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Abstract

Serious hail damage to crops and property occurred on 17 May 1976 in the
northern Kanto district. In the present paper, a band-like hailstorm is described in
order to focus attention on the relation of the storm structure to the hail area
on the ground as revealed from the radar and hailpad network analysis.

Late in the morning, before the passage of the cold front, convective echoes
appeared at Mt. Haruna and the Ashio Highlands. Shell-shaped echoes at the
Highlands were relatively strong and well organized, so evidently manifested the
atmospheric instability on this day. Around 1330 JST, other intensive convective
echoes appeared over the western mountainous regions in Gunma Prefecture. The
echoes migrated eastward and formed an array together with the newly developed
echoes at the northern edge. The echo band consisted at the most of ten storm
cells. Among the storm cells, hailfalls accompanied the relatively intensive cells
at the nothern part of the band. The majority of individual cells survived longer
than 60 min and some lasted over 2 hr till after 1700 and then decayved in Tochigi
Prefecture. After the passage of the band-like hailstorm, convective activities were
no longer observed in Gunma Prefecture.

Hailfalls were detected in Gunma town, Niisato village and Ohta city according
to the hailpad network, and the occurrence times were reportedly around 1425,
1445 and 1515, respectively. The diameters of the hailstones were estimated to be
about 1 to 2cm based on the sizes of dents produced in the aluminum foils of the
hailpads.

The hailfall in Gunma town was evidently brought on by the northernmost

storm cell with the maximum radar reflectivity of 57 dBz as seen in the PPI
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echo structure, and the hail area on the ground laid under the hail shaft with the
maximum reflectivity of 57 dBz as seen in the vertical section of the cell. The
hailfall which struck Niisato village was brought on by the storm cell newly
developed further north adjacent to the former cell only 15 min hefore the hail
event. The hail area on the ground experienced the direct overhead passage of this
cell of 52 dBz at maximum. The high reflectivity shaft in the vertical storm
structure was noticed over the hail area. Ohta city had the third hailfall on this
day. The hail area in the city was coincident with the position of the third storm
cell at the hail time having a 57 dBz radar reflectivity at maximum, and lay
under the remarkable hail shaft of the intensity of 57 dBz at maximum. This
section was almost parallel to the direction of movement of the hailstorm and the
shaft apparently inclined to the front. This vertical structure is very similar to
the model of Browning et al. (1976).

These observational facts, which have been documented for the first time in
Japan in addition to the preliminary analysis of a hailstorm of 9 June 1975 (Omoto,
Yagi and Seino, 1976), would be significant basic data for the watch and short-time
forecast against the damaging hailstorms and, possibly, for a future performance

of the hail suppression experiments in Japan.

1. T2 &E

Hailstorm (B 2 ZRED ¢ 5 & (f - 7o severe storm) Ok, Lr LTREL — & —
ik A EEER R 4 s, K E(Atlas, 1963 ; Newton, 1967)%, # - # (Hitschfeld,
1971), v # (Sulakvelidze et al., 1967) Lo E-CHEMAET N TR T2, ZALD
WRTOHEERELO—DEHELESZVIHIAEFC BT 50 & 9 OFEEBROFMETH
7o EEOFR - EIEIC L 5 L, severe storm DB Y 5, MW EOREO 5T,
— e, BRAV—#-RYMEOHE, HZ\ 1 hail shaft LIEh 2EhoEBOE Fic
AR LT 5. fok 2 X, Browning and Foote (1976) i LhuiE, Xk == 7 FIcEH
X fc supercell storm (B—BHIRLA + — &) OEEFH AR T T - 7o mE ML
#4TC, hail cascade® 7% weak echo vault™ o [##2 Ui b SR HEET A 2
Lo ahtv A, ¥4, Browning et @l. (1976)i k5, AU < 2w 5 ¥ @ multicell
storm (ZHHIA b —2) OWEBWRK-CL, #EOED © 2812 50dBz 0 Rk HBEED
OB TFICAETSZ EARER T 5.

