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Vertical wind variations in the Upper Troposphere and Lower Stratosphere (UTLS) measured by the Equatorial
Atmosphere Radar (EAR) at Kototabang, Sumatra, between 2003 and 2005 but mainly in 2004, have been
statistically analyzed to study the characteristics of wind variances associated with convective activity, which
is related to gravity wave generation and propagation. The analyses are intended to characterize relatively short
period disturbances of less than 12 hours and an energy propagation direction of a relatively high elevation angle,
and to relate vertical wind variations to convective activity close to the EAR. Correlation analyses between vertical
wind variations and rainfall show that the wind variances have a clear diurnal variation indicating probable effects
of tropospheric convection. They also show some intraseasonal variation. However, there are no significant
correlations with the Out-going Long-wave Radiation (OLR) anomaly. The correlations between variances at
UT and LS suggest that the UTLS coupling of vertical wind variation through upward propagation of gravity
wave is similarly evident in the afternoon during both the active and the inactive phase of OLR that is a proxy of
large-scale convective activity.
Key words: Vertical wind, gravity wave, equatorial region, tropospheric convection, rainfall.

1. Introduction
It is well known that tropospheric convection is the ma-

jor source of gravity waves in the equatorial region. A
wide spectrum of gravity waves is generated by convection
(Fovell et al., 1992; Alexander et al., 1995), and interacts
with the background atmosphere. High frequency gravity
waves propagate with high elevation angles, and transport
significant amounts of momentum flux (Alexander et al.,
2000). They transport a large amount of momentum and ki-
netic energy to the upper atmosphere, and affect its global
circulation. Alexander and Holton (1997) estimated that
about 1/4 of the zonal forcing required for the generation
of the Quasi-Biennial Oscillation (QBO) in the stratosphere
could be due to convectively-generated mesoscale gravity
waves. Therefore temporal and spatial variations of such
convectively-induced short-period gravity waves may have
a significant effect on the characteristics of wave structures
in the stratosphere.

The detection and characterization of short-period grav-
ity waves are not easy. Radiosonde observations usually
have sampling intervals of more than half a day. Satel-
lite measurements allow for the global mapping of tem-
perature in the stratosphere but have only sparse sampling
and coarse horizontal resolution, limiting the use of satel-
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lite data for the survey of large scale gravity wave charac-
teristics. Only VHF atmospheric radars can provide high-
temporal and vertical resolution wind data in the upper tro-
posphere to lower stratosphere (UTLS) region, where grav-
ity waves are excited and propagate upward, although mea-
surement locations are limited. One possible problem is
that the refractive index fluctuations causing radar returns
in this region are significantly less than in the mid- to lower-
troposphere, so data gaps may exist. This is especially true
for horizontal winds for which multiple oblique beams must
be used to derive the wind speed. Vertical winds are easier
to measure than horizontal winds since only a vertical beam
is required, where radar echo intensity is usually stronger
than in the case of oblique beams.

There has been a number of convection-induced gravity
wave observations in the UTLS in the tropics where con-
vection is expected to be a major source of gravity waves
(e.g., Tsuda et al., 1994; Dutta et al., 1999; Alexander et al.,
2000). Extensive radiosonde observations around Darwin
Australia (DAWEX) provided a detailed model calculation
of gravity wave characteristics due to convection (Alexan-
der et al., 2004). Event analyses of convection-induced
gravity waves were conducted using the Indian MST radar
(Dhaka et al., 2003). However, most of the studies were
limited to relatively short periods ranging from a few cases
to a few months. Data from the Equatorial Atmosphere
Radar (EAR) (Fukao et al., 2003), located just on the equa-
tor at a mountainous site in West Sumatra, Indonesia, have
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also been utilized in order to study gravity wave and verti-
cal wind properties (Dhaka et al., 2005; Yamamoto et al.,
2007) under the Coupling Processes in Equatorial Atmo-
sphere (CPEA) project (Fukao, 2006). Alexander et al.
(2006) made a detailed study of the vertical wind, tem-
perature and humidity in the UTLS region using the EAR,
EAR/RASS and X-band Doppler radar observations during
the first CPEA campaign in April to May 2004. Recently
Alexander et al. (2008) and Dutta et al. (2008) studied the
long-term behavior of UTLS wind variances and momen-
tum fluxes and correlations with Outgoing Long-wave Ra-
diation (OLR) derived from thermal IR channel data of geo-
stationary meteorological satellites, and with rainfall and
storm height data from the Precipitation Radar (PR) on-
board the Tropical Rainfall Measuring Mission (TRMM)
satellite. Both papers discussed relatively long-term statis-
tics such as monthly means. These studies demonstrated
that the tropospheric convection generates short term dis-
turbances in the UTLS region.

