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EXTRATROPICAL INTRASEASONAL VARIATION IN SUMMER
SEASON OVER ASIA AND WESTERN PACIFIC

By Toru Terao and Hisafumi MURAMATSU

Synopsis

In the large scale circulation over Asia Continent and North-western Pacific
Ocean in 1983 summer season (from May to October), we found very clear and sys-
tematic wave activity with intraseasonal time scales on the subtropical jet stream.

The intraseasonal wave activity is best seen at 200mb and 300mb pressure level.
It is stationary wave with about 30-day period, and seems to have fixed nodes at
about 60, 90, 120, 150 and 175°E (longitudinal wavelength is about 60 degrees). It
has barotropical vertical structure. In other years, large power areas of intraseasonal
time scales are found on the subfropical jet stream, also. These facts imply that
there should be intraseasonal variations on the subtropical jet stream, generally.

By computing energy cycle of intraseasonal wave activity, it is shown that
westerly wave accepts energy from zonally-varying basic flow. This feature corre-
sponds to barotropic unstable mode shown in Simmons et al. (1983)",

The variation in energy conversion with time from basic flow to westerly wave
well corresponds rather to that of kinetic energy (KE) than to the time change
(dKE/dt). Furthermore, it is found that the energy cycle of wave activity. has rela-
tion to the Indian monsoon activity. KE increases several days after active phase of
Indian monsoon, and comes to its maximum value in break phase.
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(200 mb), T (700mb) ThEFho, EHES synoptic scale 3.5—8.5 days
Bo SET Bu vkl Ttz (7L intraseasonal variation 15.0— days
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Fig. 1. Distribution of power of ®/f (f is a Coriolis parameter) and v for
different frequency band at 200mb. (a) For total variance, (b} for synoptic
scale, (¢) for intraseasonal variation. Unit of contour value is mf/s® for
v and mfs® for @/f.
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Fig. 2. Distribution of power of intraseasonal variation for ®/f and v at 700mb.
Unit of contour value is nf/s* for v and ofs® for @/f.
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Fig. 3. Symbols of ISV’s active area for v. They are overlapped to power dis-

tribution map for v. (@) For 200mb (upper layer), (b} for 700mb (lower
layer).
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3.1 T, XHHELE®D 40° N, 60° N FElic, BEERHFIRD ¢y -y BRohiA, T TR, Fig 3
R LEBROBRTNICO W THE L TERS 3,

501, H£OBRY|v &, low-pass filter 28 L 7:B:%F0 (ISV+ZEFHE/L) K>V THERTRL
2o 200mbicDo\WTlt Fig. 412, 700mb ic>WTIE Fig. 5 iRl T dAHBE, KBEADISV
R — VOB, EORRITOONSES1, HBLAODTHE I EMSHID LN S,

200 mb DEKHD ISV ORI ELE T 5, TR-X0DOHBDIE, 40° NHEORAEDIY, &1
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Fig.4. Time series for at 200mb v. Alphabet symbols are defined in Fig. 3.
Thick lines show raw time series and thin lines filtered ones. Unit of
y-ordinate is 10m/s.

DESBETHOVEBVOLEHERLTVWAIETH S, 2%, 200mbTiE, AEB B&C C&D
REMFNSHEBEOBEESEL TV, COEKMIE, 6 ATE»S 8 AR ITR-EDALNB, T
DT EMS, BEESESCOHE, THEEOLSKBEFHERLTVWAAREMNESE T E8bh 5%, 40°N
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Fig. 5. Same as Fig. 4, except for 7T00mb. Unit of y-ordinate is 5m/s.

