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On a Relation of Structure and Movement of Thunderstorms
as Revealed by Radar

By

Tsuruhei Yagi, Hiroshi Seino and Yukio Omoto

National Research Center for Disaster Prevention, Tokyo

Abstract

Thunderstorm echoes in June through August, 1973 in the northern Kanto
district were analyzed in relation to their iso-echo structures and directions of
migration.

Among many thunderstorm echoes during the period of observation, 45
analyzed ones had a diameter of more than 10 km, and could be measured several
iso-levels of radar reflectivity (iso-echo measurement is restricted within 60 km
from the radar used). Storm movements were determined from frequent sequen-
tial tracings of echoes. Computation over periods of less than 45 minutes were
considered unacceptable, and most computations were for longer periods. The
atmospheric mean flow used in the comparisons was the vector mean of 900 to
300 mb winds with 50 mb intervals at or near the time of each echo.

More than a half of the storm echoes moved right of the atmospheric mean
flow, one third migrated toward the left and some traveled with almost no devi-
ation. On the other hand more than two thirds of them showed a characteristic
biased distribution of radar reflectivity at the right or left side on a direction of
echo movement. The deviating motions from the mean wind could be related
to these biased iso-echo patterns in such a manner that the migration of thunder-
storm echoes tends to deviate toward the flank of higher radar reflectivity gradient
from the atmospheric mean flow. Namely, right-moving storms had a relatively
strong radar reflectivity in the right-hand portion of the echoes, left-moving storms
had it at the left side of the echoes and nondeviating storms had no biased re-
flectivity distribution. The rule above mentioned was held at the rate of about
802 among 45 storm echoes.

It is considered that the thunderstorms propagated toward the region of
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active convection which was revealed as a relatively strong reflectivity by radar,

with the results of their total deviating motions from the atmospheric mean flow.

1. £amn&

TRHOBERIEHER O P LA - AENCEEL T, H< 0 AELELHILL
PRTEN . Db R R L 0 X9 B LV R e B I S R g
(L YR Ic RIE L CE Y £D, HDHWIEHIEEHI L, HEHRIOIO ENOFEMILE
EhENERE LCBEEARUNE R By

ZOXS mEHoBEEAE Y - F-CiEikoxitit = —0E st LT L L A BN
L, NMEOBENTENE L D ELKAMRICHRL XL, M= = — R, s
LT, MifBoRED<s F AT EO#E D D WA O AR LCo 700 mb ojiE
EORTESRB B L L LSS, e RERTHINEEEm AL CHEET 5
L33, Newton and Fankhauser (1964), &M - 111)i] - A1 (1966), Fujita and Grandoso
(1968) Sz kWG SIhTWwWa, FED UK - 8% - e, 1975) e EOE R o
i T, BBAN4AT 4R 8 H 2 HOB N OIMET A Lioisa, FHE-~7 Fasb Az
T 52ETR, HLOCEETSFM, ERfETaEmALhth2fl, 14, 3pla-7
ZEdbeln., FCRLOFHROF: 2 — T K SRR RE & LA O
o PPL = a—ofMl, WEREdRk, %L Ch~E-» TRET 2ROENITEMITS
W, FhEhy — & — EPREES KRN STl <, RERTTL TR EELREZ TR L
TWhH T Edbdoi.

T O TIIERD 48 4 o i TE S AR E BN OB EL M 0RO & R

BPAS L2 SIT, BRI EHEE OB IAEET S S - THEIT 5 & S i &k

SRR R ARG TS,

2, BAKLUBAAE

FRANC T U7 E v — £ — 03 E AN, TR0 EESORECEL GRIbh Ty
LD, HERERGONEVLO BT, R IARS X CEERIS 2D & LA
FiFA & LT3 b, BHECFERENO I CEA L, Sl T % I
AN »LEEICE S Ths,. v 9-@%@HﬁiMWW,&E?2m1L—Am
12 2° ChDH, Mgk 60km FTEE o —HERBAELTY - F—AREZEETED
SULAH A TS AR 20 ¥ 30BN 1 ALEE = o — Ai0sk L, JREIE LT 045D
Lt a —lE T o, ES 2 - OFEEMN LSBT UL 2oL W48 AR
OMEME6 A9 L8 AI2ZHETTHS

ORI A S R 2 -0 9 b, (1) BEDGAHNEC 45 5L RiZbie b

-—24.



