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Analysis of Heavy Rainfall Associated with a Mesoscale Convective System
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Department of Geophysics, Faculty of Science, Hokkaido University
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Division of Environmental Structure, Graduate School of Environmental Science,
Hokkaido University
(Recieved November 30, 1995)

There was a heavy rainfall over a wide area of the Tohoku district and Hokkaido which
continued for 4 days in August 3—6, 1981 causing considerable damage. As the case study, the
formation process of this heavy rainfall was studied, based on the structure and movement of
rainfall cells and rainfall clusters. The results are as follows.

There were five rainfall clusters within the front, which moved gradually from southwest to
northeast along the direction of the front. The rainfall clusters reached the mature stage causing
heavy rainfall in the central part of the Hokkaido. Numerous rainfall cells were observed within
the rainfall cluster. New rainfall cells appeared behind the rainfall cells that had existed already
and replaced. The rainfall cells reached the mature stage over the central part of Hokkaido.
Thus, rainfall clusters appeared to have reached the mature stage over the central part of
Hokkaido. The results of analysis also showed that the rainfall clusters corresponded with the
area in which the temperature of the cloud top was below —48°C on cloud picture of GMS, and
the rainfall cells corresponded with the area in which the radar echo was more than 4mm/h in
rainfall intensity.
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LT%2odh.MTh 2 ERRMETIE, 8 H 4 HICIR 10 km T& 2 50 km O »H ko Hulgic 250
mm L FOMd M- 72, B (BEE - 3, 1983) HENTIC LT, ZOFEMII, RyEkErk
KENDEEHED SHXLEADESEICEBL, FOFRTLY)EEKRELIH ZREENRMTEX
BEXBEZL L L A st VERENLZ EXELIC k72, Lo, BKET—FICRLN
7240 6 BB IET B, LV KREVWRI—AVOBKI TR I—izowTRsANLN LD T2,
—MRICERERHIFET L2010, RIBXLIMODEHEHFVETHLEELN TS, 1)
B2 6 +HEDOEEEZENHNLITERE N, Lrd 20BN IOR2H L WEELErER I NS, 2)
MELEHI SR L UEBT 22 L0 UETH L, 3) BEIL T HEELEN ZNZE DR LATICE
FRELED, 4)RCPHRBIERLE S S HERE L T2 KIREEELLOER L B OB S LETH 5.
LirL, BPRMIEIEARICHEERVUBEERD EOBLIREVWTL L3N DY, T2 LL
biroTwhn, bIRFBROFMIE, RUMICRZORAy—Nic BT, 2N CHELED L8
BLEHZ TORT— BT 2 RECHBICHL 2, FREVEMICHZIZBITOLDOIIE, HLn
FEE, RHEHROT— 2 CEEAE 2 T2 HEMBD R Y T — 7 BEL TS, 22T, &%
FFo> AMeDAS (Automated Meteorological Data Acquisition System) 1= & 2 10 SR KEZ D
s, TOREPEMOFEL EKEBTZIT, BKLVERK7 TR -0 BB 28 LT,
RROERBEEHL,IZT 5,

I3 & R &’

198148 H1, 2HEIEROATEEET, NERZPLELTNC2BTEZER k- %
ofz, UL, JHFRIHAN) EPREEE L EAEL LML EAEIHRIE, SHEAEX»L
PRSI Tl ERE 28 T L2, 2% ORI 4 BY 5 3 clbimEd R % L S i
- TEBLZRS, R TIEHN LT ATRE % -7, Fig 113198148 H4 H 0981721

0900 JST
4 AUG, 1981

Fig. 1. Surface weather map on 0900 JST, August 4, 1981. Isobars are
drawn at every 4hPa.
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RARTH 5., BALICH D FIE, KPEL & PEKELERSICEET 2BY-ERECIZEENT
HHETLOEREINFEELD, FoRIEEB IIAIEESFMICEE L TIT. TL-HXRDEHE
P RICIIRORES 980 hPa DB R 12 5 HEIEL TE Y, ZOEBR» LD b 2l2d iR - AR
BELCETHBLZERLEY, 280BKEL26 L0, R 12 5 £kl T4 BEEIZIR
BEAD LDV BWEDFLHEICHRAL TR EATRL 2B E LD, LIS B & THY
BWERELLL, ZoORRESRICL 2BENMIE3H2AL 6 BicB Lo, #RE L (ERHENLE
& -7z,

