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Abstract
Climatological large-scale features of the cloud distribution and their seasonal variation are
investigated using cloudiness data derived from GMS-IR cloud images for the area between 90*E 170*W and 50*S-50*N. The large-scale distribution of clouds with tops determined to be above the
700mb level and the seasonal change in this distribution are described quantitatively for the three
years from June 1983 to June 1986 except June 1984. The distribution and seasonal variation in
cloud-top-height and cloud type (tall convective clouds and stratiform clouds) are investigated by
computing a ratio between the amount of high-cloudiness (tops higher than 400mb level) and the
amount of high- and middle-cloudiness (tops higher than 700mb level) and by examining the standard
deviation of cloud-top-height in 1**1*areas covered with cloud.
Results of this study show that the maximum cloudiness (*4/10)
is observed in the tropics
except east of 150*E with a secondary maximum (3/10 *4/10)
in the mid-latitudes along the cyclone
tracks, and the minimum cloudiness (1/10*2/10)
is observed around the subtropical highs. The
annual mean cloud-top-height is higher in the tropics than in the mid-latitudes. In the mid-latitudes, a
significant difference in cloud-top-height between cyclone tracks is observed in both hemispheres; the
mean cloud-top-height along the lowest-latitude cyclone tracks is much higher than along the other
cyclone tracks.
Large annual variations in cloudiness (2/10 X4/10) are observed in tropical monsoon areas. In
addition, cloud-top-height decreases significantly during the winter over continents and their vicinity
(within about 1000km) for the tropical monsoon areas, which suggests deep convection is strongly
suppressed there and active deep convection, which may be enhanced with a cold surge, is restricted to
the regions away from the continents during the winter. The decrease of cloud-top-height during the
winter is also observed for the region from the southern part of China to Japan, which corresponds to
a subtropical monsoon area. Over the southern part of China and the East China Sea, this large
seasonal variation of cloud-top-height is accompanied by a significant seasonal change in cloud type;
tall convective clouds in the warm season to stratiform middle-clouds in the cold season. In addition to*
the tropical and subtropical monsoon areas, tall convective clouds also increase over the Asian
Continent even in the higher-latitude to 50*N during the summer and high-cloudiness increases to ti
2/10. This is significantly different from the fact that high-cloudiness over the Australian Continent is
small (0.5/10)
throughout the year except for the tropical monsoon area.
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large-scale distribution of cloud is to be
anticipated.
The radiative process in the atmosphere is
largely affected by cloud (Manabe and Stricter
1964, Manabe and Wetherald 1967). The effect
of clouds on the radiative process can be divided
into two parts; diminishing net incoming
shortwave radiation and diminishing net outgoing
longwave radiation. The former is dependent on
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the albedo of cloud and the latter is dependent
on the emissivity of cloud and the temperature
difference between cloud-top and the earthsurface which is largely changed with cloud-topheight. Therefore, a knowledge of the large-scale
distribution of not only cloudiness but also
cloud-top-height and cloud radiative properties is
necessary for evaluating the cloud's effect on the
climate through radiative processes.
Clapp (1964), Kornfield and Hasler (1969),
and Booth and Taylor (1969) and others
investigated the global distributions and their
seasonal variations of cloudiness. Arai and
Yajima (1971) investigated the cloud distribution
over East Asia and the western North Pacific.
They found large cloudiness over the area from
the southern part of China to the western North
Pacific to the east of Japan passing through the
south-coast of Japan throughout most of the
year. Streten (1973) investigated the bands of
large cloudiness observed over the mid-latitudes
in the Southern Hemisphere. He found that
narrow northwest-southeast tilted cloud-bands
exist over the South Pacific throughout the year,
which has been called the SPCZ (South Pacific
Convergence Zone). These studies, however, were
based on visible-cloud-images and provide no
information on cloud-top-height.
IR-cloud-images provide information on the
cloud-top-temperature from which one can infer
the cloud-top-height. Except for several
pioneering works (Rasool 1964, Winston 1969,
etc.), IR-cloud-imageshave recently been utilized
for studies of the large-scale cloud distribution
(Minnis and Harrison 1984 and Henderson-Sellers
1986) and our knowledge about large-scale
distribution of cloud-top-height is insufficient.
To investigate the effect of clouds on the
climate, the International Satellite Cloud
Climatology Project (ISCCP) was implemented
and global distributions of cloud radiative
properties have been available since 1983
(Schiffer and Rossow 1983). Although this data
set will serve to improve the cloud climatology,
few studies of the large-scale cloud distribution
make use of it at the moment.
For evaluating the effect of clouds on the
climate, the description of large-scale distributions and their temporal variations of tallconvective clouds are also desired, because an

