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Abstract

We conducted geomagnetically conjugate observations of 630-nm airglow for a midnight brightness wave (MBW)
at Kototabang, Indonesia [geomagnetic latitude (MLAT): 10.0°S], and Chiang Mai, Thailand (MLAT: 8.9°N), which are
geomagnetically conjugate points at low latitudes. An airglow enhancement that was considered to be an MBW
was observed in Ol (630-nm) airglow images at Kototabang around local midnight from 2240 to 2430 LT on February
7,2011.This MBW propagated south-southwestward, which is geomagnetically poleward, at a velocity of 290 m/s.
However, a similar wave was not observed in the 630-nm airglow images at Chiang Mai. This is the first evidence of
an MBW that does not have geomagnetic conjugacy, which also implies generation of MBW only in one side of the
hemisphere from the equator. We simultaneously observed thermospheric neutral winds observed by a co-located
Fabry—Perot interferometer at Kototabang. The observed meridional winds turned from northward (geomagneti-
cally equatorward) to southward (geomagnetically poleward) just before the wave was observed. This indicates that
the observed MBW was generated by the poleward winds which push ionospheric plasma down along geomag-
netic field lines, thereby increasing the 630-nm airglow intensity. The bottomside ionospheric heights observed by
ionosondes rapidly decreased at Kototabang and slightly increased at Chiang Mai. We suggest that the polarization
electric field inside the observed MBW is projected to the northern hemisphere, causing the small height increase
observed at Chiang Mai. This implies that electromagnetic coupling between hemispheres can occur even though
the original disturbance is caused purely by the neutral wind.

Introduction

OI (630-nm) airglow imaging has been widely used to
observe ionospheric disturbances since the develop-
ment of highly sensitive back-illuminated cooled charge-
coupled devices (CCDs). The 630-nm airglow emission
layer is located at altitudes of ~200-300 km at the bot-
tom of the ionospheric F region. The dominant process
of the 630-nm airglow emission is the chemical reaction
of oxygen ions (O1) with molecular oxygen (O») (e.g.,
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Sobral et al. 1993). The airglow intensity is proportional
to the product of the densities of O and O,. Because the
O density is almost the same as the electron density in
the F region, 630-nm airglow is a sensitive indicator of
F-region plasma density. The 630-nm airglow intensity
increases when the F-region height decreases, because
the O™ reacts with high-density O at lower altitudes.
Thus, 630-nm airglow is also sensitive to F-region height
variations.

Brightness waves are a phenomenon in which a region
of 630-nm airglow enhancement propagates in the
meridional directions at low latitudes. Thus, the bright-
ness waves are a type of large-scale traveling ionospheric
disturbances (LSTIDs) which have a horizontal scale
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size of more than 1000 km (e.g., Hunsucker 1982). The
first observations of a brightness wave were recorded
by Greenspan (1966) and Nelson and Cogger (1971) in
the American longitudinal sector. Colerico et al. (1996)
observed several brightness wave events by using an all-
sky imager at Arequipa, Peru. Brightness waves were
observed in the pre-midnight sector (~20-22 LT) and
midnight sector (~23-01 LT). The earlier brightness
wave in that observation propagated northward (equa-
torward) and the later brightness wave propagated south-
ward (poleward), typically as a single pulse of 630-nm
airglow enhancement. They called these waves the pre-
midnight brightness wave (PMBW) and the midnight
brightness wave (MBW), respectively. For these bright-
ness wave events, they observed thermospheric neutral
winds and temperature by a Fabry—Perot interferometer
(FPI) and ionospheric heights by an ionosonde. For each
instance, the FPI data showed a local minimum in zonal
wind and a reversal in meridional winds, from equa-
torward to poleward, and the ionosonde data showed
a height decrease in the F region. The observed neutral
temperature showed a local maximum which is consid-
ered to be the midnight temperature maximum (MTM)
(e.g., Mayr et al. 1979). The MTM tends to have larger
amplitude during the local summer months (e.g., Mar-
tinis et al. 2013). Colerico et al. (1996) suggested that a
pressure bulge accompanying the MTM reverses the
meridional winds from equatorward to poleward; there-
fore, the poleward winds move the F region to lower alti-
tudes along the geomagnetic field, enhancing the 630-nm
airglow intensity as the MBW. The other MBW observa-
tions were conducted at Arecibo, Puerto Rico (Mendillo
et al. 1997), and Shigaraki, Japan (Otsuka et al. 2003). The
characteristics of these observed MBWs were similar to
those reported by Colerico et al. (1996). However, the
apparent phase velocity of the MBW observed in Japan
(~500 m/s) was larger than that observed in Peru (~250-
350 m/s) and Puerto Rico (~300 m/s). If the MTM pres-
sure bulge generates MBWs, the MBWs can be launched
toward both the northern and southern hemispheres. If
the MBWs are purely neutral phenomena, there would
be no geomagnetic conjugacy of the ionospheric and
thermospheric signatures associated with the MBWs.
However, there have been no attempts to make simulta-
neous observations of MBWs at northern and southern
hemispheres.

