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BREOREZHERT AL LIS TERTHLET ), EEREEF VLA ERER
MPMOAFLARRET S, 8510, AFELERCERBLZERNWATREO TR
WAL, ZFEOEDMLHEELL LT, #ROBEHECIIRMFHLAFELD
BVUERLTVS,

¥-7—F: BETH, SHHER, T7 VMR, EPHE, TXAN-P VAT A

HARICBI 2 EWAETORMIR, KE2LEX
Vot —ATFHUrRELRERTHL. Lo
THrkis % v TR BRI 247 5 B A,
B LBANEXBEATFANZEINE, 22TF
T, ANEBRELEDA vy a— %@L THLER
BEARHZE AT AOLEE LVEIIOWTEE
L, #RXCRETLIARMERTFHFEOZ Y%
EHLA.

AINERESERFRAHNEXR Y 2T 5 108
THE®EELT,

1 EBETFRETICL,

2 FHEES FENFERTETHY, EBETT

MEOZLELHWTAILNTEL L,
3 AMBN R EFRUNOERREED S MRS
nTwasIk,
HHF LB,

Y, 1OFUHEORMBEICO>OVWTERS, @
BEECHT ALV Ca—TREARNBE2XET
B0 ERHEMTHFEL LCRBREGLY

o, HHBENTFHETHREL boTHBAD
EROLZBFONREZHIALEBNTEIENTES
bDTHATLIRENL, LarL, HRELLTw
PHRBCHTIABMCOEBIEATVEN L
2, ERETOFRIVEKRI S L UHBRERNHN
ErLF0ERERETHS. €T, KFATH
BT 2ENEBERTFAFECBRO 2 O0H® LR
. Thbb, TARSLEANBLEEST LS
ZEMICBEL, TOLILEMOLRRY - £
HEr, BE, ERLVI)EHRHEFUEFIC LR
L.

oL 2o0MBE R TENBRRETAZ
THIBBELUTICARS. Fig. 10X )N ko
T2 RERT L L) EWAPRBICESEE, W
A O Y ST O AR IR 0 E R
FTORETHIETELDIDTHEI LI EWN., —
%, Fig. 20 k34 ¥ 0y 57T, BEOLDL
RN EFRMLTV A Do B AT RBERAREIC
BEFMHEEELTCOMICEbRVWI LIRS,
Ktz BBtk EEEToTVW A HE, FABE
BELRBESLVEEICRIDI) BRFOLSL LIS
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Fig. 1 Schematic Figure of Hydrograph which is
Easy to Control without Forecast.

DOFRRANERZILL>TRLERATRODBDOT
b5

WM ICIE, Fig. 10X ) ZBRWbFHNTEL S
EHFEETLWIERE I TTL RV, FlAF#EA
HHCER2HROKRESLEEHELS, Fig. 10
BRioWwWTX, EONMF IS 575 Fig. 20 &
JRLBLEFL RV EZFHFUTERE, Bk
WA LT CHEDRERE LS.

KT, 2DFHNFEOBBTRERICOVTBR<S.
ANEEEEDA Y Ea—DOHT, BETERZWY
FRIAFLPOHENENALTFRCRERATACL
BTEhwizd, EBRETHAVAIILIREZVEN)
EEZHBL. L2doT, FUFESEBRTREIT
PRFPUFEOEAMBCL>TKENTHE. T
hbbh, FELIL DTN EZOBENTEH
EFMEEE, EROEXRNNOBETCHERAEND
Tt THB.

—%, M- AL (1992) RERMTFRFEORSE
BT AEXFELT T Hhbl i1
HiIFHod, *ORELHEANBAEEEYTELT
Vw3, Tibh, BRIEETLAENTHY, &
EROPTEEY NTERBICHETE S FHEE
FLWELTWS, CoZ ki, BMcERBTRES
FRFECONIERBTEZOFMII>OVWTERT
PUERA, HEREZALTFUETLEIVE
BBRCTE2L. AMECRETIFELIZOFZILE
SLHYDTHY, BAEBR LTV YEBRELE
CERBRL, BWC T OBR L EHICmA I LT
AHBFEREKBLTVS.
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Fig. 2 Schematic Figure of Hydrograph which is
Difficult to Control without Forecast.