FHEDZEBIDFE L WHHIL, 4. LIBTE St b LEIFRT 3,

Wiz, 60° NfFTIcA 505 200mb @ ISV ico W T D% EERT 2, 200mb ® F-H 2B 30D,
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Wiz, TEROLEHROKAETZ, FEEoMErIEMN T TEEST 2, W0mb DD, G-JiZ2WTIH,
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3. C, FABRSICHEERLISVEAONEI b ot, TITR, TOHBRLIE-T, 20H%
FEDBELLERT B,

4. 1. REESICASNS ISV OBELEHEL

ISVO X Aot 40° NI % - /- Hovméller diagram 2 &PERIC>WTR 3,

B H %8I3, 200 mb ORFILED e (Fig. 6) KA 5N 3, TAORU® (TA0HE, 7H
oEbyh (TH30HE), 8ANHIE (8H13HE), 8ADBLY (8H3 BB, HHBSEINR <
y—vhs oD, 32TRLLAW NIKZE > BHROEGHOBED, ORIPLIDIE-> &0 LHRT
&%, COvOEH, HEOBEELE (FZWikWweo, 90, 120, 150, IT°E sk b) L& (75, 105,
135, 160° E) %> EEHNREZEVETRT, £L T, BABRK 0BT HASSHETE L, oK
i3, A0 15 BLULOREE T XTHET & 57 low-pass filter 23 F—7iIco20WTHBL N bD
ThH Y, RAEBEO I ORI ISV 8h 120 systematic THHERLBERE L THLNE T EMbh B,

40° NITE - Feligy @ 7T-8 ADEEFITIIHAFRNOMBEOEBIIIZ LA LA SNV, BPFOKE
WK, BEhOSHIEELTVELSIcRASLEbH (THI0HE 8AHS3 A, RKicEHL

STEICEELTVWALSICEAIAEE453 (THIHE, LbL, LONAEVWAE-FTHD, &
OFEBORARRZEHRE LT LAEESHEZ LTV R LE > Ty,

iz, *®y (Fig. 7, COHM (5-98) OPHEEOEVTHB) £H 5L, FHEAHHEL-T
WA, PROEFBRNBEESRONZ I LEbh 3, BIGHENOMERIx & V/ABETNTED,
EESERORTEOEE RS, ILAERORTHOSERELRFD, Ihid, HEROMMGES, - FHEEN
BEERTH 5,

*Topl 13, 0, *PEF L DEEERRHMIIR SNz, ‘

T2V TiE, 200mb TREZFLEGHHBR SNLE o755, 300 mb Tld Py ERT & D BEEERL
fo RBRELW) e By DIERE (BURD) OB TTw BERE (BF2) £/F>o, Tolii, <
DRAERO ISV BIEEAEEEER L TVWA L ERET 5,

RUEED ISV 3EHETICE R ->TEFHLTHBY, 6 ALEIKEHSEVRSNT, T-8 HOBREH
I ICR O, SABEL -2 LA B, ZoBHoT Y THOBHEITOTTOEER
DI, 1V FEVYR—VvOBIATH B, #2T, 4V FEVRA—vOEGEITEOBFREAZET 212D,
Fig. 812, 41 v FOE (5-10° N, 60-100° E) 12} % monsoon westerly DZ %R, I DED
4 FEVYZ—YDAD (onset) REFMEL D HENLTEHEH, 6H 20 HI A monsoon westerly #33&
2B 50, onset #WATVWAB, FLTED% S8 ADXKIch I T, monsoon westerly (357 30 HaEitk
OEETHREEBVELTVWS, 1 ¥ FEYyX— DO} (withdrawal) &, monsoon westerly OZF
BrHrE0HONBNE8HDKRTH S, WEGAD ISV iZBbICA v FE Y 2 — ¥ onset DI,
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1983
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Fig. 6. Hovméller diagrams for # along 40.0°N at 200mb. Contour interval is
6m/s. Negative areas are shaded.

withdrawal £ TORlICA SNDE T Ehbh 3,

4.2, RBREBHOEMEE

Fig. 6 Tobbh b L3z, SEMATL K 1983 FEORARED ISV 1, 2 BHEAPHERs N, TIT,
FPOLTLTEIDI, REBDISVOLE-Eb0KE>TVW3 450K H%ZhEh, Stage 1-4 &
2R3 ticd B3, RF—-VOEHEDKF LI, Table 2i2RT,

