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Estimation of thermospheric density from STARLINK TLE
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This study explores the potential of using the open orbital information of satellites to estimate the neutral atmospheric
density in the thermosphere. We used the public Two-Line Element (TLE) data from the Starlink constellations. The analysis
period was from September 19 to November 6, 2024. Based on the method of Picone et al. (2005), thermospheric density
was derived from the time derivative of the satellites’ mean motion. As the first attempt, we limit ourselves to not assessing
the absolute value, but a relative variation to the NRLMSIS 2.1 model. The estimated results followed well in altitudes and
in time with the model values below 400 km, although occasional deviations of a factor of 2 — 3 were found at higher
altitudes. Three notable density increases were observed on October 8, 11, and 18 — 20, 2024. The first two events correlated
with geomagnetic storms, lasting approximately one day over a broad altitude range. The third event, however, had a weak
correlation with geomagnetic storm activity, persisted for several days, and appeared mainly at altitudes above 400 km. Our
findings confirm that contemporary TLE data are a valuable resource for monitoring the thermospheric density dynamics. In
the presentation, we try to include the advances in our analysis up to the symposium.
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Correction of temperature data from Super-Pressure Balloon observations at
Syowa Station, Antarctica
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Scientific research balloons are used in a wide range of scientific experiments, including astronomical observations, cosmic
ray measurements, upper-atmosphere observations, and engineering demonstration tests. Zero-pressure (ZP) balloons, which
have been used until now, have the disadvantage of not being able to fly for long periods, whereas super-pressure (SP)
balloons overcome this limitation. SP balloons maintain an internal pressure consistently higher than atmospheric pressure,
thereby preventing buoyancy fluctuations caused by diurnal cycles and enabling prolonged flight durations (>1 month).
Taking advantage of these characteristics, the LODEWAVE (LOng-Duration balloon Experiment of gravity WAVE over
Antarctica) project was proposed to conduct observations in Antarctica in order to obtain the horizontal distribution of vertical
flux of horizontal momentum associated with atmospheric gravity waves [Tomikawa et al., 2023]. In the LODEWAVE
project, SP balloons measure temperature, pressure, and horizontal wind every 30 s at the balloon location.

During flight, when the ventilation is nearly zero, the thermistor is heated by solar radiation, leading to significant
overestimation of the actual atmospheric temperature [Hertzog et al., 2004]. This effect was also observed during the first
LODEWAVE campaign, where the temperature sensor was significantly affected by solar radiation, which included heat
conduction through the lead wires. As a result, the temperature data exhibited pronounced diurnal variations. In addition,
the thermistor was affected by heat flow from the housing, resulting in short-period fluctuations and making it impossible to
obtain accurate temperature data. To address this issue, improvements were made by modifying the sensor design and the
data acquisition method. In the second campaign, following these improvements, the quality of the temperature data was
greatly enhanced; however, it was not possible to completely eliminate diurnal variations associated with solar radiation or
numerous heat spikes caused by heat flow from the housing. Such data errors reduce the accuracy required for atmospheric
gravity wave analysis and for assimilation into numerical models. Therefore, in this study, we applied corrections to SP
balloon temperature data to account for the effects of solar radiation and heat flow from the housing.

The correction was performed using data from the radiosonde (1 s values) and temperature sensor (30 s values) installed
on LODEWAVE 04 and 05, which were launched during the 65th Japanese Antarctic Research Expedition, as well as
atmospheric reanalysis data from ERAS (interpolated to 30 s values) for the corresponding flight periods. To remove the
effects of heat spikes, the minimum value was selected from each 15 min interval, and subsequent corrections were applied
for the effects of solar radiation. The solar radiation effect was corrected using the theoretical heating formula presented by
Dirksen et al [2014]. This formula accounts for both direct solar radiation reaching the sensor and diffuse radiation, but in
this study only the direct component was considered. As a result of the correction, deviations from ERAS were reduced, and
the effects of solar radiation were successfully removed. In addition, high-frequency components not present in ERAS were
detected, suggesting the presence of atmospheric gravity wave signals. To further improve accuracy, it will be necessary to
account for the effects of atmospheric scattering and surface reflection, as well as the cooling effect of infrared radiation
during nighttime when solar heating is absent.
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Atmospheric electric field variation at Syowa Station, Antarctica associated with
substorm evolution
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Variation of atmospheric electric field (AEF) associated with substorm evolution was examined using the data obtained at
Syowa Station, Antarctica from 2015 to 2017. First, we derived the AEF reference values from the fair-weather AEF data
at Syowa under geomagnetic quiet conditions, and then, analyzed the AEF deviation from the reference values in different
substorm actvitiy levels classified with the AE-index. It was found that in the higher AE-index condition, the AEF deviation
showed the more positive (downward) variation in dawn MLT sector, and the more negative (upward) variation in dusk-to-
midnight sector. As a result, AEF diurnal variation showed the further difference from the typical Carnegie Curve at the time
of the higher substorm activity, having a maximum in the morning hours and a minimum in the afternoon hours. Such a
local time dependence of the AEF variation during substorm is consistent with the ionospheric electric potential variations
associated with the evolution of the substorm current system.
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Development of a time-delayed multi-beam observation method and its implemen-

