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REAFEICPS vy 7EhARBHAOZAE-ROBEKRICOVT

R MW
FHRRFERE BT AR
E =B

REEH I trap SN AEEY Rossby ORBEERIIOWVT, Rl —H A ERSIC
trap SNBBERDB I LIZL - THARL, ZOKE. ERORERFEOTEHRBAT
FeSIIMIET D L) RERBREOL L TR, bAEY RO L, HERLTERZ
RER—DFDOLD trap BAFEEL VI Edbdhol, /o, W (A) EROBEEIL,
B EL B EREL (NEL) BB, T LTHRMNIITFE S h b REEE Rossby B0
i, BERRAE T - 920 BN BEDCEOSEN Y L {HBT S,

F—7-F: BHANLE, 02—, RIEAF

1. BUsIC

g o B SR R TR LB o Zo B B W T,
WK E 4,000 - 6,000km OEFIIKROEEMS (10
HLLLE) Rossby ##° trap SN ABEA LITLITER
Pahs, S0k 2R, RHERCFETR
BEOBIZB VTR EIC 1040 BEYF cERL T
%o Bl AT HEIROLFIC DV TIE, Blackmon et
al. (1984), Hsu and Lin (1992), Kiladis and We-
ickmann (1992) A%, W¥IRIZ2\>Tid Berbery et
al. (1992) AT L TV 5, FEROEFIZOVT
BB AL R b o 7225, i Ambrizzi et al.
(1995) Terao (1997a) % EDSEH L T 5,

BB Rossby A LIZ LIZRARMNIC trap &
h2BHIZ. ZOEITOERGORBERENHIL
55 Uly) »bEE &N 5% ¥ Rossby KORATHY
REFBOWASA K(y) (6 12 o (1.4) )
Lo THBEN S, Zhid, Hoskins and Am-
brizzi (1993) 2B 5 K, LRLIDTH S, RE
#] Rossby D EFEHEIE & LBV R, REEF
HETK >k ABTK <k £%5L5 5%
&. O Rossby HEOMEALEEIZRERFHETHE
B, BETHEML 22, 2257001, R
FAMMED K 5, FAEO K CBXTRE(R
TSRS v, 0 L) %8, RERFGED K
s, BEO KEhdRELEBEEK b %

o - BEY Rossby # DL AN F— REEF T
EIZER T2, Thbh, REEFREC trap 31
%, ZLTC. 20 EEE IOME TR, REH
Rossby #® waveguide & IE5, RERWIX K 2%
LIFLITABL Db REREZ D OMHAIH SR
THh b, KEH Rossby D waveguide &7 D
RFTWEEZLIENTES,

ZOEH. K B ERGOBEIE, E0®E
AR Rossby ¥ waveguide 127 % 2 &ER
FTAMDEFRELEL, L L. KEAY Rossby #
? waveguide 2% % & 9 HHRE—FROIERG LDk
HROEZEIIOVWTOERBITLALERTVERY,
ZOM%iE. EEH Rossby D waveguide (2% 5
&9 HRERFICBo L REFOERBETT ML
L7z B- FHEREOEE—FROME L AR P I trap
ENLEHBDLEDLIVERARNLILEE/LHN
ELTWE, £/, FITHBLALBOMSHE, &
FIREFRIZRONE 200 waveguide TETHE
AOMEOBH L MBIt B L, C0Li%,. A
WMoY Rossby HOEIERE2, Hoskins
and Kalory (1981) A3k, &% Rossby 053 #RBIFR
R 12 %5 ¢ ray-path theory 2% o> TBWHIIHAN
OhTE7, ChEREATORBHES LT
SR LS LiFLiId% &R T % (Hsu and Lin,
1992; Hoskins and Ambrizzi, 1993). Zh b & DB
BV TLHERT 5o

—213—



Fig. 1 A schematic figure showing the configuration
of three layer model. The zonally oriented re-
gion where U and K are large is sandwitched
by the smaller U and K regions.