REEE D ISV OKEEEICA SN BB >VTRBRRE, £, BT b iy OKEEES S,
1983 FEDRPGED ISV i&, REEDHE & L CEBTEX 2 (Fig. 9), Llig, 40° N iZip» TRAERS
Ao ISV 2B L CRIBIEEN & MR L2 B, Stage 1 & Stage3, Stage 2 & Stage 4 3% 1
Znflfc &k 575 phase L1 >TW3B, £L T, Stagel, 3 & Stage2, 4 MREFAEEHOESHICK »T
WA EMbhd, 717U Stage 312, D Stage LB L CHAMEL VETRESNI-SHLE
Vo TOIARHRBRMSEARDRER LD S ORI E>TED, BHHSME SN L EHBELTVS
LEbh b,
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Fig.7. Same as Fig. 6, except for * @ at 200mb. Contour AZWEBbhz, UL, 120°
interval is 1.0X10° ms. Negative areas are shaded. E LVHETI3, (BRSPS 200
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Fig.8. The intensity of monsoon

westerly
u in the
100° E.

, given by mean of
area 5—10°N, 60—
Thick line shows

filtered time series and thin
line raw one.

Table 2. Definition of Stages

Stage definition

Stage No. Date
1 10, July
2 30, July
3 13, August
4 31, August

mb kD b ThTHEY, R
FEEEEICA O AFILE Y —vid, 200mbDbDE
IL—HLTVWARIENRTENS, 3.7, T (700
mb) Dy DISVH, FE (200mb) OISV kb bFEic
FhifERTR SN, COTFEO ISV OBIZSHOAIE
RIFBEFHEOLBO ISV E LB LTVWA I EMRE
N7zAs, 200mb & 700 mb DFENY F AIDIKEHEED 5,
HAOM#ELD 700mbic R 50 5 ISV id, FBOREH
R L ROBEER > TV B I LML DELD ST,
iz, OWBOMELFH~OHEEEET 5, Fig.
12 KODSRBEKEIZRT A0° NIt -7), (RIRBE
D2k E U TR Stage 320 ZFWVWT, BEAMIC
NHEBZES S BEELTVWE (RIFREEW), *Tico
WTATSH, 200mbh o LT TRHENYEEL TV 32,
EHOWES L TRPRVBEFEIAEDZE 5 - 1o
LTV, ZONEMEEIL, 500mbdiznFETid- %
hELK, T0mb THHEVAVWABIRESA-TWVWE, T
3, ooFg b EEoX, dt (FE) BEEolETE (8)
DREBVAONS, ThoOREEEOEYIZ, RAEE
BHBIAENSEEERE - TVWA I EERLTV S,
ULO®RD 6, 1983 FEED 7 V7 BREHEREIC,
B THAZE T systematic WIEEIBE MR SN 3 T & HEH
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BEZLTVWBEIEMNSY S50 B, Tsuyuki and
Kurihara (1989)% &, l@EEFricbohbn s, 8 H
DOILHERD 300 mb OFHEFHA b DIEERLE € — F %25
Bl 20FE2ARLEEE—F (Fig.13) &, 7YV7
ETEIRD 9 — v b D, EERNLSLZ2EVET B,
WE TR L TE /1983 EORAEEKEEIL, OIEE
AEEE—FELLONAILSBUTEY, omEORICI
A S OBENS ZTREM A S 5, 72720, 1983 FE DR
PHEIREN I 30 HORMBTH - DX LT, Tsuyuki
and Kurihara (1989 ®RLIE~ FiZIEZDIEL
¥ 140 DoREBERES, £/, FERS (2B3H)7 &/
XWVWIRE, I h o TRIBERZENSEEL RS
FLTWBEMET A ERTEN YL, L, 19834

Fig.13. The second most unstable

DRFEEES S Tsuyuki and Kurihara (1989)%° oR normal mode for August
L& 3 BIERARED NF 2 L ORER - TLW A h%E computed by Tsuyuki and
L < 3~ 2 BRI 51 b B, Kurihara (1989)%

