551.576. 1 (213)

Formation mechanism of super cluster over the tropics
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ABSTRACT. A large-scale cloud phenomenon was analyzed to understand its internal structure, organization and
movement. A westward moving uncommon super cluster was shown to have developed in the study region while each cloud

cluster moved

E. The super cluster has horizontal length 2000 km, life time more than 2 days, very low Taa (<210 K)

cloud area~40x10* km® and moved westward with a speed of ~6 m/s. These features are some what different from the usual
properties of super cluster as reported in several works. It was found that new clouds successively formed and interacted
between themselves, and organized to form cloud clusters. The cloud clusters merged with the old large cluster to take part in
the maintenance of super cluster. The propagation speed and the direction of the super cluster was followed by the formation

of new cluster.
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1.

Introduction

The western pacific warm pool, where the surface tem-
perature is exceeding 28°C, is one of the most convectively
active regions of the world. Tropical warm pool covers
~20% of the earth's surface and its climatic change affects
the Global climatic change by large-scale circulation. An
observation and modelling program, the Tropical Ocean-
Global Atmosphere (TOGA) Coupled Ocean-Atmosphere
Response Experiment (COARE) has been designed to gain
a clear understanding of the global climate (Webster and
Lukas, 1992). Among the many objectives of TOGA-
COARE, the investigation of the properties of large-scale
cloud cluster in the region is an important study,

Large-scale cloud disturbances associated with equato-
rial waves (Takayabu, 1994) and an eastward moving super

(283)

cluster (Nakazawa, 1988, Mapes and Houze, 1993) are often
observed in the tropics. Nakazawa (1988) observed a hier-
archy of convective elements within the eastward moving
Inter-Seasonal Oscillation (ISO): westward moving cloud
clusters are organized to form an eastward moving super
cluster with a horizontal extent of several thousands kilome-
ters. Lau er al., (1989) suggested that this hierarchical struc-
ture is an intrinsic feature of the Madden- Julian Oscillation
(MJO) as individual convective disturbances grow and de-
cay within the eastward propagating large-scale distur-
bances. Hendon and Liebmann (1994) stressed that very
little synoptic variance associated with the ISO 1s accounted
for by the super cluster in the excitation and propagation of
the ISO. Takayabu (1994) analyzed the predominance of the
westward moving cloud disturbance and referred to a de-
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The analysis procedure was similar to that described by
Islam er al. (1998) which is modified for TOGA-COARE
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Fig.1. Analytical area to analyze large-scale event

tailed analysis of a typical westward-spreading cloud distur-
bance on January 1992 during the TOGA-COARE IOP
(Intensive Observation period). Mapes (1993) observed the
vertical profiles of the heat source from tropical MCSs
(Mesoscale convective systems) and claimed that this heat
caused the initiation of gravity waves and that lower level is
favourable for the development of additional convection
nearby. He also reported that over the oceanic warm pool,
positive feedback exists between tropical deep convection
and the environmental flow, which leads to self-organizing
super clusters.

Recently, Nakazawa (1995) further confirmed that
there is a hierarchic structure of the tropical convection:
planetary-scale ISOs, eastward-moving synoptic-scale su-
per clusters, and westward-moving meso-scale cloud clus-
ters, The essential question is thus raised as to the
organization from small-scale convection to large-scale
cloud features. And since eastward propagating cloud dis-
turbances produce westward-moving cloud clusters and
castward-moving super cluster; so westward propagating
cloud disturbance may produce eastward-moving cloud
cluster and westward-moving super cluster. Therefore, we
have to investigate this ambiguous and interesting hypothe-
sis by using the high quality data sets of TOGA-COARE
IOP to disclose the real phenomena.

