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NERIREA & > 127 )V E VIEAVE A TREE N, REFRIZNTNRZS500, »
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BHRB 22, 100hPa OBFHEIC DWW T OGNS 21T > 7o, COROZES> I HBICH S
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@ (intrinsic) MAEEZ S T LI K > T, FEONERE S BOIRFICH G LTS & H
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13 CoITHZEDENE & ERH

1.1 BABEREEBILOHNEES

B O IEBEO BT HIERD KK Y AT LIS B TRETRENE, J1% - 8% - Bita L
Z L DRETKEY (Holton 2004, 11 #), MREICHO TR, ERGEERIN B ERER
R B L CRIBERZREI L TV 5, BERIX, BF, g, BXU, ERXL HEI
b, W E2BL TRERFGERGZ TN 5,

BB OBEEIN, HEEA S 2R TRV OFEHNZDOEERTHEN,. Thb
WEINT UTHFEEL TV DI Tl . RAGHRBICHMLL TV, MRMEIERL R AT —
VIEBXUEEERGRREZF|ZRI LTS, MELERERTREL, Zanb LET®
EHLUIZRKRE (7 EL) ZETEEEGR ERMED XY A7 —)VES A7 I (10-1000km A
r—)V) ZEKT % (Houze 1993, 9 EEZIR),

EHIT, TOEIBAY R =V AT LINERT B BAHET km DR — )L TRH LN
%o TNHDS B D O FFEHIHBIOMIHA THIAE N5, Fig.l.1 25O
BT, T A IVE Vi, T B A i, MRS AN - S e o
MTRLGEENTEENTV S, Tz, T ORNTIIAREN OV T SHDREEZ DB
HTELHEDC L DTH S Madden-Julian IEF BTN TV 5,

MEIEBOMMEZ NEER, BXT. ZhUC X - Tl & Nz i EBkEO A L
SHIELTHD . TOMBIIT RITRROMEDNZ CRENT 0D, TOETIIEHIEMIEIC
FRCIEB LS ZNO N T B ik o T, 2 BLETIHENS 2 DOREDMEDITZ
796
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Fig. 1.1 (a) The antisymmetric OLR power divided by the background power. Con-
tour interval is 0.1, and shading begins at a value of 1.1 for which the spectral sig-
natures are statistically significantly above the background at the 95% level (based
on 500 dof ). Superimposed are the dispersion curves of the even meridional mode-
numbered equatorialwaves for the three equivalent depths of h 5 12, 25, and 50 m. (b)
Same as in panel a except for the symmetric component of OLR and the correspond-
ing odd meridional modenumbered equatorial waves. Frequency spectral bandwidth
is 1/96 cpd. (Figures are taken from Wheeler and Kiladis (1999). Caption is after
the original one in Wheeler and Kiladis (1999).)

1.2 Madden-Julian #5&)h

Madden and Julian (1971,1972) IZ & > TRE S 7z 30-60 HZH), HREOTHRTHIIE
Madden-Julian Oscillation(MJO) (&, BHOKBIAKTBRRKOT T, BEEATREEELLT
DOV EDTH B, LNEFERLUEL 30 ERICDOI D BREOMIANET N TV EH, FEE
DFERIEHMRITITE > TV (Lau and Waliser, 2005), 1980 4EfRiC. MJO OIFREDRZE
IKHRWT, HGHE I EELOSIERNEIC M9 2 RIS RO IR 2175 1=,

Madden and Julian (1972) IZi3, FEicHl b, @SREEHIZ F &% 7% MJO OB D
H% (Fig. 1.2). CORMRIZEAREIZWVZ, BECEOTEZOMEIMEL AL LD T
BV, BREMEAEDHTHOHVWEDTH S, TOREICHITZREEEKTEIICE S
&, RGO B L TS TREASICIZ D, PRI T & 75 3 EO LK ORE
EBOTVD, TORMICREZ NS K5I, BHTFEEIEPRICE% & DY LROMEL LT
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KEAMTER T SN Tz, Gill (1982) D 11 BICIFENEIERZ 2 J§ Tl d 5
Sl &> THRT ZHEN THEICHREN TS

B O PR 8 K O RPETERE X iﬁﬁﬁ%W%ﬁabT@%éhfwéo%ﬁ$
BomitEz Fig. 1.3 1md A, mAUIARBEO M & FEICELN TN T, ZOMOEEIC
BRERCIEREEND 5, NS EHIREICEENRAOHLND D, ZHUES EAHRD
HETRREGRDZFEAEEZE > TVD T LICHRT 5 LFHE NS,

ET AN, MIO DA HERICDOTHHEBZRZFNTN L &, EEOEGE N LEh
BORIEBHEDD BT LICKMNDV e T TTHRAGYHERICDNTL—Y 4 VY Y TOT—
&%%wtﬂﬁ%L%M«%mﬁ%ﬁst(ﬁ% WX 4)o T DX DTERDEE DT
RIEICDWTTHHD, SHEMEIC DN T HEREOREZ N2 U7z, Fig.1.4 &, 1979 4
ICH BNz MJO EFIAIC BT 2 AHEMEZ R LT D TH 5, HEEEE L. TERE L
& K <HB N RAET 2 RFERBOMIEN EL> T3 (Fig. 1.4f, 1.4g), &AM 1000bPa
DEEETOSAENMAEREZRLTED ., BET 2NN 1 LRI E3# LY
(Fig. 1.4a)o 7z, FEBXFIREE 0D w0 HER IR B TR & SR 9 5 SRPGIE 1 OREE & 13
RLUEE (Fig. 1.4b, 1.4c, 1.4e)s Madden and Julian (1972) %?ﬁﬁ’ﬁ}:@ﬁiﬁﬁﬁﬁﬁﬂﬁ
40-50 H. HEEH 1 L EZS XD EHENT L2 L TWAN, T TR ENZRABRER
kOwTPHTmmLto@k%ﬁ%ﬂ@kﬂOEﬁ%k&<Mtﬁwum%L%m£\mﬁ
BB THRWE Uz,

C DOIKEREE L BIRIRNE D TH S D, SNEMIEIC b FIRENIED RN E Nz, Fig. 1.5
E. BERTFHICBT 2REES S UCREROMEMEBEZ R LD TH S, WGEIZHED
I EFTENWICHAEE T TVAD, mERRTEL EEADLIZT TN TV S A
HREE>TVDB, Wb L7e &k 575l 2 BMETIEC DX S GmE & RS 025 I
RTER, TOME, SREAEICICDVTIE, Ttoh and Nishi (1990) 120 & DOFHBIAR
TNTVD, TOFMXTIE, BHMEFIVICEK > T MIO ONAIRESEZFIHT % < L 2 H Tz,
Z O, IAOMBIRR, BOEBELUHMGE, WDDDIT A =2 —ZBINIHOE L 7ehs
I, LA UHAERE SE - REICBI AMEBEZZEAEHHTES L ZRNWEL T,
PREAEIED B R CHNAIC R B a0 LIE, HERS LEER S O AEhE THITE N
CTHXSIE, MJO O AE U T, SHEMETEILOMELZ IR 2 L TEEREDTH Y.
B ARBBERL L WA EE ZOREMEIZZELL DR LV MOHIRDED . ZO%D
AT CENERSE R TEICANS oI & o Tz,

1.3 #IVEVE

1980 #EARIC MJO & 755 ATEREBOKFZOBLOFLE > TweDid, El Nino H
% T3 > = (Philander 1990), 1970-80 HRICHF T, LLEMFEZE & El Nifio BigA BRI
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Fig. 1.2 Schematic depiction of the time and space (zonal plane) variations of the
disturbances associated with the 40-50-day oscillation. Dates are indicated symbol-
ically by the letters at the left of each chart and correspond to dates associated
with the oscillation in Canton’s station pressure. The letter A refers to the time of
low pressure at Canton and E is the time of high pressure there. The other letters
represent intermediate times. The mean pressure disturbance is plotted at the bot-
tom of each chart with negative anomalies shaded. The circulation cells are based
on the mean zonal wind disturbance. Regions of enhanced large-scale convection
are indicated schematically by the cumulus and cumulonimbus clouds. The relative
tropopause height is indecated at the top of each chart. (Figure and caption are
taken from Madden and Julian 1972)
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Fig. 1.3 Latitude-height(hPa) section of climatological (1979-95) zonal-mean merid-

ional wind (m s™') in (left) January and (right) July in NCEP reanalysis version 1.

Contour interval is 0.5 m s™*.

WKHELIECLED D, TOMEZRERIICT S DEANDORBIEHE o7, TOX S &
T 1992 4E 12 AN 5 1993 4E 2 g T, MJO *° El Nino ZEHRMICHZEd % Tropical
Ocean-Global Atmosphere, Coupled Ocean-Atmosphere Response Experiment, Intensive
Observing Period (TOGA-COARE IOP) &5 @I FE AT ETiTbh, REZERiiic#x
F—Z %[V T, El Nino HIROAx 59, B ARKEELICE L T < DTNz, /8
T7 =2 —F =70 Manus & (2.03°S, 147.25°E) TRILHHEEKRZED T IV —TIc KB % L —
Z—@fH TNz (Uyeda et al. 1995), HGHE IZ L— X —Hif§2 1 r HIcblzoTEZ
Z—L1=hS, BELEEH & VS ORERBICBIRE N TVE XS & RO EWVWH ST
HENBIFLHEMEEDTEL . RALBEREERZE > LEELDIZ LR DN, 8-10km F
TLMEELEVEDLEZVH, BRAZBEAZLOEZHFET AL OICRA. BAIHOR
HEEMICEZEZA ZTNEZ5EVEDIEHIRDT 5Nz,

TOGA COARE IOP OF—2ZHW\TOKRKBRBIEENICET 2L 8E {iTbhik, C
DIHRNCIZIER I NIV E ‘/%’H)‘[&]ﬁ?ﬂﬁﬁ TH BN Tz, X Sk TS ANE
. TLHTRELMOBMZ(L LERE S 7 —ABNE iz, Fig. 1.6 iICHBF 5*HIE Biak &
BT BHAERDZE(ETH 5. 100hPa T, b'ﬁ'?)‘ﬁﬂ@ il —30m/s 5 +20m/s &K
< Z{kd % (Fig. 1.6a)s LA L. TODXSHAKELEZ(LIE 100hPa 720 THLN, ZDLTF
TRTVRAFTHLE->TLES (Fig. 1.6b, 1.6c)e HE DICE KEZEEL(LIZDT. HFIZ
F—ARDIIT—TIEEVHEESIEETH oz, TOHIIHZIC Tsuda et al.(1994) A7
ERHE LI IVE Vi TH 5 AT A, T OB E IR TE L 7o EEELAFEE
HECERIELTWAC &, ZLTIERKEMNSRKELLE ST > TS 2L THIRRL
Tz (BEHRN 1) TOMEABICOVT, 2T Tim9d Do



6 B1E I UDICgEOERE L B

HoOTO00MB - 1879, 3~79.8 Ho SOOMB YRV §~TR.8
G H H i H 3 % ¥ 1 T B T
3 & +
/g 80
& -+ <& 4
(20 @% 120 {,@@ E
o © - DA ;
w N st @ .
S 10 §> g 180 + «
& o "
- & & & ] N & ES
248 Q4G
& b > ot
300 ® #+ a0 <
e & "?wi . & S
i
180 T T T T T T A 356 T . T SO S« T
“30~2E~20-15-10 -5 0 85 10 1520 2% B0 “30CRE-ZO-1E-10~8 0 8 10 15 20 B IV
‘ LABIDAY S LARLDAY)
{a) {1}
i
g TN
® 10 TN
80 <& N f\} { i u
-
6 % FEN
130 < -
. % o 0.8 +- 0.8
e (1\
G iger e 09
=
i s Y o~ £ {:
240 @ @ V.0 UL G
\\:‘>
300 " A A
- e 0.4 -0, ¢
O TR TN TR AU SO ST
AG-IS-R0-18-1R -8 D 5 10 1% 20 3% 38
LAGE - "o
LAGU DAY . 0.7 B
(e}

Fig. 1.4 The lag-day when maximum and minimum of lag-correlation of filtered (30-
60 days) variables appears at each station in May-August 1979, the filtered Height
(H) at 1000 hPa at Majuro being taken as a reference: (a) H at 1000 hPa, (b) H
at 500 hPa, (¢) H at 200 hPa, (d) temperature (T) at 500 hPa, (e) T at 200 hPa,
(f) zonal wind (U) at 850 hPa and (g) U at 200 hPa. The shape and size of the
symbols denote the magnitude of correlation, with details shown under the panel
(b). Horizontal and vertical axes denote lag-day and longitude (E), respectively.

C OB BT LT IVE RIS DW T, FOERMBIANRT 5N TERD, O
BICOWVTIE, 328iTHAT 5, LML, IHOZESTBICDWTIHIEEAEMFENEDN S
Teo 2000 FRICIFVD ., BEORABKRET — A ZEE >RV TRAL. UL D0OHH
EFMEL>THRIET 3 C &lic k> T, BHEICD A58 k7T —4% (BN 7T—%) HE5
N3 Xk oz, Frc, 2003 Fic I —ay ST > 24— (ECMWF) DMERR U7z 40
EMOEBNT 7T — % (ERA-40) 1, BAREMEDOEILRAMNRIFTH S e Tz, 7
VeV DOZE S B 1R 0~BBIRREDEENDEVHEETHEMN, 07—ty M
HW3 Z Elick o> TOXKWOKRETHIRENT A ATRRIC k- Te LIl L. 22 o LB OREFHIBTIZEZ
role (BERL 3)e TONBICDNT 3ETHLIHT %,
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Fig.1.4 (continued)

1.4 BEXREBE LIFRER

Al U BESREANEICRE L7 IVEVEE . IRIEDOR EDNEREHENICERENHEI TR S
BOEMN, ZOMMEN T ERTA2NHE—RTHELALNET N E, FIRIEIHREICH
5T EMTREEINT, Thud. Takayabu et al.(1994) IZ X > TORE NIEEREIIC B B4R

JHRE— REBELRPHRICH S ENRBIEBEINS T G, WA EHEG L - N
THs ¥z,

WP THEE & AT Lﬁﬁ?L?SZ@ﬁQkOD‘Tbi 1990 ERITBEACHIFEE N, BZEEE—F
T & D% #@hk#\Lh%@ﬁﬁ?“fk@ﬁﬁLk%?%ﬁmﬁ%hﬁ%i&OTP
Too MBS UREN (BEENNK,. o8-, BAQAC—ENE, 7IVEVH
TE) W XRTEMERE A m & Lfcﬂﬂ@ﬁj\ﬁ’ﬁgg%i\kﬁ% T & A Takayabu (1994) I & -
THEBEIN., OBIC Whecler and Kiladis (1999) ICBW T 2D THEICEERE N, £<
OBENFE—EOFMFEEZ & DREWPDOVHIA TR TE S L5 T L IFHEANGREAT
BHoTeM, ZOFEMEEICITFHDOHE L WETNH > Teo MREOEWRNEELNEHE TH S
EEZBE, FTOEMABFEE 100m L EEZBETT, Bt mEWVIDF0NCENE4E
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(&) (b

Fig. 1.5 Lag-height cross sections of the mean correlation averaged at the stations
in the western and mid Pacific (Koror, Yap, Truk, Ponape, Kwajalein, and Majuro)
in May-August 1979: (a) geopotential height with the reference of geopotential at
1000 hPa and (b) zonal wind with the reference of the zonal wind at 850 hPa at each
station. Horizontal axis shows lag days and vertical axis shows the height (hPa).
The contour interval is 0.2. The heavy line and broken lines denote zero value and

negative values, respectively.

THolze TNEFHHT B7DIT, MEBIC K B IEWBSIRDBNILEEONRZR LB Tcb L
WHEE (B2 1E Emanuel et al. 1994) & HIUL, FREDFIED /2 DIC ERNIZNEADINE
FEENEIEI DR D (Mapes and Houze 1995) LW 5 F X & 3H > 7z (Wheeler and Kiladis
1999),

TR OBOAHEEZ AT 5 e DI LR BN OMERER EBA LT 2 Z LHE
PR LEZ =0T, RAHRRE ORI T GMS B & KBIRNT 7 — 2 Z F TeE R E
B P AR T OREIEB ORI 21T o Tz (A 1997), Takayabu (1994) DF L% 7%
FBHTLICX>THDIEMEIE. 2 BE D & ESIENEHOEEINOBIRICIER LTz, TD
Bz 3 I & D GMS HifZz iV TiThbnizizd, 2 HUTOERIORERZE AL
MR TED EVIREEE > TV, YKHE D ZOEEIPMON T A o HEIEE—F
n=2 OFREMILEEE DO ARY MIVEEZGIR LT LN DR TOELBRRTH >
7zo LML, ZOMEMEL TOSARERLDTH >, MBURSED 500hPa iR
HH o, HEMNTIZE UAFR LT > Tz (Fig. 1.7) THIIHIRIIKINEDNH S LH 5
N5 WHIHEEIINITDEIEDTH S,

TOGA COARE IOP OBHZ L—X—IC RO NEBBEZNTNBTERSZE > T
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Fig. 1.6 Time series of the zonal wind (m s™") at (a) 100 hPa, (b) 70 hPa (rawinsonde
only) and (¢) 200 hPa during January and February 1993. Solid line shows the
values of JMA global analysis data (0°N, 135°E)} at 00Z and 12Z. Asterisks show the
rawinsonde observations at Biak (1.18°S, 136.12°E).
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Fig. 1.7 Vertical composite structure of divergence at 5°N, which accompanies with
1-2 day cloud disturbances. The horizontal axis is relative longitude from reference
point. The threshold for the composite is bandpassed Tbb < —15 K and Tbb <
225 K. Reference points are taken over 155°E - 1756°E, and 84 cases are composited.
Shaded area is statistically significant (the significant level is 5 %). (After ¥rAs 1997)

ICBHT B & HICZDOREERZ®RD S Lidko T,

1.5 »ffE L& TOMERX

FHEEE 1T 1990 SRR ED S 2001 EET AT T, BEOWEIm. B K TRRILZOEH
KBINUTz, Mg, RERERT TP 27 S ORI TREYHEEYE D TSR mE
WEZRIZ L T0D C EICEOVEKRERF > T e TH B, TOFTE X HICBHEE - #
FLOPAEMEIC DWW T ER BT LB T EMNBITVDEHE s T2,
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Burning and Lightning Experiment (BIBLE) A% 1997 £ K0 4 > FR 7B L UTILA—X
FSUTTITbNZ, AEA—A TV 7 OBINITREENSDOT Y N T a—Z2iTd 5 09
C T, FHOMEROMENENTTEEL Bbniz, COBMITIE, Loz mid
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DOPEFHL VDI INE THE D RFENCIEESNTOENEWS T x> Tz, THD
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THREXOEVI DIFIRWDERLT, BEISAZ—056D7 Y M7 a—OFE K5
HELZTNEZERNEWS LR REGEETH >z, TOELMN®RD VHF Fv 75—
L—2— 7% O T ShER O EHEBHINOROEI & 7 - Tz,

co7mY ey FORTR, BIERSCKETREZEL TOYR—MIMUE, BEEOFHE
BOECARETSA PHHFEESDOTHRCHE IV EGEETRITL TV Z LI, 2o
AGBRERDPURZRCELZ OEREGHRBZE 6 LI, HEFEOMR LIt —A
FS U7 OANIEEN S BRI ehbh ol R ER KN, BB LEZNAR
HRT 2 LIC3ES B> Tz — A COTMIR— M K> TEBEENWBTDT I 1
MZ X > TRKUERE AT TR Z < DHRADE E NIz (Kondo et al. 2003, Koike et al. 2003,
Kita et al. 2003, Shirai et al. 2003, Takegawa et al. 2003) .