2. T, COMETHVAERGIIOVTHHES
. 3. Tk, BERDELOCHCHELERE
BDEZHICOCTHESHBE IS, ThHEH
VT 4. TR, BHEOEELZ#ERI TSNS, 5. T
X, ATEORERYL. 7Y TEEO waveguide 1200
THRASNAERLOREFTabR, 6. T,
ray-path theory (233 < #gh ¥ DBRIIOVTER
T2, 7.3, HEOTLEDOTHE, FRARCEE
iz, 4RI TER SR,

2. EXRBOHRE

5% N chbb L. f-FHLOFEH-HOE
Kigr., 20 LCHETARDMBEELD, O
7 Tit, BEEY Rossby M waveguide & 25 &5
ZRERE Y ER T, W ODPDERFOBRES
Avd, WInbEEROSLE y =0 1285, &
it y = 0 K2V THILHRHICT R 2. RERD
RLICEBIEE b U bKREREE LD,

ERBREICRKRECHDIFITHBEOLDONS
5, 8113, RERT O waveguide DIRKILE RHT
AEHI, BBCEELLLLOTHS FElIE 2.1
THEEND), CORERICE-T, BOsbT0
Z2oWTORD R T VBRI RS, 205
SEFBI. wy) & Uly) 2WLICEDL I LITE
NRESND, H20ERERE (UT BS-2) i,
IOBREIGEVERLTHS (2.2 THHINE), =
OBEEABIZ. Uly) 2 EOHILIZL ) —B#IC
RESND,

WTFRAOERZIIBVTH, w WHhEWERHGETR
critical latitude AT &AL RELZVEIHIZ, £
foo EFREESME (Kuo, 1949) % i/i-8%wk)
CERGERELZ, BEMIIE. 6 > 0 22
U>0, LEH>T. >0

FRENIZOWT, BUFICSBEEML 5,

2.1 IBA{LE N REERDEKIE

HABD k £ U ZHEILCEERICEZ 5, 0%
D, Figl (CHERXMHICRLTWDE L) &, 3BHE
OEFFEH V. Thbb, REBRTEOMNEER
(ly] < L) b9hsBsEsR (jy) > L) Loy, #he
NOFEHIZOWT, ~FERFONRTA—F k L U %
M ICE 2 A, PEERE SMREIC BT 2D
DFBOINFA—FDEE, TREREF T L O T
EHT 5,

SEBLICHVEOR, Fig2a) 0L 2kk
BOINT A~ FBEDOHET BS-1 LHFIT B, £
7o, WEDIEV waveguide DOHAE L DHED 10
BS-2 % ([Uit%&Hs, Tablel BM), do&h Law
(waveguide HF D k DIEDFED /S \1) waveguide
DL L OB Dz, BS-3 % A7 (Fig.2(b)).
Wb 40°N @ waveguide #BEL TV 5,

%7z, BS-4,BS-5if, HEICHR 5N D waveguide
EDOMIEERARL OBV EESTH L, 4
i3 5.2 THHAT 5,

D EopEIkOEARY BS-1 - BS-5 DEETOH
k& U DEE, Yoy FOWR (2L) . BERE (4)
13, Table 1 & BB THb,

W2, # R0 robustness #HRAH 7010, EFE
DERBI, NS EBEROEMLEMZ 2HE L R
L7, ARBORMO/ Y — ik, Fig2(f), (g),
(h) O X, AWMBEBUCE 2580 (do(y)). #H88
HEIRIZH o T waveguide IZEWVH D (di(y)) L E
b0 (do(y)) ». SEHEAV,