NBZETHBEOTHETS.

ERLTEL, @NERESERMEANERS
AFAHIRTARBEEMET H2b0L LT, KADL
(1991), K% - #bif (1993), Oishi and Ikebuchi(1994),
KE 5 (1995) B & U Oishi and Ikebuchi(1996) % & &
2, MBRIFNERFEEH VLSRN 2 ERMAR
MPHFEEZSCKBRET 2. RFRIEARNS
VEETHEILEMBAKLEXRL TV 2 BAYHE
BEYESBHICRBALLABA-A BV, #Rx
VIVERERLTHBL I->-TRAOEREZFNT
5bDTH5.

AR TRET 2 ERMBERATIFE MBIz
RewboThadt, ERLTELEXBICAHD
ZFREHRERNTE, POoBYHE - KRANE-#
NEOEEBZRAL TV L LOBRHCORYS
bNTHD. TRRIALZOKRTH BV THER
PP EER AV AT —VOBLALRRETUT
B0 AV RARBEET V(RRIT, 1992) 2 4
"WO770—-FHFELLTWBEI L»s b HBEMTT
Lbhb.

2. FELWMBIFPHERTFEORER

AEH TR, ARXTRET 2 ERMRFE TR FE
CHWHRFEEHERL, to—RPIERIIOW
THlh~R%,

ERAPRET IHBIENEBFEEAVLE
B EHEMRETRFEER, KR KXHEOR
PEE SO CHERL, tOBREMVTRAYE
BRCLEF>TREROLREE - £RHHT, RiE,
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ERLFHT2L0THD. COLI LhEHBHLT
WEHDTAI LI, AMPERNCHRLBERE
HELT, Th¥BLOEEABICBVTHEREL
THEEE 2T CFRMET 2 HETHRIITo T
52ETHAH. AROTHBEIREORETFRAOFT
BIALATEY, HICHBCESLALBERTIRAY
RKEARBEEFNVEFETR TS, TOX ) R BE
BREEE T3 % HR (reasoning) KET 3.

ANHOEROhOHRBEIALANEODT TH
BEFTHATVWS, H5W5HWEABO L) TR
HY2HOANTHRBOBBERVELEHEEETD
505, BT H, BT H, THTA, #RTHIRY
DANBOFEROBLAOBERIATMEET VICLo
Ty 3ab— T2 LHFTE, SHIERBOLETER
ShT& 7,

#RELy, brHERCEFOMBZEZILTERE
W= R=ZfL LERET ) FERTF A 8-}
YRAFhELTERSENTE T/ (Conzalez,1993).
MOLF R~} ¥ AT & MYCIN(1974) & BT
hA2bDTAMOEREBRT, HRELTHAR
BHRTE2I0THY, 2 ICREROLF /- }
ELTOEMOMBINBER-RALELTELORT
Wiz,

HRBMOTFANR—P Y RAF AR, TFAN—}
PHLHBEBETCEREL-NVE LT EDIFTHS
P, COFETE, AErRETsZEPTED L
FANR-PFOFEL, HOVHMBME MR- X125
BTO2HATEIALIENFLELELRS. L2L, =
FAN-PRECHEETHLRES 2\, GHEE
MPARISLIDLIAMETHS. —F, =%
AN 2 DOHBBEEBITRE 2oL LETY,
ZOABIMROEPLEE WIS TEL VTR
HHoH, FREIEBRMICBONTMEBL, EHBLT
POT TRl LT TR OBREHMTE
B BoTWDHHMBETIX, M%7 Black Box {ft LT
VHIEPEWIOHEICLRDL, Thbb, Al
EN Doz bBHRICTHNESL LW HEIHo
Tl LTH, TR OBBICRBHTELVLE
FTLTHD. TOLIMBE [HoAH] L1g
K. —F, HRETBVRATADVRENCET B
BT 2MEE [Foas] L1R8.

