Chapter 3 Cloud patterns

Cloud patterns are represented visualy and are closely related to the air flow, temperature and
water vapor distributions and vertical stability. Therefore, it is important for understanding the
solid structure of the atmosphere to analyze individual cloud patterns.

3.1 Ci streak

A long, narrow, striated Ci cloud is called Ci streak. Ci streak lies along an upper level flow
typified by the jet stream. Ci streak corresponds to upper-level troughs and indicates the
anticyclonic curvature. It may enhance the lower-level cloud areato develop the cloud area.

In Figure 3-1, it extends from the Y ellow Seato northern Tohoku district (marked by wedges).

Figure 3-1-1. Infrared image of Ci streak taken at 18UTC, December 1, 1998.
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Figure 3-1-2. 300hPaanalysisat 12UTC, December 1, 1998.

-33-



3.2 Transverse line

Ci streak may take the form of a small wavy cloud line in a direction nearly perpendicular to the air
flow direction, and such a Ci streak is called Transverse line. In general, it develops along the jet
stream and involves a wind speed of 80 kt or over. According to Ohno and Miura (1982),
Transverse line is a visualization of a Kelvin-Helmholtz wave excited directly under the
tropopause.

It is known that turbulence frequently appear near Transverse line.

Besides this, Transverse line may be seen blowing out of a developing typhoon. It seems that this
isrelated to the air flow accompanying to the upper level divergence of the typhoon, but no detailed
investigation has been conducted.

In Figure 3-2 a, Transverse lineis seen from the Y ellow Seato Noto Peninsula (marked by wedges)
and it aimost corresponds to the 200 hPa jet axis (Figure 3-2 b).  Another one is seen blown out of
the typhoon near Chichijima (marked by wedges).

Figure3-2a. Infrared image of Transverse line taken at O3UTC, August 30, 1998.



Figure 3-2b. 200hPaanalysisat 00UTC, August 30, 1998.

3.3 Orographic cirrus (Orographic Ci)

A stationary Ci cloud that appears on the lee side of a mountain range is called Orographic cirrus.
Orographic cirrus looks white in the infrared image, and its edge is linear along the mountain range
on the windward and extends long on the leeward. The windward edge moves little and remains at
the same place, so itsidentification is easy in the moving image. Conditions for its occurrence are
aformation of stable stratification from the mountain ridge to the upper part of the troposphere and
a constant wind direction (Obana, 1981). Under such conditions, a wave motion is excited by the
mountain range and the waves are transmitted to the upper level. If the upper level is humid, Ci
clouds appear in the ascending air flow area due to the waves. Because the waves are maintained
as standing waves if the synoptic field does not change, stationary Orographic cirrus are observed.

If there is a gap (space) between the mountain ridge and Ci, turbulence is apt to appear directly
downstream of this gap (Figure 3-3 ¢, Bader et al, 1995).

According to Ellrod (1989) and Brown (1986), turbulence appear when the air flow is straight or
has little anticyclonic curvature, is perpendicular to the mountains, and has a speed of 35 kt or over
at the mountain ridge and 75 kt or over at the height of the jet stream.

In Figure 3-3 a, Ci clouds are seen extending from Sendai Plain, which is on the lee side of the Ohu
mountains to Fukushima Prefecture and off Sanriku (marked by wedges). According to the
emagram at Sendai at 12UTC of that day, the wind directions were uniformly the northwest from
700 to 300 hPa and the wind speed ranged from 60 to 100 kt (Figure 3-3 b).
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Figure 3-3a. Infrared image of Orographic cirrus taken at 14UTC, June 1, 1998.
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Figure 3-3b. Emagram at Sendai taken at Figure 3-3 c.
12UTC, June 1, 1998. Places where Orographic Ci appearsin
Continuous line: air temperature relation to turbulence
Broken line: dew point temperature Ellrod, G.P. (1989).