Society of Japan

Vol. 66, No. 1

ensemble of tall convective clouds 'associated
with deep convection plays an important role as
a heat source to drive the large-scaleatmospheric
circulation.
The western Pacific in the tropics is one of
very active areas of deep convection, where
significant year-to-year and intraseasonal variations of deep-convective activity are observed
(Murakami 1975 and Murakami et al. 1986) and
these temporal variations affect the large-scale
circulation in the tropics (Bjerknes 1979 and
Madden and Julian 1972) and also in the
mid-latitude (Nitta 1986, 1987 and Murakami
1984). This suggests that the temporal variation
of deep-convective activity in the western Pacific
plays one of key roles in the temporal variations
of the global-scale circulation. Over the western
Pacific, significant seasonal variations of deepconvective activity accompanied by monsoons
are observed and the global-scale circulation
seems to be significantly affected by this seasonal
variation. Although many studies of seasonal
variation of deep-convective activity over the
tropical western Pacific have been done
(Murakami 1980, Murakami and Sumi 1982, and
others), further studies of the seasonal variation
of deep convection over this region are necessary.
Tall convective clouds are also observed around
East Asia in the mid-latitude (Ninomiya et al.
1981, Takeda and Iwasaki 1987 and others).
However, the large-scaledistribution and seasonal
variation of deep-convective activity in East Asia
and its relation with the deep-convective activity
in the tropics are not well known.
Needless to say, the climate is significantly
influenced by meteorological disturbances such
as cyclones, fronts, etc. The large-scale distribution of cloud seems to offer information on the
activity and the characteristics of these disturbances, because most of meteorological
disturbances are accompanied by cloud. Several
studies on the relation between large-scale cloud
distribution and cyclone tracks or climatological
frontal zones have been made (Arai and Yajima
1971, Streten and Zillman 1984 and others),
which discussed, however, only the cloudiness. If
we classify clouds in terms of cloud-top-height or
cloud-type (tall-convective cloud or stratiform
cloud), more useful information on the
characteristics of these disturbances can be
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provided.
In recent years, it has been suggested that
observed in the lower-latitudes around 30* may
be somewhat different from those of cyclones or
fronts observed in the higher-latitudes around 50*
70*. Ninomiya (1984) compared
*
the
characteristics of the frontal zone located along
the pacific coast of Japan around 30*N with the
another frontal zone north of Japan around 50*N
70*N in early summer. He pointed out that the
top-height of clouds observed in the former
frontal zone is much higher than that in the
latter. Further studies are desired to investigate
whether a similar difference in the cloud-topheight is observed between these frontal zones or
between other higher-latitude and lower-latitude
frontal zones elsewhere.
In this study we investigated the large-scale
distributions of cloud and their seasonal
variations using the GMS-IR cloud images which
cover the area between 50*S and 50*N,and 90*E
and 170*W for three years from June 1983 to
June 1986. The main aims of this study are as
follows:
1. To describe the climatological features of
the large-scale distribution and their seasonal
variations of cloudiness and cloud-top-height in
the area covered by the GMS, which are
necessary for evaluating cloud's effect on the
radiative process in the atmosphere.
2. To describe the climatological features of
the large-scale distributions of tall-convective
clouds and their seasonal variations in the area
covered by the GMS, especially over the tropical
western Pacific and over East Asia.
3. To clarify whether any difference in
cloud-top-height, such as shown by Ninomiya
(1984), are observed between the frontal zones
or cyclone tracks in the western North Pacific
and in the South Pacific.
In Section 2, several parameters used for the
description of cloud distributions will be defined.
In Section 3, annual mean distribution of
cloudiness and cloud-top-height will be shown. In
Section 4, seasonal variations of cloud distribution will be discussed in detail. In Section 5 , the
relationship of the cloud distribution to the
cyclone tracks and climatological frontal zones
will be discussed. In Section 6, year-to-year
variation of cloud distribution will be examined
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for verifying the significance of the seasonal
variations represented in Section 4. The summary
will be given in Section 7.
2.

Data and analysis procedure

Twice daily (OOZand 12Z) cloudiness data at
a 1* longitude-latitude resolution for the area
between 50*N and 50*S, and 90*E and 170*W
during the three years from June 1983 to June
1986 are used in this study. June 1984 was
excluded due to troubles with the GMS and lack
of data during this time. The data are computed
by the Meteorological Satellite Center, Japan
Meteorological Agency from GMS-1R cloud
images, which have a horizontal resolution of
5km at the subsatellite point. The GMS
cloudiness data contain cloudiness for five
different cloud-top-heights (below 700mb ,
600mb, 500mb, 400mb and above 400mb) and
the standard deviation of TBB (equivalent black
body temperature) for 1**1* areas within the
image. Cloudiness is defined as ten times the
ratio of the number of cloudy picture elements
to the total number of picture elements within a
1**l* area. The picture elements whose TBB is
lower than the climatological temperature at
each level are regarded as cloudy picture
elements which are covered with cloud with tops
higher than the level. In the present study, only
cloudiness data for clouds with tops higher than
the 700mb level are used, because the
temperature difference between the top of the
low-clouds and the surface is often too small to
distinguish cloudy elements from cloud-free
elements. For this study, cloudiness data is
divided into the two categories: 1, C11; the
cloudiness for high-clouds with tops higher than
the 400mb level, and 2, C 11+
M; similar to the C H
except for high- and middle-clouds with tops
higher than the 700mb level. The earth's surface
temperature is sometimes lower than the
temperature of the upper air, which makes it
impossible to distinguish cloudy elements by
TBB. To identify these regions, the climatological temperature at 700mb and 400mb was
compared to the SST and the ground-surface
temperature which was supposed to be surface
air temperature minus 3K at many stations. On
the basis of this comparison, the following
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regions were excluded from further investigations
of the C1I+Mbecause the surface temperature is
often lower than the climatological temperature
at 700mb level: highland regions whose altitude
exceeds 1000m (throughout the year), the Asian
Continent north of 40*N during the winter
season (October-March), and the region around
Kuril Islands in June and July due to the low
SST. No region was excluded in the CH data.
Three-year averaged monthly cloudiness data was
then calculated from the twice daily data.
To investigate the large-scale distributions of
cloud-top-height, H(high-cloudiness)-ratio of
monthly mean cloudiness is defined to be

