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Intraseasonal variability of the tropical convection over the Indian/western Pacific is studied
using the Geostationary Meteorological Satellite high cloud amount. This study is directed to find
the tropical-extratropical interaction in the frequency range of intraseasonal and interannual
variabilities of the summer monsoon occured over the domain of 90E-171W and 49S-50N.
Especially, in order to investigate the intraseasonal interaction of East Asia summer monsoon
associated with the tropical convections in the high cloud amounts, the spatial and time structure
of the i‘riltraseasonal oscillation for the movement and the evolution of the large-scale convections
are studied.

To describe the spatial and the time evolution, the extended empirical orthogonal function
analysis is applied. Tﬂe first mode may be considered to a normal structure, indicating that the
strong convection band over 90E-120E is extended to eastward, but this mode was detected as
a variable mode near Korea and Japan. The second, third and fourth modes were amplified with
the intraseasonal variability during summer monsoon. It is found that the dominant intraseasonal
mode of the tropical convection consists of the spatial changes over a broad period range

centered around 40~50days.
Key words :

1. INTRODUCTION

It is well known that heat sources in the tropical
oceans play an important role in general circula-
tions of the global atmosphere. Heat sources in the
tropics are mostly resulted from the release of la-
tent heat distributed according to the spatial and
temporal variations of rainfall over the earth. Ho-
wever, reliable estimate of spatial distribution of
precipitation in the tropical oceans is quite difficult
because of sparseness of surface observation sta-
tions. Diagnostic methods to estimate rainfall
amount by using the meteorological satellite image
data have been developed in the studies of Barnett
(1970), Kilonsky and Ramage (1976), Maruyama et
al. (1986) and many others. Recently, for monito-
ring the tropic rainfall regime, the TRMM (Tropical
Rainfall Measuring Mission) has been proposed
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(Simpson et al., 1988). As the cloud amount deter-
mined hourly from the Geostationary Meteorologi-
cal Satellite (GMS) infrared observations is produ-
ced for the land and ocean surfaces, it is very im-
portant products to investigate the locations and st-
rength of precipitation band associated with frontal
convergence over East Asia in summer. Thus, it
can be confirmed that the results from analysis of
this high cloud amount shows the detailed seasonal
migrations of the convective zone in its strength
and position of the summer monsoon cloud.

In this study, the interannual variabilities and in-
traseasonal oscillations in the five day mean and
monthly mean fields of the high cloud amount over
the summer monsoon regions of Asia such as
South Asia and East Asia will be investigated. In
recent years, the quasi periodical phenomena
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called 40~50day oscillation have become the key
point for studying of the intraseasonal variability of
the tropical atmosphere since the pioneering work
of Madden and Julian (1971, 1972). The 40~50day
oscillation is the strongest low-frequency signal up
to the present in the tropical atmosphere. Its pote-
ntial implication on long-range weather forecast and
short-term climate prediction may be significant.
Yasunari (1980) and Maruyama (1982) reported
the existence of quasi 40day cloudiness oscillations
over the summer monsoon region of East Asia and
India. All of the above works were based on obser-
vation data limited in space and time in many res-
pects.

The global nature of the 40~50day oscillation
has been revealed in the studies of long-term reco-
rds carried out by Weikmann ef al. (1985), Knutson
et al. (1986), and Lau and Chan (1986, 1988). From
the theoretical treatments of Lau and Peng (1987)
and Sui and Lau (1989), the origin and the propa-
gation mechanism of low-frequency intraseasonal
oscillations in the tropical atmosphere has been
proposed by Kang ef al. (1989) who emphasized
the 30~60day oscillation appearing in the climato-
logical variation of outgoing longwave radiation
over East Asia during the summer time. Their re-
sult shows that more than 40% of the climatologi-
cal variation during summer is composed with the
time scale of 30~60days over the subtropical wes-
tern Pacific. Nakazawa (1992) studied seasonal
phase lock of intraseasonal variation during the
Asian summer monsoon using 12-year OLR data.
From his study, he found that the enhancement of
Asian summer monsoon activity occurs intermitten-
tly with a period of 30~60days, and are in general
phase locked with annual march of the seasonal cy-
cle. Ueda et al. (1995) investigated abrupt seasonal
change of the activity of large-scale convections
over the western Pacific in the Northern Hemis-
phere summer time.