LB, EETARERDIE, & IRRD refrac-
tive index K Li3R22bDTHHLVIHTHAS
(483 12 BIB), LchioT, ZD L) 2EXLTH
LARLERIE, KB TRRS, L VBEENLELRS
TRIEENDLEND D, L L. JOERBRE
k. RAEREHE D waveguide I trap Sh 5RO
BMARDL) A TCRIEELLBEDIE LU D
waveguide PIZMZ BT DI OS2 & bW RER
LTWE DT, ZhoDEOHFHFEEDHEILS
XAHBIOVWTRODLPNRTVERESFZAS
DTHY, BEETHb,

2.2 LYWHRRNLEKE

HABE U b, TRICRELTHEES K 128o
THRET S, BERHEERT 51010, MOEIC
EBEE U b= K) bRERMEICED L) IR
wEnDB, AEICHAVE0IR, Fig2e) lRLAE
K1 (BS-5) Th h, WILOBROEEE +£2000km
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(a)BS-1 (b)BS-3 (c)BS-4 (d)BS-5
2 T T 2 T 2 v T 2 T T
E 1 E 1+ E 1k E 1
g g H ; H
Z ot 4 < of Z ot o
2 2 2 ] H
E—! - E»I E—‘ ~ E—‘
0 10 20 30 o 10 20 [ 10 20 30 o 10 20 30
wind-speed({ms'} wind-speed(ms~'} wind-speed(ms™') wind-speed(ms=')
wavenumber (ot 40°N} wavenumber(at 40°N) wavenumber(at 25°S) wovenumber{at 37.5°N)
(e)BS-6 (£)do(y) (g)di(y) (h)da(y)
2 T T T T 2 T T 2 T T
—
s 1 E R 1 &'t E
- 3 3 3
g g H H
§ ok 4 -2 ol 7’: o § ok
2 2 2 2
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wind-speed{ms='} vatue value lue

wavenumber(at 40°N)

Fig. 2 (a)-(e)The basic states used in the present study. The profiles of the zonal wind velocity U and the

pseudo refractive index « are represented by solid lines and dashed lines respectively. The units of the

horizontal axis are ms~! for U and zonal wavenumber at specified latitude for . (f)-(h)The patterns of

the displacements added for U and & of the basic flows in order to assess the robustness of the solutions.

The unit of the vertical axis is 1000km.

Table 1 The values of U, , latitude and the width of the internal region for the basic states BS~1-BS=~5.

| K1 [ KO 1 U] ] Uo [ ¢ | 2L
BS-1| 8030|200 60| 40.0°N 1000km
BS-2 | 8.0 | 3.0 200 6.0 40.0°N 2000km
Bs-3 | 6.0 | 5.0 | 20.0 | 6.0 | 40.0°N 1000km
BS-4 | 7.3 |55 19.0 | 94 | 37.5°N | 12.5° ~ 1390km
BS-5| 7.3 | 3.8 | 33.6| 19.1 | 25.0°S | 12.5° =~ 1390km

BV, Y =2000km ZHWT

~15cos(2n(y — Y)/3Y )ms™}
(y>=Y/4)

Uly) =20

+5cos(2my/Y)ms™!

(lyl <Y/4)
—15cos(2n(y + Y)/3Y )ms™!
(y <=-Y/4)

LHobEnsd, B U oAl 25ms™1, &/
fliit 5ms™l. k OERAMIEH 7.9, FAMER K 2.6
THhbo %B. k13, Yanaiand Nitta (1968) I2&

AL RO B FEEHWT, U L 55
REL TV DS, COERGFEETHELBNII,
RO L) b EAGZAVALHETEO R ELE
BEEHATLILETH S,

3. BObBEDE

Edo k) ARG ECHEET I EBFEERD S
eoll, BTOLI 2 2208FE%A5,
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Table 2 The definitions of cases examined in the present study.