AMeDAS 12 L %2 8 B 4 Ho HEEKENSH % Fig. 212777, 100 mm/day LA ED £ Wik ENHE
BENTHIBIIENOWEERS E L TRENTW S, ERMEE FuG & L CEED SR AT
DUITHFEL Twb, ZLTEDFLERICHFET aRiRE90 L L72IE 10 km, & 50 km offn
HK DR (AMeDAS @l s & LT3, XMW, SRR, TR, BB 4 »F) Tl 250 mm L ko
HEKEGBEEN TS, 4 HOEBBRKEZILIBEL X VERLEDEHMEB TR TATY, 280 HE
KEFEBEMNS B dEEnER M FICELNS, RicEZ-0iddbiEs & 0E#H, BKEmED
PEER T, EEBLUHEIM A IO HICIZARBOBRKEL »BRIZ N - /2.

Fig. 3138 A4 H 08K 2 0D RRHEIC L 2 EMBETH 5, Fig. 1 oRARICTRE LT 72 HiTR
W HROZBR AARFNBE IR - 2B CHAEL LR FHIcHNTE Y, JLiEIRIE L A S

4 AUG, 1981

139°E

Fig. 2. Distribution of the rainfall amount on August 4, 1981.
Contours are drawn at every 50mm/day.
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Fig. 3. Cloud picture of GMS (Geostationay Meteorological
Satellite) on 0832 JST, August 4, 1981.

ZNEICALN TV EEL by 5. BAFIRNOERAMCR LN S DIXBR 12 5o b DU TZREN/S

Y FTHB, BIMASICHEET ZREICHENRBWRGIERREF—48CLUTORETH Y,

DEAKNRENHFLEERL, EDOTOMERETIIEKIH LN EHREI NG, £ZDHEBH 4 TR
L, WINRL T4 VRICEWEEZ L Twb, THICH > THRKEICH B H 5 Z LRI NS,

RO SRE—

AT E A L 2BoKkET— 213, AMeDAS 12 L 2 4 0 THh 5., BEIEOKBET, biE & TibeE,
L THR EGARERE D2 ST 492 4 FTTH 5, DA S N2 BRI SnfE L, Fig 4.1
HEITREN TS, RARZ RARICIT—RATEIMER L 2RI L » T—HRICHECEK» L7125 3
NI EIICR272D, FOFBONTICIZ Fig 3NAREBEREICL2ZEHEE»LRLNE L HICHEAD
WIS RBEL TWADTiE W L HHE L, ZDOBKDBEAEFTOEEEFNL 2010, K
D& ) W EAT 72,

Fig. 20 BBABDHE» b 5180, ZENBAKDEN S N IRIZETEH 5 LR A F I D
PTW3, 22 C4HI5BOEEEY? SEERCNAVL L —F—xa— (HLIRFRARE L — 57—
$5) oFEmEEICEY), 0km OZEMBTU B Tz, LOFPLNEZ 125 24 £ TD
ZN)TFrn—% M, 1202 TICZENLIBUANBICIIZEL T Y XHH 575, TS
EHI0S5EOBRESEENT VL, ZO UML) TIZBIT2HEITE, 120 ) THRICZEN
& THOBBETEHN S N7 1 BRHBKEORET %2, BRUE0RETEl > T 1 EMBEKEDHETFY
E% KD TIT- 72,

Fig.bi3= ) 7+>—3 (FETHZ2EEL), 7 (BRREEY), 11 (EEE2E), 15 BLATZ
Ztr) OEBICBIT 5 1 REBKENOEEFLELES 77 T, 20 IRNEBEFLEL TGS T
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Fig. 4. Positions of AMeDAS observational points
used in the analysis. The points shown by solid
circles were used for the analysis of rainfall
cells.

TTERLEZINTHL, HEEHIIBETCSHASHED 12304905, 4 B0 238 300FTCTH L. Hi
B IXBEKED L > TH D, ROPTIFMBEIESEOY— 71213, ARLEZTRisdftiTon
T3, ZNREOBTTHELNEIBKI A —icEnFHL LT3, B, C, DD3-5n
-2 %RTA5E, BEOBBEHICHBLZICEDTMICBE L TiT 2 &2%bh 5, L2 bBAE
NE—7R3FH6FEAY TN TS, L) icx) Ticall Cofhic BT LiavwERkoE—
IHEBEED - TRNATWB Z L3, FIRAERICIR S VBB ERI P AN DKREZEFH-T
HFELTEY, B bBERCIAERICBEL TT- 2D EHRS NS, KICZ DRIBALRICFE
T2, L YBAKDOEAEEORE 25,