In this study, major analysis focus on investiga-
tion the intraseasonal and interannual variabilities
of the structure of summer monsoon with large-
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scale convection, and the characteristics of intra-
seasonal oscillation and it's variability are analysed
as important process showing tropical-extratropical
interaction. And this study is guided by the results
of analysis of large-scale low-frequency variability,
of tropical western Pacific convective cloud based
on an empirical orthogonal function analysis, and of
extratropical convection variability.

2. The GMS high cloud amount

2.1 The mean fields

The GMS cloud has been retrieved by 1°X1°
grid data over the region of 495-50N and 90E-171
W originally. The low and high cloud amount have
been retreived by threshold and multi spectral sta-
tistical techniques, the total cloud amount by sum-
mation of low and high clouds, their 5-day mean
and monthly means have been achieved.

The high and low, cloud and no cloud decision
made from the threshold temperature. The thre-
shold temperature used in decision high and low
cloud was obtained from the vertical profile predic-
ted by numerical weather forecasting division. That
is, the high cloud amount which is expressed as
the percent of the total grid area is defined as the
clouds with a cloudtop temperature below the 400
hpa level analyzed temperature based on the upper
air observations. Hence the comparison between
the Intertropical Convergence Zone and the Baiu
1or Mel-yu3; front is much easier to make than
with commonly-used OLR data.

The high cloud amount used in this study are
represented by 50X50 grid data of the five-day
mean 2-degree latitude-longitude grid over the do-
main of 49S-50N and 90E-171W. The data includes
73-pentad in one calendar year.

The period of data analysis was divided into two
parts, because no data over the land are available
prior to March 1987. One part is the periods from
January 1979 to February 1987, the other one part
is the periods from March 1987 to December 1994.

2.2 High cloud amount climatology

The climatological mean monthly value is calcu-
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lated from 8-year high cloud amount that are avai-
lable over the land and the ocean.

It is well known that the monsoon convection
possesses many different time scales. This means
that the climatology of the monsoon convection ca-
nnot be appropriately described by simply taking
the harmonic mean. First of all, the 5-day climato-
logy can be obtained by averaging the correspon-
ding 8-year periods of 1987~1994 over the analysis
regions. Figure 1 represents the wintertime (Dec.-
Feb) and summertime (Jun-Aug) mean high
cloud amount averaged for eight-year. This figure
shows that the summertime convection is active in
10N latitude band of the equatorial regions and 30-
40N latitude of East Asia regions including China,
Korea, and Japan.

Figure 2 shows the cross section for eastern Asia
of 120-130E. The most conspicuous feature is the
monsoon onset between 25N and 30N as indicated
by the steep increase in high cloud amount starting
from 26th pentad (6May~10May) and 31th pentad
(31May~4]June), respectively. The maximun value
found near 34th pentad (15June~19June) corres-
ponds to the onset of the Mei-yu (changma or
Baiu) in East Asia. After the Mei-yu onset is fully
established, the maximum band propagates north-
ward to about latitude 40N, while the southern lati-
tudes begin to dry out. Standard deviation (lower
panel) are large at regions with the large cloud va-
lue. And it is also large near 20N at the time rou-
ghly coincides with occurring the maximum conve-
ction. The large standard deviation can be interp-
reted by the strong interannual variation.

Figure 3 shows the high cloud amount from the
equator to 50N averaged over 120E-172W. The no-
rth-south excursion of Asian monsoon from 30N to
40N convection is well observed for the summer
period of 1987~1994 except from 1979~1986. The
relatively weak excursion for 1979~1986 is due to
missing of the land-based data. In a broad sense,
this Asian summer monsoon convection related to
the extension of the monsoon trough or Mei-yu
rain band over East Asia and the north-western
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Fig. 1. (a) The summertime and (b) winter-
time mean of GMS high cloud amount
(1987~1994).

Pacific. It can be realized that the interannual va-
riabilities of the Intertropical Convergence Zone of
the Asian rainband are basically resolved by analy-
sis of the 5-day mean GMS high cloud amount.

