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Laser method of precisely observing the transition region from the ground:
Resonance-scattering Ca/Ca+ lidar

#Masayuki Katsuragawa'>%), Ayaka Hashimoto!, Sota Kobayashi'), Sayako Miyoshi'), Chiaki Ohae'?), Mitsumu
Ejiri®>*), Takuji Nakamura®*)

(IGraduate School of Informatics and Engineering, University of Electro-Communications, (Institute for Advanced Science,
University of Electro-Communications, (3National Institute of Polar Research, “The Graduate University for Advanced
Studies

Resonant-scattering lidar which utilizes meteoric atoms and/or ions as tracers, is an excellent method that enables
ground-based laser observation of the transition region with a high temporal and spatial resolution. The representative
tracers are iron and sodium which are relatively densely distributed in the transition region, the measurements of iron and
sodium, however, are restricted to the neutral atoms as there is no available transition in the ions from the viewpoint of lidar
technology. On the other hand, calcium, although not so densely distributed compared to iron or sodium, is so attractive,
because both neutral atoms (Ca) and ions (Ca+) have available transitions applicable for lidar; that is, calcium as a lidar
tracer, has an excellent potential to study a variety of dynamics appeared in the ultrahigh atmosphere region. Here, we report
a resonant-scattering lidar that can simultaneously observe both Ca and Ca+ with a high temporal and spatial resolution. The
system is based on a solid-state, dual-wavelength, injection-locked Ti:sapphire laser, being operated stably over an entire
night. In our presentation, we will also discuss what new observations are expected in the near future, including a typical
demonstration of the resonant-scattering Ca/Ca+ lidar examined so far.
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Investigation on K variations during wintertime observed at Syowa Station,

Antarctic
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Metallic layers, such as Na, Fe, K, etc., originating from meteors are valuable tracers for observations of the Earth’s upper
atmosphere. Through investigations on variations in such metallic layers, it would be important to advance our understanding
of the dynamical and chemical processes in the upper atmosphere. Many observations for Na and Fe have been done for
decades, and their variations have been widely investigated. On the other hand, observational data on K are relatively limited.
As for previous K observations, there are several reports from several resonance scattering lidars located in, for example,
Arecibo, Puerto Rico (18.35° N, 66.75° W), Beijing, China (40.41° N, 116.01° E), and Kiihlungsborn, Germany (54.1
° N, 11.7° E), which are the observational sites in the Northern Hemisphere. In addition, a shipboard-lidar campaign
between 71° S and 45° N was carried out, and it provided limited information on the K layer variations in the Southern
Hemisphere. Furthermore, there are investigations based on near-global K data, which were obtained from observations
of K resonance scattering of the sunlight by a polar-orbit satellite, Odin/OSIRIS. The satellite observations were limited
during the daytime, which means that the obtained data are mainly during summer at high latitudes. Thus, there are fewer K
observations in winter high latitudes in the Southern Hemisphere, where there is less sunlight.

In the present work, we have investigated seasonal variations in the K layer over Syowa Station (69.0° S, 39.6° E),
Antarctic, based on observational data which were obtained by a resonance scattering lidar. The resonance scattering lidar
was operated from 2017 to 2018. During the period, K density data of 385 hours for 38 nights were obtained mainly during
the Antarctic winter. These data were analyzed to investigate seasonal variations in the K layer over Syowa Station. As a
result, the K peak density reached a maximum in June-July during wintertime. Then, a minimum of the K peak density was
observed in September during springtime, The relative variation of K column density observed at Syowa Station agrees with
the previous observations in the Northern Hemisphere, but those absolute values in the K column density show differences.
The variation of K centroid altitude observed at Syowa Station seems to be close to the results from Odin/OSIRIS, while it
was different from those from the lidar observations in the Northern Hemisphere. The variation of RMS width in K layer
over Syowa Station presents the opposite of that from Arecibo, but it agrees with those from Kiihlungsborn and Beijing. To
discuss important factors that contribute to the observed K variations, we have investigated relationships with the background
temperature and oxygen atom density and found signatures that both two factors would provide important contributions to
the variation of the K density during Antarctic winter.
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Variations in Na D; and D, ratio based on nightglow observations at Tromsg
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The emission layer of Na nightglow is normally located at an altitude of approximately 90 km, offering valuable insights
into the atmosphere near the mesopause region. The emission mechanism of Na nightglow is well known as the Chapman
mechanism. In this process, Na splits into two excited states with different energy levels, leading to the double lines in the
emission spectrum: the D; line, 589.6 nm (in air), and the D5 line, 589.0 nm (in air). Because the ratio branching to the two
excited states is theoretically considered to be constant, the intensity ratio of the D; and D5 lines (defined as Rp) is expected
to be constant. However, some recent works reported that the Rp was variable (not constant) from their observations. As
an interpretation for the variable R p, a modification in the Chapman mechanism has been proposed, in which Rp can vary
with the balance between reactions with O and quenching with Oq. To verify the interpretation, we need more detailed
investigations based on more observations.

In this study, we conducted experimental observations of Rp using a compact spectrograph at Tromsg, Norway (69.6N,
19.2E), for approximately five months from October 2017 to March 2018. To enhance the resolution of our spectrograph,
we replaced the diffraction grating of 300 G/mm with one of 1200 G/mm. The replacement resulted in an improved spectral
resolution of 0.4 nm. This change resulted in an improved spectral resolution of 0.4 nm. Although this made it possible to
separate the Na D; and D5, lines more effectively, the separation was not perfect. To separate D; and D» lines, we performed
a double-gaussian fitting in the data analysis, and subsequently obtained Rp. Additionally, we analyzed all-sky images
obtained during observations to examine the weather conditions and the surrounding environment affecting the observations.
Such conditions over Tromsg were determined through both manual inspection and deep learning methods. We made data
selections based on the determined conditions. After that, 168-hour Rp data during the five months were obtained by the
data analysis including the double-gaussian fitting. In the presentation, we will show the observed Rp variations and discuss
their relationships with O and O4 effects. In addition, we will discuss the influence of contamination in the data analysis
from cosmic rays and auroral No emissions.
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Gravity waves observed by OH arirglow imaging at Rio Gallegos, Argentina, near
Andes: horizontal phase velocity spectrum analysis
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Atmospheric gravity waves play important roles in couplings in the terrestrial whole atmosphere, by transporting momen-
tum and energy vertically and horizontally. There are various sources of gravity waves such as meteorological disturbances,
surface topography, instability of jet stream, etc. Recently the secondary wave generation caused by breaking gravity waves
in the middle atmosphere has been recognized as a very important process because those waves can propagate into higher
altitudes and play a great role of transporting momentum and energy to higher altitudes and furthermore efficiently propagate
beyond the MLT region into the thermosphere/ionosphere to causes disturbances there. One of the gravity wave hot spots is
the region of Antarctic peninsula and the Andes, where strong mountain waves are excited by the tropospheric winds and the
topography.

We have been carrying out OH airglow imaging observations (87 km altitude) at Rio Gallegos, Patagonia, Argentine
(51.6S, 69.3W) near the Andes since late 2017. In this study, we report the gravity wave horizontal phase velocity spectrum,
i.e., the distribution of the gravity wave energy in the 2-D horizontal phase velocity domain observed in 2018.

In 2018, we obtained 138 nights of clear-sky and moonless images. The characteristics of the airglow images at Rio
Gallegos were the quasi-stationary waves, suggesting the effect of mountain wave, and the wave breaking events, suggesting
large amplitude of the waves. These suggest that the observation site, Rio Gallegos, is located under the region of strong
gravity wave activity due to the Andes mountains. These characteristics show similarity with the finding by Pautet et al.,
(2021) by winter-time observation at Rio Grande (54S, 68W), but the quasi-stationary waves by our observation seem to be
less frequent.

Horizontal phase velocity spectral analysis (M-transform, Matsuda et al., 2014) has been applied to pick up the waves with
periods of 5-60 min, and with horizontal wavelengths of 10-100 km. We found that the spectrum was very widespread up
to 150 m/s, and very frequently clear signal of wind filtering (wind blocking) due to the stratopause zonal wind. In summer
(Nov-Feb) primary propagation was eastward. In early (Mar-April) and late (ASO) winter, phase speed is fast/broad and
showing clear wind blocking. In mid-winter, spectral peaks spreads to E-W around zero. Gravity wave energy (I'/I) seems
to be the largest around August-September, and larger than Syowa station where the late winter peak is not clear. Summer
sub-peak also recognized.

Our observation results indicate that the horizontal phase velocity spectrum is a useful way to investigate to identify the
altitude range of the generation of the gravity waves observed in the airglow layer at around 85-90 km height.
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EISCAT_3D and Japan’s Activities
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The European Incoherent Scatter (EISCAT) scientific association started construction of the first stage of the EISCAT_3D
radar in 2017 under international collaboration. The EISCAT_3D is a new generation of incoherent scatter radar system based
on phased array technology. At the first stage, a core site with a transmission power of about 3.4 MW and two receive-only
remote sites will be operated. All antennas have been installed at the Skibotn site (the core site with 119 sub-arrays, Norway),
the Kaiseniemi site (the remote site with 55 sub-arrays, Sweden) and the Karesuvanto site (the remote site with 54 sub-arrays,
Finland) by summer 2023. A first light with 7 sub-arrays is planned at the Skibotn core site or the Kaiseniemi site. This will
be followed by various testing and commissioning phases at the three sites, and then operations at the first stage will begin. In
connection with the operation of EISCAT_3D, the EISCAT scientific association has taken a strategic decision to transfer its
assets, operation and commitments to EISCAT AB, which will be newly established. The EISCAT 3D radar is expected to be
utilized for a variety of science cases, including studies on energy and mass transport from the solar wind and magnetosphere
to the ionosphere and atmosphere.

The National Institute of Polar Research (NIPR) had been contributing to the EISCAT_3D construction by supplying radar
transmitter power amplifiers (SSPAs) in collaboration with the EISCAT scientific association and ISEE Nagoya University.
The high energy-efficient SSPAs have been used for engineering verification tests at the EISCAT Tromsoe and Kiruna sites
since 2016. In 2020, NIPR has concluded an MoU with EISCAT to supply in-kind sub-array transmitter units which are
selected for the first stage by the EISCAT Headquarters through the international tendering process. In addition to these
contributions to the EISCAT_3D construction, NIPR established the Advanced Radar Research Promotion Center in April
2022. Under the Center, joint usage and collaborative research of the EISCAT_3D radar are being prepared.

In this paper, we report the latest status of the EISCAT_3D project and discuss the prospects of Japan’s activities for the
EISCAT_3D project.
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Diagnosing the dynamical structure of the thermosphere using 3rd-order struc-
ture functions
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We use multi - year observations of cross - track winds (u) from the CHAllenging Minisatellite Payload (CHAMP) and
the Gravity Field and Steady State Ocean Circulation Explorer (GOCE) to calculate third - order structure functions in the
thermosphere as a function of horizontal separation (s). They are computed using the mean and the median and implemented
over non - polar satellite paths in both hemispheres. On height averages is shown to scale with s2 for s = 80 - 1,000 km,
in agreement with equivalent estimates in the lower atmosphere from aircraft observations. Conversely, med follows an s3
power law for almost the whole s range, consistent with the two - dimensional turbulence scaling law for a direct enstrophy
cascade. These scaling laws appear independent of winds in distinct atmospheric regions. Furthermore, the functions are
predominantly positive, indicating a preferential cyclonic motion for the wind.
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Next-generation atmospheric observation system by micro-/nano-satellites
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In recent years, disasters caused by thunderstorms, typhoons, and linear precipitation bands has been said to be becoming
more severe, but the detailed understanding of their mechanisms, high-precision and high-frequency monitoring, and pre-
diction accuracy are insufficient, and improvements are slow. One of the major reasons for that is the lack of information
obtained from observations in terms of space and time. The energy source of typhoons and many linear precipitation bands
is latent heat injected from the ocean. However, the means of measuring the amount of water vapor above the ocean are
limited to microwave radiometers mounted on a very small number of satellites, and observation frequency is insufficient.
In addition, clouds before the start of rain cannot be captured by common weather radars (such as C-band radar). Ka-band
radars with higher radio frequencies can capture cloud particles, but spatial scanning takes time, it is actually difficult to track
the development of the three-dimensional structure of thunderstorm from moment to moment, and the equipment is expensive
and the maintenance costs are high. The lack of improvement in the accuracy of typhoon intensity predictions may be due to
the fact that the central pressure is empirically estimated from the two-dimensional cloud patterns obtained by satellites. If
we could grasp the 3D (three-dimensional) structure of thunderstorm and clouds in the center of a typhoon, it could lead to
a dramatic improvement in the accuracy of predictions. However, most conventional satellites only take 2D images by nadir
imaging, making it difficult to estimate 3D structures.

A group led by Hokkaido University is developing a method to estimate the vertical integral value (column amount) of
water vapor, including in the ocean, using water vapor absorption lines, using a super multicolor spectral camera mounted
on a 50 kg-class microsatellite, and has achieved technical success. We have also mastered the technique of fixing the field
of view of a camera mounted on a similar 50 kg-class microsatellite and taking continuous shots, and have succeeded in
detailed 3D observation of clouds, including the center of a typhoon, from the data. In addition, the lightning observation
unit (GLIMS) mounted on the International Space Station (ISS) has a track record of imaging and photometry of lightning
discharge emissions in thunderstorms. Based on this experience, we are promoting a low-cost satellite constellation (coor-
dinated operation of multiple satellites) using micro-/nano-satellites weighing 50 kg or less (6U-12U cubes). Each satellite
will be equipped with a narrowband spectral camera, a thermal infrared camera, and EVS (event vision sensor) for observing
lightning discharges. While being small, lightweight, and low-power consumption, they will be able to observe 3D cloud
structures and horizontal water vapor distributions over the ocean with a spatial resolution of 100-200m, something that has
been difficult with previous satellites, all at 1/100 to 1/10 of the cost of conventional satellites.
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Development of suprathermal ion source to calibrate space-based plasma instru-
ment
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It is possible to simulate plasma environment in the lower ionosphere inside a vacuum chamber on the ground. In con-
trast, it is very difficult on the ground to simulate plasma environment which is seen from the space-based platform such as
sounding rocket or satellite. If one assumes a measurement on the sounding rocket in the lower ionosphere, ions appear to
be approaching with a velocity of 1.0 km/s, which is typical velocity of sounding rocket. Because a thermal velocity of O2+
ion whose temperature is 300 K is about 500 m/s, the ions would be seen as incoming ions with the bulk velocity two times
faster than the thermal velocity. In general, the ion acceleration in the vacuum chamber can be made by applying negative
voltage to a mesh grid whose transmission rate is high. However, such an acceleration device is unlikely feasible because of
too many collisions between plasma and neutrals inside the chamber and/or difficulty in controlling a small voltage around
the grid with high accuracy.

We are developing a low energy ion source which can generate such a plasma environment inside the vacuum chamber.
Although our prototype model did not work as expected, we have recently succeeded to realize the very low energy ion
source by applying Kaufman-type single grid ion source. We have so far generated the ions whose most probable energy
exists somewhere between 1 and 6 eV. The peak energy can be controlled by a voltage setting. Since the temperature of these
ions is about 1000 K, the bulk energy is considered as suprathermal. Therefore, we call this device suprathermal ion source.

The suprathermal ion source consists of 1) extreme ultraviolet radiation source to generate plasma from neutral gas, 2)
stainless chamber to maintain high plasma density, and 3) grid to pull the ions outward from the stainless chamber. This ion
source is placed inside a large vacuum chamber with a diameter of 2.5 m at Institute of Space and Astronautical Science of
Japan Aerospace Exploration Agency. An instrument to observe the accelerated ions is installed in front of the exit grid so
that the ions can enter. The ion acceleration is caused by the voltages applied to the stainless chamber and the grid. In fact,
the energy and flux of the accelerated ions can be controlled by the voltage applied to the stainless chamber and the grid,
respectively.

In this presentation, we will describe variation of bulk energy according to the setting voltage and characteristic feature of
energy distribution of the generated ions as well as the detailed information of the suprathermal ion source.
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Dynamical characteristics of summer nighttime sporadic E: FMCW-based HF
Doppler sounding measurements
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Sporadic E (Es) is a thin layer of extremely high electron density at around 100 km altitudes that occurs mainly in summer
at mid-latitudes. Es layer has been known to cause long-range anomalous propagation of radio waves in the VHF band
which enter to the ionosphere at a low elevation angle through reflection due to an extreme increase of the E region electron
density. Es layer has been studied using various methods because of its influence on aeronautical navigation systems and
radio broadcasts in the VHF band. It was revealed that dynamical characteristics of Es layer during daytime can be observed
by using Total Electron Content (TEC) obtained by using a ground-based GNSS receiver network. Es layer during night time
moves with the Medium-Scale Traveling Ionospheric Disturbances (MSTIDs), wave-like structures in the F region electron
density. MSTID causes large variations in the electron density, therefore it is difficult to observe Es layers only by using
GNSS-TEC observations.

In this research, we used the HF Doppler (HFD) observation in order to observe Es layers directly in a wide area.
The system can detect the vertical motion of the ionosphere from ground; thus, the dynamical characteristics of various
ionospheric phenomena can be visualized using variations of the Doppler frequency and received signal intensity obtained
at multiple stations on the ground. The HFD sounding system transmits two radio waves, 5.006 MHz and 8.006 MHz from
Chofu, Tokyo and the reflected waves are received at 11 stations in Japan. The transmitted waves consist of continuous
waves and Frequency Modulated Continuous Waves (FMCW). The continuous waves are transmitted on fixed frequencies.
Thus, when the radio waves are reflected by an Es layer, the observed frequency changes due to the Doppler effect and then
characteristic (quasi-periodic) Doppler spectral traces are observed. The frequency of the FMCW signal is modulated in
150 kHz band periodically. Propagation distance is then calculated from frequency difference between replica of transmitted
waves and received waves. The replica is synchronized with the transmit station by using GPS. The propagation distance
can always be observed with high accuracy with timing of the Doppler traces. Reflection altitude is estimated from the
propagation distance and distance from a transmitter to a receiver. Time resolution of the altitude is higher than conventional
methods such as ionosonde. The goal of this study is to observe the dynamical characteristics of sporadic E layers from the
Doppler traces from the conventional HFD sounding system and the reflection altitude from the FMCW measurement.

