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Abstract

Through collaboration between Japan and Indonesia, a radar observatory was established near Jakarta,
Indonesia in November 1992, where we installed a meteor wind radar (MWR) and a boundary layer
radar (BLR). Horizontal wind velocity and temperature fluctuations at 75-100 km were determined with
the MWR with time and height resolution of 1 hour and 4 km, respectively. The BLR provided three
components of wind velocity every minute in the planetary boundary layer (0.3-5 km) with a height
resolution of 100 m. In addition, by combining an acoustic transmitter, temperature profiles were also
obtained with the BLR by means of the RASS (radio acoustic sounding system) technique. Observations
with the radars have been continued over 2 years since November 1992.

Profiles of horizontal wind velocity, temperature and humidity were measured with radiosondes up to
35 km, with a height resolution of 150 m, four times a day during November 1992-April 1993 at LAPAN
in Bandung. Further, radiosonde sounding has been routinely continued once a day after October 1993.

Preliminary data analysis showed some new aspects of the equatorial atmosphere dynamics over In-
donesia, such as the structure of the tropical planetary boundary layer and the behavior of atmospheric
waves in the middle atmosphere. We report in this paper a description of the radar equipment, the current
status of observations and the fundamental characteristics of equatorial atmosphere dynamics during the
TOGA/COARE campaign.
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Fig. 1. The radar observatory in Indonesia. Three parabolic antennas for the BLR (right-bottom) and
four five-element Yagi antennas for the MWR were constructed. Loudspeakers are used for the RASS
temperature measurements. All the radar equipment except for antennas is stored in two containers.
Instruments for surface weather measurements, including the anemometer, are also installed in the

observatory.

1. Introduction

It is recognized that large year-to-year varia-
tions in cloud convection over a maritime continent
around Indonesia are closely related to the behav-
ior of an anomalous weather condition known as
El Nino. Recent studies further revealed that ac-
tive cloud convection generates various atmospheric
waves, such as Kelvin waves, mixed Rossby grav-
ity waves, atmospheric tides and gravity waves [e.g.,
Andrews et al., 1987]. The wave energy thus de-
posited is transported both vertically and horizon-
tally for a long distance.

While, tall cumulus clouds, exclusively gener-
ated near Indonesia, sometimes penetrate above the
tropopause, which transport the tropospheric air
into the stratosphere, resulting in upward flux of
various minor constituents [Holton, 1982]. Although
it has become widely recognized that the equatorial
atmosphere over Indonesia plays an important role
in global change of the earth’s atmosphere, its de-
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tailed characteristics remain unresolved, since there
are not so many accurate observations in this region
so far.

Through collaboration between Japan and In-
donesia, we proposed to observe atmosphere dy-
namics in the troposphere and middle atmosphere
over Indonesia by means of ground-based observa-
tion techniques. A radar observatory was estab-
lished in PUSPIPTEK (Indonesian National Cen-
ter for Research, Science and Technology), Serpong
(6.4°S, 106.7°E, 50 m MSL), located about 27 km
south-west of Jakarta, where we constructed a me-
teor wind radar (MWR) and a boundary layer radar
(BLR) as shown in Fig. 1. The MWR and BLR
measure wind velocity and temperature profiles in
the mesosphere (75-100 km) and lower troposphere
(0.3-5 km), respectively. In addition, radiosonde
sounding of horizontal winds, temperature and hu-
midity at 0-35 km altitude was conducted at LA-
PAN in Bandung (6.9°S, 107.6°E, 740 m MSL),
about 100 km east of the radar site.

We aim to study the characteristics of cloud con-
vections in a planetary boundary layer, genera-
tion and propagation of atmospheric waves in the
troposphere and stratosphere, and mechanisms of
wave dissipation and dynamical forcing in the meso-
sphere, which could be simultaneously observed by

NI | -El ectronic Library Service



Met eor ol ogi cal Soci ety of Japan

June 1995

T. Tsuda, S. Fukao, M. Yamamoto and et al. 395

Table 1. Basic Parameters of the Boundary Layer Radar

Parameter Value
Operating frequency 1357.5 MHz (L band)
Antenna three parabolic antennas
aperture ~3 m? (2 m in diameter)
beam width 7.6°
beam directions fixed into three directions
Transmitter three solid state amplifiers

peak power
average power

bandwidth

~1 kW (maximum)
~20 W (duty ratio 2%)(maximum)
~4 MHz(maximum) (pulse width: 0.67-2 us variable)