A EI VT, hailstorm DM v — & —KEFHIHE T E AL BB xR T
Drofohs, EIZBFRBHEEM - v 2 —in kT, #WHT, v—F 12 X S BIEITE L 4G
HEEwRE R, BRI EE R Y+ L4k FH ¢, Omoto (1967) = Lk
BB HA ST 2BENORD : 2BECR LB VK THSE. Tk, orv—F—&H

* Or 5 AED X 5L B ERDE
B ANREEERBR LV - A~ FEEREO RGOS



BAFIGI4E 5 H17TADED 1 5 2t R EROME L v — & — HSRE—AK

i3, BRO 1 SEEIHEC X BAEED 1 5 BN L LCiiebhic, TOBR, PRl v
— 4R EORED ¢ S EROE R LA R Xe 5 2 EARRRIC A o 7. IERNB0E 6 A
9 H hailstorm O PRI T, B0 > S cEIl Sl EORD » 5% v
— X — T A RENEREE ST S hails haft A5EE Lo EB G SRt b e
AR « HE, 1976). ZDORD EEORAV—F —REEES 57dBz & L.

AWz, WO x O %5 5 hailstorm O L — & — = 2 — {855 & 490
% IBFIS1AE 5 A17H OEAIETic 2Tl AT T5, 2oL, JBEE—-McB{EgS

MEFe 50 s5ENRE Lic. EUpBsEsEfic s —D1r— 2 - LUED 1 530
Bt BERORED » 5%l ECBE - B L, BERC XA LFEBEOD ¢ 5 FOH
T IEITHETH - 1o

2. BAH&E

2.1 L—¥—83

BRI LR A v — 4 - oRELR, HEEERTONEGED LT, R1grd
IO HERIHGARS OB TR 2 L 2 HEME LT w2, v—F DL
12 40kw, EHE3.2cm, Y- AMEX2ETHL, BEH60km* CHx o —EE WA LT
v— & —RAHE Y HECE
L. ABj~AAaxz 2310 L5
WET208 5 B 12308 1
|l PPL it == —% féF
L, FRIZ LTl0Z L
=z a2 —lExfTle o, 7z
B IS U, BE= 2 -0
EHEE LR LA,

B 1 DR A Lo oz
=5 1,000 m L) oo [ e
THE. HENLSTHTT
DEHBOEEY, v— &~
EBEOMN i L 5 BGTH

h D e O i :
\\§‘ £ J Nt
N 5 2 Y ET e A
SN, T - - o e
7 SR N . ¢ 5. ENLR KR EER v v 2

—DFRE LHE N LY - 5 —
B 1 v - — s L O R L7

"H;f
it ‘§§§‘

AN
£, \\\Q‘% A

N g ®GUNM?-\

-3

Fig. 1 Radar site and topography in radar coverage ; v, BA A PERAREE AR 1L
mountainous regions over 1000 m above mean . vl »
= P Al
sea level are hatched. Sector in SE to W is WTRE L, BRRSSHR
dead angle from radar. [l CifEtr hailstorm 3 %



MR SRR 2 v % —WPRIRS 24% 19804510 A

VIREH AR - S - o, 1976b s AR, 1979) & HREEAOAT - BEEE S S eI 2 2 2
TEDLH (e zid, AK-BER - /hn (1976a)).
2.2 BT SHEEHA

RO x 9 IFRIC AR TH S0, BRSRTELR o % BB 3 LELS
%. ERZBFRPHFRIN € v 2 — DD & 5 AR, PERMEF I BRI RRE Sh o
V3#9 1,600 km? 12 100 (5 CH - 7o pd, WERM9E i E RIS - 4 208 L, WIMSLE LB
2600 e L. PIILLNERI S £ D ALEM Ch 5. BBl —HRCBREE T, F8EiTh 5
W EIRALH 2o TR B EDR D Th 5. Z OMIRO BNLE O BT ES 2km? i 1
BATCH B, LOMOHBNLS 25 8km? = 1 AT CH 5. FHETIHED & 5 BRIED 4
Mig DR r D, BETIEO  5HHELFERCRDDZENTEDL UM« AK -
EE - KA, 1978)

IOBACEFCE S DERHILECHB1», Tl TRBE-ORBELLDOTHL S
EXE LV, B EcERc KB sh, B/ LB 58RI, REATF e -]
O hcErNCBERER 0 cm?, Hx0.12mm o7k ohsk AT 5880
UM TR0 Im DR L hicn, O r 98D LT 4 I HECLHOM L
KB, COMADKE EHLT x HOREA, & 52 UHFEBRICs - fE e X ok
SLhd GEE, 1978).

