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Abstract

Dark stripes propagating on cumulus clouds are often seen at the end of period when

cold air bursts to the ocean in winter.

clouds over the ocean in the trade wind area.

Similar dark stripes are also seen on cumulus

In order to examine whether these dark

stripes relate to gravity waves at the level of cumulus, equations for gravity waves were

solved for atmosphere with simplified wind and potential temperature profile. The

characteristics of derived waves were compared with those of the dark stripes.

The comparison showed coincidence of characteristics between the dark stripe and

solitary internal gravity wave propagating in the inversion layer at a height of 850hPa.

Downward motion associated with this wave make cloud top lower and cloud top

temperature higher. These effects result in darkness on satellite imagery.
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Fig. 1

Dark stripes seen on cumulus clouds

Infrared imagery by GMS-3
00UTC, 14 Oct. 1988
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Fig. 2 Dark stripe seen on cumulus clouds
Infrared imagery by GMS-4
00UTC, 30 Dec. 1991

Fig. 3 Dark stripe on cumulus clouds at subtropical ocean

infrared imagery by GMS-4 at
(a) 1200UTC and (b) 1800UTC, 29 Nov. 1992

Arrows show dark stripes.
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Fig. 5 Model for dark stripe on cumulus cloud
The interface between mixed layer and inversion layer undulates.
Sinking motion associated with the wave constraints development of cumulus clouds and the

clouds are seen dark on satellite imagery.
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(a) (b)
(tropopause) 7=h2+h3 . : (tropopause)
z=h3 [ \1
} 1
U3=0 0 3=const. i U3=0 © 3=const.
z=h2
z=0 U2=-U0z/2h2+U0/2 O 2=const.
=0 z=-h2 -
U1=U0=const. © 1=const. U1=U0=const. O t=const.
o z=-h1-h2 w——
z=-h1l (sea surface) (sea surface)
(c)
s=ho+h3 (trop()pausg)
U3=0 © 3=const.
z=h2 _
z=0 U2=-U02/2k2+U0/2 2=(03-0 1Hz/2h2
z=-h2 +HO3+01)2
U1=U0=const. O 1=const.
z=-h1-h2 ——

(sea surface)

Fig. 6 Model atmosphere used to derive gravity waves.
U, ® and h; are wind speed, potential temperature and layer thickness of i-th layer,
respectively. Profiles of wind speed and potential temperature are shown. Vertical coordinate
system is shown at left side of the figures.
(a) two layer model
(b) three layer model without stable layer

(c) three layer model with stable layer
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Case 1 Case 2 Case 3
Date 1988.10.14 1991.12.30 1992.11.30
Place Naze Naze Wake Is.
h,(m) 1400 2300 1600
h,(m) 300 400 300
hs(m) 16000 13000 16000
U,(m/s) 7 10 10
Us(m/s) 0 0 0
8.(K) 294 285 298
0,(K) 303 295 308
a(m) 300 400 700
C(m/s) ~—15 ~—15 ~+25
W. D. NNE N ENE

Table 1  Substituted values to calculate wave speed and direction of displacement for three cases.
‘a’ shows wave amplitude. Other symbols represents same as Fig. 5. Observed propagating
speed and sea surface wind direction (W. D. ) are also shown. The signs of speed express
propagating direction. ‘—’ means the stripe propagates against sea surface wind.
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