Feather: wind direction and speed

3.4 Anvil cirrus (Anvil Ci)

With a Cb cloud in its climax to decaying stage, the cloud top is held down by the tropopause and a
Ci cloud flows out horizontally to form an anvil structure. This Ci cloud is called Anvil cirrus.
Anvil cirrus extends in plume-like form from the Cb mainly to the lee side (Figure 3-4 d) and has a
fluffier edge than Cb cloud edge. The top height of Anvil cirrus is about the same as Cb.
However, distinction from the latter is important since the former is accompanied by no heavy rain.

In Figures 3-4 a and b, white-shining developed Cb clouds (marked by wedges) extend from the
northern part of Tochigi Prefecture to the southern part of Fukushima Prefecture. A bright white
cloud area is seen in the northeast direction from there to Fukushima Prefecture and Sendai Bay,
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and this is Anvil cirrus (marked by a wedge). By the radar, strong echo is observed in the area
corresponding to the Cb and a weak echo in the area corresponding to the Anvil cirrus (Figure 3-4

Figure 3-4a. Infrared image of Anvil cirrus. Figure 3-4b. Visibleimage of Anvil cirrus.
Both taken at 09UTC, August 3, 1997.

Upper air wind=—>

A
Anvil cirrus
i 1]
Developing stage Climax
Figure 3-4 c. Composite radar echo chart at Figure 3-4d. Conceptual model of Anvil cirrus.

O09UTC, August 3, 1997 .
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3.5 Bulge

A frontal cloud band may expand to the cold-air side (polar side) in convex with an anticyclonic
curvature, and this phenomenon is called Bulge. Bulge corresponds to the development of frontal
waves or alow due to atrough that is approaching and it indicates that a warm and moist air flow is
ascending from the lower level and a cloud area is developing. As the cloud area develops, the
anticyclonic curvature increases. Although even a cloud area that has not developed can expand
to the cold-air side, thisisnot called Bulgeif it istemporary and is not lasting.

In Figure 3-5, Bulge is seen extending from off Wakasa Bay to Hokkaido (marked by wedges).
3.6  Hook pattern

As a cloud area develops, its northern edge increases the anticyclonic curvature and its
southwestern edge begins to exhibit a cyclonic curvature at the sametime. The deflection point of
curvature of such acloud edge is called Hook (Figure 3-5, marked by X). It isaJapanese usageto
call such a form Hook pattern. In foreign countries, comma forms are called Hook patterns,
including those observed by the radar.

The formation of Hook indicates an inflow of cold air from the rear side of the cloud area.

There is arough positional relationship between Hook and the surface center of alow (see Section
5.2.1).

In Figure 3-6, the cloud area over the ocean south of the Aleutians is called Hook pattern and the X
mark Hook.

- =
Figure 3-5. Infrared image of Bulge taken at 07UTC, Figure 3-6. Infrared image of Hook pattern taken at
January 19, 1999. 12UTC, April 17, 1998.
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3.7 Lee wave cloud

A cloud area of clouds arranged at equal intervals on the lee of a mountain range, island or another
obstacle is called Lee wave cloud.  Strictly speaking, it should be called “Lee wave cloud formed
on the lee of an air flow that has come across the mountains’. However, we simply call it Lee
wave cloud. It appears often in the satellite image and consists of cumulus, stratocumulus and
other low clouds in many cases. With a mountain range or another long, narrow obstacle, cloud
lines are formed which are arranged parallel to the mountain range and at equal intervals on the lee
Side.

Obana (1983) gave the following 5 conditions for occurrence of awave cloud:

@® The wind direction should be almost constant across thick layers up to the upper level and be
perpendicular to the longitudinal direction of the obstacle.
The air should be absolutely stable across fairly thick layers up to the upper level.

There should be water vapor in an amount enough to form the clouds.

® © ©

There should be awind speed of 10 m/s or over at and around the mountain ridge.

® The cloud should develop during stratification as the Scorer number decreases.

According to the lee wave theory, the intervals of cloud lines of Lee wave cloud are proportional to
the wind speed, that is, the intervals of cloud lines are wide for a strong wind.