3. IRKR

HEFIS1H 5 AL7H, 09Kt L ORLRFO M L RER A M 2 &1 3 iwm+. 09 O mdes

17 May 1976 0300 — 17 May 1976 2100

Bl2 FBfu515 FL7H M9 Mo K B3 15145 BITA4H 9 o RS
= =
Fig. 2 Surface map, 0900 JST, 17 May 1976. Fig. 3 Surface map, 2100 JST, 17 May 1976



MEFIS14E 5 A17A OB & 5 e - oI ER OB L L — & — REE—AK

LILES LR
3
0300
. 1 17 May 1978

3 r Teteno

551 =-1.0

i anc

Bl 5 WERAISLE 5 H170 460 9 Mo A o

E:?S‘&J\mb K 17 Mcty%g}gg BEELWEDT #7510
Fig. 5 Temperature and humidity sound-
Bl 4 HHFSIFES HITHFEIBD ings at Tateno, 0900 JST, 17
500mb =B K5 X May 1976. {'a andl"y are dry- and
Fig. 4 500mb map, 2100 JST, 17 wet-adiabats for 300°K, respec-
May 1976. tively. SSI is the Showalter

stability index and T;p is tem-
perature at 500 mb.

Wb o I ERLED & A B 78 B i jd f 00 iR O - 8 i, AP EKEOBE I
THIEEHEE L, 21FRRSIA PR L, R 4122100 500 mb BB A RN G, T4z
SRR, ERRERMTA S MELISESRRFEOROPE Fedh bl LR LT
. M5 HEORR L HNUWECOOEBENECH L. I'dE 'wiz, ThFfikl
ORIGBIEINE b L OB O friE (800°K) wir. 850 mb 8o &Kibk % Sy o
50mb F v kR s¥» THLFES, 500mb BOGENL LI WEHETE L v 5 745 —%
TR (SSD) 12—1.0, %7, 500mb EOSE (Tsw) 11 —12.3°CCHh ~ 1. LIzt » Tk
S ZOBFRH T CUERLETH » 7o, FMBEOFTTIBOEBEMZST S SSI &
LT Tsoo 1% ED7o G - KH (1976) OO » b FRbiEic x A &, ZoOHEZBwHA
RO & 9B 9 HRNRET el O K EF oL FHShi- o Linie 5.

4, M FKEFH

4.1 BZE{tOBE

FRAISLAE 5 A1TH, FiishE< b, FifEEIZET -7, BAILE BRI B e #H2
AR = — AV LURAE L, MELHO W oo = o — i rhri, Bl L
HADFEE LML LTBEALBE Lisv BRR=a—Th -7z, BELUOH -Hifitt=
2 - 213 EF T, FREIMO U= = — 215808 ¥ & CiFF) L. S ERBE
THHEEZ bR S, —F), 13030781, MG ©RAE Lz 2h DM wHfitk =



