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The Hailstorm of 9 June 1975 in Gunma
— A Result of Preliminary Analysis —
By
Y. Omoto, T. Yagi and H. Seino

National Research Center for Disaster Prevention, Tokyo.

Abstract

A result of preliminary analysis is presented of the severe hailstorm of 9 June 1975 in
Gunma prefecture. On this day severe thunderstorms with damaging haii occurred over
the wide area in Honshu (Fig. 1). Loss of agricultural products by hail was reported as
approximately 12,600,000,000 yen (about 42 million US dollars). Among 12 prefectures
sufferred by hail, damage in Gunma prefecture was the greatest {3,400,000,000 yen),
Distribution of hail in this prefecture is given in Fig. 2. The possibility of occurrence of
severe thunderstorms accompanied by hail was forecasted on the previous day by our
method given in Fig. 4. Synoptic conditions on 9 June 1975 are shown in Figs, 5A, 5B
and 6.

We have been conducting a hail observation project in this prefecture since the
summer of [97[. Observation points sach with a hail pad were 217 in Gunma and 77 in
Saitama prefectures in 1975. The network is shown in Fig. 7. Results of the preliminary
examination of the collected hard aluminum foils with hail records are shown in Figs. 8
and 9. In these figures rough classification categories are used to represent hailfall
characteristics, The maximum size of hailstones on each foil is classified as “large’’,
“medium” and “small”, corresponding fo hailstones with diameters, larger than 2.0 cm,
between 0.8 and 2.0cm, and smaller, respectively. The number of hailstones at each
observation site are classified into four categroies, according to the numbers of indents
on the aluminum foil with 500 cm? exposure surface, ie., “many’’ {(more than 300),
“moderate’ (150 to 300), “few’ (10 to 150}, and “trace™ (1 to 9).

The hail data over the entire hail network is given in Fig. 8, where only data of
NRCDP spensored observation points are shown. It is seen that the network observed
the hail areas indicated as IT and 11l in Fig. 2, but missed those designated as 1 and [V. A
certain regularity of hailfall characteristics was found. Namely, there are four areas with
data classified as “‘large and many™ gathered. It is seen that each one of these
corresponds to the regions in Fig. 2 where areas with heavy damage are clustered. A map
revealing mare detailed distribution of hail is shown in Fig. 9 covering town of Nitta and
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its immediate surrounding area. There were 36 observation points operated by the town
in addition to our & in the area of 38 km2. OQne of the noteworthy features revealed
from this dense nefwork data is the sharpness along the south cdge of the hail arca,
where the “large’ class hailstanes were observed by station nearest to the hail boundary.
The abrupt change in number of huilstones along the boundary was also notable. No hail
indents was recorded at an observation point 900 m south of a station where the
aluminum foil with more than 1000 indents was obtained (only those correspond to
hailstones larger than 7 mm were counted in this case. The change in maximum
diameters of hailsiones along the opposite side of the hail zone 11l was not so distinct.
Another inferesting feuature found by this dense netwaork is the existence of four hail
intensity maxima as denofed by letters A, B, C, and I in Fig. 9, heavy hailfall area
correspond to D was actually outside of the figure (see also Fig. 8). Regularity in the
distribution of these maxima, i.c., approaximately 3 km intervals) suggest an intensity
oscillation of the hailcloud It (e.g., Fig, 22) with u period approximately 13 minutes.

From the hailfall pattern and radar data we grouped the hailclouds appeared in
Gunma on this day into 4 systems, calling storm I-storm 1V (Fig. 11). As described
below cach one of these storm had features quite its own.

Three notable features are described below of the first hailstorm (storm-I) which
formed over a basin area of northwestern Gunma at about 14120mM, (1) it developed into
an isalated cumulonimbus accompanied by hail through a systematic formation and
merger of small cumuli, formed one after another to the west of the older cells as shown
in Fig. 12, The feature is somewhat similar to that of the formation of typical hailstorm
in the western South Dakota modeled by Dennis et al. {1970). Thesc small echoes moved
quite rapidly but the system as a whole did not move until it became an well organized
cumulonimbus echo. (2) A systematic aiteration of major cells, cach one as cumulo-
nimbus or cumulus congestus, were observed during the 3 and 1/2 houss life time of this
storm. In this case, a new storm cefl formed some 10 km south of the older ones. While
the former moved northcastward as the latter easiward resulting confact followed by
merger of two cells oceurred. The difference in the direction of motion of these small
and large echoes were generally in agreement with the rule for convective echoes, for
example, discussed by Newton and Fankhauser (1964). After the contact the older cell
began to weaken and the new cell took over the major portion of the multicellular
storm. Such change took place between echoes [a and Ib, Ib and I, and somewhat
unique manner between [c and If (I'ig. 15A and 15B). (3) Intermittent appearance of
areas of heavy damage along its path may be explained by the above mentioned
multicellular nature of the storm-I. A unique behavior was noted to the echo If which
formed as if a part of the storm [la but moved north-northeastward very rapidly and
became a part of the storm system L