We conducted observations of Es layer during nighttime by using the HFD between May and August 2022. The Doppler
trace was simulated by calculating the Doppler shift from the time derivative of the propagation path length. By comparing
simulation of Doppler traces and the actual observations, we calculated the propagation speed and azimuth of Es layers.
However, since the reflection altitude is needed to be assumed in the simulation, there was an uncertainty in the estimated
propagation speed and azimuth.

Regularly transmission of the FMCW signal has started since early 2024. We conducted HFD observations of Es layer
in Chiba during nighttime between May and July, 2024. We found that, when quasi-periodic Doppler spectral traces were
observed, the reflection altitude estimated from FMCW signal ranged from 100 to 125 km. This reflection altitude was
slightly higher than that assumed when analyzing the data in 2022 (it was assumed to be 100 km). This implies that the
accuracy of simulation will be improved by using the observed reflection altitude as an input parameter for the simulation.
We plan to compare these observations of HFD sounding system with those of MSTID using GNSS-TEC.
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Sporadic Ca* layer observed around 100-170 km over Syowa Station during geo-
magnetic quiet condition
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The wind shear theory is widely accepted as the mechanism of the formation of the sporadic E layer (EsL) in the mid-
latitudes. Among the ions that drift vertically due to the vertical shear of neutral horizontal winds, the long-lived ions that
form the core of the EsL are metal-atom ions, such as Ca™, Fe™, Na™ etc., supplied by meteoroids to the MLT region. On
the other hand, in the high latitude, especially auroral oval zone, the EsL occurred with geomagnetic and auroral activity is
known. However, it is unknown if there is a EsL. during geomagnetic quiet condition, and a contribution of the metal-atom
ions to formation and lasting of the EsL as in the mid-latitude.

A resonance scattering lidar developed by National Institute of Polar Research (NIPR) was installed at Syowa (69S, 40E),
Antarctic in 2017 and observed Ca™ density profiles in 2017 and 2018. A Ca™ thin layer descending from ~170 to 100 km was
observed on Sep. 13 in 2017 that geomagnetic activity was quiet. At the same time, a weak EsL observed with the ionozonde
at Syowa operated by National Institute of Information and Communications Technology (NICT). In this presentation, we
will show a relationship between Ca™ thin layer and the EsL and discuss contributions of vertical shear of neutral wind.
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Features of disturbances in the dayside polar ionosphere during geomagnetically
quiet periods observed with the EISCAT radar
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We have been conducting dayside ionospheric observations using the EISCAT radar system since 2011. We have focused
our scientific attention on ionospheric fluctuations/disturbances in the polar cap region. The EISCAT observations have
revealed that the ionosphere in the polar cap region (or at higher latitudes than the auroral zone) shows some fluctuations
not only during periods of disturbances such as geomagnetic storms, but also during times of geomagnetically quiet. The
fluctuations, which seem to be caused by the lower atmospheric phenomena, were also observed in the polar cap ionosphere.
Since there have been few observations of the ionosphere and thermosphere in the polar cap region, there are many things
that we do not fully understand. Further studies are needed into the basic structure and variations of the ionosphere in the
polar cap region during geomagnetically quiet periods. In this presentation, we will show some features of disturbances in
the dayside polar ionosphere at higher latitude than the auroral zone observed with the EISCAT radar system.
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Thermospheric orthohelium variations associated with a moderate storm on
February 2023: the NIRAS-2 observations at Longyearbyen
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Metastable orthohelium, He(23S) , is known to have airglow emissions by solar resonance scattering at wavelength of
388.9 nm (3%P-23S) and 1083 nm (23P-23S). The emissions from the terrestrial atmosphere have been first reported more
than 60 years ago during strong twilight and sunlit aurora over Moscow (Mironov et al., 1959; N. Shefov, 1961). Transition
from ground state helium, He(1'S) , to He(23S) is mainly caused by photoelectron impacts with energy larger than 19.8 eV
(de Heer & Jansen, 1977). He(23S) layer is confined in the upper thermosphere and in the lower exosphere. Photoelectron
impact occurs with a maximum production rate around 250 km. Generated He(2S) diffuses upward, but rapidly disappears
above 500 km due to photo ionisation. Below 250 km, quenching due to Penning ionization is significant. As a result,
He(23S) layer can be formed from 250 km to 800 km or above (Bishop & Link, 1993; Waldrop et al., 2005). That’s why
He(23S) is an unique and attractive candidate for remote sensing target of the neutral atmospheric dynamics in this region.

This study presents a time variability of He(23S) in polar region associated with a geomagnetic storm for the first time.
Continuous 17-nights dataset of He(23S) airglow brightness at 1083 nm was obtained from a short-wavelength infrared
imaging spectrograph (NIRAS-2) installed at Longyearbyen, Svalbard (78.1° N, 16.0° E). The observed He(23S) airglow
brightness clearly displayed responses to a geomagnetic storm in different time scales. The He(23S) airglow brightness has
began to decrease sharply within an hour of sudden commencement of the storm, and it was gradually decreased over the
next few days and then recovered slowly. It was nicely agreed to helium density variations at 500-km altitude calculated
by MSIS. The depletion of He(23S) was mainly caused by enhanced Penning ionization due to upwelling Ny from the
lower atmosphere; this was consistent with decreased O/Ns ratio in MSIS and TIMED/GUVI measurements and electron
density depletion in F region observed by EISCAT Svalbard Radar (ESR). Additionally, sudden increases in He(23S) airglow
brightness were clearly found associated with intermittent electron precipitations observed by the ESR. Therefore, direct
impact by precipitating electron injected from the space to the polar upper atmosphere can play significant roles in production
of He(23S). The NIRAS-2 measurements have successfully demonstrated that column density of He(22S) from the upper
thermosphere to the exosphere was drastically changed by forcing both from the lower atmosphere and from the space.
He(23S) measurements will definitely improve our understanding of thermosphere-ionosphere coupling system and extend
the coverage of space weather forecasting up to the exobase.
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MAGE model analysis of electric field penetration into mid-latitudes associated
with a strong substorm on October 24, 2003
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One of the causes of ionospheric and thermospheric variations at mid-latitudes is the ionospheric electric field that
promptly penetrates from the poler region to the equator associated with storms and substorms. It is known that when
the Region 1 field-aligned currents dominate as the substorm current wedge, a westward electric field penetrates to the
mid-low latitudes on the night side. The oblique downward ExB drift associated with the westward electric field causes
O™ in the ionosphere to penetrate to lower altitudes, interacting with higher Oy densities, and resulting in 630-nm airglow
enhancement.

A strong substorm occurred at 1525 UT (0025 LT) on October 24, 2003, with a minimum AL index of "-1900 nT. Almost
simultaneously with the substorm onset, we observed a 630-nm airglow enhancement without time delay at three Japanese
stations (Rikubetsu (43.5°N, 143.8°E), Shigaraki (34.9°N, 136.1°E) and Sata (31.0°N, 130.7°E)). This event occurred during
the main phase of a storm with a minimum Dst index of -44 nT. A Sudden Commencement (SC) associated with a solar
wind increase was observed at the same time. From ground observations by ionosondes and a Fabry-Perot interferometer,
we observed a downward motion of the ionosphere, while no change was observed in the ionospheric electron density and
neutral winds. Then, we used the Multiscale Atmosphere-Geospace Environment (MAGE) model to simulate the penetrating
electric field and neutral winds during this event on global scale.

With the substorm onset, the MAGE model shows that the vertical component of the ExB drift velocity decreased by
~30-35 m/s without time delay in the latitudes over Japan, corresponding to an electric field of "2.0-3.2 mV/m. From
the measurement of nighttime medium-scale traveling ionospheric disturbances, it has been reported that an electric field
oscillation of “1.2 mV/m was sufficient to reproduce the 630-nm airglow amplitudes of "20%. However, in this event,
electric field changes were estimated to be "2.0-3.2 mV/m in the MAGE model, while the 630-nm airglow enhancement
was "250-500%. Thus, the model possibly underestimates the intensity of penetrating electric field. The westward electric
field in the model extended from 75°E to 150°W (2100-0600 LT), which is comparable to the result of global modeling of
substorm electric field by Ebihara et al. [2014]. The neutral wind was not changed in the MAGE model. Therefore, the
simultaneous 630-nm airglow enhancement observed over Japan was confirmed to be caused by the westward electric field
penetration associated with the strong substorm onset. We will also investigate changes in 630-nm airglow intensity based
on the ionospheric plasma density and neutral atmosphere density in the MAGE model to clarify the relationship between
the penetrating electric field and the 630-nm airglow enhancement.
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North - south asymmetry during the decay phase of mid-latitude plasma bubbles
during a geomagnetic storm in March 2013
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During a geomagnetic storm on 1 March 2013, an equatorial plasma bubble was generated over the magnetic equator after
sunset in the Japanese — Australian longitude sector. The plasma bubble extended to the mid-latitudes in both hemispheres
with a geomagnetic conjugacy. On the other hand, the plasma bubbles were decayed during the recovery phase of the
geomagnetic storm. The plasma density irregularity at the mid-latitudes related to the plasma bubble decayed earlier in the
northern hemisphere than in the southern hemisphere. A background ionospheric plasma density in total electron content
data was much smaller in the northern hemisphere than in the southern hemisphere. In this study, we clarify the cause of the
north-south asymmetry of the mid-latitude plasma bubble decay during the geomagnetic storm using the Ground-to-topside
model of Atmosphere and Ionosphere for Aeronomy (GAIA) model.

An ionospheric virtual height (h’F) at 3 MHz over Wakkanai (45.16° N, 141.75° E) estimated by the GAIA model
declined by a few ten kilometers during 12:30 — 14:00 UT and rapidly increased during 14:00 — 17:00 UT. This resembled
the temporal variation of h’F obtained from the ionosonde at Wakkanai. A meridional neutral wind at 142° E calculated by
the GAIA model blew northward at 20 — 70 m/s in the northern hemisphere during 12:00 — 14:00 UT (21:00 - 23:00 LT)
while it blew southward during the geomagnetically quiet day on 8 March. From these results, the ionospheric plasmas in
the northern hemisphere were carried downward along magnetic field lines due to the enhanced northward neutral wind. At
night, the ionospheric plasmas decreased at lower altitudes due to the increase in the recombination rate at lower altitudes,
resulting in the rapid rise in h’F after 14:00 UT. On the other hand, the meridional neutral wind in the southern hemisphere
blew northward during 10:00 — 12:30 UT and 15:00 — 20:00 UT although it was almost zero during 12:30 — 15:00 UT.
This suggests that the mid-latitude ionospheric plasmas in the southern hemisphere were higher than those in the northern
hemisphere. The mid-latitude plasma bubbles during geomagnetic storms can be asymmetric between northern and southern
hemispheres because the background ionospheric plasmas in the northern hemisphere decreased due to the disturbed neutral
wind.
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Statistical study of mid-latitude plasma bubbles based on GNSS and ionosonde
observation at the American longitudinal sector
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Radio waves used by Global Navigation Satellite System (GNSS) and satellite broadcasting and communications pass
through the Earth’s ionosphere. Plasma bubble, which is a localized plasma density depletion in the ionosphere and contains
plasma density irregularities, affects radio waves passing through itself. Although the plasma bubbles are initiated at
magnetic equator, recent GNSS observations have revealed the existence of a small number of plasma bubbles that reach mid
or high latitudes. However, the conditions in which plasma bubbles extend to mid or high latitudes has not been clarified.
In this study, we investigate relationship between poleward extension velocity of plasma bubble and ionospheric upward
velocity at magnetic equator to clarify in which conditions, plasma bubbles reach mid-latitudes.

In this study, Total Electron Content (TEC) data obtained from GNSS receivers during the 11-year period from 2012 to
2022 in the American longitudinal sector (230° to 330° longitude), where many GNSS receivers are installed widely from
the equator to high latitudes were analyzed. Virtual height of the F layer (h’F) from an ionosonde at Jicamarca (12° S,
283.2° E) were also used. From the GNSS-TEC data, two-dimensional map of Rate of TEC index (ROTI) representing
ionospheric electron density irregularities are obtained. Mid-latitude plasma bubble is defined as an event in which a region
of ROTI exceeding 0.5 TECU/min (1 TECU=10"16 m"(-2)) extends from the vicinity of the magnetic equator to more than
30° magnetic latitude. In this study 48 mid-latitude plasma bubbles are found. To derive poleward extension velocity
of plasma bubbles, the following procedures are carried out. The maximum ROTI is determined for each latitude in the
longitudinal range from 230° to 330° . The poleward extension velocity of plasma bubble is derived from the slope of
the enhanced ROTI region in the time-latitude cross-section of the maximum ROTI. The average value was about 500
m/s. Ionospheric upward velocity over the magnetic equator was also derived from the rate of increase in h’F data from an
ionosonde at Jicamarca. The average value was about 18 m/s. Comparing the poleward extension velocity in the enhanced
ROTT region with the ionospheric upward velocity, we find that the poleward extension velocity in the enhanced ROTI region
increases with increasing ionospheric upward velocity. This result indicates poleward extension velocity of plasma bubble
increases with the increase in the eastward electric field at the magnetic equator through the Rayleigh-Taylor instability. We
also find that relationship between the maximum arrival magnetic latitude of the enhanced ROTI region and the ionospheric
upward velocity is not discernible. We speculate that the maximum latitude of mid-latitude plasma bubbles depends on not
only the eastward electric field at the magnetic equator but also the condition of the ionosphere where the plasma bubbles
extend.
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Observations of Stratospheric Concentric Gravity Waves and Concentric Travel-
ing Ionospheric Disturbances over the U.S.

#Masaru Kogure>3), Yue Jia®>%), Chou Min-Yang?®), Liu Huixin"), Otsuka Yuichi®

“Department of Earth and Planetary Sciences , Kyushu University, (2NASA/GSFC, (3The Cathoric University of America,
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This work investigates the distributions of coincident stratospheric concentric gravity waves (GWs) observed by AIRS and
concentric traveling ionospheric disturbances (TIDs) detected by GNSS-TEC during the four seasons of 2022 to illustrate the
mesoscale vertical coupling between the lower atmosphere and ionosphere. We compared these disturbances in the strato-
sphere and ionosphere with tropospheric weather conditions, including convective available potential energy (CAPE) and
locations of extratropical cyclone’s centers, as well as background winds in the thermosphere. Epicenters of the concentric
TIDs associated with stratospheric concentric GWs correspond to areas with high CAPE over the central-to-east U.S. (760-
110° W) in summer and over the southern U.S. (south of "40° N) in spring and fall. On the other hand, in fall, winter, and
spring, the epicenters over the northern U.S. (north of "40° N) appeared in the south of high extratropical cyclone activity
areas, corresponding to the centers of extratropical cyclones. These results suggest that the potential sources of concentric
GWs driving TIDs over the continental U.S. were convection during the four seasons, although weather phenomena associ-
ated with the convection varied by season. Convection over the central-to-eastern U.S. in summer and the southern U.S. in
spring could be linked to thunderstorms. On the other hand, convection over the northern U.S. from fall to spring could be
induced by warm and wet air advection associated with extratropical cyclones. Over the North Atlantic Ocean in fall, hurri-
canes could induce convections. We also found that concentric TIDs are linked to 67% of the stratospheric concentric GW
events, indicating that convection is a significant TID source in the lower atmosphere, contributing to the lower atmosphere-
ionosphere vertical coupling. The thermospheric wind influences the local time and horizontal distribution of the concentric
TIDs. Specifically, the thermospheric wind during daytime is weaker than that at nighttime, leading to a higher occurrence
rate of concentric TIDs during daytime.
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Seasonal Variation and Latitudinal Structure of the Quasi-6-Day Wave on the
Inter-Hemispheric Field Aligned Currents (IHFACs)
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The quasi-6-day wave is a type of atmospheric wave generated by the latent heat heating associated with the cumulus con-
vection activity in the tropics [Miyoshi and Hirooka, 1999]. It propagates upward and affects the equatorial electrojet (EEJ) in
the ionosphere, which has been confirmed from satellite observations [ Yamazaki et al., 2018]. In addition, TIME-GCM cal-
culations shows that the EEJ reaches its maximum intensity around the equinoxes [Liu et al., 2014]. Inter-hemispheric field-
aligned currents (IHFACs) flow from the ionosphere of one hemisphere to the other through the magnetosphere, to resolve the
non-uniformity of ionospheric currents with divergent spatial structure that occurs between hemispheres [Fukushima, 1979].
The direction of the IHFACs changes in the morning, noon, and evening, and its intensity is highest in February and August
[S. Yamashita and T. Iyemori, 2002].

In this study, we used ground magnetic field data from MAGDAS and INTERMAGNET to clarify the effects of the quasi-
6-day wave on the IHFACs. The ground magnetic field data used are the east-west (D) magnetic field components at 9 stations
within the 210 geomagnetic longitude band and -35 to +35 geomagnetic latitude during the 2007-2011 magnetic quiet period.
Principal component analysis is a statistical analysis method that can extract large components from any data and reveal its
internal structure. We applied this method to the data to extract the IHFACs variation from the D components. The amplitude
of the variation with a period of about 6 days was extracted, and this was taken to be the quasi-6-day wave. To show the
latitudinal and seasonal structure of the quasi-6-day wave, the average amplitude for a given month over the 5-year timespan
were calculated.

