TECHNICAL REPORTS OF THE METEOROLOGICAL RESEARCH INSTITUTE NO. 27

CHARACTERISTICS OF PRECIPITATION SYSTEMS
DURING THE BAIU SEASON IN THE OKINAWA AREA

BY
TYPHOON RESEARCH DIVISION

IR R AR RES
%21 5

pch ks sl e oy g
MREIDOBEKS X T L DO
&R

SO®R MR AT
METEOROLOGICAL RESEARCH INSTITUTE, JAPAN

FEBRUARY 1991



Meteorological Research Institute
Established in 1946

Director : Dr. Yasushi Okamura

Forecast Research Division

Climate Research Division

Typhoon Research Division

Physical Meteorology Research Division
Applied Meteorology Research Division

Meteorological Satellite and
Observation System Research Division

Seismology and Volcanology Research Division
Oceanographical Research Division

Geochemical Research Division

Head:
Head:
Head:
Head:
Head :

Head:

Head :
Head:
Head :

Mr. Muneharu Kamita
Mr. Harushige Koga
Mr. Shin Ohtsuka

Dr. Yasushi Okamura
Dr. Koji Shigehara

Mr. Akio Kurosaki

Dr. Masaaki Seino
Mr. Masatake Kikuchi

Dr. Yukio Sugimura

1-1 Nagamine, Tsukuba, Ibaraki, 305 Japan

Technical Reports of the Meteorological Research Institute

Editor-in-chief : Masatake Kikuchi

Editors: Yukio Misumi Tsugunobu Nagai

Shigeru Chubachi  Junji Sato

Takashi Yokota Hiroshi Ishizaki

Tetsuo Nakazawa
Tomohiro Nagai

Hisayuki Yoshikawa

Managing Editors: Yoshitsugu Nagasawa, Yukihisa Nakajima

The Technical Reports of the Meteorological Research Institute has been issued at

irregular intervals by the Meteorological Research Institute since 1978 as a medium for the
publication of survey articles, technical reports, data reports and review articles on

meteorology, oceanography, seismology and related geosciences, contributed by the members

of the Meteorological Research Institute.

The Editing Committee reserves the right of decision on acceptability of manuscripts

and is responsible for the final editing.



7

HBRHORBAKZERICE BA L HICEEEADBKDOEELE S 2D 5, ZOBEKIIAE
BRELTEETHEH, —H, BK, gk, REREZEOXER ST ILNHD, 2Ok
B, IhETIHEWATRS & 02k hRIFEESEOSE 2 b, KEESORE,
HERIRTARE DMK DRI EFARSN TRz, L LD S 2 E TOMRIR S bz S
LOBEDLERE N L 22 ERRE LTz, Z0kD, BEEOMES OERTOR K
DR TRARHDEANE S FREN Tz, E1BAROBEE DV TIZIRE T IZ S 5 5 AN
Db BVnTHZ LA RADE $EBIN TV,

B RDTFEER & FERITIEEIZFER 62 FESWIFAEERER I L v (W B 52 5 E LW
OB RHETITo. ZOBAZEEMETD [EEC BT 5 HMEFHOEE & £ OHERHE
BB 2R, [ERICHES BNE BT 2158, FHRITFEERO[ /NGRR3R O fEFTHIRT
%] O 3MERECEEL TiTb: bDThHD, ZOEWNIE [HEFD (BEAB X UHEWTHR
W BEARIZED XD BRCHEBLLENRTYE D, BARZED LI BEELF>TW2 0D,
fDOHIBOBEAR L DERIZE S »] 2HSHICT S ETHoT,

19874E5H20H»5 6 ALLHDK 1> Bicbiz ) MEEHBEH T THRE N v 75—
V== ROV =T 4 T E BB ET oM, ZOM, HREHRRICELY IR RO SR
B TERholz, L LAY SENIHROENIERET, BNHOBRARCET2L{D7—7%
Y (O ,

AEEZ ZOBET -2 2hLCHERREE, EREV -5 —, TAFTADT—%, K=
FNHTES 2T U EREMD 20D TH 5, UT T, BEOBME, 1987 £0¥
B ORI B T 3 KEESORE, B0 EEKY R T LADHH, FIFER UIERTRR
HEDRBEKRDEFEN B & HEHIBIRIC OV TR LD oN TV, R EEARTHTED 528,
HREOENPOBEKIZ DL TOMABHI LML L TEIIOTO DO TH S, OIS L VIR
%wﬁmmowfwﬁﬁﬁﬁib,Uwfu%ﬁﬂFQ%%¥%KEﬁT%nﬁ$“T$60