Table 2. Basic Parameters of the Meteor Wind Radar

Parameter Value
Operating frequency 31.57 MHz (VHF band)
Antenna TX: 5-element Yagi

RX: three 5-elements Yagi’s (interferometer)

beam directions
Transmitter

peak power

average power

bandwidth

45° off the zenith

dual solid state amplifier

~10 kW (maximum)

~0.5 kW (duty ratio 5%)(maximum)
~400 kHz(maximum) (pulse width: 10 us)

combining the BLR, radiosondes and MWR. Using
these results, we can study dynamical coupling of
different atmospheric layers due to convection and
atmospheric waves.

Intensive observations were carried out from
November 1992 to April 1993, in cooperation with
international campaigns of TOGA/COARE as well
as CADRE (Coupling and Dynamics in Regions
Equatorial) and MLTCS (Mesosphere Lower Ther-
mosphere Coupling Study) of STEP (Solar Terres-
trial Energy Program). In the following, we summa-
rize descriptions of the radars, together with prelim-
inary results of the observed atmosphere dynamics.
Note that the results of the BLR observations dur-
ing TOGA/COARE period are reported elsewhere
[Hashiguchi et al., 1995].

2. Description of equipment and observation
schedule

2.1 Boundary Layer Radar (BLR)

A small Doppler radar, named as a boundary
layer radar (BLR), was designed and constructed
by RASC for observations of the bottom part of the
atmosphere, where convection is actively generated.
The fundamental observation technique of the BLR
is the same as an MST (mesosphere-stratosphere-
troposphere) radar, operated in VHF or UHF, which
detects radiowave scattering from refractive index
fluctuations due to the effects of turbulence on hu-
midity and atmospheric stability structure. How-
ever, the operating frequency was chosen at 1,357.5
MHz in the L-band in order to keep the antenna
compact, so that the radar can easily be trans-

ported. Basic system parameters are summarized
in Table 1 [Fukao et al., 1994]. Three parabolic an-
tennas with a diameter of 2 m are pointed into the
vertical and two oblique directions aligned to the
east and north at a zenith angle of 15°.

The BLR provides three components of wind ve-
locity profiles in a height range of 0.3-5 km, depend-
ing on the atmospheric condition, with a typical
time and height resolution of 1 minute and 100 m,
respectively. By additionally combining an acoustic
transmitter, refractive index fluctuations are arti-
ficially produced whose propagation speed (sound
speed) can be measured by the BLR. Then, the
(virtual) temperature can be estimated from the
sound speed, since the former is proportional to a
square of the latter. This technique, called RASS
(radio acoustic sounding system), is useful to de-
termine rapid variations of temperature structure,
such as atmospheric stability, although the measur-
able height range was limited to about 1.5 km due
to severe attenuation of sound waves by atmospheric
turbulence.

2.2 Meteor Wind Radar (MWR)

When a meteorite impinges into the earth’s atmo-
sphere, it interacts with the atmosphere, producing
an ionized meteor trail at 70-120 km altitude, which
efficiently scatters VHF radiowaves. Since a meteor
trail drifts following the motion of ambient atmo-
sphere, radial wind velocity can be determined by
using a Doppler radar.

An MWR was constructed at Kyoto University
in 1977, and successfully continued operation for
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PUSPIPTEK/INDONESIA MWR/BLR Observations
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Fig. 2. Observation periods of the MWR and BLR in PUSPIPTEK, and radiosonde soundings at LAPAN

in Bandung (as of March 1994).

over 10 years in Shigaraki, Japan [e.g., Tsuda et al.,
1988]. It was transported to Indonesia after replac-
ing the transmitter and system-installed computers.
System parameters of the MWR are summarized in
Table 2. One and three five-element Yagi antennas
were employed for transmitting and receiving anten-
nas, respectively, where the latter compose an inter-
ferometer for accurate determination of echo arrival
angles [Nakamura et al., 1991].

A new measurement technique for temperature
perturbation was recently developed by utilizing a
relation between the decay time constant of meteor
echo intensity and ambipolar diffusion coefficient,
where the latter can further be related to the atmo-
spheric density and temperature [Tsutsumi et al.,
1994].