A caution should be made when using the vertical wind
variation since it may not be a direct representation of tro-
pospheric gravity waves because of the existence of various
turbulent processes in convection. In heavy convection, we
observe large variations in the troposphere, but only a part
of such variation should become freely propagating grav-
ity waves and causes the variation of vertical wind in the
stratosphere. In a minority cases, however, the “direct”
convective turbulences may reach the lower stratosphere of
17∼19 km altitudes.

In this paper, we focus our attention on the climatolog-
ical features of vertical wind variations having periods of
≤12 hours as measured by the EAR between 2003 and 2005
but mainly in 2004, and study its diurnal and intraseasonal
variations. These variations are also related to the OLR and
to time-space-averaged rain rate derived from an X-band
rain radar co-located with the EAR. In the following sec-
tions, we first describe the instruments and observation data
used for this study. Section 3 describes the statistics of ver-
tical wind variations, focusing on diurnal and intraseasonal
variations. In Section 4, we make some discussion on the
UTLS coupling based on the results in Section 3.

2. Instruments and Data Used
The location of the observation site is the EAR obser-

vatory, Kototabang (0.20◦S, 100.32◦E, 865 m ASL), west
Sumatra, Indonesia. For the present analysis, we use the
EAR, an X-band rain radar, an optical rain gauge (ORG),
and the OLR from geostationary meteorological satellites.
The EAR is a large aperture VHF radar that can measure
the UTLS winds. However, because of insufficient trans-
mitter power, there are significant data gaps especially at
14 to 16 km, and above 20 km (Alexander et al., 2008).
For a detailed explanation of the EAR, refer to Fukao et
al. (2003). The X band rain radar, located near the EAR,
is a conventional pulse radar that obtains the 2-D rain field
within a radius of 64 km. The configuration of instruments
at Kototabang is shown in Fig. 1. The actual line-of-sight
distance from the X-band rain radar to the center of the EAR
antenna is about 100 m.

The EAR vertical wind data are quality-checked with

Fig. 1. Configuration of instruments at Kototabang.

a spectral fitting process and temporal-height filtering,
and averaged over 10 minutes to reduce random noise
(Hashiguchi, private communication, 2007). The pre-
processed EAR data with 10-minute interval are first trend-
removed with a quadratic fitting each day, then used to
calculate the variance within half a day (0∼12 LT and
12∼24 LT) or 6-hour period (for an initial study of diur-
nal variation) for the height ranges of between 11 km and
13 km, and between 17 km and 19 km to study the UTLS
vertical wind variations. The EAR data sampling inter-
val is 0.15 km starting at 2.065 km. The 11∼13 km and
17∼19 km variances are calculated from the data at 3 alti-
tudes nearest to the specified altitudes (i.e., 11.065, 11.965,
and 13.015 km; 17.065, 17.965, and 19.015 km). The min-
imum acceptance rate of 50% is set in the calculation of
the variance within each half-day period as was adopted in
Alexander et al. (2008).