PEREOEROIEERREIC >V TR, K<ERS
N3 &5 RHEFELHE—¥%D, LA OEGHOIE—HEMR 3 2 - 12 PRI U 2 BIEERLE &
B, BHIEBAGOEEROE UL LI INF-2ZTRMELS5BWLDLHARLNTV B,
Simmons et al. (1983)° &, RIROMEEEFAEBEVT, BEHEEICAH SN2 PNA NS — V9 EA 3
F—vBEDT VARSI Va vy — v, hERERSOEIRONEENSREE €~ F LBENH B
CEERVWE LI, £LT, BFOMMESICRS T, X &E4 forcing icxtd 2hEEEORE L L
T, IhHOHEBMICEES M IEERLEE — FISBIRENTH SN AFREMA S 5 T & 248 L 1<
Lau and Phillips (1986)'" &, iR IcEHN3EFICLT L LBEORREGHOT / =) =@ L
TWHWI &, BEROBEMNZNESHEACEESNTVA I LB EH» S, Simmons ef al. (1983) @
RLEEIBA D =X LN EELRGE LR LTV 50824585 L 72, Tsuyuki and Kurihara
(1989)%", BAR (1990)* 13, ETLH L& KEERLEE - FEHN, ERL>LTTVT7HEHMS
KFEFEF TP TOTREORE LISV SR ONAMHEE, JEEEFLVEH5bNERLEEE— FOE
ORI BHEBRICHATV A &%, BIFs, IEFEEF M ARBEEROTHHED S L. chbo
EERZEE— Fi3, BEBEEEI L0 - LEVEHABAR - TBY, TEEDISV 27— L0
BRICKREUHEERF->TVWEEEZ LN D,

CDIFEARLETI, FEHROEBSMNDOF—RENEETH 20T, RGEFHOEOMRS HEFEH
FEDZETAH (et DHMOLE) TRELBRELF D ZRGHNH SbL TG FVWEB b S,
#1213 Simmons et al. (1983)° DRE L #z4¥Ek 1 B D 300 mb Of b HEROK X BIFFARREE— F
T, RO jet OHMITKERRIBESA SN, 2L T, £ OB TEEHROHEFES M OFE—HEt
LI RNVF—EZIFI-TWB T EARE NI, HEPHEBENMICK » THIENIC S 2EEBES 0Lk
—EER RS S NE, £ O TFERORAAHEDI LD R 75— &—HT 5 X 5 BIEEARLE
T— FOBEET A0S B, EBE, Tsuyuki and Kurihara (1989)2° of\7- 8 BoEHH % &,
Td, 50, 90, 150° Edh/cvic, ROEDKE 2HEMNA SN, REHMOHIE—HRED X 7 — i3k 40
-60° THBM, AREE—F (Fig.13) b, 7YV 7HETEFNITEVEER 7 — V4> T 5, 1983
EORBREHICOVWTHIANTA B L, BHObobNTW - (6 H22H-9H 8 H) OFEHHKD
300mb ® u B4 (Fig.14) 285 &, 60, 100, 160° E &7 h i RAEROBVERESH b, HEHEHO
DR r—id, #40-60° THBDITKL, 4. FTTHRNRELLI I, REREHIRL EA
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Fig. 14. Distribution of u at 300mb averaged for 22 June—8 September,
1983, Contour inwerval is 2m/s. Areas of easterly component
are shaded.

Huogkid, #60° &, FERORFAEHRODFE—HEHEDO R r— L E—HLTW5,

LiE, Tsuyuki and Kurihara (1989)%° OMERZEE— FE D7 Y 7HHTR B 3EOELM,
1983 FEDF WO KA E DIE—HEMD X 7 — VB RIERBEEORB R r — Vv E—HT 5 &, RER
HHONEENSHEERLE» D, 1983 EDREREEICOVWTS, FEHROIBERLE LA SH OR#E
EEOAJREMMTR SN B, 52T, T RANMF-TREBMITALick-TC, COHEEHRICOWTE
4 2,

—F, BVvA—VICSPEEREHNEHHR SN I E8ERH AT, Thi OBELBEBREV A
THb, THIZDOVTI, 6. THRHTHLL@MLB T LILT 3,

5.2 TRI¥F—RIF

1983 EORFEELEID, EOTVEIEEARAREDEH 2 -~ TV AhEBICHNL b, WELT
RNFE-THOBMELT - 1o TOZWIE 300 mb OFFEE L TIT- 12,

BWoFEERNS, £, EHEnsHy vE, BHREEOSEL o6&, low-pass filter 2@ L T
D5 % QR 25072 ISV S e, *0ich i TRIREIT - 7o WML, Fig. 14 %21E- 1, 2
#ARI3, Fig. M 2fE- s xtREMc, 62 H»5988HETE L, Simmons et al. (1983)"
BEI LM -T, IBFEQBEYL L 7-BEAERD O ISV O EE = X V¥ — KE=[(*a*+*02/
2] oEftoXEo< 5L,

dKE/dt:CKx_}-CKy ....................................................................................... (2)
CCT