2.3 Observation periods

Observations with the radars can be continued au-
tomatically under the supervision of a system com-
puter without the full-time attendance of an oper-
ator, except for exchange of data tapes every 4-5
days. When electric power is somehow shut down,
the computer, driven by a backup battery (UPS),
automatically stops radar operation. After such an
eventuality, an operator needs to reboot the operat-
ing system to restart the radar. Therefore, a daily
system-check has been regularly repeated by a tech-
nician of PUSPIPTEK to report the system condi-
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tion.

Observations with the BLR and MWR were car-
ried out fairly continuously, as shown in Fig. 2, ex-
cept for several major gaps, such as in June-July,
1993 for the BLR, and in September—December,
1993 for the MWR. Some of accidents were caused
by nearby lightning. An intensive observation
campaign using the radars was carried out from
November 1992 to April 1993, cooperating with
TOGA/COARE and CADRE. Although Fig. 2
shows the observation period as up to March 20,
1994, radar operation will be continued, at least,
until the end of 1994, in order to cover one full cycle
of the QBO.

In association with radar observations, we con-
ducted radiosonde measurements of horizontal wind
velocity, temperature and humidity, with a height
resolution of 150 m, at LAPAN in Bandung. We em-
ployed a Viisala DigiCORA (MW11) sounding sys-
tem with meteorological balloons provided by TO-
TEX Co. Ltd. (type TA-1000, TX-1000 and CR-
600). Radiosondes were launched four times a day
at 5, 11, 16 and 23 LT (or 22, 4, 9 and 16 GMT) dur-
ing November 16, 1992 and April 10, 1993. Three
of the launch timings were chosen so that a balloon
could reach the tropopause during daylight hours,
where the balloon would be warmed due to solar ra-
diation [Tsuda et al., 1992]. Although the very low
temperature near the tropopause sometimes caused
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Fig. 3. Time-height variations of vertical echo power observed with the BLR at Shigaraki on June 1-2,
1992 (left) and at PUSPIPTEK, Indonesia on October 3-4, 1993 (right).

a balloon burst at night, the TX-1000 balloon nor-
mally reached above the tropopause.

Unfortunately, the soundings were stopped due
to a malfunction of a receiver on November 20-30,
1992, and from December 17 to January 11, 1993. In
total, 411 balloons were launched, where 362 (88 %)
and 293 (71 %) out of them reached 18 and 30 km,
respectively.

Besides international campaigns, we conducted
intensive observations in dry and rainy seasons in
order to study differences in the behavior of dry
and wet atmosphere in the tropics. The dry and
rainy season campaigns were successfully conducted
on October 8-15, 1993, and February 15-22, 1993,
respectively. Over 50 radiosondes were launched,
one every 3 hours from the radar site. Funda-
mental meteorological parameters were also moni-
tored on the ground with an anemometer (surface
winds), rain gauge, pyranometer (solar radiation),
net pyrradiometer (net radiation), and temperature
and humidity sensors.

Daily sounding of radiosondes was commenced by
LAPAN in Bandung, but only once a day at 7 LT
(0 GMT), from October 1993. Results of routine
radiosonde sounding collected at Singapore (1.3°S,
103.9°E) in the last few decades have clarified the
behavior of equatorial waves [e.g., Maruyama, 1994:
Sato et al.]. We hope the new data set in Bandung
will also contribute to the studies of equatorial at-
mosphere dynamics.

3. Preliminary results

3.1 Planetary boundary layer in tropics

We present in Fig. 3 typical examples of time-
height variations of echo intensity observed with the
BLR at Shigaraki, Japan, and at PUSPIPTEK, In-
donesia. Note that the large echo intensity, indi-
cated by a shaded area, corresponds to a region
of active turbulence. A regular diurnal cycle was
clearly recognized at Shigaraki for two consecutive
days, showing that a boundary layer was set-up in
the morning, and disappeared at night. The top of
the observable layer was, however, limited to 1.5—
1.8 km.

In Indonesia, a diurnal pattern was also detected
in Fig. 3, but the smaller scale variations were more
complicated [Hashiguchi et al., 1994]. A sharp rise of
the boundary layer occurred during 8-12 LT, show-
ing a maximum height above about 4 km, implying
that the boundary layer was twice as thick in the
tropics as in Shigaraki. It is noteworthy that the
largest turbulence intensity was observed at about
20 LT in Indonesia, which was not seen at Shigaraki.