Since 1998, the Solar-Terrestrial Environment Labo-
ratory (STEL) [currently the Institute for Space-Earth
Environmental Research (ISEE)] at Nagoya University
has developed a series of all-sky airglow imagers as the
Optical Mesosphere Thermosphere Images (OMTIs)
(Shiokawa et al. 1999, 2009). Recent airglow observations
have been used to investigate nighttime medium-scale
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traveling ionospheric disturbances (MSTIDs) from low to
high latitudes (e.g., Fukushima et al. 2012; Shiokawa et al.
2012a) and plasma bubbles at equatorial and middle lati-
tudes (e.g., Shiokawa et al. 2004; Fukushima et al. 2015).
Otsuka et al. (2002, 2004) conducted nighttime airglow
observations with all-sky imagers at middle-latitude geo-
magnetically conjugate points in Japan and Australia for
plasma bubbles and MSTIDs, respectively. They found
that the plasma bubbles and nighttime MSTIDs had sym-
metrical structures in both hemispheres and were con-
nected by geomagnetic field lines. These observations
indicate that the electric fields in the F region play an
important role in creating the observed ionospheric dis-
turbances. In contrast, this type of conjugate observation
has not been conducted for the MBWss.

In this paper, we investigate the geomagnetic conjugacy
of a MBW by using nighttime 630-nm airglow observa-
tions at two geomagnetically conjugate points at low
latitudes. These are the first observations of MBW at geo-
magnetically conjugate points. We also investigate vari-
ations in thermospheric neutral winds and ionospheric
heights accompanying the MBW, using an FPI and iono-
sondes at each conjugate point, to investigate geomag-
netic conjugacy of the ionospheric and thermospheric
signatures associated with the MBW.

Observations

We observed nighttime 630-nm airglow by using a highly
sensitive all-sky imager (#13) at Kototabang, Indonesia
[geographic latitude (GLAT): 0.2°S; geographic longitude
(GLON): 100.3°E; and geomagnetic latitude (MLAT):
10.0°S]. The location of Kototabang is shown by the red
point in Fig. 1. The local time of Kototabang is 7 h ahead
of UT. Imager #13 is one of the OMTIs operated by
STEL/ISEE (Shiokawa et al. 1999, 2009). The imager uses
a cooled CCD camera which is cooled to a temperature
of less than —50 °C. To observe thermospheric and iono-
spheric structures, we used an interference filter with a
bandwidth of 1.57 nm to admit 630.0-nm (OI) emis-
sions. The 630-nm airglow images were obtained with
an exposure time of 165 s and a time resolution of 330 s
at a spatial resolution of 512 x 512 CCD pixels, giving a
minimum spatial resolution of less than 2 km around the
zenith of the images.

Airglow observation was also conducted in Chiang
Mai, Thailand (GLAT: 18.8°N; GLON: 98.9°E; and MLAT:
8.9°N). The location of Chiang Mai is shown by the blue
point in Fig. 1. The local time of Chiang Mai is 7 h ahead
of UT. The geomagnetically conjugate point of Kotota-
bang, calculated by using the International Geomagnetic
Reference Field (IGRF) (Finlay et al. 2010), is located ~
3° south of Chiang Mai, as shown in Fig. 1. The Chiang
Mai airglow imager is operated by the National Institute
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Fig. 1 Location of Kototabang (KTB) and Chiang Mai (CMU). The
geomagnetically conjugate point of Kototabang is shown by the
black dot. The circles show the field of view of the all-sky imagers at
KTB and CMU

of Information and Communications Technology (NICT)
under the Southeast Asia Low-latitude Ionospheric Net-
work (SEALION) project (Yamamoto et al. 2002; Kubota
et al. 2009). The 630-nm airglow images at Chiang Mai
were obtained with an exposure time of 45 s and a time
resolution of 360 s at a spatial resolution of 512 x 512
CCD pixels.