and the H-ratio was regarded as missing when the
monthly mean C11+Mwas less than 0.5. The Fig. 1. Annual mean distribution of CH+M (ref. text).
Contour
interval is 1.0. The regions where CH+M
H-ratio seems to suggest the mean top-height of
was
not
calculated
(ref. text) are hatched.
The
clouds, because the H-ratio will be large when
broken line indicates the position of the SPCZ (after
high-clouds are dominant and small when
Gruber, 1972).
middle-clouds are dominant.
To separate areas of tall convective clouds found. These are separated by two regions of
from areas of stratiform clouds in IR-cloud- small cloudiness (less than 2.0) in the subtropics,
images, Murakami (1983) used the standard which correspond to the climatological subdeviation of TBB in the 1**1*area. Because the tropical highs. A band of cloudiness greater than
horizontal variation of cloud-top-height is usually 4.0 is found around the equator to the west of
larger in areas occupied by tall convective clouds 150*E,while east of 150*E, two zonally oriented
than in areas occupied by stratiform clouds, a 5K cloudy regions to the north and south of the
standard deviation of TBB was empirically equator are divided by a region of less cloudiness
adopted as a distinguishing criterion (Murakami, over the equator. These features agree with the
1983). In the present study, the monthly mean results from previous studies (Clapp 1964,
of the standard deviation is calculated only for Zangvil 1975 and Nitta 1986).
cases where 1**1*area is almost entirely covered
In the Northern Hemisphere mid-latitudes, a
with cloud: CH+M> 9.5 (CH > 9.5 where the
band-shaped region of large cloudiness around 4.0
CH+M cannot be determined). This was done
extends across the southern part of China, Japan
because the standard deviation of TBB may be
and the western North Pacific to the east of
large in spite of the cloud type when l**1*area is Japan between 30*N*40*N.
This band
corresponds
to
a
similar
large
cloudiness
region
partly covered by a cloud whose top temperature
is much lower than that of earth's surface. The pointed out by Arai and Yajima (1971). In this
monthly mean standard deviation of TBB is study the band-shaped region will be referred to
denoted by *TBB and was regarded as missing as the `EA (East Asia)-band'. To the north of the
when the period satisfying the condition (CH+M EA-band, cloudiness greater than 3.0 is found. In
>9.5 or CH>9.5) is less than 10% of a month. the Southern Hemisphere, large cloudiness
around 3.0 is found over the subtropical central
South Pacific to the east of Australia. The
3. Annual mean distribution
broken line in Fig. 1 indicates the position of the
The three-year mean distribution of the
SPCZ shown by Gruber (1972) as a mean
CH+M from June 1983 to June 1986 is shown in
position of maximum brightness (cloudiness)
Fig. l . Three zonal regions of large cloudiness are axes for the nearly three years from February
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for CH (ref, text).

1967 to August 1980. In the present study, the
regions of cloudiness around 3.0 in the
subtropical central Pacific between 20*S-30*Swill
be referred to as the `sub(subtropical)-SPCZ',
since it appears to be an extension of the SPCZ.
Except for the sub-SPCZ, the Ct1+Mis small in
the subtropics and cloudiness greater than 3.0 is
found around 50*S.
Figure 2 shows the annual mean distribution
of the CH. Over the Asian Continent where the
CH+M could not be determined due to the low
surface temperature, the C H greater than 2.0 is
found over Tibetan Plateau, which is apparently
connected with the EA-band. The distribution of
the CH is similar to that of the CH+M in the
tropics but differs significantly in the extratropics. Near 50*latitude over the ocean in both
hemispheres, rather small CH (less than 1.0) is
observed in spite of the large CH+Mof 3.0*4.0
found for this region (Fig. 1). The difference is
shown more clearly in the distribution of the
H-ratio. Figure 3 shows the distribution of the
annual mean H-ratio, smoothed by 3**3*
-running-mean. The smoothing was done because
the raw distribution of the H-ratio was very
complicated. Missing H-ratios were temporally
interpolated before calculating the annual mean.
In general, the H-ratio (cloud-top-height) is large
in the tropics (~ 5.0) and relatively small in the
extratropics, in agreement with the results of
Henderson-Sellers (1986). In the mid-latitudes,
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Fig. 3. As in Fig. 1 except
Contour interval is 0.5.
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for the H-ratio