The results show that, the IHFACs are affected by the Q6DW. Also, the variation become stronger around the equinoxes,
which is consistent with the seasonal dependence of the Q6DW. The latitudinal structure of the Q6DO appearing in the
IHFACs has amplitudes from the equator to mid-latitudes, suggesting that the Q6DW may have been propagated between
hemispheres via the IHFACs. More results and discussion will be presented in this presentation.
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Global simulation of atmospheric waves and ionospheric variations generated by

tsunamis
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It is widely recognized that tsunamis drive atmospheric waves and ionospheric variations. Various numerical simulations
as well as observational studies have been made to understand the mechanisms of those variations. We also studied the
atmospheric-ionospheric variations using two-dimensional atmosphere-ionosphere coupled models for the tsunami generated
by the Sumatra earthquake on 26 December 2004 (Shinagawa et al., 2007) and the Tohoku-oki earthquake on 11 March 2011
(Shinagawa et al., 2013). However, past atmosphere-ionosphere simulations for tsunami-driven disturbances are based on
regional models. Since regional models have some uncertainties about boundary conditions, it is difficult to self-consistently
include the ionospheric dynamo processes and global neutral winds. To investigate the atmosphere-ionosphere variations
driven by tsunamis, we have recently carried out global atmosphere-ionosphere simulations using the coupled model of
axisymmetric three-dimensional non-hydrostatic atmosphere model (NHM) and the whole atmosphere-ionosphere coupled
model (GAIA). The initial results of the simulations of atmospheric variations driven by tsunamis indicate: (1) acoustic
waves, Lamb waves, and gravity waves are generated by initial uplift of the sea surface, (2) gravity waves are generated
by propagating tsunamis, and (3) gravity waves are newly generated when propagating tsunamis are stopped by the land.
Previous studies have suggested that if acoustic waves or Lamb waves are detected immediately after the generation of
tsunamis, it may be possible to predict the arrival and the magnitude of tsunamis because the propagation speeds of acoustic
waves and Lamb waves are faster than the propagation speed of tsunamis. Some studies have also indicated that the magnitude
of tsunamis can be determined from the ionospheric/geomagnetic variations driven by the acoustic waves prior to the arrival
of tsunamis. We have carried out the atmosphere-ionosphere simulations of the Tohoku-oki tsunami on 11 March 2011 using
the new model, and we will report the atmospheric waves and ionospheric variations generated by the tsunami. We will also
make some remarks on the possibility of the tsunami-arrival prediction using observations of atmospheric waves, ionospheric
variations, geomagnetic variations.
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A short period Pc3 magnetic pulsation possibly caused by a Lamb wave and plas-
maspheric cavity resonance
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Low-altitude satellites such as Champ and Swarm and ground-based magnetic field observations often detect compres-
sional Pc3 (period 10-45 sec) or Pc4 (45-150 sec) pulsations at mid- and low-latitudes during high-speed solar wind. These
have been discussed in relation to a duct propagation between the magnetosphere and plasmasphere of magnetosonic waves
generated by upstream waves or by changes in dynamic pressure of the solar wind, magnetospheric cavity resonance, and
field-line resonance (Heilig et al., 2007; Sutcliffe et al., 2013; Balasis et al., 2015; et al.). Based on correlation analysis with
solar wind parameters, it is believed that these originate from the solar wind, but we report that a peculiar Pc3 pulsation was
observed by the Swarm satellites that may have been caused by the Lamb waves generated by the Tongan undersea volcanic
eruption on January 15, 2022. The difference between this and the usual Pc3 pulsations observed at low and mid-latitudes
is its spectral distribution, where the spectal density usually peaks between 20 and 30 sec, but in the example observed on
the dayside orbit around the time when the Lamb waves are estimated to have passed, the spectral density peaks below 20
sec and is small in the periods of 20 sec or more. In order to confirm the existence of an event with a spectral density and
distribution characteristic similar to this or more prominent than this, all orbits of Swarm-A, -B, and -C passing through the
region of 10-14 MLT, *+ 45 MLat from 2014 to April 2022 were searched, but no examples were found other than this event.
The solar wind on January 15, 2022 was turbulent at high speed, so the possibility that this was the cause of the Pc3 cannot
be completely denied, but the solar wind on this day was not particularly turbulent at high speed, and the timing coincides
with the estimated time when the Lamb waves reached the longitude of the satellite orbit, so this phenomenon is likely to
be related to Lamb waves. One possible explanation for the shift of the spectral peak toward the short period side is that
the daytime plasmasphere may be trapping or resonating magnetosonic waves generated in the ionosphere. In other words,
magnetosonic waves injected from the ionosphere may be reflected at the plasmapause, where the phase velocity is large, and
waves with a period of about 10-20 seconds may be captured or resonate in the plasmasphere, resulting in large amplitude and
short period Pc3 waves observed by the Swarm satellites. The cavity resonance in the plasmasphere has been investigated in
detail, for example by Fujita and Itonaga (2003), to explain the characteristics of Pi2-type pulsations injected from nightside
magnetosphere. Here, we also consider the injection of waves from the ionosphere, which originates from the daytime lower
atmosphere.
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Analysis of Ionospheric Disturbances Caused by Typhoons Using Ground Mag-
netic Field Data

#Miki Nishimura®), Akimasa Yoshikawa?), Teiji Uozumi®

(IDepartment of Earth and Planetary Sciences, Graduate School of Science, Kyushu University, (?Department of Earth
and Planetary Sciences, Kyushu University, (*International Research Center for Space and Planetary Environmental Sci-
ence,Kyushu University

In recent years, it has become increasingly evident that intense convection activities, such as typhoons occurring in the
troposphere, can have various impacts on the ionosphere. The SWARM satellite, orbiting at an altitude of about 500 km,
observed small-scale geomagnetic fluctuations when passing over a typhoon [Aoyama et al., 2017]. These fluctuations might
also influence the dynamics of the F-layer plasma [Du, X., 2023].

Typhoon VONGFONG, which formed in October 2014, intensified into a powerful storm with a minimum pressure of 900
hPa around 3:00 JST on October 8th, and later made landfall near Makurazaki City in Kagoshima Prefecture around 8:30 JST
on the 13th. When two SWARM satellites passed over the typhoon around 10:00 JST on the 8th, magnetic field fluctuations
with an amplitude of approximately 1.5 nT in the x-component (directed toward Earth along the geomagnetic meridian) and
about 0.5 nT in the y-component (perpendicular to the geomagnetic meridian) were observed. These fluctuations suggest the
presence of field-aligned currents, which may have been generated by a dynamo excited by acoustic waves propagating from
the lower atmosphere to the ionosphere [V.A. Martines-Vedenko et al., 2019].

However, there are no reported cases of direct geomagnetic fluctuations caused by typhoons, and reports of magnetic field
fluctuations observed by the SWARM satellite are still scarce. Therefore, further research is needed to establish the morphol-
ogy of typhoon-induced magnetic field fluctuations. Our investigation focuses on whether geomagnetic fluctuations observed
before and after the passage of a typhoon are caused by fluctuations in ionospheric currents.

The data used in this study comes from the ground-based geomagnetic observation network MAGDAS (Magnetic Data
Acquisition System), which is globally deployed by Kyushu University’s International Research Center for Space and Plan-
etary Environmental Science (i-SPES), and from geomagnetic data provided by the Japan Meteorological Agency (JMA)
geomagnetic observatories. Both datasets have a time resolution of one second. We analyzed the raw H and D component
data, their time derivatives, and the five-minute standard deviation of the derivatives. The five-minute standard deviation of
the time derivatives indicates the degree of data dispersion within each five-minute period.

We conducted a detailed analysis of data from Kanoya in Kagoshima Prefecture and Kakioka in Ibaraki Prefecture (pro-
vided by the IMA), as well as Kuju in Oita Prefecture and Ashibetsu in Hokkaido (MAGDAS), focusing on October 12th
and 13th, 2014, around the time when Typhoon VONGFONG, previously confirmed to have caused magnetic fluctuations
observed by the SWARM satellite, made landfall in Kagoshima Prefecture around 8:30 JST on October 13th. Our analysis
revealed that in Kanoya, the time derivative of the H component increased by approximately 1.5 times between 11:30 and
12:30 JST on October 13th compared to other days without the typhoon. In Kuju, we observed that the time derivatives of
both the H and D components and their five-minute standard deviations increased by about 2 to 3 times between 15:00 and
18:30 JST on October 13th, compared to other days without the typhoon.

Additionally, frequency analysis revealed that, particularly in Kuju, a spectral peak appeared in the 0.5 - 1 mHz range,
which corresponds to the frequency band of atmospheric gravity waves, during the time period when fluctuations were ob-
served. Such fluctuations were not observed at the observation points in Kakioka or Ashibetsu, which are located farther
from the typhoon’s center. Moreover, the minimum Dst index value during the period from 9:00 to 21:00 JST on October
13, 2014, was — 3 nT, indicating that no geomagnetic storm occurred. To further investigate whether these ground magnetic
field fluctuations were caused by the typhoon, we analyzed approximately one year’s worth of raw data, time derivatives, and
their five-minute standard deviations from Kuju, covering the period from October 1, 2013, to the end of September 2014.
We found no similar changes on days without typhoons.

In this presentation, we will discuss the mechanisms of typhoon-induced ground magnetic field fluctuations, focusing on
this event and several other events currently under analysis.
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D-region ionospheric response to the 2024 Noto Peninsula earthquake using OC-
TAVE LF transmitter signals

#Hiroyo Ohya®), Fuminori Tsuchiya®)
(1Graduate School of Engineering, Chiba University, (?Planetary Plasma and Atmospheric Research Center, Graduate School
of Science, Tohoku University

In the D-region ionosphere, oscillations of LF (low frequency, 30-300 kHz) transmitter signals with a period of 100 s were
reported about five minutes after mainshock of the 2011 Tohoku earthquake (Ohya et al., 2018). During the 2015 Nepal
earthquake, variations in LF amplitudes with a period of 100-200 s were reported (Akashi et al., 2021). These variations were
caused by acoustic waves excited by Rayleigh waves. However, detailed coupling between earthquakes and the D-region
ionosphere has not been revealed. In this study, we investigate the D-region ionospheric variations associated with the 2024
Noto earthquake using OCTAVE (Observation of CondiTion of ionized Atmosphere by VLF Experiment) LF transmitter
signals. We have built the OCTAVE observation network in Asia, Europe, and America for monitoring the ionosphere and
magnetosphere. Intensity and phase were observed with a sampling time of 0.1 s. The mainshock of the Noto earthquake
(Mw 7.5) occurred at 07:10 UT on 1 January, 2024. When the propagation velocity of the Rayleigh wave was assumed to
be 3.5 km/s, we calculated the propagation time of acoustic wave between the Earth’s surface and reflection height of the
LF waves (about "90 km height). Variations in LF amplitudes and phase were seen in JJY40kHz-RKB and JJY60kHz-RKB
paths. The amplitude and phase variations were 0.6-1.8 dB and 1.8 degrees, respectively. There was no change in JJI-RKB
amplitude. The period of the LF variations was 60 - 300 s. The longer period of vertical seismic velocity observed at Wajima
(WJM) was similar to that of the LF amplitudes (10 — 300 s). Acoustic waves with the similar periods of the seismic waves
might propagated from the closest path point to the D-region height vertically. In this presentation, we will show the detailed
phenomena in detail.
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Non-thermal escape of expanded hydrogen atmosphere on early Earth modeled
by a 3D multispecies magnetohydrodynamic simulation

#Yuri Kusano'), Tomoki Kimura®), Shotaro Sakai®), Tatsuya Yoshida®), Yuki Maeda®), Eitaro Nakada®), Ryoma Takada®),
Naoki Terada?)

(I Tokyo University of Science, (*Tohoku University, (*The University of Tokyo, (*Hokkaido University

The most important element for Earth and other planets to hold oceans on the surface is the atmosphere. The atmospheric
evolution has been controlled by the supply of gas from Earth’s crust and its escape into space. Non-thermal atmospheric
escape, such as ion pickup, which is one of the major processes of atmospheric escape, depends on the planet’s intrinsic
magnetic field, the solar wind, and solar XUV flux. Quantitative evaluation and long-term variability of each process are
important for understanding the atmospheric evolution, but there is a lack of in-situ observations of the escape regions of
each planet, which is a major unsolved problem. Previous studies have estimated the non-thermal escape rates from the
planetary atmospheres such as Mars and Venus, using the global numerical simulations. For example, the atmospheric
escape simulation of past Mars have shown that when the XUV flux increases 100 times compared to the present day, the
atmospheric temperature (Kulikov et al., 2007) and ion production rate increase, and the escape rate increases by 10*~5 times
(Terada et al., 2009). However, these studies are based on estimates of the composition of the present neutral atmosphere
and are based on the assumption that the early Martian atmosphere was COs-rich and dry with a low greenhouse effect as
well as the present Mars. On the other hand, the early atmosphere likely had a hydrogen-dominant atmosphere (Yoshida and
Kuramoto., 2021), which is different from the present. A similar problem remains unresolved on Earth.

Here we hypothesized a hydrogen atmosphere of the early Earth (Yoshida and Kuramoto., 2021, altitude range of
1000~°185000km, the maximum density of 3 X 10'2/cm?), assuming an XUV flux 100 times larger than present, and
investigated the non-thermal escape rate of atmospheric ions using a 3D multispecies magnetohydrodynamic (MHD) model
(Terada et al., 2009). We assume that the early earth was in a non-magnetized period, when the influence of the solar wind
would be large, such as during geomagnetic reversals. We set the solar wind speed to 1800 km/s , density to 2100/cc, and
IMF absolute value to 7nT. As a result, the atmospheric escape rate at 200 R, on the night side is found to be 4.0 X 10?8/s
for Ho* and 5.0 X 1033/s for H'.(R, is the radius of the Earth 6380 km.) A bow shock was formed at about 60 R,, on the
dayside, and inside it, an expanded ionosphere was formed with the maximum plasma density of 5.4 X 10%/cc due to the
expanded atmosphere. The altitudes where the escape rates are large corresponds to the expanded ionosphere. The solar
wind magnetic field penetrated into the expanding ionosphere on the dayside, and the magnetic flux density of the IMF
was amplified by a factor of 300 to form an induced magnetosphere with a maximum magnetic flux density of 2000 nT. In
addition, we estimated that the early hydrogen atmosphere (Yoshida and Kuramoto., 2021) depletes in 8.5 million years by
this non-thermal escape rate. This results suggests that not only thermal escape but also nonthermal escape is significant for
the early Earth atmospheric escape. We plan to investigate the dependence of atmospheric escape rate on the IMF, the solar
XUV flux and solar wind dynamic pressure. We report the current status of our study in the presentation.

HIERZ DO XE D REIEF LRI T 2 - DICROBEALERIIRKKRTH 5, K&ud, Hikr» oo b A ftfhe . FiF
ZERI N DHGRIC Z DI ZHlH S e b L T E ey FHEMANORTHROFT T FEZ T LRAD1DOTH S,
AFX Y 77y FEOIFRANEGRIZ. REOETKYS. KBR. K150 XUV 77 v 7 RIKIFT 5, FEEOE
A RAZB O MBRIE OO ETEERED, FKE L b ICHERERO 2 OGBHEN R E L TB D, KRR
KEETH %, FATHIETIIKE, SEREDEERLGD) 5 DIEBNHREE, BiES I 21— 2 VR # - TR
HELTWS, BIZITHEDKEZEELEZRGDS I 2L —2arTld. XUV 75 v 7 208 L g LT 100 512
%Y. KRADIEE (Kulikov et al., 2007) & £ F VAR LR L, BOEED 1045 fF4013 % (Terada et al., 2009)
EBHALICRoTVDS, LHALIHALDOMETIIHAEDOHERKROMME b L ICHEEINTE D, BEDOKERKD
CO, a‘zﬂwzﬂﬁiﬁ%ﬁﬁ CEBEL TV WS IREDTT TR D Lo TW5b, —J., EEOMBEDKKIZHNA L Bz bk
EDNEEICEENTWAMKTH - =0HetEDH 3 (Yoshida and Kuramoto., 2021), HIERIZ 3BT 3 FIRED fASRARR D
FETH D, £ TAMEIR. BHAD 100 50 XUV 7 Z v 7 22 HE L., @EOHIKICE I 2% KM L 727KEK
& (Yoshida and Kuramoto., 2021, & 1000 185000km, R AZE 3 X 1012/cm3) ZKE L. £ 4 4> MHD 71
(Terada et al., 2009) % {if > TRXURIEA 7 > DIFRIBERR 2 FNTz, FEAHIERIIHE S IR S T KB RO E K
Ve BN IERLORRZMRE L, AR EIZHEEE 1800km/s, 25 2100/ce, IMF #ohHid% TnT ICFRE LTz, Z DOFEHE
M 200R, (R, IZHERDPMR, HEKE R, LT 5.) TORKHGERIE Ho™ 234.0 X 10%/s, HT 575.0 X 10%3/s £\ 5



MRMF NIz, F7BAKY 60R, TRV Y a v ZHER I, ZONAITERED (BAT 7 X2 HEE~5.4 X 105/cc)
B9k U 7= BB A TE R X Nz, BOED K E WE IR L 72 BEEEICHIE LT W3, KBRS B HI o gk B i
1235 - HEFE L. IMF ORI DS 300 512 HIE X N THRKRHEIZEE 2000nT OFEMKEI BRI Nz, 2 Z DI
M7 BEREIC & - T, FIHID/KZE KRS (Yoshida and Kuramoto., 2021) 1% 850 FETHIE T 3 £ RiEd oh/, Zhidld
FEETH D LEZ LN TWBREGR (Yoshida and Kuramoto., 2021) 1Z & 2 FEBIERID 50 5D 1| ORI TH 2, 0 F
D, WBEDKBRKUTOWT, BIECRS 1T TlE Ak < JERIVELE & BT E R WAlREMED R X Nz, 5%k, IMF Of
By XUV 7o v 7R, KBREECXZ2ELERRNDZ FETH D, HETIEX. AAROHTIRERE T 3,



R005-P02
RZXZ2—3 1 11/25 PM1/PM2 (13:15-18:15)

It EDBKEIDNPRBATICS R ZEE
H% PHER D, =7 2 2
UK - PR - HOBRERE, 2 UK - R - HIERERE

The impact of Arctic Sea ice loss on the middle atmosphere

#Shosuke Mori®), Yasunobu Miyoshi®)

(IDepartment of Earth and Planetary Sciences, Graduate School of Science, Kyushu University, (?Department of Earth and
Planetary Sciences, Faculty of Sciences, Kyushu University

Sea ice in the Arctic has been decreasing in recent decades. It has been reported that the Arctic Sea ice loss affects the
planetary wave activity propagating from the troposphere to the stratosphere, thereby influencing the general circulation in the
stratosphere. In this study, we examined the impact of sea ice loss on the middle atmosphere. The long-term GAIA simulation
data (1989-2021) are used in this study. In GAIA simulation data, the meteorological reanalysis data (JRA-55) are included
in the troposphere and lower stratosphere. Our analyses indicated that the Arctic Sea ice loss affects the Arctic temperature
not only in the stratosphere but also in the mesosphere and lower thermosphere. For example, the Arctic temperature in the
mesosphere (lower thermosphere) with the Arctic Sea ice loss is lower (higher) than that without the Arctic Sea ice loss.
However, our analyses include influences of other boundary conditions such as sea surface temperature and atmospheric
internal variability. In order to examine the effect of the Arctic Sea ice loss more precisely, numerical experiments with and
without the Arctic Sea ice loss should be conducted. By analyzing these numerical experiment results, we will investigate the
impact of the Arctic Sea ice loss on the general circulation in the middle atmosphere.
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Polar mesospheric cloud variations from 2015 to 2024 observed by Himawari-8/9
#Yosuke Moriyama®), Takuo Tsuda'), Yoshiaki Ando"), Ken T. Murata?
(IUniversity of Electro-Communications, (?National Institute of Information and Communications Technology

Polar Mesospheric Clouds (PMCs), also known as Noctilucent Clouds (NLCs), are the highest clouds on Earth. The PMC
consists of water-ice particles that can be formed under extremely low-temperature conditions around the mesopause region at
high latitudes in summer, and thus their formation and loss are thought to be sensitive to atmospheric temperature, the mixing
ratio of water vapor, and mesospheric dust as a condensation nucleus. Therefore, the variability of PMCs could be used as
a valuable indicator to understand the variation of the high-latitude mesosphere. As for the long-term PMC variations, some
previous studies mentioned that PMCs may be a possible indicator of global change (i.e., a miner’s canary of global warming),
and it has been considered to be an important topic. On the other hand, long-term PMC variations can be affected by various
factors, such as the solar cycle of an approximately 11-year period and large-scale volcanic eruptions. In addition, short-term
scale effects, such as effects due to Stratospheric Sudden Warming (SSW) in the winter hemisphere, may play important
roles in the PMC variations. To observe these variations and understand their mechanisms, long-term PMC observations are
needed, and comprehensive investigations on PMC variations are important.