ESr B R T = v x — PRy Bi24%5 19809F10H

= m; ﬁ:@ L‘F‘ﬁ .\i = o
= May 17, 1976
T Licav» T, ERirhgd
A A HIB0 km D X &
SRS o o — iR R
hie SRR OTR 40 7 b
X BBRECHD L EL T 2 (1;5
bhb, ZofFk= o % M“‘ig‘ w \ E, e
Mt H‘urunu ».
mARRCE D1Thalh X % TH e D
Lt ot ko — © _‘_Riference point of time
change expression
D i AR Ao
7= Radar 1240
4.2 EHRUOHMFKETZI—
WHD Vv — & — @il 48]
9 KL DAL, 11ERLOSM
—hERRRIE T5FT 125
km oFkAv ooz 2 — Echo No.  Max. dia.  Life time
CLAED 5tz 1LEES27%0 i DB ! 18km  (11min)
2 14 (18 )
L7-M, BALD 7S v = _
3 6 i)
a—EEEID S v 2 s 15 32
— OB = -2k - 5 17 a8
o K6 DEMDLEERTH : d ¥
7 1 18
5. TORE, 11855555 t1310
1315104 270 55 R 6 HAILUORFHE= = —D 5 SEONREE (KR &
} ) Sy L2405 D v — & —= o —pff (4 LE, BElogE
PPl 2=t — 0 5 Bl DaE D BB E S I EHO > 2 — 2 R o5
ZHEO = 2 - e = =) B LUBR LD = — DR LRE
. ’ . LHFEmOE (ET)
WTDER, REd EEre b Fig. 6 5 min interval time change of convective echoes
T AR B - TSRiR S at Mt. Haruna, with a table of their maximum

diameter and life time.

HRETHVI-LDTHS. #

B RRRID = = — 2T 25 ERC R Lc S o (B &% L, 11557 & 138104y 42
Fiz2FCRLTHS. £=2— B REFCERBEOBRS TRL, LREIRCEE
EREBETANIRAT A LM ERCHACH—= 2 - 2D 550 L OREE(Ltch S
ZERWIGMC L, 12 OEMEHE, 7 o0kbt= = - A IUEgE Tk &R
AL, ERTHIRERBND S~ - TRE LARRILCHER L., == —0kx XL, 6
DOF FORCR LI X 5, KEI0km §if €, Faix2000 63038 Th . PLEER



MHFNS1L4 5 H1ITH DR & 9 o o ER oS L v &~ HHmE—AK

R e B SRR 7o &

i ‘. ]
Bo==2—Ths B L. o |
BRI E O 4 L LTOE .y

BFRLCEBbLRASA, E4 1225 1355 é\?é
|

DR AR LT 1200 0 0

&<, BEOBEMFD ’

FHER I FGTE S T 5,

51 6 DA _E ORI 1215405 0 "Rl
E AP VDB, TW m %

AT, = = —(5) L1
Sk LTIOMAHET, BRD e 355?
RHGE LRI 55 km 2 e

MBChHD, == —(W)hiFEE
#3057 ¢ BT HRIBILO P

CEL, WRLoOBHE. 2 = & 0
72 B LB HILO WO LR 7 ()
LS E L HIOR = y O

1500

a—-mEHB, FEo RO KT
L, D BERC Lic
NDBRGTHDL, ROETE
DR = — DV TR | e May 17 1876

&
B 7 ERUHOGEE= >~ (A} —2aFR) D 55EDOHK
4.3 REM#BOMFEET D R

Fig. 7 5 min interval time change of convective echoes
over the Ashio Highlands including two shell-

)
T1505 4

J0km

T O RRLMICHE shaped storm system (one consisting of individual
L= = — D BECH cells from /1/ to /6/ and the other consisting of
T2 e Jifs

cells /8/, /9/, /11/ and /12/).
4L, MoERHzMe o AR

M UL IEEEOMED 2D FHCEMRCT b THGCTH D, AL ORI EHR
THEATHD, FRENTRANDM = 2 — & DB, 122502 H15RF055CTH - 7e.
ERIU#ORE= = — Oz, R7CHLaR L 51, W 2ol irsn—20
AP —AREER LT EThE. Thbb, 2A/1/056/6/it—20REME)0R
BERBEDLGCEEBORA F—ARDFRFR DAL TH T, Bl /1) 25128255
Bk, RKeZofflcE-3+5 % 51 2A/2/7BH Ui, waA/3/2 B bniclE, #mT
BB o e L AR HEE LooiliR Uiz, 2o /4 3Bl icly, 2D & b —



E B SRR v 2 — e g4 s
A FERRT B 2R
/4 &/3/, 12/ D=2T, AL * Guns )> oo
 &/5/ B L7cFix, /5/ i,
/4, 13/, /2/ DD TH - . ‘?{f
Too DX HIH Lo N }f/ : ’_l:i X