tation to the Tromsg Na lidar
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In the polar mesosphere and lower thermosphere region, where part of the atmosphere is ionized, it is essential to measure
the neutral atmosphere and the ionosphere simultaneously to understand the neutral-ion interactions. The Tromsg sodium
(Na) lidar was developed in 2009 - 2010 by Nagoya University, Shinshu University, and RIKEN. In addition, University of
Electro-Communications has been involved in its operation and development since 2015. This lidar system is equipped with
a laser diode-pumped laser system, which has advantages in stability and lifetime. Another feature is that observations can
be made simultaneously in five directions (vertical, east, west, north, and south) using split beams. This lidar is located at
the European incoherent scatter (EISCAT) radar site in Tromsg (69.6° N, 19.2° E), so we are able to perform simultaneous
observations of the neutral atmosphere and ionosphere by using the EISCAT radars and the Na lidar. The observation height
range of the Na lidar depends on the distribution height range of the Na layer, which is normally from 80 to 110 km. On the
other hand, recent observations have revealed low-density Na events at higher altitudes (above 110 km, up to 196 km). It is
called thermospheric Na, and the extension of the observation range of Na lidars is expected by observing such thermospheric
Na. However, the Inter-Pulse-Period (IPP) of Tromsg Na lidar is 1 ms, and thus the corresponding observation range is 0-150
km. Therefore, to observe the thermospheric Na layers, we have been working on an extension of the altitude range of the
Tromsg Na lidar.

In this study, we have developed a time-delayed multi-beam method to improve the performance of Tromsg Na lidar. This
method forms multiple beams by physically switching the transmission direction of each pulse without splitting the beam.
Specifically, the beam is switched alternately between one vertical direction and the other four directions (east-west-south-
north) every 1 ms. In this case, the IPP becomes 2 ms for each direction and the measurement range is extended to 0 — 300
km. In addition, the pulse energy of the vertical beam is 5 times higher than the current system. The power per unit time
is 2.5 (= 5/2) times higher, and noise is reduced by decreasing the number of accumulations. Therefore, the signal-to-noise
ratio can be improved. For the implementation of this method, two key techniques are needed. Those are (1) switching of
the transmission direction of laser pulses at high speed and with high pointing accuracy, and (2) control of transmission of
time-delayed pulses and multi-channel measurement.

For (1), we developed a 2-direction beam line switching system using a commercially available galvanometer scanner.
When applying a galvanometer scanner, performance evaluation experiments were conducted because it was unclear whether
it had enough beam switching accuracy. The experimental results showed that the switching beam position drifted approxi-
mately 130 p rad (max.) due to motor heating and room temperature fluctuations. This drift is less than the required beam
position accuracy (<200 p rad), so in other words, the results showed a good performance. For (2), we developed an 8-
channel (4+4) photon counting system that performs time-delayed measurements using an FPGA (Field-Programmable Gate
Array). The time-delayed photon counting is synchronized with the operation of the 2-direction beam line switching system.
We have confirmed that the system is operated as designed, based on the experiments.

In the presentation, we will introduce the developed system and experimental results on the system performance. Further-
more, we plan to implement the system at the Tromsg Na lidar in October 2025, so initial reports on the implementation will
also be presented.
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Ground-based observation of Venusian aurora using the T60 telescope at
Haleakala
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Aurora is key phenomena for understanding the interaction between the solar wind and planetary magneto-
sphere/ionosphere. Their characteristics have been extensively studied on Earth, Jupiter, and Saturn, which possess
intrinsic magnetic fields and atmospheres. Recently, thanks to the aggressive explorations by MAVEN and EMM, various
types of aurora have been discovered on Mars, a weakly magnetized planet without the intrinsic magnetic field. With its
complex induced magnetosphere, Mars exhibits unique auroral features, unseen on Earth, including global-scale diffuse
aurora and localized crustal-field-associated discrete aurora. In contrast, detections of aurora at Venus, which also has no
intrinsic magnetic field, have so far been limited to be found associated with coronal mass ejections (CMEs), with limited
observational coverage. Thus, the spatio-temporal variations of Venusian aurora remains poorly understood.