ZOWROERC D ) WWBRKRED S BLEN LW N 2201, 3 5IKHRKRKE, WEEAE
7, RUBHERIRE D 5 SR SEY 2RV, L 5B#HOEERT S,

FER 342 A

BEMEHR K K 1



FF
BEE (FDT) woeeveeeerrreermrremtmttiteetteetieeite e e e e e eeee s e et e e e eeerr et e ettt er ettt bttt e et aeeebnnan 1
8 g PO SRR 3
BELEE LU RDIT wreerrrrrerremmernnreenniiieeeeninenes O SO 5
HOE B L T & ceerrrtttiittti e e SO 11
e N= i 57 6= e E Ny Y - RPN 13
3.1 TERTHHOD TEIIRGIGREYL ooveeeerrreremmmmmnenereeetiii s e 13
3.2 10 FIEHEE sovvveereerreremmnitttitier e e e e e e ae e e e s 15
3.3 JUtl, AINODMERIHIL DELER -ooveeveeersesssmsssssssss s 15
- T N Y - - R T T O PPN 21
A1 FBIKS AT ADGHE voveereerreeremreessenseeieiseateteitas ettt et easer e s et e st ss 21
4.2 FRIBIRBEDEFRIZEL «oovveerorererrreremmneemmiie ottt ettt 24
B5E  WHEHS OBREDZEEETHRICEES B RDRELE oo 29
5.1 FiHx ettt E PSP TPR 29
5.2 JBETIGEHE woorveeerereerreemne e s 30
5.3 1987 4F 6 F 2 HDZEBHAR -+--eoeeeesemsosemsssmssissssis s 33
5.3.1 JBEUEOIRIL -wovvererrerrrremsressiemmment it 33
5.3.2 AV a@ AT — L TCOEELREE L RDTEESIAR --rreerreereereermsrmesss, 33
5.3.3 797 R7IAT—NOKAK, E, BEDEERIZL e, 34
5.3.4 TO—DFEHE « BEJEGEABORBE] «ooreveerrrermmreim 36
5.3.5 :%ﬁﬁﬁﬁlﬁﬁ%@)‘ Y By gy AT —IVERERERE oeeeeeeeeereeeeene 37
5.3.6 EATTHESEBEOHEGEERDEAL e 40
5.3.7 ZEBETHEIEAGR DRI «rorvererrrerrrrrmrnrereenitmeni e 41
5.4 19874E 5 5 23 HDEEESHIER «orveereeroeerrmmrrrmir et 42

5.4.1 %ﬁ%@;{ﬁ% ....................................................................................... 42