The OLR data of 2.5-deg grid resolution are regularly
provided by the National Oceanic and Atmospheric Ad-
ministration (NOAA). We are using the OLR anomaly data
provided by Dr. M. Wheeler, BMRC, Australia (private
communication, 2007). For a detailed explanation of the
anomaly calculation, see Wheeler and Kiladis (1999). We
use only the data averaged over 97.5◦E to 102.5◦E in longi-
tude and 2.5◦S to 2.5◦N in latitude as a proxy for the large
scale tropospheric convective environment.

The X-band radar scans the 64-km radius about every
10 minutes. We have made half-day averages of the 10-
min area-averaged rain rate at 3-km altitude above ground
level to study the diurnal variation of UTLS coupling of
wind disturbances related to local rainfall activity. For the
conversion of radar reflectivity factor (Z ) to rain rate (R),
we assume the Marshall-Palmer Z -R relation, Z = 200R1.6

(Doviak and Zrnic, 1993). Since gravity waves do not prop-
agate only in the vertical, the ORG data located just at the
EAR site may not be a good representation for compari-
son with the EAR derived UTLS wind. On the other hand,
X-band radar-based area-averaged data cover the elevation
angles within about several degrees (assuming a gravity
wave source 60-km apart with the altitude of 3∼7 km, and
11∼13-km altitudes to consider wind variation) to zenith,
so a wide spectrum of short period gravity waves are ex-
pected to be related to the EAR vertical wind data. A com-
parison between ORG-measured daily rainfall and radar-
derived daily area rainfall has been found to be consistent



T. KOZU et al.: UTLS VERTICAL WIND DISTURBANCE 537

Fig. 2. Comparison of ORG-measured daily rainfall and X-band-radar-derived area-averaged daily rainfall for about September to December, 2004.

Fig. 3. Monthly averaged daily rainfall measured by ORG at Kototabang
for 2003, 2004, and 2005.

with one another except for a “pulse-like” feature in the
ORG rainfall time series data, as shown in Fig. 2.

Rainfall occurs throughout the year in Kototabang; how-
ever, there are two mild rainy seasons, one in November
to December, and the other in March to April, as shown
in Fig. 3. In addition to the relatively mild seasonal vari-
ation, there are significant intraseasonal variations for pe-
riods of about 10 days to several tens of days due to the
passage of super cloud clusters (SCCs) and the Madden-
Julian Oscillation (MJO) (Madden and Julian, 1994). Usu-
ally such intraseasonal variations are documented by a wave
number-frequency spectrum analysis of OLR (e.g., Wheeler
and Kiladis, 1999). The time-longitude diagram of the OLR
(refer to BMRC, 2008, for an example) clearly shows the
propagation of the MJO from the Indian Ocean to the Pa-
cific. The OLR signature somewhat changes around the
longitude of 100◦E where a convective field hits the high
mountain range of West Sumatra where Kototabang is lo-
cated. Therefore, interactions between the large-scale con-
vective activity such as the MJO and local circulation may
produce complicated convective characteristics in the Ko-
totabang area. Figure 4 shows the periodogram of the OLR
anomaly around Kototabang from 1999 to 2006. The peak
around 30 to 40 days corresponds to the MJO. Considering
that the number of incoherent average is 36, the normalized
standard deviation of the spectrum is about 17%. There-

Fig. 4. Periodogram of OLR anomaly between 1999 and 2006.

fore, the peak around 10 days, which may correspond to
SCC, may also be statistically significant. To analyze the
intraseasonal variation of the UTLS vertical wind variation,
therefore, we use the 9-day low-pass-filtered OLR anomaly
throughout the following discussion.