1.5.2 SOWER-#ILEVHOBEN

R, Y VB RUKELKDONRE LI TORELZIHNS 1Y = 7 b Soundings
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£ DTH o7z, Holton et al.(1995) DG L 7B AR EHEBOBERIE, RO X S ICERmZ
CEDDERMmE LTEAZBDTIERL, BEONCEBETHEDRLEVWIEZL 2—RILE
., LEWHREORSOEMZRELFHES SN, co7ayz s bEZFORNCIR- T2
EDTH -7z, 1998 NS 2004 FFIE M THEIC DD I T P » SRR, 41V F
IYT RV EY FUNR  JYARABLETOBIICSML, VY 78lE EIcieE L
7z (Fujiwara et al. 2001, Voémel et al. 2002, Yokouchi et al. 2005), DT IL—TD
FRBLOICH 72 5 ERTEGE TOA Y VAR BUIGERRIC & > T, SISl /e e
VT EBIRRE R T- U TW S T EDREBICH S M 5 7z (Fujiwara et al. 1998, 2003,
Fujiwara and Takahashi 2001), COHTORKIZEMRD . ERA-40 ZHWVTZHOZE >
DO (3 &) & 2005 FICHMT A RELEFW L 5> 7,

1.6 FERENNOKTFHE L RIER

e TRENIC R S, BUTOBEEFIE. HREENEX VA7 —)V o X7 LOEEZ
EoTWVBHTENBY, KORBREEEL., ZNODVATLORFRLELUTORREZL ST
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Fig. 1.8 Climatological (1958-97) Horizontal divergence (s~') at (upper) 150 hPa

and (lower) 300 hPa in July in NCEP reanalysis. Contour interval is 2 x 107¢ s~1;

dashed lines show negative values.

(& Z DA T H B KFRMOIEHZSEDI G2 N2 08NH 5 L Bbn iz, LERER#7
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&5 o TV 5 BB ESLOSMEALEN IR TE 20 TR AVAH L E X T2,

FHCER IRV AE 2 /F D BRI KD B > 12D T, FTEBIMTT—2ZHWV T,
A FE O K UK RO 21T o1z, B OZ L O TREVEEDIH 5N
e, D ERfINDH D ROHEERBENERICROENZFE - it H -7, BLH
Lo TeDNS, JFEREFEOT V7 Y A—VHIKTH - 2. Fig. 1.8 IC. National Center for
Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR)
Wbt T —2IC KB 7 HXURED 150 & 300hPa DK FERM~ERT, %< DM TIRIEOHESE
(SIS L T LEAfMANOC O 2 BETRFEILHS 5> TW0a, LA L. #iA > FiE (0°N,
55°E fihir) XU AV (10°N, 85°E ) i, /KERBAS K Z Axtfizrid L Lt
CIFSH 2 BETRIZELTWA, MRV IENRH NS, OB T LB RTE
Lk ERfiDH D LA BN S,

BERTESH & OBFRZRENTM o 1D T, WD 5 Bk KEWE GMS OF— 2 EZFIT
ERNVHIEBOREN SRS C ki Lz, Fig. 1.9 1C 1998 4 6 A5 ECMWF fight
ISR BACTFER, SEHR, SR O EEWIE AR, KTUGR & R OBIE G, 87.5°E {+
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Fig. 1.9 Monthly mean of (upper) horizontal divergence (107° s7', contour interval
4 x 107% s71), (b) vertical p-velocity (Pa s~!, contour interval 0.1 Pa s~ '), and (c)
zonal wind (m s~', contour interval 5 m s~') at 10°N in June 1998 in ECMWF
reanalysis. Dashed lines show negative values.
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T ORER 12 5 T RER NS FDICETFRORRINZR/I-L T A, MEI FAZ—N
EREHICEHEFICADNS T Ebh o Tz, BRI HI L LT 1998 45 6 A9 a5 % fig
FrL7z, Fig. 1.10 13, XUHIVBICBF 2HAEICHA T 3 ATOMERORHMZILTH 5.
17-23 HZAIEMF T, 87.5°E TREWV LAFENRBDH SN2 H. 85°E T FREIC FREFHRAH
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Fig. 1.10 Time-height(hPa) sections of vertical p-velocity (Pa s™') at latitude of
10°N, and longitude of (upper) 82.5°E, (middle) 85°E, and 87.5°E during 16-24
June 1998 in ECMWF analysis. Contour interval is 5 x 10”2 Pa s~'. Heavy shade
shows the positive values greater than 5 x 1072 Pa s™! and light shade shows the
negative values greater than 5 x 10~2 Pa s~*. Contour for 0.0 is omitted.

WO AR TIRE Y A— VRN EBT 5 —7, EiE T Fy FEgUEo R
i CH BV HEAN B L T3 (Fig. 1.9¢)o T ORISR0 EOIREN, 75X 2 —
DHFEBI D S5V ERFORRIC K > THBHENTE T, £ T LRI RE Lz LA
ZIERLTWVWADOTRR VW EERT:,

C OIS B & 5 EBRERBHIEE (TRMM) A L2256 L TWiD T, BKkaf
%9 TRMM A 27 o igll2EiE (TMI) ofth Ef#kT—2 &, R B2 s %
ARSMBINEEE (VIRS) A 5 Ol AR (Tbb) ARIFHCEBIE N TV 3, TOLikx



1.6 BRATADKT R L St

15

TMI 0800Z 1998/06/18

10N

VIRS CH4 08Z 1998/06/18

10N
9N 2 N A
8N 1 //// BN
7N /,_/’/', 7N
6N 4 6N
SN 5N
4N 4N
3N ,./ N
g b
1n { B N
€40 81t 8ot 3 sér soE Boc 87C BAE ést 90E EQ T : Y

BOE BIE B2F B3 BAE BSE B6E B7E BBE B9E 9OE

e
-0105 1 2 3 4 5 7 9 11 13 15 18
190 195 200 205 210 215 220 225 230 235 240 245 270

Fig. 1.11 Map of TRMM data at 0800 UTC on 18 June 1998. (Left) surface pre-
cipitation (mm hour™!) estimated by TMI (product 2A12) and (right) equivalent
blackbody temperature (K) observed by VIRS (product 1B01). Broken lines in right

panel shows 0.5 mm hour™! contour of surface precipitation.
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ZFhELHAOMETIZE L A Y TEAREL Bix> TV Fig. 1.12 1. WL D DEH#E
Wric 51 3 B O _FEBAHHETOKTERERITH 5. T ICHENS LERREORERCe, &
F- G Ot TR ED. T—Z Lty MZ k> T, 1000km A7 —)VTE DB T
SETOREBIFLEESTVAT EANIAL, HEHDERTIEEL, 1 yATFETYS
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Dive10e6 ECMWF 200hPa Jun 1998 Dive10e6 NCEP 200hPa Jun 1998
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Fig. 1.12 Comparison of monthly mean horizontal divergence (10° s~*) at 200 hPa
during June 1998 in (left top) ECMWF operational analysis, (right top) NCEP
reanalysis-2, (left bottom) JMA GAME reanalysis, and (right bottom) ECMWF
reanalysis ERA-40.
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DL HBND, TNEOFUIITIAEEHLOR S LN TOHRETIRIBZE S > T
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THESULBMRI BT ERZEALGNTNS, Boyd(1980) I X% & NX—&FH FOARE
M2 & DT IVE IR, ¢ ZERE UT—RuBRAERER u + (¢ + wu, = 0 D TERT
B, TOHERICDOVTIE, Whitham (1999,2 2) IZFE LV, Fig.2.1 &2 OFEOWH D2 >
VBERLTNS, t=tg THETADT, ZOEMPRLES - REEZRLTWVWD, M
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Fig. 2.1 Successive profiles of a nondispersive wave at various times. The wave
breaks at t = tg (after Whitham, 1974) (Figure and caption are taken from Boyd
1980).
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Fig. 2.2 Time series of the temperature (K) at 100 hPa during January and February
1993. Solid line shows the values of JMA global analysis (0°N, 135°E) at 00Z and
127. Asterisks show the rawinsonde observations at Biak (1.18°S, 136.12°E).
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Fig. 2.3 Vertical profile of the (a) zonal wind (m s™') and (b) temperature (K) at
007 ou 25 January 1993. Circles show the values of JMA global analysis data at 0°N,
135°E. asterisks show the rawinsonde observations at Biak (1.18°S, 136.12°E).
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M5 24 BISH THRED 5 BN b e ZbhAH 5N b, 17-20 HEIC G FIOZLR R
ENBIFNE L, ZILEIE 21-24 HICHF TA—FAEL 35m/s ICET B, T OMEOFEL
ZE{tid. 50hPa DL —7 4 VYV VT OEICIZH & 5 NIRW, Fig. 1.6¢ IR CHATTO
200hPa O U #;R3, D 2 7 ADBICIX 100hPa THLNL LS BELEIIHAE I EWNTE
AT

Fig. 2.4 1. (100hPa LI FD) ZXHEICHB IS 4 » HO U DME T T 7 A )V72Rd . T
KPP [ ON,135°E TOREEERE TH 5, L FITRT X 3T, MIO DEEL T TR
BEEVD S I EOICENBEOEEERL TV, 12 A, KT 10 HEARHIE, HUEAD 200hPa
LiE i< . THEL 500hPa & D FTHW TS, 1 HIiZidWa i E T, FERE TH
AT E D RAHEANEHENS XK E S, —/. FHMRE TR RN X D KL RENE
NTW5, 1 A%EMND 2 ARPERISHT T, 200hPa (5D _LEBAHFE THRENHTRE D,
TERE T PR EE L Tz, BOKETAETD 5 MJO IZB T 200hPa & 100hPa O
FMHENNENT ENSNTVS (Madden and Julian 1972; ZE X 4). < OHMICIZ
1992 48 12 A % Tl 100hPa & 200hPa TIZEFH D/ 4 — 2 E TN 5,

LA L. 1HMD 2 A, Bl 1 A%ED S 2 HIZUHIZ 100hPa TH L NS FEEIZRR TV
LiE->TW3, COFERIE 100hPa THEBIE->ED LTWAH, 150hPa TR H X O TX
%1 200hPa TIEEDATL (Fig. 1.6c &), TNHOHEKEN S, 100hPa Thb L &
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Fig. 2.4 Time-height (hPa) section of the zonal wind (unit m s™1) at 0°N, 135°E

from November 1992 to February 1993. Contour interval is 5 m BT

TBREL-BHSMRE, FAMN 70-150hPa iICRELTWEEA BN S,

RIC T OFELRBISOICERSER Mz, Fig. 2.5 I3REAHED U O (1992 45 11 A
51993 42 H) ZRLIELDTH B, [AUREETO 3 51 (1.875°N, 0°N, 1.875°S) DT —X
L. BRSNS EIZEM Uish > foo M Efic 4725 100hPa Tld, K]
T E N RO EERIEENE LD, R, BAZEERROERIC Y 72 2 FEACT-HE T IR AR
T, BN Y7 ARATEETRERDEE TH 5. ZMEMNCBL TR, HEEhEHED
FFILHBEOWL DOhOEHMc BB N5, 1992 4 12 AICIZHEEEAH) 10-12° /day TR
N10 HE O RREWY T FIVERINTES, CThid, 240°E (HETREHHFZETH S A 100°E
EFHRLLTARMRTERINTE S, 1,2 Al 12°/day LUFO#E 2 & DHGES 7 )L AN
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Fig. 2.5 Longitude(°E)-time section of the zonal wind at 100 hPa from (a)

November-December 1992 and (b) January-February 1993 around the equator (av-

erage of 1.875°N, 0.0°N, and 1.875°S). Contour interval is 10 m 85

(3i74) R TROND, FHCHAFERTIE, KESTENRA FEREENRWZE NS,

1,2 HOHREER (30°E-150°W) I B4 2 &0 i 2R 9 (Fig. 2.6). 1 A4, 20m/s
& DO RO FURAHGE L TO AT b B, HEEEI/NE L, 10°/day AR TH B, 1&IC
BB &SI, TOHICIEHTHESFICILD S MIO HEENTVS, 0T &I R
MHEMER>TL B, COFEEIE 90°E-120°E Tlitb ¥#E TZTORKEEE 40m/s ICb%% 5,
YO FEIZ A 12° /day TH B, FHENKELEEZE > TVEBA Y FAITHEERFHETE
HAD 5 PEEADZEDIEHIC B TH B, K BHFH 1 ADIZLDICHLENSA, O
BHEHIBIE PR NE D TH > 1z AFIDITIE 20m/s LLEDOHEFIEAS 150-180°E IR 5N T
WA, 1 H 6 HEUC 20m/s 2B A 55600 P8R C OFZHHEL TS 5. TOME
10-12°/day THo e TOFHITIE, 1 AR LR UL HEMN S FERNOLENZMTDH
H, WMOZ{LIX2W TR,

2ODHFIEILETE L. UTICRTEICHKORIANREIC K> THRESZ T LA,
IMA 2ERBHFroOMEICHTAMENSECRZEDTENT EARMEN S, 100hPa TO
WA T—2ORHERBROERICE > TS, Thud. X F@ (FlAE. 200hPa
850hPa) D& HICREL DTF—ZHWRHFTERVN S TH S, LEN>T, HHBHENNDE
[ R TOREBL T4 5, CTORKOBIEICHBEIT—2AEFICTH L THENT
Llick B WS afEEZEZRLAZTNER SRV, LAL, TO 2 D0HHFITIE. KEWET)
NRIZHBREHTHONT VS, 1 AP KER Y T FIVNRLNI-BEEHROD LAT
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Fig. 2.6 Longitude(°E)-time section of the zonal wind at 100 hPa in (a) January
and (b) February 1993 just along the equator. Contour interval is 10 m T

. 1 ABFICIIBSREHFE DFETEV. HDOT LN 120°E (HEOHKFFETVA S &
512, TOGA COARE IOP 23 T O TR Z L OBflIA D5 T £ D, FilcBNzK SIS
L—" 4 VT OREREIToTWEH, IMA 2Kt THLNIY T FHIVEL—D 1 ~
VYFTLERERONTWVS, LIEA> T, HAHEKNHAHT km IKIRENTWVWAT L,
REATICELE N2 T—Z2OBRPHICLZEDTREVWEEDN S,

2 Hic . S dGEREEA KOOSR b5, FEEFIEATEA T (90°E-180°E) %
i 12° /day THUEL TW 3 (Fig. 2.6b)e T 2 ADHGES JF)ILZEDBRKR T, B
DAETIBATCTF 1 AO K S ICHAFHEDORNRERICRS N TV A A, BUHOK & 25T
T. AN S FEEAOZ(EATEED b HANDEIL LD L2MTHS LWV FEIEE LN
Moz,

HHEOD LU TFOMEETOREY 7 F IV ZENS 28I, 200hPa T O #E LR ] W i 2
Fig. 2.7 1c7" 3. MDD E TIcE. 100hPa THL N K S BRME U DZ{LIRED B,
1 AlcBEDHEHEY 7 VA EBN%, 1 A 5 HEIC 30°E {HiLic & 5 7o i il |
—FF 120°E (B TClE-> 2 H Ll %5600, 1 A 23 HBUC 210°E {HEX TET 5, TN
Jilld 100hPa (Fig. 2.6) Tb & BB BITREICRZ TVA, THUHL T, 200hPa
TREANEVERICABNZ LS IcEh. 1 HO#bDITIE 150°E ISE T %, 200hPa TO
C OHAGEKIE 100hPa L IZTVRAES>TVE LD TH S,

HESOEREELICIZ-> D LB HIC, Fig. 2.8 ICTOHRFOGMIEANEZRT. C
OEIE 1 A 25 HB LU 28 HICHF B4 > R bR TF-HEOTHUKORE LS LRI TH 5.
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Fig. 2.7 Same as Fig. 2.6 except for 200 hPa.