5.4.2 XYV g Ar— IV COEBELREE L RAOEESH reresseritr 43

5.4.3 757 R Z 5 AY —NDBEAIIT cooeerrrrrensesrrmeemrmiionaenniiitiieenaeees 45
5.4.4 T O—DHAE « TEB L EARDTEE -vorrerererrsorersmesinsessesesssssses e 46
5.4.5 JREAIEATRIZEE S [BEIERED 7 woererersererrrsrmmnmssstesetsies st 47
5.4.6 JRBAEBAKBDRY B, 7 AT — VEREREEE «rooeerreemrrreseesse 49
5.4.7 JRHEAREAS (8L CELHTHEREAR) DBIFRED - eeeeeerermrr. 56
5.5 # = D LT R P PP PP PR O PRI P SVECPEOPIISPRLOE 57
5.5.1  SEAHTESEBIEED B DR +oveerrerrerreremesiemie 57
5.5.2 WHEEOHEFTHID I BIGIEKTR «worrrererrererrrmme i 57
5.5.3 Rt IRII—DTFTETEE SN FREFDKE coovrrrrrrrereeeemsiersann 59
BUB kB e eeeneeratiiiaees 61
AT B.AD  wovveerseermrrreee ettt s 62
6T JEFTERIEA S X T ADREEE  eeeereerreenrenre e 65
6.1 FEATIRIT <oveeeresesomsesesesimesi s 65
6.2 FELEBEHS -vorrveerreeereemmitent e e 65
6.3 TG BB eeeeeerrrererereesisntiosenionitiiosanienistsostnenasstessieseresetssonneresntesessatsas v 65
6.4 T coerrreerneree e 68
6.5 *F L L L LT TPTTTTP P 68
6.6 FEEIEFTETEE vveerereemeerm i 69
6.7 FEDIEIKY AT Ak DELEE «wvevrverermmmmmmmiiii s 70
ATERE 6. 1. 19 +eeevveermreermnernnrerte e rit ettt 71
BITE 23—V IF5RF—DONEER L HEEFHRE 91
Tl IZ U IDIT rreseraatesstnerroncsoniiosennessostussmnestorstunsesastosnrrssenctosannersastossenaatsstnsonanas 91
7.2 A= TRAT —OBFE ccoeereerrni S PPN 93
I R =T V0 A 3 AU, V. = - P 93
7.2.2 JBEHEY 75 A —DRETIDHL «ooorveererreemrinersntee it iniier e eites e 9
7.3 RIA—)V T T AT —DREFE ++evvveeerrrrmesrmreiii s 99
7.3.1 BBHIGTZEE -+oeroevreeorreermmrmenette ettt s 99
T.3.2 TKIERELG <ovveevvrerremmerni i N — 102
7.3.3 SATEREYE ---reeeeerrmmnrer ettt ettt e e e e e e e e s e e e s e e e e eeans 105

7.4 % §ﬁ ..... et e eaenenetenteeaet ettt ea .t ettt e on et eatn et tn et han e naenanneaans 112



7.4.1 SAEMEIIDETIES < ocrvrrrrrerrmarerrmrrran e iie e et et rrea e enaeeetann e 112

T.4.2 SEGEREL T XTI T 5 A JL weereecerrseenrmmmmmmmniineiiiiien it iiaitrrnanessarnsesesensnns 113
7.4.3 7\3_}1/75;(57;@%&%&% ............................................................... 115
TA 4 ORI =N T FAET — LD cooeeerrreeer i, 117

T.5  F L B ettt e eaes et nns 120
AHRTA D BNSTREIZ & BRHT VADIED wrrereereeesessessessscc s 121
AI87.BISHEENTO R Y 77 —HED S u, w BRDBFH oo 125

B8E HEHPSEAHIBI 2 XY g X7 —LHREHNOIER L

e Y= 1oy | R PP 129

8.1 I LS EDIT vrevvererernnnserertuiteeriuiiaeereutiteernia e esena et ira e e rta e e ara e rrab e earanaaes 129
A e DL = L O PP 130
8.3 SFTFIEBEDMGEL --vveeerrrmrreramrrreereer et 132
8.4 R T DI eoverrereeearrrerettreetet ettt 137
8.4.1 F& FE HJ ---ovveveereereeemmmmi e 137
8.4.2 T B HA cceerereer e 141
8.5 HART I N DHID UM «oorevveermereernte it 143
8.6 T b B eeeeeeceeereeettentinntienniin e 145

BOFE IV R IR IS BAORE (1987 56 A 5 Bk

F5CE S NI EADIRATT) +ooeerereeeesrrmrer et 149
TR = R O LT T LRI 149
9.2 JEAF R FLTZIEIK eovererreressemsse ettt e 149
0.3 JEAFTIEER vvvrrrrererereee e 151

0.4 F LI I TRZEEY reverrerrrrrre s - 161



= =]

198745 H 20 H» 5 6 A 15 HD 25 HiH, WBEHFFT (L& 27, =& 128) kBwTE
AHEE y 77—V —5— 2B CTRABOBM 21T 72, Bl BRI,

1) HWEHHEE EOBRIIRMDIOBKZ XD & 5 2BAY A7 ACEBLISATHWEDR JE
R,

2) TNSDBAY AT LZED XD ZHERF> T30 D,

3) MOHBOBAY X T LLDERZ LD B,

PRRBZETH B, _
T ORI BN FOBEAIHOR T -V BT 5, ZOHIM, ZoMBRAFES
S[EBEGOE~FEARE A Y FEVA-—VBCE2RTI2MER L OAREARR L2 3,
1987 SE MR (5 A 13 H~6 A 26 H) ORTE I BEEELRH I, BEZEVA—YRE O
R H o7z, NWE T BN ZRENTLEDRETH Y, KM NOERIERO
B & NRREE R E Do Tz,