2. Materials and methodology

The Geostationary Meteorological Satellite (GMS-4)
data collected over the TOGA-COARE domain (Fig.1) were
utilized. The hourly GMS-IR data with the 0.1° mesh was
processed specially for this analysis. Analysis was per-
formed on the GMS- IR equivalent black body temperature
(Tpp) data to distinguish cloud coverage from the clear sky.
Also an overview of the large-scale cloud disturbance was
derived from the hourly GMS-IR data.

domain. In order to quantify the cloud coverage the convec-
tive and stratiform cloud components were detected by CST
(Convective Stratiform Technique: a technique to analyze
satellite data). In CST algorithm the GMS- IR Tgp field was
examined for relative minima to identify the location of
convective cores in each satellite image. The relative mini-
mum temperature (Tiin) of a pixel (0.1° mesh) of GMS-4
data in a grid box of 50 km x 50 km may be a single pixel
or the centroid of multi pixel minima. After identify the pixel
location of Ty, its strength was measured by calculating
slope parameter (S) using the formula

S= VA(Ti1j + Tiv1g + Tij-1 + Tij+l)-T;,
or,
§ =025 (T-4T;))

where index i, j refers to the i-th and j-th cores respec-
tively.

The pair of Ty and S calculated above were then
compared with an empirical discrimination line to divide
Tmin's associated with convective cores and without convec-
tive cores. The relationship between Ty and S is given by:

§ 2 exp [0.826 Tin -207)]

Then it was decided whether the core is convective or
not using the criteria (Islam et al., 1998): (i) §24.0 the pixel
is convective and (if) $<4.0 the pifel is mature convective
or stratiform. In this way all of the points colder than their
respective environment are regions of enhanced convection.
With the help of Keifu Maru radar data, the stratiform
threshold temperature in CST algorithm was calculated and
found that 230K of Tgg is very close to the stratiform
threshold temperature (Islam et al., 1998). Thus a cloud was
defined by the enclosed boundary of Tpg =230K to extract
the precipitable portion of the cloud because Tgg for the
convective part must be much lower than 230K of Tgg . The
value 220K of Tgg was used to see the convective activiues
of the cloud and 210K of Ty was used to see very deep
convective part (Mapes, 1993) of the cloud.

The Japan Meteorological Agency (JMA) global analy-
sis dataset (GANAL) with the 1.875° grid at 0000 and 1200
GMT of every day was also utilized for the comparison with
cloud analysis. In order to understand the organization
mechanism of cloud clusters and super clusters: horizontal
profiles of the wind field. pressure and temperature were
derived from the GANAL dataset.

3. Results and discussion

The analysis area for this study is shown in Fig.|. The
iatensive [lux array (IFA) is the heart of the TOGA-
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Fig.2. The shape, size and movement of the uncommon super cluster at 0700 GMT on 11 November, 1992. Successive one hour interval cloud area
enclosed by Tpp = 220K are represented by solid(0800 GMT) and dashed (0900 GMT) contours. Four cloud clusters are represented by Cl, C2,
C3 and C4. The letter M represents the new cluster which developed in the western side of old large cluster and merged with it

COARE, where intensive observations were performed us-
ing several Meteorological instruments. Area KM is the
coverage (500 km x 500 km) of Keifu Maru radar (shaded
region) that is used to observe the formation of new echo.

3.1. Structural feature of a westward super cluster

The shape, size and movement of the studied super
cluster were analyzed by consecutive Tgp area and is shown
in Fig.2. As in Fig.2, a large cloud area represented by the
Tpp = 220K was observed at 0700 GMT on 11 November,
1992. In Fig.2, successive one hour interval cloud area
enclosed by Tpp = 220K are also represented by solid (0800
GMT) and dashed (0900 GMT) contours. The value 220K
of Tpp is used to observe the active portions of the event.
Examining the consecutive hourly Tgp data it was observed
that a cloud burst occurred at about 1500 GMT on 10
November 1992 (not shown). A few fragments moved west-
ward and passed over the radar observation area named Area
KM. At this time there were many developing echoes ob-
served in Area KM which were moving E/ENE (not shown).
The fragments dissipated and new clouds were successively