If there is Lee wave cloud, the presence of turbulence due to mountain waves is thinkable. The
occurrence of turbulence accompanying the mountain waves involves various factors besides wind
speed, including the inversion layer height near the mountain ridge, vertical stability and shape of
the mountains. Therefore, the presence of Lee wave cloud observed by the satellite is not directly
related to turbulence. However, this can be used as a potential for the occurrence of turbulence.

Since a lee wave propagates upstream of the mountains as well, Lee wave cloud can appear not
only on the lee side but also on the windward to some extent as shown in Figure 3-7 c.

In Figure 3-7 a, Lee wave clouds are seen in the western part of the Sea of Japan, which lies on the
lee of the Changbai Mountains in Korean Peninsula, on the pacific side of Tohoku district, which
lies on the lee of the Ohu mountains, and in the Sikhote Alin” Mountains in the Maritime Territory
(marked by wedges). According to the ascension curve at Akita at this time, the wind direction is
west-southwest to northwest, and is neutral to 700 hPa and stable in the higher layers. At 700 to
800 hPa, which corresponds to the mountain ridge, there is an inversion layer and the wind speed is
35 kt. These amost agree the conditions given by Obana (Figure 3-7 b).
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400 Figure3-7a Visibleimage of Lee wave cloud taken at 02UTC,
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Figure 3-7b. Ascension curve at Akitaat OOUTC, Figure 3-7 c.
November 3, 1998. Conceptua model of Lee wave cloud (Ogura,
Thin line: Potential temperature 1997).

Broken line: Saturation equivalent potential temperature
Thick solid line: Equivalent potential temperature
Feather: Wind direction and speed
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3.8  Open cell

A cloud pattern may appear over ocean in the form of a doughnut or a U encircling ano cloud area,
and it is called Open cell. Open cell consisting of convective clouds has a vertical circulation
which descends in the no cloud- region and ascends at the encircling cloud walls (Figure 3-8 a).
The aspect ratio (ratio of height to diameter of acell) is about 20 to 30 (Asai, 1983). If the vertical
shear in wind speed or direction, the doughnut pattern is maintained but if the vertical shear
becomes large or the wind speed increases, the torus part decays and no Open cell results.

Open cells appear when the temperature difference is large between the sea surface and troposphere.
Thisindicates that Open cells develop in awarm flow area or a strong cold air field over ocean, and
they can be used as an index to estimate the strength of cold air flowing in from the rear face of a
developed low. It can also be said that Open cells tend to appear in an area where the cyclonic
flow is intense in the lower level (usualy, the cold advection is intense and the temperature
difference is large between the sea surface and troposphere).

In Figure 3-8 b, O and E indicate Open cells, which exist in cyclonic circulations.
3.9 Closed cell

A cloud pattern consisting of polygonal Sc over ocean is called Closed cell. The vertical shear in
wind direction and speed is small, and the wind speed is 20 kt or less in most cases. The cloud
tops are held down by an inversion layer. Closed cells tend to appear in an anticyclonic lower
level flow area that lies in the southeast quadrant of a high. Compared with Open cells, Closed
cells appear when the temperature difference is small between the sea surface and troposphere.
Closed cells may form if the inflow of cold air isfeeble, or Open cells may change into Closed cells
if the cold air that flowed inisabating. Whether Open or Closed cells form chiefly depends on the
intensity of cold air, and the boundary between areas of Open and Closed cells is said to coincide
with the strong wind axis of the upper level (Bader et al. 1955).

In Figure 3-8 b, part C is Closed cells. It can be read that the Closed cells lie in the anticyclonic
circulation in the southeast quadrant of a high and correspond to the area of an abating cold air.

3.10 Cloud street

A cloud pattern of many cloud lines composed of Cu, Cg and the like arranged parallel to the
lower-level wind direction is caled Cloud street. The cloud top height is nearly constant. The
vertical shear in wind direction is small within the cloud layers, but the vertical shear in wind speed
is large compared to Open and Closed cells.