As described by Kozu et al. (2005), Kawashima et al.
(2006), Kodama et al. (2006), and Morita et al. (2006), lo-
calized and deep convection is active during the inactive
phase of MJO, so that significant rainfall may also be ob-
served even in the inactive phase and rainfall characteris-
tics appear to be different in the MJO active and inactive
phases. Variations in rainfall characteristics have also been
found along with the phase of SCC (Shibagaki et al., 2006).
Therefore our interest is how the vertical wind disturbances
depend on the large-scale atmospheric environment repre-
sented by the OLR anomaly showing an intraseasonal vari-
ation.

3. Statistical Properties of UTLS Vertical Wind
Variance (w′2)

3.1 Outline
The wind data from the EAR suffer from data gaps, es-

pecially between 14 and 16 km (Alexander et al., 2008).
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Fig. 5. Variations of w′2s in morning (0∼12 LT) and afternoon (12∼24 LT) for altitudes at 11∼13 km and 17∼19 km, in comparison with OLR anomaly
in 2004. (a) and (b) show the latter half of 2004 for 11∼13 km and 17∼19 km, respectively, and (c) shows 9-day moving averaged w′2 data to reduce
short-term fluctuation for the entire 2004.
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Therefore we focus our attention on two height ranges: one
is the upper troposphere between 11 and 13 km, and the
other in the lower stratosphere between 17 and 19 km. It
is expected that the variance at the 11∼13 km range is di-
rectly affected by convective forcing. On the other hand,
at 17∼19 km it should be more greatly affected by grav-
ity waves mainly generated by the tropospheric convection,
although there may still be “direct” turbulence induced by
very deep convective activities.

Figure 5 illustrates the variation of 11∼13-km w′2 and
17∼19-km w′2 in the morning (0 to 12 LT) and afternoon
(12 to 24 LT) along with the OLR anomaly in 2004 ((a)
and (b) show only the latter half of 2004 for clarity). From
the upper two figures, we find that w′2 varies significantly
day-by-day. In these figures we can also see some intrasea-
sonal variation of w′2 with the period of 10 to 30 days.
To see the intraseasonal variation more clearly, we made
a 9-day moving average of w′2 and removed the short-
term variation, which is shown in Fig. 5(c) for 1 year. We
can recognize that a significant intraseasonal variation in
w′2 exists. In addition, there is a clear difference between
11∼13 km w′2 and 17∼19-km w′2 in which the former is
generally much higher, and between morning w′2 and af-
ternoon w′2 in which the latter is generally higher. This
type of diurnal variation was also shown in Alexander et
al. (2006) for which they used data between April and May
2004 only. In our case, we find similar characteristics using
a much longer database.

The correspondence between OLR anomaly and w′2 is
not clear; in some high OLR cases, i.e., convectively inac-
tive period, w′2 shows high values (e.g., around days 255
and 330, 2004). This suggests that the vertical wind vari-
ation is affected not only by large-scale convective activity
but other causes such as the local convection having shorter
periods than the intraseasonal variation of the OLR. Spec-
tral analysis of w′2 is difficult because of the frequent gaps
in the EAR vertical wind data. Therefore, we discuss the
intraseasonal variation of w′2 only qualitatively at present.
More discussion will be made in Section 3.3 by classify-
ing the active and inactive phases of large-scale convective
activity which is represented by the OLR anomaly.

3.2 Diurnal variation
Considering the result of the analysis of April to May

2004 EAR data (Alexander et al., 2006), there should be
clear diurnal variations in w′2 for other seasons as well.
First, we try to find out what is the dominant period con-
tributing to the vertical wind perturbation (w′) within a day.
Unfortunately, it is difficult to make a spectrum analysis be-
cause there are many gaps in the time series of EAR w′

data. Nevertheless, we have tried to find relatively continu-
ous half days (AM and PM) within which the length of each
data gap is equal to or less than 3 (30 minutes). After linear
interpolations to fill these gaps, we made an FFT of this data
series and made an incoherent average of the power spec-
tra for the one year period of 2004. The result is shown in
Fig. 6. The total number of the average is about 160 to 170
for the 4 spectra shown in the figure, so that the normalized
standard deviation of the spectra is about 8%. As shown in
this figure, the spectral intensities of w′ having periods of

Fig. 6. Periodograms of 12-km and 18-km w′s within half day (AM and
PM) averaged over selected “good” days in 2004.