1 H 25 Hicid, MJO IZfES EOHEL LN IE> b L R5N 5 (Fig. 2.7 ORER N &
BI), FHMFHET U OUGEAS b _EEHHE TR H 5 T b, 140°E AT EAH
W& B AJHEMEA A Z L, 850-700hPa {iE & 200hPa (HETIE. CTOXVIHA > FHEXTD
- - E L > TV, TOEWRIVERANC, BERREIEEAS 110°E {1320 100hPa
THEND, TOUHIE 150hPa TEALNB A, TORBUIIEEMT/NEW, TOPREKREF
LT-HGEIRZNE D FTOMAETIER AT EANTERL, 1 A 28 HiTlE, TR DU
L RO S EERNEICEL TWA, —/. SHEA I 100hPa {HiED
HPGIHIE 150°E (HEICE L TW3, M ORI IEdise U= GRS 519, 100hPa
DHFEL U ORPEIHIE MO O—H7TH 2 XS IIERAE,

E5ic, 1 BPAIDE S5V DD TIE, 100hPa (HE TOMEIICIHKNBHK L MIO DfiL
BRI, SRRz 1 ABEDEDEIZRZ > T3 (Fig. 2.4 Z2H), 100hPa DRV
Jii 1 A ORI Tid 200hPa TORBOFEED LIEE SRICEZTNSA, 1 HRLHOD
HHTlE 100hPa OFAIZ (CDORETIRHEHORELAVEDOND)1 A3 HTAICHM%E>T
W bh, TOHICIE 200hPa ORAIZE 5 RA &L x> T3, ThbHDT e b, fikME
IZHWVTIE. 100hPa BICRTET 285U MJO & IZEBEICEBFEZVWEEDNS,

ZRIT, 100hPa IC ) % T DBRRAEIE A IS EDRRREILD > TWB )% Fig. 2.9 IKRY,
COBRKEKZARBEMHT, M 10° ZRX TLEN> T3, LML, 5m/s KD EREVH
JR AN 5D 5° UNICH B, Fig. 2.6 IH2Y 3 2 R RN 2 5.6°S & 5.6°N T
WTHED, HEANSHANDRER NSOMETREHEDR>ED L o7, TORIC
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Fig. 2.8 Longitude(°E)-height(hPa) section of the zonal wind (unit m s™') on (a)25

January and (b) 28 January along the equator. Contour interval is 5 m B -

DONTIE., 344 TELILDLLE@T A LICT B,

LLED 361 (1 B#Is, 1 A%, 2 A 20 HY) k@i L THASN A RMELITOMED TH
%, (i) BEREHHETHRECERO Y T FIVHHEL T 5, (i) HtES 7 F)VIdRiE O} AT
FEDEAD ZEON., ZOHBMNKENEL A, A2 FEMSHAEEHTEETDS 5
30-60° IFEDFERICIES N TV D, YT FIVORKEVRRER, FHT LI/ E->TWVS, (i)
(2 H O 2[R E) SED 5 FERANDZED, ZOHXD AWM TH S,

HOAT LRI DOV T 17> THIH, Rt RohiEhok, TOTEBK
U U ICREENHAENZ T END. ThEOHRKITIVEVHOMHZE > TWVWA T EAVR
HENb,

232 EEH

Fig. 2.2 1% 100hPa I $51) % 0°N,135°E T JMA £EkfgHT. & U Biak DL—v 12/
VIR L B T ORIZRL TV, U THLND LEREY T FIVERDONS
MY S hERNT-, IMA BBEITICEBOTIE. 1 A5 HLRE T & —80°C AR THER L. 1
A 24 HiclE —87°C 5oz, COEK, T RHEOEMHZRLEALEEAL. 1H27TH
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Fig. 2.9 The zonal wind at 100 hPa at 00Z on (a) 25 January and (b) 2 February.

Contour interval is 10 m s™'.

I3 —80°C X h&@id otz COMERB L, 1 ARYORIRE. ZORIZROMRK D B
Fo LAWMTHBT LD D, COETORRE. HEANSHANDZLLD 173 HFES
BHETWAZ Wb 5 (Fig. 1.6a B),

Kic. T OKEMEREANT, TOY T FIVEH B RKELHZENLZRLTVS
(Fig. 2.2), SR IZRERIANC TP LIz 7 — 2 &g T &ic U, 12 Kl TEiciEBATES
DOigE LT T — 22 LT (EABE1,2,1).

Fig. 2.10 iC 100hPa T T ORI Z7R T, U LRBGHHES 7 FIUNRLENS.
E5Ic, 1 AR CHORMEEROT SR, 1 A%AD 100-120°E {fiLic, 2SRRI
5ENB, WifOFH T, Fig. 2.6 TOU LTORD T ZHAS &, 2GR, FHEANDZ
ZEOEH3HRENT DA D, YT FUNKENREEIRZU L T TIRIEF—HL TS, 2
H 20 HE{ICIE U 3IHMEHES 7 FH IV ERLTVEDS. T TRHEDIE>EDH LAV,

T Tld. K< TFIVH IMA BT O RE MR FEETH S 70hPa TEHEH LN
%, TIEDOWTIE. 27x{ &% TOGA COARE il T 70hPa DX BRHTEHLEHTE S L
#H5N 3, Fig. 2.11a & 2.11b |& 70hPa TO T O ERRINH TH 5, 70hPa TEHGES T
FIVIEGCHHATRETH B A5, 100hPa & H & XD EWEAHD Y 7 HILE XL TV 5,
I ZIE, 2 B A 7-10 B2 & D8t )L (EE 15°/day) BRSNS, OO
> FIViE 100hPa TlRHE O HL TWah o7z,

1 HOZ#HE F1-RRWMTH 5. 10 HUTORMAr — V2L DEME HZL THH M)
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Fig. 2.10 Longitude(°E)-time section of the temperature at 100 hPa in (a) January
and (b) February 1993 along the equator. Contour intervals are 1.5 K.

5TH 3, FICHMZRED. 100hPa & IZIFEFE UHAT. 2D 1 AR LHOHANEEROD
Lie 1 M0 120°E (HETH 5N 5, 135°E TORIRDHAHE. 100hPa & D &2 Ui
D1H17THETH B, L. YT FIVHMIERICTRLTVS LTI, ¥ 7 FIVOTREELE
2. BE m/day THB, LHL. TORES S D UERES NS &, #iid (120°E {$
ED1 A 16 HE 22 BEHED)2 AFRCAHN TS T LADH %, BT, 100hPa &0
& EEIAEIA EE L TWVWA T L ZRMEL TV,

Fig. 2.11¢ & 2.11d (¥, 150hPa OWEiZ/RL TW %, 100hPa LHARTY T FIVOREE
Fo b/, iHEMESIZ- 2D L, LAL. 1 A%RFCENS 5 UTHfahEZ A
Edc LN Tx3, 135°E AT, FiEMN 1AL HN2 A1 HEICEETVWA KO TH
%, COTEHD. HFHEANTEAMEN FREELTWA I EA DN S, 200hPa Tl FAM (L
MG BT LR TEAL (RIBRE ) U EBRRTEZEK 51T, 70-150hPa T
(3B(E m/day TFMLTVS, COEEECHIFICA > K427 0 Bandung )i b=l
USRI & o TEIIE W=tz 21EF U T&H% (Shimizu and Tsuda 1997). 1 A#4
DESTIE. FRAHEEZD UENESICAZ B, COmMEICHT B MHEEOARH
HMTHBELETIEVWALEL,

TR, 100hPa ICBVTE U R T IEEHHEY 7 FVIZHAM TR Ao 72 Sl
A o TWT., BREMLICRET 2MiERIE-> D LRBDHENENoT (KR
T,
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Fig. 2.11 Same as Fig. 2.10 except for (i) 70 hPa (Contour interval 1 K) in (a)
January and (b) February and (ii) 150 hPa (interval 1 K) in (c) January and (d)
February.

2.4 iR

C Ofifki TROM - BRI HEIC 1) 5 BE A HGERELIE, T3V F -z ED
AR VeV TH D LEABNS, HHIZLITOED THb,.

o HIFHM (U) &N (T) O 7 FIVAHHET %,

o HibAICIEZT T NVIRIEEAERE NIV,

o (A FEET 5,

o T DA U DMK D D LRV, FHRAFEEMEILEX D EDLANCEZ %,

T HOREDRBIE. Parker (1973) *° Tsuda et al. (1994) ICfElTW %, Shimizu and
Tsuda (1997) &, C OfghT & [ CHHMIC Bandung (7°S, 107°E) TL—v 1 >V > Tl
1To1z M5 1-2 AICHEEHE TERIAA K 10-20 HT. (A R % il 2 #it U7zo
HEDRWE LI ORFTOE D LRI TH S LEDNS, HEDMli-> /o7 — Ik
RS 150m 2D T, S A MO ARG #E A M OBRROLEHN D A TH %, Bandung
TOHSDFMTROVIEENIZ U & T O 7))V, Wil TlEZOLAHED IMA 23K
RO ED LR L TH %, Bandung DL—7 1 >V 2 FERIOMEIT BB 7— 2 ERICIE
fEbhTWaEnT &b, TO—HE IMA BEBFITOMRMEBTEHLDTHS T L2
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Fig. 2.11 (continued)

LTV EEDNS,

g3, ChbOEMANET IVE Vil TH 5 & LTl Ed TV T LicT %, TORfE
FCOHLVAIBLITOMY Th b, (1) MOREHIAE R BREEHD. AT HEOREILE
FHEICIREN TS T &, (i) WOEAERLHEEN 5T TVS T Lo BERANOZ(EAHEAN
DELE DT - LRINTH S,

FEATEREICIR D NI REH TORY VE VSRR L TV A EEOHAIIE-> D LaW
M. BAEED DA ¥ BRI THHETORICHENS 2 DOBERNMEFICBFKEL TS LA BN
60089Eﬁ\C@ﬁﬁ?ﬁ%ﬁﬁﬂ%%?i%tbﬁ:t?&%oﬁﬁﬁmmﬁﬁﬁwi
EIFVFE—FEOVEDOTHBLEZBN TV, 100hPa IHEEEIC L THEVWDT,
%ﬁﬁuﬁﬁ%ﬁﬁ:ybazbﬁmEHuLKHM®%m®ﬁ@:yraxrw%&urm
Z2EDEHRBNS, &OVEDOERIE., TOFKO LHNHETHEML TWBHRETHS
(Murakami and Wang 1993). 7 )V € I3 SR T & hEMcZFNVF—Z LACHRTE
% (Shiotani and Horinouchi 1993) O T. DL )b F— 755, FRCTEED L TV
ZHATEE D ASICERGHECEETE 2O TREVNLEEALNS,

EE Mo AT IVE VIlEDRIE L 725, HORMNE L TRARMZEAVNE WedH
IC. ISR DK E RN EES5X %, & LAMN 25 HTHH, HEA' 1 T\ iR
ﬁﬁmmﬁﬁﬁétﬁﬁ?ét\EW%%E%&&%E@*%&@&H%I?&éoC@#
SRR DOV T IR, REETHAIRATORRZ R T EICT B,

MJO & 2F191C. 100hPa Z ST M iR LT 5L TW% (Madden and Julian
lwﬂoEﬁ@%%ﬁﬁ#ﬂ&mB?3%Mﬁ;bt?%ﬁﬁﬁﬁ§@&kh8&wo~T\
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Z OfFNTH X U Shimizu and Tsuda (1997) iIc &3 &, 1993 4£ 1 HIC 100hPa [ TH LN
FEEER A VE R, 10-20 HEEEORHZ L b E m/day O TREAHEEZE D, O
WiZORNCIEIA S DR ENEE L TW5, LA L—7. Parker (1973) {& 100hPa T )L
WOLSIBHEERWVELTWS, TOHIE 1993 4F 1 AT Nz e X {UtEz
o TW5, MM TRELTED., EIEE 100hPa TiRALES> T5, LML, TORMIK
BLET (LIFLIE 40 HEfR). L5 MJO OZFIUTEL,

Ve Ve MIO OEMRICDOWTIE., BIETERLTLET>ED Ltrlﬂﬁh%%o Fig.1.1
THZEHBIHELEESIKEA TR EEH 5T, TNHIEESLDTH B LV il
BEREN TV, THRIFZEDBRVASRFEREN TV S TEICENS EESRTEDH S
DFED, RRVHHILLTERATLE VA5, EBE. WOEDOKIRD 20-30 HFZ EB 50
5 & MJO DE—ZILD%ED>TRZBH, BERZ LB ULATIVE L LTOWHED M
W EbH b, MJIO LEIREICHES N7 Ve VEOBOBRICDV TR, EHICHHNS
WD Do WEMFTERICHATIRE DM, %%b\ciﬁibmﬂ/\bf{mm%— RZZLTHBDN
WEEHEENITHS LEFEARN,

25 TODEDTLES

TOGA COARE IOP 1225725 1992 £ 11 A5 1993 4 2 HIZ A iF TD IMA EBkEN %
FWNT ., 738 B SRR O AR AL 2 Rl U 7z & OBHELIE 1993 48 1-2 AT 3 MBI
Liehh, LxVF—DEAGERET 2 REHIENHT VEVETH S EEX NS, MHEEE
#712° /day CRBIEEATEET 20 HHE D ThHo Tz, REAIREVLDIE 70-150hPa DFEE
T, HOMMIE TAEEL TWE, 2O Ve VikEBEIOMRER (OIFIF) #Ed 58
LHANB L, ZORBIETHRERER (30-70hPa) TROLONBTIVE VLD ERL, MRET
HBLTWVW5 MJO Kb Do T,

(B 1 Bl BTz) WIELLFD 2 DOBEERFME S > Tz, (1) OIS FEATE
JEID 30-60° DIRETDRRE, (ii) HED SFERENDEEAM LD LI ORHTH S,

FREBADID T RIVF—DFAT B BREAE T 15 B EDE B & DR OIRIELN K E
BT EEE > TVWBI ERRWVE LT EIch D, TOHERIF— T, Tild/NE i
IR S NIz 3L FE— OB, #IREEOEEI T 3V F—T 5 v 7 ADREDS D ICET
+THBTLERLTVS,
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E3E

ul

IEREHE T IV E > RO (11):3RE
AR E DRI

3.1 IFCIC

BIE T, 1993 4F 1-2 HICRWEENBEREHETO 7 )V E VIO KRIRE & 7 O
BB 1B %L RN, BERMFEOBEOMZEL. C OBBIHREORED 5
LIEEICH B b, BOREBIUKESY 7 OB EEOMEZEIRENC END, WK
B/ e UTHBRRE, Eio, OB BICK > TR D 53 RKEHRED YT R OB
BRHARZESEREZ & 7259 L EbNn 3 (Fujiwara et al. 1998, 2003 3 & U Fujiwara and
Takahashi 2001) DT, T OB L 7B E S MMEBOBIEDORIE & W S Blah & & kg
Vo TIVE VIEDIRIEDTRIC DOV T DZEDBRORFRICT DN TIE, RETTHENT %, TOETE
WO BITHERERD . ZOMAIRE, BELHEZHELMNCT %,

3.2 TIVEYVRRENE DR S

FHAR L IREANC K o TITh NIV E RaEE) E ORFZERI 24 OfFHT (85K 2002, Suzuki and
Shiotani 2005, Suzuki and Shiotani 2007) (&, HiE T \7zHEHIfEHT & Y= TihbRXB5E 53T
SO ZHSEELMITTHBD T, COMTEDONAZFEL SHN LRV, JIETE IV
CURIEEIEDN —EOREBICREL TWA T ebh o felzdd, FOREMDHAETNS T
Elicl7, UL, CORETOTIVE VBIBMHEERHRNEE > T3 00, HibHK
B(LIF, COBTRE ) & ABEEEIEFICBIL LD > TW0ATzsh, REDR. Hi
ZROWT T 4V Z—Ti3 5 ELMOMT T ENTEED o, 2 BOWRZTT- e Hi, W
CODDT 4 WV Z—=Z2fd U THIED, Bahiand S L7 IVE V2 GBI D i &N T
FIRNTEDIC, HEHIRBAB T ENTEED 5 T,
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L Z A, Wheeler and Kiladis (1999) AR U2 T 4 V&2V V7 FER, BAENCIIRERD
ARY N U LDV EVDIT, ZOEMZHIDICT 3 & LI X > TREROMTZA
NS T X BEIHNGRRRETH - . W5 IE, MEESHZRET /MRS (OLR) ZHW
TARY MV ZIT o Tee £, FREWNHRE KHE— RO T FIV2RBELIZODB, Zh
ZNOTE— Rickt UTHRZEBARY MVIER 17> T (FiEEHIA IS Hayashi 1971), B,
FOAEIC 708l U 72 RE B AR MV ZFTE LT,
CZDESICLUTELNIARY MU, EEBE - REHOES TREZMEZSDLY B/
A ZHEBRU T, FENEL B OB SRR -2 25 DK D mRROMBALEEZ L
DESICHZ BRI THB, TThbH. NI TV Fickied /A Xk, FEORE. F
WHE & OWRNEES B, OB ERT S LICK> TNy 77 TT Y FER
BESEUT, . EEEOTMIC 1-2-1 OEAERTERENS F L2 REE/ LTz, €
LT, BREFEE. BBICBNT, N 7757 ReDtZ2ROTHRICT 5T £T, MJO
AR RIEEIE— RIS Lz, RERICIET 5 E— FE, HBFMRE TOR
KB SBARR THIFE NS LS5 TH-> 720 TORIKIE. Takayabu (1994) ARLTZE D L
WTH o, Nw 7759y RIEHT B TRR U2z, TOMRETIIHLHRZ 6D
Lirotr, TOMRTRBEINRD ONZHEBIAWTHEHE, TOFHZHEKT T —
U LIRS BT TR X N ARV ZERTNE, ZhEZORHIE— FEZRLTEY, &t
D EUEZEFE T NWEEBIOEIE L 75 %,

VeVt Wheeler and Kiladis (1999) TIERFRE— FOBELRTOARICE N, Fif
VERE 8-90m (MIAERE T 9-30m/s) THENSMEVWEBICEEN TV (Fig.1.1)o Wheeler
et al. (2000) Tld. T ORRFNCEDINT, FIVEVEDDTEDERALE> TS 0°N,I0°E
TREEIHELIERICRAREZRE L, BB T— 2 8bEAVzay R Yy MR
Lizo ZFHUCK D &, TEERELBROMOBRENEIOY 7 FHIVHAHBIREN TV D, T2
ZL. BizL<AsL, BREMIOHEAROMEIFENEN 2-3m/s L NEE->THD, 2
BETHRLNZ 20m/s i&b\ﬂﬁfﬁﬁkbi@“‘b\g%‘h&%bﬁééo ZhlE. ThFhorVEVESE
I BRI BT OMAIEED K Z B LTV A EDIc 2V EY Y P TN ERE N, &
2V REEE) L EEEBERE L TR W T L E VIS RS 2 S 5D, WU LT
C ORI CEREMED T IVE VIENERENEN T2 D00 EZRITE X > T0D,

rehin, HHOERULEFRICID., FIVE VROV T FVERBICERO T ENTE
25510, TIVE VEOEBEZRBEMICTANS & E\OEDHIT o, T OFRZEN
TRBED T IVE VIR CHTHEA L ZODVRA L HB TH B, KL, KEEICBI SR
FEE (U) LIREE (T) OBZERIARY F L% Wheeler and Kiladis (1999) O755E% U TER
L. EESBICE > TEIHBEOTEZIT> TV, Bz 7—2ik, RETHENS ERA-40
EEBEBOBEFNT— 2 TH 5, UBE DFREMFD) OFZEM AT FUid, Wheeler
and Kiladis (1999) 1 &% OLR DAY FLEFLL TV BH, RRFMRELDORE N
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(a) ERA40 U Kelvin var. 100 hPo
1 1

(b) ERA40 U Kelvin var. 150 hPo
ey et NS 1 JAN

Fig. 3.1 (a) Climatological Kelvin wave activity defined as the square amplitude of
zonal wind at 100 hPa averaged over the latitudes of 5°S-5°N. Contour interval is 2.5
m? s~*, and shading begins 10 m® s~2 incremented in steps 5.0 m? s~2. (b) As in
upper panel except for at 150 hPa. (Figure and caption are taken from Suzuki and
Shiotani (2007))

SADENRD ZED, Thid OLR O 7 F IR TRR#EWMHEHEZREDOE DTN
CTERRLTWVWS, Y IVE VI Y - 3 BN BB T 7 1 V2 —Ehic U DD
HERGRINT TG AY Fig. 3.1 Th 5. BRI —FEL 100hPa OF5R (Fig. 3.1a) ZH B L. H
HER (0°E-180°E) THBMKE L %> TH Y, AHERIE—MITTHAVNE WALHEERD A
EUOEIAAZOREHENISH I LD TH5B, 2Ttk LIEKIRIEDO 7 IVE VENA LN
100°E-160°E @ 1-2 Al3. TORHIKEVFKICTEN TS T EHDN B,

MEEMICHB I 27V Vi OBENFEEE NS, OLR TOZZEUE. Fig. 3.2 TREN
%, WEESHOED D ICHBUR T, BETHOMMAEZZ 5 & TRRIENEDED 2 DIEN,
LB ELT. OLR OO AZ W E T AT 100hPa ic B % U DDA KE W &0 5 HE
WHEDH L EZ KWV, 150hPa lc3BiF % U D5 HL (Fig. 3.1b) (&, 100hPa & 135#IC 755K
DIF S BBEERE D T o L AX L K> TWV5, BMREHATI 2 T T/RENIZK S I
THEET B 728, NET Ve EDIINF—R EAEBLTWS EEAENS, B
KD 150-100hPa TORIMERIE, HRERTIEE TEREL ., WITHHLERTIIHEXKTH ST
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OLR Kelvin 10ONS t:4.0-23.0 w:1-10 h:8-240 org
1 L L 1 !