MAGREZ DL NIZ, MBOMEL YORBMBLHEL2EATED, BICBRBEKI T2 5 —%
OBHEFNLDEBHL) T 201213V T vV (Harimaya et al., 1988 ; #&BSER - 251, 1990).
Z 2 THIENEEIC L AR EIY B DIC BRI AR(HIEMT (Staff Members, Tokyo University,
1969, 1970) # H\ T %1T- 72,

AR{t)=2R(t)—{R{t —3hour)+ R{t +3hour)}. (1)
MRBKEK 7 F 25 —DBE KD B72HDH DT, AMeDAS nfEkET— 2 # iz L T 3Bk
KEDAR(FBNZITINT, R)EWIDIFt L IiBMEPLE L 3BHOBKETHS. £
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Fig.5. Area rainfall amount (bar graph) and
3-hour running mean (line) of hourly
rainfall amount in area numbers 3, 7, 11,
15, respectively.

L TR 3EREN LD S NREBEZ/ESL Z L ICHLL T, FNTHRKZ 7 27 —2BHlED
ket @EB L, FOMIEL LS, T2EAMIcO>WTit, Fig. 5 ni#tis 5 bh 5380 # 6 BRI
HEBLTWIDT, THORLLHHNT 52012, SERBKEDARBT2IT- 7.

Fig. 6 {3, AMeDAS &5 TR X 117: 3 RRABARIC OV TARDBN 217> R TH 5.
WEh IR T8 ASHEN 6,5 8 A4 BN 2483 T, Mz ) TH > ~—T LRy e kb
. Ay F—33EMALZY 0, 10, 30mm X -T3, ZOREZRL LEMNZEHELIC5>N
AR(HD)DMEDENFHAIHNTE D, TNLE2MKI TR — L EHT 5. ROPTEOI I HEH
ZHCHNT B, 500K IR —IcEnNFNAk7 IAF—A, B, C, D, Et&%2i} 3.
I XTI N7 T 25—, [RHEEEREEGL 5 BIBNERIC 5 BOPHENE NS FHIFE
LTwaZ T L-2E (1982) N8 ) PHRENE Y FIHit T 5, ARV 4 DMK
FAZ—I, )T H =10 PdbndtimE 5ICR - TR TA S &, BB L icddENEH
FHCRBEIL TWwa Z bk 5, AL ) 7THr =11 UFNEB 2425 ¢ ETEEL TWE L O X
fam s R s,

RICHEK 7 5 27 —DKEGADRERENE RTA S, Fig T2 TH 5, HOfH 125885
Bk F25—%2KLTE), BEIZ4BTEINT» S 18E303ETTHS. £TEORAICEN
THLZND8AI, 4BIZBAIN.BAIZASZ—II T4 REZLTEBY, EEl»LILLED
FHIZDAUTWBEZ Edtbh b, TH 30 DDERETHAK? 725 —CRETRENZBE) T4 KD
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Fig. 6. Time-space cross section of AR;(¢). Shaded
areas indicate places with a positive ARs(2).
Contours are drawn for 0, 10, 30 mm/3h. Or-
dinate indicates area numbers.
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Fig. 7. Temporal change of the horizontal distribution of rainfall cluster.
indicate rainfall clusters.
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BTHEELTEY, 2L CREHICEL TS, Lo L 20BR2 IR FMICBE L 7ch7 5 T
LTfrE, #NcR->THERBBKZ A Z—DXBOH» LBE L T E CERLACHEREHEBIC
BNakilckd, oMK IAZ—DIRERMIChZ > TEHRAME2BBWEBOBKEZ LS
L72%%, 16 B 30 DA SFEHYICAN, BnZAbE— FCIEEOFE~BE L TiT-7, FLTITE
TR LD L, SEEIBRKIFIAI—EFBEOFICBEND L LD, oL kSHNr—
A TIBK I FTRI—3 T4 > HROFEEL L TE ), BEOEBE AR FRICHE L TITE,
BMEDENK I FAI—DFFPRIC LB EH LI IR I—DPHOELLBNE &) EIFB LI
oz,