B O = 2 — 5 L BTN ORI DV T—UK - R - /NG

BFCcERLO, (v) HE 0km DLEIZHEELZDLO, X () F==-lEofs

OWTHE L
ESpOTEITTELVD, HHoLARARCLABRTHRICHIZ-Tw 5, 288 IM, A
MUDER B AL VHE R E LICEEOME 272 b D L %0, = = — OBEERIE R U 2 #lpk
RELARETH 1007 bAkdld, TOBE~<7 b AR En EECHERTREAL
7o, MBI HI 7o RACE IR BEEF o i R AU R BN X9 900mb 225 300mb % T 50mb
ZEDEEO Sy b E L, Filis 2 —ofFeRAIC L0 09O E, 158FOE, 21
REOESH B\ id 2 HFDF R L 72,

i

NIz @IT O TEENL, afT4filsohiz. @xoxtbt==—

3. Ta—girosl

MEFUAB 4R 6 H 23 Hoofila ¥ 1 & [ 2 o3, o HJoilcizoknk & 2 HM SR
PIA s BTR IS A 0 2 JRRELL LRGSR LG s 7 & s U OO R ER I LA IR I
fo. BRHNE 14 1 15 S SBE LAz, T Ciz demPUlthEiciEs 4~5km o= =
=38 o Tt 20 S RITILIHL, FTORIGREH M 1 OA - AT BLCG|REA F— 4
ORI HEALTL 5ET T5km VY I TRLAY T 2 — i o7, ETENE
TAE T Lic =2 — 32 —vORSILER =2 — T, F=a-1~<11L3, b&itRs
FOHRB T RLTHS, MEMEEIECAE L FIZEAEBTICHREL 2ns, duitd -

oA =S T 1735 EESFEEL, WL THAt— 2 — L7n b, 18IHp#ITZ Y v Y oshic

S S
>

) '5&‘ LS

&S
b \ ) \

grf/}_':/,‘*‘ ,.«\L}\‘ >
K&~ <7 3

RN o
1646 1719 I

| 30km ] A —
wind
‘=E§§§§§;;;;;;Tﬁsim-mm
iI
June 23,1973 °Radar
B 1 {iEAEESN (1, I) 0% = —§hY

Fig. 1 Iso-echo patterns of right- moving storms [ and 1I, on June 23, 1973, with
their movement vectors and the mean wind vector. Relatively strong radar reflec-

tivity was measured in right-hand portion of each echo.
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Fig. 2 Isv-echo patterns of a right-moving storm III and a left-moving storm IV on
June 23, 1973, with their movement vectors and the mean wind vector. Storm III
had relatively strong reflectivity in right-hand portion of the echo and storm IV
had it at lelt side of the echo.
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Table 1. Isc-echo pattern, echo movement and its deviation from mean wind.

. 1 Icho Movement | Mean Wind 5
Date Time L/R Directioq_ Speedj Velocity Deviation

JST deg km/h | deg ki/h  (h) deg

1973
June, 17| 1530-1645 L 167 15 246 35 (15) -79
19| 1300-1415 ? 291 36 275 45 (15) 16
1355-1455 E 281 25 M 6
1435-1605 R 299 20 i 24
1510-1625 R 290 17 i 15
1535-1650 L 274 27 " -1
1820-1920 R 292 21 280 42 (15-21) 12
1845-1945 R 295 10 " 15
1900-1945 R 301 14 " 21
1945-2045 R 308 15 285 40 (21) 23
20| 1230-1345 G 264 14 263 46 (15) 1
1215-1300 R 283 i " 20
1642-1759 L 228 7 " -35
21| 1350-1500 R 308 17 274 47 (09-21) 34
23] 1615-1745 R 269 44 261 57 (15-21) 8
1615-1945 R 275 43 £ 14
1945-2200 R 271 40 260 53 (21) 11
2030-2145 L 255 41 " -5
24 | 1736-1830 R 31 18 319 26 (15-21) 7.2
1800-1900 R 47 13 B 88
July, 1| 1345-1445 R 268 15 289 27 (15) -21
1600-1715 R 280 26 " -9
1727-1827 R 281 32 277 29 (15-21) 4
1727-1827 R 268 26 n -9
1727-1827 L 257 25 ) =20
5| 1205-1335 C 55 10 71- 27 (09-15) -16
1430-1600 C 68 9 66 27 (15) 2
11 | 1810-1925 L 267 24 268 28 (15-21) -1
1840-1945 L 268 32 H 0
2000-2100 a 275 26 273 28 (21) 2
2000-2115 L 253 31 " -20
2001-2115 C 270 24 " -3
2025-2110 G 276 32 " 5
2025-2145 C 275 26 i 2
2026-2145 G 279 21 o 6
2030-2115 L 228 29 i =45
12 | 1845-1945 L 274 12 307 27 (21) -33
1912-2030 L 280 8 " -27
2137-2240 L 273 27 " -34
Aug., 6 |2015-2115 ? 282 20 272 16 (21) 10
2018-2100 C 280 26 " 8
2100-2200 R 324 16 " 52
7 11140-1225 L 345 18 331 17 (09-15) 14
1140-1245 C 335 16 1 4
1240-1325 R 354 18 ik 23
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DIRECTION of ECHO MOVEMENT
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Fig. 3 Direction of echo movement ws. direction of 900-300mb mean wind; blacked
circles correspond to echoes which had a relatively strong radar reflectivity in
right-hand portion of the echoes, triangles correspond to echoes which had no
biased iso-echo structures, white eircles correspond Lo echoes which had echo-cores
at left side of the echoes.
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