Fig. 3.2 Climatological Kelvin wave activity of OLR averaged over the latitudes
of 10°S-10°N. Contour interval is 25 W2 m~*, and shading begins 100 W? m™*
incremented in steps 50 W? m~*. (Figure and caption are taken from Suzuki and
Shiotani (2007))

e, BFRHAHEDOKE X7 )IVE i OMRIEZ$IHT 2 72oicid. S EEIC 350 2 808
NRETHZLREND, 2EMCTIVE ViIEDTEDKZE VBT, BED KL 2> TV
Tzo COBRICDWTIE 3.5 M Tillimd 3 &icd %,

33 TREBIFE

1979-2001 fEOMRNIC B B7KF 2.5 B KU 6 RO %R & DI — o v bl Pt
> 2— (ECMWF) {Fp® ERA-40 2ERFERHT T — 2 2V %, HDZE- 1B IFEIEED S
DIFNZMHES LD THEN 5, Hlix AT MVIENTE E TEBMICHE T2 C 2LV,
e MEOVRIETDZES VBN H > Tz & LTHMO/NRIBIERS L DY) H 53F A5 TV,
C T TR, A THEN/EX S B AKIRE TOWELZE ST BEDAERLS T Licd D, TRTD
oMM L TRINT 22 L3 TERVH, ETRABBILZES I BN E DB T L DR
T D0 2H% C L3 SHRTOMMAETNIAT ML ENTHS L. MEIRS K IckE
ERZ G5 X B RPIORE LR TVEFPRN 2R TES LWV EHL H 5,

AT TIHBNTe K S B ZE o o e IV VIS U DEZRIBMEDR Y —LEEDDT. 5
HEMOZA7—)VTO U DRLEEFET 5T L 2RAZ, TNEFNORTAICEVWT, £
B2 L etk sl L7z 5 HT U Z8UBEIRT % C Lic & > TZ(E®R AU(m/s/day)
ZRTco |AU| DBEKH 8m/s/day LLEDHHIZ, S%BMALERDSHZEDERET,
PRI, FIVEVHO XS BEEOWMICHT 2 7 4 L&) ¥ F RIT> TR, Ml
H7T— 2DV TIThh T3 e W0WS T L3 AHTETH B,

GBI U TRERDS TN RO RIS B 1-5Ic. HBERNL OMZTHELTEBL
Teo ZIERDG%Z 5 HAS 3 HIZEZ 3 &, IMNRIBBRKRIC K 2 & D&E - TS FFlITHm
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LIeh, MRICKREREEZERLTEDO TR -7z, LML, ThETHICTS &, HIC
IRIEDRE NS TR Lo TWIEWT VE VIR T 2 EHNZ {720, 2253 b oM
FHEL <7xo7z, |AU|IC X BHHEENER 8m/s/day DD Tm/s/day 1< LT EFEmC K ERE
B0, 9,10,11m/s/day I LTZRIC DWW TR EREEENED L NE D, 2hcDN TR
THNR LTV, )

RFEDRZMT B T2dlc, 100hPa D U@ L 7 YW RS X X7z i T R T « )V
X — (Wheeler and Kiladis 1999 TTY' 1 &) ZHVz, #51E OLR F—&XIH LT
IE1-14, A 2.5-30 H. ML 8-90m (MAHEEIC LT 9-30m/s) Z W 7zA, OLR @
AR PIVZHS5DNE E—T DABIZE, 100hPa O U lcHHNB AT ML TR, il
HEDDPRHNFITTN TS DT, Suzuki and Shiotani (2007) &, %K 1-12, FHH 2.5-22
H. FMZRE 12-240m (MAHEE 11-48m/s) ZHWV iz, T O TIXIZIZHAROH Wy
FAZITHEC TN, WL D DSR2 G UTRER, KIRIEEFITIE. K 0 AN E  Higy
HEDBNEDNEN o7 LZER LT, 7IVE VI U TE B O A& THEL 1-12,
JEI12.5-30 H, SRR 8-240m ZHRA L7z, Flee MJO ICH LT, W 1-12 %285,
H130-96 HOBRMER T ZEDO 1T 7 4 VA —ZH Nz, ThHEDRTAR—RDUTDOERR
MOEERDOFEI N NEDLIEN T L Z2HEND TS, 27210, ZZo i baRBI L HFI Tl
BN 20 HULETHBZ L Z2VDT, ZFIVEVRICH L TR COATHFIEEARZIZS BE
WeEEbns,

3.4 %R
3.4.1

Fig. 3.3 &R F 100hPa TORZED 3 DONREBWNZEHOREREBIMEEZRL TV,
Fig. 3.3 DA, 33HITERE N AU Z/RU TV 5, Fig. 3.3a IXRHC R ERRE D
JEDD 2 & - 72 1987 4F 3 A% OHEFIZRT, 10m/s LU EOHEEMN 3 H 12 HD 10-40°E
IETHLNSH, 3 H 25 HIZIX 160°E B E TRHL T\ a, ZHUcki< 10m/s DL EDFEE
3 A 21 BT 40°E (hlic 353 3 A 26 Hicid 140°E fHZETBE#H L TW5, 2D 2D
DO T, ZOFRMEICD L EENTHBHEIDHZHEDD, AU ORKEZHEDOMEMNLA
DI EHIF TR b NS, Fig. 3.3b . HIETE D BT 1993 4 1 HBYOHEHTH D, H
IEBEEBNTITH S O ERA-40ICBNTE, (FIFREIBEOBEELZESIBMN, 1 A 23271 HD
100-140°E PRl HEN B, S DOFNTDNTIE, BIRICFHEL T TN TV 5, Fig. 3.3¢ &
BRI IED D LGRS > Tz 1998 4F 1 A% Y OHEFZRT, UDZIE 1 H 813 1
I 150°E-160°W fhiElc A 6N, COEBIIHREL T»d, Z7IVEVRICHESI ThHDO U D
SE %, TOMMTIE “Boilolr VeV E UTIRIRT 5 Licd %,
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(a) U ON 100hPa (b) U ON 100hPa
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Fig. 3.3 Examples of Kelvin waves distorted from a sinusoidal form: longitude-time
section along the equator at 100 hPa. Contours show the zonal wind (m s™!); the
contour interval is 5 m s~! and the easterly flow is shown by dashed lines. The color
scale shows AU (m s~ day™'); see the text for the definition of AU. (a) Case for
March 1987, (b) case for January 1993 and (c) case for January 1998.

3.42 TypeU+ & TypeU-DRREFEH S

21 MITHWAL & 51T, B EBOHBD 57 IV E YOS T BIZHEAD 5 75
BANDBEEVS B LB ENTHEND, BYNC. U DZH (TypeU+) . U D&
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(a) TypeU+ 1979-2001 (b) TypeU— 1979-2001

JA FE MA AP MA JU JU AU SE OC NO DE

360 240 360

Fig. 3.4 Longitude(°E)-time distribution of cases with a rapid transition in U along

the equator at 100 hPa during the period 1979-2001. (a) Cases with a rapid increase

in U (TypeU+ events) and (b) those with a rapid decrease in U (TypeU- events).

Blue squares represent cases with |[AU| in excess of 8 m~" day™'; green squares

indicate more than 9 m s~ day~'; orange indicate more than 10 m s~' day~'; and
red indicate more than 11 m s~* day~'. Solid lines represent Kelvin wave variance
of 11 and 14 m® s~2, and the shaded region represents variance of greater than 14
m? s~2. The area surrounded by the thick dashed line indicates the strong easterly

flow (< —10 m s™') in the climatological U at the level.

(TypeU-) & b LT B E S D ZRRB T LIcd S (Fig. 3.4)c AU A 8m/s/day %
WA 2H - FEDS B, FEE 200 B, B§H 21 HURIZZAE D KEWEDZNEOZID H
T Lick->TELNBIM TypeU+ Z3E LIz, £AROAIET, TypeU-Z#EAT,
23 AEDBNIT 67 Hld TypeU+ & 55 HlD TypeU-HifilZ R 72 L7z, Fig. 3.4 D 2 f{DK
REENRTHD L. FREERTIE TypeU+ HHIH TypeU-HHIE D & T BN EADN S,
UL EB L. TypeU+ HHIOMESIE, 11-3 HTHIRITH S 7., 6-8 Al3mEDEITH
ENLEbLEV, ROPTRGHILDREE. 1-3 AD 90°E-180°E I TypeU+ Fifi Ak
LTWAZ L THbD, TypeU+ Hiffil& TypeU-HHIDEIT A 5N 25 IERFRISRFIC I 7% S
(JAU| >10m/s/day 725 &D T, Fig. 34 IKHERATRINTVS) KIERS L, 5
I TH S, —F. JLEEROKICHF BPELERTIE. TypeU-HHIDEA TypeU+ Fifilod %y
Z EBl>TW\a,

L e L DFEE L L E Vi DOIERE & OMFRZFAT, Fig. 3.4 i3 23 FRTFEO
T4 NER—ENETIVEVHEOTHAEDETRENTV S, THEHAK (2002) 5XT
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1979-2001
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Fig. 3.5 Longitude(°E)-time distribution of cases with large zonal extent and east-
ward movement of the rapid transition region. Orange and red stars indicate TypeU+
events with zonal extent greater than 20° and 30°, respectively. Light blue and dark
blue squares represent TypeU- events with zonal extent greater than 20° and 30°,
respectively. See text for details of the criteria used in the selection of events. Solid

lines indicate Kelvin wave variance of 11 and 14 m® s™2, and the shaded region

represents variance of greater than 14 m? s=2.

Suzuki and Shiotani (2005) IC X > TRINCRENZEDTH S, KDHF T, TypeU+ HB&K
U TypeU-$fillsfiid, KRESRZETNVEVHTHDOKENEZAICEENTV S, 2
BRI, 7IVEVETEIENKEN LW S TeHIRELEEBERIZLTVWER EALNS,
TIVE VO AKE OIS HRER AR (Fig. 3.4 IR TER) L BOBFRART, #
JRIEAJE, 7IVE VTSI, BXURMEZLOMOBFRE 3.5 BiCilimd 5.

3.43 TypeU+ & TypeU-BHIDRHEICHSNBZER

SETELPHZRXTNL S BIC, Fig. 3.3 TRz 5%, BEBFANKE LD T,
LG HEDOHEZE > TWVA 80D, TypeU+ W ehbh o1, TOMICHEHLT.
TypeU+ & TypeU-Hiff|D7 825003 %,

Fig. 34 ISl N TN T NOHRFNCDONT, 2R T HIBOBRENLN D & e
DY 2RIz, |AU| DS Tm/s/day & D ERKZVKRTHOEZ S > T, 2MEZLORKD
ERET D, BEBFMOLIEAMZRNS oI, |AU| A 5m/s/day X O EFNE
NOREIC K L TRAD |AU| 27T B ERIEER Lz, ChbOFEEE, KD (AU
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ZHLDOROEDODIE 75 [, 9 HHOKE T2 & DFEMHEE T2 /2. ROEAITHE SV
T TypeU+ & TypeU-HHIZHEO LU, B HENEHZ Fig. 3.5 IR UTz—(1) FEEZ
IRETRNT & (2) BHEEDED DAY 20 IR L 30 EH B T &, Fig. 3.5 ICALNS TypeU+
& TypeU-OFUCH LN ZIEMFRIEE, Fig. 3.4 K0T - EHWETH S, 20 ERBZ BIEN
D 7% D TypeU+ HH (23 Bil) 23 TypeU-HH (10 f) K0 &2 Lk, HEAKYE 5% TH
AHNICHEETH %, RFEERICIES & TypeU+ BEHIO% (21 #) 1&. TypeU-(4 i) Ikt 5

BRI TV B, THUSH U TR D TypeU-SH1idD7a< . EREEORE, ZEICHE
FLTWBREIICEHZR,

TIVE VG E DRERE X SICHHIBICT 272010, AU DREWERTE 70 VX —E N7 )b
EVEBXT MIO L DOBFRZRLIZOMN, Fig. 3.6 TH5B, Fig. 3.6ald. 74V Ex—&h
T IVE VDY TFINVINERIRTRENTVS M, 1987 HE 3 AB KT 1993 £ 1 HIicH S
NBEHNE, VWITNETIVEVERSD U DR L TWAEHT L AU BRKEWVEFRB T 2

B2 TCWV5, ZOHEHAMHANTN TN EFEIFZEALHET—RL TS, BOTEIQ
TW3 AU, 742 —ENTWEWHPFHORRINCH UTEHEEINTE D, o
EVEETZERO T 7 2 V2 —EBURERFIN RO ENTZE DT ZVDT, O
FUDBENTIVE VG EBRMENC L ZRB LTV 5, HifET 535 0L DOEERIE
RTHD MIO LDORFEZH;2 L (Fig. 3.6b). 1993 £ 1 AR BNEERDE TR S
HEITIE MIO 7V TD U O8EIGRT & AU DR ERIEDEERITEFNNSD > TOBA,
1993 £ 1 HRF DL DT, MJO OREMENEIC AU DREWVHEFTHHO ., MIO Ik
U DI AU ORERIEDEEIES TV B K S IKIEA AR, Tz, 1987 4 3 ADOHITI,
MJO &iZHEENE Bixo T3,

COMFRZESICE > EDETRZ DT, ENFNOHEHNCBOTRAD |AU| ZRTHIC,
AU ZT IV —ENTr Ve VDE{LHE (AUkgL) BT ZC LIk >T, FAE Y
BB E NIz 2B LD EERETH S L B RTIRFTbIBC h o, 67 H10 TypeU+
FFIDOTRXTOFIES T AUkpr, WMEDMHEZRT EWVS BEERFERE Aok, TDT LI,
TIVE Vi E TypeU+ BHRIOEEIGFRZRT, Ak, & LTIV eV ENRERENE
BRI N, FPHENDIED AUkgr, DEIEE 50% FEICEZRETENISTH D, &5
W74V Z—ENTe MJO OZAER (AUygo) ZETE LTz # 78% @ TypeU+ HHINZFD
UG CTIED AUpgo ZRULTze TOEGIE 100% Lz T VEVEO#EIE XD
T Lk B> T Be Ehic, U DRMAZLE RS FROBIMEIL, 1E2 A LOBEHT
MJIO OERIEEEL D B TV E VY EDZFNCAD 272 W DHOHERIE, MIO Ic k>
TERIEINTVWE2ELNGNL, Z7IVEVEE MJIO OERGDOHICK > TRELBEHD
AUDNETZEENTWVEDNE LNEWVD, FIVEViKEDERIE MJO EDBERLDET - &
WNEEZBND,
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Fig. 3.6 Longitude-time sections of AU at 0°N during (a) January-June 1987 and
January-June 1993 (m s=! day~'). AU is shown by colors. Filtered (a) Kelvin wave
and (b) MJO are shown with contours. Contour levels are —18, —12, —6, 6, 12, 18
(ms~') in (a) and =9, —6, —3, 3, 6, 9 (m s~*) in (b). Dashed line indicates the
negative value.
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3.44 ZOIUSTTIVEYVRDEERE

TIVEVFIZLED TypeU+ BHcHBNZ T L DOBKZENEHIZ, ZOMEMETH D
(Fig. 3.7)o IED U ZRIfEEIE. BOFEERL D &9 > LREMEICBIEL TV, Fig. 3.7a,
3.7c, 3.7e 3FREICHIT B U & 10°N-10°S T THHENT U OEZR LR R R TH
%, TNHOHEHNE, Fig. 3.3 THY EFEHOLREUKE. HHZRLTVS, TNHDX
TEBXUA X2 AZBROMmEIE, Fig. 3.3 DWABIUTRESRICFNEFNESONS, ZHO
BB I O VG AR, (1987 4 3 A 25 F1D 120°E, 1993 £ 1 F 27 HD 110°E, 1998 ££ 1 H
13 HO 180°E i TR & #EHE) T, FNXORICHNSHEER TOADELD T o> &R
BHAKELEZ>TWN5S, COEBOFERZIAKICT 3/zdic, ZEPRALESHICET S
U O/KF537 % Fig. 3.7b, 3.7d, 3.7f 1CRT, (b) Tl 90°E-130°E i< & 5N % f4 A D)L
OB, 150°E-180°E I # 5 N2 HEEEOBE HHANDLDBD £ 0o L A>T 5B,
(d) Ti&. 130°E-150°E fRICIEBELICIAWERBDAD > T2 DI L, FEEOEO T
95°E~120°E {552 2% LFREN 5 5° DINICEEL T4, Fig. 2.9blcAbNB X2 D
PR 2 H 2 HEICIR & S THEICHBWIBREILZ > T\, Fig. 3.7f OFHITE
RECZHNEOD, IZIFFRBEOEENALNS, FEREOIES HREAMICX O RELELT
VB EWSEMIE. K&K AU(10m/s/day M E) 2&D TypeU+ HHlDIF L AL THEEQ

%o TOREAMOHEICH NS IENFRIBE S IHFEEREN VL VI O—Ei ok
BINEZ O TVAZ IR Ko TREZD TR ERVNEEZEZTWEM, ZOMEOFMIZSHD
MIROBRETH %, HIE LI Ve VRN 2 BICiE, BEAMOBEICIERE S S
WH5,

345 RBLEECLDOEESH

RgIC, TypeU+ & TypeU-OEICH S NS IERFRD, BAHNLZICREL TSI LR
RY, Fig. 3.81F, 30 EOREW LD, UIKLALNZR2WEE(LOEETH %, 100hPa
BT (Fig. 3.8b). TypeU+ 13 90°E-120°E TRA L% > T3 (Fig. 3.4 &B), C
DT TIX. TypeU+ O TypeU-D 2 5L EIck > T3, AR LT, EERTIE
TypeU+ 3 & TEDEL T £z TypeU-K D D% E-2T05,

ChEOTORETE. BRESMIIHEYRE > TS, 200hPa (Fig. 3.8d) T, TypeU+,
TypeU-& & ICFHEERTEZ D H 53’1\ 120°W-90°W TH 5415 E—27 13 100hPa DHHERT
HHNTz TypeU+ DE—T7DEL EEIz>TWn5, ZHUCH LT 100hPa T D TypeU+
HFIDMHE NIZEPER T, BHOBUE 100hPa KD &9 - &7 koTWw5, 200hPa
OBPTHIEERNC &1d, 100hPa & ¥ > T, TypeU+ & TypeU-FHIDEMNT X TDFE
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Fig. 3.7 (a) Longitude-time section of the difference between U along the equator
and averaged U within 10°S-10°N (m s~') at 100 hPa for the case of late March
1987. Contour interval is 3 m s~*. (b) Map of U at 100 hPa on 25 March 1987.