(rei. text.

the H-ratio is characterized by high H-ratios in
the eastern part of the EA-band and the
sub-SPCZ(*4.0) and relatively low H-ratios (less
than 3.0) in the large cloudiness regions around
50*Nand 50*S.
4. Seasonal variations
In order to see overall features of seasonal
variations, we applied harmonic analysis to the
monthly cloudiness and the monthly H-ratios.
The annual-variation is defined as a harmonic
component m=1, which is derived by fitting a
sinusoidal wave with a one-year-period to the
monthly variation at each point using the least
squares method.
4-(a) The tropics
In the tropics, the large *TBB of more than
10K is found in the regions of large cloudiness
throughout the year (not shown), which
indicates that tall convective clouds are mainly
observed there. Figures 4 shows the amplitude
distribution of annual-variation in the CH+M.
Annual variation greater than 1.5 is found
around Indochina, the western North Pacific
along 15*N, Indonesia, the northern part of
Australia and the central South Pacific along
10*S. These regions correspond to the active
regions of the Asian summer monsoon as
identified by Murakami (1980) and of the
Australian summer monsoon identified by
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Fig. 4. Amplitude
distribution
of
annual-cyclevariation
in CH+M. Contour
interval
is 0.5. The
regions where CH+M was not calculated are hatched.

Fig. 6. Seasonal
variations
in
CH+M (middle panel) and the
H-ratio (lower panel) along 15*N
(average
between
10*N and
20*N: hatched
area in upper
panel) over the active area of
the Asian
summer
monsoon.
Contour
interval is 1.0. Thick
shading
indicates
the
small

Fig.

5.

As in Fig. 4 except

for

the H-ratio.

Murakami and Sumi (1982). Over New Guinea and
the western South Pacific to the northeast of
Australia (near 165*E and 10*S), the annualvariation is relatively small (less than 1.5). This
region corresponds to the western end of the
SPCZ (Fig. 1), where large cloudiness is observed
throughout the year (Streten 1973).
Figure 5 shows the amplitude distribution of
the annual-variation in the H-ratio smoothed by a
3**3*-running-mean. Missing H-ratios were temporally interpolated before calculating the annual

CH+M (less
small H-ratio
thin shading
CH+M (more
large H-ratio

than 2.0) and the
(less than 2.0) and
indicates the large
than 4.0) and the
(more than 4.0).

variation. In the tropics, annual variation greater than 1.0 is found in the active regions of
summer monsoons and a particularly large
variations (greater than 2.0) is found near the
continents.
Figure 6 shows the seasonal variation of
cloudiness (middle panel) and the H-ratio (lower
panel) along 15*N(averaged between 10*N and
20*N) over the active regions of the Asian
summer monsoon. Figure 7 is similar to Fig. 6
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Fig. 7.

As in Fig. 6 except

along

15*S: hatched area in upper
Australian summer monsoon.

except it is along 10*S(averaged between 5*Sand
15*S) over the active regions of the Australian
summer monsoon. Cloudiness increases in
summer (5.0 ti 8.0) and decreases in winter (1.0
^~ 3 .0) for both regions. The seasonal variations
of cloudiness and the H-ratio are almost in phase.
Consequently, the increase of cloudiness during
the warm season is accompanied with the
increase of mean cloud-top-height and vice versa
during the cold season. The H-ratio decreases
significantly (less than 2.0) during the winter
over continents and their vicinity, while less of a
decrease is observed for areas away from the
continents. This indicates that deep convection is
strongly suppressed and middle- or low-clouds
dominate near the continents during the winter.
Figure 8 shows the distributions of the H-ratio
during the winter of each hemisphere. Small
H-ratios less than 3.0 are found over the
continents and within about 1000km. Murakami
(1979), Chang et al. (1979) stressed that deep
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between

5°S and

over the active area of the

convection in the equatorial South China Sea is
intensified by a freshening of low-level northeasterly winter monsoon winds. Chang et al.
(1979), however, also showed that another
low-level cold-air incursion which weakens deep
convection in the western part of the equatorial
South China Sea is found along the Vietnam
coast. Considering the difference in the extent of
the air trajectories of these two low-level flows
over warm water, Chang et al. (1979) presumed
that air mass transformation is necessary for
enhancing deep convection with a winter
monsoon surge. The results of this study indicate
that deep-convective activity is rather suppressed
in the regions immediately surrounding the
continents during the winter of each hemisphere
and seem to suggest statistically the importance
of the air mass transformation of low-level
outflows for enhancing deep convection
speculated by Chang et al. (1979).
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in the Northern

Hemisphere

(from December
to February)
(a) and around the Australian Continent
during the winter in the Southern
Hemisphere
(from June to August) (b). Thick shading indicates the small H-ratio (less than 3.0) and thin
shading indicates the large H- ratio (more than 4.0).