In this study, we aim to reveal the spatio-temporal variations and generation mechanisms of Venusian aurora through
continuous, wide-field observations. We conducted observations of Venus from February 10-19, 2025, using the 60 cm
telescope (T60) at Tohoku University Haleakala Observatory in Hawaii. This observation is unique in that it uses a fiber
array spectrograph to capture a wide-area image of the night side of Venus. A 20-minute observation was considered one
data set, and an average of four data sets were observed per day. During this period, 37 data sets were observed. At that time,
the apparent Venus’s disk was “30” X 307, and the field of view was "20” X 207, covering about half of the night side of
the disk. Focusing on the oxygen green line at 5577 A, we obtained spectra with a wavelength range of 5540-5590 A and
a resolution of 0.02 A. The relative velocity between Venus and Earth was “12 km/s during this period, corresponding to a
Doppler shift of "0.2 A, which was sufficient to separate Venusian emissions from terrestrial airglow. The observation of the
aurora was limited to the night side of the field of view. A field aperture was used to minimize contamination from reflected
light because the reflection of sunlight from the daytime side of Venus was the greatest source of noise. The observation was
conducted for approximately one hour between sunset and Venus’s setting.

As a result, emissions were detected in 74 out of 4,440 spatial grids, with maximum intensities “50 Rayleighs. Venus
aurora emissions were observed on every day of the campaign, suggesting that auroral activity occurs persistently and
not only during solar events such as the Coronal Mass Ejections (CMEs). The spatial distribution of emissions tended to
concentrate near the limb of Venus. To confirm these findings, we refine data selection criteria and noise evaluation.

This study demonstrates the feasibility of continuous monitoring of the 5577 A emission on the nightside of Venus.
Remote and automated control of the telescope has already been established, and since May 1, “60-day continuous dataset
has been accumulating. Statistical analysis of these data will allow us to determine the occurrence frequency, spatiotemporal
variability, and solar wind dependence of Venusian aurora, contributing to a better understanding of its mechanisms.
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Simulation of atmospheric waves in the upper atmosphere associated with vol-
canic eruptions
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In intense volcanic eruptions, acoustic waves, Lamb waves, and gravity waves with large amplitudes are generated in
association with rapid expansion of the atmosphere driven by eruptions, affecting the thermosphere and the ionosphere sig-
nificantly. While previous studies have revealed the basic nature of the atmospheric waves in the lower atmosphere, in the
upper atmosphere physical processes of atmospheric waves originated from volcanic eruptions have not been fully under-
stood. In particular, physical processes of the structure and propagation of Lamb waves, vertical oscillations with a period of
several minutes, and fast waves with a phase velocity of about 1 km/s in the thermosphere have not been revealed.

Although numerical simulations of Shinagawa and Miyoshi (2024) roughly reproduced acoustic waves, Lamb waves, and
gravity waves as well as traveling ionospheric disturbances (TIDs) associated with the Tonga volcanic eruption, the model
could not reproduce high-frequency oscillations and detailed structures of waves because grid intervals of the model are rather
large: 2 km vertically, and 20 km horizontally.

To study the atmospheric waves in the upper atmosphere in more detail, we have carried out the atmospheric simulations
using a high-resolution 2-dimensional model with grids of 1 km vertically, and 2 km horizontally.

The simulation results indicate:

1. Lamb waves can propagate up the thermosphere, but they are significantly deformed by the interaction with gravity
waves with phase speeds similar to Lamb waves.

2. Atmospheric oscillations generated after the passage of Lamb waves are generated by the effect of non-isothermal at-
mosphere, but they are also driven by the interaction of Lamb waves and gravity waves.

3. Propagation of Lamb waves is significantly affected by background winds in the atmosphere.

4. Fast waves with a speed of about 1 km/s in the thermosphere are basically acoustic waves, which are significantly af-
fected by the molecular viscosity.

We will present and discuss the simulation results by comparing with observations.