Contour interval is 5 m s~!

. (c) Same as (a) except for the case of late January 1993.
(d) Same as (b) except for 27 January 1993. (e) Same as (a) except for the case of

mid January 1998. (f) Same as (b) except for 13 January 1998
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Fig. 3.8 Longitudinal distribution of the number of cases with rapid transition (a)
at 70 hPa, (b) at 100 hPa, (c) at 150 hPa, and (b) at 200 hPa. The black solid line
shows the number of TypeU+ events, and the green dashed line shows the number
of TypeU- events.

BEHTIFEALRIULTHRLVWS T ETHB, 150hPa Tid (Fig. 3.8¢c). F#ld 100hPa &
200hPa O TH %, HHERTIE 100hPa & [[ARRIC TypeU+ HHIDOED TypeU-HH XD
&2 A, F4%Z 200hPa &R UK S ICHEHERT X D 2L, 70hPa T (Fig. 3.8a). TypeU+
DEBNESNBEH, TOEET S DINTH%.

EREIC X BRI, WD D OEEER ML TWAAHEEASH S, 200hPa 328> L BEANE
RENBIcLTIREICET €5 100hPa ffild 200hPa @ 4km & _EIZE B DT, k%
HTH B EBEERADOELE Eic k> THIEE N, - DX TO+ERRHFENH 2 DN E
Lhw, E7-RloakEtkid, 200hPa & ZHEEFEOHICH D BHEED NN T OFEIC
EHENENEWVWS T ETH B, TORMCDOVTIE, FROMENLETH S,
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3.5 ZOHDEDXELHEER

23 £ERID ERA-40 7 — 2% VT, FREHERENEO UlcH N5 (BHEAD)U OF
BT DWTIRNT 21T o 72, 100hPa Tl U ORHHH] (TypeU+ HH) BACEERICEP LT
VT, COFEETIE U OR2IMEH (TypeU-Ffl) K0 6T oL Lo TWB, MHEDRHD
7213, 11-3 HD 90°E-180°E Titb KE L 5o T3, REEN, KELREHEDILND %
LEHHETZEHNCIRS &, TypeU+ OFYIRTOHBIIV - ZF 51E->ED T 5, WiHDE
ICHRLNBIENRRE. KD TOEETEIE>ED LRV, BIEL TIEBNICR > 27 )V
U i 100hPa IC 181 % TypeU+ HHIOs8ZFHIAT 50 TREVHEHRSNS,

HEEE LTOEEE. LUITRD 2 DOMIEIC & > THERTD TypeU+ HHIOHFHEZ G T2
ELTWVWADTIRENNEHRENS, FOUEDIE. EOT2EEEEHTH S, Suzuki and
Shiotani (2007) I &% &, 100hPa & 150hPa D7 1 )V 2 —&E Tz U DT IVE VERT D7
B (Fig. 3.1) O, 90°FE fBE T 1.5-2, 240°E 3£ T} 0.5-0.9 &> THY, W1EKT
FAEEROBEICREREND D, —. 100hPa TU OFIIVE VIEGEARE VG,
BEMBERELTS OLR O IVE VESEHIKE VG (Fig. 3.2) L343 LE -HL%
W L7zh> T, 100hPa TOLEAFHIAT 5 Icid LENREIIC BT 5 HEERNEETH S
LH5N, HRORENCNUTHFSLTVDEEXL TS, Kawatani et al. (2005) DSESIH
OREEFBICE LU THELZE S, FERET VE VRO EAGRZINZ S0, #UEE AN
DIEEZ TS S % BICHPIRICH NS EREAE T, BHEORHMADPLCEDORRIE K>
THEMEE TV AOTREVDNEEDNEMN, HRAELWC LZ2EZ S L, TRADREE
FIaOZE L EANMGEERELEZ Z0ENDH B0 LW,

SleDdlE, KER “RRONMMEE” (Ciny) TH %o 100hPa TOF IV E /L 10-30m/s
D IR H— 7 Dt M AR E % & > T % (Suzuki and Shiotani 2005), # REA TN
WEPFETIR. R 42 EEGEEO e 2 MHEE AN R - FEZ(E
UIRERW (Wheeler and Kiladis 1999), UL, LEAHEIE S REED R E WD, KR
20m/s IZ & BEIMOFRERI L TRER Cyy 27D TLEALND, 3.1HITRL
& AR LSS R TR, KER Oy Y BORIED Cine IFEALRUIEES
B E 3 LA DNBREEE DENC, KERRIEE DS EOFEZTRRICT S 8D
N,

S OBHINFERE L UTEIREC O, SREAROBHIEE TS5, 7IVEVEDESILH
i3, 2 BTHREL S ICRERICBOTEH BN, GPS HlTEIC K 2RET—% (BIZ I Tsal
et al. 2004, Randel and Wu 2005) 1&, £ TEEVREDMEZL>TWVHT L5, B
7P —2 L0 IdBICIERC, BEOHMEMEZHAZCEATES L LEBIC, WOBEELT
WAHEESEMICHEETE %,
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100hP TDZES T BHEFDDIRICDNT, 2 DDORIENE > T3, 1) HAEERTOIRKER
DOEIIE, BEARDSHBETT IVE VEOTHBMBBRENICEIDNDL T, fMOFRHiLES
T TypeU+ & TypeU-HHIOBMMEEA LR U TH S, TypeU+ FHHDEDES NI LER
DEZBRLFBHTREIALNZDEELRA I D, 2) BYERTOIAZOHEEIZ, HEMIC
TypeU-FHIDIFE 5 BL W (Fig. 3.8a), TypeU-HHIEZERMILD O K E &AL, PERAE
HEEZL RV EDEZFATVS, EDX S B - IREIN I EEROZERIHAMN D D/NE
7% TypeU-DE#EETZH LTWBDONERRZZ LREETHA S, TNDOREEHIIT
ZiclE, FHREER (B2 11X Andrews et al. 1987 Appendix 4A) ICED S BUDHANBETH
e bns,
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E4E

AN AT — }[/'EE'77Z'; RDERE
TR

4.1 1XC&IT

S E CREAEMECRELR T IVE R DWW TR U TE I, TOTIVEVENEDX
SICLUTHIEL., £hESVBICES O EERT H720IF., HOEHERIRORIEL &
. ORI DOV T OERZMEIAETH S, L, 1 BTHANL ST, EEpE
B BREEY 5 AZ—NOMBDIHARZ L > TR BMERMBEDX S IZHMH LTS
M. BTLEELS D> TWEY, T TR, AVATr—IVEI S AX—NETOMEAB &
CEERAERFEREZ ERICHET 2 2 20, EEEROERLIRICDAND EEX, £
5 R A —NEORE RO EEEIZ T - ISR ERT . LUFORERN 5B E T AR
FOWBEICOBRNBHENELNDS LWV I FRITIEVODhERND, BV SAA—ANTEETVS
BREPMABEELTENAINODOUEDONELNEEEL TS, AV XAV TDAR I &
5 (0.2°S, 100.32°F) ICREE N7z VHF Ry 75—L—4—THBHRERKL—F— (EAR)
. EVEEE (3 9) BRUBEE (150m) 7 fREE TOSRER (W) BZFTREIC LTz, COET
X, EAR OBJIF— X ZHNT, AVATr—IVEY S5 A Z—DBIRB/KEICEIT %2 W OFE
REEIC I BN B BRI REZ LIRS %,

BVEHE OO ABEIBELORIR & 7 2 EETENIX. £ <056, kI TV T, 10-1000km
A — VB E DAY A —VEY AT LE UTIFEL TS (Houze, 1993, 35 9 &), TODIF
BEIC X - THEMTONTED., B3HMEL SRRV AT LEA =)V 51, R
BDOEDHE T SAZ—EMRT ENZON, HOLZABMFHHOES AT LIIHEMT. cnb
OHEEL, - LEEBIC LB >Z2 0 LESEESATVS LRV AEY, LML, BYA
TA£%tLT%Bth%mLTA%&\%ﬁ%&z%k?%%mﬂﬁbﬁ/Z?A®¢m
FRFEICHEL TWVA T 32 %L, 1 AFTREVICE REORNEPNICIEY 55
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WEKE D & SFEPEOTY b 7a—I BB EC N B0 bd 37 VUL (BIKE) %
LD & BRIy, & DITIZZ N BIRFITEE km O R — VIS LW % JEREK OO E
BIC YTz 2 EBRENITTT 5N ENFBNT VWD, BICHREDBIREKE ) & BERS %
TR L CEIRER D LS T b H 5D, ERAEBRMBBMTON TV SHiE L. (B
T B L ZRDNEROHPLTHEBERITVRARLEADT, T TRIPZTHETSC
LICT %, TOETHSBYAT LG, IRE WS X0 EIRIFBISE Y 100km FRED R
T=NEb ol AT LTHERD, 5. BV SRZ—LMRTLICT 5, iz, BT
9 I BRI TH B,

AV Ay —VED G AR—ICBIBREKETDS B, GLEEN S OBKEHLE LTZEIR
RKIKASZ DRI O K2 5D %, JEIRIEKEED 5 OBERIETF L DD, ZFOHBHIAE
SBENDERMICELSH, 2BKCHDZEHIREL ., A TEN A% B R
(Schumacher and Houze 2003), % C TOERIE, ELEENO 12 LY SEBICBEKRL
T3, TOJIEOAFERNEERIE Houze (1993) O 6 BICFE LW, FLUBZETOMBEFIZL
TOAHZALLZE>TELBNB ERLNTWS: (1) BRBKBIc BN TERIRE LTI
2R TWBEOIRE IV, (2) IKOHEZELIZHE S BEOMK (1% X Houze 1989, Hobbs
et al. 1980). (3) HfBE/KEE CTHIE & 1B IRM/KTIEICEE L T & 72 E /7 (Pandya and
Durran 1996). (4) BEHD#HE (Churchill and House, 1991), SHEEME NIz AT LicH
%5 OBBEORENCDONTIE, 4.4 HiCTHRT 5. 77, SHEFITENORKE 7% %
Fdacehb, ZORESFHBEORZEREMTHELE5Z 5, LERDESHFOE
NETETBOREGFET LM, BRICEIBHTFORELZE LT, ZOREEELTY
%o TOXIIC, MERMIB/ACBOTARENREER T UTCNT, ZOEERZIL S F%
ENTN5,

Z { DFRATHENELEENONRENE W OfEEHX TS, Houze (1989) 13iH 7D
AR OFERZ LD T, HREE KT & B IRF K T O 1 72 hE R O 1 % 37 L
Tz (Fig. 4.1, Fig. 4.2), @A EEZHTHD, SVLV YT, K%L —%—, VHF kv
T—L—F =R EREGATW e, MRBKEBOBREIBICE > TRICEELTETH BB
(Fig. 4.1). EIREE/KFEHOZ & 10-20cm/s THETH - 7= (Fig. 4.2)0 Z D= DIHOKR
DU EDIF. BIREEIIIZIEDD 72D T, T SIERFRES QBRI I D fHTs
ENBHBENIEDTHoT2, L L, BHICEFNTEODTH S S LUTFICHEFREH
FCDWTIRB Z LIk > TEF OB EEZ THD,

#%THRS VHF Fv FI—L—H—ic k3L DERFIE. W OfRE#ESEE. SU4V
THREE L — X — TN E WK PREZSER D U TRD B Lo e k57, MR ik
DR K> THHEN TV, SVFVUFIcE3hEE. HlEZEVNTITDNS 3 8L E
OBICB I Z/K AN D, ZFORIC K> THENB KON ZFET 5, HERR
JEE D E T HTRERNE IR 5% EOMYREREH 2RI T, ZNEMERI TS &
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Fig. 4.1 Convective-region vertical velocity profiles for tropical oceanic and island
cases. Curve GH85 is from Gamache and Houze’s (1985) objective analysis of the
composite sounding and aircraft wind data for the 12 September 1974 GATE squall
line. The GH82 AVE profile is Gamache and Houze’s (1982) estimate for the same
region based on subjectively analysed maps of the same data. The GH82 PEAK curve
shows their analysed values at the location of the maximum w (a=25km, b=—25km in
Fig. 15 of Gamache and Houze 1982). Curve HR84 is from Houze and Rappaport’s
(1984) composite sounding and aircraft .wind analysis of the 28 June 1974 GATE
squall line. The curves labeled B > 12.5 and B > 25 are from Balsley (1988); they
are the average profiler-detected vertical velocities for a two-year period at Pohnpei
island in the western Pacific. The curves from Chong (1983) and Chong et al. (1983)
are from the 22 June COPT ’81 squall line. (Figure and caption are taken from
Houze 1989)

&> THERZEETBLDTH S, TOFECLD L, €5 UTHHEEFHOBETI LD
BAHTENTERND, 7T AX—NEBOFMERERZEMO N ZES T LR TER, &
Foo EROBREMIREICEZ260ENE, T LEELLERVARY, EHIL. YVT
OFGRERBIIRS N TV B e, RERFEIC S FERBENIEHE T E R0,

K[EL—F—IC X BEANE, FICBKNTEBRIT S L —F—lc &> Trbhs, ARL—
E—lx. VT LRI D EEBEIET > T3 ), BOBEOREDBETHENTST LS
T2 L. AF vy VEEICHEED 3 e BENEETH S, LA L. BRTHEXNS
VHF Ry 75— L —&—Eid#En, BREDLOERIIBES T LETEENL, BRICBL
T B A F VRIS & DRKR F T UE, V7V EIARFS 5 T ENTER, [EK
B 70 R 7S5 —ETKTEAMCRIEEZORTFIREN TR EZELTND EALNDS
M. NERIEIRIKR T OE FHE L 5B eI, ZBROMEFEEZEBEIKRDD T LI TE
. TV YT EEBICOKTEREOMERIICK > THERZHE T2 EDN TV, LHL,
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Fig. 4.2 Tropical oceanic and island stratiform-region vertical velocity profiles. The
GHS85 curve is from Gamache and Houze’s (1985) composite sounding and aircraft
wind analysis of the 12 September 1974 GATE squall line. The HR. curves are from
Houze and Rappaport’s (1984) composite sounding and aircraft wind analysis of the
28 June 1974 GATE squall line; HRTZ is for the transition zone and HRSF is for the
stratiform region proper. Curve J82 is from Johnson’s (1982) rawinsonde analysis of
Winter MONEX cloud clusters. The B87 curve is from the study of Balsley et al.
(1988); it shows the two-year average vertical velocity during periods of light rain
(0.5-12.7mm/h) at Pohnpei in the tropical western Pacific. (Figure and caption are
taken from Houze 1989)

b U 7e BT BB AT DRSS K D . BCH 2> TOBRFEOREII T HICHETH S, <
DIHIMERLEFD/NZ— I3 HHRERKARETH 20, ZOHDHMEZ BOIEE TRD S
LIETERY, ChEOBIBICE b 5T, Houze (1989) DRBIRK/KAEBIC 3513 B &EHD
ENRF BT B L. PHELTRINSDARICE o TRONEZENELYTHET L%
RLT05,

LT, VHF Ry 7FS—L—X—d W ZEEBNTAZ LN TERE 5
THb, VHF Fu7o—1L—4—k, ATV 3 BEOLIRELH 58 m DR r—i%
EORREADBOITI—%, WEREE L BEMOM S 5252 LA TES (Fukao et
al., 1985), 1080 {EFLLIRE, BEHRIZ &\ & DD VHF Fv 75— L—F—SEHE AT
%o RHCRPEHEHICREE N VHF Ry 'S5 —L—4— (Gage et al., 1991) ZHW iz, &
WEKIBND W MRICBET 50 < DO DOIFENH %, Balsley et al. (1988) &, FHATHHD
Ponape &5 (7°N,157°E) I B BRI, BRBE/KE (Fig. 4.3) 38X URFRMKE TOHEH
BEWOTTOT 7 AR U, ORRIFFICTHRRT Houze (1989) ICEFENTWV 3, 1§
BN EFNC & % Bk g TRRERBZFE Uz, 2 DOHEME (0.5-12.7mm/hour BL T



52 WA AV R —VEY S AR —HOREFROMY

Mean Vertical Wind Profiles in
Predominantly Stratiform Rain Regions

Pohnpéi Profiler Data {October 1984-September 1986)
ame— 02 inches (0.5mm}h -1 < rainfall rate < 0.5 inches (12.7mm)h -1
..—— .02 inches (0.5mmh—1 <rainfall rate < 0.7 inches (17.8mmh~!

