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ESTIMATION OF GENERATING FIELD OF RAINFALL AND
DEVELOPMENT OF SHORT-TERM RAINFALL PREDICTION
METHOD USING THREE-DIMENSIONALLY SCANNING RADAR

By Eiichi NAKAKITA, Katsuhito YAMAURA, Michiharu SHIBA,
Shuich IxkeBucHr and Takuma TAKASAO

Synopsis

Quasi-meteorologically and physically based method of short-term rainfall
prediction using three-dimensionally scanning radar is proposed. This method is the
development and composition of the two method which we have been developing
from the view point of water valance. The first one is the method of estimating
the three-dimensional distribution of the conversion rate from water vapor into
liquid water. We have modified this method so that the distribution of conversion
rate can be estimated in the full observation domain of three-dimensionally scanning
radar. The second method is calculating rainfall distribution based on the
interaction model between water vapor, instability field and topography. A new
model is presented in addition to the model presented the previous paper. :

A prediction method using these two methods gave effective results in terms of
the prediction of occurring and development of rainfall area which is the phenomena
that has not been predicted by any method based. on extrapolation of the pattern of
rainfall distribution.
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Fig. 1. Procedure of the rainfall prediction method.

_2_



b i HEZE Ml Bk SIRT L — ¥ A A - BRAE RGO E L BREBR TRFEORE 195

CONERHFEOREBEZI TV, RIS DL ORREEEF VDT 2 — 4 2 HET B, COE
FNre5 R — 5 D IRIEAFEEARLEES BVIIERELE L EZ 5, Bl EnoTDT2—%
AN, V-5 B A ERT AR E ONHICEAD BV E I ICEFMET BLESSD 1 OO
BERNRNLN D, 8T, EFNT 42— 9 ORHEHBHRESMNTZOAHOTHEBHE 7 V' O%FI
& - TIFV, 20FRISFHD S ETFVOERICH > TKESHELERD STANEEET %, 0N
PKESHE(CBOFABTS D, TOFRIED, SHNBENHNEEEL TS TFHBRAHEL 3,
P EZBRAEETEIERRNEHO TS > —ERAT 2, AFHETRE, HEL2EAT DI, GE
ERTHTIERz oDV I,

s=(z—h(x, y))/(H—h(x, y)) ........................................................................... (1)
ABEAAOMTERE LTRAVS, 1L, hBHFOES, H3@Es LEosE (—8) Th 3,
PEREEER, B, KEBR, KDORERNERVTIT I, 122U, ERFETFRIEVSBA»LKIFELTO
EHIEET S, 0% 0,

#hFHFER
06 00 08, 80 _LQ G e
6t+u6x+06y+was—po7r’”" 5 (2
KEZDRER
amv amv amv am” P R R I N N N R N N RN R
ot +u o +v X +w 3 oo 3
K DEFREN
om, Om , Om Om_Q 0, OR e
ot “ax Vo TY8s  p oolH-R)  @s @
R=g—°w,m, ................................................................................................... )
EHEHBEET 5, 5L,
Z05 08 08 L OS eeeeeeeeeeeeeeeeereteteteeeere b nes
0= +u6x +vay+waz, ®)
TH b,

2@t @ORLADx, vy icBT 3RBARTNTs —EHICKT2b0TH B, w, v, w) BFH
NV NBERTOEESY T, TTRRERELEFEVCIDEEEN, TA S ABLIUHEF—s»5
FHEDTBL, TIRTHE, 61BN L 3B, C 3EFHHATHZ, 127201, KKLEVHIHA»S
WKIIZEET 2 0BEIC IEHTA0T, L BikEE LTORKOKERRICHT HBATH B, k1,
m B TFOREH, m, ZIKELKDOBALTH 2, /2, 0 TAKEE, 0. IKOEETH 3, IRF
0 MER Y —VTHIMETHBIEERL, INORTTRRBRELLFE LK > TEBEAIICL S
vARF v e VEE SE SEF-IhoBNFENEORBEOL L TED 5, —F, RAKUCHENHI
MABERIZ ORTEEHL, w BRKKORNICHT KIS AR F D% THE T Ogura and
Takahashi OXICHES o

5T, (O~@RD source sink term ICIFAET % Q MEALARE, BAIFERE B 72 b DIKFESDEZEAL
BThy, CO3RTAHEL—F—1ERGOHEEL, SSTFHRITHE, KRRUCHEIHIE KRR R

_3_



196 BAB SRS $338B-2 2. 4 (1990

DBFRTEZILICE S, LEM-T, WHARAREERZEFMET B, 2D ODIKEF AT A —
YaktQDIRTHHEDHEFRAEEET AL, XORLHIRIKTL—F—EHN»L QONHEREL,
QDRFMSNNT A — 8 a ONHAWET 20 HBELL S,