The storm Il was 4 very complicated convective cloud system. It experienced four
signicant changes in structure during its 4 hours life time. It grew from a cluster of very
small cells to an echo typical to an iselated cumulonimbus in a very short time, then
stayed in this form about a half hour moving very slowly (Fig. 17). If the reports we
recieved wete correct, hailfall began within 15 minutes after the first echo appeared in
our radar scope. Single cumulonimbus form of the storm I changed to a band type echo
as the west end of the storm fixed, perhapse by the effect of Mt. Haruna, whereas the
opposite end spread ecastward. The development of the band form echo progressed
somewhat different manner between the early half of the period and the remaining. The
change into the band echo from an isolated cumulonimbus type took place as a result of
formations and expansion of new echoes to the east of the quasi-stationary old echo.
Then tlhie band began to leagthen similar manner as observed during the development
stage of the echo [a. Namely castward movement of internal structure accompanied with
formations of new cells at the fixed west end. The scale was larger than that observed in
case of la, however. The third change was the collapse of the band echo into the echo
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with indeterminate shape. 1t occurred in connection with tormation and development of
the two cell system te the south of the band, These two echoes [[i+ [Ih and 1Ha-IL1b
~moved nertheastward, approached to the bund echo and attached fo it from the
southside of cenfral and western portions of the band. As a result formed a disorganized
convective system consisted of cumulonimbi and Jarge cumuli those belonged both the
storm Il and storm I (Fig. 18). The fast major change was the separation of this echo
into two, one consisted ot only cells of the storm Il and other consisted mainly of cells
of the storm III and one of the storm 1L After the separation no intensification of
echoes of the storm 11 was observed. The arcas with heavy damage due to hail from the
storm I scatterred in a broad belt ot hailfull, only echo cells fla and e scemed
accompanied hail, according to the preliminary analysis.

The early period of the storm [1I was, as described above, attached with the storm 11
with boundary very difficult to find from normal PPI radar photographs. After the
scparation from the major portion of the storm I, a process similar to that observed in
the band development period of the storm 1 followed, ie., new echo formation at one
cnd dissipation at the other end. During this period the storm I was a spiral band shape
in appearance. This form did not last long, however, und collapsed as the starm [V which
approached from the west contacted and merged forming combined sterm 111-1V (Fig. 20).
The storm IV was the weakest among the four hail storms appeared in Gunma on this
day. Hail from this storm occurred in a region without hail recorder and its intense
periton situated over an arca blind from our radar.

An inferesting feature is revealed in the internal stracture of the storm 11T at 19h33m
isoecho pattern observation (Fig. 2la). A ring shape intense reflectivity zonme was
situated at the southwest end of this storm. This structure is quite similar to that of a
hailstorm of 29 Iune 1967 in Alberts, for example, shown by Chisholm (1973). A
distinct hook echo was observed in this portion 10--20 minutes before. Although such
features are regarded as typical 1o convective system accompanying destructive locul
storms, no such event was reported. Even no hail record was obtained trom stations in
the area of interest. Hail from this storm was accompanied by the cell [If alone. This
convective cell formed just above our radar site, near the southwest end of the
convective storm 111 at above 19M35M, Shostly after the formation it joined with 1lle
with a indistiguishable boudary. Although the cell IIIf was obviously an independent
cumulonimbus type system when examined by isoecho reflectivity analysis (Fig, 21b),
but in PPI radar photographs the boundary of this cell and the cells [Ile and IVe were
difficult to define. Arround 20R it began 1o separate from the multicell type storm
[II-1V. The structure of this hailcould ILIf was quite ditferent from other hailcloud of the
same size observed earlicr time. Namely la or lla were convective echoes with structures
similar to that modeled by Browing (1964), or of hailcloud shown by Fujita and Byers
(1963), but IIIf was more like a small squall-line with a long axis almost perpendicular to
the direction of the storm movement with hailfall area in the middle of the storm axis
({indicated by an arrow in Fig. 21¢). The vertical structure of this storm including the
portion of hailfall on the ground was observed (Fig. 24). Since the orientation of this
section is almost coincided with the direction of the storm motion, the forward
inclination of the axis of high radar reflectivity, known as typical to hailclouds, was
obtained. One of the interesting characterics of this storm is the 13 minutes periodic
oscillation of hailfall intensity. However, more cureful examination of radar data is
necessary to reveal the nature of this intensity change in connection with the changes in
structure and dynamics of the storm. Detailed analysis is underway to understand
above-mentioned hehaviors of hailstorms and hailfall pattern.
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(Omoto and Yonetani, 1975). Data at Tateno 9 am (00Z) observation are used

. to farecast convective activities in each afternoon. Zoning indicated as A, B, C,

respectively correspond to forecasting, thunderstorm with hail is possible;

thunderstorm but no hail is possible, and no thunderstorm. Actual data for
Gunma prefecture during the period 5 to 12 June, 1975 are given.
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