ORMETNTAMECRARESONE,»S &
WHIE ] FHAWAIFAN- P AFLATERIE
TERV, COMBERIFA NP A7 AICEA
DHMBEB ORI VAR Y7 (Knowledge Acquisition
Bottleneck) L IFIEN 2 b DTHY, EHHERFH
MDA T BEE S TEL.

COREERRT 20 [RORR] 2HVRE

BAN-AWR VAT APRESH, TF MR- R
#% (Model Based Reasoning, MBR) & Ififh TH I
BEZH R EOBETHVOATE ., EF VA
AERAMBROBBRICHTI2BVABE LAV THR
DERREHREEEL, ZhEAVWTHREFIbO
Thab.
ARMERTUMEAICHLTELE, EFrA—
AHEROMBN - A BBEARYEARTHIERER
BRRRANE BNEBROEFVE, TORRWRER
Lo TRBLEZbDTHS, ML b0
BEAYEBERIT TUBRBRINTWAEZLE, 0T
ERHEFEATHRZVWLONFRELTVS, T4b
b, SHBEIEATHLFETHS. EFVA—
AR TRERO Rkl s HVWLERET-
TWaed, TOLIERERLOMBIRIL K
FEENTWR L Ao THEBEBRLTYSTY,
ZRUBOMBEFBEERIT I 0%V, 20X
ALEF MR- ZARREIETWTFUHECFATES
HYASE V. LdoT, TITRHEFVAR— R
WEAVCARERETFUFELERT 5.
Scarl(1991) R EF VI 32D I A7 HH A Lk
RT3, Thbb, (IVRFEETLV, QHEET
Y, BYAREFNVTHSL. LBRLAEFT AN~
WEROHNBR-ALLI2DIQ@)BREFNVTH .
—%, BAYBEAROKETH 2 EWEBE, HF-
BAO¥BBEIAITREBLTERBASATETY
BIENEL, (WEBETFANEDIZEHEIE V.
Lo CTHREETVERREEFVCERT ZLE
Fhh HEHBR-AERZDOL I 1 D0OHERT
& 5 EMH#R (Qualitative Reasoning, QR) D Fik %
HwT479.
EUREROBBE N CHETECL2EEYN
Z¥Ialb-—Vvark, TORATIYEEEICE
BLTEBEBMCITICLEERLAELOTHY, £
FHR—ZAERICBT 2 EVHBEERLS Y
AT LADLBHELIIET I OTHL., LT
AT LAHADNT A-5 OEBYRRBR BB
T3, TOEBHMENbPLLVWE &IT, &
BHERERLEFEAVT VAT A0SR % i
BRTEBBENL RV, ARBEY AT LD
AIRABEPBRECT) CEFTRETHZ D, KR
BRV2A7 ACHEBTARICEEERIC L 2 ES
2INnd. TORBIEREROFEFFERA SRS,

3. BRIFMERFHEEZBVAENBABRETFR
Fik

3.1 FRHFEEOLHE
Fig. BCERIEMERFEEZH O ARMENR
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FH#IF# (Severe Rainfall prediction method by using
Artificial Intelligence, SRAI) OBE . R T. ZOROD
BRT2EIARFBETIE, AVAT—VKRP
#f ¥ A 5 & (Mesoscale Atmosphere Diagnosis System,
MADS) X &oT, GPV, MBREBA, vibYy,
V¥ =, TAY AL LOBNREEHEL A VTR
EFERTAEBBIVT CUHFELTVEIENS
HRBHL, ThorFUFEONHEMFLT 5.
2O ESERCERREET NV (Qualitative
Cumulus Model,QCM) 12k ) 1 D 1 DOREDEE
BREFERT L. KEIERSIAAL 1D 100BIEE
48 B /£ B £ 7 )V (Cumulus Interaction Model,CIM)
KEoTARMELEESA, $LEIL0ARE
ELROSKFEREND. COTFHFER LBE
BROFEZBELTBUQCM O MBHERE T 5.

