1985) NDEBEAFLBLELOEHAWVWTHENS, &
AR Z300Lp hroROEND, TIT Z300Lp X
300-hPa BEBOREKST TH B, 8 T Z300LF
MHED 31 BBRETFHEZRV L DOE 23007 &
3%, RIZ Hirasawa et al. (2000) (Z{fi>T Z300% o

IZsin45°sin™' ¢ DEHZE T B, 72750 ¢ ITHRE
Thbd, FLTEHAT 2300] , DKXE S EH,
M5 AL LT /2o T 100m L EDfEZEZ RO L&
E, FOMEATIETa o IFEIUENRREEL TW
L35,

SAM OELE2FTA VT o2 i, 2L OHE
EERICKRDOLSITLTHLND ( Yoden et al.,
1987; Kidson, 1988a; Nigam, 1990; Hartmann and
Lo, 1998; Itoh et al., 1999 ), 7", HRFELHFRHF
1T 2 RBAMRSTORBEEN DT EERT S
WTsd, H1ICERSFIHLE— FETT, 40°S
L 60°S ITHDBEFFL, SHEICSHIREEMEL T
T, TOFE— FILE0H5ED 42.4% 25835,
FB1E— FOERDFRFICI0 BREHR T 17—
ot SHICEBLLELDE SAM X2 R
TA T v AE L, LT PCl EFEFRT 5.

PC1ZRAWVWTHREME DBBROREFERT S,
PCl1 BREIZKERMELF-OL X, BV oy MNIKEE
FOVLERELVICMNET S, BITAICKERER
oL &, BRREX YV IZMET S (c.f, Shiogama
et al. 2002b), PC1 #3+0.5 25-0.5 T TRV T 5
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() 6 June 1991

(h} 7 June 1991

(i) 8 June 1991
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Fig. 3 (Continued)
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Hirasawa et al. (2000) THEtF Sh7=FHIiX, T
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Lo THET B, 77 XTI A N 572
EENTEET 5 5, Wilks (1995) DR (9.77) I k-
TR 63 Average-linkage-clustering & AV 5,
I Z iz EEH 500-hPa BEH D lag 10 B2 5
lag +4 BIIOTTORBRRBE 7 7 X7 —53HIC
MNT B, FOAMI,20°S LV IkDF—FIIBRE cos ¢
DEHBENT D, FAT—UTHEHENL 2D
S22 —[MOEBEL K 2 (ZRT, T KERLE
RTW5S, BEIIAT—U 23 LI, TP EREID S
BEIZKREL D, ATF—V 2 FTICENINT
BoTWA3BOZ ZFRAF—BEhsr—AEIIEN
Fh1933BTH D (F 1), LATTiZ,19 EOEH
PEUROOZ TR —ICBTIBROIZETT,
ZOBEORERIIE 25 EHE AW BITHERLE
BHNTIZZE D L 22V (not shown) 3, FHAF B

BEDIZ-ZTH LTS,

BT LasR Yy FEHELTW IR, v
TV TRERERRL IR EDIL, ETHLAKE
TFAREIZEDHIE2BD5 BREICRKIT2EHEET
B, ORIy FHIZ 95 BREIDY 7
ABESH, FOPITIZ 19 EHENREEND, UL
TIORRBFERIT, S E TR ENEESLE
2TH, KBTI L2V,

3. #®R

a. BOIRRT

IXLHIT 1 >OEFIBFORBERETRT, mEND
FHROEBERIZI91FE6H 11 B8THS, ZDF
FHZ 1) 5 300-hPa EHBEIRAL (g300) DFFEIFRE
¥E3iz#<, 5 A 31 B»n6 3 RIIMNTTEREAMN
EEDOV vy CABA o FELEFEELTVWS, LM
L 68 3B FoREFERRIIHHY, Taox
TEERE~NEEDL->TWNE, 7 oFr 7HREA
X6 A5 BETW-L BV ELERFA~LEEATH
Ko 6A6EHMNLSTRIZMNTITAIZES mEIEMRE
BIZE-T, EBLEEICHT-ERSFEDKRE g0
D—Ef (B) A=a—Y—F > FORIZETE & H
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Lag (day)

Fig. 4 Development of zonal mean quasi-geostrophic potential vorticities (10°s~!) during a case of transition
event, whose key day is 11 June 1991. Y-axis is lag day from 8§ June 1991.

Eh3, 2HLTRELEZNZ 7B OBAY DEKE
HRERIT, E6CTMC) vy PC2EVHT, Th

CHOBRIITa X SEREARTRICE LR
AC—EFEHBELTHEZLERLTNS (cf,
Nakamura et al., 1997), Z D2 R E—EFIDORE
K234 ThH3,

6 A9 AL BIZTREMCYBEESN, FIZ T
7C BEBLEZIZEALTV, ZOZ EBHR
EH LT g0 OHTWIZEDE I R EkELLT
MEFALB (Fig. 4), O, BEZLOEKDE
WEZRT BT, ga0 12 cos ¢ DEHZE T TH
%, Lag -6 B (6 A 5 B) TIX 60-65°S ICADEKX
B35, BAEIZlag 28 (6 89 8) LIREE
ERCBEL, REMEEBEBE TSR TFERL
HrTWs, RERTIEFI7Bitlag-2H (6 B
9R) SN TB0°S Mgl b, YUEDXDIT
HREBHRZRIT 2 BAECB XX M T 7B DR
ER~DBE, IEEL X< —~&T 2, LEd»>TH
5 7B BREELENLERERMA~E OIS
i, EREEOFHTRTD gzo0 PAHERELLE
fLEEHETOXBERELLEBELOND,