4-(b) The mid latitudes
The annual-variation in CH+Mis rather small
(*1.0) in the mid-latitudes as shown in Fig. 4,
which indicates that the EA-band, the sub-SPCZ
and the large cloudiness around 50*N and 50*S
over the oceans are observed almost throughout
the year. As shown in Fig. 5, relatively large
annual-variation of the H-ratio (around 2.0) is
found in the western North Pacific near the
Asian Continent, including the western part of
the EA-band and the annual-variation of the
H-ratio is less than 0.5 in other mid-latitude
regions. Consequently, a remarkable east-west
variation in the EA-band is identified; the annual
variation of the H-ratio is much larger in the
western part than in the eastern part. Except for
the western North Pacific near the continent, the
annual-variation of the H-ratio is small and the
H-ratio in the eastern part of the EA-band and
the sub-SPCZ is larger throughout the year than
the H-ratio in the other large cloudiness areas
around 50*N and 50*S over the oceans.
In the eastern part of the EA-band and the
large cloudiness areas around 50*N and 50*S, a
TBB around 5*6K is observed throughout the*
year (not shown), which may indicate that both
stratiform clouds and tall convective clouds are
observed there. In the sub-SPCZ, *TBB is
somewhat large (7~9K) throughout the year (not
shown), and this suggestsa greater amount of tall
convective clouds in the sub-SPCZ region. In the
western part of the EA-band, a large annual
variation in the *TBB is found, which will be

discussed in the Section 4-(c).
Figure 9 shows the amplitude distribution of
the annual-variation in CH. Over the Asian
Continent where CH+Mcould not be determined
during the winter, a large variation in CH (more
than 0.5) is found even in the higher latitudes to
50*N. During the summer when CH increases to
2.0 (not shown), *TBB is somewhat large (7K
*
8K) over the Asian Continent in the mid
*
latitudes (not shown) and this suggests that the
greater part of the CH increase is attributable to
the increase of tall convective clouds. On the
other hand, CH is small (*0.5) throughout the
year over the Australian Continent except the

Fig. 9.

As in Fig. 4 except

for CH.
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active area of the Australian summer monsoon,
because both the annual mean and annual
variation of CH are small (Fig. 2 and Fig. 9).
Consequently, the deep convection in the mid
latitudes during the summer is much more active
over the Asian Continent than over the
Australian Continent.
4-(c) The EA-band
Since the EA-band is important for the
climate in East Asia, we will examine more
closely the seasonal variations of the EA-band.
Figure 10 shows the seasonal variations of
CH+M, the H-ratio and *TBB in several regions
of the EA-band. Error-bars indicate the standard
deviation of year-to-year variation in the C 11+
M
for the three years analyzed in this study. The
standard deviation in *TBB is around 1K and
the standard deviation in the H-ratio is around
1.0 throughout the year (not shown). In the
western part of the EA-band, the large seasonal
variation in the H-ratio is accompanied by a large

Fig. 10.
Seasonal variations of CH+M (solid line), the
H-ratio (broken line) and
UTBB (dash-dotted
line)
over each region in the EA-band (ref. text) as shown
in upper panel which shows annual mean distribution of CH+M. Error-bars
indicate
the standard
deviation of year-to-year
variation in CH+er for the
three years analyzed in this study.
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seasonal variation of *TBB, which is greater than
9K in early summer and about 3K in winter (Fig.
10-a and -b). It suggests a marked seasonal
variation of cloud type; tall convective clouds in
the early summer and stratiform middle-clouds in
the winter. In the eastern part of the EA-band,
seasonal variations in cloud-top-height and cloud
type are relatively small, as identified by the
small seasonal variations in the H-ratio and
TBB (Fig. 10-d).
*
Figure 11-a shows the seasonal variations of
CH+M along 120*E (zonally averaged between
115*F and 125*E) in the Northern Hemisphere,
where the western part of the EA-band is located
at around 30*N.In the EA-band, large cloudiness
is observed almost throughout the year with
pronounced cloudiness decreases in August and
November. Fig. 10 suggests that the August
decrease is more clearly observed around Japan
and the November decrease around China, which
agrees with the results of Arai and Yajima
(1971). During the August cloudiness minimum
in the EA-band, cloudiness increases substantially
over the western North Pacific around 15*N
corresponding to the Asian summer monsoon.
Nitta (1986) found a marked summertime
north-south
oscillation of high-cloudiness
between the two regions in year to year
variations. Figure 11-a suggests the possibility
that this north-south oscillation (Nitta, 1986) is
also associated with seasonal changes in the
western North Pacific.
After the cloudiness decrease observed in
November, a large stratiform middle-cloudiness
greater than 3.0 extends from the southern part
of China and the East China Sea during the
winter (Fig. 10-a, -b and Fig. 11-a). Previous
studies by Ninomiya and Akiyama (1973) and
Momose (1975) showed that stratiform clouds
are observed over the southern part of the China
continent and that convective clouds are
observed over the East China Sea during the
winter based on surface observations. Ninomiya
and Akiyama (1976), however, found that
middle-clouds are observed above low-level
convective clouds over the East China Sea, which
is also indicated by the stratiform middle-clouds
observed over both the continent and the East
China Sea (Fig. 10-a and -b). The mechanisms of
formation of the large stratiform middle-
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eastern part of the EA-band is located between
30*N and 50*N. This region differs from the
western North Pacific in that neither the August
decrease of cloudiness in the EA-band nor the
August increase in the ITCZ *5*N is observed,
although there is a distinct seasonal cycle in
cloudiness. The increase of cloudiness observed
in early summer corresponds to the Baiu which is
a rainy season in East Asia. The increase of
cloudiness associated with the Baiu is observed
over the entire EA-band (Fig. 11-a and -b).
Although cloudiness increases throughout the
EA-band in the Baiu season, there is an east-west
difference in the dominant cloud type. In the
western part, the large cloudiness is mainly
attributable to tall convective clouds because of
the large *TBB, more than 9K (Fig. 10-a, -b). In
the eastern part, the large cloudiness may be
attributable not only to tall convective clouds
but also to stratiform high-clouds (cirrus)
because *TBB is smaller (about 6K) in June and
July (Fig. 10-d). Similar east-west differences in
the Baiu frontal zone has been found in the
meridional temperature gradient along the
frontal zone in the lower troposphere
(Kurashima and Hiranuma 1970 and Ninomiya et
al. 1981).
5.