20 T T |
- e
L //
T s T
| s Johrison, 1982 =
[~ ===—w== Gamache & Houze, 1985
E - 4
= 10 —
R
20 o T
0
£ | i
5 das —
i ' £ .
. { j
I \
- O { A
| ~ - i
0 ! ! L= 1 1 |
-20 -—15 -10 -5 0 5 10 15

Vertical Velocity (cm s7%)

Fig. 4.3 Average vertical wind profiles from the Pohnpei profiler between October
1984 and September 1986 for rainfall rates corresponding as closely as possible to
stratiform conditions. The shaded area delineates the region between profiles ob-
tained fro 0.02 inches (0.5 mm) h™! < rainfall rate < 0.5 in (12.7 mm) h™" and 0.02
inches (0.5 mm) h™% < rainfall rate < 0.7 in (17.8 mm) h™*. The Johnson (1982)
profile was obtained by conventional techniques in the South China Sea, while the
Gamache and Houze (1985) profiles was obtained during GATE in the eastern At-
lantic. (Figure and caption are taken from Balsley et al. 1988) '

0.5-17.8mm/hour) %7z 3 HAZ @Kk & UTRIE LTz, 5 IHEERAZRHTICRRL
TWVWAH, PSRBT EOBETFELIIERICKRZL B> TWV5, THUIERTEX 5, ot
FE LEh b DY T FURFNTedIc, TOZENRETHS T LEZRL TV S,

Je R KB Dt 351 B SHE TR ORI AR 2 TR T3 b DR DWIE B G FAET %o Cifelli
and Rutledge (1994), Cifelli et al. (1996) ¥ X T Cifelli and Rutledge (1998) {&JtA—A b+
517 (12.5°S, 131°E) T® VHF Fv 75— L —X—t 54— X —ORKRIORRZH
%17z, BH. Cifelli and Rutledge (1994) &, 2 DOBEFNTDONWTZ ORFHFHEICEN LT
W5 (Fig. 4.4) HEDERIZDOVTIE, 4.3.6 HITYHEOMER LB LENS S 5 —Eib
%,

¥z, A4~ RO Gadanki (13.5°N, 79.2°E) W iZIERICKR D VHF Ry 75— —X =8
REENTVS, ThZHAVT, AV RT =V AT LO W WMEIE N TS (Kumar
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Fig. 4.4 Time-height cross sections for the 5 December 1989 MCS. (a) Radar re-
flectivity from the MIT radar data over the location of the wind profiler [adapted
from Williams and Ecklund (1992)]. Values are in dBZ. Contour interval is shown by
gray scale at top of plot. (b) Vertical velocity, from the wind profiler data. Regions
of upward motion denoted by dark shading and downward motion by light shading.

1

Contour interval is 0.5 m s~*. (c¢) Surface rainfall measured at the Berrimah rain-

gauge site (approximately 4 km west of the wind profiler site). Units are millimeters
per hour. In (a), (b), and (c) horizontal axis is time (UTC). In (a) and (b) asterisks
denote approximate cloud-top height based on GMS data, and the dashed horizon-
tal lines indicate the melting level. (Figure and caption are taken from Cifelli and
Rutledge 1994)

ot al. 2001) LA EDO&HIZIZ. W OMEAICHD HHEHEEZRL, & T K U
KR, A —R RSV TBXUA Y RickI 3 W HHHOFIRRLTE . ThHORZEIC
FME T, COMETRIBENCET S W OREDE SICHRHINEGE 245 T &I
Lo KBS KIRAIC 3503 2 /A TO W ORFZERIMGEZ EITRIZER D & 5IC RUWESH], s
IMREETRERT 5 C L IZHBRE, BRI D 7 —PHIROIKIE, TR 70 k7R
FORE T P ORKDRABIC B B3BVA, FKEAKEKAO W D717 7 A W@
#H75THE LAELOEN, ThE TORFIRNTIZEADEO O THRA GEAR ORI
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W B a0 TR, A YRR 7 HERRGSATIRM T IR I3 BN T
B, ¥IHZE (H1Z1F Mori et al. 2004) RE Y T A X —DOREEH#E (H 2 1E Shibagaki
et al. 2006) ICHEEORBARWEENBDT, £ T TH LOMERBINETTS < &I
HBHEEZILND,

VHF Ry 75—L—K—if. W REZEHTES L0SFRA® B0, TNTE Ll
OB ALY, LIS TE, RSB L D 675y FHELE . TFHRUEET
BT AR LTS, KEH - RCHE Ko T0aE 05 THS, TOMBEZRNT S
e, KHTRTESIC, EL—F—E—LIcEk>THRLNS Ry TF—AXRT M LDV
FFib e A RO (SNR) BT BN FREAKL—F — (EAR) OBRIE— FIc LK%z
L7z

42 FT—243

Wi Tl LS, VHF Ry 75— L —&— 3B & THRKEEO W X T/KFE
FEBRAETSCEATES (Hl21F Rottger 1980, Gage 1990), FRiEAK L —% — (EAR)
k. 47 MHz OFEHRTERE NS VAF Fv 7S5—1L—Z—Tb5. mAHIE 100 kW T
%, EAR ZPEHAR b5 BOIUNEHIRKC 5 % Kototabang (0.2°S, 100.32°E, 865 m MSL)
WKHBEENTVS, EAR OV A7 LFHHIE Fukao et al. (2003) ZH 5070,

2003 4 11 Aicld. W ZEPMICBIIE 2 (MR ERRIE— F (D& “hERTE— R
LWER) BiNZ CHEM L7z, Table 4.11C EAR ORI A Z—HERY, COT—FLH#
BT — REZREICGEH Uk, EAR ¥ —LOXERIEE 2.4° THEN L, Y TVEND
JEAD 3 8km THEZ 300m L5 5%, BHILYYe W OREEHET B0, Fv T
F—L—&—0 SNR 2 LTz, MEHEHNT— F TR EREA RIS 5N BRI 16.4s (=
81.92/55) THB. —H. SAEHE— KT 78.64s DTN TOL—X—E— LOREIC AT 5
N, EEENE D LSV ISVABES ENS, . REARIAET BNz L—R—E—1
D F v T5—ARY FL% SNR T 7dB HET KD H 5,

W O, EFE— REHIZHONTEE LR, WARDZ DT, UTDAT T4 V1E
EWFRRFTF o Tre B, FNTNORETLICAAS v FENS I DDRERTE—LICK >
THELNE Ry SS—ART MIVEEE Uz, K<, REFERICBNT 4 DOEK LI ARS
FMUVERWTA T SA4 YDA A —L Y MERETV, 12 5DOMRBREDOT—XZRDBIC
Hro TRy TS—ARY MLDOY B ERRE LU, 4 DO L IEARY MIVZEHWE W
DEFEIT 12 DORBRERENR. W O T 7 A )V Bk 5T % 7 BRI % 6 53
ICF 5 LMD L, 3 HMBEDT —2CidA vat—L Y MESEMMA L T,
EHIC. KETLA—PHIZADHTH BT LEFEEL, Ry F5—ART MUicE/NEREI
LEEHT AT, WOENERESL DN, Ry I —AXRT MUEZDWTDT 4T«
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Table 4.1 Parameters of EAR observation in standard routine observations and a
special observation in November 2003.

[tem Standard mode | Vertical wind modc
Vertical resolution 150 m 150 m
Pulse repetition frequency 2500 Hz 2500 Hz
Beam direction (Az, Ze) (0°,0°) (0°,0°)
| (0°,10°) (0°,0°)
(90°,10°) (0°,0°)
(180°,10°)
(270°,10°)
Number of coherent integrations 32 128
Number of FFT points 256 512
Number of incoherent integrations | 5 1
Observation time 81.92 s 78.64 s
Spectral resolution 0.061 Hz 0.013 Hz

Y THEOFNC DWW T, Yamamoto et al. (1988) BRI NIz, TS5 v THEN LD
O— LAV —HEIC X BB FhEDTa—E., B/NEHRT v T 12 Y TENEHE N
TeRHCTEE L T2, BRI, W OREZEE O BENE LB K CROFENC X % H1ETH
N, BEOFHICEBT ST ART—2L, /A XL VUGEL BEEORNT—2 %D
FR\ 72 Yamamoto et al. (1988) @ (13) RZEH I NUE, W OHEEFRZZ Fy 7S —iEh
0.5m/s &7 3 BREKBOD 5 D ENTHEBICBNTTE 2.6cm/s TH B, TOMEZ, El
JEEOFOFEENS W DfE (10-20cm/s) IKH LT HATH B VX %,

2003 FE 11 HD 30 HIMic, & L THEBICEBZRAERNTT—RZEET LT LN TE
7o 24 BEMI K D & EVRINE Do Tz, COWMH, BHENE— RTRHLIHIhDF—%XL
AENED 13-14km DREHFHICBNT, 2LOTF—ZZEUFTE . 1257 —XITDVT
ZUE, 12.5km UTFOEERICE L T, EEC L OFEERERIE 70% #BZ THD, BED
HTE 50% iddH > 7co 13-16km THFRIIPVENMEL RO, REDH TR INTOFET
TNEN50% BETH > eh, FOHIIE 20% AT EE> Tz,

TS FREE 0.05°, IKERE 2 fiRBE 1 KERZ & D Geostationary Operational Environmental
Satellite 9 (GOES-9) D755 (IRL: 10.2-11.2um) 1€ 513 % Sl BAKIEE (Tbb) 57—
2%, BHIKRZDY 2 7X— (http://weather.is.kochi-u.ac.jp) B 5 X7 rma— R Uik,
Kototabang IZ 51J 5 KR, Kototabang D 4 fEIC K o TRz, EERERHE
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BT % fzlic, Thb 7—4 &£ NCEP(National Center for Environmental Prediction) /DOE
AMIP-II Reanalysis(2A#% NCEP FfiE#) % i 7z, NCEP Bf#tT 5 1d, HHESHER T D
B L BT — 2 B HE I RS 5 C 21 & - T 0°8, 100°E I B B iREDE 1 %
B U, REEEIZBED Thb EF U ASEEE LTER LTz, NCEP BHENTIX 6 BFH
TEICBRMENTVADT, 1Bl L OBREINEIRZRD B Tcdlic, WO HHH
ERELEET KU THEHA Lz, BELABREITREERLALTLERTERD
DT, IR Efgh SHEENEEEHRER. BHEROEBHEID K &> TW5 (Sherwood
2004) A, TOWFFRIBENCOFELILE LCH B 0HEETAHNIXODT, TOHEE
EEREROEDICTIENTH S, SHBIOFECK > THEEINLEHEEEZ “Thb EIR
B LS EICT B,

BRI FOSE A B L . BMRE(HED T 54 RNy RIS %7281, Kototabang
2% 9.74 GHz DRENEE & DOEGR L — 4 — (DBBICKHEL—F—) ZHOT, K& —
X—iZ EAR D5 15m BNz L CAICRBEN TV S, TOTHRL— X —DEAMZ ARy
#71%. Konishi et al. (1998) Z&R I iz, MAITERAK 29.5° TEHEINTWVS 728,
Kototabang Db & 5 PE R B 35H8 L — X —0 reflectivity factor (LIRHIC Z) 281
TBHZEWETERY, LEEDS2T, M 29.5° DE—LD Z 2T, Kototabang D Z
DEERET B LT D, L—A—DL Y IMREEIR 500 m HDT, {If 29.5° TOHE
SIRAEN 246 m Lo T Be AF v VORIRI 10 2TH 5B, TI—DEZEOIRCH
& Kototabang fHEDOHE M Z OEZFEIL T, TNTZ 2REERB e Lk, T
D ENK Z ZAVT, BRBKBIZ TS A RNV EPEETIHEREER L, 75
A PV RIIMETR GEHEE 865 m) HHBKT 4 km OREICHZDT, {11 29.5° DI
B, T4 MY FETOHEKTIFEIE DTN Tkm TH B, LED>T, TOWRKE
33754 b3y RERAVEERBKBOTRIZEZEDTH %,

L—R—h5OKEE#IE., FEHEE O Z I LT 20 km ISETAHI EBZFEAT, A
FoENEMEOLET/ AXLNVEBZS Z OFGHRARICEHE N TRICRENTY
%, &L, TOMMN50% #BIBE, /ARXLNVEBAS 2P L—Z—DE LI KTF
HELTVRAERENRENEEZ S,

WIRIEBBBE (OLR) 77— 2 ZH0 T, KRR —/IVOEEEZHRBELD, A1V FRTT
REDOEFEOHIN b DOREZFE LU
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43 #R
43.1 2003 £ 11 HO¥#ER

COWBRTHRETIHBICBIT 2BKOKREEHS L. 9-11 HICHOBANH %
(Hamada et al. 2002) DT, £Y 5 A X—NTOHRERORFIBHIEAR & LT 2003 £ 11 A
ZEAT, 11 RIZiE Y FERTTEREED AL R5N5H, EAR BPREESNTVE AT
SBIXZTOHRMCHIZ0 . A2 FEEEE TREVHS FERENEHBL THS, —/f, R
B Tld, R0 (10-20m/s) BEMS ML TW3, 2003 F0H L. EAECEN - 77
M, FEL LA ETEHABOERE FERREORE S FEL DD LEN -z, BEEI
AV RETTEELD 8 UIERZ > 72, Kototabang (100°E) Tlk, FEIATH -7z,

Fig. 4.5a l&. EFHIOIEE L7525 Thb @ Kototabang T TO HEMHEOHEE TH 5, H
IO Tob ki A EHH 255K KD &/hE ko THD. Fizi BBk (Fig. 4.5b) I&, &
EAEDHIZBIEN TV S, 2003 4 11 AlClE Kototabang EUTEY X7 LHVEEICH,
WL T\l &hbhd, Thb &l ERKICIEHEH LD BOAr—IVTOEEFIIR NG, T
ULAHARDEFNKE L x> T3 (Fig. 4.5a XU Fig. 4.5b), MEEOZE %, Fig. 4.5¢,
4.5d, 4.5e IZ/R9, Fig. 4.5¢ & EAR IC X » THHEIE N2 W OH¥I%Z/RT, 11km KD &
O LENGRETE. 11 AR I dem/s £ D & K ELMEFRNA DN S, Fig. 4.5d & 4.5e
¥, Kototabang TDT VA4V VFHIHlIIc & > THIE TN/ EREEZRL TV, Eitaidit
B9 . HEDIE-> XY LEEFHERL TOWERWD (Fig. 4.5¢), RIGALE BB, FEuimE
ELHRICRESELTED, BRI TEER. FEREDOY 7 —NEDiE->E0 LT
% (Fig. 4.5d),

432 VSR Z—DER

BANC, WERTEEEEMEI B FAX—ZRIC LICT B, TOMETE., LTRSS
WKy, EREIVEENSDFICHRTE S XD &, FEBHHE T FBRL b & ERHRD
To Bl HONZRFZREEST  LIT LT, T 5 3 K 8-12km OEER T (RE 150
m, 12 7OMRET)5em/s KD B REGE W BEHIENAEIE6%, 1EEIELTSLaN6E
R Ue, COBIEHREVKIIC, FRFENZRELNEEER S LICT B,

2003 £ 11 AD 30 HEIC DWW T Z DEI/REFEL. LRHEI IS ALNSZEH & LT,
6,8,20 HD T —REBEATZ, TND 3 DD —X Tk, ZOEEX 70% BHA Tz, 3D
D =K U, BURORBZ NI T 720 1) KHL—KX—ic K> T, HKZ TS 1 b
INY R (4-6km 5 TO Z ORK) DWP7a< &8 S ERWZENTW5, 2) 3 BFFEED
GOES-9 @ Thbb fEAY 240K LIFTH %, 3) #Hi FR/KDMEBE N TV 3, 2) & 3) OFEME,
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Fig. 4.5 Overview of meteorological fields in November 2003 at Kototabang (0.20°S,
100.30°E). (a) Daily mean Tbb value (K) at Kototabang. (b) Daily surface rain
amount (mm day~!). (c) Daily mean vertical velocity observed by EAR (cm s™1).
Contour interval is 4 cm s~!. White region shows the altitude with observation ratio
of smaller than one third in a day. (d) Daily mean zonal wind and (e) meridional

wind observed by radiosonde (m s™*).
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K HE LUK AT LOFHEER LTS, 3 DD —RlE, TO 3 DOEEENTNE
7z LT T, K S FEE U EIRR KRR A 5 BUIAY 72 XY 2 — Uiy A7 LWTH
H@mHbNnb,

C T, BIRBIKFEROERICDOVWTRR L T, EARMIC, &L 0°C BETT S
A DNV FHREENS &, TOHEBIZREREBKEEKE AT LN TES (Rosenfeld et
al. 1995) C O, R THIRFEEZBCH LU TUE S EREN DI, Steiner et al.
(1995) 1&. T T4 XY FEFGEVEBREKEIIMRHENS D, —H 751 bV Rt
T AR NKFIE L A RO EFERDI TN, COBEMAAEZRHA LD, C
DUFZED HIAST « BRERKEBROBEZR I E2TE 05 &0iE, W DHhDREWN
ZEIRBKFIEZ BT 2 ICDRBHEINL TH S, BIRBKERORSDZ Y EEDTH
% &%, EHIT Kototabang JEZID Thb fHD—REHEIC X o THEMLD T S,

SEHAW T =2ty Mk > THEHTOERAZEFEPEET S LRELVDOED, B
REKEA O H FEHREIC A S NS BIELEEOZ  DRER S 5 T3 (Houze 1993, 6
BHEB) OT. LFOEBTRZNSEIEEELNRC LI2T 5,

433 6 HDT—AR

Fig. 4.6 i3 11 H 6 H& %< Kototabang Z#i# U7z XY A —)VED 5 X X —DRRETT
ZRL TS, AR T EORMR RIS HAEHER (UTC) X0 7 RIE#EA TS, BOmME
DOEARRICEL > T (Fig. 4.5d, 4.5¢). ¥ X7 LiE Kototabang ZFHD HILFNE@EE L T
W7z, Kototabang T Tbb fEld 1245UTC I 200K Ll FOE/IMEICEL TW 5, Thb O
EWEEELE 1645UTC I2id Kototabang DALFHICE BN L 7278, 230K FRE DKL Thb
kIR L LT Kototabang &A% > Tz,

Fig. 4.7 i&. W, Tbb ETHIEH. Z. B XU Kototabang TOHI EREKERL T3,
1340UTC I 5k DT Z 1 bNY RN S (Fig. 4.7b) giicid, Tbb ETEEBEA 15 km 13
L (1245UTC). F7z W A 1m/s LLEOBHE (H1%13 8k, 1100UTC % & T 4km, 1310UTC)
ZRLTWAEZ e b, MRIEEN Kototabang A EE LzD7Z A 5N S, Fig. 4.8a 1T
"9 Kototabang O L —Z—FEHFHNCEIN D T —IZ LW/ MEBEOEAEIE L THE D, Wi
MK TH D Lhbh b,