Himawari-8 is the Japanese geostationary-Earth-orbit (GEO) meteorological satellite that started operation in 2015, and a
PMC detection method was developed for the full-disk image captured by the Advanced Himawari Imager (AHI) onboard
Himawari-8. As a result, the performance of the Himawari-8 PMC observation was comparable to that of the Cloud Image and
Particle Size (CIPS) onboard the Aeronomy of Ice in the Mesosphere (AIM) satellite. Himawari-8/AHI ended its operation
in December 2022, and Himawari-9/AHI took over its operation. To continue PMC observations, the PMC detection method
developed for the Himawari-8/AHI was applied to the Himawari-9/AHI. Analysing simultaneous PMC observation data in
early summer in the Southern Hemisphere (1-13 December 2022) by both satellites, comparisons were made between the
PMC data from Himawari-8/AHI and Himawari-9/AHI. The results showed that 99.8% of the PMC detection results from
Himawari-9/AHI agreed with those from Himawari-8/AHI. As for the PMC height data, 98.3% of the data showed agreement
within £ 1 km. These results indicate that the Himawari-9/AHI PMC observations have the same performance as the
Himawari-8/AHI PMC observations.

In this study, we are working on data analysis of about nine-year PMC data acquired by the Himawari-8/9 during 2015-
2024 to investigate long-term PMC variations. To perform comprehensive investigations, we also analyse the solar activity
index data, atmospheric temperature data, and water vapor data. In the presentation, we will show these results and discuss
importance of several factors affecting observed PMC variations.
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A method for atmospheric temperature profile estimation by Himawari-8/AHI
limb-sounding
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cations Technology (NICT)

Himawari-8 is the Japanese Geostationary Earth Orbit (GEO) meteorological satellite, that is equipped with Advanced
Himawari Imager (AHI). Himawari-8/AHI provides full disk images every 10 min in 16 observation bands, including three
visible bands: blue (0.47 p m), green (0.51 p m), and red (0.64 [ m). These full disk images are normally used as nadir ob-
servations mainly for meteorological purposes. On the other hand, the full disk images by Himawari-8/AHI can also provide
near-global limb-sounding data as the edges of images. As an example, there are a couple of reports on polar mesospheric
cloud (PMC) observations by Himawari-8/AHI limb-sounding.

In the present work, we consider temperature estimations in the middle atmosphere as a further application using Himawari-
8/AHI limb-sounding data. In the limb-sounding, Rayleigh scattering of the sunlight can be observed, and thus we can obtain
height profiles of line-of-sight (LOS) integrated Rayleigh scattering signals. Extinction effects in the signals can be cor-
rected based on a simulation in the Rayleigh scattering. After that, by inversion methods, such as the Abel transforms, the
LOS-integrated signals can be converted into local signals, which could be considered to be proportional to the local number
densities of the atmospheric molecules. Then, applying the Rayleigh scattering temperature lidar technique, height profiles
of temperature can be derived from height profiles of the local signals under an assumption of the hydrostatic equilibrium.
There are a couple of previous works demonstrating this kind of temperature estimation using limb-sounding data from low-
Earth-orbit (LEO) satellites. On the other hand, there is no previous example of GEO satellites, which have an advantage in
providing continuous observations from a fixed point in space. In the presentation, we will show our results for temperature
estimations by Himawari-8/AHI limb-sounding, and discuss the potential of the estimated temperature data.
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Development of NLC Imager for observation in the high latitude region. -The test

observation in Kiruna, Sweden
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Noctilucent cloud (NLC) images often contain fine wavy structures ranging from several kilometers to several tens of kilo-
meters. These are thought to reflect local small-scale atmospheric disturbances in the upper mesosphere. Satellite imaging
data cannot resolve these fine structures, and thus, ground-based imaging of the NLC is the effective method to study the
small-scale disturbances in the upper mesosphere.

NLCs are mainly observed by satellite (e.g. AIM satellite) in the high latitude regions. However, this area is under the
influence of the midnight sun, which makes it difficult to detect NLCs from the ground because of the bright background
sky condition. Therefore, opportunities for NLC observations from ground in the high latitude regions are limited. On the
other hand, there is an opportunity for NLC observation during the period of decline for NLC occurrence even in the high
latitude region. In addition, slow variation in the solar elevation angle enables continuous observation of NLCs with similar
geometric conditions throughout the night. Thus, there is evident merit in studying the NLC morphology if the opportunity
for NLC observation increases in the high-latitude regions.

We have examined the feasibility to overcome this “bright background problem” by developing an optical imager spe-
cialized for noctilucent cloud observations [Nakamura et al.,2021]. Noctilucent clouds are known to have a spectral peak at
400-500 nm in their radiance [Lange et al.,2022]. On the other hand, the background spectrum in twilight sky attenuates in
wavelengths shorter than 680nm. Therefore, there should be the optimum wavelength band for noctilucent cloud observation
which gives a better signal-to-noise ratio (SNR) in shorter wavelength regions. In this study, the most suitable bandpass for
NLC observations is proposed based on the ground spectra of the twilight background sky obtained in the polar region. We
proposed that an imaging observation by using a cooled CMOS camera equipped with the bandpass filter which has the center
wavelength at 371 nm and 40nm bandwidth can give effective SNR (SNR>1.80) for NLC even under a bright sky condition
which corresponds to a local solar zenith angle "91° .

We carried out the test observation of the developed imager in Kiruna, Sweden (N 67.8, E20.4) in August, 2024. As aresult,
we succeeded in capturing the NLC with the NLC imager, the digital camera and the small spectrometer between 23:00 on
19 August and 1:00 on 20 August (LST). We present the prompt result of this test observation and discuss the performance
of the new camera.
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Variation of OH Airglow Intensity Associated with Energetic Particle Precipita-
tion in the Polar Mesopause Region
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We conducted ground-based spectral observations of OH (8-4) airglow emitted from the mesopause region at Syowa Station
during the winter seasons from February 2008 to October 2019. These observations have been carried out again since 2021.
We derived the rotational line intensities of the OH (8-4) band (OH intensity) and the corresponding rotational temperatures.
We observed distinct intensity variations occurring over periods ranging from several tens of minutes to several hours. These
variations differed from the sinusoidal patterns typically caused by atmospheric gravity waves, which are commonly observed
in the mid-latitude regions. Instead, they exhibited sharp peaks. The OH molecule becomes excited through an exothermic
reaction between an ozone molecule and atomic hydrogen. It is believed that energetic particle precipitation (EPP) into the
upper atmosphere produces NOx and HOx, which subsequently lead to the destruction of ozone molecules. Therefore, the
OH intensity is believed to fluctuate due to changes in the atmospheric composition of the polar mesopause associated with
EPP. We extracted EPP events from cosmic radio noise absorption data obtained through the imaging riometer observations
at Syowa Station. Image data captured by the color digital cameras at Syowa Station were used to check auroral activities.
Analysis of these data suggests that some events of the OH intensity variations occurring within a few hours appear to be
correlated with the temporal development of auroral substorms. The OH intensity increases before EPP events, decreases
afterward, and also decreases when the aurora becomes active.

In this presentation, we will illustrate the temporal variations in OH intensity correlated with the auroral activities detected
over Syowa Station from 2016 to 2022. Additionally, we will discuss the effects of EPP in the polar mesopause regions.
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A New Approach to Measuring Wind Speed with Airglow Imaging of Atmospheric
Gravity Waves
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In this study, we estimated wind speed near the mesopause by observing atmospheric gravity waves using airglow imag-
ing. According to the linear dispersion relation for gravity waves, the vertical wavelength can be derived from the intrinsic
velocity (the difference between the horizontal phase velocity and the background wind) and the horizontal wavelength. In
airglow imaging, the horizontal phase velocity and horizontal wavelength of the waves can be directly obtained from the im-
ages. Assuming that the same wave structure is observed in airglow emissions at different altitudes, the ratio of horizontal to
vertical wavelength can be calculated from the phase difference between the wavefronts observed in two airglow images and
the altitude difference of the airglow layers. This allows for the determination of the background wind solely from airglow
observations.

On May 2, 2010, clear gravity wave structures were observed with the Shigaraki airglow camera (OMTI: Optical Meso-
sphere Thermosphere Imager) in OI airglow (altitude: 95 km) and OH airglow (altitude: 85 km). The gravity waves had a
horizontal wavelength of 28.6 km and a horizontal phase velocity of 33.9 m/s, propagating northeastward (about 52.4° from
north). The calculated tilt of the vertical wavefront, based on the phase difference of the gravity waves observed between
the OI and OH airglow images, was about 20.4° , corresponding to an estimated background wind speed of 1.3 m/s in the
direction of gravity wave propagation. Simultaneous wind measurements at the OI airglow altitude using a Fabry-Perot inter-
ferometer (FPI) indicated a wind speed of 75.5 m/s towards the southeast. When projected along the direction of gravity wave
propagation, the FPI wind speed was 1.5 m/s, consistent with the estimated wind speed of 1.3 m/s obtained in this study, thus
validating both the results and the estimation algorithm. These findings suggest that airglow imaging is a viable method for
estimating winds in the mesopause region, offering a cost-effective alternative to significantly more expensive FPI or meteor
radar systems.
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Development of a the time-delayed multi-beam observation method applied to the

Tromsoe Na lidar
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Takuya Kawahara®), Toru Takahashi®
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sity, (4Faculty of Engineering, Shinshu University, (°Electronic Navigation Research Institute

The sodium (Na) layers are normally distributed at 80-110 km altitudes in the merosphere and lower thermosphere (MLT)
region. The Na resonance scattering lidar is a laser remote sensing system that can observe Na layers, which is one of the
most powerful tools for measurements for the MLT region. In recent lidar observations, low-density Na layer events have
been found at higher altitudes (up to 170 km), which are so-called thermospheric Na. These high-altitude Na evens have the
potential to extend the lidar observation to higher altitudes.

The Tromsoe Na lidar was developed in 2009-2010 and is equipped with a laser diode (LD) pumped laser system, which
has advantages in stability and lifetime. The Tromsoe Na lidar is capable of simultaneous multi-beam observation in 5 direc-
tions by splitting the 4-W power laser into 5 beams. The Inter-Pulse-Period (IPP) of the pulsed laser is 1 msec, and thus the
corresponding observation range is 0-150 km. In other words, the Tromsoe Na lidar was originally designed for 80-110 km
of Na layers, and it is not enough for observations for thermospheric Na events. To overcome this subject, we propose the
time-delayed multi-beam observation method. In this method, we perform a pulse-to-pulse switching in the direction of the
laser beam in the multi-beam lidar observations. If we apply this method to the two-direction observations of the Tromsoe
Na lidar, the IPP in each direction becomes 2 msec, which corresponds to the range coverage of 0-300 km. To implement
this method, we have been working on developments in a system for the pulse-to-pulse switching in the direction of the laser
beam, and a data acquisition system, which fits the time-delayed multibeam laser sensing.

In this study, we focus on the feasibility of this pulse-to-pulse switching through fundamental experiments using a com-
mercial galvanometer scanner. In the experiments, the galvanometer scanner was operated at every 1 msec, which is the same
as the laser repetition period of the Tromsoe Na lidar system, and the laser beam line was switched in two directions. The
two beam-lines were measured by photodetectors and beam profilers. Based on these experiments and the data analysis of
experimental results, the switching time and beam pointing accuracy were evaluated. As a result, the switching time was 0.90
msec, which was found to be fast enough for the Tromsoe Na lidar system. The beam pointing accuracy was evaluated by
simulations of transmitting beam size and receiving field-of-view (FOV) using geometric calculations. The simulation results
indicate that the experimental results of the pointing accuracy are good enough for the Tromsoe Na lidar system. These re-
sults suggest that the time-delayed multi-beam method can be applied to the Tromsoe Na lidar using our experimental system
equipped with the commercial galvanometer scanner.

In the presentation, we will show the details of the feasibility of the pulse-to-pulse switching, described above. The current
status of development in the FPGA-based data acquisition system for the time-delayed multibeam laser sensing will be also
reported.
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Ca/Ca+ resonance-scattering lidar for measuring a variety of dynamics in MLT
region with a high temporal and spatial resolution

#Ayaka Hashimoto!), Sota Kobayashi’), Sayako Miyoshi?), Chiaki Ohae-?), Masayuki Katsuragawa'23), Mitsumu K.
Ejiri®%), Takuji Nakamura®*)

(1Univ. of Electro-Comms. Dep. of Sci., (2Univ. of Electro-Comms. IAS, (3Natl. Inst. of Polar Res., (4The Grad. Univ. for
Advanced Studies

Meteoric origin metal atoms and ions which are distributed in the mesosphere and lower thermosphere, are important trac-
ers for understanding the Earth’s entire atmosphere, from the surface to the upper thermosphere and ionosphere. We have
developed a resonance scattering lidar targeting calcium, which uniquely allows the detection of both neutral atoms and ions
from ground-based lidar observations. The laser source of the developed lidar system is based on the injection-locked method,
combining high frequency purity (tens of MHz) with high output (>10 mJ). A major feature of this system is its ability to
simultaneously oscillate at the resonant wavelengths of calcium atoms (Ca: 422.7918 nm) and calcium ions (Ca™: 399.4777
nm) using a single laser resonator. Although Ti:sapphire, the laser medium, has a broad wavelength range (660-1100 nm), it
is practically limited to about plus/minus 30 nm around specific wavelengths. However, by incorporating precise wavelength
dependency into the output mirror of the laser resonator, simultaneous oscillation was achieved at the gain center (786.9554
nm) and at wavelengths more than 50 nm away (845.5836 nm). During test observations with this lidar system, we were able
to capture clear signals over an entire night while maintaining high temporal and spatial resolution. This presentation will
report on the details of the laser system and the progress of the test observations.
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High resolution wind observations based on network MF radar meteor echo
measurements
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(1National Institute of Polar Research, (?Leibniz Institute of Atmospheric Physics, (*The Arctic University of Norway

We have recently redeveloped MF radar meteor wind measurements technique by Tsutsumi and Aso [2005], and have
significantly improved its time/spatial resolutions by using the MF system at Syowa Station (69S, 39E), Antarctic. Because
the duration of meteor echoes is proportional to the square of the radio wavelength, the duration for MF (2-3 MHz) meteor
echoes is more than 100 times longer than that of usual VHF (730 MHz) meteor echoes, indicating that the actual observation
time of MF radar meteor measurement is significantly longer and that a more continuous and dense measurement is possible
under a geomagnetically quiet condition where MF radio wave can travel without significant absorption or retardation. The
redeveloped technique shows that horizontal wind velocities can be estimated with a highly improved time resolution of
about 10 minutes in the height region of 80-115 km, and can even be resolved horizontally every 50 km or so within the
10 minutes at around 90 km, the centroid height of meteor echo distribution. Such resolutions are unprecedentedly high as
meteor wind measurements [Tsutsumi et al., JPGU 2023].

This technique is being applied to MF radars at the northern hemisphere, Saura (69N, 16E) and Juliusruh (54N, 13E),
routinely operated by Leibniz Institute of Atmospheric Physics. These radars are well equipped with an interferometer
capability with 9 and 6 receiver channels, respectively. We have found that existing archived data of these radar systems can
be applicable to the meteor echo analyses as those we have done with the Syowa system.

However, one radar measurement can provide only radial wind component, not the tangential component. This means that
the vorticity is hard to estimate with one radar system, hindering further statistical analyses of the wind field.