basic perturbation boundary | calculation
state s(y) Uly) condition method N note
Case-1a | BS-1 - - +oo LM -
Case-1b | BS-1 - - +4000km DM 40
Case-2a | BS-1 | +2di(y) - +4000km DM 40
Case-2b | BS-1 | +2dx(y) - +4000km DM 40
Case-2c | BS-1 | —2di(y) - +4000km DM 40
Case-2d | BS-1 | —2da(y) - +4000km DM 40
Case-2e | BS-1 | —2dy(y) - +4000km DM 40
Case~2f | BS-1 | —2dy(y) - +4000km DM 40
Case-3a | BS-1 - +4d, (y) | £4000km DM 40
Case-3b | BS-1 - +4dz(y) | £4000km DM 40
Case-3c | BS-1 - —4d; (y) | £4000km DM 40
Case-3d | BS-1 - —4d,(y) | £4000km DM 40
Case-3e | BS-1 - —4dy(y) | £4000km DM 40
Case-3f | BS-1 - —4dp(y) | £4000km DM 40
Case-4a | BS-3 - - +oo LM -
Case-4b | BS-3 - - +4000km DM 40
Case-4c | BS-3 | +2d,(y) - +4000km DM 40
Case-4d | BS-3 | —2d;(y) - +4000km DM 40
Case-4e | BS-3 | +2do(y) - +4000km DM 40
Case-4f | BS-3 | —2dy(y) - +4000km DM 40
Case-5 | BS-6 - — +2000km DM 20 | realistic
Case-6 | BS-4 - - ESeS) LM — | Asian waveguide
Case-7 | BS-5 - - +oo LM - | Australian waveguide

3.1 ¥ 10OA# (layer-method: LM)

CORiER kU ODEFZORT—REERDB LD
Lo orOBIERYELTRILFEL, ThE
OBRTHESEL BB L) &, »D waveguide |- trap
ENTRERDEFETH D, Lich>T, BEL
LA (2.1) Ko TOHERENL, BOKD
FZoW TR I6-(1)IR L 72,

3.2 %2 0OkE (discrete-method: DM)
ZMF#id, Yanai and Nitta (1968) I2fEvy, B
FEHFEC BB L HRRRICB Y 2 BoOREILHEE
& U(y) . FHORHEEBEICRE SO (F
% I6-QBR) LV IDDTHE, ZOHEERAY
i3, B Rossby WOMICINZ T, EHE— FiC
HITABEDEOTROLIENTE S, wave
guide 12 trap &7z Rossby HOBOHETIE,
LM OBERLBEIEA—ORBREPBONLRITTH S,

3.3 BREH#ICOVT
BlOERII, DTo2BHOVWTALTH S,
o WIREER, y=too THIAIEMR,
o EHREER, y==1Y CHEEOBILESED,

(a)1st mode P

-L L
(b)2nd mode

L PL/—
(c)3rd mode /’\ /\

-L L

Fig. 3 A schematic diagram showing the shape of so-
lutions. The shapes of 1st to 3rd modes are
defined in (a) to (c), respectively.

A 195 13 £ B,
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(a) 2L = 1000km/mode-1

12

N 6

00 2 4 6 8 10 12
kolat 40°N)

(c) 2L = 1000km/mode~2
12%%

z s

Dol /

_ )

4 6 8 10 12
kolat 40°N)

(b) 2L = 2000km/mode-1
12 T T T T
T ——10.0 \‘\\

Ky (at 40°N)

kolat 40°N)
(d) 2L = 2000km/mode-2

12 ey .

>

)

40°N)

ki(at

ko(at 40°N)

Fig. 4 The dependency of k on the variations of 1 and £o. The 1st ((a) and (b)) and 2nd ((c) and (d)) modes
for narrow (2L = 1000km, (a) and (c)) and wide (2L = 2000km, (b) and (d)) internal regions. See text

for the details of the curve and symbols in (a).