3. The intraseasonal oscillation and its
interannual variabilities

3.1 The Interannual and
variances

The total variance for 8-year period (1987~19
94) may be decomposed conveniently into the va-
riance of annual means and the annual variances
over the period. In this study, to present the varia-
nce distribution of the 5-day mean high cloud
amount, IAV (interannual variance) and ISV (intra-
seasonal variance) are calculated similar to Lau

intraseasonal
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Fig. 2. Annual march of SST emerged from the average of the eight-year means (upper panl) and
standard deviations (lower panel) of the five-day mean high cloud amounts along the lo-
ngitudinal strip confined within 120E and 130E. In the upper figure the negative contours
?re dashed. And the area with values larger than or equarto 1.5 are shaded in the lower
igure.

high cloud amount EQ to 50N averaged over 120E-172W
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Fig. 3. Latitude-time section of GMS high cloud amount averaged over 120E-172W.

and Chan (1988). The JAV variance is defined as where ] stands for the total number of
LAV=1/J£Y.2 (1) Years and X; the 37 pentad anomaly for
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the j th year. The ISV for ] year is computed as

ISV=1IS /X + X)) @)
Where I (=37 from 1 April to 2 October)
is number of petagons. That is, the i is the
pentad index. Thus, the total anomaly va-
riance is defined as the sum of IAV and
ISV. All the variance estimates to be discu-
ssed in this study are computed using de-
viations from the seasonal cycle.

Figure 4 shows the interannual compo-
nents of summertime variances. The inte-
rannual component for six months (April
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Fig. 4. Interannual component of the (a) sum-
mertime (April-September) and (b) su-
mmer (June-August) high cloud amount
variance.
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-September) high cloud amount variation is conce-
ntrated in the tropical Indian Ocean, and central
Pacific, where the Nino event is concentrated. Ho-
wever, the maximum of the interannual component
of three months (June-August) of summertime high
cloud amount variation is divided by the tropical
band, the higher latitude band of 25N-35N, and the
subtropical western Pacific.

Figure 5 shows the intraseasonal component of
the summertime high cloud amount variance. The
intraseasonal variance patterns of six months of
April-September and three months of June-August
are similar, and represented the maximum over the

Asia land and near the South China Sea. Com-
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Fig. 5. Intraseasonal component of the (a) su-

mmertime (April-September) and (b)
summer (June-August)  high  cloud
amount variance.
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parison of ISV with the corresponding climatologi-
cal seasonal mean in Fig. 1 reveals that areas with
large variance coincide with areas of high mean
high cloud amount. In this figure the eastward ex-
tensions of high convection in equatorial and in la-
titude of 30N-40N can be realized. There are pro-
nounced subtropical minimum over the central Pa-
cific. This minimum represents the relative lack of
convective activities over the subtropical oceanic
“dry” zone.

To obtain the relationship between the tropical
convective oscillations and East Asia summer mon-
soon convection, firstly, longitudinal and time

sections of high cloud amount at constant latitude
are represented as Fig. 6. From Fig. 6, it can be
realized that the high cloud amount derived from
GMS is very similar to the observed rainfall from
Lau et al. (1995). The 1982/1983 El Nino and 1987
El Nino and 1988/1989 La Nina pattern are well
exposed by eastward propagation to central Pacific.
Especially the strong rainfall and strong high cloud
amount have the consistent pattern. It shows that
the climatology of high cloud amount derived from
satellite can be a good index to equatorial precipi-
tation.

3.2 The 40~50 day intraseasonal oscil-

Equatorial(10S-10N) monthly mean high cloud amount
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Fig. 6. The longitude-time section of the equatorial (10S-10N) monthly mean high cloud amount.
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lation

Since there is evidence of the coexistence of dif-
ferent time scales in the variation of convective ac-
tivity, we have employed the technique of spectral
analysis of high cloud amount as a function of the
time-space distribution as a tool for the extraction
of periodicity.

In order to demonstrate the apparent periodicity
in the tropical convective oscillation, the selected
regions were formed in the zonal band from equa-
tor and 20N.

In order to obtain the apparent periodicity the
spectrum analysis was performed with Parzen spe-
ctral windows w.(@ (Priestley, 1981).

W)= S (Fun(O)F 1~ %w(%) 3

where
. Mo ¢
1 |sin
Fue() =— *— | and M=30. (4)
M
sin (5)

Spectral method is applied to the entire data pe-
riod of approximately 16 years of 5-day mean high
cloud amount at regions of 10X10 degrees along
the tropical band from equator and 20N. To deter-
mine the intraseasonal oscillation, the smooth sea-
sonal cycle of each year must be obtained. Since
it is unclear how many harmonics are required to
accurately describe the seasonal cycle, we shall
adopt the smoothed curve by fitting with 3rd poly-
nomial function along the pentad day.

Spectra for selected grid points are shown in Fig.
7 It is seen that peaks in the spectra in the 40~50
day range (referred to as the 40~50 day signal)
are mostly confined to the tropical areas west of
the 120E.