Csz_[i—(*ﬂz—*ﬁz){—c-o-lgg%-ﬂ tan g}] ................................................... (3)

SR P NP N S S S ——— ®

TCT, a BHIERONMIER, 6, A RENTNEE, BEZH5DLTVW5, $5&, dKE/dti3 1SV EHx
FUFE-FNBDOSD, FEREOHEAEHICL > TEIRIz 2V F-BE2H5bT, B) &, EAEA



320 HAEHIERTEHR S355B-2 T4, 4 (1992)

BOEEROF—HMD S ISV AZIWME 2 v¥-0B%E, @) 3, ELHH~OFkoIE—kEt
M5 ISVHEZIE T2 VF-ERLTVWE, &512, HONSVIEREELT, 1, 0% x=(acosh)
A y=a0 LEFELTEHETLE, O 13,

AEE/At="[F « TiI] «+c-roreereerrssinstetsinmtiiinieni e ene e st s et e sbaneesons (5)
ZlT,
E=_(*ﬁ2_*ﬁ2y *a*ﬁ) .................................................................................... (6)

EEF B, P}, x-yBELODVWTOMAEEFTH 3, (6) ® E i3, ik EP-flux & FEidh 3
(Trenberth 1986®), (3), (4) bM¥Iz# T, ZhZh

CKx=_[(*a2_*172)_gZ;:| .............................................................................. )
CKy_—-_ —_ [*12*0%] ....................................................................................... (8)

LEF 5, SEIOFETEIR, 40° NIt o RARKE 2B 27212, 30-50° N, 60-180° E iz
DWW -,
KBz, (D, ® 2HVWT, EHRLRERES O X VF—HEEH4EK2 &, 220,
30-50° N, 60-180° E OfERIcHiF 3 2 2 V¥ - THBIIFNEh,
CK,=3.9X10 "5nf/s?,
CK,=—1.4X10 "nt/s? . ; -

{.Se=4 ¢ B

Ly, REBFHRICOMEETELICTE CK,

R ORFHADHE—REED & = 2 L+ — seor l

2ZFE > TWB T EDDD - I, (a) o} \\ T Y 1
iz, 30-50° N, 60-180° E ic8i} 2 ~se-sk O ]

ISV EB) = % V¥ - DORHZEEL 5~ seal Y

%, Fig.15(a) CISVADTZR2ILVF—F 200 I - :

WECK, CK,DH%51%, Fig.15(b) b )

12, ISV BT % V¥ — KE ORI %R
T, Fig.15(c) i, ISV EHxxL+— (b) 120 ¢ 1
DOWHIZELE dKE/dt ORI AR T, o b
Fig. 15(a), (b), (¢) & hF hLWriARd

KE
20 | \/\/\A b
3B~ 7%4-T8BY, #F0E—-2 - '

&, KE CK,iz->VTREEREEHO 1 ‘: . .' i :

Stage 1, 2, 4 iZxtiE LTV 5, Stage 3 ' dKE/dt

i3 Fig. 6 24 Tbfhd Stage £ { 5T Be-3 }' )

WEDIX-&0 LBVWEETHY, KED (c) of .

E—7MbobhT0RE0LDIE, 0k _ge-s | _

EBbNB, CK, 3, dKE/dt EXIEL % o sesl |

STHIL, RERETLS, KE &k 10 20 30 10 20 3110 20 31 15 28 39

BERETWS, 20, RABREENE JuN JuL AUG sce

i L& (Stagel, 2, 4), ZOHEHD/* Fig.156. Time series of energy cycle. (@) Kinetic
5 —vizeike L TEEKOEESHOE energy conversion from basic state to

ISV, () kinetic energy (KE), {€) time

TR 5 AL F - ERIMBHERL change of ISV kinetic energy (dKE/dt).