Due to the tropical climate in both Kototabang and
Chiang Mai, it is very difficult to obtain simultaneous
clear-sky nights from these pair stations. Particularly,
the clear-sky rate of Kototabang is less than 10% of the
whole observation interval. Thus, the present event is a
unique event that we have clear skies at both stations and
observe an MBW.

Figure 2a—d and e-h shows the 630-nm all-sky images
acquired by the imagers at Kototabang and Chiang Mai,
respectively, from 1602 to 1732 UT (from 2302 to 0032
LT) on February 7, 2011. The radius of the field of view
of the imager is ~500 km assuming an airglow height of
250 km, and this is shown by black circles in Fig. 1. As
shown in Fig. 2b, c, the airglow intensity is increased from
1632 to 1702 UT at Kototabang. However, such enhance-
ment was not seen in the images of Chiang Mai, as shown
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in Fig. 2e—h. The enhanced airglow in the eastern and
southern edges in Fig. 2e—h is caused by city lights, which
come from the eastern edge and are reflected by the
dome of the co-located FPI at the southern edge.

Figure 3a—h shows the 630-nm airglow images at Koto-
tabang; the coordinates are converted into geographic
coordinates from all-sky coordinates. For the coordinate
conversion, we assume that the 630-nm airglow emission
layer is located at an altitude of 250 km. Note that, in the
figure, left is west and up is north, which is zonally oppo-
site to Fig. 2. The airglow intensity is represented as the
absolute value in units of Rayleigh (R), which is obtained
by subtracting the background continuum emission
measured at a wavelength of 572.5 nm (Shiokawa et al.
2000, 2009). Between 1548 and 1618 UT, the airglow
intensity in the northeast of Kototabang (longitudes of
100-105°E and latitudes of 1°S—3°N) increased to ~400
R. Then, a wave structure with a phase front elongated
from west-northwest (WNW) to east-southeast (ESE)
was seen between 1632 and 1718 UT. This enhanced air-
glow structure is identified as an MBW because it propa-
gated geomagnetically poleward only once, at around
local midnight (e.g., Colerico et al. 1996). This MBW
appeared to propagate from the zenith to the southwest-
ern edge of the images. The airglow intensity inside the
MBW was 200-600 R.

Figure 4a—h shows the 630-nm airglow images at Chi-
ang Mai, with geographic coordinates converted from
all-sky coordinates. The format is the same as in Fig. 3,
although the airglow intensity is represented as the raw
CCD counts because the absolute intensity could not
be calculated for the data from Chiang Mai due to city-
light contamination, as described below. The high airglow
intensity in the eastern and southern edges of the images
is due to the city-light contamination. The airglow inten-
sity was less than 20,000 counts and was stable in the
eight panels of Fig. 4, with no discernible wave structures.

In Fig. 4 we could not estimate the absolute intensity
of 630-nm airglow. To calculate the absolute intensity,
we need to subtract the background continuum emis-
sion which is measured at a wavelength of 572.5 nm. This
procedure contains an assumption that the intensity of
background continuum emission including city lights is
the same at 572.5 and at 630.0 nm. However, at Chiang
Mai, the subtraction of background continuum emission
resulted in negative value of 630.0-nm airglow inten-
sity. This fact suggests that the assumption of the same
intensity of background continuum emission at 572.5
and 630.0 nm may be not correct. If contamination of
scattered city lights contributes to the background con-
tinuum emission, this spectral dependence would occur
above Chiang Mai. Since we do not measure the intensity
of background continuum emission at wavelengths near
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Fig. 2 All-sky images obtained by airglow imagers at a—d Kototabang and e-h Chiang Mai from 1602 to 1732 UT on February 7, 2011. Up is geo-
graphic north and left is geographic east in each image
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Fig. 3 Two-dimensional 630-nm airglow images from 1548 to 1732 UT on February 7, 2011, at Kototabang represented as absolute airglow inten-
sity (R). These images are converted from all-sky coordinates to geographic coordinates
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Fig. 4 Two-dimensional 630-nm airglow images from 1550 to 1732 UT on February 7, 2011, at Chiang Mai represented as raw CCD counts. These
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630.0 nm, we could not estimate the absolute intensity of
the 630.0-nm airglow emission. Because the output count
of CCD is proportional to the 630.0-nm airglow intensity,
and because the read-out noise of the CCD is less than 10
counts (rms), which corresponds to the 630.0-nm inten-
sity of less than 0.3 R, we can identify variations of 630-
nm airglow intensity of more than 0.3 R in the imager in
Chiang Mai from these raw count images in Fig. 4. Thus,
we conclude that there are no discernible wave structures
at Chiang Mai in the plotted interval.