In Figure 3-8 b, Sindicates Cloud street, which is an area of high wind speed compared to Open
cells (Figure 3-8 ).

3.11 Enhanced cumulus (Enhanced Cu)

A cloud area composed of Cb and Cg may be observed in Open cell area composed of Cu and
distributed in a cold air field in the rear of alow. Thisis called Enhanced cumulus. Enhanced
cumulus clouds are Cu clouds activated and developed into Cb or Cg in an unstable stratification
due to a strong cold air moving south from the rear face of a developed low. Conversaly, the
presence and intensity of acold air can be estimated from Enhanced cumulus.
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In Figure 3-8 b, E is Enhanced cumulus and is more active than other areas of Open cells.
Organization istaking place in the eastern part.
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Figure 3-8 b. Visibleimage of cellular patterns taken at 03UTC, February 19, 1998.
O: Opencell C:Closedcell S: Cloud street  E: Enhanced cumulus

-42-



Figure3-8 c. Surface weather chart at 00UTC, February 19, 1998.

3.12 Cloud cluster (Cb cluster)

Cb clouds exist independently in most cases but they can gather together to form a vast aggregate.
This aggregate is called Cloud cluster or Cb cluster. Cloud cluster is composed of convective
clouds of various sizes and at various developmental stages, and its horizontal scale extends over
several hundred kilometers. The squall line, multi-cell and the like are known as a mesoscae
convective system that can be recognized in the radar image. However, Cloud cluster is a
convective system of large scale that can be recognized not on the radar image but on the satellite
image. It isfrequently seen in the tropics and on the continents in the summer.

Using the satellite image, Maddox (1980) defined an MCC (Mesoscale Convective Complex) as a
meso-a. scale convective system that causes tornadoes, sleet, thunderstorm and the like in the
central part of the US. An MCC is defined as a nearly round cloud area that lasts for 6 hours or
more and has an area of 100,000 km? (diameter around 350 km) or over of the region where the
cloud top temperature is —32°C or below. The MCC is one of the typica Cloud clusters that
develop on the continent and tends to form from the evening to the night when the atmospheric
stratification is unstable but the convective forcing on the synoptic scale isweak. Figure 3-9 ais
an example of MCC. A nearly round cluster more than 300 km in diameter lies on the Chinese
Continent. For this cluster, an anticyclonic rotation was seen at the cloud tops. It became
strongest at the early morning in the local time.

According to Iwasaki and Takeda (1993) who investigated Cloud clusters around Japan in the baiu
season, clusters frequently appear on the continent from afternoon to evening in sizes of 200 km or
more in maximum diameter while small clusters frequently appear over the ocean from night to
early morning in sizes smaller than on the continent. Vast clusters of MCC class are seldom
observed in Japan because it is surrounded by the sea and lies in the mid-latitude zone.
Empirically speaking, a circular cluster 200 km or more in diameter appears only seldom around
Japan. Many of the large Cloud clusters that appear around Japan appear and develop in the East
China Sea and sometimes cause heavy rain in Kyushu district.  For example, Cloud cluster having
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a cloud area of 200 to 300 km in major diameter and an irregular form caused a heavy rain at
Nagasaki in 1982 (Figure 3-9 b). This cluster came southeastward from Cheju ISland. This size
does not fall under the category of MCC but can be classified under the largest clusters observed
around Japan.

Figure3-9a. Infrared image of Cloud cluster at 0OUTC, August 5, 1997.

Figure3-9b. Infrared image of Cloud cluster at 0OUTC, July 23, 1982.



3.13 CDO (Central Dense Overcast)

A circular cloud area having smooth cloud tops may be formed by aggregation of Cb clouds
accompanying atyphoon, and this cloud areais called CDO. The eye or center of atyphoon exists
inthe CDO. The CDO isformed at the developing stage of a typhoon and it serves as one of the
indices used in estimating the intensity of a typhoon from the satellite (Figures 3-10 aand b).

