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periods of 1 to 100 days and Fig. 8 (b) plots
those with periods of 0.5 to 12 hours. As is
evident from Fig. 8 (a), waves having a period
of about one day or more attenuate quickly at
altitudes above 100 km, and do not exist at
150 km or higher. Conversely, the amplitudes

of waves having periods of 0.5 to 3 hours (Fig.
8 (b)) increases with altitude, and the waves
can propagate up to 400 km as described
below. Based on the simulation data for one
year obtained at 2.8° N and longitude 0° to
360° , Fig. 9 shows how the amplitudes of

Fig.9 Power spectra of atmospheric waves at 2.8°N having periods longer than 2 days as
obtained from numerical simulation data spanning one year［13］
The peaks near zero frequency are due to the seasonal and yearly changes in waves. 
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westward-propagating PW (negative frequen-
cy) having periods longer than 2 days and
those of eastward-propagating Kelvin waves
(positive frequency) attenuate with altitude.
As described above, waves having periods of
2 to 20 days attenuate at 125 km or higher, but
several wave components exist at up to 125
km. Particularly prominent are Kelvin waves
having an east-west wave number (K) of 1 to
3 and a period of 2 days, and PW having a K
of 1 and a period of 6 days. Other waves pre-
sent include PW having a K of 2 and a period
of 4 days, PW having a K of 1 and periods of

5, 10, and 16 days, and PW having a K of 3 to
4 and a period of 2 to 2.5 days. Figure 7 shows
the waves having periods of 2.5, 5, 8, 14, and
25 days. These periods are partially consistent
with the simulation results in Fig. 9. More-
over, it is also pointed out that PW having a
periods longer than 2 days modulate the equa-
torial mesosphere and thermosphere［10］［11］. 

We note that the simulation data at alti-
tudes of 150 to 350 km in March reveal that
east-west winds at altitudes above 200 km
over Kototabang are eastward (with a maxi-
mum wind velocity of about 80 m/s around

Fig.10 Cross section of longitudes and altitudes of east-west winds (with periods of 1 to 4 hours)
every 40 minutes as obtained from numerical simulation data on March 21［13］
The solid lines (broken lines) are eastward.  The vertical broken line indicates the longitude of Kototabang.
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midnight) during the nighttime from sunset to
sunrise due to diurnal tide, and westward at 80
m/s maximum during the daytime [see 13 in
detail]. The eastward wind at around sunset
plays an important role in increasing the east-
ward electric field in the equatorial F layer,
which triggers the generation of plasma bub-
bles［19］.

In Fig. 8 (b), it was pointed out that the
higher the altitude, the more important the
short-period AGW with periods of 0.5 to 12
hours. In particular, AGW with periods of 1 to
4 hours are used to examine east-west winds
that appear in the sky near Kototabang

(0.4° N). Figure 10 shows the temporal
changes every 40 minutes in east-west winds
at 10:40 to 16:00 UT (17:40 to 23:00 LT at
Kototabang) as based on simulation data from
March 21. Each figure plots the contours of
wind velocity by using the east longitude and
altitude coordinates, with the solid lines repre-
senting eastward winds and the broken lines
westward winds. At altitudes of 120 to 300
km, the regions of eastward and westward
winds are both 300 to 1,000 km in the longitu-
dinal direction, and have scales of 30 to 100
km in the altitudinal direction. Moreover, both
regions generally move eastward at about 100

Fig.11 (a) Distribution of 135.6 nm airglow observed by the IMAGE satellite, and (b) geomag-
netic-conjugate plasma bubbles photographed by an all-sky camera at Shigaraki,
Japan, and by one in (c) Darwin, Australia［9］
The circle in white line represents the field of view of the all-sky cameras at both Shigaraki and Darwin.
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m/s while changing shape, and almost agree
with temporal changes in east-west winds in
the sky above Kototabang as mentioned
above. The wind velocity in each region also
changes with time and reaches a maximum of
about 100 m/s. The wave structure at altitudes
of 120 km or higher (as shown in Fig. 10) is
mainly due to ion drag and molecular viscosi-
ty, which also affect the upward propagation
of PW in the thermosphere. 

Figure 11 shows multiple geomagnetic-
conjugate plasma bubbles, separated east-west
between each other by 200 to 250 km, appear-
ing within corrugated structures of F layer
electron density. The structures have east-west
scales of several hundred to 1,000 km and
move eastward at about 100 m/s［8］［9］, which
supports the simulation results shown in Fig.
10. As described at the beginning of this
paper, many researchers have pointed out that
AGW propagating through the equatorial ther-
mosphere are related to the generation of bub-
bles and to wavy structure at the bottom of the
F layer (see［2］–［7］,［20］).

5  Summary

This paper briefly discussed equatorial
ionospheric disturbances based on long-term
observation of the GPS scintillation phenome-
non and numerical simulation. As described at
the beginning, most of the contents covered
here have already been reported in journals,
and the text given here is a simple review of
those papers. The main results are as follows:

(1) The generation of scintillation above
Kototabang is closely related to the
presence of equatorial plasma bubbles,
and scintillation observation is an
effective means of elucidating the bub-
ble phenomenon.  Scintillation activity
since 2003 has been declining with a
decline in solar activity. Such activity
is asymmetric between the spring and
autumn. These characteristics agree
with the characteristics of plasma bub-
bles observed, for example, by satel-
lites.

(2) Scintillation occurs mainly between
20:00 and 01:00 LT, but its possible
occurrence changes day by day. As a
result of wavelet analysis of the long-
term S4 index, the generation of scintil-
lation is found to be related to PW
propagating from the bottom layer and
having periods longer than 2 days. This
fact is also supported by wavelet analy-
sis of Tbb, an index of equatorial tro-
pospheric disturbance. 

(3) As a result of numerical simulations
using the KUGCM to determine the
characteristics of atmospheric waves in
the thermosphere near the equator, it is
found that long-period PW and Kelvin
waves do not propagate to an altitude
higher than 120 km, but short-period
AGW exist even at altitudes higher
than 120 km. AGW form a structure of
east-west winds having a scale of 100
to 1,000 km and moving eastward at
about 100 m/s. The behavior of such
east-west winds is presumably closely
related to the generation of bubbles
around sunset and their eastward
movement after generation.

(4) As described above, PW and Kelvin
waves cannot propagate to altitudes
where bubbles are present. Supposing
that electrical fields generated at alti-
tudes of the E layer by these atmos-
pheric waves are transported to alti-
tudes of the F layer along the geomag-
netic field line, the effect of PW and
Kelvin waves appears in scintillation
activity (bubbles). 

As such, it is considered beyond doubt that
AGW and PW propagating from the bottom
layer are related to the electrodynamic process
of the equatorial ionosphere, but more
research is needed regarding the detailed inter-
action process between neutral atmospheric
waves and plasma, and for elucidating the
triggering process in bubble generation by
AGW, along with other issues. Moreover, it
will become important in the future to conduct
simulations that fuse the neutral atmosphere
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