To estimate the observed wave velocity, we took zonal
and meridional cross sections (keograms) of the 630-nm
airglow images at a fixed latitude and longitude where the
wave was clearly seen. Figure 5a, b shows meridional and
zonal keograms, respectively, of Kototabang at a longi-
tude of 97.0°E and a latitude of 3.0°S (defined as point A)
on February 7, 2011. A southward-moving structure with
intensities of 200—600 R was seen from 1540 to 1730 UT
(Fig. 5a), indicating the passage of an MBW. This MBW
structure also moved slightly westward (Fig. 5b). This can
be attributed to the slightly tilted phase front of MBW
elongated from west-northwest (WNW) to east-south-
east (ESE), as shown in Fig. 3. From these keograms and
images, we conclude that the propagation direction of the
wave was south-southwestward. The horizontal velocity
of the MBW was ~290 m/s. The north—south scale size of
this MBW seems to be more than 1000 km.

Figure 6a, b shows meridional and zonal keograms,
respectively, of Chiang Mai at a longitude of 96.6°E and
a latitude of 18.9°N on February 7, 2011. These latitude
and longitude are the conjugate of point A. Note that the
airglow intensity is represented as the raw CCD counts,
as in Fig. 4. The moving structures are not seen in Fig. 6a,
b, indicating that the conjugate MBW was not observed
at Chiang Mai on this night. The airglow intensity above
101°E in Fig. 6b is more than 10,000 counts due to the
city light.

At Kototabang and Chiang Mai, thermospheric neu-
tral winds have been observed by co-located FPIs
since 2010. These FPIs (FP03 in Kototabang and FP02
in Chiang Mai) are also a part of the OMTIs operated
by STEL/ISEE (Shiokawa et al. 2012b). These FPIs use
a 70-mm-diameter etalon, an interference filter that
admits the 630-nm wavelength with a bandwidth of
2.5 nm, and a CCD water-cooled to a temperature of
—80 °C. There is a sky scanner on top of the FPI, which
sequentially scans north, south, east, and west with an
exposure time of 3.5 min for each direction. We meas-
ure the meridional (zonal) wind velocity in the thermo-
sphere by measuring the difference in the Doppler shift
of the 630-nm airglow emission line through interfer-
ence fringes between north and south (east and west).
The time resolution for obtaining a meridional and
zonal wind vector is 15 min.
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Fig. 5 The 630-nm a meridional and b zonal keograms represented
as absolute airglow intensity, averages and standard deviations of ¢
northward and d eastward neutral wind velocities observed by an
FPI, e virtual heights at a frequency of 2 MHz (h’'F) and f F2-region
critical frequency (foF2) observed by an ionosonde, at Kototabang on
February 7,2011

Figure 5c, d shows the northward and eastward ther-
mospheric wind velocities, respectively, observed by the
FPI at Kototabang on February 7, 2011. Unfortunately,
the FPI operation at Chiang Mai was stopped on this
night. The mean values measured from ten fringes of
the Kototabang data are plotted with error bars show-
ing standard deviations. The error bars before 1530 UT
are significantly large, because the airglow intensity was
weak before 1530 UT. Both eastward and northward
wind velocities are determined with small error bars
after 1530 UT. The northward wind velocity started to
decrease and turned southward after 1530 UT in Fig. 5c.
The southward wind velocity reached a maximum of ~
50 m/s between 1650 and 1720 UT when the MBW

7 February 2011 Chiang Mai
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Count
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Universal Time (h)
Fig. 6 The 630-nm a meridional and b zonal keograms represented
as raw CCD counts, € h'F and d f,F, observed by an ionosonde, at
Chiang Mai on February 7,2011

was observed in the 630-nm images. The eastward wind
velocity was 50-90 m/s and gradually decreased after
1530 UT. The wind direction was approximately eastward
before the appearance of the MBW, and then it turned
southeastward when the MBW appeared.