developed and organized to form a westward moving super
cluster at about 0700 GMT on 11 November 1992. The
whole system disappeared after 0900 GMT on 12 Novem-
ber, 1992 (Fig.3). As in Fig.3, both radar and CST identified
convective and stratiform regions were superimposed with
Tpp=220K (dashed-dot line). At this time radar data showed
lack of the formation of new echoes that implies the ending
time of the event. Nakazawa (1988) reported about the
eastward-moving super cluster with a horizontal length of
~10°km, Mapes and Houze (1993) defined a super cluster
as follows: "A cloud cluster within an IR satellite image is
a specially connected cold cloud area, of at least moderate
size (>5000 kmz), with Tgg lower than 208K". By the above
definition, this large cluster was undoubtedly a super cluster
because its area of very low Tpp(<210K; very close to 208K
as used by Mapes and Houze, 1993) was ~40x10* km? and
the horizontal dimension was ~ 2000 km. This large
[~80x 10*km? (<230K)] super cluster consisted of a number
of gregarious convections. The E/ESE movement of each
cloud cluster labelled by C1, C2, C3 and C4 is clearly shown
in Fig.2. These cloud clusters (C1-C4) were ultimately
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Fig.3. The radar and CST identified convective and stratiform regions
superimposed with cloud of Ty, = 220K. The legends are shown
in the figure

indistinguishable from each other below 230K of Tgg. The
value of Tpp=230K was used to cover both convective and
stratiform regions of the clouds. New cloud clusters were
successively developed in the western side of the system,
which were moving to E/ENE and merged with the system
(i.e., cluster M). This reflects the westward movement of the
super cluster even though it was actually stationary by the
effect of the westward propagating inertial gravity wave and
eastward moving ambient air,

The propagation speed and direction of the super cluster
and cloud clusters on November 10-12 is shown in Fig.4.
From Fig.4, the cloud clusters are divided into two groups:
western side and eastern side. The western side belongs to
the clusters, which were analyzed in the west side of the
super cluster, and eastern side belongs to cluster, which were
analyzed in the east side of the super cluster. The frequency
represents the counting of the measurement. While the super
cluster itself was stationary, its speed was measured when a
new cluster merged with it in the western edge. Its propaga-
tion direction was westward. The cloud clusters moved
E/ESE. Each group (western side and/ or eastern side)
showed two peaks of propagation speed. The large peak
appeared when many low-speed small clusters were ana-
lyzed. The second peak appeared when a few high-speed
large clusters were analyzed. The speed of the clusters in the
western side was about 2 m/s faster than the speed of the
clusters in the eastern side. This revealed that the clusters
were developing in the western side and were dissipating in
the eastern side. The analyzed super cluster propagated
westward with a speed of about 6 m/s while Nakazawa
(1988) reported an eastward speed of 10-15 m/s and
Hashiguchi et al. (1995) reported an eastward speed of 4 m/s
for different super clusters. Using Fig.2, one may calculate
the speed of the westward moving cloud envelope which is
about 17 m/s (Mori, 1995), As previously mentioned, after
careful inspection of hourly Tpp data, the speed in this
analysis was measured when a new cluster merged with the
old cluster, and the western edge expanded with time even
though the large part of the old cluster was stationary.

Cluster Propagation Nov 10-12, 1992
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Fig.d.  Propagation speed of super cluster and cloud clusters. Hourly Ty
data is used to this calculation. Western side and eastern side are
explained in the text

3.2. Organization mechanism of a super cluster

Here is an interesting point concerning the common and
uncommon features between a well-known super cluster
(Nakazawa, 1988) and this study's super cluster. This type
of gregarious convection which is connected by the enclosed
boundary of Tpg <230K, and has the large-scale westward
motion seems to be a rare super cluster case as a super cluster
over the tropical ocean analyzed by hourly Tgp data. This
uncommon characteristic (westward motion) was not re-
ported by Nakazawa (1988). Lau et al. (1989), Mapes and
Houze (1993) and Hashiguchi e al. (1995). If we analyze
the long time-interval data i.e., 12 hours or 6 hours, or at
least 3 hours it is difficult to identify the E/ESE movement
of each cluster and the formation of new clusters in the
western side of the large old cluster. This is why hourly Tgg
data was used to detect them clearly and focused on the super
cluster only. not on the envelope of the system. The propa-
gation direction suggests a need to consider wave properties
(Mapes, 1993); WIGW-westward propagating inertial grav-
ity wave (Takayabu, 1994b) in the atmosphere. The possi-
hility of the WIGW was also referred to by Mori (1995). The
signature of the initiation of the gravity wave can be detected
by a pressure gradient force and a relatively high tempera-
ture zone. Using GANAL dataset, possible explanations on
the formation mechanism of this study’s super cluster are as
follows.

