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Formation of convergent cloud band over western Japan Sea in winter
—Numerical experiments on frontal structure in the convergent cloud band—
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When cold airmass outbreaks from Eurasian Continent in winter, convergent cloud band is often
formed over western Japan Sea. This convergent cloud band is formed in the lee side of the moun-
tains located in northern Korean Peninsula, and it is often characterized by a local front. In order to
investigate the formation condition of this convergent cloud band and its frontal structure, numerical
experiments by ARPS are performed. A numerical experiment with constant sea surface temperature
simulated a cloud band in the lee of the mountain, but it is not accompanied by a frontal structure.
On the other hand, a numerical simulation with sea surface temperature gradient successfully simulated
a cloud band with a secondary stable layer or a kind of “front”. When a mountain is situated in the
uniform wind and latent heat is supplied from the sea surface, convergent cloud band may be gener-
ated, but this condition is not enough to construct a frontal structure. The gradient of the sea surface
temperature is necessary to form the frontal structure.

Key words : Convergent Cloud Band, Cold Airmass Outbreak, Sea Surface Temperature Gradient, Local
Front, Frontal Structure, Convective Motions
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(a): Orography used for numerical experiments. A bell-shaped mountain with the height h = 2.0km is located at

(z,y) = (60km, 45km) on the center line of the domain. (b): Land-sea distribution and their surface temperature
for the SST-constant experiment. The potential temperature on the land is 279K and that of the sea surface is

289K.
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Fig. 2 Potential temperature (left) and specific humidity
(right) profiles of the initial state.
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Fig. 3 Cloud mixing ratio (g/kg) and the velocity field on the z-z cross section through the center line of the domain for
the SST-constant experiment. Cloud band is simulated at the level z = 1.0 ~ 1.5km.
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Fig. 4 The cloud mixing ratio (g/kg) and the velocity field on the horizontal level of z = 1.3km for the SST-constant
experiment. A cloud street is formed at the lee side of the mountain.
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Fig. 5 Potential temperature (K) and the velocity field
on the y-z cross section of x = 201km (lee side of
the mountain) for the SST-constant experiment.
A convective roll is formed which keeps the mixing
layer with almost uniform potential temperature
below the level z = 1.0km.
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Sea surface temperature distribution for the SST-grad experiment. SST has constant gradient with the maximum

value 292K at y = Okm, and the minimum 286K at y = 90.0km
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Fig. 7 The velocity field on the horizontal level of z = 1.2km for the SST-grad experiment. The hatched region indicates
that the cloud mixing ratio is larger than 0.01g/kg. The cloud street at the lee side of the mountain begins to

meander.
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Fig. 8 Potential temperature and the velocity field on the
y-z cross section of x = 181km for the SST-grad
experiment. The upward flow from the left side
goes above the convective flow from the right side,
and a second stable layer is formed at the level
z = 0.8km which is considered to be a kind of
“frontal structure”.
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