Figure 4 shows an example of temperature mea-
surements with the BLR-RASS on October 10, 1993
in PUSPIPTEK, in comparison with a simultaneous
radiosonde measurement. It is noteworthy that the
RASS determines virtual temperature, T, which
was higher than atmospheric temperature, T, by
2-4 K because of the high humidity in the tropi-
cal boundary layer, as shown in Fig. 4. Comparing
the RASS profile with T, estimated from radiosonde
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Fig. 4. Measurements of temperature profile with the BLR-RASS during 02:53-03:23 LT on October 10,
1993 in Indonesia. Left: comparison of the RASS temperature determinations (cross symbol) with
atmospheric (solid line) and virtual (dotted line) temperature profiles obtained with a radiosonde
launched at 03:07 LT. Center: Difference between the RASS and radiosonde measurements of virtual
temperature, together with the standard deviation for the RASS results within 30 min. Right: the

humidity profile obtained with a radiosonde.

8—0CT—-1993 00:13 — 15-0CT-1993 23:30

0. ] ‘ ‘h\»\%f” \\. ! I 3 E

0. L

go.

Nt N /NN AL

0.4 f\wf\wl\wﬂkwhwr'\wfx L

NN AN A
Y A T AV Y

AR RRAN RERERERS RARE RARE RER

IRERARASEREAS SRS RERE RARE RARE RN

0 12 0 12 0 12 0 12 0 12 O 12 0 12 0 12 O LST

Fig. 5. Diurnal variations of virtual temperature fluctuations at 0.3-0.9 km altitude, measured with the

BLR-RASS on October 8-15, 1993.

measurements of 7' and humidity, we found that a
typical difference between the two results was about
0.5 K. The standard deviation in Fig. 4 represents
the range of T, perturbations within 30 minutes for
RASS measurements.

Since the vertical gradient of T, is a direct mea-
sure of atmospheric stability, the RASS measure-
ment is useful in investigating the characteristics
of convection. In fact, the Brunt-Vaisala frequency
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squared at about 0.5 km, that was derived from the
gradient of 7T, observed with the RASS (not pre-
sented here), became nearly zero during daytime,
indicating that the atmosphere was convectively un-
stable due to intense solar heat input.

Time variations of temperature fluctuations were
detected with the BLR-RASS, as plotted in Fig.
5, which were almost in-phase at 0.3-0.9 km alti-
tudes. The temperature rapidly increased at 9-13
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Fig. 7. Fluctuating components of the eastward winds, after processing with a high-pass filter with a
cutoff of 4 days, observed with radiosondes during January 12 and February 25, 1993. Note that a

darkly shaded area indicates positive deviations.

LT, reached a maximum at around 14 LT, sharply
dropped by 18 LT, then gradually decreased at
night. The maximum temperature difference in the
diurnal variation was as large as 10 K at 0.3 km,
and decreased to 6 K at 0.8 km.

3.2 Atmospheric waves observed with radiosondes

Analyzing profiles of wind velocity and tempera-
ture fluctuations observed with radiosondes during
November 1992 and April 1993, we study here the
characteristics of atmospheric waves in the tropo-
sphere and lower stratosphere. Figure 6 shows a
contour plot of low-pass filtered zonal winds, with a
cut-off period at 4 days, together with relative hu-
midity. Note that the tropopause was located at
about 17 km.

In Fig. 6, we could detect a variety of wave activ-
ities in both the troposphere and stratosphere. In
January-February 1993, a fairly long period oscil-
lation seemed to be dominant below about 10 km.
Since the duration of the observation was not long
enough, we applied a least-square fitting to the time
variations of zonal winds at each altitude, and de-
tected an oscillation with a period of about 27 days.
The amplitudes of the oscillation decreased with
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time during Days 20-60 in Fig. 6. It is notewor-
thy that the relative humidity profile, which seems
to represent the cloud activity, also included a long-
period variation, with periods similar to those found
in the zonal winds. These phenomena could be a
manifestation of a 30-60 day oscillation in the trop-
ical troposphere, although we need further analysis
before reaching a conclusion.

Above about 15 km, phase progression of the
zonal wind perturbations became evident in Fig. 6,
with the phase velocity being faster above about
20 km. We also analyzed wind fluctuations in the
meridional winds and temperature, and found that
the oscillation in the stratosphere could be inter-
preted as an equatorial Kelvin wave with periods
of 10-20 days. The 20-day wave was greatly en-
hanced in a narrow height range at 15-20 km near
the tropopause, which was also detected during an
earlier radiosonde campaign [Tsuda et al., 1994a).
The dominant wave period became as short as about
10 days above 20 km. It is noteworthy that the
amplitudes of Kelvin waves became smaller after
days 60 in Fig. 6, which seemed to correlate with
time variation of the zonal wind perturbations be-
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Fig. 8. Eastward (top) and northward (bottom) components of the 10-day mean winds observed with
the MWR in Indonesia from November 1992 to August 1993.

low about 10 km, suggesting that the excitation of
Kelvin waves is closely related to tropospheric con-
vection [e.g., Salby and Garcia, 1987].