To overcome this limitation we are now trying to conduct common volume meteor measurements using two MF radar
systems in the northern high latitude, that is, the Saura system mentioned above and the Tromsoe system (70N, 19E) operated
by Arctic University of Norway. Because the Tromsoe system has currently only limited number of receiving antennas and
channels, we are planning to add a digital receiver and antenna system to enable all-sky interferometer capability. The Saura
and Tromsoe systems are ideally separated to share a common illuminating volume, and are expected to resolve fine time
and spatial structures of wind fields, even with much better resolutions than those of recent VHF meteor radar based network
measurements.

References

Tsutsumi, M. and Aso, T. MF radar observations of meteors and meteor-derived winds at Syowa (69S, 39E), Antarc-
tica: A comparison with simultaneous spaced antenna winds, Journal of Geophyiscal Research-Atmospheres, 110,
doi:10.1029/2005JD005849, 2005.

Tsutsumi, M., Renkwitz, T., and Chau, J. L., High resolution wind observations based on MF radar meteor echo
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ARTIFICIAL BARIUM CLOUDS MOTION AT THREE DIFFERENT ALTI-
TUDES: RESULTS OF THE BROR EXPERIMENT
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(1Swedish Institute for space physics

The Barium Release Optical Rocket (BROR) mission conducted at Esrange, Sweden, on 23rd March 2023, performed
barium releases into the earth’s atmosphere at eight different altitudes between 130 and 245 km to investigate small-scale
electromagnetic phenomena in the auroral ionosphere. In the initial three releases, which were performed at 132 km, 160 km,
and 193 km, the motions of both neutral and ionized barium clouds were clearly and distinctively observed by the ground-
based optical camera network for as long as a few tens of minutes. The neutral cloud motion represents the thermospheric
convection, and the ionized cloud motion is predominantly controlled by the ExB drift motion. In horizontal plain, all neutral
clouds resulting from the initial three releases had a strong westward component in their motion with almost constant velocity,
while the ionized clouds behaved quite differently from each other; the first ionized cloud moved southwest with a relatively
slow speed, the second cloud moved southeast, and the third first directed southwest but afterward changed its direction to
southeast, almost parallel to the path of second ionized cloud. In addition, in the second and third cloud motion, several
accelerations and declamations were observed.

Although it is said that no large parallel electric field to the magnetic field line exists at the altitude of the aurora ionosphere,
the ionized barium cloud resulting from the second release showed considerable difference in vertical motion from the the-
oretical estimated value considering the contribution of the ExB drift, which implies that there should be some mechanism
that make ionized cloud accelerate in the vertical direction.

In this presentation, we will show the detailed motion of clouds resulting from the initial three releases of BROR in relation
to the aurora activity and discuss the plausible mechanism that explains the vertical motions of ionized clouds.
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A study on temporal variation of NO in the MLT region using a multi-
frequencymm-wave spectroradiometer at Syowa Station

#Akira Mizuno"), Hirofumi Goto!), Tomoo Nagahama'), Taku Nakajima®’, Ryuho Kataoka®), Yoshimasa Tanaka?),
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Energetic particle precipitation (EPP) onto the polar regions induced by the solar activity ionizes atmospheric molecules,
and the subsequent ion chemistry produces NO, and HO,, leading to depletion of ozone.

We developed a new multi-frequency spectroradiometer using a waveguide-type frequency multiplexer and broad-band
FFT spectrometer to make simultaneous observations of multi-spectral lines including NO and Og, and we started the routine
observation at Syowa Station in July 2022.

Frequency switching method was used for the observations, which is less sensitive to sky inhomogeneities due to cloudlets
and able to reduce dead time caused by rotational motion of the switching mirror to change the elevation angles. CO in
the 230 GHz band, two ozone spectra (J=71 7-6¢ ¢ and J=109 3-10; ) and six NO spectra (F=7/2-5/2, 5/2-3/2, 3/2-1/2 with
J=5/2-3/2 for each p,;=-— + and + — -) in the 250 GHz band have been observing routinely.

In this presentation, we report the data analysis results on temporal variations of NO.

From July 2022 to the end of 2023, there were five geomagnetic storms with Dst indices exceeding -100 nT, and significant
increases in NO were observed in four of them. Among these geomagnetic storms, those on March 24 and April 24, 2023,
NO increments in the recovery phase were observed in addition to the ordinary increases in the main phase of geomagnetic
storms. The increment of NO in the March recovery phase showed good correlation with the arrival of the fast solar wind; in
the April case, NO slightly increased for 9 days after the main phase keeping high column density level, but the relationship
with fast solar wind was not as clear as in the March case because of the lack of NO data due to bad weather during the arrival
of the fast solar wind. For small geomagnetic storms with Dst indices between -50 nT and -100 nT, there are signatures of
increase in NO corresponding to geomagnetic storms, but some of them are not clearly significant. Drawing an appropriate
baseline for long-term variability is an important issue to assess small NO enhancements related to the small geomagnetic
storms.

During a large magnetic storm on May 11, 2024, with Dst index exceeding -400 nT, a large increase of NO by about 1.5
X 10'® cm™2 was observed, and this NO level continued for about four days.

In this presentation, we will report the results of detailed analyses of individual case studies including comparisons with
satellite data of precipitating flux of energetic particles, and also report the correlation between geomagnetic storms of about
-50 nT and NO temporal variation in more detail.
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N2+ upflow measurement through auroral 427.8-nm emission by a Fabry-Perot

interferometer: Model calculation for measurement errors
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(Unstitute for Space-Earth Environmental Research, Nagoya University, (?National Institute of Polar Research, (®*Hokkaido
Information Univeristy

Several satellite missions have reported the existence of ionosphere-origin ions in the magnetosphere. The AKEBONO
satellite observed that heavy ions, such as nitrogen molecular ions (N>T), were transported to high altitudes in addition to
H*and O", which are the dominant ions for the upflow (Yau et al., 1993). It is pointed out that No™ in the polar upper
atmosphere are transported upward along the magnetic field line in association with auroral heating. Frictional heating
between molecular ions and neutral particles and resonant wave-particle interactions have been considered as possible heating
mechanisms. However, obtaining sufficient energy for ion outflow to the magnetosphere solely by the ion frictional heating
or resonance heating process, it takes at least 10 times longer than the lifetime of the molecular ions (Peterson et al., 1994).
Therefore, the heating mechanisms responsible for transporting these ions into the magnetosphere remain unclear. The Fabry-
Perot interferometer (FPI) can be utilized to measure the velocity of a specific ion or neutrals in the lower ionosphere. Then,
we tried to measure the upward velocity of the Ny ™ along the magnetic field line from the observations of auroral 427.8-nm
emission using the FPI. This work holds the potential to improve our understanding of ion dynamics in the Earth’s upper
atmosphere and magnetosphere.

We conducted a campaign observation by an FPI on March 8-14, 2024, at Skibotn, Norway (69.3° N, 20.4° E). By
fitting the Gaussian distribution independently to the 14 fringes in the interference images obtained by the FPI, we obtained
14 independent values of the ion velocity and estimated the measurement error from their variation. In general, this variation
is considered to be a statistical error due to random measurement noise because we are measuring very weak light. This
measurement error decreases when the auroral emission intensity is stronger to produce larger fringe counts. However, even
when the same peak counts of fringes were obtained as the FPI measurements at 557.7 nm and 630 nm reported by Shiokawa
et al. (2012), we found that the measurement error of 427.8 nm measurement was more than five times larger than those
for 557.7 nm and 630.0 nm. One possible cause is that multiple wavelengths of No™ (ING) band emission are transmitted
through the bandpass filter, resulting in multiple fringes that overlap to form one large fringe. This suggests that (1) errors
can occur by fitting the Gaussian function to the overlapped fringes, which have a shape different from that of the Gaussian
function, and that (2) differences in the Ny temperature between the two (north and south) observation points could cause
systematic errors because the intensity ratio of the band emission lines (and thus, the fringe shape) varies depending on the
N, T temperature. Therefore, we estimated the magnitude of these measurement errors by performing model calculations for
possibilities (1) and (2). In this presentation, we will report the results of the model calculations. We will also report the latest
results of the campaign observations at Skibotn, Norway, to be conducted in Sep. - Oct. 2024.
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Spatio-temporal variability of non-propagating and poleward propagating pulsat-
ing aurora in the torch

#Mizuki Fukizawa'), Yasunobu Ogawa'), Yoshimasa Tanaka®)

(INational Institute of Polar Research

Pulsating auroras are quasi-periodic blinking auroras with intervals of a few seconds to a few tens of seconds and occur
over a wide area from just after auroral break-up to the day side. Recently, they have been the focus of interest as it has
been suggested that relativistic electrons precipitating in the pulsating aurora contribute to the destruction of the mesospheric
ozone. Magnetospheric satellites have revealed that the precipitating electrons that generate the pulsating aurora are driven
by pitch-angle scattering due to wave-particle interactions near the magnetic equatorial plane. However, satellite observations
are unable to separate spatio-temporal variations, and it has not been clarified what produces the difference between pulsating
auroras that pulsate with and without propagation. In this study, we aim to identify the type of pulsating auroras and their
spatio-temporal variability through cooperative observations by an all-sky camera and the European Incoherent Scattering
(EISCAT) radar in the northern part of the Scandinavian Peninsula.

We conducted cooperative observations with the EISCAT VHF radar at Tromso (69.58 degrees N, 19.23 degrees E) and
all-sky cameras at Tromso, Skibotn (69.35 degrees N, 18.82 degrees E) and Kilpisjarvi (69.05 degrees N, 20.36 degrees E) on
25-26 March 2023. A non-propagating pulsating aurora was observed when the polar boundary of the torch passed over the
EISCAT radar observation point from 01:00-01:10 UT on 26 March 2023. The torch structure then moved to the north, and
the interior of the torch passed over the EISCAT radar observation point from 01:30-01:40 UT, and a poleward propagating
pulsating aurora was detected. The peak height of the observed electron density was 94-102 km for the non-propagating pul-
sating aurora and 101-105 km for the propagating pulsating aurora. This suggests that the non-propagating pulsating aurora
at the polar boundary of the torch has a higher mean energy of precipitating electrons than the poleward propagating pulsating
aurora inside the torch.

The precipitating electrons that cause the pulsating aurora precipitate into the ionosphere due to pitch angle scattering
caused by cyclotron resonance with the chorus waves generated near the magnetic equatorial plane. The resonance energy in-
creases as the chorus waves propagate along the magnetic field lines from the magnetic equatorial plane. It has been proposed
that a duct structure is necessary for the high magnetic latitude propagation of the chorus wave. In other words, the existence
of a duct structure at the polar boundary of the torch is thought to allow chorus waves to propagate along the magnetic field
lines and generate non-propagating pulsating auroras in the ionosphere. On the other hand, inside the torch, there is no duct
structure, and the chorus waves propagate off the magnetic field lines to the outer L-shell. This results in causing electrons
to precipitate into the ionosphere from the inner to the outer L-shell in turn, which may generate a poleward propagating
pulsating aurora in the ionosphere. To confirm this hypothesis, we compared the propagation time of the pulsating aurora in
the ionosphere with the propagation time of the chorus wave in the magnetosphere and the electron precipitating time. All-
sky images showed that it took about 10 seconds for the pulsating aurora to propagate from 67.0 degrees magnetic latitude
to 68.3 degrees magnetic latitude. On the other hand, using the Tsyganenko magnetic field model TS0S, the time taken for
an electron to precipitate from the magnetosphere to the ionosphere was calculated to be t1 = 0.79 s for a 30 keV electron
from the magnetic equatorial plane at L = 6.6 to an altitude of 100 km. The time taken for the chorus wave to propagate
obliquely from the magnetic equatorial plane at L = 6.6 to L = 7.3, corresponding to a magnetic latitude of 68.3 degrees, was
t2 = 0.2 s. The time taken for the electron to precipitate from that point to an altitude of 100 km was t3 = 1.3 s. Therefore,
it is difficult to explain the poleward propagation of the pulsating aurora by the oblique propagation of chorus waves since
the time difference between the electrons’ precipitation at magnetic latitude 67.0 degrees and their precipitation at magnetic
latitude 68.3 degrees is t2 + t3 - t1 = 0.64 s, which is much shorter than the propagation time of the pulsating aurora of about
10 s.

Another possible mechanism for the poleward propagation of pulsating auroras is the radial outward propagation of cho-
rus wave excitation regions in the magnetospheric equatorial plane. The geomagnetic data observed by the magnetometer
at Tromso with a time resolution of 10 s confirmed geomagnetic pulsations with a period of about 60 s and 100 s. As the
period of the geomagnetic pulsation is longer than the propagation period of the pulsating aurora, geomagnetic data with a
higher temporal resolution will be analysed to discuss the relationship between the geomagnetic pulsation and the outward
propagation of the chorus wave excitation region.

Generalized-Auroral Computer Tomography will also be conducted using auroral images at wavelengths of 427.8 nm and
557.7 nm observed by all-sky cameras at Tromso, Skibotn and Kilpisjarvi to investigate spatiotemporal variations in the 3D



emission intensity and mean energy of the precipitating electrons of the poleward propagating pulsating aurora.
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How are STARLINK satellites useful for monitoring variations in the upper at-
mosphere?

#Mamoru Yamamotol), Takuya Soril)

(1Research Institute for Sustainable Humanosphere, Kyoto University

The upper atmosphere is located at the top of the Earth’s atmosphere, approximately 100 to 1000 km above sea level. It can
be considered a transitional region where the Earth’s atmosphere changes into the solar-terrestrial system. Part of the atmo-
sphere is ionized by ultraviolet and X-ray radiation from the sun, resulting in weakly ionized plasma, which is why it is also
called the ionosphere, but the degree of ionization is only about 0.1 percent at most. Most of the upper atmosphere comprises
extremely thin but electrically neutral components. Difficulties in studying the upper atmosphere are often due to a lack of
knowledge about this neutral part of the atmosphere. On the other hand, the upper atmosphere is also a region where satellites
fly. With the recent progress in space development, the number of artificial satellites launched has drastically increased. In
particular, the US company SpaceX has launched many STARLINK satellites for Internet communication. We can find over
6,000 orbital objects named "STARLINK?” in the database. This time, we focused on the STARLINK satellite and tried to
detect variations in the upper atmosphere from the time variations in the satellite’s orbital elements. We are finding variations
owing to the increase of the neutral atmosphere in response to recent geomagnetic storms (or, in some cases, not in response
to geomagnetic storms). Attempts to detect neutral atmospheric density from satellite orbital variations are not very new.
However, we believe that by utilizing a large number of highly homogeneous satellites, we would be able to improve the
accuracy and time resolution. In the presentation, we will discuss what can be seen from the data and the possibility of this
study.
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Analysis of the Low-Frequency Components of Broadband Electrostatic Noise ob-

served by ARASE
#Ban Taichi?, Miyake Taketoshi!), Kasahara Yoshiyaz)
(1Toyama Prefectural University, (?Kanazawa University

Various types of low frequency waves are observed by Electric Field Detector (EFD) onboard Arase satellite.In this study,
we aimed to extract broadband, noise-like, low-frequency waves, potentially representing the BEN (Broadband Electrostatic
Noise) low-frequency component, from the electric field data collected by the Arase scientific satellite’s Electric Field Detec-
tor (EFD). To address the challenge of large data volumes and avoid subjective bias from manual identification, we employed
machine learning to classify the low-frequency waves. Using EFD observation data from a five-year period between 2017
and 2022, we applied the R-CNN method to detect low-frequency wave signals. This approach successfully identified 286
instances of low-frequency wave data, presumed to be BEN, and automatically retrieved their occurrence times, frequency
bands, and central frequencies. We then utilized k-means clustering on the obtained spectral image data to classify the waves,
resulting in three distinct categories, out of which 204 instances were identified as likely BEN low-frequency wave data.
Further analysis was conducted on the extracted data to examine the frequency bands and explore the correlation between
BEN low-frequency waves and magnetic fields, aiming to definitively identify the BEN’s low-frequency component.
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Spatial-scale dependence of temporal variability in the mesoscale plasma flow in
the high-latitude ionosphere

#Takahiro Kinoshita®), Satoshi Taguchil), Haruto Koike!)

(IDepartment of Geophysics, Graduate School of Science, Kyoto University

Plasma convection occurring in the high-latitude ionosphere is thought to be largely determined by the solar wind and
magnetospheric conditions for large-scale structures with latitudinal spatial scales exceeding a few hundred kilometers. It is
also widely accepted that for small-scale structures, such as those below about 10 km, the variability in the plasma flow is
associated with Alfven waves propagating along the magnetic field line. The motivation for this study is to understand what
unique properties exist in the mesoscale plasma convection, which is an intermediate scale between the two above-mentioned
scales, independent of control by external variables such as IMF and of occurrence of the Alfven wave variations. In this
study we focus on mesoscale plasma flow structures with latitudinal spatial scales from 20 km to 250 km, and identify the
spatial scale dependent properties in the temporal variability of the mesoscale plasma flow. We analyzed ion drift data from
the SWARM satellites, and examined in detail the data obtained during the period when the two of the SWARM satellites
were flying in nearly identical orbits with a time difference ranging from about 20 s to 100 s. The mesoscale plasma flow with
spatial scales from 20 km to 250 km were classified into three groups depending on the spatial scale. The results obtained
for the mesoscale plasma flow in dayside local time are presented to clarify how the characteristic quantities of the time
variability of the plasma flow differ between the three mesoscales.
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Imaging Observation of Ionospheric Field Aligned Irregularities by the PANSY
radar at Antarctic Syowa Station

#Daisuke Kagawal), Taishi Hashimoto?, Koji Nishimura®), Akinori Saito®

(leoto University Graduate School of Science, (2National Institute of Polar Research, (SKyoto University, RISH,
(4Department of Geophysics, Graduate School of Science, Kyoto University

Program of Antarctic Syowa MST/IS radar (PANSY radar) is the large atmospheric and VHF-band radar located at the
Antarctic Syowa Station. This radar has the capability of observing plasma quantities at altitudes of 100-500km using
the ionospheric incoherent scatter (IS). In 2015, the PANSY radar performed the first ionospheric IS observation in the
Antarctica.This radar also has a frequency of 47MHz, so it can observe the echoes of field aligned irregularities (FAIs) in
E-region. If FAIs have a space scale of half wavelength of radio waves, they are coherently backscattered, so the PANSY
radar observes the coherent echoes from 3-meter-scale FAIs in E-region. In order to suppress contamination from the FAI
echoes during the IS observation, Hashimoto et al.(2019) separated the FAI echoes from IS echoes by the multichannel
signal processing technique using the antenna array for observing FAIs ("FAI array”). On the other hand, if we utilize this
method to observe FAIs, we can resolve E-region FAIs in detail and measure their motion.