ENLDBKIZFAS—Ick>TL R b& N2 838, 4B 2 HBICBIT 242 TEHENKRE
KEZRLLZLDHFIg8ThHo, MERTHLEEY) YTy "—T0ERRESUHESE, 2%
NERHEZHFLELTHEKENENWE—IHRENE, TORNE SEDOBEKI TR I—bH726 L
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Fig. 8. Total rainfall amount on August 3 and 4, 1981 in

each area number (upper) and each rainfall amount
formed by rainfall clusters (lower).
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LENFNOBKERZRLALZLDTH S, AdEd EREfFE—72»2L FnrEmichd 55
B, C, D?32i3AKENE— 73 BERMEICEFL TWD, ZNETORITEEZEbEBE,
K7 7R —i3p2 ik N HAICBEIL TE2C, AL o N ERFcI L7128 &iC
FEZAZ, ZROBKZ LS LI EPHLPICL > 72, AIRNEBICHEEST BRI 725 —
I, Rt icBE L TETM L 0B 2 TR DB CREICEL 722 & RIFFICRBRR Y,

V. B Xk & o

Bk (BEER - 35, 1983) 1ok 2, BKZ 25— 50 LRy — LMK LD Z DEREFIC
BWTEDHLN, BLDIEBKENDEREY HIBND,
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Fig.9. Temporal changes of the sizes and relative positions
of rainfall clusters and rainfall cells. Capital letters,
and a small letters and numbers indicate rainfall clus-
ters and rainfall cells, respectively.
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ARy(1)=2R(t)—{R(t —20min)+ R(t+20min)}. (2)
MRz BW T L RBRICERR BN S0 EZ22 0BT 2 L AR(HDEHXIEE % 5D T, EIIED
BAEPBKLLEERT S, T2 TR OSEBMEMBYT 2705012 20 0HBKEZ A2, 20T
i, Fig. 4 oigdE» b bR IZIT—HEF LI A 77 20 0 8L TR 2 1172 AMeDAS o &3 &

(Fan o, BIR, K, A, HERE, ARE S KB B0, o, B0, RE, SRR,
N, B, B, WP, kN, R, BE, LR T AR(WBIT 1T 72, ZTORBRDAR(E)
BT ORISR RIIIBER - b (1983) bW TRLN 5,

Fig. 9 3Bk 7 7 A5 —D & ZOWREPICHFET 5K NOBE L KE X 2RRFITRLIZLNT
Hb, BT )T Fr =KL TE), BOAZEILERL TS, ROPTELS THE.
WMOBEA I 72 —%FLTEY, S TRAGBIBKRKELVEZEL TS, RERLE, CORAIC
BWTHHKT FRI—3BEL DKL LEIL->TEY, ZORBKEVITH L LU EEF
DENDOBERICFEEL, ANEDLD L2 5RERORE & HITFE IR FTEHABEIL TWwd L)
BHEzRLTWAE LY B,

ZOBKENEBEKT T 25— & DBREKFGAHTRIDOHFig. 10 TH 5, ZHORICBWTE

1330 JST
4 AUG , 1981
HOROKANAI

IWAMIZAWA

1310 ———
1320 — — —~ —
1330 —— — — -
S —
'®) s~
PP ——

Fig. 10. Composite map of rainfall clusters and rainfall
cells. Thick lines and thin lines indicate rainfall clus-
ters and rainfall cells, respectively. '
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KIZF7AZ—DIiz 1383050 NDTHY, FHREIEL LERMHFICHITTT A »ROK TR
PLIERARICHOUTHEL TWD, ZLTCIDEKI7 7 A Z—DOREICIR, RKENLTEKELE,
a, CHRERBFTEEINTVE. ZORD» S ZNLNBKELNVIIERNZE ERICIEDOFICZDME
REZTWBRENbP S, Pl iIFBKkevaid 13 10FCTIRERREP.OGE LFRICHELEL Ty
575 14 B 00 AciZmN 2 b & L2 EBICLEZ B L T 5,

BKIIZI—DDL 10 L7 BBKELE ZONTICHFLET 2K L 25 LIBAKRESRL
72nH*Fig 11 Th 5, Hihic AMeDAS BRSO LA EEL2RL TW5, EXIZMEEK7 7 X 5—
DIcL 2B AELZELTBY, TOEY—7REREB, AR, EHr - ERMBICRLNAZED
b b, TRIE, BKELDG S 3 »FIULENBRS THRASGBRIN, »DO&2 DBERETHRA X
N72RBEAKBEOFD 10mm YU EDNLDZITF2RUCHBLCRIZL 23D TH D, ZhzREEFH
BRAPODEENEKRE L1206 LIBKEVDZZERBAICEPLTEY, ©—7 b REL L)
EVSREBICEPLTEY, Lo E—7DAEBIRIZIZ—HL Twb, ZOXHI—REHELT
WBEHICRZZHRIEZONRICBEOMK 7 7 X5 —%&A, BICZDOBKT T X F—DRHERIC