We further found that the Kelvin waves also
produced large temperature fluctuations near the
tropopause, causing periodic variations in both the
tropopause height and minimum temperature. Since
the exchange of air between troposphere and strato-
sphere is largely affected by the tropopause struc-
ture, it can be considered that the Kelvin wave
activity could modulate the upward flux of minor

constituents in the equatorial region [Tsuda et al.,
1994a).

Short-period fluctuations in the zonal winds were
also extracted, as seen in Fig. 7, by applying a high-
pass filter with a cut-off of 4 days on time series,
considering that the Coriolis period at the site is
99.9 hours (4.16 days). Perturbations in the strato-
sphere were clearly characterized by a downward
phase progression with vertical scales of 2-5 km, be-
ing consistent with the behavior of upward energy-
propagating gravity waves. In the troposphere, both
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Fig. 9. Frequency spectra of zonal (solid line) and meridional wind velocity (dashed line) observed with
the MWR during November 1992 to February 1993.

upward and downward propagation coexisted, show-
ing complicated structures. These results imply that
the gravity waves were generated in the troposphere,
probably due to active convection [Tsuda et al.,
1994b).

3.8 Mesosphere dynamics observed with the MWR
We here describe the behavior of atmospheric
waves in the mesosphere, where wave dissipation
becomes significant, resulting in the deposition of
dynamical energy to background mean flow.
Horizontal winds observed with the MWR at 75—
100 km were averaged every 10 days, the effects of
atmospheric tides being removed beforehand. Mean
zonal wind, shown in Fig. 8, was generally westward
for about three months around equinoxes, and was
reversed to eastward in solstices, showing the char-
acteristics of a semi-annual oscillation evident in the
equatorial mesosphere. The maximum amplitudes
of the westward wind were, however, larger than
60 m/s in March—April, but were less than 40 m/s in
September—October, showing a clear difference be-
tween the first and second half of a year cycle.
Mean meridional winds were as small as 10 m/s,
with a maximum occurring in December—January,
and were generally directed from the summer to
the winter hemisphere, although an irregular pat-
tern appeared in December 1993.
The wind fields in the mesosphere are generally
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characterized as various waves, such as an equa-
torial wave, atmospheric tides and gravity waves,
superposing each other with similar amplitudes.
Moreover, the amplitudes of these waves grow large
enough to be comparable to the background mean
winds.

Figure 9 shows frequency spectra of zonal and
meridional winds observed with the MWR from
November 1992 to February 1993. The spectral den-
sity for wave periods longer than about 10 days was
larger for the zonal component. There existed sev-
eral peaks in a wave period range from 3 to 10 days
for both zonal and meridional components. Spec-
tral peaks at 24 and 12 hr, corresponding to diurnal
and semidiurnal atmospheric tides, were conspicu-
ous, with slightly larger amplitudes for the merid-
ional component. The spectral slope was negative
for wave periods shorter than 1 day, reflecting the
characteristics of gravity waves.

One of peculiar phenomena among mesospheric
waves is a two-day oscillation in December 1992,
which showed a clear spectral peak in Fig. 9 for the
meridional component. In Fig. 10 we present varia-
tions of the two-day oscillation at 86—-94 km observed
in December 1992, after processing with a band-
pass filter. Although the meridional component had
larger amplitudes, the zonal one also showed a cor-
responding perturbation. Downward phase progres-
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Fig. 10. Band-pass-filtered (40-60 hours) fluctuations of eastward (solid line) and northward (dotted
line) wind velocity at 86, 90 and 94 km altitudes observed with the MWR in December 1992.

sion was generally detected for both components.
However, phase relations between zonal and merid-
ional components were rather irregular, such that
they showed in-phase, and out-of-phase as well as
quadrature phase lags. The global feature of the
wave should be investigated by utilizing a coordi-
nated network of radar stations.

