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The Swarm satellites, which are the low Earth, polar orbiting satellites, observed small-amplitude (0.1-5
nT) magnetic fluctuations, so-called magnetic ripples (MRs), with period around a few tens of seconds
along the satellite orbit in the topside ionosphere at middle and low latitudes. A possible generation
mechanism of the MRs is as follows. (1) The atmospheric waves generated by the lower atmospheric
disturbance propagate to the ionospheric layer. (2) The neutral wind perturbations caused by the
atmospheric wave drive the ionospheric layer dynamo, so that Hall and Pedersen currents flow in the
ionosphere. (3) Because the dynamo region is limited, directions of the dynamo electric fields in the two
adjoining dynamo regions with the spatial scales of the neutral wind perturbation apart are opposite.
Therefore the ionospheric currents diverge to flow along the geomagnetic field-line with much higher
conductivity. (4) As an Alfvén wave with polarized electric field, the front of the current circuit propagates
along the geomagnetic field-line to the conjugate point on the ionosphere. (5) The currents are closed to
make an electric current circuit which is made up of the currents in the ionosphere and field-aligned
currents (FACs). The MRs are the spatial structure of small-scale FACs, and we confirmed with the Swarm
observations their basic characteristics to be almost the same with those obtained by the CHAMP
satellite. That is, the global distribution of the averaged MR amplitudes has clear geographical, seasonal
and local time dependence highly correlated with the ionospheric conductivities. We found that the
averaged amplitudes of the MRs derived from the Swarm-B satellite which flies about 50 km higher
altitude are slightly smaller than those of the Swarm-A and -C, suggesting that the location of origin of the
MRs is below 470 km altitude, i.e., not in the magnetosphere. From the global distribution and its
characteristics, the source of the MRs has been expected to be the atmospheric waves generated by
lower atmospheric disturbances including the effects of earthquakes or volcanic eruptions. The fact that
the MRs appear almost always suggests that some typical meteorological phenomena are the main source
of MRs. To confirm the suggestion, we tried to find the connection between the MRs and typhoons as the
first step. To show the evidence which correlates the MRs with typhoons, we performed an event and a
statistical analyses with track data of typhoons. The data of 54 typhoons during the period from 26
November 2013 to 31 July 2016 are used for the statistical analysis. The results show that the averaged
amplitudes of the MRs during typhoon activity are, in general, except for the day side local time sector,
larger than those during non-typhoon condition. The event analyses indicate amplitudes enhancement of
the MRs around the typhoons, and the latitude of the enhancement moved with the typhoon. These
analyses indicate that typhoons are one of the source meteorological phenomena of the MRs. From the
comparison with the infrared brightness temperature data the convection activity include typhoon seems
to affect the amplitude of MRs. These results indicate that the MRs are generated by the lower
atmospheric waves through the ionospheric dynamo.
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It is reported that ionospheric disturbances are caused not only by solar-terrestrial conditions but the
phenomena below the ionosphere such as earthquakes, typhoons and volcanic eruptions. Compared with
ionospheric disturbances caused by earthquakes, there are very few studies examining the ionospheric
disturbances associated with volcanic eruptions.

In this study, we have examined ionospheric disturbances associated with volcanic eruptions using
GPS-TEC and HF Doppler sounding. We detected ionospheric disturbances associated with Mt. Asama
eruption at 11:02 UT on Sep., 1st, 2004. In HF Doppler sounding observation, the spiky disturbances
whose frequency is about 7 - 16 mHz was observed firstly. Following this disturbances, longer-period
disturbance was appeared, whose frequency is about 3 - 5 mHz. The former disturbance was also
observed by GPS-TEC,

whose ionospheric pierce points were located near the Mt. Asama. From the propagation time of this
disturbance, it is possible that the eruption generated shock waves which propagated to the higher
ionosphere. In terms of the frequency, the latter disturbances observed by HFD sounding shows the
resonance of the atmospheric wave between the lower ionosphere and the ground.
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We report increase in the reflection heights of LF transmitter signals during a total solar eclipse in
Indonesia on 9 March, 2016, using AVON (Asia VLF Observation Network) data. The transmitter signals of
JJY-Fukushima (FKS, 40 kHz), JJY-Saga (SAG, 60 kHz), and BPC (China, 68.5 kHz) were received at
Pontianak (PTK), Indonesia, where the maximum magnitude of the solar eclipse was 0.929 at 00:25 UT.