4. HERR

4.1 EHLULEKS

ARG, EARIPOEM, WREME, SEAEOH
HERICEY, WHAVBLEBAIKOVWTOHEELT
Tot, ZhHDMEE % Table 2 12872,

4.2 HKED £ L OBV EBOBEROBE

ZOHETEEL ML, waveguide IZ M T v T
N THD (fHF 14), 4k 16 OFBEIC Lo T,
trap BE Ko D, Figd iXH 5 X il PEERT
IR, SRR T exp HOBORE S o712,
BREG LW THERDLZ LIRS,

42 16 ISR L2 & 910, MEEIROIE 20 5 2
L, &€— FO trap BORBEHEK k &, &,

ko ko T—EMIIEE 5,

¥¥. 2L = 1000km, 2L = 2000km DHEIZD
W, LM OFETHRORBEHEE k O ki1, ko KF
Hrkd b, #HR% Figd IR T. —#IC k it ko
&R DEM@EP)ICED R TREL (MEL) &
B, ko Vb R KHLTINEERTHE, 52
= FO trap i, REEEEOEHTFEVEIC,
F7, Rk OEFTAHKE L Ro DENTFAEN
BRICATREE & Do LML, %, trap 2 1 272507
LAFELRWI EDSFRENS,

4.3 Bibah/-EAKE (case-1)
FYROEENLFEL LT, case-la »HEL

n%trap BEROTEET 5, (1) OX(L14) %

FAWT case-la @ trap BOEEL RES > TH
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(a)case-1a stationary

(b)case~1a 20-day period
20 e ‘ J
_20 R

(c)case-1a —20-day period

-100 ~50

(d) case-4a stationary

T

Fig. 5 (a)-(c)The spatial patterns of meridional wind for (a)stationary, (b)eastward and (c)westward propagat-

ing solutions with 20-day period for case-1a and (d)statinary solution for case-4a. Unit of horizontal
axis is longitude at 40°N. That for vertical axis is relative latitude displacement from 40°N. The hor-
izontal dashed lines indicate the boundary of the internal and external regions. Contour intervals are

arbitrary. Zero contour is ignored. Shaded and hatched regions represent relatively strong southerlies

and northerlies.

e, =L ENbrb, DF), EFE
LowTi Figlda) O L) alt LaglE—F
D trap BLA, TONRTA—-YRETHEHFETE
BV, B, B2E—FOEE L trap BOFETE
BHE IR ALDITIE, NEEBOWRE 20 » 2.1 x
10%km £ W b KRELBLLTNIEL L L,

case-la MEH 2 trap ORI HKE k 3. Figd
Lo, + TRUZEE(3,8) CBITD k DlELSE
Lv (#5.2), case-la IZBITHEH % trap BO
BILAOTAK % Fig.b(a) 2R T . RMICIEREFIK
DEEDVALND, T, ARABORIIHERT
HobLBY LD, KEIRZALY S KE A
ANENTVB I LN bR S, 2F 1) waveguide DH
A= &) bRELEAS — N E o 2KE
A trap M b, DT ik, trap SNICHEED
75, waveguide DSMIORRE B L TREL TV A
SEERLTVA, HICEALIE, waveguide DHMA
12, trap SMAKEBHOEEFREZEEFRLT
V5, Terao (1997b) it, 77 1983 FEED
case study 5. 7V T ORABRT O waveguide
% Rossby BAMEHET 28, ZOMHAO critical lat-
itude T ECRMEDERDET 7 v 7 ADEL S
ZE#RLA, Thid, waveguide 2SN L7
Rossby A EBOBICHEBERIZL TV EHEHLL
ZxbN5b,

