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Use of Upper Winds for the Short-Term Forecast
of Precipitation Echoes

By
Tsuruhei Yagi* and Hiroshi Uyeda®

National Research Center for Disaster Prevention, Japan

Abstract

Information concerning the near-future state of local downpour is valuable both for
disaster prevention and preparedness in large cities and for operations of public facilities
such as multipurpose reservoirs and airports. The present paper reports an evaluation of
upper winds as a translation vector for the short-term forecast of precipitation echoes as
a sequel to Uyeda and Yagi (1983).

The radar data used for analysis was obtained in the center of the Kanto Plain
employing a mobile radar set from September 6 through October 5, 1982, following the
same method used in the 1981 observation. The data included precipitation cchoes of
typhoon rainbands and frontal rainfalls. Digital echo patterns were simply translated by
computer using the upper wind data provided by the Aerological Observatory at Tateno.
The winds measured by rawin were regarded as upper winds measured by a single Doppler
radar, since Doppler radar is considered to be useful and profitable for measuring the
upper winds on a real-time basis for operational short-term forecasts.

The results of the translation were evaluated by the Critical Success Index (CSI), a
commonly used score which presents an overlapping rate between forecasted echoes and
observed cchoes. The CSI scores for translation from the mean wind (850 mb to 400 mb)
and the winds at 700 mb and at 800 mb were the best for the present data. Howcever, in
the 1981 observation, the CSI score for translation from the wind at 700 mb was un-
expectedly small in a certian case. The reason for this was that the wind at 700 mb was
noticeably different from other upper winds: This wind was not likely to represent the

driving force of echo movements, Therefore, it is pointed out that the upper wind asa
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translation vector for the short-term forecasts should be chosen carefully. The general
conclusion of the analyses for both-year observations is that the mean wind is of practical
use as a translation vector.

In addition to CS8I analysis, meteorological analysis was described for one case. A
future operational experiment using Doppler radar is also discussed to be necessary for

the present method of short-term forecast of precipitation echoes.
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Fig. 1 Schematic map showing the location of a mobile
radar set in Goka Village (®) and the location of the
rawin observation (Aerological Observatory, Japan
Meteorological Agency) at Tateno (+). The circle
100 km in radius shows the radar observation range.

Mountainous regions over 600 m above sea level are
hatched.
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Photo. 1 A mobile radar sct at obser-
vation point.



J

L— =ik A BEO G TR O HO FRROFIFIZ 0T AR - EF

L1501, 2, , 6TH-71o. HET 2 —EHAREOPPIEMBLE~ST LI
FDZEOOERB W, s oMMBEra-EBRELALT . VI AMEFTERBEL
bty P TEREBGE=S —CEEL, B LD T L AGLROFERY D
BEE L. DAy b F—7HE FHERNEST - 7ICERL, ERELEER
Btohs, DL — 5 —E DT/ A XOBRESRESI D, 7 4 v LBRORERD OBRE
AT EER L T0HE0D,

2.2 EBE~NYMLICLBZEFETI-OHI
L—F—xa-0OBEHETOEFTsSEO—MHEESVEMS S LS T L3 Ligda
and Mayhew ( 1054 ) DIRBE L HRONAFXTH S, KFRTRT 1+ Y5 LS
BT a— 3, FUETIESESHoNFiIchsaEARE TR S A LERI LD ERR
AW THEEALIT SN, THbEBRT I —OREIEELEVT, 1ERAZVLLZ
BROR, 5iohfdE~7 b oTIhES e, B, RliRLicsdig, v-—9—

600mb, 500mb, 400mb @ LU FHE (Vm) THB. CDOFHEVmid 850mb A
5 400mb % TH 50mbED 10 BED~2 b AFHE LTERSNI. COLIWMEE-
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F£1 CSI1doiAEICHAN/YF 4 —% —DiEHK (Donaldson et al, 1975).
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Table 1 Definition of parameters used in the calculation of CSI, adapted from

Donaldson et al. (1975). X, hits; Y, missed; Z, false alarms, as sche-
matically illustrated in Fig. 2.

¥ #ll ( Forcasted )

FE il ( Observed ) B E DL F BELT
( = threshold ) { < threshold )
B iE Lk
( = threshold ) A H
B {8 A i ,
( < threshold )
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Fig. 2 Conceptional illustration of over-
lapping of two echoes. The area
inside the solid line shows the
observed echo and the area of
broken line shows the forecasted
echo. Part X is the “overlapped”
area, parts Y are “observed but not

“““ : FORECASTED forecasted”, and parts Z are “‘fore-

casted but not observed”. CSI is

given by 100X/(X+Y+Z).