COLIHA 2V IBEOETHREEFO>THZ
FolebDbT s, RERL, MA (1984) P H1E -
B3 (1993) D HEET B IC L AMEOBEARO ¥
Ial=Yarvili) 1 o0REDERE  RE - MR
DHF A7 VIEH1IBETELEHPLTHS.

3.2 AROEESRELENIFR

FHEb b TREOREARLHERT -0
CIRBFERL, EffSh, ETLCERTZEW
23 3ab—-bTAILPEETHLIENKRADL
(1997) A LW ko TRENTWE, TREXBERT
WFEEOFCERTALDICAREBEFBEICLD
AT A, Tibb, 5 LR (Upper Layer),
t | [§ (Upper Middle Layer),  F/& (Lower Middle
Layer), T/ (Lower Layer) Th 5. Zh b DGH
HGPVOKAR7 U774 VERWTITbNE. L&
ERERBEST ABEEAHFT S THET 2 RiE
LLC-15CRYBAVA. WEBLFTREGHT
AHERTHITNTHETIARELT45CR
FEVE. BTRBL TR VETIEERZERE
THb.

T, BESKCHVEKEORELRRBIC?
WCBBET A, HE - FKE (1993) 1, EF VRO
KiEFEEICLI-TELIKKEL3IDIFELTSE
Y, ~32um % EH, 32~320pm % HAL, 320pm LA b
AFRLIFATWS, AFETIR, COEREFH
$HbETHELICEMERE. T42bb, 320pm it
EROBKOKETHY, 32mm iz K E 2 WA OK
BThHb. IhbHOKRFIEZN (1) ICRT, Vali(1968)
DHEEHERERICLoT, HET2HEVRDLN S,

£, = 2w exp[—0.66(T — 273) — 1.0}, (1)

IIT, LEIHEEEE, o, dKEORR[g], T
WEETHL. ZORIZ, BARFORERI LR

BHREEOBFRERELTB), MEEBARNTIEIYE
BRTHETS. A LEAED IS, hEhboid
KBELTHEDEWN, KELXLOWEBELRS. L
L, SICHEMALAR, FKEBCIoTEDN
ERTIBEYEHLT, WRIABELTERL &
HREBLTRRER2ELAE. RO KLY EE
2%3.2mm DK i3 —4.5 T T, 320pm DKFHE-15T
TIEIZ100%EET 5. Thbb, 15T L h L&
EEABCI->TRE L ERT S, /2, 45T~
“BCTHMEHITRTHEETZH, ghipha
WEHIBGHABE LTHFET 5.

IO BRAMEETI L TR EThORTHEE
TAHEBRKREFIPRESNS. TibbH, Fig. 40 X
FILEESEL LS. LidoT, ERBCRXOK
FTHAIKRRBEBEBVHELET S, T, TALPHER
HELTEBIER SRS, FERIEAFEIIBVT
BOLEELRBOKE, BUMR THLTFITASHA
BELTHELTWRIENFEIZ LS. BR
LK B AR BUE (Contact Nucleation) L TEAT
2%, HHVIIEMR L BEHFHEKER (Riming) LT
TELBFPLEBCREETS. FTRCTRERIC
Fo T L-ZNPANIEFET L. TRTIIEAX
HFRERET, FTR»LETLTELRRLT
PFHEEL, BEEL LT,

ERICAVONARARIB I LICFig. 50X )&
BRTHRIESAS, 22T, nameld LB, B EBLZ Y
DB D%, lonlat i HL O RRPE &, longlength
REDDEE, shortlength XEHLDO RS, stability
RAKDELEE, water-vapor 125 F 15 KEK, up-
draft i3 LR B O HE, cloud-particles I KA FIZ &

¥ NBBAKFTH Y W (rain-drop), EH (cloud-

drop), #% (graupel), & (hail), K& (ice-crystal) A%
HFETAHAIIIZICHF SR T NS, horizontal-wind
13K B, horizontal-wind-velocity i BV# [m/s] T
b, ChEZEDIFALRE, FRICBIT R
BET, FTRERCETRCBEEL 2O, 00
T2, AFETRIOERFORKES & 5km & L7,