Figure3-10a. Visibleimage of CDO at 00UTC, Figure 3-10 b. Infrared image of CDO at 00UTC,
August 26, 1998. August 26, 1998.

3.14 Tapering cloud

A brush-form (or carrot-form) cloud area that is gradually thinning toward the windward direction
in the upper and middle level is called Tapering cloud. It is comprised of a Cb cloud extending
from the windward to the lee side and Anvil cirrus swept away by the upper level wind.

Tapering cloud often involves heavy rain, gust, thunder, sleet and other conspicuous phenomena, in
particular, at itstip. Therefore, it isimportant to monitor its occurrence and movements.

According to the Meteorological Satellite Center (1991), a convective cloud including individual
Cb clouds that form Tapering cloud moves toward the lee side of the upper and middle level wind
in many cases. However, it may be stationary, or it appears over a convective cloud line extending
windward. Itslifetimeislessthan 10 hoursin most cases.

In general, major conditions favorable for occurrence of Tapering cloud are as follows:

® The places of occurrence are mainly over ocean, near the center of a surface low, and in the
vicinity of afront in awarm area.

@ There are anoticeable inflow of warm and moist air at the low levels of the troposphere (warm
and moist advection) and a noticeable upward inflow of dry air into awarm and moist air mass.
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® There are a wind zone of relatively strong wind, a distinct vertical shear, and upper-level
divergence in the upper level of the troposphere.

Figure 3-11 a shows Tapering cloud (A) to the south of Sakishima Islands. This Anvil cirrus
extends to the east-northeast or east.

In Figure 3-11 c, the radar observed echoes that corresponded to a precipitation intensity of 64
mm/hr or over in the cloud area A to the south of Sakishima lslands. In the 200 hPa analysis in
Figure 3-11 b, there is a divergence region there due to a west to west-southwest wind. In this
example, the extent of the Anvil cirrus blown out of the cloud area A agrees with the condition of
the divergence. However, no detail investigation has been conducted on the relation between the
Tapering form and synoptic field.

An investigation on the cloud patterns appearing at the occurrence of Tapering cloud was conducted
using hourly taken satellite images and surface weather chart (Meteorological Satellite Center,
1991). According to this investigation, the cloud patterns can be classified into 8 patterns in
Figure 3-11 d.
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Figure3-11a. Infrared image at 09UTC, May 18, Figure3-11b. 200 hPaanaysisat 12UTC, May 18,
1998. 1998.

Figure 3-11c. Radar echo composite chart at 09UTC, May 18, 1998.

- 46 -



L1 type L2 type

L3 type F1 type F2 type

F3 type F4 type Stype

Figure 3-11d. Conceptual model of classification of Tapering clouds.

L1 type:
L2 type:
L3 type:

F1 type:
F2 type:
F3 type:
F4 type:
Stype:

appear near the center of a cyclonic disturbance as seen from the image and moves toward
southwest relative to that center.

appear near the center of a cyclonic disturbance as seen from the image and moves along with
that center.

appear to the north or northeast of the center of acloud area of a cyclonic disturbance as seen
from the image.

appear at the southern edge of Cloud band or in Cloud line.

appear in Cloud band or Cloud line to the north or northeast of low cloud vortex.

appear in alow cloud area when that cloud area moves north to Cloud band.

appear in spira formin acomma-form cloud area.

appear to the south of acloud area that exhibits a cyclonic disturbance or Cloud band.
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3.15 Cloud band

A zonal cloud areais called Cloud band. It is referred to as zonal and convective cloud areas of
multilayer structure consisting of middle and lower layers or upper, middle and lower layers
accompanying a front. As a plausible criterion, the band width should be 1 degree latitude or
more and the ratio of width to length should be 1 to 4 or more.