-——— : OBSERVED

CSI=100 ———
X+Y+2Z
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Table 2 List of cases of radar observation data. The obscrvation time of rawin data used

for the translation is shown in the Rawin time column. The disturbance asso-
ciated with the precipitation echoes observed is shown in the Remarks column.

r—-2&5 Lo— & — Rl %) L= BRI W &
(Case No.) (Radar observation time) (Rawin time) (Remarks)
1 1400-1800, Sep.10, 1982 (1500) fill # (Front)
2 2000-2400, Sep.10, 1982 2100 Hi # (Front)
3 0000-0600, Sep.11, 1982 0300 il # (Front)
4 0800—1200, Sep.11, 1982 0900 gl # (Front)
5 1200-1800, Sep.11, 1982 1500 & E (Typhoon)
6 2000-2400, Sep.11, 1982 2100 % JE (Typhoon)
T 0000—0600, Sep.12, 1982 0300 # & (Typhoon)
8 0800—-0900, .Sep. 12, 1982 0900 # & (Typhoon)
9 0750-1200, Sep.25. 1982 0900 fiij %% (Front)
10 1200—1700, Sep.25 1982 1500 Bl # (Front)
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Table 3 Averaged CSI scores calculated for translation from winds

at 800, 700, 600, 300, and 400 mb and the mean wind
Vm, using the radar data observed in 1982.

#7051 ( Forecast length )

1982 4 ) z : .
30 min| 60 mm[ 90 min | 120 min

800 mb [ 33.3 | 10.3 rag 10.4

700 mb | 34.1 18.5 9.5 4.6

E B B | g00mb|20.7 |[1L5 3.3 1.9
(Upper wind)| 500 mb | 21.9 3.8 0.0 0.1
400 mb | 20.2 4.0 0.2 0.0

vm 32.9 15.1 6.7 3.3

S R 34 34 13 4
{ No. of translation )

A £ 850mbs 5 400mbO D PRI L D LA E DR (EA LI, &3O
S LTkHd#CS IOTEHEERT. HIHHLD S TRV 2 E£TRMORS, ¢
HbbENFHELBATE 2R, BREBENIZIHRT 5hH2VEEORNLL -
—EHIRFNIC O THIE T AMICE>TREA. HEAFr—24&£8136059 LILE
bt AT E S o totoh, EIOFHELSBBALTHS (F—RX 1K2WTH
L=t 4 Y OF =¥ HRAID I, REOFEMEIISEALV). —4, 90 2ETHAT
X1 DRV OhDT —RCb B 13T a8 — Y TH ot £1120 5T TOHSL 4
IO -y~ YTHRTH- I

=}véHoAN;~9..g " | B3 WEFISTEE9 F25H 3 0 KGR

!

378 / — \
b ‘\\\\ Fig. 3 Surface weather chart at 0300
// | e IST, September 25, 1982
: \ | (O: clear, ©: fine, @: cloudy,
®: rain, ®_ : shower, ®: fog).
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Photo. 2 An example of PPI echo and REI echo at 0930 JST, September 26,

1982. The REI is of the vertical cross-section in the direction of
159° on the PPI scope.
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0930 JST, SEP. 25, 1982 4 FBEFNS7TAE 9 A 25H 9 B304y 4 4 HAk:

Z& L e frisEe0n £ TOCS I »

80r (1s01) EOZAE, CS 1 DEDHBED D

Ta—WEORMIE SOl THA. |

A7 b 3800 & 700, 600, 500, 400

mb OEEOE# L 850mbA> 5400mb

FCOEGREETH S, PAST-30i3

FHBEE L3043 HifD =3 — & WA %)

DII—pLROIEM T bLEFES

~ghvd LCEHELACSIDETH 3.
Fig. 4 Change in CSI scores for forecast
lengths up to 90 minutes starting
30 at 0930 JST, September 25, 1982.
. The threshold of echo intensity is
20k 2 700 mb ISO 1 for the calculation of CSI
\ score. The translation vectors are
the wind velocities at 800, 700,
600, 500 and 400 mb and the
velocity of the mean wind, Vm
(from 850 to 400 mb). The CSI
score for translation from a
P S . 1 displacement vector calculated be-
0 30 60 90 tween past and present PPI echoes

FORECAST LENGTH (min.) is shown by PAST-30.
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Fig.5 Hourly amounts of precipitation from 0800 JST to 1300 JST, September
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Fig. 7 Surface wind field at 1000 IST, Fig. 8 Surface temperature field at 1000
September 25, 1982. JST, September 25, 1982.
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Table 4 Averaged CSI scores for the radar data in 1981 (Uyeda
and Yagi, 1983).