3.3 AVIHF—NARRKYZF L

AV AT —VKAZH ¥ A7 & (Meso-Scale At-
mosphere Diagnosis System, MADS) X8l S h 7z kX
REBEVATFLAFLELT AEHERICNIT S
BEERELT. Thbb, YAF AOMYEEL WG
T AWHTHH. MADS ARENERT B 44ED
WdaloL, TCLHEELTVAIEDOSH LB
T HETICThNS.

&I,

e MENOINY H— LR AHERD, KFARLR
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M le A here Diagnosis System (MADS)

Diagnosis for Cumulus Diagnasis for Existing Cumulus
Meso-sclae Vertical Wind Diagaosis Meso-sclac Cumulus Distribution
Meso-scale Water Vapor Diagnosis

Distribution Diagnosis Meso-scale Rainfall Distribution
Meso-scale Hydrostatic Stability Diagnosis
Diagnosis Meso-scale Horizontal Wind Diagnosis

Qualitative Cumulus Model (QCM)

Cloud Class.
Position
Scate
Condition of atmosphere
ineach layer
Particles contained
in each layer

Cloud of Developing Stage

Cumulus Interaction Model (CIM)

Inference on the following Processes;
Cloud Clustering Process,
Wind Divergence at Surface,
Inieraction between
‘Wind in Cumuls and
‘Wind around Cumulus.

Cloud Cluster

V74

I
»| Initial Information for QCM. l

— |

Inference for Camulus Development by
1-D QCM Rise

<ER,
a_ =
Y/

Cloud of Developing Stage Cloud of Mature Stage
Inference for Camulus Advection by
Qualitative Cumulus Advection Mode)
(QCAM)

T

Inference for Precipitation Particles Falling

by
1-D QCM Fall

* o

=

Rainfall Distribution in a River Basin

Fig. 3 Schematic Figure on Severe Rainfall Prediction Method by using Artificial Intelligence (SRAI).

BOMBLLoTETIRTEBHTAHAVA
7= VERTE RS
o KERPETICHEB SR TV »EEH
FTHAVARY —VAREASA 79 v 7 XABW
o REDBHEWREETHIHMAREL DU
TBAVAY - VRKAREEDW
FEIND. BEITHE,
e VIDbYVOERBELR P LREOSA LW
FTHAV AT — VRESA DU
o L—¥ —WREZ P LERAMLEWT S A
VAT — VBB
o KERSHHEOBBI Lo TET 2T R
BT AHAVAY — VKERZ
¥, E3hb. DT, EREFhOBH AT LD
MEHRRS.
1) AYRF-—NRIREEDH
COBHT AT LI, AETHPLHELTY5RSM
(Regional Spectral Model) ® GPV (Grid Point Value)
FAVTRROBNENRERETH AHUATRER
BHT230THE. KAOHNEREEERTH
BEr LT, HERTEUAC, BHRRE, &64H
AEE, BERLENFH L. LorL, BREAFRRE, &
GRAEERDIBEONSLETRFAEHOZER
FET LA WBMICHEFMICB/NERRILL
LBEELLLOTHY, BEFARERHHELAM
DEEENRE LTHNENRERLEZLLOT

5. —F, FRARER b~ LHEROBEVWRE
Pekt LTHEERTIHEEELTVE.
EXARBEST TEXBERFEICBVTIE, il
FRENDELF CREDHNENREELET O
BYTHD. £, " REOEATFOERERIFHED
KETHY, FNEBET 2D CRAREFRE
THRLTFAKERAERBARAEEFHLZ L, BL
VZoEEFEBHOBICESRT, TR KER
EHBARENBEH L VRIBERCELLIEE
ThrEZEZLNTVS (BHFEH, 1996) DT, #
MOERICHEREERKRELBRHAETRALLTVS
twia, BAMICE, MRARETHVTRAD
REFEY*ZWTIBICARLEYHL LT L EE
ZOERBVPAEENT B0 EHHARELL, &
FT 2L ERHRRELTAH. Thbb, EBRE
6, FAVTYe FEDETH A% 5 EHREE,
0CHA%LITH, ADETH B % 5 ITHMAR
ETHDETH, BRERME
0. = o exp 120, @