1987 0 Z D#F OHERHAR OBEAR 2RI HEET 2 L# 0% DBEADRHRICE o> T
beoEN, 0% HIHR L XMBIRTH o7z, THIHRREEAY X 7 2 RKEHOZE 2 bR IH
TIERTRRRIEA Y AT Ly BHETOHRED S DESHFH N U — L B> TAPERRED
BN THREL

ERHHRRICHESIBAY AT AlcDWTiZ 6 A 2 HE 5 A 23 OB R HIICH Nz, T ORER
BTEEE CREICER S N2 EATTHRAKY AT A TR IR ETI AN T 2 EEHOME
HIRHRRIRE K Y AT AL EEZD, (1) #RE < WHEMEMSHEE CHVERSRAL D,
RESEBERRZETDHD, BRICL2FL LT0OH 2RO T EEMRSFEET 2, 2) &
DI BN X 28AE8H Y, ZORECREVRDE & ROBAEZ, REICIIED
BoBRERAKREZE->TWE, ZEBSholz, £z, IHE THIS N TRk o 7 FHIHR
EHESEDEAY AT AOREE LTS DIIR 572, I TCRIERERY 7 —0F 2B, %
OEHRC I TEOBLES LA T 2SN H Y, HMICEFEEL S OFBESSTE» OEY T
X 72ERO LE ERT 2B D - 2o

FERHRROHHEE (XY X7 — V) BAY AT A3 ZOHHOERPORAEREOT 2R
DVEDTH B, INORBREBENC L > T3 2D V—TEHEENT, Tbb, RER
PRI —, FRZ FAY —, RAA—NI FAY—ThHb, TEKI 7 A —3TEREAKEL
BEOHIHEBLINTY AT LR TRRAORR L —HK L TBEIT 5, FIRZ 7 A5 —Fw»<D
DOBIRL A —DBF BT I FTAT —Th b, A2 —)IV7 T AT —i3FEREASR SRR S

— 1 —



[RWTEEMERE 275 1991

bah, BRSEHEBEOROE LAY > THET 2, 2hoD2 725 —DATHBE
4tk D Mesoscale Convective Complex (MCC) & D/h& <, GATE i+ Bl & Nz B
DI AT —LABE,ENLDRPKRE D 0T, ,

B, B& 460km, HFay 21 BEOXERE LA a3 —NVI TR —B Ry S F—1v—5— L%
2R L % OIS ST SNz, D2 T A —ZHTERBRESER, NSRS, BHER,
BEBREERD 4 DDA SHEE N Tz, MFEMBERZER L BEA L V5 5 O outflow
ETBRE OIRIZ & > TH LWL ApRZ ERTGIES N, Y AT A TREAORL, TEE
FEORDHE S 7 — EAD R, AR L 72 BEER I TR E8 U RAEE /NS 2o
Tz BERERERZICIZ I BOMER L »FEES TREER O Lo & Eidh 7Bk 743
BIREREAEE R L Tz, BIMBREFERIE COR 23—V IS5 —RREREITHY,
EBD anvil 225 DBEARFOET L TRTOF ORI & > THERI L Twiz,

REW T 5 AF —%ERT DAY A7 — VRTEROBEHADOIER L S ORMEL 2 #
WLz MRERI, BERAHOBEEDR T —Y 1 L Z20BOBEMDORF—J Iz T 52
EBTELD, AT =Y I EBLTE, MREFNTEINREOER T —v D LR, TERIE
BLTWRDOERL, AT =Y INZBWTIEID LS ZRNFER 7 — 1O EEH, TRRIZMNZ,
AV AT —VORERBEBL Thlze TO L5 RWNEOBEROEIE, AT —-YHIZBWLT
i, WEDHET 25 m/s 28224 X N BRI,

HEBR/INSIR e A2 -V 725 —TRFORARRIEH S 2 5 TRAZBIC L > TEKRanT
Wiehs, 2OHICI0kmBEDOR 7 —VOBKEL 2 EBEEICR > TV, SDZFRF—IT
BT 3~4 km LT CRTEF D OB CARLHBEL S, 70 L0 5~6km iidibn S8 L
TPAEBAOECARLRBIRAL, ZOBRTHRARELZ> T, TOEZIAS -k Zh
SMEDRL D KESBESFICET 52 LicE VR - S h TRk EEX 5N 5,