RESDBKEAPFELTED, ZOBKLLDER L ANEDL) TR 72 7—3#FEIN
TwebneFEL bbb,
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Fig. 11. Total rainfall amount formed by rainfall cluster D
(upper) and rainfall amount formed by rainfall cells
within rainfall cluster D (lower).
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Bk 7 52 7 —it, REBEERICR LN FRABNE Y FIRMIEL Tz, BKE/ME, i
MHELTCWaDPE, L—F—1a—rHEBELE»LANL.

BKELE L —F— T a—% i &8 CHEHT L 22550 Fig. 12 Th 5. BMIZ 11K 35905 17
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Fig. 12. Temporal changes of rainfall cells and radar echoes.
Shaded area and black area indicate rainfall cells and radar
echo of an area with rainfall intensity of more than 4mm/h,
respectively.
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BAkeri2R LW, WHHERCEAZEATE, LRESE» LRMNEERIRZEN B/ M T
DU BB Y BHEOFLENIC & - 2HIED 65 km OB TH 2. L—F—H 4 } T 2 IROME
BEHITORLTHS, B 13835645, BHLH GBIV UESFOL—F—BAIZRAMTHE, =
DR oV —F—H A} TH IR LT D BT E L CREKBES 4 mm/hl Eor—
F—xa—rBKEeMIb) EE—HKLTEY), BEOER L[ ITEOFmIzHBEH L TIT< N
FRLNE, HARAE RS EBKEMZAEPL 6B CLVIZHPNTHEAEL TWBEY, L—53F—
Ta—-DFHERLEMBELOBKENCEL N >R TR—DL —F—2a—DHET B L ) EF
B, Zhiiv—9—x 2—DEKEES 4 mm/h Ll EDOREEBUS MU DB LT, BE
5 &N ERABAKBRENTEIRIBEXRLNVICHIEL TWED TR TP EEZLND, INE TRXT
EzZ %3 ebb &, AR TRD b NIz BKELIL, V—F—TBRAI L 2356 DBAGRED 4
mm/h L EDT 3 —EMiZiZEL T 5 b0 EHEZ LiLbh,

VI, #&

HEIC L 2BAKEZT) B DICERH L ARDBR VT, BAEBFBITL2E2AkDEH 2
EBBL DI o7, SERIBKE TR S NTARDBIRDEDIEDFERTH HBEK 7 5 2 ¥ —I3,
AROMBICSAFLEL TR, BKk7TF25—AZ2BR< ARWOBK7 7 A 7 —3EROKSE & 3kic
BIRICH - 12T CTIRZICEES S RO B HICBE L TITE, HRREZHLE Lz ERE TR
ELSBROMAE L5 L, BKZ TR F—DWNERICIT 20 FRMKE TR &6 N7z AR)FHT D
ENENEBTH bR LA LEFEELTED, ZULFBERICANELY) L 6Bk r 728 —
EHZ T, EXBAREVIZERZBIOCHEBTESRBEL, SLICERNLIGEL 2 Eick
BEHNCZEL 7272012, K7 7R —b 2 Z CREBIIGEL 22k i RA772. L L 4 B 138 30
S3hr 6 15 B 30 FOHDBEAR D £ AL ERICA > TE ), BEEPEL ZMETRLIED
TR -2 b oz, —iRICETRERWIL, HELELIFICHBLIN, » 52 BIELEBEIL
TATE, ZZTREBMELY), TCRWEBICSEBOMKE L 72 573 (Takeda, 1981) 2516 C
BN, EDr—2 L FEFETH 72, BK7 725 —3, EBCRBARHEE CALEREEMN K-
48°C UT DS, MK /iZBAEES 4 mm/hL = a— % OfHBUCHEL L Twb 2 &8
LT 5 7,

B

R A REOEFIC B W T AMeDAS KB T — 7 RV — 77— T — ¥ OFEH CRETF R UHLIR
ERARBICBHFIC L) F L2, ZZIRELTRHEL LT3, ZomRo—iE, sapakly
MRBHEIEIC L » TiTbiLr,
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