PANSY radar has the array for observing meteors (Meteor array) as well as the FAI array. The FAI array has the degree
of freedom only of azimuth angles because its antennas are positioned linearly, whereas the Meteor array can observe FAIs
three-dimensionally because the five antennas of the Meteor array are positioned areally. Therefore, we expect that we
transmit the radio waves using the FAI array and receive the FAI echoes using the Meteor array.

However, it is expected that the Fourier imaging or the Capon imaging cannot accurately measure the spatial structures
caused by the antenna pattern. FAI echoes are generally observed if the conditions that radio waves are perpendicular to FAI
are satisfied. The grating lobes, however, are generated because the distance of adjacent antenna are wide, so it is considered
that the ”ghosts” are also mistakenly generated in the non-echoing region. Therefore, due to remove their effects and provide
the accurate spatial structure, we conducted deconvolution based on Alternating Direction Method of Multipliers; ADMM
(Boyd et al.(2011)). This algorithm sequentially estimates the three-dimensional position of FAI which is the local solution
in the Convex Optimization Problem, observation of the FAI by the PANSY radar. We can conduct high-resolution FAI
imaging observation because the algorithm makes the smaller responses of the non-mainlobe region, such as grating lobes
and sidelobes, by conducting iteration process until the estimate converges.

In this presentation, we will introduce the result of the application of imaging method based on the ADMM which can
remove the effects of the antenna pattern and conduct accurate and high-resolution FAI observation.

FMRRAFI AT R (L — &' — (PANSY L —&'—) 1&. mMROEAEMICHRE XT3 K% VHF HiRK L — X —
Thbd, KL —&X =\ ZEREBEIEFHIERGEL IS) 2 W THIZR 100km 22 5 500km 1281} 3 75 X~ BHl$ 2 Z
CHRRETH D, 2015 XM THI L 72 2 BEERE IS BRI2BHB I Nz, £/, 4TMHz OB E W TW5 725, E
I BT 2 IRETFRA IR RIREE (Field Aligned Irregularity; FAI) =a— QBRI A[EETH 5, FAI AL — X —FEHE DY
WEOEMRAr -V eFor &, Bt —1L Y MIHELT 2729, PANSY L — & —Tid#J 3m X7 —/L @ E fHIH
FAI7n&0ak—L > b « za—%8HT% %, Hashimoto et al.(2019) TiZ, Z® FAI =a—DEAIZ KL 3 IS BHl~AD
TFWEREST 2729, PANSY L—X— Iz oz FALBHIA 7 > 7+ 714 (R, FAL7 L 4) EHWEZF v >~
IVEBUEERIC XD, BR38E260ES IS—a—¥2 FAl—a—) Z5BtL72, —J7. FAI 0fAIcTREZ2E
WTRERBOFEEFHWAUE, E fHIR FAI 235 L, Z20EH 28T 2 2 2 3[RETH 3,

PANSY L — & —IZIZ FAI 7 L 4 DIiF, MEBRUAT LA (UF, ME7LA4) dExshTnw3, FAIL 7L A%
ERRICIE SN TV 20 HHEBRAGMNAF R LRV L, ME7 LA S5 KD 7 ¥ 7 FAHENICE E
ThTWBD, ME7LAZHWSZ 2T FAl OMNENLRMEEREBRZ 2N TE S, 207D, AHFETIE FAI
TUABHOTERDEEZTV, MET LA ZHWTFAL 5 DREKOZERITS e 2 HTT 3,

LA L. BilX 7= FAL I3 LT Fourier % Capon E%’C“lﬂ-—:ﬂ%ﬁﬁ%fﬁﬁ?% LT UTFRE=VITHE
I U 7= 2RSS O HEE D HAET 2 Z e ES NS, AR, FALIZL — X —ER & KOOI ELT 2L 25
THHENZITTHED, METLADOT VT FHERPREVEDIZI L T4 v 7u—T%24EC, ZhickoTER



DADTHAIHBEPEL 2 e EZ 6N D, £ T ZOXELZRELEOZEMMEEZHEE S 272012, AWIFETIIRE
HHFEFE (Alternating Direction Method of Multipliers; ADMM) (Boyd et al.(2011)) IZEEDS W/ %2175 72, A7
NTY XL TIE, PANSY L —&—12 X % FAI N EHEE & W 5 Miss@E b @I 3V T FALALE. D % D Rz 2RI
HEST 2, A XL -2 a VUHZIERT 2 ETITIZLIZED, ZL—T 4270 —T%Y A Fr—TwnokXf
0 — 7 DA DB BT 2 IGEEZ A DO &0 RAEZR FAL D4 X — 2 ¥ ZBIIDTAIRE L 732 5,

AFERTE, 7T FOBEI X — > OB IMEL FAI OIEMED D@2 FRAEICBINIT E 5, ADMM IS WA
A=Y Y ZFROBEACTOVT, ¥ alb—a VEERROET — 20T 2 IR 28T %,



R005-P19
RZXZ2—3 1 11/25 PM1/PM2 (13:15-18:15)

#rw¥ 2+ U I E5h D, Wil 2
(L amrR, 2 Mt

Large amplitude perturbations in equatorward wind surges during the intense ge-
omagnetic storm on 3-4 November 2021

#Jonna Wehmeyerl) , Yoshihiro Tomikawa?2), Takanori NishiyamaQ)

(IThe Graduate University for Advanced Studies, (2National Institute of Polar Research

During geomagnetic storms energy is injected into the high latitude atmosphere via precipitating particles and strong elec-
tric fields that map down from the magnetosphere to the ionosphere. The acceleration of the ionospheric plasma leads to
joule heating of the thermosphere producing a steep latitudinal pressure gradient. The resulting strong equatorward winds
are important to the middle and low latitude ionospheric response to magnetic storms by driving the ionospheric disturbance
dynamo whose effects last on even after the high latitude ionosphere already recovered [Blanc and Richmond, 1980]. Distur-
bances of those equatorward winds might have a significant impact on the evolution of the disturbance dynamo, but scale and
occurrence rate of strong disturbances are poorly understood [e.g. Shiokawa et al., 2003; Zhang et al., 2015; Guo et al., 2018].
In this study we searched for variations in the equatorward surge at mid-latitudes and especially focused on disturbances at
which the thermospheric wind reverses and turns northward.

To investigate thermospheric winds we used data from ICON MIGHTT observations, and data from Fabry — Pérot inter-
ferometers (FPIs) distributed over north and middle America. For ICON MIGHTI observations we focused on simultaneous
observations with FPIs characterized by a radial distance of less than 500 km at 250 km altitude, which is the approximate
altitude of red line (630.0 nm) observations made by both instruments. ICON MIGHTI observations are limb observations,
which means that the observed winds are integrated over a horizontal line of sight, which makes it difficult to identify local
perturbations. Simultaneous observations enable us to combine information about averaged background winds with informa-
tion about local wind changes, so we can gain a more holistic image of local conditions at FPI observatories. To search for
travelling ionospheric disturbances that originate from thermospheric winds we used the GNSS TEC data binned 1 degree
longitude by 1 degree latitude at a 5-minute interval.

This poster focuses on a strong geomagnetic event from November 3"¢ to November 4", 2021, with a peak Kp index of
8~ and a SYM-H low-peak of -118nT on November 4. The strong storm was preceded by several moderate geomagnetic
disturbances beginning on October 27" [Geleta and Mengistu Tsidu, 2024]. Previous studies have analyzed the intensity and
effect of the storm induced equatorward surge with wind speeds up to 250 m/s [e.g. Regi et al., 2022; Gan et al., 2024], but
FPI observations also show significant perturbations, some with rapid changes in wind speed of over 300 m/s. In this poster
we present a detailed analysis of the characteristics of such disturbances.



R005-P20
RZXZ2—3 1 11/25 PM1/PM2 (13:15-18:15)

B 32 % U TIMED 2 TORMEAICED < PiEE - ARRBAKCOES
BRI T RIS DIHZE

R HESE D, B Figk D, KR fE— D, 2 o7 2

(g R I, 2 o % — R TR > & —

Study of the airglow responses to geomagnetic storms based on long-term obser-
vations in Japan and by the TIMED satellite

#Yuto Hotta?, Kazuo Shiokawal), Yuichi Otsukal), Jia Yue?)

(Institute for Space-Earth Environmental Research, Nagoya University, ?°NASA Goddard Space Flight Center

We investigated responses of six mesospheric and thermospheric nocturnal airglow intensities (OH, 02, O(557.7nm),
Na(589.3nm), O(630.0nm), O(777.4nm)) and OH and O2 rotational temperatures to geomagnetic storms based on super-
posed epoch analysis using long-term data obtained over Japan. We used airglow data obtained by the Airglow Temperature
Photometers (ATPs) of Optical Mesosphere Thermosphere Imagers (OMTIs) at Rikubetsu (RIK) (43.5° N, 143.8° E,
2004.3.15-2023.10.31), Shigaraki (SGK) (34.8° N, 136.1° E, 2010.7.5-2023.10.31), and Sata (STA) (31.0° N, 130.7° E,
2004.1.1-2023.10.31). The responses to 46 storms with minimum Dst values below -100 nT were investigated. We found
that the intensity of O2 and O(557.7nm) in the mesosphere and O(630.0nm) and O(777.4nm) in the thermosphere increased
within a few days after the start of the storms. No noticeable variations were seen for the OH and O2 rotational temperatures
in the mesopause region. One possible reason for the increase of the mesospheric airglow intensity is that the atomic oxygen
produced by the dissociation of O2 molecules at high latitude auroral zone are transported to lower latitudes. To confirm this
hypothesis, we analyzed data from the Sounding of the Atmosphere using Broadband Emission Radiometry (SABER) for
the TIMED satellite and investigated changes in O mixing ratios before and after these storms. As a result, the increase in
O mixing ratio was partially observed by the satellite. However, we could not identify propagation of the oxygen atom from
high latitudes. We also investigated the OH and O2 volume emission rates and temperature variations obtained from SABER.
The lack of noticeable response in OH volume emission rate and temperature in the Japanese latitudes was consistent with
the ground-based observations, but the volume emission rate of O2 showed a decreasing trend after storms, which was the
opposite of the ground-based observation.
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Calculation of propagation paths and attenuation of the ordinary and
extraordinary modes for HF radio waves in the ionosphere

#Shota Abel), Hiroyuki Nakata?), Keisuke Hosokawa?), Hiroyo Ohyal)

(1Graduate School of Science and Engineering, Chiba University, (?Graduate School of Informatics and Engineering, Uni-
versity of Electro-Communications

When radio waves propagate through the ionosphere, the propagation path of the radio wave varies with time since the
refractive index is determined by the distribution of electron density. Additionally, the radio waves propagating through the
ionosphere are attenuated by collisions between particles. This attenuation arises from the movement of electrons in the
plasma, driven by the radio wave’s electric field, leading to collisions with neutral particles and ions in the ionosphere. In
this study, we have calculated the attenuation of High Frequency (HF) radio waves, considering the effect of the geomagnetic
field.

In calculating the propagation paths of radio waves, the ray-tracing method was employed. Considering the effect of ge-
omagnetic field, radio waves in the ionosphere propagate in two modes: Ordinary mode (O-mode) and Extraordinary mode
(X-mode). We conducted calculations of attenuation of radio waves propagating through the ionosphere. The primary factor
of this attenuation is collisions between particles and can be calculated by integrating the absorption coefficient x, which is
determined by the imaginary part of refractive index, along the propagation path. Assuming the comparison with HF Doppler
observations, we calculated the attenuation in the propagation between Chofu(transmitter) and Sugadaira(receiver). The cal-
culation results showed that the attenuation in the ionosphere during the daytime in equinoctial seasons is significant, with the
values of about 10 dB for O-mode and 30 dB for the X-mode. The received signal strength was estimated by superimposing
the O-mode and X-mode and then compared with that obtained by HF Doppler observations. As a result, a similar trend was
obtained between the calculated and observed values with an error of about 8 dB .

In the presentation, detailed examinations of propagation characteristics for each mode and the received signal strength
considering ionospheric attenuation, will be discussed.
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Improvement of GNSS-based Ionospheric Tomography algorithm and the Launch
of Near-Real-Time Services

#Taisei Nozaki'), Susumu Saito?), Mamoru Yamamoto
(1Research Institute for Sustainable Humanosphere, Kyoto University, (?Electronic Navigation Research Institute,National
Institute of Maritime,Port,and Aviation Technology, (*Research Institute for Sustainable Humanosphere, Kyoto University

3)

The ionosphere is constantly undergoing variations influenced by solar activity and the lower layers of the atmosphere.
The distribution of electron density in the ionosphere leads to phenomena such as reflection, absorption, and delay

of radio waves. Particularly, radio waves in the L-band, commonly used in GPS satellite positioning, experience
delays in the ionosphere, contributing to positioning errors. Therefore, for the advanced utilization of satellite
positioning, it is essential to investigate the effects of the ionosphere.

Ssessanga et al. (2021) developed 3-D ionospheric tomography based on GNSS-TEC observation with ionosonde
data assimilation, which can analyze 3-D ionospheric electron density distributions. This analysis realizes near-real
time monitoring of the ionosphere and is expected to improve performance in satellite positioning or other
applications.

In this study, we improved the observation matrix used in ionosonde data assimilation to make it more physically accurate,
and examined how these changes affect distribution of the electron density. Additionally, as a consideration for further
improvement, we investigated changes in analysis accuracy when using the previous time step’s solution as the background
model in a three-dimensional variational method. We discuss performances of the improved ionospheric tomography analysis.
Finally, we start operating this tomography in near real-time base within the ENRI system. An overview of the system will
be provided in the presentation.
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Development of SEALION Equatorial Plasma Bubble Alert and Data Portal
#SEPTI PERWITASARI"?), Michi Nishioka!'?), Kornyanat Hozumi'»?)

(INational Institute of Information and Communications Technology, (*National Institute of Information and Communica-
tions Technology

The equatorial plasma bubble (EPB) is one of the most important features in space weather because of its significant effect
on communication and navigation. Therefore, real-time information on the EPB occurrence will be useful in detecting the
degradation of radio propagation conditions. SEALION is an ionospheric observation network in Southeast Asia that has
been on operation since 2003. SEALION various ionospheric observation (ionosonde, VHF radar, GNSS-receivers) installed
across the Southeast Asia; Chiang Mai (18.76° N, 98.93° E), Chumphon (10.72° N, 99.37° E), Phuket (7.90° N, 98.39
° E),BacLiu (9.30° N, 105.71° E), Cebu (10.35° N, 123.91° E) and Kototabang (0.20° S, 100.32° E). The real-time
alert is currently based on the auto-detection of spread-F from SEALION FMCW ionosonde. The validation has been carried
out with the manual scaling data and found to have >80% match. Statistical studies of the seasonal and local time variation
have also been carried out and compared to previous studies, which have a good agreement. To accommodate data sharing
among the ionospheric community, especially in Southeast Asia, we have also developed a data portal to access and down-
load SEALION and ASEAN-IVO data. This portal provides ready-to-use ASCII data as well as data plots. The is planned to
provide auto-scaled ionogram parameters (h’Es, h’F, foEs, and foF2), GTEX, ROTI, and S4 data. This system is planned to
be open in the 2025 fiscal year. We will discuss the auto-detection development, validation, and future improvement during
the presentation.
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An investigation into Plasma Bubble events on CEJ occurrence days in South
America

#Akihiro Kato?), Akimasa Yoshikawa?), Akiko Fujimoto®

(IDepartment of Earth and Planetary Sciences, Kyushu University, (?Department of Earth and Planetary Sciences, Kyushu
University, ®Kyushu Institute of Technology

Plasma bubbles (bubbles) are ionospheric disturbance phenomena that occur in the magnetic equatorial and due to
Rayleigh-Taylor instability, so the generation of an

eastward electric field is necessary for their development. In the ionospheric E region, current systems include the
Eastward Equatorial electroJet (EEJ) and the westward Counter-ElectroJet (CEJ), which contribute to bubbles through their
interaction with the E-F region. Therefore, bubbles occurrence is supposed to be suppressed during counter electrojet (CEJ)
events, due to its accompanying westward electric field. However, in South America, bubbles have been observed even
during CEJ events, and the relationship between the equatorial jet current structure and plasma bubbles is not yet fully
understood.

This study investigates CEJ and bubbles occurrence events in Brazil and Peru using EE-index (EEJ monitoring index),
ROTT, Ionosonde data, and the Jicamarca IS radar. Since EEJ/CEJ and bubbles strongly depend on solar activity and seasonal
variations, the analysis focuses on equinox when bubbles occurrence frequency is high and is limited to events where bubbles
occur continuously for three days. This allows for the examination of CEJ’s effects on days with high bubble occurrence
rates.

The results show that during solar minimum periods (2008, 2009) and solar maximum periods (2014, 2015), the
suppression effect of CEJ is checked, as observed in previous studies. However, during the transition from solar maximum
to minimum (2016, 2017), there were unusual events where CEJ and bubbles occurred. Particularly in Peru, after CEJ
events, bubbles were observed when the F-layer height (h’F) was below 300 km after a CEJ (EUEL<-20nT), with bubbles
in pockets near the magnetic equator (+ 10° ). This suggests that CEJ influences the growth process of bubbles in terms of
latitude/altitude direction rather than their occurrence.