Relationship of cloudiness to the cyclone
tracks and the climatological frontal zones
In East Asia and the western North Pacific,

Fig. ll. Seasonal variauons of CH+Malong 120*E
(zonallyaveragedbetween 115*Eand 125*E)(a) and
along 180*(zonally averagedbetween 175*Eand
175*W)(b) in the NorthernHemisphere.
cloudiness and of the seasonal change from
November to the winter have not been clarified
yet and further studies are necessary. Nevertheless, we suggest that the seasonal change of
cloudiness from November to the winter may be
explained by the seasonal variation in the
circulation around the Tibetan Plateau, because
both the cloudiness decrease in November and
the increase during the winter is more clearly
observed around China close to the Tibetan
Plateau than around Japan.
Figure 11-b is similar to Fig. 11-a except it is
along 180* in the central North Pacific (zonally
averaged between 175*E and 175*W),where the

Fig. 12.
Annual mean distributions
of CH+M and of
the frequency
of extratropical
cyclones
which is
defined as a number of cyclone tracks crossing the
longitude
at every 5 degrees through each 2 degree
latitudinal
band during
the same period
as the
present study. For the area north of 40*N in the
Asian Continent enclosed by heavy dashed line, the
mean distributions
of CH+M and of the frequency of
cyclones are computed only during the warm season
(April-September).
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three main cyclone tracks are observed along
30*N, 40*N and 50*N respectively, which
eventually merge in the western North Pacific
around 50*N to the east of Japan (Chung et al.
1976, Umemoto 1982 and Asai et al. 1988).
Figure 12 shows annually averaged distributions
(averaged only in the warm season from April to
September in the Asian Continent north of 40*N)
of the CH+M and of the frequency of
extratropical cyclones during the same period as
the present study.(*) The EA-band is associated
with the southern track and may be located a
little south of the track to the east of Japan. The
central and northern tracks are associated with
the large middle-cloudiness to the north of the
EA-band, although quantitative correspondence
between the cyclone frequency and the cloudiness is not so good. The southern track is one of
the lowest-latitude branches of cyclone tracks in
the Northern Hemisphere (Kline 1957).
The southern cyclone track also falls a
climatological frontal zone except in the winter
(Reed 1960). The climatological frontal zone is
defined as a zone along which fronts are
frequently identified in day-to-day surface
analysis. During the winter, this frontal zone
shifts southward to around 20*N, while the
cyclone track remains around 30*N (Reed 1960,
Yoshimura 1967, and Yamakawa 1984). Since
the EA-band is located around 30*Nin the winter
(see Fig. 11-a), it is associated with the cyclone
track and not the frontal zone. Since the frontal
zone around 20*N is observed in visible
cloud-images(Yamakawa 1984), only low-clouds
are associated with the frontal zone, while
middle-clouds are associated with the cyclone
track. During the winter, the western part of the
EA-band is a strong baroclinic zone with a jet
flowing to the south of the Tibetan Plateau. The
lack of correspondence between the large
(*) We used the cyclone track maps in Geophysical
Review,
"Kisho-Yoran",
published
by the Japan
Meteorological
Agency to determine the frequencies
of extratropical
cyclones. A cyclone in this study is
the depression
whose center is enclosed by at least
one isobar on a sea-level pressure chart drawn at a
2mb isobar interval, which persists longer than 48
hours on sets of 12hr consecutive
charts.
The
frequency
of cyclones is defined as a number of
cyclone tracks crossing the longitude
at every 5
degrees through each 2 degree latitudinal band.
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middle-cloudiness and the climatological frontal
zone suggests that the frontal zone is associated
with a shallow cold-surge confined near the
surface and that the main baroclinic zone
remains near 30*Nduring the winter.
In the South Pacific, a low-latitude branch of
cyclone tracks is observed, which is oriented
southeast/northwest and joins another more
zonally oriented track in the mid-latitudes
surrounding Antarctica (Taljaard 1967). These
two principal tracks fall on climatological frontal
zones as shown by Taljaard (1968). Streten and
Zillman (1984) pointed out that the low-latitude
branch of cyclone track and frontal zone over
the South Pacific are associated with the SPCZ
and mid-latitude cyclone track and frontal
zone are associated with the large cloudiness
surrounding Antarctica.
As shown above, the large-scaledistribution of
cloudiness in the mid-latitudes over the oceans is
in agreement with the location of the principal
cyclone tracks. The eastern part of the EA-band
and the sub-SPCZ, which have similar large
H-ratios, are associated with the lower-latitude
cyclone track in both hemispheres and the
regions of the large middle-cloudiness near 50*
latitude are associated with other higher-latitude
cyclone tracks. Consequently, there is a
difference in averaged cloud-top-height between
the lower-latitude cyclones and higher-latitude
cyclones in both hemispheres.
Another interesting feature is the seasonal
variation of the H-ratio in the western part of the
EA-band. The southern part of China, East China
Sea and Japan, have been referred to as a
subtropical monsoon area (Chromov 1957) and a
marked seasonal variation of cloud-top-height is
observed not only in the tropical monsoon areas
but also in this subtropical area. In early summer,
most of the clouds are tall convective clouds
similar to the tropical monsoon areas during the
summer. The similarity may be attributable to
reduced baroclinicity in the lower troposphere in
this region. For example, Kato (1985) found a
change in the cloud type from a mixture of
stratiform and tall convective clouds to only tall
convective clouds in the southern part of China
during late May when the meridional
temperature gradient in the lower troposphere
weakens significantly. In winter, the western part
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of the EA-band is a strong baroclinic zone, while
the tropical monsoon areas are associated with
much less baroclinicity. The stratiform middleclouds observed over the western part of the
EA-band, therefore, may be characteristic of this
area different from tropical monsoon areas,
although the mechanisms of this large middlecloudiness formation have not been clarified yet.
6.