Along the equator the signal is most pronounced
over the Indian Ocean and western Pacific west of
120E, but over the east of 120E the signal drops
off very rapidly. Near the date line, the 40~50day
signal appears again, while the signal becomes
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very much weakened. The region of most strong
40~50 day coincides with the center of strong int-
raseasonal convective activities during the northern
summer (Lau and Chan, 1986). But in area of 120
E-140F the intraseasonal oscillation near 40~50day
appears as the second peak at 10-20N rather than
the tropical ocean. From these analysis, it is note-
worthy that the 40~50day in 120E-140E is cha-
nged to the northward. This is similar to Murakami
et al. (1986)’s result that found the 45-day tran-
sient waves are not purely propagating character,
they tend

(a) 0-10N

b,
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Fig. 7. Spectral density function of the domain
averaged (10/10 degree lat/lon) high
cloud amount in (a) 0-10N and (b) 10
N-20N.
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to dramatically intensify when passing through the
eastern Indian and western Pacific oceans, a fea-
ture similar to standing waves with monsoonal ef-
fects acting as the major regulator of the 45-day
transients. That is, at 10N and 20N between the
Indian and the western Pacific, 40~50day signals
are found although they are not uniformly signifi-
cant over this region. We can also recognize from
this results that the relationship between the intra-
seasonal oscillation and monsoon onset in the Nor-
thern summer hemisphere may be realized by acti-
vity of intraseasonal oscillation in the western Paci-
fic.

In order to explain the movement processes that
exhibits a northward propagation across the wes-
tern Pacific, the time-lag evolution of systems de-
veloping and moving eastward, and moving west-
ward must be investigated. Zhu and Wang (1993)
also emphasized that there are the summertime
convective seesaw results from a time-lag evolution
of these systems.

3.3 The principal structure of the intra-
seasonal oscillation

There are so many studies which identify the
40~50 day oscillation and its relationship with
ENSO. Among the studies, especially Murakami
and Nakazawa (1985) pointed out that the summer
monsoon onset and the active/break cycle in the
Northern hemisphere summer are closely related
to the global eastward propagation of the 40~50
day oscillation. The relationship between the 40~
50 oscillation and ENSO can be known from the
year by year characteristics.

In this study, the yearly characteristics for time
evolution of the intraseasonal oscillation is analyzed
from the principal mode analysis with extended
empirical othogonal functions.

The principal modes of deviation fields will be
expressed by the eigenvectors and their associated
series of coefficients (hereafter called coefficient
series for brevity) that belong to the largest four
eigenvalues of the symmetric matrix of [XI eleme-
nts, which are the normalized covariance between
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pairs of departures for 37-pentad data.

Moreover, in order to investigate characteristics
of time evolution of the principal spatial structure,
extended empirical orthogonal function (EEOF)
analysis with the window size of 37-pentad (185
days) is applied to each year. The window size is
decided by judgement that the 37-pentad can inc-
lude the seasonal scale, and then the structure in
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Fig. 8. The first four principal components re-
sulted from the EQF analysis of eight-
year summertime GMS high cloud
amount over East Asia region.
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window explains the normal character. That is, to
demonstrate the yearly characteristics, we used one
summertime, 37-pentad window size.

Now we can convert the original time-spatial fu-
nction g of high cloud amount to new time-spatial
function ,U(ijn') reconstructed by which n is the num-
ber of windows. Then, u;"') can be expressed by
the sum of the products of the time variation func-
tion, ¥;1 and the space variation functions, H(ij“')
as following formula.

(n) . . . .
Therefore, y is consisted of time function by
spatial function.
(w) L

Ui :El ™ ¥, (3)

<1987>

Where, ai is the window averaged space structure
with the weight being the l-theigenfunction. ¥;] is
common time structure of windows, and can be de-
termined as the eigenfunction of covarience matrix
of w;. Eigenvectors are represented as common
time structure indicating the time variation within
one window size.

Figure 8 and Fig. 9 show the common time stru-
cture of windows and the eight-window averaged
space structure with the weight being the first four
eigenfunction, respectively. Namely, Fig. 9 shows
the yearly characteristics of spatial structure, being
taken with common temporal structure of the first
four principal modes of the EOF analysis. The

<1991>

50 <1990>

<1994>

1o

I

~

T T T
150 160 170 180

Fig. 9. The spatial structures of the first four principal components of the EOF analysis. The num-

bers from 1 to 8 mean 1987~1994.