This presentation will discuss the effects of CEJ on plasma bubble , comparing Brazil and Peru on the above results.
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An analysis of EEJ meridional currents from ground magnetic data using princi-
pal component analysis

#Xzann Topaciol) , Akimasa Yoshikawa2

(IDepartment of Earth and Planetary Sciences, Graduate School of Sciences, Kyushu University, (?Department of Earth and
Planetary Sciences, Kyushu University

The equatorial electrojet (EEJ) is a prominent eastward geomagnetic current flowing at the magnetic dip equator, primarily
recognized through its significant influence on the H (northward) magnetic component as observed from the ground. Besides
its main eastward flow, the EEJ encompasses meridional currents flowing perpendicular to the main current, whose effect on
the main eastward current is less understood. This study aims to investigate the effects of the meridional currents of the EEJ
on the main EE] itself by employing principal component analysis (PCA) on ground magnetic data, particularly focusing
on isolating these effects from other concurrent geomagnetic influences such as the inter-hemispheric field-aligned currents
(IHFACs).

Data from several ground magnetic stations near the dip equator was analyzed, revealing that the first principal component
of the D (eastward) component predominantly corresponded to the IHFACs and their seasonal variations. The second prin-
cipal component was preliminarily associated with the meridional currents and the intensification of the EEJ, as well as the
global Sq currents. This implies that the meridional currents might be related to the intensification and decay of the EEJ. The
longitudinal variation of the second principal component further supports this identification.

These initial findings demonstrate the potential of PCA in distinguishing EEJ-related magnetic signatures from other ge-
omagnetic phenomena in ground-based observation data, offering insights into the three-dimensional structure of the EEJ.
Future efforts will aim at validating these results through methodological refinement and comparative analyses with models,
satellite data, and other resources.
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Analysis of Ionospheric Disturbances Associated with Typhoon NANMADOL Us-
ing HF Doppler Observations and TEC Data

#Rikuto Enomoto®), Hiroyuki Nakata?), Keisuke Hosokawa®), Hiroyo Ohya®)

(1Graduate School of Science and Engineering, Chiba University, (?Graduate School of Science and Engineering, Chiba
University, (®*Graduate School of Communication Engineering and Informatics, University of Electro-Communications,
(*Graduate School of Science and Engineering, Chiba University

In recent years, the analysis of ionospheric disturbances associated with typhoons has been advanced by the use of TEC
data, and large-scale variations with a period of several ten minutes have been reported (Chou et al., 2017: Song et al., 2019:
Wen et al., 2020: Song et al., 2022). However, the ionospheric disturbances of a few seconds to a few minutes have not
yet been sufficiently reported. Further analysis of these disturbances would be very important for quantifying the coupling
between the ionosphere and the lower atmosphere. In this study, we have analyzed ionospheric disturbances associated with
the approaching and passage of Typhoon NANMADOL in 2022 using the HF Doppler sounding system and TEC provided
by Softbank Corporation. HF radio waves are usually reflected in the F region of the ionosphere. The reflection height of the
radio waves is determined by the vertical profiles of ionospheric electron density. HF Doppler (HFD) sounding system can
capture the temporal variations of reflected altitudes as Doppler frequency (Nakata et al., 2021). The temporal resolution of
the HFD soundings is 5-10 seconds, which is relatively high compared to other ionospheric observation systems. Ionospheric
disturbances associated with typhoons with a period of a few minutes to several tens of minutes have been reported in several
cases by this system (Okuzawa et al.,1986: Chum et al., 2018). In addition to the HFD soundings, we used GNSS-TEC
data every second obtained by the base stations of Softbank. This makes it possible to observe variations in several tens
mHz. There are many reports related to ionospheric disturbances associated with typhoons due to gravity wave modes, whose
frequencies correspond to a few mHz. In this study, we analyzed not only the ionospheric disturbances due to the gravity
wave mode but those due to the acoustic wave mode, whose frequencies correspond to several tens mHz. Typhoon Nanmadol
in 2022 made landfall in Kagoshima Prefecture on September 18, 2022. In this study, we analyzed Doppler shifts acquired
at Sugadaira and litate observatories using 6055 kHz radio waves transmitted from the Nagara Transmitter operated by the
Nikkei Radio. The data period was from 0:00 to 9:00 UT (9:00 to 18:00 JST) from September 17 to 21. Typhoon Nanmadol
was closest to the observatories on September 19 to 20. On both days, the Doppler shift variations were more intense than the
often days. Then, frequency analysis of the HFD data was utilized, and the intensity of variations for gravity wave mode and
acoustic wave mode was analyzed. The intensity of the variation in each mode reached its maximum on different days. As
for the gravity wave mode, the intensity mainly depends on the typhoon’s power. On the other hand, as for the acoustic wave
mode, the distance from the typhoon was also effective. The HFD soundings observe ionospheric variations at an altitude
of about 200 km during the daytime, while the TEC data can capture variations at higher altitudes. The dense TEC data
provided by SOFTBANK Corp. is a high temporal resolution (1 second). Therefore, it is possible to quantitatively evaluate
the ionospheric disturbances depending on typhoons’ power and the distances from the observing points. In the presentation,
we will report the analysis results of TEC variations associated with Typhoon Nanmadol.

The SoftBank’s GNSS observation data used in this study was provided by SoftBank Corp. and ALES Corp. through the
framework of the ”Consortium to utilize the SoftBank original reference sites for Earth and Space Science”.
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An HF Doppler Observation System with FMCW-Based Ranging Capabilities:
System Design and preliminary observations

#Noriko Namiki'), Keisuke Hosokawal), Kenro Nozakil), Hiroyuki Nakata?), Jun Sakail), Ichiro Tomizawal, Toyoshi
Arisawa')

(I The University of Electro-Communications, (2Chiba University, (3The University of Electro-Communications,
(4Department of Electrical and Electronic Engineering, Graduate School of Engineering, Chiba University

The HF Doppler (HFD) observation system is one of the ionospheric remote sensing techniques that utilizes the reflection
of HF radio waves at the ionospheric E and F regions. The ionosphere exhibits various kinds of variations due to energy
inflows from the Sun, the Earth’s magnetosphere, or from the ground, causing frequency changes, i.e., Doppler shifts, in
the reflected waves. These Doppler shifts can be used to visualize the vertical/horizontal movements of the ionosphere
phenomena. The HFD observation is considered to be suitable for remote sensing of the lower ionosphere.

One of the HFD observation systems in Japan is based on the experimental station JG2XA, operated by a group at the
University of Electro-Communications since 2001. An overview of the HFD project and measurement data is available
at "http://gwave.cei.uec.ac.jp/"hfd/”. This HFD observation system includes 11 receiving stations across Japan, and by
combining data from multiple receiving stations and frequencies, the distribution and temporal variations of plasma in the
lower ionosphere over Japan have been analyzed. For a long time, information from the conventional HFD system (i.e.,
the Doppler shift data) alone was insufficient to determine the altitude/location of the ionospheric phenomena. As a result,
there has been a demand for a function to measure the distance to the reflection points. To fulfill the need for ionospheric
distance observations, we have implemented an HFD observation system with ranging capability by transmitting a signal
that combines an FMCW signal, which sweeps the frequency band centered on the single transmission frequencies of
5.006 MHz and 8.006 MHz, with the original single-frequency signal. Since 2024, we have been conducting continuous
pilot observations in the Kanto area using this system. To achieve FMCW-based ranging at remote locations, we utilized
synchronized signals based on 10 MHz and 1 pps from GNSS. Additionally, for heterodyne detection at receiving points, we
adopted the same model of function generator as the transmitter and a physical mixer as the local signal source, confirming
that the desired distance information can be obtained from the difference in frequency. Along with the development of
the FMCW receiver, we also developed a plotting code. Although challenges remain in terms of data storage capacity and
the processing load for plotting data due to the higher sampling rate compared to conventional HFD observation data, we
successfully visualized high-resolution reflection altitude data using Python.

At the 2023 conference, since the FMCW transmission system was still under development, the demonstration was limited
to the theoretical validation of distance measurement using the conventional system. The actual observation of radio wave
propagation in physical space and the ability to measure real phenomena remained unknown. In this presentation, we will
introduce the design of the FMCW ranging-enabled HFD transmission and reception system currently in operation, and
show several characteristic observations of ionospheric E and F region reflections obtained with high spatial and temporal
resolution, on the order of several kilometers.
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Ionogram adjustment obtained by NICT’s ionosonde observation
#Michi Nishioka!), Takuya Tsugawa')
(INational Institute of Information and Communications Technology

Ionosonde observation system operated by National Institute of Information and Communications technology (NICT) was
replaced to Vertical Incidence Pulsed Ionospheric Radar 2 (VIPIR2) in 2016 and 2017. At the beginning of the replacement,
a calibration was done for the ionograms and range bias of 300 [ sec has been removed. NICT has been provided the range
adjusted ionograms since then. On the other hand, Teraoka et al (2022 JpGU, 2023 SGEPSS) pointed out that virtual heights
of sporadic E-lay (h’Es) decreased around 2017 when the new ionosonde was installed based on an analysis of the manual
scaled parameters. The initial range calibration may not be sufficient. Therefore, adjustment was performed again, and the
result will be reported in this presentation. We conducted an analysis of direct radio wave transmitted from the antenna and of
the calibration signal. We also compared the virtual height with other observational data. It was found that the virtual height
was lower by about 25 km. NICT plans to make these corrections and complete the adjustment of the published ionograms
by the end of FY 2024.
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Horizontal structures and movements of sporadic E layers observed with
ionosonde receiver networks

#Yuki Kojo!), Akinori Saito!), Michi Nishioka?), Hideo Maeno?®, Takumi Kondo?)

(IDepartment of Geophysics, Graduate School of Science, Kyoto University, (*National Institute of Information and
Communications Technology
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Observation of Ionospheric Es height variation in 2024 summer using range mea-
surement function of HF Doppler observation system

#Kenro Nozaki'), Noriko Namiki®), Hiroyuki Nakata?), Keisuke Hosokawa?)

(1 The University of Electro-Communications, (?Chiba University
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Observations of sporadic E using marine traffic radio waves
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(1Graduate School of Informatics and Engineering, University of Electro-Communications, (*Maritime Science and Tech-
nology, Japan Coast Guard Academy, (*Electronic Navigation Research Institute, (*Electronic Navigation Research Institute,
(5Chiba University, (*Department of Geophysics, Graduate School of Science, Kyoto University, ("National Institute of Tech-
nology, Kagoshima College, (*National Institute of Information and Communications Technology, °Institute for Space-Earth
Environmenal Research, Nagoya University

The sporadic E layer (Es) is recognized as one of the most outstanding phenomena in the E region. During Es events, the
electron density at an altitude of around 100 km is significantly enhanced, often exceeding the maximum electron density in
the F region. At mid-latitudes, Es typically occurs during the summer months, with two distinct peaks in occurrence: one
during the day and another at night. The increase in critical frequency due to Es can reflect obliquely incident radio waves
at frequencies up to 150 MHz. The impact of Es on analog television and FM radio signals within this frequency range has
been well documented over the years. Our studies have shown that VHF radio waves used for aeronautical navigation (known
as NAV signals in the 108 — 118 MHz range) are also affected by the presence of Es. In particular, it has been statistically
confirmed that Es-related anomalous propagation of the NAV signals frequently occurs in Japan during the summer months.
Following these findings, routine monitoring of anomalous propagation of NAV signals has been conducted at nine stations
across Japan since 2019.

In this study, we propose utilizing another VHF radio wave used for maritime navigation, known as the Automatic Identi-
fication System (AIS), for wide-area observations of Es. The AIS operates at a frequency of 162 MHz, which is higher than
that of aeronautical radio waves; therefore, only intense Es, with a critical frequency of around 30 MHz, would be detected.
Our AIS signal monitoring has been carried out in Kure, Hiroshima. To assess the feasibility of using AIS for Es monitoring,
we present two case studies of Es events detected simultaneously by the monitoring observations of NAV and AIS radio
waves: one on May 30, 2023, and the other on June 5, 2023. Additionally, we leverage data from multi-constellation GNSS
receivers across Japan, particularly the electron density disturbance index ROTIL, to further infer the 2D structure and dynamic
characteristics of Es over a wide area. In both intervals, the spatial structure of several Es traces, extending from east to west,
was clearly visualized, and their speed and direction were estimated. Based on these findings, we discuss the factors that
control the motion of Es, through comparison with recent numerical simulations.
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Statistical Analysis of the Local-time Dependence of the Coupling between MSTID
and Es-layer

#Kazui Watanabe!), Yuichi Otsuka'), Atsuki Shinbori'), Takuya Sori?), Veera Kumar Maheswaran®, Michi Nishioka?),
SEPTI PERWITASARI®

(Unstitute for Space-Earth Environmental Research, Nagoya University, (?Research Institute for Sustainable Humanosphere,
Kyoto University, ®SASTRA Deemed University, (*National Institute of Information and Communications Technology

Previous studies have suggested that the E and F regions are coupled by electrodynamic forces. In this study, to study the
local-time dependence of the coupling between the sporadic-E (Es) layer and Medium-Scale Traveling Ionospheric Distur-
bances (MSTIDs), ionosonde data obtained at Wakkanai, Kokubunji, Yamagawa, and Okinawa and Total Electron Content
(TEC) data obtained from the Global Positioning System (GPS) receivers in Japan between May and August from 1997 to
2022 were examined.

The perturbation components of TEC due to MSTIDs were obtained by subtracting a one-hour moving average from the
original TEC data for each pair of satellite and receiver. MSTID activity was defined as a ratio of delta-I / I-bar X 100%,
where delta-I: is the standard deviation of TEC perturbations observed in specific regions ranging 4.05° X 4.05° over each
ionosonde in one hour, I-bar is the background TEC observed in the same area and during the same period as delta-I.

MSTID activities are averaged between 19-02 LT. The correlation coefficients between the daily variations of nighttime
MSTID activities and foEs (the critical frequencies of the Es-layer) at each local time for 1 day before and after the MSTID
generations from May to August were calculated. The correlation coefficients between MSTID activities and foEs at a period
of about 3 hours on 19-02 LT were highly positive. These correlation coefficients became higher with latitudes. This result
indicates that the foEs (Es layer) at this period plays an important role in the strength of the coupling and the generation
of MSTIDs, and the coupling is stronger with latitudes. The correlation coefficients between MSTID activities and foEs at
09-14 LT were also positive. This trend is evident in the Kokubunji in years of high solar activity. We can speculate that this
result shows that the variation of the semidiurnal tides causing the Es-layer is strong in these conditions.

In the above, the correlation between nightly averaged MSTID activities and hourly foEs was examined. Additionally, the
correlation between hourly MSTID activities and hourly foEs was also examined. We found that the correlation coefficients
between MSTID activities for the period in which the MSTID occurs and foEs for about an hour before and after were highly
positive. This finding indicates that One of the Es-layer or MSTID could affect one hour before and after the other. In addi-
tion, this time range tends to extend to two hours in years of high solar activity.
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Statistical analysis and prediction of sporadic E layer by machine learning using

ionosonde observation

#Yuki Uneyama®), Tatsuhiro Yokoyama®), Peng LIU?)

(1Research Institute for Sustainable Humanosphere, Kyoto University, (?Kyoto University Research Institute for Sustainable
Humanosphere

The Sporadic E layer (hereinafter referred to as the Es layer) is a localized ionospheric layer that typically appears at an
altitude of approximately 100 km, primarily during the early morning or daytime to evening in the summer. When the Es layer
is significantly active, it can reflect VHF-band television and FM radio waves, causing them to unexpectedly reach distant
locations. The objective of this research is to predict the occurrence of the Es layer to avoid such radio wave interference.

To observe the Es layer, the echoes of pulse waves emitted with sweeping frequencies are recorded. A graph that plots
these echoes by frequency and apparent height is called an ionogram. However, due to the substantial noise contained in
ionograms, simple algorithms for automatic detection have not provided sufficient accuracy, and parameter readings have
long been conducted manually. Therefore, this study attempts to predict the occurrence of the Es layer by using a machine
learning model that performs image analysis.

In this study, a model was used to predict ionogram images by following the sequence of steps described below. Instead of
predicting images, the model predicts one-dimensional vectors, so the images are first converted into vectors. The vectors of
the past hour (4 data points) are used as inputs to the model to predict the next vector, thereby obtaining the vector 15 minutes
ahead. Finally, by reconverting the vector into an image, the image 15 minutes ahead is obtained. Here, it is necessary for the
conversion between images and vectors to be reversible. The prediction model for continuous time series vectors utilized a
Transformer, commonly used in natural language processing. The Transformer, with its self-attention mechanism, is a model
that can prominently learn the impact of input vectors on the vectors to be predicted, and it has been shown to be useful
not only in natural language processing but also in image processing and time series prediction. First, the two-dimensional
vector of the image was smoothed into a one-dimensional vector. Learning was then conducted by inputting four of these
vectors into the Transformer. A dataset of 512 sets of time series data was used, with 80% allocated for training data and the
remaining for test data. The results of the trained model showed that the mean SSIM (Structural Similarity Index) between
the output image and the correct image was 0.804, indicating that the generated images had a fairly high accuracy based on
objective evaluation.