Remarks

To test the statistical significance of the
seasonal variations in CH+M and the H-ratio, we
investigated the year to year variation for both
the summer and the winter for the three years
analyzed in this study. The large seasonal change
of CH+ observed in the tropical monsoon areas
was significant at the 0.01 level of significance,
since the year to year variation (0.5 ti 1.0) was
much less than the seasonal change between the
summer and the winter (3.0 -' 8.0). The large
seasonal change of the H-ratio around the
continents in the tropical monsoon areas and the
western part of the EA-band were also significant
at the 0.01 level of significance,since the year to
year variation (~ 0.5) was much less than
seasonal change between the summer and the
winter ('--'4.0).
Large changes in the large-scale cloud
distribution have also been observed during
El-Nino periods (Murakami 1975, Nitta 1986).
For example, Nitta (1986) found a large negative
anomaly in cloudiness over the equatorial
western Pacific for the El-Nino period from early
summer 1982 to spring 1983 as compared to the
six year average. Since El-Nino had not been
observed until June 1986 after the 1982/1983
event, the time period for the present study
corresponds to an non-El-Nino period. Consequently, we tested to see whether the results of
this study also apply to El-Nino periods by using
data from June 1982 to May 1983; an El-Nino
period. The most marked differences were as
follows: 1. the annual mean CH+M increased
over equatorial central Pacific (*2.0**5.0) and
decreased over the maritime continent
(*4.0*~2.0);
2, the sub-SPCZ shifted eastward;
3, the EA-band did not move but the annual
variation of the H-ratio in the western part
decreased (*2.0**1.5), primarily because CH
increased in the winter. These findings are
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consistent with the results of Nitta (1986).
7. Summary
The large-scale distribution of clouds with
tops higher than the 700mb level and its seasonal
variation in the area covered by the GMS (90*E 170*Wand 50*S - 50*N) were investigated using
the cloudiness data derived from GMS-IR cloud
images for the period of three years from June
1983 to June 1986 excluding June 1984. The
large-scale distribution of cloud-top-height and
cloud-type (tall convective clouds versus stratiform clouds) were also investigated using the
H-ratio and *TRB respectively. The results can
be summarized as follows:
(1) Large annual mean values of CH+M are
found in the tropics (*4.0)
except at the
equator east of 150*E, and in the mid-latitudes
along the cyclone paths (3.0 ti 4.0). Small annual
mean cloudiness is found in the subtropical highs
(1.0 '--'2.0).
(2) Large annual variation of CH+Mis found
in the tropical monsoon areas (1.5 '--' 4.0 in
amplitude), where cloudiness increases during the
warm season of each hemisphere due to the
summer monsoon arid decreases during the cold
season of each hemisphere.
(3) In general, the annual mean H-ratio
(cloud-top-height) is larger in the tropics than in
the mid-latitudes. In the mid-latitudes, the
H-ratio is much larger in the lowest-latitudes
cyclone tracks than in the other cyclone tracks
except the western part of the EA-band during
the winter. Consequently, there is a difference in
averaged cloud-top-height between the lowestlatitude cyclones and higher-latitude cyclones in
both hemispheres.
(4) Large annual variation of the H-ratio
(cloud-top-height) is observed over continents
and within about 1000km for the tropical
monsoon areas, where mean cloud-top-height
decreases significantly in the winter of each
hemisphere. This suggeststhat deep convection is
strongly suppressed in the regions immediately
surrounding the continents and active deep
convection, which may be enhanced with a cold
surge, is restricted to the regions away from the
continents during the winter.
(5) Large annual variation of the H-ratio is also