We also measured the ionospheric virtual heights by
using ionosondes installed at Kototabang and Chiang
Mai. These ionosondes are operated by the NICT as the
SEALION project (Maruyama et al. 2007). Figures 5e
and 6c¢ show the ionospheric virtual heights observed by
the ionosondes at Kototabang and Chiang Mai, respec-
tively. These values were obtained from ionograms at a
frequency of 2 MHz, which corresponds to a radio fre-
quency reflected at the bottomside F region. The iono-
spheric virtual height over Kototabang rapidly decreased
from 300 km at 1500 UT to 190 km at 1640 UT before
and during the airglow enhancement, and it increased
from 190 km at 1700 UT to 240 km at 1800 UT after the
airglow enhancement. The height was lowest when the
airglow intensity reached a maximum between 1640 and
1700 UT. However, at Chiang Mai, the height increased
slightly from 250 km at 1600 UT to 280 km at 1640 UT
when the MBW was observed at Kototabang.

Figures 5f and 6d show the F2-region critical frequency
(foF2) observed by the ionosondes at Kototabang and
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Chiang Mai, respectively. These frequencies obtained
from ionograms correspond to the plasma density at the
F2-region peak. The value of f,F, at Kototabang gradu-
ally increased before 1620 UT and rapidly decreased
between 1620 and 1720 UT. The decrease of the observed
foF> coincides with the MBW passage. However, clear
foF> variation was not seen at Chiang Mai.

Discussion

We observed the wave-like airglow enhancement, prob-
ably corresponding to an MBW, at Kototabang, Indone-
sia (GLAT: 0.2°S; and MLAT: 10.0°S), which propagated
south-southwestward (geomagnetically poleward) with a
horizontal velocity of ~290 m/s. This wave was observed
from 1540 to 1730 UT (2240-0030 LT) in the local mid-
night sector. The airglow intensity inside the MBW was
200-600 R, which was much larger than the background
630-nm airglow intensity before the MBW appeared. The
observed wave was considered as an MBW, because it
has just one phase front moving poleward around mid-
night. The phase velocity of the present MBW is similar
to that observed in Peru (Colerico et al. 1996) and Puerto
Rico (Mendillo et al. 1997).

The airglow observation was also conducted at Chiang
Mai, Thailand (GLAT: 18.8°N; and MLAT: 8.9°N), which
is near the geomagnetically conjugate point of Kotota-
bang. A similar wave-like airglow enhancement was not
observed at Chiang Mai when the MBW was observed at
Kototabang. This is the first evidence that the MBW does
not have geomagnetic conjugacy. This is different from
MSTIDs and plasma bubbles, which show clear geomag-
netic conjugacy (e.g., Otsuka et al. 2002, 2004).

The airglow enhancement of MBW observed at Koto-
tabang is caused by the ionospheric height decrease, as
shown by the ionosonde observation in Fig. 6. The pos-
sible mechanisms that cause the height decrease of the
ionosphere are downward E x B drift and poleward
thermospheric winds. If the observed airglow enhance-
ment was caused by the downward E x B drift, the
electric field would be instantly projected onto the north-
ern hemisphere along the geomagnetic field line. As a
result, a similar ionospheric height decrease and airglow
enhancement should be observed in the northern hemi-
sphere. However, the observed MBW does not exhibit
geomagnetic conjugacy. Thus, the MBW and associated
ionospheric height decrease are not caused by the elec-
tric field.

In the midnight sector at Kototabang, the meridi-
onal wind observed by the FPI tends to be northward
(geomagnetically equatorward). However, in the pre-
sent event, the meridional neutral wind at Kototabang
turned southward (geomagnetically poleward) after 1540
UT. This poleward wind may be caused by the pressure
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increase inside the MTM region (e.g., Herrero and Meri-
wether 1980; Colerico et al. 1996). Both the poleward
wind and the gravitational diffusion make the iono-
spheric plasma move downward along the geomagnetic
field line. As the result, the ionospheric height decreases
rapidly and the 630-nm airglow intensity increases. These
features of poleward wind enhancement and 630-nm air-
glow enhancement are consistent with the MBW event
reported by Otsuka et al. (2003).