In this study, a model was developed to predict the occurrence of the Es layer using time series image data. While high-
accuracy predictions were achieved for data with strong temporal continuity, it was found that predicting the sudden occur-
rence of the Es layer was difficult. Future considerations for predicting the occurrence of the Es layer include incorporating
not only image information but also the probability of Es layer occurrence as input variables, or changing the output to a
binary prediction of occurrence or non-occurrence, or to the probability of occurrence. Furthermore, this model could be
developed into one that predicts changes in the F layer in ionograms.
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Measurements of the neutral and ionized atmospheres by a sounding rocket to
elucidate the generation process of Es: RIDE campaign
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The Rocket Investigation of Daytime E-region (RIDE) campaign is a direct observation of the neutral and ionized
atmospheres, electric field and magnetic field that form the sporadic E(Es) layer at an altitude of 90-130 km. This will be
achieved by the S-310-46 rocket from Uchinoura in the summer of 2025. The project has three principal objectives: (1)
To elucidate and predict phenomena in which the interaction between the neutral and ionized atmospheres is important
by combining in-situ observations from rocket experiments with numerical models and ground-based observations, (2) to
complete the in-situ measurement package of the neutral and ionized atmospheres and electromagnetic fields, and (3) to
develop human resources for future missions. The target phenomenon is the Es layer, a region of high plasma density that
appears at approximately 100 km altitude at mid-latitudes. In order to elucidate the formation and dissipation processes of
the Es layer, comprehensive observations of the neutral and ionized atmospheres and electromagnetic field are essential.
In this experiment, comprehensive in-situ measurements will be made at an altitude of 90 to 130 km during the ascent
and descent of the S-310 rocket at 11:00 to 14:00 local time in summer over Japan. The S-310 rocket is equipped with
seven instruments, each designed to measure a specific physical quantity as follows: Neutral mass spectrometer (neutral
atmosphere composition), neutral atmosphere density and wind instrument (neutral atmosphere density and velocity), ion
drift velocity instrument (ion composition, temperature, and velocity), impedance probe (plasma density), Langmuir probe
(electron temperature and plasma density), electric field instrument (electric field), and magnetic field instrument ( magnetic
field). The data obtained from each instrument are linked by the equation of motion of ions and ionospheric currents, and
then compared with the predictions derived from a numerical simulation of the ionosphere. The numerical simulations
provide insight into the relationship between the formation of the Es layer and wind/electric field, as well as the relationship
between wind and altitude for horizontal migration of the Es layer. In addition to the direct measurements obtained by
rockets, ground-based observations will be conducted using an ionosonde receiver network and a GNSS receivers network.
Wide-area multi-point observations of aviation VHF radio waves and ship VHF radio waves anomalously reflected by the Es
layer will be conducted to elucidate the impact of the Es layer on social systems that utilise radio waves.
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Estimation of Wake Effects in Observations Using a Langmuir Probe on a Sound-
ing Rocket

#Yosuke Uedal), Takumi Abe?), Akinori Saito?)

(I Department of Geophysics, Graduate School of Science, Kyoto University, (Institute of Space and Astronautical Science,
Japan Aerospace Exploration Agency
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On performance evaluation of ion drift velocity analyzer

#Chiaki Kato!), Takumi Abe?), Satoshi Kurita®), Hirotsugu Kojima®)

(1Graduate School of Engineering, Kyoto University, (Institute of Space and Astronautical Science, Japan Aerospace Ex-
ploration Agency, (®*Research Institute for Sustainable Humanosphere, Kyoto University, (*Kyoto university

Understanding of the atmosphere-ionosphere coupling is crucial to reveal ionospheric irregularity phenomena such as
medium-scale traveling ionospheric disturbance (MS-TID) and equatorial spread-F. In contrast to many theoretical consid-
erations, few simultaneous observations of plasma and neutrals in the lower ionosphere has been conducted, which results
in insufficient demonstration of the ion-neutral  interaction. Rocket observations of the ionosphere is helpful, while it is
difficult to directly observe ion-neutral interaction in weakly ionized plasma by ground-based instruments. Under such a
background, we are developing ion drift velocity analyzer (IVA), which can measure ion drift velocity and density in the
lower E region. IVA will be installed on the rocket so that it can make in-situ measurement of the ionospheric ions along with
other scientific instruments for the upper atmosphere. This observation will provide an essential data set which is necessary
for a quantitative discussion.

Specification of flight model IVA has been almost determined through performance evaluations of prototype IVA. In order
to check the performance of flight model, we conducted laboratory experiments by using the large vacuum chamber at Insti-
tute of Space and Astronautical Science, Japan Aerospace Exploration Agency. Ultraviolet plasma source and ion accelerator
are placed at the ends of the chamber, which can simulate not only the ionospheric plasma conditions but drifting ions with
energy of 1-6 eV. In the experiment, IVA collector current was measured by sweeping the retarding voltage under two kinds
of conditions; 1) changing ion energy and 2) changing the sensor’s look angle with respect to the ion accelerator. The results
clearly indicate the success of producing ions with a drift energy of 1-6 eV.

We can obtain physical quantities of the ions to be measured by evaluating differential value of the ion current with retard-
ing voltage. In our data analysis, ion density and temperature are estimated by using the maximum differentiated current and
a gradient of log differentiated current, respectively. In our presentation, we discuss ion drift energy, temperature and density
estimated from the retarding potential profile of ion current and the current distribution for various incident angle.
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Development of a Neutral Mass Spectrometer NMS for RIDE Rocket Campaign
#Masahiro Yoneda®), Akinori Saito!), Yoshifumi Saito®), Oya Kawashima?), Satoshi Kasahara®), Shoichiro Yokota®
(IKyoto University, ZInstitute of Space and Astronautical Science, Japan Aerospace Exploration Agency, (*The University
of Tokyo, (*Osaka University

The RIDE rocket campaign plans to launch S-310-46 sounding rocket from the Uchinoura Space Center in Kagoshima
Prefecture in the summer of 2025 to observe the ionospheric E region. The main objective is to reveal how sporadic E layers,
the sporadic dense metal ion layers at about 100 km, develop during the daytime. Sporadic E layers at mid-latitudes are
mainly caused by the bulk motion of metal ions dragged by the east-west neutral wind and subjected to the Lorentz force,
accumulating at the altitude where the east-west wind switches. Since the bulk velocity of ions is affected by the neutral wind
through collisions, the collision frequency between ions and neutrals is required in addition to the electric field, magnetic
field, and neutral wind to calculate ion velocity from in situ observation data. Since the collision frequency depends on the
composition of the neutral atmosphere, it is eventually necessary to measure the composition of the neutral atmosphere.

Therefore, we are developing a neutral mass spectrometer (NMS) to observe neutral atmospheric composition for the
RIDE rocket campaign. The instrument is based on a neutral mass spectrometer called TRITON, developed at ISAS/JAXA
to detect water in the lunar polar regolith. We have downsized the instrument and developed an antechamber to capture
particles for the installation on the sounding rocket. The principle of mass spectrometry is based on time-of-flight mass
spectrometry, which uses the fact that the time of flight depends on the mass-to-charge ratio when neutral particles taken from
antechamber are ionized, accelerated, and flown a certain distance. In general time-of-flight mass spectrometers, the flight
path is often folded back once, but in this system, the flight path is folded back three times to achieve higher mass resolution
while maintaining the size. Since the instrument uses high voltage, measurements will be made during the rocket downleg,
at an altitude of approximately 130 km to 100 km, to prevent electrical discharges before the beginning of observations.

The manufacture of the instrument has been completed, and the results of performance tests confirm that the mass
resolution exceeds 200. This is sufficient to measure atomic oxygen O, molecular oxygen O, and molecular nitrogen Na,
which are the main neutral components at the observed altitudes.

In addition, it is possible in principle to limit the mass of particles reaching the detector by turning off the reflected
electric field to fold back the flight path of the particles for a certain period in this system. Such a mode may be useful, for
example, in detecting the spectrum of NO, which is assumed to be present in an amount less than 1% of that of the major
component, separated from the spectrum of Ny, which has a relatively close mass. In this presentation, in addition to the test
results on mass resolution and sensitivity, we will also report on the tests to validate this mass-limiting mode.
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Analog circuit chip dedicated to the Fundamental Mode Orthogonal Fluxgate
Magnetometers

#Kan Higashimura”, Naofumi Murata?, Ayako Matsuoka), Satoshi Kurita®, Hirotsugu Kojima
(IKyoto University Research Institute for Sustainable Humanosphere, (2Japan Aerospace Exploration Agency, (3Graduate
School of Science, Kyoto University, (*Research Institute for Sustainable Humanosphere, Kyoto University, (°’Kyoto univer-
Sity

5)

The Fundamental Mode Orthogonal Fluxgate Magnetometers (FM-OFG) have a unique property in that the part of the sen-
sor is much smaller than that of conventional fluxgates. The conventional “parallel” fluxgate magnetometers have contributed
to many space missions. However, the sensor structure is complex, requiring a sufficiently large core to achieve a low noise
level. Hence, it is unsuitable for the miniaturization of the instrument, considering the use of micro-/nanosatellites. FM-OFG
is a new type of fluxgate magnetometer whose sensor consists of a pair of amorphous wire core and a pick-up/feedback coil.
The FM-OFG sensor can be much lighter at about 1 gram per axis.

Miniaturizing electronic circuits is crucial to making the whole FM-OFG system smaller and lighter so that it can make
best of its small sensor. An analog chip dedicated to the FM-OFG using a so-called ASIC (Application Specific Integrated
Circuit) has been developed from this aspect. Its size is a few tens of millimeters square, and it contains the circuits that
pick up signals from the sensor head and retrieve waveforms of detected magnetic fields based on a feedback configuration.
As the first attempt, we developed the analog chip used for the FM-OFG onboard the sounding rocket called RIDE (Rocket
Investigation of Daytime sporadic-E). The science target of the rocket campaign is to investigate the sporadic E layer in the
ionosphere. The onboard instrument with our chip has been already developed, and we confirmed the instrument based on
our chip shows performance enough to meet the requirements of this rocket experiment.

The remaining issue with the analog chip is its noise level. To expand the use of the chip in other space missions, the
noise level should be lower by a factor of three. The noise in the low-frequency range is intrinsic to the MOS device. We are
working to design a new ASIC chip to reduce the noise.

In the present paper, we introduce the design of the analog chip and show the performance that meets the specifications for
the rocket experiment. We also discuss improving the design to reduce the chip’s noise.
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Wideband impedance probe for measurements of lower hybrid resonance (LHR)

in the ionosphere - Lessons Learned in SS-520-3

#Atsushi Kumamoto®), Hirotsugu KojimaQ), Keigo Ishisaka®), Takahiro Zushi¥), Satoshi Kurita?), Yuto Katoh!), Takumi
Abe®), Yoshifumi Saito®

(IDepartment of Geophysics, Graduate School of Science, Tohoku University, (?Kyoto university, (*Faculty of Engineering,
Toyama Prefectural University, (‘National Institute of Technology (KOSEN), Nara College, (°Institute of Space and Astro-
nautical Science, Japan Aerospace Exploration Agency

Wideband impedance probe (WNEI) was installed on SS-520-3 (launched in 2021) for determination of the ionospheric
ion composition based on lower hybrid resonance (LHR) frequency. Design of the wide band impedance probe was based on
that of the impedance probe for electron number density measurement (NEI) for the previous sounding rockets. The opera-
tion frequency range of WNEI was extended below up to 1 kHz in order to measure the probe capacitance decrease at LHR
frequency around several kHz in the ionosphere. Determination of ion components using impedance probe operated around
LHR frequency was already proposed by Miller and Schulte (1969). However, there was no report of actual applications
of the wideband impedance probe to the ionospheric observations. The purpose of this study is to summarize the issues in
application of WNETI to the ionospheric observations found in SS-520-3.

The WNEI was operated successfully during the flight of SS-520-3. The probe capacitance in a frequency range from 1
to 11 kHz could be measured in an altitude range from 160 to 740 km. However, in the analysis, the following issues were
needed to be considered:

(i) Since the capacitance of the probe and surrounding ion sheath with a length of 1 m is about 30 pF, their impedance
exceed 1 Meg ohm below 5.3 kHz. The signal level applied to WNEI capacitor bridge is several V. The currents in the loads
of the bridge are therefore estimated to be less than several micro A below 5.3 kHz, which has little margin to the level of the
surrounding noises. So, the datasets below 5.3 kHz are excluded from the analysis in this study.

(i) Even above 5.3 kHz, the interference of the noises with odd harmonics of 156.5 Hz probably from the instruments in-
stalled on the rocket were also found in the WNEI data. The noises were also found in the prelaunch tests on the ground while
their level was much smaller. They are more apparent when the probe was in the rocket wake. It is because the signal level
proportional to the probe (with sheath) capacitance decrease in the rocket wake while the interfered noise level is constant.

(iii) In addition to the interfered noises, we could find another components of probe capacitance decrease with large de-
viation. They can be identified with criteria as probe capacitor decrease with a deviation of 2.5 sigma, where the sigma is
standard deviation of probe capacitance in each profile with respect to the running average. They are around 7.6 kHz at an
altitude around 730 km (400-500 s from the launch), and around 8.2 kHz at an altitude around 710 km (550-600 s from the
launch), respectively, which are similar LHR frequency estimated from NEI data (electron number density) and IRI-2016
model with assuming the abundance of heavy ion as O+ is 95 and 90%, respectively. The reason why the large probe capaci-
tance decrease can be found only in the wake is because the collision frequency of electrons with ions decrease in the rocket
wake, which results in the probe capacitance decrease at LHR frequency with high Q value.

The future plans for solving the issues of WNEI found in SS-520-3 will be discussed in the presentation.
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Modelling of three-dimensional structure and dynamics of the large-scale sporadic
E layers over East Asia

#Lihui Qiu®), Huixin LiuV)

(IKyushu University

Sporadic E (Es) layers are thin layers of concentrated metallic ions in the mesosphere and lower thermosphere (MLT)
region. Their formation and evolution are deeply modulated by atmospheric dynamics, indicating that they can serve as indi-
cators of atmosphere-ionosphere coupling processes. Currently, the three-dimensional (3-D) Es layer structure and evolution
process have not yet been fully understood. In this study, we investigated the structural and dynamic characteristics of the
large-scale Es layers over East Asia by using a 3-D Es layer numerical model driven by neutral winds from the Whole Atmo-
sphere Community Climate Model with thermosphere and ionosphere eXtension model (WACCM-X). The simulation results
show that the Es layer is a tilted structure rather than a narrow flat blanket. In addition, the Es layers mainly occur in the 3-D
spatial position of the convergent vertical wind shear. The apparent velocity ("300-400 m/s) of Es layers is mostly westward
and northward, which is different from the ion drift velocity ("100 m/s). This indicates that Es layer can develop rapidly over
a large area rather than drifting gradually. This study systematically analyzed the physics of the 3-D Es layer, which can
be helpful for understanding the observations recorded by different instruments, such as satellites and ground-based receiver
networks.
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The role of metal ion transport in the sporadic E layer occurrence in the Summer
Southern Hemisphere

#Satoshi Andoh?), Akinori Saito?), Hiroyuki Shinagawag)

(INational Institute of Information and Communications Technology, (?Department of Geophysics, Graduate School of Sci-
ence, Kyoto University, (®International Research Center for Space and Planetary Environmental Science, Kyushu University

The first simulation on the sporadic E (Es) occurrence distribution at middle and low latitudes in the summer Southern
Hemisphere is presented. The Es distribution in the summer Southern Hemisphere, which shows a salient decrease around
Southern Africa, has been considered owing to the geomagnetic configuration. Herein, we conducted Es simulations for the
summer southern middle and low latitudes and for the first time reproduced the Es distribution. The geomagnetic westward
wind region around 100-105 km altitudes corresponds well to the Es distribution in the summer Southern Hemisphere. Dense
metal ions, that is Es layers, tend to move vertically into the geomagnetic westward wind regions. Geomagnetic zonal winds
tend to be eastward around Southern Africa, which causes the decrease of Es occurrences there. Es distributions are also
affected by horizontal ion transport due to winds and partially by the vertical ion convergence at 120-130 km altitudes, where
Es layers start to form. Metal ion transport is the primary cause of the ESOR distribution and the genomagnetic configuration
is the secondary cause.



R005-P42
RZXZ2—3 1 11/25 PM1/PM2 (13:15-18:15)

#Rifqi Farhan Naufal®), Liu Huixin®, Qiu Lihui®), # T3 4
O UM R B2 T BR R R R B, @ JUMN KB R HBR R R R, O JUMN KB R BR R B R g, (4 B
LI EITER 1

Effects of doubling CO2 concentration on Sporadic E around Japan region based
on GAIA

#Farhan Naufal Rifqi"), Huixin Liu?), Lihui Qiu®), Chihiro Tao®

“Department of Earth and Planetary Science, Graduate School of Science, Kyushu University, (2Department of Earth and
Planetary Science, Graduate School of Science, Kyushu University, (*Department of Earth and Planetary Science, Graduate
School of Science, Kyushu University, (*National Institute of Information and Communications Technology

This study utilizes the Ground-to-topside Atmosphere Ionosphere model for Aeronomy (GAIA) to investigate the effects of
doubling CO2 concentration on the occurrence of Sporadic E (Es) layers around Japan region. Using two datasets, represent-
ing normal and doubled CO2 conditions for the year 2001, the vertical ion convergence (VIC) and other related parameters
were calculated during the Summer Solstice. The VIC distribution around Japan was examined in terms of daily variations
at four ionosonde stations around Japan: Wakkanai, Kokubunji, Yamagawa, and Okinawa. Based on our analysis, a general
increase in the magnitude of VIC around Japan under doubled CO2 conditions are observed, while the altitude of VIC mag-
nitude maxima decreases. Potential physical processes driving vertical ion convergence under these conditions are identified.
At altitudes of 90-100 km, the increase in VIC magnitude is primarily driven by zonal wind and a decreasing ratio of ion-
neutral collision frequency to ion gyrofrequency. At 100-105 km, the increase is mainly influenced by the aforementioned
ratio. These mechanisms are clearly observed at Kokubunji, Yamagawa, and Okinawa, but not as evident at Wakkanai, of
which mechanism mainly driven by zonal wind, regardless of altitude difference. The results revealed in this study suggest
that the climate change will enhance Es and its occurrence.
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Improved Fit of Atomic Oxygen Ion - Neutral Collision Cross Section at Iono-
spheric Temperatures

#Akimasa Ieda®)

(nstitute for Space-Earth Environmental Research, Nagoya University

Atomic oxygen and its ion are major species in the ionospheres of Earth, Venus, and Mars. Collisions between them
control the structure and dynamics of the ionosphere. An accurate collision cross-section model is thus a prerequisite for a
quantitative study of the ionosphere. Fits of recent wide-energy models are reasonable for the quiet-time F-region ionosphere
of Earth near 1000 K. However, their valid temperature range has been unclear and limited because of physically inaccurate
fitting basis functions. We improved the classic charge-exchange fitting basis function by introducing the curved-trajectory
and quantum oxygen-atom fine-structure effects. The resultant fit is accurate between 40 and 9000 K and thus can be robustly
used for the ionospheres of Earth, Venus, and Mars.

Ieda (JGR, 2021), https://doi.org/10.1029/2020ja02844 1
Ieda (JGR, 2022), https://doi.org/10.1029/2021ja029612
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