GANAL wind and temperature ficlds for 11 November.
1992 are shown in Fig.5. First, the low-level environmental
wind blew from both NW and SW to converge in the west
side of the large cloud cluster (Fig.5). The ambient tempera-
ture was relatively high in the east side of the large cluster
and the low temperature was positioned in the convergence
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Fig.5. A large-scale cloud systems at 1200 GMT on |1 November, 1992 is supenmposed with temperature (contours) and wind field (vectors) at 850 hPa.
The contour drawn for temperature as levelled in the figure in unit of °K. Maximum length of the vector is 16 m/s

zone. This environmental condition may cause a situation
suitable for the formation of new clouds, which move
E/ESE. New clouds successively formed and interacted
between themselves, and organized to form cloud clusters.
The cloud clusters merged with the old large cluster to take
part in the maintenance of the super cluster. The equatorial
wave forced the super cluster to move westward while
ambient air pushed it eastward. So, the formation of a new
cluster in the west side and its merging with the old large
cluster affected the movement direction of this super cluster.
In addition, the latent heat released from the large convec-
tive system (Mapes, 1993) made the cloud burst which made
the system dry. Because dry air is denser than humid air, it
can mitiate gravity wave or a density surge of dense air. This
wave can propagate well into the troposphere as well as in
the stratosphere (Hauf, 1993) and enforce the hydrostatic
pressure forces. If the wave is very deep, its bottom friction
is insigificant hence it does not affect small developing
clouds. It affects the large cluster and pushes it leeward
while air motion is forward. The ambient air blew E/ESE up
to 8 km level (see Fig.2, Mori, 1995) so the western side was
favourable to the formation of new clouds. Also a cold air
blew eastward while warm air was carried by a westward
gravity wave. In the crossover zone, the favourable condi-
tion occurs to form new clouds. A simulation showed that
gravity waves propagate against the shear direction (Hauf,
1993). Therefore, the large cluster was almost stationary,
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Fig.6.  Schematic illustration of the organization and movement of the
westward moving uncommon super cluster

and the new cloud and cloud cluster formed in the western
side joined with the system (Fig.6). Then it appeared that the
system was propagating westward. The schematic illustra-
tion of this mechanism is shown in Fig.6.

As schematically illustrated in Fig.6, a cloud burst
occurred at about 1500 GMT on 10 November, 1992. The
new cloud and cloud cluster were successively formed and
merged to form a super cluster at about 1200 GMT on 11
November 1992. Because the new cloud/cluster formed in
the western side of the old cluster and merged with the super
cluster, so it appeared that this studied super cluster (which
is a group of cloud clusters) moved westward.

There are many questions about the organization and
movement of the tropical super clusters. However, the ana-
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lyzed uncommon super cluster revealed some new charac-
teristics, which are as follows. (i) studied super cluster
moved westward with a speed of about 6 m/s: (/i) large part
of the old cluster remained stationary with time and ex-
panded area slowly; (iif) new cloud successively formed in
the western side of the old large cluster and organized to
merge with the old one; (iv) individual cluster moved E/ESE
with the speed of 6 m/s (dissipating) and 8 m/s (developing);
(v) interaction occurred between small-scale and large-scale
cloud clusters.

Furthermore, there are some common features for all
kind of super clusters, which are as follows. (/) movement
of the super cluster and cloud clusters will be in opposite
directions;(#7) the super cluster is composed of a number of
cloud clusters:(/if) new clusters will be formed 1n the con-
vergence zone of the low-level wind field; (iv) propagation
speed and the direction of the super cluster will be followed
by the formation of new cluster; (v) super cluster develop
during a large-scale cloud disturbance.

4. Conclusions

The analysis of GMS-IR data revealed that a super
cluster was composed of a number of cloud clusters. The
movement of super cluster and cloud clusters were in oppo-
site direction. For a westward moving super cluster, the new
cloud system successively formed in the western side of the
old cluster and organized to merge with the old one while
the individual cluster moved E/ESE. And the speed and
direction of the super cluster was to be [ollowed by the
formation of new cluster.