3.16 Cloud line

This term is referred to as clouds ranging in linear form and comprised of convective clouds. Its
width should be less than 1 degree latitude, that is, it is Cloud band if 1 degree is exceeded. Of
these, Cloud line containing Cb or Cgis called a Cb-Cg line and Cloud line consisting of Cu alone a
Culine.

3.17 Rope cloud

This term is referred to as a long and narrow Cu cloud line with a width of 10 to 30 km. It can
attain 2000 to 3000 km in length. Rope cloud is chiefly seen on the warm side of a frontal cloud
band over ocean and corresponds to a cold front in many cases because the wind and temperature
change discontinuously across this cloud line. It is frequently seen when the frontal activity has
abated, and Ch, Cg or other developed convective clouds are not seen in the cloud line.

In Figure 3-12 b, Cloud band A-A with a width of 200 to 300 km consisting chiefly of the middle
and lower layersis seen extending over as long as about 4000 km from the east to west or from the
ocean south of Japan to South China through Sakishima Islands. Near the southern edge of this
cloud band A-A between 130 and 150 degrees of east longitude, cloud lines B and C extend in the
direction from the west-southwest to east-northeast. The cloud line B near Chichijima Island is
composed of cumulus or similar convective clouds (Cu line) and crosses the cloud band A-A near
145 degrees of east longitude. On the other hand, the cloud line C over the ocean south of
Okinawa contains Cg near Minami Daitojima lsland (Cg-Cu line).

On the surface weather chart in Figure 3-12 a, a cold front extends from a low having a center over
the ocean east of Japan to the south of Okinawa, and it is analyzed as a stationary front from here to
South China. This cold front corresponds to the cloud line B, and the stationary front to Cloud
band A-A.

In Figures 3-12 ¢ and d, Cloud line B begins to separate gradualy from Cloud band A-A and
extends eastward in separate condition as soon as the cloud area of Cloud band A-A vanishes.
Cloud line C connected with Cloud line B while the former was fading, and Rope cloud extending
over aslong as 2,000 km became distinct.



Figure 3-12b. Infrared image of cloud band and cloud line at 0OUTC, April 20, 1999.
Symbols: refer to the text.

Figure 3-12 c. Visibleimage of cloud band and cloud line at OOUTC, April 20, 1999.
Symbols: refer to the text.
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Figure 3-12d. Visibleimage of cloud band and cloud line at 06UTC, April 20, 1999.
Symbols: refer to the text.

3.18 Karman vortex

In alaboratory experiment, two series of vortices may form downstream of an object placed in the
fluid. Each vortex rotates counterclockwise on the right side or clockwise on the left side as seen
downstream, and their arrangement is staggered. They are called Karman vortex streets or smply
Karman vortices.

According to an investigation by Chopra and Hubert (1965), the ratio of the space between these
vortex streets (h) to the space between two adjacent vortices in the same vortex street (a) is 0.28 <
h/a< 0.52 (Figure 3-13 a).

Karman vortices seen in a satellite image are cloud vortices that are composed mainly of Sc and
regularly arranged in series on the lee of an island.

Hubert and Krueger (1962) and Thomson and Gower, Bowker (1977) conducted investigations
using satellite images and gave major conditions for occurrence of Karman vortices as follows:

@® There should be vast ocean covered by St or Sc present below an intense inversion layer.
@ A relatively strong lower-level wind in a constant direction should last.
® There should be an island having mountains that stand out several hundred meters above the

inversion layer.

These conditions are met at the time of gradual temperature rising of a cold air that has flowed in
the cold season. The longitudinal direction of Karman vortices is nearly aong the flow of the
lower-level wind.

Around Japan, they are frequently seen on the lee of Cheju, Y akushima and Rishiri Islands and
Urup and Paramushir of the Kuril Islands.