MNREH L ALN DSBS EBL2DB, 1340UTC I T T4 FNY RAHEHLT
1900UTC TAE TR L. ZDOHBAFEICT< A oTz. TOHA (1340-1900UTC) % JEIRBE/K
AR & #7597, Thb ETHIEE 1345UTC ITIEW 14km T, LZZWICFETF LT 1645UTC Ik
12km i £ 75 %, Tbb DZEMIF7iild Kototabang F T D% 0 —#TH - /z (Fig. 4.6).
i EREAKIEIZ E A ET R TORREKBHMICBINE N, MR 4mm/hour LR TH - 7z,
C OV BRI S S, OB EIREKEIEKTH 5 < &R ENS (Balsley et al.
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Fig. 4.6 Longitude-latitude sections of Tbb observations by GOES-9 (averaged in
0.15° box) displaying the passage of a mesoscale cloud cluster over Kototabang at (a)
1045 UTC, (b) 1245 UTC, (c) 1445 UTC, and (d) 1645 UTC on 6 November 2003.
The triangle at the center of the map indicates the location of Kototabang. Light
shade denotes the regions of Thb less than 230K, while the dark shade indicates the
regions of Tbb less than 200K. The contour levels are 190, 200, 210, 220, 230, 250,
270, and 290 K. The thick contour lines denote the coastlines.

w%ﬁFgAﬁbTﬁéhéb—ﬁ—@@%%\ﬁ%(ﬁﬁoﬁ%&%b@lﬂ*%ﬁbfﬁ
D, FKMEKKTH BT L R2RML TS,

C OEFENTH SN BKE NI KB KITR O % TH B NI ETO/NE WP
W FRHORMETH D, FREKIEZ E BIcfiNd RS L. RRMNK 1m/s O_EFHB
L ORI (6-12km OFHEEEK). BET Z &t ERkObTAERIEA 1600UTC BIcH 5N
2. T ORI, MFEHARKEKFEEOPICEENTVEDOTR TN LELENS. C
O 1600UTC EOBSNE BN, ZHODREERM 75 kA P i Thdibiyic
BlE e,

1630UTC Gicid. ZOMEREKADAET W A 40cm/s L FOEDEZRY . BN
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Fig. 4.7 Vertical motion and cloud variables when a cloud cluster passes over Ko-
totabang on 6 November 2003. (a) Shading and contours show 12-minute averaged
vertical motion (cm s™*) observed by the EAR. White area indicates missing data.
Thick contour levels are —300 —200, —100, —40, 40, 100, 200 and 300 cm s~%: thin
contour levels are from —80 cm s™* to +80 cm s~! with a 20 cm s~* interval except
the level of 0 cm s~*. The values of Tbb cloud top index inferred from GOES-9 Tbb
data are shown by the open circles and bold line (see Section 4.2 for detail). Altitude
of 0 km is MSL. (b) Radar reflectivity factor (Z) derived from the weather radar
around Kototabang. Shading and solid contour lines show the averaged Z around
EAR (dBZ). The contour interval is 5 dBZ. The broken lines indicate the rate (%) of
returned reflectivity in a scanned circle (see Section 4.2 for detail). (¢) Ten minute

accumulated rain amounts by an optical rain gauge (mm hour™1).
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(a) 19:00:02—19:07:49 on 6 Nov 2003 (b) 23:47:08—23:64:41 on 6 Nov 2003
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Fig. 4.8 Examples of radar reflectivity at the height surface of 2.1 km in (a) convec-
tive precipitation region at 1200-1207 UTC and (b) stratiform precipitation region at
1647-1654 UTC on 6 November 2003. (From http://www.rish.kyoto-u.ac.jp/ear/x-

radar/)

R E A DL (6.0-11.0 km) Z& > Tz, Fig. 4.9b BEEEHO W
OSSO Z (L 2R LT W3, TORMDIE G EANDILEN D & 1830UTC i 8.0-12.5
km fHEC ER U7, 1630-1830UTC OMARHICIE. FREH® 40cm/s LLED BRI, T O
REGEIIC 13 1Z P A LIFELIED o 12, 1830UTC 2B E B L. §V LAWK, KALAAH
£ {tus Sl fult
HFENDO W IcHASNZMEMED S b, REFRTNEIE. 1630-1830UTC O
8-11 km icHBNBEDTH S, Fig. 4.9b I 10cm/s T &5 N7z FMHMOALIX T <
bENTH%. TOWMICIE. W ORFIZR & BEZLE/hE WV, Fig. 4.9a FELFHEN
(8-11 km) TEE AT FEEE N W BRLTWS, SMEAMICEEE N W Offild,
R AOHMZ B L THEBBR—ETHH . 1530UTC HIcHLbNBE R ELLEWHZERL &,
1430-1800UTC 2 BT, 15-40cm/s DMICUNE > T3, LA L. Fig. 4.9b T/RL7ZEK D
. SLEMERAOZTE 1630UTC ZHUC/NE ko TW5, T ok EAid KK
inll ¥ (1400-1600UTC) L3 K& Bix>TWb, RIALLSHKIEH S L DD XD MM
3 DOUGRE% & DT — 2 Z~T= (Fig. 4.9¢) M, 12 7 KO KWKBA T — NV Z2EDK 5%
¥iEx W OZEEDENEho Tz,
Fig. 4.10a (3. 11 A 6 HOWMEE 8-11km HHiC B 2 FHREE 12 77 B KT EEE 150m TO
BEHIBIOE A YT LTHB, 1 RO W OBFIEMNGHEE N TV 5. 14UTC LT,
FEEHOBEN ERHERUCL 50HD, B LAMREMNERTHS I LZR LTV 5,
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Fig. 4.9 Fine structure of the vertical motion (cm s™') when a cloud cluster passes
over Kototabang on 6 November 2003. (a) Vertical motion (shown in (b)) averaged
in 8-11-km height range. (b) Twelve minute average of vertical motion. White areas
indicate missing data. Thin contours are for each 10 cm s~! between —100 and 100
em s, and thick contours are for each 50 cm s~* between —300 and 300 cm s™. (c)
Three minute average of vertical motion. Contours and shading patterns are same

as (b).
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Fig. 4.10 The frequency (see text for detail) of weak upward motion (smaller than
40 cm s~!, thick line with open circle), strong upward motion (larger than 40 cm
s~!, thin line with open square) and downward motion (thin line with closed circle)
for (a) the 6 November cloud cluster, (b) the 8 November cloud cluster, and (c) the
20 November cloud cluster in 8-11 km.

14UTC LIREIE. TREROZIEH 20% LIFIC A 5—7. 40cm/s B EOME ERFRAHEM
LTV, EIREKIARO®E (17-18UTC) icid, T3 EFIR (0-40cm/s) OB 95 % &
HBZTVAH, THIIBZEORTCOEDLD TREPHERTZRL TV S,

434 8HDT—RA

11 A 8 HDEY 5 2 Z—ORIEY Fig. 411173, COHRERRDHOREAT, in
Y7 —b/NE Mo Tz (Fig. 4.5d, 4.5¢) DT, 7T A& —IF, Kototabang ZHAHMNE
Dol D BB, ZO8IEIE. 1045-1245UTC I B % 200 K O Thb FHER TEH T E



4.3 #5% 65

(c) Tbb 1445UTC 0BNov2003

- | t:
p S .
N y i o

101.5£102€

98 98.5E 99C 99.5C 100£100.5€101€101.5€102€

(d) Tbb 1645UTC 08Nov2003

(b) Tbb 1245UTC 08Nov2003

',i.» , ':\\

98E $8.5€ 99€ 99.5€ 100£100.5€101E101.56102€

$8C 98.5E 99E 99.5€ 100£100.5€101E101.50102€

T

Fig. 4.11 Same as in Fig. 4.6, except for the 8 November cloud cluster case. (a)
1045 UTC, (b) 1245 UTC, (c) 1445 UTC, and (d) 1645 UTC.

%. 1045UTC 121, 200 K £ H & Tbb AMEWLFEEA Kototabang O (0.5°N, 100.7°E &
0.7°S, 101.2°E o) Ic A5 Nz, 1245UTC I, TE&DD T T A Z—N Kototabang DL
(0.25°N, 100.25°E) IZfiifif L T 7z. 1445UTC LAREE, FEAECHEEI LT 200 K LT O
Thbb fHEKIZIE > Z D LA b, PREOHOME (200-230 K) DIEWVHEAS Kototabang J&
TR > Tz,

Fig. 4.12 1. W, Tbb {5k, Z 3 KU LEKORRIZRT . 1 ERE7KIE 1200UTC O
WD URTICHAE o 720 #9 1m/s D58V EFHAS 6-13km DG EHTT 1200-1400UTC I fEIRRAYIC
HoNTW3, 754 FAY Fid 1230UTC £ TRERRA &AM 72 1200-1230UTC ORI,
H FR#7Kki 5-8mm/hour o 7eht, K& W OfEAHRLN, eT T4 P/ FRALNE
Motzc ehb, Mkl E LTaRTE 3 RN %S,

1230-1700UTC OMRIcE. 754 b3y Reh Bk IZE A EYNBZLBIIENT
W3, Thb EIEfEEEZ. 1345UTC I2i& 14 km (ZEEA. KBS FA > TET 1645UTC IS
13 12km FHEE 2> TWB, O, 230 K LAFO{EL Thb {iild Kototabang AICT 5
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Fig. 4.12 Same as Fig. 4.7, except for 8 November cloud cluster case.

Mo T (Fig. 4.11), M EDT &5, 1230-1700UTC icid Kototabang (& R R#7K K]
Kh-olbEXBNS,

6 HDr —RlicH b=k 5, ZEAVNE 50 LR FKREEAAR O % (1400-
1700UTC) 12 7-11 km OFEEFIK TR Nz, LA EOFHEKT, 1500UTC B 8-10km
(HED RN T, EAHOBED 40cm/s LR TH o7z, Fig. 4.10b ITRT KIS,
8-11km #Hlc B TR ERH & ERFES ML TV 0, 16-17TUTC T, T OMRMICE.
Z DA 100% Tk > Tz,
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Fig. 4.13 Same as Fig. 4.9, except for 8 November cloud cluster case.

Fig. 4.13 3 575 - 7RG 2 £ D 2 DOF— 2 T, R4 RO BIKOF 27~
L=t DTH 5, 1530-1700UTC OHIRTIC, 8-11km #TD W O Pl 10-30cm/s TH->
7= (Fig. 4.13a), < OWiMIciE. B2k EAHA Fig. 4.13c TH5NS 3 nRRLEDT—X
THHEE T2, Fig. 4.13b TEXHE LAHNASNBMMICH N T, Fig. 4.13¢ D 3 73
F—RTHEND EELEMIE Fig. 4.13b TERHLENTVRH T N6, 12 77K D EW AW
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Fig. 4.14 Same as Fig. 4.6, except for 20 November cloud cluster case. (a) 1345
UTC, (b) 1545 UTC, (c) 1745 UTC, and (d) 1945 UTC.

OB OWH TEETRZWVT LD S,

11 H 6 HE 8 HOr—RlId. HZ(LE WS HTHLANH S, WifiLd, Fi% (13UTC £
7=1& 20LST LLif) icrhiEnmvie £ T b . KBS KAY (13UTC LIRE) ICEE TV 5. Jt
BN AR BT ETO UCER L =xifiigiio HZ2 b2 s LT3 (Mori et al. 2004,
Renggono et al. 2001).

435 20 HDT—A

Fig. 4.14 (& 11 A 20 HICBI B EY 5 A X —DRERIIZRL TS, DI T AZ—I,
1345UTC Biic Kototabang E TRMICHEELEDTH %, Kototabang 10D Thb A
(R (230K LAF) (& EEAHf B sV SR (Fig. 4.5d) OIS RBITIED > TV o7,

TDOH T A%—Z 1345-1445UTC G & TH L Thb EEERZ E 5 /- (Fig. 4.15a). 1
Flx 15.5km cEL, L—F—ITa—THIZ 1440UTCICiE 13km KD & #E ko 7ze 7T1 b
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Fig. 4.15 Same as Fig. 4.7, except for 20 November cloud cluster case.

)N Rid. 1430UTC iIcBin., 2200UTC & THi Mz REkiE, LG 2 DOF KD &9 5> L5
U (SIS 1.2mm/hour BAF) 75, C OMMOIE & A ETEIIE Wiz, ZEMIYIC—ERE Thbb
13 Kototabang & T 1445UTC BUCBIN, Fig. 4.14 @ 1545,1745, X T 1945UTC ITH
B e TES, MUEHHELEESIC, 1430-2200UTC % @REKITIM & Aixd T LA
T&%,

INE 72 25T e & DR E R (0-40cm/s) &, FHRERKEK DY (1900-2100UTC) I3
N5, FOHEEIADNDEETME 1900UTC i2i 6-11km T, 2100UTC TIZIZTD
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Fig. 4.16 Same as Fig. 4.9, except for 8 November cloud cluster case.

RERASSIC 7.5km £ T EM> T3, 15dBZ Z#B A % Z OffiA 1900UTC BT IE 8km %
BATIEMN>TWAZLEREZD L, ﬁ)fﬁ?gb)qj'(*tt‘ﬁiﬂqﬂgfﬁﬁﬁﬁb‘ Kototabang -l
HELT L HR DN S, EE 8-11km A b Bz RO EBIE,. Fig. 4.10c THED &
bh3, CORITE. 8 ERH (0-40cm/s) DHEEAS 20-21UTC Kkt ixsmh, TOHE
L SHRRRD 2 flk Hid/hEWV, Thid 40cm/s A5 50cm/s OEHEEN L BIFET S
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72®T. 0-50cm/s DEEZFHET 5L 90% ZHA 5, 3 NRBET— 2 THOLNS TR
(Fig. 4.16¢) &, Fig. 4.16b ITRENS 12 DIHMREF— X BV TEREN TV B,

4.3.6 FEHIEENTERICET S

JEREEK % T B B EFDVNE VRO LRI, W OBBICETORVYH S &
DO, 3 DOHEBITHFICRNTZE N2,

Cifelli and Rutledge (1994) i&. VHF Fv 75— L — & —7% W THIEGE O S5 47 %
f1oTWV3, RENGEET FAX—DIA—ZA TV 7 TOEY A—OTEEHA & JEEEHIC
DVTETHEN, ZNHIDOWTERBKEOREREN TR TN T3, JEFRHHO Y S
A Z—="T, 50cm/s 2L FOBUROER N EFRRENHAE N T3 (Fig. 4.4), TORKICBIT
2 EERMEREE 50cm/s THO, TOETRLTERK S T EEBEICIIEES MDA T
WEY, Tz, HEXOMRIEES ORRICLUTHB N ES, ZOHEEOEESRDILHRD
EREBERF MR D DBEHIL D KE WV, T, BORESREEIC K-> T, ELEENTHERE
BAVNE N EHVRENT VS, "

3 ORI RAE . WEBE T D& DREMD TR & 75 2 121 OIRBEUC G T 5 W (7-10
) KO BTN EN, £, RENREY X7 LOBENERED 10-15m/s e EZ B L, 3
IS BIKTRGEE 1.8-2.7km & 750D A DFEELEILVDOA Ty —)IL LD E/NEVEE
bbb,

ﬁl#
=

4.4 EBEEPORPHELERRZLENT HHE

CCTRERRAV AT —IVEY I A2 —DRIRBKEBO®%Y: THAIE Nz, ZFHNINEL
RN (0-40cm/s) LRFEZ AR T 2L FOICERZITS .

RSOz DEBONE DR E ERIRZHR T 5723, LRI TS &
&L BOEBIRDNRNT DA ENZTNIEER SR, TTIR 3 DOEFTHRT
ek, B2z T hETV ERRE G 5EIRBKEREVZ 88, Bor i LER
BN E N TV B DT TRV, BLA, 6 HOHEFIOEIRE/KLIR D BB &
Bz 5% (Fig. 4.9b) SEBZEMN ML 20, 20 HOFEF ORI (1700UTC ) IcH 5
N7z & 57 (Fig. 4.16c) BNDLHEIC TRERMNEBL TH ARG ENMRAIE NS, COT
. BEONEOERL A LFRRERKT B, EOK S HBRENEEE IR ng
NEDMZi#Em Do

9, TR R LRBEER TERRBICR EDX I RLORHEINEZ S, Tk
BT, RENREICRERE NS L5, MERETORMAEDEENH D, FIHIICER
BN EREELNEHT, EXUMUSERNCF N2> TLERAT 3 C e {ENcHY LA



72 Has AVRT—IVEYTAZ—NOHERROMET

BT LIERLTB LAY, L L, FREE CIREHE TORM AR/ N E Wiz,
ZOE 5 B0 FRFIEEH LI W ERBNS,

Houze (1993) Icid, AV A7 —)VEY T AL —ICHT % BIREOKIK TO LAFERIC DOV
THLVERDBH D, 20T TRENARENLDLDIZAFERE (deposition growth) IZ X %1
B TH BN, ChE— B FRRERL O TREE IOV LD TH S, 0°C T
ik, KICHT B BRAVKEGEFRKCH LTOZFNX D TVRANE, Fiz, BIRIMICIE
_40°C BEOKESE T, WAEKEIEIELTVEC EHIBNTVS, TOXS RN
Tl KEKERIE. KICH U TIRERBAITH ZH, KISH U TIHBMFTSH % L1 5 REEIC
Ko TWAT ERE L, Kilih ORI LKICHT 2 AERMEMEL TR > T B0
REND, BIIEHRTRIENTED ., BENCRHEERNTC ENTES, IO
WEGRIN E D& S B ENT TR M B %, BHDEEZED FHOAR CEAMICRES
L. BRI LZEMEE TLED, WLVROBEDEMT 2 2 LA PRENE T N D,
FRHEOENBERAE AR L R E DRV EBbNS, —/i. FUEENOGR f&ER Tl
BRI E B & BRI LRRMREE 5OTREVNEE X BNS, L LT O
FHEMICT BIDICIE, BREIOSHRBNORE., KEIOATHDBRETH D, SO
BICIZEE LWV,

F-. PEEO &S AR E TERN O, B TENNERT LAHZ DT
CLIXTED, ThiE. WEEHKOEETHSD, NHEIKIEE F SRR X > TER
Th. EETERRELANE LD, TNHDS BT, BEARHSBIRG 50 LD0 kRHEE
CIUBERAT IR0 I3 BIE PR ERNER L O, A LRREEEENIC b T L
 EADBNDB, AYRT—VEYFAZ—TE, EREKRBICBEET B MRk R A
TS Do T TRBLOMADEE DR LEE TVBA, L LREAED S BAMD
IO DU LIS ARRMICIE S T EET 5 C L HZ VDT, HARBEENETTE.
2B OHEORE LIsgERic & - THE U 3 B0 RO IS ST 3 iDL 5 %,