CEBHY LA — A RoBE [ k” i
D 5> B B\ A b PRI g L

o

L, Pl e N

BE L OEETs L0508

1980410 4

8 RREHBEOMHME= = — Cihifie ) OB

AR Liz, ®EO-LL /6/

PEW LD, ThbhbIo Fig. 8

Dol (B tBAERRIUVEGOE ()

Distribution of generating points of Ashio

convective echoes, with a table of maximum

A b= SRR Lo
148354977, A F—2R¢ LT
DI 2 BREIL0S e & A 72

er).

diameter and life time (points of a shell-
shaped storm system making a group togeth-

FhoMas 0w X HICBE LT 50, FLueARABilic#Ebhaicdza b—afke LT
RO 2L 6/ PHBT 2T E AEBE LTV,
L& THE, wA/8/E/Y, 11/, 12/ THET L5 2 DA b — A RZA140154 2 5158

007y % €, Fich b4A55r MR Ls.

ZOAF—AFZREHEIDA L —

JRRUM oS A3 & TI3ETh 720, Hlk

TUGE2DA P — AFREWERE Lic A sbo 1w /7/ L7107, /153/ 1B O M= a2 —
EMUL, ThENMBEATHVE D=2 —TH - 7.
ZOZLIREEOEFE L FREFERD 2L DETO =2 — O BSOS AT LS

ITHDH, BIDAP—LFRBIVE2DA b —
AR ERZER BRI MBS B km Lo
R LTwBH, /7 E/10/ & /137 o KB A
REhThFRhich B LTV ous,

B8 xR MMs ORI A DR E S LENE
ARLfz HE1OA P —AR%0HFE LT 2 BL05Y
DRWE R, BHTHE 4O DOEML
TR LCWins, EhRE LT RS
ERET S0km %8k Lizas, H4© 2T 10
FkmTHot, H2OAFP—A2FRIEFHELTY
HADELELTE, KRESEHHIELT I

<y, HBWIEA P = ARLTFEHTLCME Lisbad
R T,

== 22 s =

1500

TATENO

180°
F30m/s 300mb
90
30m/s
’”B .+ 7270°
235° 13m/s

9

Fig. 9

BF514E 5 17 8 474 3 W SR o
EREA 2T 7 LR b
Upper winds and mean wind at
Tateno, 1500 JST, 17 May 1976.



WARISI2E 5 A17H OB » 5 %Pk o R EROME & LV — 7 — KERE—AR

T OB Hat iy s, AL VIIEEY LdGii A b — AR
A L LUt Bbh 223, BHERLBONHET s Bl il s b G - A
K« 8, 1976). HWBMICELR BOAERDHDHE L, ZOMOR - ARORE
Bk L BAtR T B RORAL LCHMbkpfich s, M9 B HEHOLROEBREMNC Lo+ ¥/ 7
TCHD, AENZ900mb 25 300mb D 50mb ZlOEEEOETHESL, ZhhES
7 b AR L 00 REICHE O E R FEb L, 13m/s T285° A bLORTH -1
LidioT, H10R -~ ARCEOTH LU 2 A B S hic RS 2 2B
WO R Z DFHE B LT LB L, 2R AR Ll 4 DX i3t i T
TR L VBT Lo binhe D, 2L, Bibho ks, B LTRHELETH LveX
wApVER, BN CHE LHR Lo g Bzl AEBE LT o,

R, BRI IOCRRBIIMcoRt= 2 - A—KANTORSREOREE X
%, P LEB YT, MECHAALL S, MH AR RFOME O BERER
f@ﬁﬁﬁ#%K$f%?ﬁﬂﬁ.C@t@T%wmffKﬁ)mﬁﬁmﬁ@#%ibl$
BT IR TSR A B RA L. 20k 3 kKRB E T, EAHHR
PR AR L, 0 BRI o B0 1 D RS R BRRETH B, K
fitz o hailstorm =2 TR B,