In Figure 3-13 b, alow cloud area is seen extending from the Yellow Sea to East China Sea, and
stratification is noticeable around the Ryukyu Islands. In this image, two series of vortices
(marked by wedges) are seen rotating counterclockwise on the right and clockwise on the left as
viewed southward from Cheju Island. These are Karman vortices. These right and |eft series are
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in a staggered arrangement of 3 or 4 vortices comprised of Sc, and the ratio h/a is of the order of
0.5.
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Figure 3-13 a. Figure 3-13 b. Visibleimage of Karman vortex street at
Conceptual model of Karman vortex street. 03UTC, December 26, 1995.
For symboals, refer to the text. For symboals, refer to the text.

3.19 Convective cloud belt

A wide band of clouds appear in the winter over the Sea of Japan accompanying a burst of cold air,
and this is caled Convective cloud belt. Convective cloud belt is comprised of clouds whose
longitudinal direction (transverse mode) is nearly perpendicular to the longitudinal direction of the
cloud street accompanying the cold air outflow and active convective cloud lines containing Cb and
Cg on the southern edge. This cloud originates at the base of Korean Peninsula, extends along the
direction of the monsoon, and lands chiefly in Hokuriku and San’in districts.

Uchida (1979) gave attention to Convective cloud belt as a V-form cloud pattern in the satellite
image and described that it was a phenomenon closely related to heavy snow falling on the plains.
Because zonal cloud appear through formation of a local converging zone by the mountains in a
cold air mass, Asai (1988) called it Japan-Sea Polor-Airmass Convergence Zone (JPCZ) and
emphasized the orographic effect.

The Mesoscale Meteorological Investigation Group (1988) carried out a special observation on
board the Keifu-maru, and they found that “there is an active convective cloud line along an
orographically formed line of discontinuity” and “the transverse modes line up in the wind shear
direction in the 1000 to 800 hPa’, and gave a conceptua model (Figure 3-14-1). This figure
shows a cross section perpendicular to the longitudinal direction of a band of zonal cloud. This
zonal cloud (corresponding to the area from Cb to Transverse in the figure) consists of tall
convective clouds on the southwest and low-profile convective clouds on the northeast.

In Figures 3-14-2 a and b, Convective cloud belt extends from off Wonsan to Hokuriku district by
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curving and there are active Cb clouds on the southern edge. Cloud streets comprised mainly of
Cg and running from the east to west are seen in the western Sea of Japan, and cloud streets
composed mainly of Cu and running from the north to south in the central Sea of Japan.
Convective cloud belt seemsto develop by the conversion of these dissimilar currents.

Longitudinal Opencell Cb  Transverse Longitudinal
___.__.._..I__ — — —— s .__'..._._---_..

B0 = I | T |

PRESSURE (hPa)
||

SH— — —1  —*nE

Figure 3-14-2 a. Infrared image of Convective Figure 3-14-2 b. Visible image of Convective
cloud belt. cloud belt.
Both taken at 03UTC, January 20, 2000.
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3.20 Ship trails

In a sea area where there are low-level clouds, a cloud line consisting of stratocumulus may be seen
reaching 10 to 30 km in width and as much as 1000 km in length. It is called Ship trail because it
is closely related to navigation of vessels, and it is a phenomenon by artificial causes. In the
visible image, it can be seen as a gray cloud line of higher brightness than the surrounding low
clouds, however; it cannot be recognized in the infrared image because the cloud tops are low.

Many Ship trails are seen in the North Pacific in and around July when sea fogs frequently appear,
and multiple cloud lines last for severa days simultaneously (Takasaki, 1984). Accordingly, he
describes that the engines of avessel navigating on aroute emit warm exhaust gases, which contain
alarge amount of water vapor, and this involves the surrounding cool and moist air mass to develop
as acloud. These factors are the same as for the formation of a condensation trail by aircraft.
Under favorable conditions, condensation trails by aircraft can be seen in the infrared image (Bader
et al. 1995).

Figure 3-15 is an example of Ship trails. Dozens of cloud lines are seen extending eastward from
the ocean about 500 km to the east of the Kamchatka Peninsula over as long as several hundred
kilometers.

Figure 3-15. Visibleimage of Ship trailsat 03UTC, June 25, 1998.
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