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Thunderstorms in Kanto District (Part 1)
—Numerical Study of Vertical Structure of Atmosphere—
By

Yukio Omoto and Tsuneharu Yonetani

National Research Center for Disaster Prevention, Tokyo

Abstract

An effect of temperature change in the lower atmosphere on the diurnal
variation of convective activity in the Kanto district is examined by means of
a simple one-dimensional cumulus model. Data obtained from the special
rawinsonde observations taken at Fujioka during the summers of 1972 and 1974
are used. In addition, routine rawinsonde data at Tateno are used for com-
parison and for statistical study. It is shown that the computed cloud tops C;
are strongly affected by the initial height C» of an air parcel. The effect of
differences in the initial vertical velocity and initial buoyancy of the air parcel
is relatively small. It is shown that for C»>1,500 m the diurnal change in C
is practically negligible. On the other hand, considerable differences in C; are
obtained by varying Cp, when Cp<1,000m. The main reason for this is the
relatively large vertical variation of the temperature lapse rate in the lower
atmosphere where the vertical speed of an arising fictitious air parcel is still
small.

As expected larger amplitudes of diurnal variation of C. are obtained to
air parcels starting at lower levels. The height of the maximum of the C; curve
with Cp=>500 m nearly coincides with the hour of the maximum temperature at
the ground near Fujioka, which is 3-5 hours earlier than the thunderstorm peak
in this area. This difference is due not only to the use of one-dimensional
simple model but also to other effects affecting the diurnal variation in cumu-
lonimbus development in the Kanto region.

It is found that there is no significant difference in the computed cloud tops
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between Fujioka and Tateno, except on days when severe convective activities
took place in the vicinity of one of these stations. In such cases, too large C;
compared with the value at the other station or with the expected value from
the general tendency was obtained at the station where such convective ativities
took place. A diagram with the computed maximum vertical velocity W,.. as
abscissa and the temperature at 500 mb 7Ti as ordinate is made for the appli-
cation to the forecasting of thunderstorms and hail incidents. It is revealed
that the occurrence of hail is related not only to W, but also to the temperature
in the middle troposphere. However, better results for forecasting purposes

may be obtained through a similar diagram using Showalter index and 7.
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Table 1 Data during the periods of special rewinsonde ohservations at Fujioka.

i I S T RIS RER LU N O it #
( 3—, x fiE)
Year ‘Mon. Day ‘ Time of obs. (JST)l TraH § Remarks
WBE1 47 £ 7. 27 | 210 | 11, 14 : %
(1972) 28 | 273 | 10, 14 x
29 28.5 9, 11, 14 X
30 34.2 9, 11, 14, 16 %
31 34.4 9, 14, 16 %
| 8. 1 31.4 9, 12, 15, 17 X
| 2 30.6 9, 12, 15, 18 C A Wit o e 5% 1EP
3 30.2 — O A
4 43.2 — X
5 33.8 —— @)
WA 49 4 | 7. 30 33.7 — O A RMHTD £ 58 5 (IH
(1974) 31 31.7 9, 11, 15, 17 O A
8. 1 32.3 4, 11, 14, 16 @]
2 32.9 9, 15 | )
3 32.9 9 O
4 33.0 9, 11, 14, 16 O
5 31.9 9, 11, 14, 16 @
6 33.4 9, 15 O (2 A e
‘ 7 33.2 9 O A P T AR
| 8 41.8 s X

* Maximum temperature at Maebashi, § Weather in Gunma Prect.
A hail, O thunderstorm, % no thunderstorm.
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Fig. 1 Comparison of computed cloud tops PR,
using datu at Tateno and at Fujioka Fig. 2 A map showing general topography,
during two special observation periods. and observation sites around Kanto
The data denoted as @ and & are for district. O J.M.A’S upper-air stations,
days with heavy rain near Tatano (July ® NRCDP’s special observation site.
30, 1972), and thunderstorms with hail Shaded area is Gunma prefecture, and the
near Fujioka (Aug. 7, 1974), respectively. Kanto district is bounded by a dash dott
line.
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July 30 - August 8,1974
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Fig. 12 Convective activity in Kanto district

in relation to the 500 mb temperature
and the Showalter Index. The data are

the same as in Fig. 11,
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Fig. 13 Same as Fig. 11, but for the 1972 and 1974 special observation

period.
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Table 2 Computed precipitation amounts and actual area averaged preciapitation amounts
for the 1972 observation period.

DATE ‘ P (mm) . Py (mm, 24 hr)
1972 ‘ Tateno Fujioka Kanto Gunma é‘él,fﬂ?n g;&fﬂﬁ]
7. 27 0.5 0.7 0.0 0.0 0.0 0.0
28 ‘ 4.9 1.9 0.7 0. 0.0 Q.
29 | 5.6 0.4 0.* 0.0 0.0 0.0
30 22.9 9.1 4.3 0.2 15.¢ 10.7
31 18.3 18.9 2.3 0.1 (7 1.1
8. 1 20.9 21.9 0.6 0.t 0.1 0.3
i 24.6 21.3 5.0 13.9 0.0 0.5
3 3G.0 4.4 9.0 0.1 0.4
1 26.1 0.5 0.2 0.0 0.2
5 27.6 3.8 9.8 0.0 0.1
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