3. IRTL—Y—EMBERVIOKESHELROBEFEORRELYRR

2. DBKIcARRIEIIE, ERETRALEEDEF N/ 95 2 — 5T 2E8HEL - F—1EHEL S
WETHEBUBETHY, TOLDBIURLEROEHRZ O LOOERFE DI, 3RV -
7 — {58 KBRS BEHET 2 FELMRL, BAORNEMATELY?Y, CoFki, B
K L KN BRE L — F—1EHH SHEL, 3RTHLKDFOBFEREBL T2 Y B Ry -V THIIK
EEOBANDE{BENWET 26D TH B, JITR, ZOBBELEEAERL, BRIUICBONK
RSEERO 3 RTAHOWERERERT,

3.1 HEFEROME
BB e LT, KABRORERE & v 2) BERCBELTRIILL

om, , 6&m , O&m Omy _Q L Pu  OR e enes
m+um+u®+w& m+m % ]
Y=DM/py +e+rereetesrsesmes e s ®

2HVW3, TCTT, QHHEET NZBARME, BEAERY D OKESHELRTH 5, R FAKUCHENHT
BBKEERE, M IIBREENY OKNERTE SICBAN FORESTEKEL- ETIRTL— 5 —
F— D OHET B, —H, w v, w, o3 2. EFLEDERAVS,

Bl L= —F— %3, KEHMEICIESknX ko, SEHEICIE 1k (BRESEIR 1.5km) &0
BFAE BEENcR AT ERERLTHS0T, ERRE, hooBTFRRICHET 2E£5HERT
hhEMNEULTQ 2EET 2, LT, ZOEARIEMENLE LS, R, MIiTBL T3KERE
RN T3 15 knx 15 km, BERIIC1E 20 X OEFIR D 7 — & 2L L TERE L b2 HV DY,

3.2 RMOEEELTSA bV FICERTIEERZEOBEFELZOUR

FTTERBELLIORY, BENRELTVARY - AV TREBRNOBIEDOR 6R/0z BT 2TEAM Q
DEEHEOKREX LN %2 EDTEY, 0R/0z OWENEETH B, £TT, 754 bV NIZKkBR M
DEFEELZ/NSLT510I, ROLSIBFIFEEBE L ET 2,

ZRFy Tl 9, L-FARRCBOTERABRICL-TEEAHE K |?LLT, T4 Y
Fih o FBTRKICHT3ME093%, 754 Xy Kk FZETidkicdd 30197 2HVTL—%
RIFERT Z A%ET 2, K, BAKTFOREAEICE, 754 by FED & FETR Marshall and
Palmer'? i & 3ffictd 3445, Zh4L v EZETid Gunn and Marshall® iz & 3 Ficxt s 2 hENH
AHWTZHOR MAHEL, 3.1 08K~ &5 I1c/KFEZERAN 15knx 15kn, FEFREIEIC 20 50
F—~ s E2EE L CERkT 5, oD,

HEN: NWD) =N, exp(—AR) * D)
TS5A PNV REDTB: AR)=4.10R™%%, Ny=0.08, rrreeeerrrrermrececrencie, ©)
FSA RNV FED FZ: AR)=2.55R%8 Np=0.038R 00 crrererrerinniciiinn ao

EHWT, Zh5HR, MAHSEL, Lk d 5, #275L, Didem, R Bmy/h, Ny 3en ‘BbITH %, %

— 4 —



ot Ll HEEE i« AR - ST L — & — A F L B ARG OHE L RERR TR FEOMRE 197

143 (a) 144 (b)
~ 12 ~ 12
£ 10 £10 o
%) 8 e 8 “O\\o
-t 61 So i o -9 6 T 0 e —
g4 T —o0 24 o=
2 o 2 \Qo
0| ] 3 v ) v ¥ v i ) T 0I T ) T M T M T v F T M
0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28
Rainfall Intensity Rainfall Intensity
(mm/hr) {mm/hr)

Fig. 2. Estimated vertical distribution of rainfall intensity relative to wind motion
by use of the information from radar.
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Fig. 3. Horizontal rainfall distribution at 3.5km estimated from radar information.
((a) : non-averaged, (b): averaged over the horizontal area of 15X 15kd and

the duration of 20 minutes.)
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Fig.9. Calculated rainfall distribution and its time variation by use of Model 1.
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Fig. 10. Calculated rainfall distribution and its time variation by use of Model 2.
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Fig. 15. Predicted rainfall distribution at 3.5km height by use of the easterly
directed advective velocity of instability field being 17km/h.
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Fig. 16. Time series of smoothed rainfall distribution estimated from radar information.
Smoothing was done by averaging the intensity over the horizontal area
of 15X 15k the duration of 20 minutes.
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Fig. 17. Predicted rainfall distribution at 3.5km height by use of the easterly
directed advective velocity of instability field being 34km/h.
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Fig. 18. Predicted distribution of the amount of water vapor flux at 3.5km height.
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Fig. 19. Distribution of vertical wind velocity used for rainfall prediction. In the
shaded area the velocity is greater than or equals to 0.02m/s.
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