Reference

Shinagawa, H., and Miyoshi, Y. (2024) Simulation study of atmosphere-ionosphere variations driven by the eruption of
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Research on the impact of the 2022 HTHH Eruption’s water vapor anomaly on
PMC activities based on Himawari-8/9 observations
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(IUniversity of Electro-Communications, (*Meiji University, (*Tohoku University, (National Institute of Polar Research,
(The Graduate University for Advanced Studies, SOKENDALI, (°ROIS-DS, (“Shinshu University, (*Research Institute for
Humanity and Nature, (“NASA/GSFC, (19Catholic University of America

Polar mesospheric clouds (PMCs), also known as noctilucent clouds (NLCs), are the highest clouds in the terrestrial
atmosphere. They consist of water ice particles, which can be formed in the mesopause region (80-85 km) during the polar
summer with extremely low temperature conditions. The water ice particle formation is considered to be highly sensitive
to temperature and water vapor. For over a century, the potential relationship between large volcanic eruptions, such as the
1883 Krakatoa, and PMC activity has been discussed. However, this relationship remains poorly understood due to a lack of
observational data and the rarity of such large-scale events. The Hunga Tonga-Hunga Ha’apai (HTHH) submarine volcanic
eruption on January 15, 2022 (20.5°S, 175.4°W) was a large-scale event that injected an unprecedented amount of water vapor,
approximately 146 = 5 Tg (or approximately 10% of the stratospheric H,O burden), into the stratosphere (at an altitude of
50-55 km). This injected water vapor subsequently spread globally, reaching the polar mesopause regions approximately
two years after the eruption. This study examines the impact of the HTHH eruption-originated water vapor anomaly on
PMC activities using satellite observations. We analyzed the occurrence rate (OR) of PMCs using data from the Japanese
geostationary satellites Himawari-8/AHI and Himawari-9/AHI, as well as temperature and water vapor volume mixing ratio
(Ho,O VMR) data from the Aura/Microwave Limb Sounder (MLS), from 2015 to 2025.

Monthly averages were calculated for January (Southern Hemisphere, SH) and July (Northern Hemisphere, NH) within the
latitude range of 65-81°S/N and altitude range of 77.8-87.9 km. To extract the effects of water vapor anomalies on the PMC
variations, at first, we reproduced the temperature-dependent components in the PMC OR variability using a linear regression
based on the 2015-2021 relationship. Then, we remove the reproduced components and derive residuals as temperature-
independent components in the PMC OR variability. These residuals are defined as A PMC. As a result, we found a significant
A PMC increase (+15 = 5%) in January 2024 in the SH. This A PMC increase was associated with the significant increase
in HoO VMR (+0.88 = 0.04 ppmv, or 15.8%) compared to 2015-2021 averages. These associations would strongly suggest
that the water ice formation was enhanced by the water vapor anomalies mainly induced by the 2022 HTHH eruption.

These findings would represent the first observational evidence of a relationship between eruption-originated water vapor
injection and PMC activity, a topic that has been discussed since the 1883 Krakatoa eruption. This research advances our
understanding of the horizontal and vertical coupling processes within the middle and upper atmosphere influenced by large
volcanic eruptions.
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Anisotropy of traveling Ionospheric disturbances measured by TEC after the 2024
Noto-Peninsula earthquake
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(1Hokkaido Information University, (?Chitose Institute of Science and Technology

Anisotropy of traveling Ionospheric disturbances measured by TEC after the 2024 Noto-Peninsula earthquake large earth-
quakes generate acoustic waves that propagate upward and disturb ionospheric plasma, detected as TEC variations from
GNSS. The Mw 7.5 Noto Peninsula earthquake occurred at 37.5° N, 137.2° E on 1 January 2024 at 07:10 UT, and TEC
disturbances were observed approximately 9 minutes later over the epicenter. At that time, two QZSS satellites (JO2, JO7)
and two GPS satellites (G08, G16) were located. In this study, we computed ionospheric TEC from GEONET data provided
by the Geospatial Information Authority of Japan (GSI) and analyzed coseismic TEC disturbances with a sampling rate of 30
s. Acoustic waves are expected to expand concentrically from the epicenter, producing concentric TEC perturbations. How-
ever, clear disturbances were observed southward for JO2 and G16 and northeastward for JO7, deviating from the expected
concentric pattern.

To investigate the origin of the observed anisotropy, we computed the propagation of acoustic waves generated by the
earthquake using a Hamiltonian ray-tracing method in spherical coordinates. Assuming the epicenter as the source, rays were
launched isotopically, and their trajectories were analyzed. The atmospheric sound speed structure was modeled with altitude
profiles of density and temperature derived from NRLMSISE-00. For each ray, the arrival time and propagation direction
(wave vector) were extracted at altitudes below 500 km. Electrons readily move along geomagnetic field lines but have little
mobility across them.

Thus, atmospheric perturbations induced by acoustic waves are more effective when the wave vector is aligned with the
geomagnetic field vector and less effective when perpendicular. To quantify this effect, we calculated |cos 6 |, where 0
is the angle between the geomagnetic field vector and the wave vector, and defined it as the geomagnetic propagation co-
efficient. The large values indicate high amplitude of the ionospheric disturbances, while the smaller values correspond to
low amplitude of those. The coefficient was higher south of the epicenter, suggesting that the disturbances mainly propagate
southward. However, the disturbances for JO7 mainly propagated eastward, which cannot be explained by geomagnetic ef-
fects alone, suggesting that apparent line-of-sight effects must also be considered.