4.4 BU S ZFH - cBRREFRTI—

1363050, BEEE X BB EOREOLEHSC < S0 Rikk= 2 —» &4 Lz &
Ropo= 2 — R HICBE L, B L < 8% LItk = = — &3 ig@ i sl & 2e Lotk
=2 AR L B km, EXA+Kkm DOHETH -1 HIOCED L —F—CH

F RS DI . ROIES LOWEBIEEA T AL, ROBREHEAN b
Filli== — 0P 6 LRI = = ~OF 7 LF LTH B, BAMTHED Licv— 4 —0f
B aiE gl Q040 0H ) e 3be TV Th S, SOAMRMRICIER Lie=2 -
R EEAELT. ThEho= 2 SN LERFRIATH 5. ERORLENIS
514D, 8E LT, v—2 -0, Ar—rBI0HoEER L. = -kl
L — A —F4BREC23dBe (% — X 1) £42dBz (JH5) OFEED A TRER
Utz 15MA35 LIS = = — I f5 1 CAIOR LIclighg, RERIEOMEN v — 4 —

D 60 km NI R X0, EMETIOR VA= —THELELOTH B,

Mtk em = — R Lokt Ak, SERARRINC L 2 L, IO AR, D5, s
ALEDOHE L6059 & M2 AFaERED, Mo 2 FEL Lododdb ot HELT
i3, 17R007038 ¥ i AR RICE - TIME T 5 £ TR 3 RO RF 2R Lo, HBYR <
BEE L 0t 2 e Uiz ROILD He e 5 1A T, i SR BIEHO S0 X D
LCHREE R 17\, BT 1 5 o, MLOCTHV B CREY, RAMCH T2 Lk
M (10 [2) & (3] Ch o, -t (11 L2 (2] 213030 el L, RO



BB SR i = v 2 — DTS 245 19804107

May 17, 1976

E10 [0 x5 B pE - e RER = 2 — DI
Fig.10 Configurations of band-like hailstorm. Attenuation levels corresponding
to contours are 23 dBz and 42 dBz. Storm cell [1] bombed Gunma town
hail area around 1425 JST, storm cell [3] did Niisato village hail area
around 1445 and storm cell [2] did Ohta city hail area around 1515,
respectively.
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— R RE LTHEM RO« 9% 4726 Uiz, English (1966, 1973) 117 h D%k

over the area as seen in vertical section (right).
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Fig.13 Same as Fig. 12, but for Niisato village hail event.
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1515 , May 17 1976
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Fig.14 Same as Fig. 12, but for Ohta city hail event. Vertical section in this case
was almost parallel to hailstorm movement and hail shaft leaned ahead.
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DZEEAD, TOFYaF ATy =y PO & 3 HHER £ 0 & ORF Tl
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T, 1% TH[ L Browning and Foote (1976) & Browning ef al. (1976) ©
hailstorm OEECETLHMRAL IO T Y 2 7 FORETH S,

HOEIERT AR 1 5 %M 5 EMD B\ 1T hailstorm 2B+ 2 BIRFTE © FRsh iz <
ERHABNORE SIS N Ch B b aEL DL, BRDV 5 EEFDT 1 5EY

o TRIABEOMUME LU0 @ 5 Fedt T 2 A FEOMRBC RS T, itk
EDFryagrr7ey =2 s OBMAGEE - @REHMcEA - BH Rl b i
THLH5. LLTLORBEDOHEA K TEHD hailstorm o LEETIEs): EELERL
DTHH Y. BT AERRCD - THIERk L, BMctFeE TS0 E T hailstorm
B S - TR TED I S RFETHEILEBE B It THEREETSH
D, KB AEOEBEERLL40THS, EXFERYHBL v 2 —0FER LT E v —
F-—RURC : 5EE L 2—EoBITEZCOBYR L EE A HH Y H- TE &
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June 9,1975

BE15 BAFNS0TE 6 A9 H hailstorm DD p 5O L — & —= = —fE
Fig.15 Radar-echo structure and hail area on the ground of a hailstorm
of 9 June 1975. An almost similar vertical structure was noticed
as hailstorm of 17 May 1976 on Ohta city hail event.
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