THRENS, LELLGHYERMETHY, Lid#sk
q(6u) W0, TOMAKBRABANL, CHEELRT
b5, '
(2) AYRF-—LKTR/BERSHDE

AV Ay = VAKERSABRIE, Oishi and Ike-
buchi(1996) 12 X 5 MR T AV B OEE LW
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The Upper Layer

-15°C |
45°C
' The Lower-Middle Layer
Rain Droplet
Cloud Base |
/a’ /’: Ralin Droplet The Lower Layer
[ Ground Level :

Fig. 4 Classified Elevation Types in QCM.

:name "lower-layer

;lonlat '(131 53)

:long-length 'Skm

:short-length 'Skm

:stability 'conditional-instable
‘water-vapor 'enough-water-vapor
:updraft ‘updraft

:cloud-particles 'rain-drop
:horizontal-wind 'south-west
:horizontal-wind-velocity '15m/s

Fig. 5 Class of Atmosphere in QCM

DHMBGEIZRSM O GPVORE BV TR 2T
bDEHVS., LZEDORIXRSM O GPVORE £0D
FFERAVD.

AV AT — VERERSHBEIX, TRICoOWTE
Oishi and Ikebuchi(1996) E VISR % B W =B OBE)
ZHOMBMBEICRSM O GPVORZEBWTHRE
[FoltbDERAVE. I TOHERSAITTTRE
Kb HBEELTVR LT A, LECOHKERSH

ZWIRTbE v,
(8) AV AF—LKERSHEH

ZDBW Y AT LAIXRSM O GPV * v THAE
BEAFWRERBEI TV b+F R KERN D5 & K
L, 23T RE+F2REEVFHFEELEVESH
Wiy 5.
4) AVART—ILREZHDE

COBH VAT AIIGMS (BLERAREGE) oRst
WHET - s 2HVTELNLEERE2RSMO
GPVABRFT -~ 2 HVCHELRL, ZEEES
SEEBEI TCOFTRETROBICUTOBRARTFH
FETALETH. T4hbb, EFEAFhOBILE

ETHLE,
EB . #&-k&
PR K& EH
BTR . BH
TR | TREREEREUTZ20THZL

BEETAHOOLT B,
(8) *Y A&y —LIEEBH

IOBWIATARV-—F—RHWT, BTFER
OB H2LHTH2DTHE. RV AF AT
HRLTWAMABREL —¥ — T, EHRERLZ
2%km-3km DHEE R TWE. T 4bb, £FECE
WTHTRBOMEOFELZH LTI itk
B, LzhoT, L=F —%2BVWTHR (AFET
i 10mm/hr Bl L) BFET B LA TR, F TR
WICWHUAIFETHILICT 3,

TIT, RYAT ACHHEIFFET 2 RREERER,
EHTHIEFTLLRET A LET S, ThbD,
BHLAEVERC, Bual -5y —EREEHRT

CEEREBTAILT, BEOBRMEICHLTAL -

F-—TORMBEERET 5.

34 EMWMEBTIN

(1) EHBEETNVOBRE

EMHEEF IV (Qualitative Cumulus Model, QCM
) R1IODBMEDLER - REBBRELTEIIHEVE
WEABICAELCEFMMELADDOTHED, —BH
CBWLRAZHMEET VE QCM D&V, QCM T
BERMCRBA SN ZOMYEBRENE &)
ZBBI LT, BANT & KER 2 EERAT
ZEUMEROFE -8 - BE - HELFEHY
LHRBSNDZILTHL. ERNCEPHERL X
BLHRR - ANOHR NV — VOF & Fig. 612&
bT. V= LOFEREZ, [V — V& (RHR) R)]
Td 5. Fig. 63 TRICBI 28K EARYERL
TED, @QEBFTRBEBVTHI R KBRS
NHEEEFAFSNIE, PTRICBVWTEEEIE
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BT HILERLTS. D) RFTRICBVT
BEHOERMAIEI DL, PTRICBVTERS
ARLEBREIRBIIILERRLTVS,