Summary

Doppler radar dbservation was made in Naha, Okinawa (27°N latitude and 128°E
longitude) during the Baiu period, i.e. 20 May to 15 June 1987. The objectives of the
observation were

1) to describe the morphology of convective systems developed over the maritime

subtropics during the Baiu period ;

2) to understand the structure of these systems; and

3) to compare the structure with that of convective systems occurring in other

regions of the world.

The Baiu period of Okinawa is the formative stage of the Baiu (or Mei-Yu in Chinese)
front over eastern Asia. Okinawa in the Baiu period is located in a large-scale confluent zone
between the south-southwesterly wind at the western edge of the subtropical Pacific high and
the southwesterly wind originating in the Indian Monsoon region. The modified tropical
airmass was rerlaced by the Monsoon airmass over Okinawa in the 1987 Baiu period (from
13 May to 26 June 1987). The lower layer of the troposphere was conditionally unstable and
the unstable condition was stronger than that of Kyushu and Honshu, Japan, which are
located at higher latitudes.

70% of the total rainfall amount during the Okinawa Baiu period was from frontal
systems and 30% was not associated with the Baiu front. The frontal convective systems
were accompanied by the alternation of the middle-latitude airmass and the subtropical
airmass. The nonfrontal mesoscale convective systems occurred within the Pacific high
triggered by of cold air advection from the mid-latitudes in the middle troposphere.

Two cases of convective systems associated with the Baiu cold fronts are analyzed.
The characteristics of these cold frontal systems are 1) the existence of a deep latent unstable
layer in the lower troposphere and free convection triggered by cold air, and 2) a leading edge
of free convection, an anvil-like precipitation area aloft ahead of the leading edge and a rear
stratiform cloud area. The structure of the convective systems around a kink of a cold front
is also examined. A cyclonic shear zone was found to exist at the kink. In the southern part
of the kink area updrafts originated from low levels. In the northern Part, updrafts started
from southwestern middle levels.

Nonfrontal mesoscale convective systems were one of the typical convective systems
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characterizing the Okinawa Baiu period. These systems were categorized into three groups
based on the structure and the manner of motion : nonsquall cluster, line-type cluster and
squall cluster. Non-squall and line-type clusters did not have a distinctively organized
convective region and moved in a direction similar to the lower level wind of the troposphere.
Squall systems had unique byand-shaped convective regions and traveled against the lower
level wind. The horizontal dimension of these systems was less than that of the mesoscale
convective systems (MCC) of North America and almost the same as that of GATE
mesoscale convective systems.

A Well-organized squall cluster was observed in the observation period. It had a length
of 460 km and a lifetime of 21 hours. The cluster was divided into four parts: forward
stratiform region, convective region, transition zone and rear stratiform region. In the
convective region, outflow from convective cells converged with the environmental airflow in
the lowest level and new cells were successively formed ahead of the old cells. The system
traveled against the lower level winds or perpendicular to the shear vector between the
middle and lower level winds. The transition zone consisted of relatively intense downdraft
and low radar reflectivity. The rear stratiform region made very weak vertical motion and
was formed by precipitation particles which originated in the top of the convective region.
The forward stratiform region was one of the unique features of this squall cluster. The
descending precipitation particles from anvil clouds aloft and weak updrafts in the lower
layer produced this region.

The circulation and structure of a nonfrontal squall cluster were examined. The
evolution of this system was divided into two stages: Stage I and Stage II. Convective-
scale updrafts and downdrafts prevailed and the system was stationary during Stage I. In
Stage II, a mesoscale circulation was formed in the system and began to travel. Strohg gusts
greater than 25 m/s were observed.

The relatively small squall cluster consisted of long-lived cloud with weak precipita-
tion, with convective echo cells embedded in it. Water vapor was supplied to this cluster by
the westerly wind below the 3-4 km levels. This potentially warm layer was overlaid by the
dry air coming from higher latitudes with low equivalent potential temperature, and a
convectively unstable condition was produced. This differential advection of two airmasses

played a main role in maintaining the convective system.