L2 AT, case-la IZDWTOEE %I trap &
X, k < ko £4A L) EHERIBVT, B
WHET 5,

4.4 (ERE CEAOKEE

KIZ, case-la DEMKI%L trap BE KDL, 1§
SR THERLALIIC, ThoOANBE kDL
it FNSORIIIET S ko & k1 QELERE KD
BIEEAETHD, LAD> T, case-la DL
LG ORI % trap O 5B F\IE, Figd ok
D, FEE (Ro, k1) DBEFE L THBICEHATE 2,
COEHIHEICERATELEBIR, LU RLD
CREBIRIZB WD, K(y) 2°H 5w B AHHERE
c iZ2oWT, BEHRO profile #fRDZ &S CE 5 &
ol 2O TH b,

ko7 case-1a DEHIB % trap BBEH S bTH
W%, Figd(a) LER, R EBEEL b DF
8 (w > 0) 13 o FEOMH T, WEESMEREE
ORI (w<0) i o fFEDOMKT, ThENR
ENTwa, EHE oo, 100 H,30 8,15 H,10 A
DWTEFTRLTH %, HIE BH 10 B W
XIHMEHET 5 trap D kix. Figd(a) oo
—HEBIH D o DMBIZBITS k DEETHRARN
Ehhb, TOBBEILHDEI LR, RAEOM
MEEAREVIZEBOE IKREL D, HICHER
XOMAHEENRKEVITIE kRN S{hoTwEE
WL THD, RASMARELFS LBREL LK
bk, BTG trap BITFEL R R 5,

case-la IX2WTOEH 20 BOEME, B
MHEEZ b o/ trap BOZRMEL, £hEh
Fig.5(b), (c) WKRT, ML, Wl & MARREE
boBORTHREA M SMAAEELZ b 2B X
DLEV, T, HREHEEREEY D o BEOFH
IVERAFMORATr—VHBKELBoTWHEIED
Db, O &I, WEEMEEEE b LBED
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FH FrAVHRRENROLEY R
HHH)TEERTET D,

AR ETNe

Fig. 6 The k-c diagram for solutions for case-la
and case-1b. The solutions for case~1a and
case-1b are indicated by x and o, respec-
tively. Two thick solid curves show Zo and

&1. Two horizontal dashed lines indicate ¢ = 5

and 25ms™!,

B k-c ZHEIIBITA5REFTWVE, case-la,
case-1b DFERETHVTEET 5 (Fig6)o M
trap BTHE7:DIIX, BD k ko < k < 1
DHEECHLLEND D, EE. case-1a O trap
RO k. ko < k < & OEEILHD, 1
case~1b DFMB DOV L DA% case-la Dff (x
) ¢ CiE E#lioTvb, case-1b DED S
b, ko <k < Rk 27T b0k, Ridho—o
L& wA, IHD trap BiCH7 b, BREMED
KELECIZDD2PDST, case-la L case-1b
O trap BIIFTEALBVAA LMLV, FHEOD
MAEEDHIBEU LI >T w D 2HEEN D
KEL DL, Ro <k LRAHMRBEELLELL
O, trap BIFELX A< kD, LA L, trap f#
DML, ko & &1 DXEML EBE-TBY, w
DEOBR LD ICEL T T, trap BIFEET S
EERERT D, B k ik, IHEENIKELC LB
L7z > TREL B,

ZOMDMEIE case-1b TRKOLNTWVBEBY T
Hho ZDILOHLWNE Uly) = ¢ &k HRE
BHO, ROOBIE Uy) = ¢ &hbHEERL
BV, FIEEERE- NIIHIET 2B THL L ER
bbb, BEBEEIFNTy TENEVEEOEVWRTS
b

Dleglwdl,

® BS-1 DL ) LEABRELE LIHE, trap F

BEBBEBIIH L T2 LBFEL RV,

o HABELEKREL wilhdE, ko > R &

%0, trap BiE. FELA R R 2,
o trap BORBERE k13, BB w PPREL L
ISl TRESC 2B,

4.5 EXBOFMICH T 2BOME

DED LX) % case-1 DRD, EABOEAIC
E BREBIC DOV TN D 1212,

o MEHEBMOBEARBD k 12 L TEAEMA

case-2a-case-2d,

o AEBEHDIERED «
case-2e, case-2f,
HEREBOERED U 12 L THEE MR 7
case-3a-case-3d,
WERBERDOERBD U |
case-3e, case-3f,
oW TEHE TR o 2 (Fig.7).