TWalEdbh b, CK, & dKE/dt © Unit of y-ordinate is nf/s® for (a), (¢} and
WS & <, REBEES O OFEEDE nf/s* for (b).
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BioVTR, IEFERZEE— FOEER > M/NEELOREL WS A A =X L RS FVEETIEEL,
MDA H =X LBBBEEE-TVE LS ICBbN B,

PbA% B LUTOEY TH B, A NVF—BFOBRE, CORBREKEEI, REHROFEHD
E—RELOIRINF 255> THELPTVEEEZLTVWEI EBbhk, TOIER,
Simmons ef al. (1983)" % Tsuyuki and Kurihara (1989)%Y 5 @R L & 5 BIEFERZEOHEE,
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DIEEAREEFSHTLABETER Y, 2O LR, BERESHOTHOZBMIREEDI-DICE, o2
Ho=RLPPREER->TVWBIEERTERDNS,

6. 4V FEVR—VOFEHAKE & R

FUTHO ISV KT BE%, 1Y FEYZX—vD30-60 HEPLESE OPBRIIEKED, TIT
i3, 4. BRETHELCER L CXABEECREREEE, 1 v FEVY -V EOBEIS>VTEET 3,

6.1. 1983&EDA v FEV X~V DEBAER

%9, Fig.161Z, OLR @ 5 D 70-90° E {2 - 7= Hovméller diagram %79, 6 AdfH» 5
FTHicEONB A v FE R — v onset i) WHEEROILEE I UH L LT, 8 ATHEKHIIT,
25° N fiEic & TR LT 2 RESOERBI L S b, 1983 FEORFEDOISVIZR-EH LA
Motehs, A VvFEVYA—VDISVIRId-E0A OGN, BiZ, Fig.17(a) T, H5-90° E 0XFEER
(5-10°N, 10-15°N, 15-20° N, 20-25°N, 25-30° N) CEHL 4 700 mb OEEOMRIERT,
WMFHEHOERBR, EANCTEOFEESE RO REBICH- 5, Fig.17(a) &b, SEOHOD
REED, B olt~EBHL TUITRTFRbD 3, —fIC, 1 v FOTBOEERSHE & TRiEHD
ERBIZLOET 2 2 MBS TWS (Yasunari, 1986)'® O T, Fig.17(b) i, 1 ¥ FE Y 2 —
v @ active/break cycle D¥EE LT, 4 v FEZE (20-30° N, 75-90° E) @ 700 mb &E O#RY
%257, L%, Ch#% Monsoon-Index (MDD EFE3s, Bhd A 34 ¥ FE Y R2— O active phase
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Fig.16. Time-latitude fross section of 5-day mean OLR (Outgoing Long-wave
Radiation) along 70—90°E zone. Contour interval is 10W/nf. Areas below
200W/nf are shaded. (After Japan Meteorological Agency (1989)).
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Fig. 17. Areal mean of filtered @ at 700mb over Indian monsoon region. Unit
of the vertical ordinate is gpm. (@) Thick line: 5—10°N, 75—90°E, thin
line: 10—15°N, 75—90°E, thick dotted line: 15-20°N, 75—90°E, thin dotted
line: 20—25°N, 75—90°E and broken line: 25—30°N, 75—90°E. (b) Mean
value over 20—30°N, 75—90°E. This time series is assumed to give the
index which indicates intraseasonal variation of intensity of indian
monsoon activity, and we named it “Monsoon Index (MD)”. Active cy-
cles of Indian monsoon are indicated by symbols A, break cycles by B.
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Fig.18. Comparison between Indian monsoon

activlity and westerly ISV. (a) Monsoon
Index (MDD, (&) v, ¥ for 200mb at point
B (40°N, 87.5°E), (¢) v, ¥ for 200mb at
point D (87.5°N, 147.5°E). For {(b) and (c),
thick line shows raw time series and thin
line filtered ones. Unit is m/s for (b} and
(), and gpm for (a).
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Fig. 20. ISV power for v at 200mb (from 1980 to 1985).
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