Pandya and Durran (1996) i&. ERE/KEBICHY 2 LEHRETOW > D LRI 5%
AP S R, SRR K SR GBS & o TR E Nz U L DONMTH
2 EHHETE S & REUEER TR U (Pandya and Durran, Fig. 11 Z22), UL, B
B 3 BN B BN PISEOHRDED W £ & DAFIEHMOBIc S, LR E FRfis—4f
L 7B VREEB OV { OD DR BRNEEN TN S T LIEET 208N H B, OO
AR FER R RO TE BN ES D, & ISR 288N D 5. U
EoDBE LAVEZSIE. BIHO XS HIERT LRSS BT, SRR TkESR
HEDEOREBCREE T, BN a LBRERRT 205 60 TH %,

—F . R, EETOEEAE L Bo kD, BREOERTC FRRARE Lk
DIB L. BllEhEL S BB TR A LERR TR Ko TLES . BABOLH %
WRT BERIIES L 5B, UTRRZ LD EOREL EBDNS, TO—DIE, &K
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SRR OB L UCRIRE N NS HFEABRENICHE N T2 T2 TRIlE ATy
3, VWhE ORIV THB, B TEEAR L UTHENEIVIROAEEENH D .
ETFEHECRASYIE L TV T ERZ VDT, HENAZVIES 7HBRENZ R, 2
DK 3 7EHEIE 100km D A7 — )V THWHRABIREEHORFIC LW TEAEhB &Ny
B3, iz, HPAOEOCHNEENKEZORETH S, LICBREFHOENE DL I3 RK

D, A DI B IFFDOMROE R r— M REEND X S RIS 1 BRILUINO R %
LOBEHOEN M E N, CADEREFEKCOLBZ LT EPTFHENS, C
NS TODBRIIZ OME b, WRBKEROEL THHNBE T ERFREENG, REBLT
JROSAE S 7 Iic k> T, HABEBICHEING C Lick > T, KEAMICHELS £ THEET S
CrbHB, SEOBRITE, Bohk FRREIZEREKER Q%S CEIE N TN B D,
IR K AR ORI B 2 BB E G725 LTV R DI, ChBTH ARGV & Eb
ns, |

Fie. BRBKIEIC IS IS BAOMARS . LB RRERER L TN BV EBR LT
LESIHELHH, TOUELDIE. KRFOERHHKLE (riming growth) FFOMIFHIKIED
AEGHC KB EDTHB, TICHBEDRAY VAT LT, LA YNy REBRT ZBO/BE %)
R (seeder-feeder) & ZD—HITH %, IKFHE T L TEIGHIKNG & #flrd 20T, 7KigH
KIET BT EDHSNTHD . FORIBAOHBIMTOND, T OERIEAROESHIKE
WFET % 0°CIEVELBE TEHICB WV TIERTH B C LA TEY ., BRI ERE
EELEDTCLICK-> T, BRBKEOILBENTH - REZ R T % C L NTREA
%o TNGR—RETHEVINERIGZ G5 T RS EV. &BA A, Hid Lz HERES
BE. ZhDIBE FMICET L TRET % &5 KA T’ RERIC X B0V ERI D%
MNoTLES,

DL DM OE R E ZHANBBMEITS C LA, RIICEBETHS, LHL, SHEOD
W TIE, EMMHEBXUEY AT LOKESTHC OV TDERI T TEVDT, L0
WMBST & DOERBMIEE N TV RO EHEID D T LIXTERY, KESAEEERKEED
EREEFAND DR, SVHEL—X—RE TV UTFOLS LEYIHET — 2 R RETE
BRBOMANRETH %, BESWOWEZHSMCT 57DIiE, EAR O < ICRE
TNTHED 29.5° ECOESNMA ULAFATE RN > OMBRTH N EL—4—& b
&, &0k VHF Ry 75— L—X—{0ZEHIC AT vV TEBEHRL— X —DORHNER
TH%,

F B OFEE G AL IR AT — VOB AR T L 3 BENE R EETH S,
T DI T RWE E NIz BRI KR O AEIC B 2 EFO/NE WER DT FREICDNT
ORERIF, EFIAERZEBMCGHET 2ICERTH D LB END, 2L, BRlcB,
THBIET 7V & % BIRK O RBICIE £ 72 % ZRIEN S & BbN 3, Redelsperger
et al.(2000) i&. FLREEKS R 7 L2 B 2 EBOBEE T I TOHREBOLEERTH 5.
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Bks 25 LAk L LT & S BERENTVS LHEN B OHOETIVEERIC BV TILE
FI Y e B ORERD RN T RSB &, N—ia LRRP RN 505, IV
FORSEREEL T2 E0E THA TH D, EMIOETL CICRERIMHIBIETH B 7%
HERBI, T OREEBIHERIC B TR BT T A REEARETH B L EZ LN
DL Lbic. SRbEREERRET TV T L OREEETREL TS,

45 TODEDXLED

R R —VEY 5 X 2 —HORER (W) OIS DV T EAR ZHWVWT#HNT
EREBETE— RREHET5C itk Y, FLEZEOH TORVEERZ G EE (5em/s
DUF) BRUBREE (3 28X 0 124, §hE 150m) THIE Lz,

BRI 3 DOINI LIz AY A7 —VEY S AZ—EERI LT, BRBKEERIC BT 5%
0.3 B, MifE K UBEEELO/NE ORI B 3 DOBH (11 A 6,820 H) T
BRI 72, W ESRB O SR 3-5km 8T, W ANERMIC/NEREDEZ LD, FREHS®
40cm/s DL ED EFFITIEE A EREL AR,

N5 OFEHOT TR, W ORRIB X TEEEIINE VY, TOMEAORHIT, ZHO/NE
VRN FRBEEBRNICER LI icdh B, BEAMAE. BRBKFERO®KRY: 2-3 K
ICBFEDEOBEOBEEET. X<HBATVE LI WD “E” M 10cm/s DA —
R—THBLVHIRETTEEL, EHRELTHE EARZRNWELIZEWS L TH B,
~ VHF kv TS5 L—Z—OBEANIERY A OB LIRS N TV, Bl FEEES
LK BORRAEMEBEREBSDIE, Ry 7S5 —KRL—X— 2005 F 10 AB LT 12
Az Kototabang OFFH 20km ICRBEENTze TO Ry FI—KGHRL—X— L& EAR O
WSS W EEBOAOBEBRERARD DI TETETH D,

Z DFIZHE 2003 4F 11 HD 3 FIOBRIEDNTIT - DT, Bon 7 L AROFE
BElXbh > TV, AVAT —IVEY AT LOFTENL SWEEICE O/NE WERNE
FERARSN. BEARREO DL S HERMELEENO EFROS K UEHZ ST 20
HETAND C L IZAH B L ThHb, CNHRIF- XD IR DIc, HHZER L ZET
EHED TN 5,
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EHE

xEH

B onmEicld, BEEHICE > THIEI Nz LA O N ML OBEIEME NG, F
Te. MEEBIBARS HABBEELIHBE L, 20RO EREROREA THBEEI NS XS
K> TW05, 7IVEVIRIEZEND DR THRE KERIREZ E DD (Wheeler and Kiladis,
1999) TH B M, ORISR Z D UE BN TEMEREARG O TR b 2351 TH
5N % BIRRNRIC DWW T 2,3 BTNz, BAEMHEICREL TAELRIREEZ S DL E
CVEDEET B LML NTWIEN, 1993 4 12 HOBHIfEF 2B LT, (1) EBIORE
PRE 7> TOBFEBIE AT km BEDQILMPDICRENTVS T &, (2) TOHTIEE
FEMRIC LB ERBNBZES T BIROFEEZRLTVSC &, BHRFER (U) B X TEE (T)
C TRVE LR, T03BHEIEREC OV TIE, 20’V DhOFFHIFIRMTDN, 208
B, ZEHADIALNMTIZ>TETWVS, L L, WENMSDOT HARERELPRIBT 2/Micch
EEDEEZ L5 TERICDW TR, EAREE, BERESOSHMNEGRT ST LIREE
NBELDODUIRE UTHLMN TRV,

BDZROILBICRHCTER LT, 23 SEM DK 21T o 7o, T DT TIE. SBRIEAT7—
A7z W TEVEBENEHE TOBE R T —1vD U OREEFEH L, LIFOREE RN L,
(1)100hPa T, U OZIHEEH (TypeU+) EHEERICEF L THY, 11-3 HicldZF Tl
U ORBEHEY] (TypeU-) KD EFT o LEh o7z, 2 DOBOHEP DL E ZHDEZ 1-3 HD
90-180°E TREKEL o THY ., FICKERIL TypeU+ b EFH L T e, ATHIKE
JERRETTRDIEN O 28 > THET B EDETZEZ B & HAERTO TypeU+ OB &
DHLMNE LD, (2)2 DOEOEICEITZIERFRIZ. 100hPa KO FTETIRIE-E D L,
(3)TypeU+ DL FERECTHRRAERBEDOHEMTALNDS, COREGXEBZFL XV
F—D LT T & THEEEEL, E/2EOAROMHEBEENRE k5T L Z2TEE
KTBTLIEE ST, BHOKZEVES L BEEERLELTWBERDNG, (4) Loiiolzy
WE VTR, EREEOBEAMDIEN D DRBERZEHKL D T > /N EL A>T 3,
i LTINS S 51T o e M IV E VDS, S5 TypeU+ ZI0D 100hPa TO £l 3
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e 20TREVDERBNS,

WSS TR & N2 )V E VI OIRIBIE ., E#E T 20m/s. IRET 5° ZHMA 5 EDHTKE
BEDTHBH, LUTFOLS ICBARMN L CEELRREZRITEALN, ZTOMFOERR
BAZEV: (1) WERRBSXCRAICEEST 3, (2) WEBEANOEB XNV —T Ty I A%E
%, El, WORESTHBMEEBRARPEHMARON TS L &R LIEC LI, FD
BT ORI L > T, BEEREREZRELZLEXONS,

1990 ERILED 5. FLWEHET— XD RA LRIFRIEEL 0, BRI LR TO
B EICEHTE A XS o T E e, 3.5 BTz GPS HlEIC X BIRET— X0,
ZERAMRRED K\ AIRS DIRET — R G ENEMREDORETH D, TNLZEBEMFTL
TELIHELERZES CLREBAAERETH B, 1.6 BITHRNTX S HEEREHTORE
HEHEOMES, NbOH LT —XOREMESIGEN TREIEH L T O TREND
CHIRIE NG, LT —REROEBNZRREEETOERN,

—H., TOXS & IVE VIEROEE, 2&o b A SUHEHEELICIET BRI B Tedic
. FEEO S DEZER AR MVCET AELWARRE . BRI & D BB OGRS
HTH 5, FHEED G DIMEFEDM BB O RS l2dIc, RHTEERN & RO RE
W (W) IZDWT, FREAZL—%— (EAR) ZAWTHEBRNZ R/ Lz, MEIAT LD
SAER TR O IERER ARG . 1 BICEHR U 7z AR D7k P > 2 MU Bk S S SHE N E
75 E OB BI IR ORI EERT 5 ETER T ENTEAY,

WL, BERO XY AT —)VEY AT LB 5 BIRBKIEOEFBB O K72 5D
ZEEEBNTO W OFHIDHICDOVT., FIDTRWEE TN LD TH S, 2003 4 11
AIEBTBAV A r—IVEY S ZAZ—HD W OMHESES VIF Ry 75— 1L—4—Th5
EAR ZHWVTHAN, W ZEIICERITT 26— FEERT S ik b, SLEEOTTOD/N
VW R, T9%KEE (5em/s MUT) BRUBMREE (3 28X T 1277, ME 150m) THRIE
Uizo 3 DOBBIRIANT Uz XY R —VEY 5 A X —IC BT 2 EIREKIFBR OB 2-3 b
e, BB X CEEEEO/NS ORI G EAREENILU 2. OB, ERED
B REIEK] 3-5km T W ASEEBANT/ NS RIEOEE S B, FRERS 40cm/s ML ED ERRIFIZ L
NEFIELEV, . TNHOEEOP TR, W ORMBRUEEZELIE/NEN, TO
Z2COH LWAIRIE. ZEO/NE VR ERREEEBMICGER L LicHh b, BEHEA
. ERBEKFEEO%E 2-3 BRIC B 207 D IEOBEFRT, S<HL6NTHAEXIICW
O “EH” ED 10cm/s DA —X—TH 5 LV T TidR<, Mkid %~ ERRZ R0
BLizeWnwd b THB, AEBENTO ERHEEBBRIEN DLOEKRTERENSH, &
REEKIKD & OB T EDHERMETBBRENZRT L TOBDREHALNCENTH AN DT
WHIZEOfRIT, S%ZFOERZRAKEICL TV BT, KEAREZRZLTHILD LR
T&E%,

T T TH L b @IREKE COMERDFMNHIC DV TIE £ OEERTM RS NT
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WBEDD, BRORME DIDICZDEFICENTERRZEND B, SERRIEDRHEX
DV 4.1 HITBNTED, ZHChA TRLEEEBORENRBETH S LB T 5 N5,
FETREORITHBINEZDZL &, SUBEZELEOENDIEIE LV TVWELIEETE
TV ole, BFRTLEEANE CHh G EMICEBETE TViRV Y, EHRMEDHRER
IDNERM CERD o Tz, RBL—H—EBKRTODENTDENZEESZ BT LIZTE
A4 AN UN ﬂﬁj:@%g'l/—ﬁ‘—’@:}/(ﬁ‘—bijﬁuj:@ﬁmzck%?ﬁ%b‘*a@%f:&b\ GBI L E
TT—RZRETERN ST ETHD, L L. TOHEFICDONTIE 2006 Fic A Z 221k
e E N, ZNRBEBREL —X— (CloudSat) BLUHEBEOBEEZHR S 12—
(CALIPSO) DBHE) 216812 L TH B, HEBHDZNIIHEOHEL K FEZ LTO0
LMD ZFERARETH S, BEL—X—RBHEE FLMT—2ZEBTELNDT, VAF Ry
TI—L— R - EBEHETIEHEHERL TNV LRI EDEHELL, LAHL, @5h
DITRIC K o TIEMERLIEENORERS % Z D L E Teld 3 3 DB HEEFT 20,
B BELOME - ARSI AN, YR TRVWEENEC LIZIEADKE TS
Do INDEZONMFCLT, TORKGBZHBEL THEY, ETRRIETHEEV AT L
NTRMEETWEOLZIELLEIRT ST ENRETH B, FDEHICE. 3 TorEEB X
UGl - WEIHOELUOAGEISRETH S, 4 BTHLMNC A>T L S lc, WAL EEY
T A2 —DRERBKER TOLERR S X~ OERTI SEMIE DAL, BUEERL EEED
HBWEZILT T ENTETVERNEVS OABIRTH %, VHF R FS5—L—X—TDEM
HMEzRBETEs L Lblc. BHOZLWVEEN LDV E— eV vV T — R BT 5 C
L&D, BiFHOEI S AZ—ABITIHE TR > TOBBERIS M L THETZ,
E 5T, BB K CBERTEMNEORBIOR SRR ZE LTS5 kdlicid, MificHw2
BB T — 2 OWBIHARFT 20, £/ X 0 EBRZENT—X %25 hARETH 5,
1.6 BT X 5 REBATHOEZBMNC KX > TH O ENTVBEDOHI ET VT EL ZA—
YEBEXUCA Y FHCBOTHERNTH TH S, EEERT—2& LT, GPS Hik:ei
T—RORFIMES T BEREIEE SICHRBNOREE) - EBELOMEMIESE 2T 5 C
ElILE > T, MY 2, SBEORREE I SICRBER S 2DOEFEED TN B,
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Thesis OEHRE & 75 - -IEERE RS 2 WDIZREEAFOESIIUTD 3HHETH %,

1. Eastward-moving disturbance near the tropopause along the equator during the
TOGA COARE IOP. (TOGA COARE IOP HARIICERIE Nz /R SR E AL DR
L)

HAZ G258 Journal of Meteorological Society of Japan,
Vol. 73, No. 2, 321337 E (1995 % 6 AFI1T)
Noriyuki Nishi, Akimasa Sumi DL

2. Fine structure of vertical motion in the stratiform precipitation region observed by
a VHF Doppler radar installed in Sumatra, Indonesia. (f > FX¥ 7, AR FI 5
ICHRBE N VHF Ry 75— L —X2—I2 & » TERE hizBRBEKEIC 515 2 0ER
DFHIREIS)

A HRGHEE Journal of Applied Meteorology and Climatology, FIR[H
Noriyuki Nishi, Masayuki K. Yamamoto, Toyoshi Shimomai, Atsushi Hamada,
Shoichiro Fukao D}

3. Rapid transitions in zonal wind around the tropical tropopause and their relation
to the amplified equatorial Kelvin waves. (BVHERMFDEICHT ZREADELZ L,

F OBE U T=7RE 7 IV E Vi & OBIR)
HAZG%a5E SOLA, Vol. 3, 13-16 H (2007 4 1 A¥HT)
Noriyuki Nishi, Junko Suzuki, Atsushi Hamada, Masato Shiotani DI

ZOMBE LT BHILATOEY TH S,

4. Observational study on the 30-60 day variations in the geopotential and tempera-
ture fields in the equatorial region.
HAGS# 255 Journal of Meteorological Society of Japan,
Vol. 67, No. 2, 187-203 E (1989 4F 4 AHfT)
Noriyuki Nishi D8
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FEBRZRFGHERE I, (TR IR R BV 2SN T IEEN R EE L
Tzo &Elc, MADIHIE S THIFENE TEC o Te b4 RRTICE S £ T, AIRBHIZE I I3 Y)
ICHBEZATOIEEE Ui, e, BEWNGTEZ 7R BEHEBE ERERBELEICHZ Ty
Tele&E Uz HAERFICIEBEOEHEZN2LET L LI, BYIEER N0 E D
DET, PAHBEHNCOEICEAERZEDE RS ESELITEVET A,

FESRCACBITF & UTEB L TLER, iSO MASIEE, MR EReA. B
BOARBEFHRIAE, BERBEERAEIE. BHEICOEOBEFECRD E LR, £, H7XER
WKH D EL TR, BEE—ERTA. BRMALECZDUMERZVEZEE Lz, HIHED
LKA, EHERICE, BEGERRZERTVEREEE L, IREZELE LD 4 E/HO
HERFZRIERAICE > TOANAGEEKRTEYDZNED T L, ZTOWEN TN -5 T DM
XEFZBE LT EN -T2 EBOE T, EOESEH L ETET,

WZe 2 iseh TLIR 23 ERICH 72 D BRI o T2 R DBLEA C I RNTEIT B &
BETETEERA, BEHEOODESITEVE LT, FEICHEHNZLET,
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