FF 7B BERE~LFEHENDIFEEEZ 2L »
DRA—R NSV FETRELE uy R 0E
&KJEA Thot-, Hirasawa et al. (2000) » 1997
E6AICBITIEFATIIT e v X VBRRERT
ZYAOENLEBLEECBALTREY, LROF
BT OFER L IZRR D, LD LIZOEFIIHBNT

L ey S BRECEBLEE~OBEANREET
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b. A LRI v MR

RIZa VRO y MEROEREZTT, K51 300-
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i, FRZRYBAL LI CERECEDEERE
BROLN, BV oy PPRBEEL Y VEREMCS
BIEERLTWS, A—ZAFF U TORMNL P
KEHIIHITTORBEICIX, BY =y MBERY
Pzy FPhLEENTEELTEY, Wbwas ¥ 7
Vzy MEERRLND, TAH 20DV =y FD
M EELRPRENEET S, 2 BILRd &4 —
ARSYPma—I—F  FIEOBY =y FH O
X, 4 FELORBY =y ha7#d b 120°E L
THYVEESND, YIVEINHOMIIRLIZHE
D, +2 BETITEEREVEREMRIT R 25,
BRI A o FEOBY =y b a7 itk 4 ICIEEE
~LENE,Q0°E THEBF V =y P ERBET D,

X 6 &[4 7 (2 300-hPa,500-hPa ¥ L U 850-hPa
BRI AEEREHOIVERY v PETT, 5K
FHOGERESOESIIFEEICLB->TBY, R
EREBLARNEMBERBRTHD Z L 2R R
LTW53, D= LiFRIZ 300-hPa EiZB i 5K E)
DL ETIET B,

-6 BIZBWT, =a—Y—F  FOBIZEDBE
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(f) +4 day

Fig. 5 Contours indicate the averaged time evolution of the 300-hPa horizontal wind velocity during the equa- '
torward transitions. The wind velocity field is averaged over each 5 days that are staggered equally by 2

days from (a) lag -6 day to (f) lag +4 day. The contour interval is 5 ms™

1. and the contours less than 25

ms™! are omitted. Areas shaded lightly (heavily) indicate where the differences from climatology exceed

positive (negative) significant level with the 90% confidence.
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BB LEE~EFEAL TV, AELZESENR0HE

—280—



(e) +2 day

(f) +4 day

- Fig. 6 The averaged time evolution of the 300-hPa geopotential height anomalies during the equatorward tran-
sitions. The geopotential height field is averaged over each 5 days that are staggered equally by 2 days
from (a) lag -6 day to (f) lag +4 day. Solid contours indicate positive anomaly, and dashed contours
represent negative one. The contour interval is 25 m, and the zero contour is omitted. Areas of shading

indicate significant with the 90% confidence level.
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(a) —6 day, 500 hPa (b) —2 day, 500 hPa (c) +2 day, 500 hPa
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(d) —6 day, 850 hPa (e) —2 day, 850 hPa (f) +2 day, 850 hPa
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Fig. 7 Same as fig. 6 except for at 500-hPa surface from (a) -6 day to (c) +2 day and at 850-hPa surface from"

(d) -6 day to (f) +2 day.
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(a) —6 day ]
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(b) —4 day ]

(c) —A2 day _
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" Fig. 8 The time evolution of 300 hPa geopotentian! hight tendency anomalies (mday™') induced by high-

frequency transients during the equatorward transition. The tendencies are evaluated over each 5 days
that are staggered equally by 2 days from (a) lag —6 day to (f) lag +4 day during the poleward transi-

tion events. Light (heavy) shading represents positive (negative) tendency anomalies. The contours of

geopotential height anomalies (same as Fig. 6) are superimposed as reference.
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-Fig. 9 Vectors display the time evolution of Takaya and Nakamura (1997, 2001) wave activity flux anomalies

_2.

(m?s™?; scaled as at the bottom of second figure) associated with low-frequency transients during the
poleward transition events. We assume that the wave phase speed is 0 ms™! and the basic state is the

climatological ambient low. The flux are evaluated over each 5 days that are staggered equally by 2 days
from (a) lag —6 day to (f) lag +4 day. Contours show the 300-hPa geopotential height anomalies that are

the same as that shown in Fig. 6.
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Fig. 10 Total stationary wave number for the case when PC1 > 1.
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Transition Process of the Southern Annular mode. part 2: Equatorward Transition Events

SHIOGAMA Hideo*, TERAO Toru** and KIDA Hideji*
*Graduate School of Science, Kyoto University
**Faculty of Informatics, Osaka Gakuin University

Synopsis

Equatorward transition processes of the Southern Annular Mode are examined. Positive height
anomalies appear south of Australia at the first half period of the transition events. They are associated
with large incidence of blocking anticyclone at there for then. They emit new quasi-stationary Rossby
wave trains, whose wavelength are about 7000 km, eastward across the Pacific Ocean. Absolute values
of potential vorticity above Antarctica are decrease and the equatorward transition processes are carried
out as these Rossby wave trains growth and break.
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