kST ARER TR, AMEROEREOE
Lz ARFMWA, WEER I TEEICKRE
v (Fig.7(a), (b)) F/o. U xtd 2REMIE,
Kk LB L ThEW (Fig.7(c), (d)). HERERT
U OB LT, BIIIZEALEEEZ T 2w
(Fig.7(d))e ~D#RP 5. SEMEBMO KR DL
123 LT case-la DFERIT robust TH2 I &
birb, THIE, Fighla) (2H D X512, SIERESE
W2 B DIRIEH/IN I b0 ELLR
%o

L2L. k1 & ko DEICFNIZEKRE B VDS
v, IR D Liv waveguide DBE
FEITHAIDe TOHIIODVWTHARS DI,
case-la, b {2875 BS-1 O b (ZBS-3 ¥ H
W7o case~4a, b &, ZTOERBIIG L CEMEM
%72 case-4c-f IZDWVTCEIE L7 (Fig8). %13V
PIERFEI D BRI AT 2 KA PE AT A B9 128 A8,
ZDBEERIED case-2, 3 DHEITHNRS g
CHEORBICEAEINTLES> TWD, ZHIT,
case-la DFHITHART case-4a DFAIFHIEBE
BIZHTdH ) BAICIEBORESAEL S
2\ (Fig.5(d)) 7072k E2xoNb, L L, 45
EIROEHIH T 2EBORIERIE Y FRIZEKRE
CHZve B, BOUICEREFMHDENIZLST,
case-4a & case-4b LAMENIIEL D, Thb.
SHBHIBIN T 2 EUA case-2, 3 12 HRTk
EVTLERLTWVS,

INODERPS, trap O k A, REREE
i&@#ﬁiﬁ‘.blio’ﬂﬂi’ BILRESNDZ Lhbh

b, B2 case-1 DEKRFTER L trap BOE
OREEHIE, B3 25 8 FTTOHAENH S,
L2L. COMETHERALLEFECL>THETS
&, trap MORBEEEIE., LVEVHBESITS,
TSRS L SR k ISR ENSH L LS
LA, BRI robust £ %5, LA L, gk
HEBD £ XHE DENRVE D BIHEIE, HEBE A
HOk ORBLYH Lo THEVEE SN LG
WAHLDTEEBVLETH S,

Wxf L CEE MR 7

WL THEELE A 2

4.6 BEHLEFBICOVTORE
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Fig. 7 The k-c diagrams for (a)case-la,b and case-2a-d, (b)case-1a,b and case-2e, f, (c)case-la,b and

case-3a-d and (b)case-la,b and case-2e, f. The solutions for case-1a, case-1b are represented by

x and o, respectively. Those for case-2a-f and case-3a-f are by dots.

(a)case-4a, b, c,d

8

lnewuooboeen Liaas . :

Pasese

(b)case-4a, b, e, f

T T

phase speed(ms~')

phase speed{ms~')

Fig. 8 The k-c diagrams for (a)case-4a-d and (b)case-4a, b, e and £. The solutions for case-4a, case-4b are

represented by x and o, respectively. Those for case-4c-£ are by dots.

COWNELOBMBTEELOE, ¢ < 5ms™! @
BHIHTTVE —ROBMBETH L, TR L
b 4ms~! k) H/AEV ¢ OREHITIE, |y HKE
{BBIEE RIINSLRDBEV) . waveguide DIF
WELoERGLRoTWVD, LA >T, ¢ <
dms™! OEBIIH BRI, trap WEDOLD
LTWwaZedbrb, case-b IIBWVTH, trap
Rz —2oTHb, O, Yanai and Nitta
(1968) M Fig.1 TLO SN/ L) REREDH THE—
#7E L 72 Rossby #& ?#% (Yanai and Nitta (1968) @
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Fig. 9 The k-c diagram for case~5. The horizontal
dashed lines indicates the maximum and min-

imum of U.