We examined profiles of diurnal tidal winds, com-
bining radiosonde and MWR measurements from
November 1992 to April 1993. A 24-hour oscilla-
tion was detected at 0-35 km, by fitting a sinu-
soidal curve to the entire time series of both the
zonal and meridional wind velocity observed every
6 hours with radiosondes. Tidal amplitudes and
phases were determined by using MWR observations
at 75-100 km. The results are simultaneously plot-
ted in Fig. 11, together with a numerical prediction
by Forbes [1982].

Note that the model assumes only migrating tides.
Although considerable deviations may be found,
the overall structure of the observed profiles above
about 20 km agreed quite well with the model, show-
ing a rapid increase in amplitudes from stratosphere
to mesosphere, and a vertical wavelength of 25-
30 km. However, disagreements appeared below
20 km, showing significantly larger amplitudes and
complicated phase structures, which seem to be at-
tributable to local (or non-migrating) tides [Tsuda
and Kato, 1989).

4. Concluding remarks

We constructed a BLR and MWR in a newly es-
tablished radar observatory near Jakarta, Indone-
sia, as a collaborative project between RASC, BPPT
and LAPAN. The BLR and MWR have been con-
tinuously measuring wind velocity and temperature
in the planetary boundary layer (0.3-5 km) and
the mesosphere (70-100 km), respectively, over two
years since November 1992. In addition, radiosonde
sounding of horizontal winds, temperature and hu-
midity was carried out four times a day during the
TOGA/COARE period at LAPAN in Bandung.

Preliminary data analysis clarified interesting
characteristics of the equatorial atmosphere dynam-
ics over Indonesia, as summarized in the following.

1. Investigating some typical examples of time-
height variations of echo intensity detected by
the BLR, we found that the maximum height of
the planetary boundary layer over the radar site
in Indonesia exceeded 4 km, which was about
twice as high as at Shigaraki.

Detailed diurnal variations of the temperature
profile at 0.3-0.9 km in the planetary boundary
layer were observed with the BLR-RASS.

Radiosonde measurements clarified the charac-
teristics of various atmospheric waves, such as
gravity waves, Kelvin waves and other long-
period oscillations. Zonal winds in the tropo-
sphere involved a fairly long-period oscillation
(about 27 days), showing a correlation between
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Fig. 11. Mean profiles of amplitudes and phases of diurnal tides observed from November 1992 to
April 1993 at 0-35 km and 75-100 km with radiosondes and the MWR, respectively. Eastward and
northward components are shown in the left- and right-hand panels, respectively. Lines with square
and circular symbols correspond to a numerical model in March and December at 6°S [Forbes, 1982].
its amplitudes and time variation of relative hu- the phase relation between the zonal and merid-
midity. Kelvin waves with periods of 20 and 10 ional winds was rather irregular.
days became evident near the tropopause and ) 3 .
lov)v’er stratosphere, respectively. pop 7. Propagation of diurnal tides was determined at
’ ' 0-35 km and 75-100 km by means of radiosonde
4. Gravity waves with typical wavelength of 2- and MWR observations, respectively, showing
5 km were detected both in the troposphere and a relatively good agreement with a numerical
lower stratosphere. Phase progression indicated model above 25 km. However, effects due to
that most of the waves showed upward energy non-migrating tides can be anticipated in the
propagation in the stratosphere, suggesting the troposphere.
eneration of ity waves in the tro he . . .
(glue to acti\j)e cg(:iziaciignve ! pospaere An international cooperation of radar stations is
) important to depict globals feature of the middle-
5. In the mesosphere, mean winds were deter- atmosphere dynamics. The new radar observatory
mined from MWR observations, where the in Indonesia is useful in interpolating a meridional
zonal wind was affected by a semi-annual os-  chain between Shigaraki, Japan (35°N, 136°E) and
cillation. The meridional wind normally blew Adelaide, Australia (35°S, 136°E), which are located
from the summer to the winter hemisphere. almost exactly on conjugate points relative to the
equator [Vincent et al., 1988]. Moreover, longitudi-
6. An eve.nt of two-day wave enhancement OC- nal variations of the equatorial atmosphere can be
curred in Decemt‘)e.r 1992, with larger ampli-  jpvestigated by comparing results obtained by an-
tudes for the meridional component. However,  other radar on Christmas Island in the central Pa-
cific (2°N, 158°W). Thus, observations in Indonesia,
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located at a cross point between the latitudinal and
longitudinal coordination, are very valuable. Long-
term operation of radars in PUSPIPTEK is there-
fore highly desirable.
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