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Local Heavy Rainfalls in Hokkaido Island, Japan (II)
— On the mechanism of the heavy rainfalls in the Dohoku
and Iburi districts —

By Eiichi TAKEDA and Katsuhiro KIKUCHI
Department of Geophysics, Faculty of Science, Hokkaido University

(Received May 4, 1978)

Case studies of heavy rainfalls which occurred in the Kami-Otoineppu area in the Dohoku
district on the 7th July 1972 and at the southeastern slope of Orofure mountain range in the
Iburi district on the 17th September 1970 were carried out from a view point of synoptic and
mesoscale analyses.

In the Dohoku district, the case analysed was the most remarkable in the past ten years
with respect to the concentration of rainfall in time and space. The maximum daily amount of
rainfall recorded was 170 mm on the 7th July 1972 at Kami-Otoineppu. Results of the analysis
showed that warm and humid air indicated by the movement of isoline of mixing ratio (13g/kg)
on the 850 mb surface flowed into the low atmosphere over Hokkaido Island from the Pacific
Ocean and the cold air aloft indicated by the movement of the isotherm of —10°C progressed
eastward. When both different air masses crossed over Hokkaido Island, the atmosphere be-
came unstable.

The stability index indicated negative values. It was estimated that cumulonimbi occur-
red when this unstable condition was disorganized. In fact, thunder in routine observations at
Monbetsu Weather Station located eastward from heavy rainfall area was reported. These
cumulonimbi frequently passed over the Dohoku district and caused the heavy rainfall locally.

On the other hand, on the southeastern slope of the Orofure mountain range, it was shown
in the previous paper (Takeda and Kikuchi, 1978) that the local heavy rainfall occurred at least
once a year. In this paper, the local heavy rainfall recorded the maximum daily rainfall (557
mm /day at Tachibanaike) for the past ten years was analysed. The local heavy rainfalls in
this district were estimated to be results of warm and humid air from the south or southeast
when a cyclone progressed eastward over the Japan Sea. When the warm and humid air flow
against the mountain range from the south or southeast, the ascending motion may be created
by the mountain and the air flow may weli produce convective clouds. The convective clouds
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generate heavy rainfall locally and so long as the wind direction was south or southeast in the
low atmosphere, heavy rainfalls continued. In addition to the orographic effect, it was as-
sumed that a could structure consisting of three layers along the vertical was an important factor
for this local heavy rainfall. The cloud structure consisting from three layers is shown by A, B
and C in Fig. 23. The precipitating particles containing ice crystals were seeded from the
upper layer cloud (A) to the second layer cloud (B). Then the cloud droplets in B fed these
precipitating particles and increased the cloud and rain water content. The precipitating
particles from (B) after repeated collision and coalescence in the lowest layer cloud (C) which
included a number of sea-salt particles from over the Pacific Ocean, and grew to be large water
droplets. These water droplets fell on the southeastern slope of mountain range and caused the
local heavy rainfall.
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Fig. 1. Daily rainfall distribution (mm) on the 7th July 1972 in Hokkaido Island
and the position of observation stations. (Dots : Meteorological Observatories,
Circles : Agricultural Meteorological Stations)
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Fig. 9. Horizontal distribution of the amount of rainfall from 12 LST on the 7th
to 23 LST on the 7th July 1972.
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ratio at 850 mb level from Tateno to
Wakkanai.
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on the 16th to 21 LST on the 18th September 1970.
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Table. 1. Comparison between Dohoku and Iburi heavy rainfalls in some meteorologi-
cal factors.

DOHOKU IBURI
Synoptic Cold Front Occluded Front
Mechanism Atmos. Instability Orographic Effect
Total Precip. 170 mm/day 557 mm/day
Max. Intensity 34.5 mm/hour 64 .0 mm/hour
Low Level Jet - o
Wet Tongue o
o
Divergence — 1x107*sec™ -
Precip. Pattern band band
Size 30x15 ( km?) 25x15 ( km?)

Cell
Duration 2 hours 3 —4 hours
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