Contour interval is 0.5. Negative valued contours are dashed. The ared with larger va-
lues than 1.0 are dark shaded and those with less than -1.0 are lightly shaded.
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Fig. 9

numbers from 1 to 8 mean 1987~1994. Countor
interval is 0.5. Negative valued contours are da-
shed. The area with larger values than 1.0 are dark
shaded and those with less than -1 are lightly sha-
ded. The values in each mode is normalized. So
the actual magnitude of variability can be estimated
by multiplying the values of the principal modes
shown in Fig. 8 to the values in this figure.

The first principal mode (solid line) explains the
most of variability over 64% of mean total varian-
ces for summertime of eight years. This EEOF first
mode exhibits relatively seasonal variation or quasi-
stationary mode, while second, third and fourth re-
present intraseasonal modes as shown by Fig. 8
and Fig. 9.

From the first mode (the solid line in Fig. 8 and
Fig. 9 (a)) we can realize that the strong convec-

continued

tion band over 90E-120E is extended to eastward,
and this eastward extension varies with year to
year variation. Especially this first mode may be
concidered to a normal structure, but this mode
can de detected as variable mode near Korea and
Japan. This eastward propagation of convection is
weaker in 1991 and 1994 than another year. And
in 1990 this propagation is ceased over East Asia
region.

The second mode shows that the oscillation have
a crest and a trough in one summertime. This
mode is related to north-south transition of the zo-
nally extended band of convection. Specially, it is
shown at the spatial mode that the significant stru-
cture is represented over ocean near Japan and
Korea, and at the temporal mode that the major
pattern rapidly change near 20 pentad (5July~
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Fig. 9 continued

9July). The intensity of the second mode is also
different from year to year. In 1988, 1990, 1991 and
1994 there are approximately similar patterns near
Korea.

From third mode, the intensity is strongest in
July and the periodicity is about 30~40day. This
pattern is stretched from southwest to northeast
over the edge of north Pacific high in summertime.
This mode is important intraseasonal oscillation as-
sociated with the intensity of north Pacific high.

The fourth mode has two peaks in center of su-
mmer season, and has approximately 20-day period.
This mode may be also considered as intraseasonal
oscillation related to monsoon convection over East
Asia. It is represented that the significant pattern
is concentrated near Korea. Particularly, an abrupt
northward shift of active convection is norticeable

from 20N up to 40N.

In recent study of Nakazawa (1992), it has been
reported that seasonal phase locking of intraseaso-
nal variation is found during the Asian summer
monsoon. The maximum intensity in the third and
fourth modes of this analysis are in phase at the
center (16th-23th pentad) of the summertime. This
result can be considered as seasonal phase locking
associated with the onset and break of East Asia
summer Monsoon.

4. Discussions and Conclusions

The evolution of high cloud amount for the pe-
riod of 1979~1994 over the analyzed domain was
investigated with some emphasis on the intraseaso-
nal oscillation.

Especially, EEOF analysis is used to investigate
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Fig. 9 continued

the principal char acteristics of time evolutional st-
ructure, and the spectral analysis is applied to ob-
tain the periodicity of wave activity in equatorial
Pacific region.

The major results obtained in this study can be
summarized as follows. The most prevailing intra-
seasonal oscillations of GMS high cloud amount are
longitudinally presented by the 40~50days mode,
the 120days mode, and the 20days mode in the
equatorial region. However it was found that the
most prevailing modes over the equatorial western
Pacific and Indian Ocean were different for each
year, hence raising the possibility that the monsoon
convectivity may be more fundamentally related to
the interaction of intraseasonal oscillations and sea-
sonal variation of convective over the lower latitude
ocean. Particularly, the 40~50day oscillation sho-

wing the movement to northward in the western
Pacific can be explained as the time-lag evolution
of systems of eastward moving and westward mo-
ving.

From the principal mode analysis, the yearly
characteristics of convective cloud pattern with co-
mmon temporal variation during summertime was
investigated. The first mode may be considered as
a normal structure, indicating that the strong con-
vection band over 90E-120E is extended to east-
ward, but this mode was detected as a variable
mode near Korea and Japan. Particularly, the third
and fourth modes were amplified with the intrasea-
sonal variability of 40~50day and about 20day du-
ring summer monsoon. And they were related to
stretching from southwest to northeast of convec-
tive cloud and abrupt northward migration of equa-
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torial convective cloud band.
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