Acknowledgements

We are grateful to Japan Meteorological Agency for
providing us GMS-4 and GANAL data and computer Cen-

ter. Meteorological laboratory, of Hokkaido University, Ja-
pan for providing computing facilities.
References

Hashiguchi. H., Fukao. S.. Yamanaka, M.D. Tsuda, T., Hanjono, S.W.S.
and Wiryosumarto, H., 1995, "Boundary layer radar observation of
the passage of the conveclive center over Serpag, Indonesia (6°S.
107°E) during the TOGA-COARE Intensive Observation Period”
1. Meteor. Soc., Japan, 73, 535-548.

Hauf, T.. 1993, "Aircraft observation of convection waves over Southern
Germany-A case study”, Mon. Wea. Rev., 121, 3283-3290.

Hendaon, HH. and Licbman, B., 1994.. "Organization of Convection
within the Madden-Julion oscillation”. J. Geaphys. Res. 99, 8073
8083

Islam, M.N., 1998, "Convective and stratiform components of tropical
cloud clusters in determining radar adjusted satellite rmnfall during
the TOGA-COARE IOP", J. Fac. Sci. Hokkaido Univ . Ser. VII
(Geophysics), 11(1), 265-300.

Lau, K M., Peng. L., Sui. C.H. and Nakazawa, T., 1989, "Dynamics ol
super clusters Westerly wind bursts. 30-60 days oscillation and
ENSO", An unified view, J. Meteor. Soc., Japan, 67, 205-219

Mapes, B.E., 1993, "Greganous tropical convection”, J. Atmos. Sci., 50
2026-2037

Mapes. B.E. and Houze, R.A Jr., 1993, "Cloud Clusters and Super clusters
over the Oceanic Warm Pool”, Mon. Wea. Rev., 121, 1394- 1415

Mori, K., 1995, "Equatonal convection observed by research vessel Keifu
Maru during the TOGA-COARE [0P", November 1992, J. Me-
teor. Sov., Japan, 73, 491-508

Nakazawa. T.. 1995, "Interseasonal oscillations during the TOGA-
COARE 10P", J. Mereor. Soc. Japan, 73, 305-319.

Nakazawa, T.. 1988, "Tropical Super clusters within interseasonal van-
ations over the Western Pacific” . J. Meteor. Soc., Japan, 66,
823-839.

Takayabu, Y.N.. 1994, "Large-scale cloud disturbances associated with
equatorial waves, part 1I: Westward-propagating interio-gravity
waves”, J. Meteor. Soc., Japan, 72, 451-465

Webster, P.G. and Lukas, R., 1992, "TOGA-COARE: the coupled ocean
atmosphere response experiment”, Bull. Amer. Meteor Soc., T2,
1481-1505.




	Image00001
	Image00002
	Image00003
	Image00004
	Image00005
	Image00006
	Image00007
	Image00008
	Image00009
	Image00010
	Image00011
	Image00012
	Image00013
	Image00014
	Image00015
	Image00016
	Image00017
	Image00018
	Image00019
	Image00020
	Image00021
	Image00022
	Image00023
	Image00024
	Image00025
	Image00026
	Image00027
	Image00028
	Image00029
	Image00030
	Image00031
	Image00032
	Image00033
	Image00034
	Image00035
	Image00036
	Image00037
	Image00038
	Image00039
	Image00040
	Image00041
	Image00042
	Image00043
	Image00044
	Image00045
	Image00046
	Image00047
	Image00048
	Image00049
	Image00050
	Image00051
	Image00052
	Image00053
	Image00054
	Image00055
	Image00056
	Image00057
	Image00058
	Image00059
	Image00060
	Image00061
	Image00062
	Image00063
	Image00064
	Image00065
	Image00066
	Image00067
	Image00068
	Image00069
	Image00070
	Image00071
	Image00072
	Image00073
	Image00074
	Image00075
	Image00076
	Image00077
	Image00078
	Image00079
	Image00080
	Image00081
	Image00082
	Image00083
	Image00084
	Image00085
	Image00086
	Image00087
	Image00088
	Image00089
	Image00090
	Image00091
	Image00092
	Image00093
	Image00094
	Image00095
	Image00096
	Image00097
	Image00098
	Image00099
	Image00100
	Image00101
	Image00102
	Image00103
	Image00104
	Image00105
	Image00106
	Image00107
	Image00108
	Image00109
	Image00110