2 hours or longer are almost flat, independent of altitude.
This indicates a wide range of turbulence and gravity waves
contributing to vertical wind variation.

We have also calculated the variance of w′ during 6 hours
with 2-hour shift and averaged over one month to examine
the outline of diurnal variation of w′2 as shown in Fig. 7.
Although the period of w′ concerned is up to 6 hours in this
analysis, it is useful to qualitatively understand the outline
of the diurnal variation of w′2. The local time in the abscissa
represents the center of the 6-hour period to obtain w′2. It
appears that before and after 12 LT, w′2 is much different.
Therefore, we present the results of the characteristics of
w′2 for AM (0∼12 LT) and PM (12∼24 LT).

Following are comparisons of morning and afternoon
vertical wind variances (w′2

AM and w′2
PM) from several

viewpoints. Figure 8 shows the cumulative distribution of
w′2

AM and w′2
PM for 2003 to 2005. The difference in mag-

nitude of w′2s between the morning and the afternoon is
clearly seen from this figure. There are about 3 to 5 times
differences in 12-km w′2 and 18-km w′2, depending on the
local time, morning or afternoon. It appears that the ratio of
18-km w′2 to 12-km w′2 is somewhat larger in the morning,
suggesting that the variation directly caused by the after-
noon convection affects the 12-km w′2 to a greater degree
than the 18-km w′2. The medians (50% value) of 12-km
w′2

AM and 12-km w′2
PM are 2.4 × 10−2 and 3.6 × 10−2,

respectively, while those of 18-km w′2
AM and 18-km w′2

PM

are 0.9 × 10−2 and 1.2 × 10−2, respectively.
To examine the relation between rainfall and vertical

wind variations, a correlation analysis is performed between
the half-day averaged area rain rate derived from the X-band
radar and w′2, the result of which is shown in Fig. 9. The
correlation is higher in the afternoon than in the morning
for both 11∼13 km w′2 and 17∼19 km w′2. However, the
correlation coefficients at the 17∼19 km range are low, and
the difference in values between AM and PM is small. We
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Fig. 7. One-month averaged diurnal variation of w′2 within 6 hours.
Center local time of the 6 hours is shifted by 2-hour step and the
diurnal variation is obtained. Upper panel: 11∼13 km. Lower panel:
17∼19 km.

suppose that this small difference is due to the fact that at
the 17∼19 km range, wind disturbances are much more af-
fected by gravity wave sources different from the local con-
vective activity in the troposphere. Nevertheless, the inter-
val estimates of the correlation coefficients shown in Fig. 9
indicate that even at the 17∼19 km range, the correlation
coefficient is clearly positive. This result suggests that the
rainfall is a potential cause of UTLS vertical wind varia-
tion, since a clear diurnal variation of rainfall at Kototabang
has already been presented (figure 4 in Kozu et al., 2006)
and is evident from Fig. 9. Note, however, that the vertical
wind fluctuations are not only caused by the turbulence due
to convective rain around the EAR. The 12-km w′2 would
also contain a large degree of wind turbulence inside and
just above the convection, not gravity waves. This may be
one of the causes of the large variability observed in the
12-km w′2

PM.
3.3 Intraseasonal variation

As mentioned above, extensive studies on the MJO re-
sponses of raindrop size distribution (Kozu et al., 2005),
vertical rain structure (Kawashima et al., 2006), lightning,

Fig. 8. Cumulative distributions of w′2 from 2003 to 2005.