The magnitude of the solar eclipse at the transmitter sites was about 0.2. The all paths did not cross the
eclipse path. During the solar eclipse (00:00 -01:30 UT), the average changes of the phase delay of the
SAG-PTK and BPC-PTK paths were 402 and 429, respectively. Assuming a usual daytime height for the LF
waves to be 70 km, the phase delays on both the SAG-PTK and BPC-PTK paths correspond to the increase
in the reflection heights of about 1.5 km based on the Earth-ionosphere waveguide mode theory. The LF
intensity of the FKS-PTK path during the solar eclipse was slightly larger by about 6.5 dB than that before
and after the eclipse time. The increase in the LF reflection heights suggests the decrease in the D-region
electron density during the solar eclipse.
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The ablation of meteors at the mesopause region results in the formation of sodium layer. Due to the fact
that it has a large scattering cross section and also that it acts as a tracer for the thermal and dynamical
states of the atmosphere in the mesosphere region, the mesospheric sodium has been studied extensively
among the meteoric metals. A model for sodium airglow emission is developed by incorporating all the
known reaction mechanisms. The neutral, ionic and photochemical mechanisms are successfully
implemented into this model. The values of reaction rate coefficients are based upon the theoretical
calculations as well from experimental observations. The densities of major species are calculated using
the continuity equations, whereas for the minor, intermediating and short lived species steady state
approximation method is used. The modeled results are validated with the rocket, lidar and photometer
based observations for a branching ratio of 0.04. The inputs have been obtained from other
physics-based models and ground- and satellite-based observations to give the combined volume
emission rate (VER) of Na airglow between 80 and 110 km altitude. In the present study, the model is
used to understand the nocturnal variation of Na VER during the solstice conditions. The model results
suggest a variation of peak emission layer between 85 and 90 km during summer solstice condition,
indicating a lower value of peak emission rate during summer solstice. The emission rates bear a strong
correlation with the O3 density during summer solstice, whereas the magnitude of VER follows the Na
density during winter solstice. The altitude of peak VER shows an upward shift of 5 km during the winter
solstice.
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Observations of ionospheric scintillation and total electron content
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Study of thermospheric wind variations at substorm onsets using a
Fabry-Perot interferometer at Tromsoe, Norway
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We studied the thermospheric wind variations at the onsets of isolated substorms by using a Fabry-Perot
interferometer (FPI) at Tromsoe, Norway. The wind variations were measured from the Doppler shift of
both red line (630.0 nm, altitudes: 200-300 km) and green line (557.7 nm, altitudes: 90-100 km)
emissions with a time resolution of “13 min. The wind data were obtained for 7 years from 2009 to 2015.
We first identified the onset times of local isolated substorms by using ground-based magnetometer data
of Tromsoe and Bear Island stations, and then checked the wind variations before and after these onset
times. Totally, we obtained 8 events from red line data and 10 events from green line data located at
different local times. By checking the all-sky images at Tromsoe, we found that most wind observations
were made at the equatorward of substorm onset arcs at the onset times. For half of the events, the
observation location kept at the south of the auroral arcs from -30 min to +90 min of the event times.
Then, we calculated the differences of wind velocities at the onset time and at 30-min (1-hour) after the
onset time using winds averaged over £15 min (=30 min) of the epoch time. For red line events, except
for few notable decreases at dawnside, eastward wind tends to increase from the onset time to both
30-min and 1-hour after the onset time at all nightside local times. This result is opposite to the tendency
expected from thermospheric tidal wind variations, and suggest a particular eastward drive of
thermospheric wind during substorms. With some exceptions, northward wind tends to decrease at local
times before 2 LT and increase after that, which is consistent with the expectation from thermospheric
tides. For green line events, eastward components have a tendency of increase at all local times with
some notable decreases at duskside. Northward components show some increases at pre-midnight
sector, and significant decreases at duskside, post-midnight sector and dawnside. All the observed wind
changes after the substorm onsets were less than 76 m/s for red line events, and 51 m/s for green line
events. These wind changes are much smaller than the typical plasma convection speed, indicating that
the plasma motion caused by thermospheric wind through ion-neutral collision is a minor effect as the
driver of high-latitude plasma convection and as the triggering of substorm onset. Since the movement of
onset arcs could inevitably affect the local wind field, we will consider this factor when discussing the
wind variations in the presentation.
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