The foF> frequency observed at Kototabang gradually
increased from 1500 to 1620 UT, which coincides with
the height decrease observed from 1500 to 1640 UT. This
relationship between the ionospheric height decrease
and the f,F, frequency increase may be caused by an
increase in the poleward neutral winds at higher altitudes
by the plasma being pushed down along the geomagnetic
field line and being temporary accumulated at lower alti-
tudes (e.g., Shiokawa et al. 2002). When the ionospheric
height was at a minimum between 1640 and 1700 UT,
foF> decreased rapidly. This decrease in f,Fo after 1620
UT is probably caused by the decrease in the plasma den-
sity at the F-region peak due to recombination with the
high-density neutrals at lower altitudes.

The present observation of the no geomagnetic conju-
gacy of MBW is consistent with the idea that the MBW
is caused by poleward neutral wind enhancement, since
the neutral wind is not necessary to have geomagnetic
conjugacy. If this poleward neutral wind enhance-
ment was caused by MTM in the equatorial region, the
present observation also indicates that this poleward
neutral wind is not generated symmetrically to both
hemispheres, but only to the southern hemisphere for
this case. If the dynamical energy release from the pres-
sure bulge at MTM at the equator caused the poleward
neutral wind, it can cause the wind enhancements to
both hemispheres. The dynamical energy release may be
controlled by some hemispherically asymmetric forces,
which may be the asymmetric diurnal tides.

Since this event was observed in the southern-hemi-
spheric summer in February 7, 2011, the dayside subso-
lar point (maximum solar heating of the thermosphere)
occurs in the southern hemisphere. Then, the midnight
accumulation point of winds by thermospheric diurnal
tide (and associated MTM) would occur in the northern
hemispheric side of the geographic equator. This is con-
sistent with the present observation that the MBW prop-
agated southward at Kototabang (geographic equator at
0.2°S). If the MTM occurs at latitudes around Chiang
Mai (geographic latitude: 18.8°N), we would not see the
MBW at Chiang Mai. If the nighttime equatorward wind
by diurnal tide is stronger in the northern hemisphere,
the MBW may be launched from MTM only to the
southern hemisphere. Maruyama et al. (2008) indicated
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that transequatorial winds with 6 h to semidiurnal and
diurnal variation also occur in addition to the conver-
gence of the meridional wind.

When the MBW was observed at Kototabang, a small
increase in the ionospheric height was observed at Chi-
ang Mai by a co-located ionosonde (Fig. 6¢). Unfortu-
nately, we do not know the thermospheric neutral wind
variation at Chiang Mai on this night, because FPI was
not operating. Poleward winds rapidly cause ionospheric
height decreases, and equatorward winds push the
plasma to higher altitudes until it balances the down-
ward gravitational diffusion. Thus, a small increase in the
equatorward wind may explain the small height increase
observed at Chiang Mai. However, if this is the case, it
is difficult to explain why the height increase at Chiang
Mai was coincident with the MBW at Kototabang. In the
remaining part of this section, we discuss another possi-
ble generation mechanism for the small height increase
in the ionosphere observed at Chiang Mai by the polari-
zation electric field associated with the MBW.

Northern Hemisphere

North

East

Southern Hemisphere

Fig. 7 A schematic picture of the possible ionospheric variations
during the MBW event on February 7,2011. u is the thermospheric
neutral winds at Kototabang, J is an ionospheric current, £p is a polari-
zation electric field, Bz and B are the vertical and total components of
the geomagnetic field, respectively, vz is an upward E x B drift, and
%inand oyt are height-integrated Pedersen conductivities inside and
outside MBW, respectively. We suggest that the polarization electric
field inside the observed midnight brightness wave in the southern
hemisphere is projected to the northern hemisphere, causing the
observed ionospheric height increase in the northern hemisphere
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Figure 7 shows the schematic picture of the possible
electromagnetic coupling of the two hemispheres dur-
ing the present MBW event. The thermospheric neutral
wind, u, was approximately southeastward at Kotota-
bang when the MBW was observed, as shown by the FPI
data in Fig. 5¢, d. The neutral wind drives the iono-
spheric current, J, which has a direction of E +u x B,
where B is the geomagnetic field vector. The background
electric field, E, is assumed to be negligible, consider-
ing that the speed of the background F-layer height
decrease at 15-16 UT in Fig. 6¢ (~4 m/s) is smaller than
the subsequent F-layer height raise (12.5 m/s). Thus,
the horizontal current flows southwestward due to the
southeastward u. The Pedersen conductivity inside the
MBW is larger than that outside the MBW, because the
Pedersen conductivity is proportional to the product of
both the plasma and neutral densities and thus to the
630-nm airglow intensity. Considering the current flows
across the MBW, positive and negative space charges
would be accumulated at the southern and northern
boundaries of the MBW, respectively, because of the
spatial inhomogeneity of the Pedersen conductivity and
to maintain the current continuity inside and outside
the MBW. Because of this space charge, a polarization
electric field, Ep, is generated anti-parallel to the current
(northeastward).