and heating profile (Kodama et al., 2006) were conducted
during the CPEA campaign (April to May 2004). These re-
sults indicate that although the total rainfall amount in the
active phase is generally larger than in the inactive phase,
individual convection may be more intense in the inactive
phase. The dependence of w′2 on the OLR anomaly in 2004
is shown in Fig. 10. Generally speaking, the correlation is
so low that the OLR cannot be used as a measure of charac-
terizing w′2. However, this does not necessarily mean that
there is no “OLR” phase dependence in w′2 characteristics.
Therefore, we make an analysis of vertical wind variation
by classifying the OLR into active and inactive phases. The
active and inactive phases are defined as periods when the
OLR is lower than −10 W/m2 and higher than +10 W/m2,
respectively. This threshold was determined by referring to
the BMRC equatorial wave analysis (BMRC, 2008). Note
that “OLR active and inactive phases” defined here are sim-
ilar to “MJO active and inactive phases”, except that the
former has a shorter period (down to about 9 days) than the
MJO period.

Figure 11 shows the correlations between 12-km w′2 and
18-km w′2 for the OLR active and inactive phases between
April 2004 and March 2005. In the morning (AM; left pan-
els), the magnitudes of 12-km and 18-km w′2s are not sig-
nificantly different between the active and inactive phases
and show little correlation in both phases. In the after-
noon (PM; right panels), the magnitudes of 18-km w′2s in
the OLR active and inactive phases are similar to one an-
other, in spite of the slightly greater 12-km w′2 in the active
phase. The correlation coefficient between 12-km w′2 and
18-km w′2 is also slightly higher in the OLR inactive phase
than in the active phase.

The relation between rainfall and w′2 is also examined,
which is shown in Fig. 12 as scattergrams between the half-
day averaged area rain rate (derived from the X-band rain
radar) and w′2. Statistical t-tests are applied for individual
correlation coefficients, which indicates that the “no cor-
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Fig. 9. Correlations between area-time-averaged rain rate and w′2 in the morning (AM; left) and in the afternoon (PM; right) for 11∼13 km and
17∼19 km between April 2004 and March 2005.

Fig. 10. Correlations between OLR anomaly and w′2 in the morning (AM; left) and in the afternoon (PM; right) in 2004.

relation hypothesis” is not rejected for those in the morn-
ing (AM) of the active phase and for that in the afternoon
(PM) of the active phase at 17∼19 km. On the other hand,
in the inactive phase, correlations are statistically signifi-
cant. Slightly higher correlation coefficients in the OLR
inactive phase than in the active phase suggest that vertical
wind disturbances due to localized rainfall activity propa-
gate slightly more evidently from the UT to the LS region of
17∼19 km in the OLR inactive phase. There is also a possi-
bility that deep convection reaching the lower stratosphere
causes large wind disturbances both at the 11∼13-km and
17∼19-km altitudes especially in the inactive phase during
which the convection tends to be deeper (Kawashima et al.,
2006).

However, the difference between the active and inactive
phases in the correlations shown in Figs. 11 and 12 are

relatively small considering the large scatters seen in these
figures. Therefore, we can conclude that the disturbances
around 11∼13 km affect those around 17∼19 km similarly
in the inactive phase and the active phase, even if there is a
significant difference in rainfall characteristics between the
active and inactive phases as mentioned above.

4. Discussion
From the results shown in Section 3, the following be-

comes evident: (1) clear diurnal variation in w′2, especially
at 11∼13 km, (2) some intraseasonal variation in w′2 but not
necessarily correlated with OLR anomaly, (3) positive cor-
relation between rainfall and w′2 in the afternoon especially
at 11∼13 km (see Fig. 9), and (4) slightly higher correla-
tions between the 12-km w′2 and 18-km w′2 and between
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Fig. 11. Correlations between 12-km w′2 and 18-km w′2 for OLR active (upper panels) and inactive (lower panels) phases, in the morning (AM; left)
and in the afternoon (PM; right).

rainfall and w′2 in the OLR inactive phase than in the active
phase, especially in the afternoon.