ERMEEF VST NAHYEBR I, B
0 &AL (Nucleation) , $## (Condensation) , R #&
(Freezing), $% (Sublimation), %X (Riming), &%
4 (Aggrigation), #EMUE#E (Contact Nucleation) ,
Fi#E (Melting), %% (Evaporation) 5% %. Th
LERRICBVTIUTOLICEHRTS.

BEZOERIEL 3, KEVFARRE TKERNT
SR IR TVD L E, ZHFERTLIZLTD
2. BELE, ZHATHCRRTA2ILETHS.
WL, ERSAFEVBCERTACLTHS. B
#ELIE, RERFTHCHB SR TVIEE, K&
PEERTHILTHS. EMERL I, EHEKE
PEMLUBNERTHIETHL. BKEE, BOD
IThYKENIFEMLBVERTIZLTHS. @
BHELE, KRQLBIFRT LI L TBVERT
BIETHAH. MBELIE, BREFBIHIELTE
WML ETAZLTHE, BRELE, +0%
AEKFRBSATVERVIES, ERPTMATAE
REEETEILTHA.

F%- 2 BRI, KRTREDIHE (Instable
), BEOKH - WU (Release/Absorption of Latent
Heat), #%1- & 3% 75 (Buoyancy), #itic & 3REK
HF &AM O EW (Bring Air Patch/Particles) , IR
(Convergence), F#§ (Divergence), % T (Fall), B
2(C & 38R EF (Dragging), B (Advection) 25
B, CALERBRILLEBWIUTO LI CERT
. KEAREOBAELLL X, MHARRE % AWH
FRLTARERAMELRDILERTOOTH 5.
BHROKMEL T, BERLOKOHEA RIS L
X, BEFREB S EZERORBFLEATZIET
b5, BROBN LT, BRLZLOKOHEELFE
ZhHE BRI AEZAHRORBIRI TS
LThEH. BICLDIBHLE, ZRBORENFEY
DEARNARBIVEVEL S, BRAFENE I,
BRLLTEREAWMPEIDZZETHL, HRICE
BRAKHMFEIBROBER L T, BRARFLAREISL
ARBICEL Y EEABEHSNIZILTHE. REL
i3, BHAKCHORE DL L ECRIRICEDE
RAKPREET AL THSD. BE L, EHERR
ETRAKAFALEETRET S L &, KFERHENF
ELBIETHY, T2, TRECTHRERELEL
2B/AL, TRARIFBRTEHFRT AL TH
MAELL. FBTLE, KEEBRVARARTFHFL
BAROXTHE*ZI LI LS TETRETTALAIL
ThhH. BERIILIVERLE, BARFIFIFETT

BLE, FRIBIETLOATRAKRIEIZZ LT
b2, B, BARFFIRICL Y KFLBEHT
HZETHb.

(2) 1 Rxo7AM2ATETN

EdLAQCM I, REELMYEHEEEX S
AOHRER % Fig. TICRY. 22T, Fig. 70k
FEBwAEBEIY ECRSATVWARERDHE
HThHb., T, HPCARTEVALYEBRR,
BUERTAEFVOMBEERET 2 U OHERAB
BEELEDOTHSE, Z0OLI, AEF VTR
BMEFEETHIILALNY, TR SEBETRARK
HFRREAPHEML TTE BT, 85
CHRPHEZRYEL TREMICHERE LT
RIZHELTVAHFERATE TS, &6,
TR EBICHRRKETFNEITNS L, LBOXKE
SNFORABETORRICHS, BREKHET S
LT, Vo I ERRESEE. BAETEALL
BOEME, REOREOAEWHABHTHY, K
EFNRERICEIAEFVERVE, F0L )%YW
HBEI THRMALCRRALTVINOTHA.