This polarization electric field will be projected onto
the northern hemisphere along the geomagnetic field line
almost without attenuation. The projected electric field is
southeastward. The eastward component of the electric
field and northward component of the geomagnetic field
generate upward E x B drift. This could explain why a
small height increase was observed at Chiang Mai simul-
taneously with the MBW at Kototabang. The start of the
MBW at Kototabang was at 1530 UT. At this timing, the
F-layer height decrease was stopped at Chiang Mai. Then,
it turned to increase at 1600 UT.

According to this scenario, we roughly estimate the
value of the upward E x B drift in the northern hemi-
sphere. The upward E x B drift velocity, vz, in the north-
ern hemisphere is expressed by the eastward component
of the projected polarization electric field and the north-
ward component of the geomagnetic field as

Epsinf cosl <1 Pout

Vg =—"""7"—— =
Ein

Bz .
u— sin#; cosl,
B B

ey
where Xj, and ¥y are the height-integrated Pedersen
conductivities inside and outside the MBW), respectively,
B is the geomagnetic field intensity at Chiang Mai, 0 is
an angle formed by the direction of the projected polari-
zation electric field and the south, and I is the magnetic
dip angle.
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The height-integrated Pedersen conductiv-
ity, Xin and Xout, is nearly proportional to the 630-
nm airglow intensity (e.g., Kelley 2009), therefore,
Yout/ Zin = 100(R)/600(R). Because the projected
polarization electric field is southeastward, the value of
01 is ~45°. The Bz at Kototabang and B at Chiang Mai
(conjugate point of Kototabang) are 1.22 x 10* nT and
3.76 x 10* nT at an altitude of 250 km. The value of I is
18.9°. The observed thermospheric neutral winds, u, at
Kototabang were ~71 m/s southeastward when the MBW
was observed. Substituting these values into Eq. (1), we
calculated vz as 12.8 m/s. The ionospheric height increase
observed at Chiang Mai was ~30 km for 40 min in Fig. 6,
giving a vertical velocity of 12.5 m/s. This value is fairly
comparable to that from Eq. (1). Thus, we suggest that
the observed small height increase over Chiang Mai was
caused by the polarization electric field projected from
the MBW in the southern hemisphere. This indicates
that the electromagnetic coupling between hemispheres
can occur even though the original disturbance is caused
purely by the neutral wind.

Conclusions

We observed nighttime 630-nm airglow at Kototabang,
Indonesia, and Chiang Mai, Thailand, which are nearly
geomagnetically conjugate stations at low latitudes (~10°
MLAT). An increase in the 630-nm airglow intensity of
200-600 R was observed from 1540 to 1730 UT (2240-
0030 LT) on February 7, 2011, at Kototabang. This air-
glow enhancement is considered to be an MBW, because
it was observed around local midnight and propagated
geomagnetically poleward only once. The MBW has an
ESE-WNW phase front and propagated south-southwest-
ward with a horizontal velocity of ~290 m/s. However, a
similar MBW structure was not observed at Chiang Mai,
indicating that the observed MBW did not have geomag-
netic conjugacy. The meridional neutral wind observed by
the FPI increased from —20 m/s (northward) to 50 m/s
(southward), and the ionospheric virtual height observed
by the ionosonde at Kototabang decreased from 300 to
190 km when the MBW was observed. This southward
wind is probably generated by the pressure increase inside
the MTM. We suggest that the airglow enhancement
observed as an MBW was caused by the southward (pole-
ward) neutral wind moving the plasma down to lower
altitudes. The present observations also imply that this
poleward neutral wind is not generated symmetrically to
both hemispheres, but only to the southern hemisphere,
possibly because of asymmetric diurnal tide. When the
MBW was observed at Kototabang, the ionospheric
height increased slightly at Chiang Mai, by ~30 km. We
suggest that the polarization electric field projected from
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the MBW in the southern hemisphere generated upward
E x B drift in the northern hemisphere at Chiang Mai,
showing electromagnetic coupling between hemispheres
can occur even though the original disturbance is caused
purely by the neutral wind.
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