February

1988

Y. Kodama

observed in the region from the southern part of
China to Japan, which has been referred as a
subtropical monsoon area (Chromov 1957),
where mean cloud-top-height increases in the
summer and decreases in the winter. In the
southern part of China and East China Sea, the
variation of the H-ratio is accompanied by a
marked seasonal change in cloud type: tall
convective clouds in the warm season and
stratiform middle-clouds in the cold season.
(6) In addition to the tropical and subtropical
monsoon areas, the increase of tall convective
clouds during the summer is observed over the
Asian Continent even in the higher-latitude to
50*N. This increase largely contributes to the
summertime increase of CH to ~2.0 observed
there. This is significantly different from the fact
that CH is small (^-0.5) and deep convection is
inactive throughout the year over the Australian
Continent except for the tropical monsoon area.
The mechanism determining the large-scale
distribution of clouds in the mid-latitudes is an
important problem. In the present study, we
discussed the relationship of the monthly mean
distribution of cloudiness to the cyclone tracks
and the climatological frontal zones. To examine
this problem more closely, future studies must go
back to the day-to-day variation of the
cloudiness and investigate the relationship of the
temporal variation in the cloudiness to the
temporal variation in cyclones, fronts, jets, etc.
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外 雲 画 像 を用 い た 雲 の 広域 分 布 とそ の 季 節 変 化 の 解 析
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(東 京 大 学 海 洋 研 究 所 、 海 洋 気 象 部 門)
GMS領
域(90*E‑170*W、50*S‑50*N)
に お け る 雲 の 広 域 分 布 とそ の 季 節 変 化 の 気 候 学 的 特 徴 を 明 ら か に
す る こ とを 目的 と して 、GMS赤
外 雲 画 像 か ら得 られ た 雲 量 デ ー タ を 解 析 した 。1983年6月
か ら1986年6
月 の3年 間(1984年6月
は 除 く)に つ い て 、雲 頂 高 度 が700Mb面 以 上 に 達 す る 雲 の 雲 量 分 布 と そ の 季 節 変
化 を 定 量 的 に 記 述 した ほ か 、 雲 頂 高 度 や 卓 越 す る雲 形(背 の 高 い 対 流 雲 か 層 状 雲 か) に つ い て もあ る程
度 定 量 的 に 議 論 す る こ とを 試 み た 。 雲 頂 高 度 の 議 論 は 、 雲 頂 高 度 が400Mb面 以 上 の 上 層 雲 量 と700Mb面 以
上 の 中 上 層 雲 量 との 比 に よ って 、雲 形 の 議 論 は 、雲 で 覆 わ れ た 緯度 経 度1**1*領
域 内 のTBBの
標準偏
差 に よ って 行 っ た 。
中 上 層 雲 量 の 年 平 均 値 は 、 東 経150*以 東 の 赤 道 上を 除 く熱 帯 域(〜4/10)と
中 緯 度 の 低 気 圧 経 路k
(3/10〜4/10)で
大 き く 、 亜 熱 帯 高 気 圧 域(1/10〜2/10)で
小 さい。 雲頂 高 度は熱 帯 の多雲 量 域で 最 も
大 き く中 緯 度 域 で は 相 対 的 に 小 さ い が 、 中 緯 度 域 で は 、 低 気 圧 経 路 に よ る 雲 頂 高 度 の違 い が 両 半球 に 共
通 して か な り顕 著 に 見 られ た 。 す な わ ち 最 も低 緯 度 側 の 低 気 圧 経 路 の 雲 頂 高 度 は 、 そ の 他 の 低 気 圧 経 路
に く ら べ か な り大 き い 。
熱 帯 モ ソ ス ー ソ域 で は 大 き な 中 上 層 雲 量 の 年 変 化 が 見 られ る(2/10〜4/10)。
さ ら に 、熱 帯 モ ソス ー ン
域 の うち 大 陸 と そ の 周 辺 域(約1000㎞
以 内) で は 寒 候 期 の 雲 頂 高 度 の 低 下 が 顕 著 で あ る。 これ は 、 寒候