ZOBTRLEZE)DCEREFNVTROBIEHICE
FELBVEEZAMEHLLTY, REEHFCL
LehoT, ENEREERTHILNTESL. LA
o, REFNVIAEHCERROBHERICY
HWETEZ2L0THL. bbrA, MIRMEERECA
BROEBTREAFTREL Bolt BEDBEFIIH L
T, BBT 5L CHPECHRARTELTRY
BIETFRMETICENTES,

FEF NV, BEAHHXBOLOCHEELADD
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()

(rule-nuc-3 (and (enough-water-vapor lower-middle-layer)
(updraft lower-middle-layer))

Condition form

((nucleation lower-middle-layer)

(updraft lower-middle-layer)))

(b)

(rule-nuc-4 (nucleation lower-middle-layer)
((drop cloud-drop lower-middle-layer)
(release latent-heat lower-middle-layer)))

Result form

Condition form

Result form

Fig. 6 A Couple of Examples of the Inference Rules which Represent the Precipitation Processes in QCM.
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Fig. 7 Result of Inference Processes
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Fig. 8 Forecasted Rainfall Area Map of One Hour Ahead Forecast in Weak Rain Case.
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Fig. 9 Forecated Rainfall Area Map of Two Hour Ahead Forecast in Weak Rain Case.
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Enough Water Vapor  Enough Water Vapor Enough Water Vapor ~ Enough Water Vapor
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Absorption Latent Heat
Cloud Droplet <¢—————— Fall
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Fig. 10 Result of Inference Processes of One Hour Ahead Forecast in Weak Rain Case.
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Fig. 11 Forecasted Rainfall Area Map of One Hour Ahead Forecast in Heavy Rain Case (with Radar Informa-

tion).
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Fig. 12 Forecasted Rainfall Area Map of Two Hour Ahead Forecast in Heavy Rain Case (with Radar Informa-

tion).
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Fig. 13 Forecasted Rainfall Area Map of One Hour Ahead Forecast in Heavy Rain Case (without Radar Infor-

mation).
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Fig. 14 Forecasted Rainfall Area Map of Two Hour Ahead Forecast in Heavy Rain Case (without Radar Infor-

mation).
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Fig. 15 Result of Inference Processes of One Hour Ahead Forecast in Heavy Rain Casewhere Heavy Rainfall is

Forecasted (with Radar Information).
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Fig. 16 Result of Inference Processes of One Hour Ahead Forecast in Heavy Rain Case where Heavy Rainfall is

not Forecasted (with Radar Information).
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Fig. 17 Result of Inference Processes of One Hour Ahead Forecast in Heavy Rain Case (without Radar Infor-

mation).
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Fig. 18 Result of Inference Processes of Two Hour Ahead Forecast in Heavy Rain Case (with Radar Information).
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Study on Development of a Short Term Rainfall Forecasting Method Using Qualitative
Cumulus Model

Satoru OISHI, Shoji INOSAKA*, Toshiharu KOJIRI and Shuichi IKEBUCHI
* Graduate School of Engineering, Kyoto University

Synopsis

Generally, it is dificult to forecast the weather of meso-8 to v scales numerically because of limited
computational resources, stability of calculation, time and cost for computer and exactness of calculation.
On the other hand, six hour ahead runoff forecasting is necessary for the real-time flood control. Therefore,
it is indispensable to get the information of the forecasted rainfall which is the input of the runoff. In
this paper, based on these background, we develop the Severe Rainfall prediction method using Artificial
Intelligence, SRAT, which can forecast the time series variation of distribution of severe rainfall. This
is the unprecedented method in the sence that severe rainfall is predicted mainly based on Qualitative
Reasoning, QR, and Model Based Reasoning, MBR, without calculating numerically.

Keywords :rainfall forecast, qualitative reasoning, model based reasoning, cloud microphysics, expert system
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