41T R fE ( Forecast length )

1981 & | T
30 min | 60min| 90 min|120 min

800 mb| 227 | 8.0 2.6 0.3

700 mb | 23.3 11.7 8.3 5.1
E B & | g00mb| 216 | 8.0 3.2 0.9
(Upper wind)| 500 mb | 19.8 5.4 1.3 0.1

400 mb | 19.9 | 4.6 2.1 0.2
vm | 27.3 [155 |11.2 | 10.9
WA B o 14 14 6 3

( No. of translation )
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Fig. 10 Wind hodograph at 0300 JST, September 26, 1981 at |
Tateno. The mean wind is shown by arrow designated Vm.
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Fig. 11 Wind hodograph at 0900 JST, September 25, 1982 at
Tateno. The mean wind is shown by arrow designated
Vm.
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4.3 EBMTFAOELHOFyTS—L—F—0OFA

COWETIE, 1 H4ETEEEEICEBSNILv—Y 4 ¥ T o0 EEROEHE
BT o — ORACET 2 BHRMBITICHA L, L, ¥£5& L TOERE T TRER
Mo tBROERSBEETZ 2 —OHMCHETHD, FEOE Fy 77— —F—OF M
COLBROEEMAEICERTHDEANTHSL LEAT .

—~BOF 77— L—F—ickB LBEORTEDHEMIE Lhermitte and Atlas (1961)
© Browning and Wexler (1968) Ltk THESATWA, FALFEHESEI T » VY
—4Le Fy 7T — b= —2ACTKEROERBRMESHAA 7. (LHA-/AK: 1980a,
1980b).

C DR TRV AR Sk S W B RIER & @SN Velocity — Azimuth Dis-
play (VAD) Th s, COVADEWSHEREE, Ky 77— b—F—0 i —10KE
E#AE LTOAYIE (WlERE) PEETAEE, HTEOMATLY -5 —ZEhiR (Y7
57 VF+) AKEESHT, V—F— LEOEENOKERERETE I LBTES
(Battan, 1973). —EOSEIAERMNENSE 795 &EhRIAE 0" fhaicEsh,
BRca2—4PPIE&EELCHETAI LILES,

CDESCR Yy TS5 —L—F—{3, AHEBL—&—LEUBROES &EHND OFEICN
A7, LRAOHEGITASL. Likti-T, —BOFy 75— —5—0EHICLD, fho
SEEN YR T L LR LT, BRI -OBRRERE & IR 7 —OERE TR
DIDEIRFEARICEEEEI OGNS, SBREBCKEAN Yy 75 - -7 —%28AL, C
C TIE b NI R A RN O T 0K OHREITL ) BELS B, /L OFE
13, EEEOHE A TOREL KEHH OO OMAERP, SEHARACEEHOE
BENTVHVWRER LETORBENHEEROBERL FAO-HOBEALTEICENTES S
DEMFFENS.

5. %

Bk = o — OB TR f2h o FBE OER G EERTT 570, BA6FOBMRICE]
X, BBFISTAEQ N 6 HAS10H 5 BO—4 HRE, ARB L — 5 —ick 5REREIHIZ K L
fo. BREISRTORE LEAT, FR 100 km OBAERIT S SERET I RS, BT
iz P mmEofEfR¥EfEmicb 252 TaBARE THlEN TS V-1
4 YOF -5z k% 800mb& 700mb, 600mb, 500mb, 400mbDERKT 850mbir5400mb
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SEHEEIC L BHIADCS [ DR AEAER Lz, ThiIRRONT 700mbD EIT £ B W4k AD S
EORICL2MALDERELCSIDEERLA. LaL, 700mbod @AM EEDE &
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BEHO#rTIZ, 700mb & 800mb DREKUFHEIC L AV ThEN I WFERETR L.
LNo DT ORER, 2N, FHRLBET 2 - OERE FRlO/bOFEA~<Y b
ELTHWAONERMTH B &M N, T/, HESELY DA L 30K IC
ElRAGEBH LT EMEHEI .
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