case-5 W3(y)

T T

Fig. 10 The meridional strucures $2 of the east-
ward and westward propagating solutions of
case-5 are indicated by curves with open cir-
cles and closed circles, respectively.
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(2)U(1980-1993)

(b) K (1980-1993)

Fig. 11 (a)The climatological June-September 300hPa basic zonal flow derived from ECMWTF data from 1980 to
1993. The larger U are shaded heavier. The thick rectangles represent the areas of waveguides. (b)The
refractive index (K) calculated from U. Dotted contours and dashed contours are K = 6 and K = 3

respectively. Areas where K2 < 0 are shaded.
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Fig. 12 The longitude-time sections for 20-40-day band pass filtered 200hPa meridional wind velocity (a)along
the Asian waveguide in 1983 and (b)along the Australian waveguide in 1985. Negative areas are hatched.

Contour interval is 2.5ms™*. Negative contours are dashed.
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Fig. 13 Space-time lag correlations for band-pass filtered meridional wind velocity at 200hPa. The filters applied
are 15-25-day band-pass filter((a), (b)), 25-40-day band-pass filter({c), (d)) and 40-70-day band-pass
filter((e), (f)). (a), (c) and (e) are for Asian waveguide, and (b), (d) and (f) are for Australian waveguide.
The horizontal and vertical axis indicate the relative longitude 6\ and the relative day dt, respectively.

The values at (6, dt) of space-time lag correlations are the correlation coefficients for the base point
(A, t) and reference point (A + 6, ¢ -+ 6t), where the base point moves whole longitude grid within the
area of waveguides and the dates between 20 June and 11 September in 1980-1993. Contour interval is

0.2. Negative contours are dashed. Zero contour is ignored.
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~——— TIME

LONGITUDE

Fig. 14 A schematic longitude-time cross section
representing the oblique checker pattern.
The shaded areas and the hatched areas
indicate southeries and northeries, respec-
tively. The solid arrows show the westward
and eastward phase propagations, while the
dashed arrow shows the propagation of the
wave packet, i. e., the group velocity.
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Fig. 15 The space-time spectrum of the meridional wind velocity at 200hPa along (a)the Asian waveguide and

(b)the Australian waveguide averaged for 1980-1993 during the period between late May and early

October. Contour interval is arbitrary. Theoretically predicted wavenumbers of the solutions for each

frequency bands are superimposed. The eastward and westward propagating solutions are indicated by

the curves with o and e, respectively.
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Fig. 16 The longitude-time cross section for the lin-
early superimposed meridional wind veloc-
ity of the eastward and westward propagat-
ing solutions with 20-day period for case~1a.
The amplitudes of solutions are adjusted to
have the same kinetic energies. Contour in-
terval is arbitrary.
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Fig. 17 Thick and thin solid curves are the rhs.’s of
Eq. (1.10) and Eq. (I.11), respectively. The
lhs.’s of those are dashed and dotted lines.
Their intersection points correspond to the
solutions.
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On the Zonal Wavelength of Low Frequency Rossby Waves
Trapped in the Subtropical Westerly Jets

Toru TERAO

Graduate School of Science, Kyoto University

Synopsis

The zonally wavelike solutions trapped in the zonally uniform basic flows are examined to investigate
the zonal wavelength of the low frequency Rossby waves trapped in the subtropical westerlies. It is shown
that only a couple of trapped solutions, one propagates eastward and the other does westward, exist when
the frequency fixed. As the frequency increases, the wavenumber of eastward (westward) propagating
solution becomes larger (smaller). Furthermore, the characteristics of observed low frequency Rossby
waves trapped in the subtropical westerlies are turned out to be well accounted for by the theoretical
predictions described above. :
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