The findings (1) and (3) are probably related to the
clear diurnal variation of rainfall activity in Kototabang, in
which afternoon convection is evident. However, it should
be noted that the diurnal variation depends on the loca-
tion around Kototabang; near the coast line, rainfall peaks
around midnight (Mori et al., 2004). Therefore, the diurnal
variation may also depend on the location.

The finding (4) is anticipated from the results of CPEA
campaign results discussed above, since we find localized,
deep convection in the MJO inactive phase. The result is
the existence of significant vertical wind variations in the
inactive phase as well as in the active phase. Slightly lower
correlations between rainfall and w′2, and between 12-km
and 18-km w′2s in the OLR active phase may be related
to the fact that widely spread organized rainfall systems
outside the X-band radar coverage cause gravity waves in
the active phase. This effect would be small in the inac-

tive phase. Although this type of “OLR-phase insensitiv-
ity” of the vertical wind variation, i.e., that w′2s are simi-
lar both in the OLR active and inactive phases, is found at
Kototabang, there may be different intraseasonal variations
over the ocean because Kodama et al. (2006) found signifi-
cant differences in atmospheric heating profile between the
MJO active and inactive phases. On flat land, where oro-
graphic effects are weak, local convections in the OLR inac-
tive phase may be insignificant, and the intraseasonal varia-
tion of vertical wind variation may also differ from those at
Kototabang. Therefore, it is anticipated that in the Maritime
continent, the characteristics of UTLS disturbances due to
convection depend on location (land and ocean), and may
exhibit different diurnal and intraseasonal variations.

5. Summary
We have performed a statistical analysis of vertical wind

variations in the UTLS region measured by the EAR at Ko-
totabang, Sumatra, between 2003 and 2005 but mainly in



T. KOZU et al.: UTLS VERTICAL WIND DISTURBANCE 543

Fig. 12. Correlations between X-band radar derived average rain rate and 11∼13 km and 17∼19 km w′2s for OLR active (upper panels) and inactive
(lower panels) phases, in the morning (AM; left) and in the afternoon (PM; right) between April 2004 and March 2005.

2004, related to X-band radar derived rain rate and OLR
anomaly, to study the gravity wave generation and prop-
agation due to convective activity. The analyses were fo-
cused on short period variations having periods shorter than
12 hours and elevation angles of energy propagation of sev-
eral degrees to near zenith (see the explanation in Section 2)
that are expected to be generated from convective activities
close to the EAR.

It was found that 12-hour- and area-averaged rain rate
is positively correlated with vertical wind variance (w′2) in
case it is in the afternoon (12–24 LT). Especially in the
11∼13 km range, a clear difference is observed between
the magnitude of w′2s in the morning (0∼12 LT) and in
the afternoon. This is consistent with the significant diur-
nal variation of rainfall activity at Kototabang (Kozu et al.,
2006), and indicates that the generation of convective grav-
ity waves should have a clear diurnal variation as far as the
Kototabang area is considered. Cumulative distributions of
w′2 indicates that the median of w′2 in the afternoon is about
3 times greater than in the morning.

Some intraseasonal variation was also found in w′2.

However, correlations between OLR anomaly and w′2 are
not significant. This suggests that local convective activities
in the OLR inactive phase around Kototabang are some-
times more intense than those in the OLR active phase.
This may also contribute to the wind variations and grav-
ity wave generation in the inactive phase as well as in the
active phase. Relating to the poor correlation between OLR
anomaly and w′2, analyses using TBB having higher spa-
tial and temporal resolutions instead of OLR may be worth
considering as a next step study. Correlations between w′2

and the area-time averaged rain rate, and between w′2s at
12 km and at 18 km again indicate that the rainfall effect
on w′2 is much clearer in the afternoon than in the morning,
and they are similar in magnitude between the OLR active
and inactive phases. However, a slightly higher correlation
is found in the OLR inactive phase than in the active phase.
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