Because TEC is an integrated density along the line of sight (hereafter observation vector), positive and negative perturba-
tions along the same path cancel each other. When the wave vector is nearly parallel to the observation vector, cancellation
reduces the apparent TEC disturbance. In contrast, when the two are perpendicular, the apparent disturbance is enhanced.
We quantified this effect by calculating sin @, where @ is the angle between the wave vector and the observation vector, and
defined it as the observation coefficient. The observation coefficients were small in the direction of each satellite’s observation
vector from the epicenter. For instance, since JO2 had a high elevation angle ("90° ), the coefficient shows a low value over
the epicenter. JO7 had an azimuth toward south-southwest, GO8 toward southwest, and G16 toward north-northeast, resulting
in low coefficients in those directions.

To incorporate both effects, we multiplied the geomagnetic propagation coefficient by the observation coefficient, defining
the product as the disturbance observation coefficient. This coefficient was highest southward for JO2 and G16, eastward for
JO7, and southeastward for GO8. Observed TEC disturbances were consistent with these coefficients: southward for JO2 and
G16, eastward for JO7, and southward for GO8. Disturbances were stronger in directions with higher disturbance observation
coefficients These findings indicate that the observed anisotropy of TEC disturbances results from the combined effects of
geomagnetic field alignment and observation geometry.
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Multi-Source Ionospheric Disturbances and Conjugate effects During The 2024
Typhoon Shanshan

#Junxian Fu®), Yuichi OTSUKAY

(I The Institute for Space-Earth Environmental Research, Nagoya University

Typhoons have been widely reported to induce ionospheric disturbances through various atmospheric and electrodynamic
coupling mechanisms. The passage of Typhoon Shanshan in 2024 provided a unique opportunity to investigate such distur-
bances over Japan using GNSS-derived total electron content (TEC) data. A fourth-order Butterworth bandpass filter was
applied to extract the perturbation component of vertical TEC. During 15:00 — 16:30 UT on 12 September 2024, two dis-
tinct types of TEC anomalies were identified: (1) nighttime medium-scale traveling ionospheric disturbances (MSTIDs), and
(2) concentric ionospheric disturbances (CIDs) associated with typhoon-induced gravity waves.By incorporating conjugate
observations from GNSS stations in Australia, this study further examines conjugate effects driven by electric field and the
contrasting spatial characteristics of these two disturbance types. Results show that conjugate effects associated with night-
time MSTIDs are clearly observable in the southern hemisphere, consistent with electric field transmission along geomagnetic
field lines. In contrast, conjugate signatures related to typhoon-induced gravity waves are absent or weak, suggesting a more
localized or hemispherically asymmetric generation mechanism.



R005-10
AR5 11126 PM3 (16:40-18:25)
17:40~17:55:00

LIS T — 2BV ANS 5 TARE - ERERSEIOESENR
#PERT 3540 1), 51| BRIE 2, fafE i) )
(O JURBRAERS,  JURTRRERFARE, 3 JUM K BB o R BT e > & —

Quantitative Analysis of Typhoon-Induced Atmosphere - Ionosphere Coupling
from Ground Magnetic Data
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(I Department 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 Science,
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In recent years, it has become increasingly evident that intense convective activities, including typhoons, have significant
effects on the ionosphere. For example, neutral winds associated with gravity waves generated in the troposphere have been
pointed out to drive dynamo currents in limited regions of the ionospheric E layer at altitudes of 90 — 150 km (Nakanishi et
al., 2014). Previous studies have reported that magnetic field variations caused by small-scale field-aligned currents generated
through this ionospheric dynamo process have been observed (V. A. Martines-Vedenko et al., 2019; Aoyama et al., 2017).
These studies have provided important insights into the coupling processes between the atmosphere and the ionosphere.

As for ground-based observations, Chen et al.,(2014) analyzed geomagnetic disturbances in Taiwan associated with ty-
phoons. Their analysis targeted nighttime data from September 1 to 30, 2008, during which three typhoons approached or
made landfall in Taiwan. They reported that, for all three typhoons, clear amplitude inconsistencies were repeatedly observed
in the 2.5 — 7 mHz frequency band on the days of their closest approach. This result suggests that convective activities
associated with typhoons may contribute to geomagnetic variations via the ionosphere.

However, several issues remain in previous studies. First, the analysis of Chen et al.,(2014) was limited to nighttime, and
results for the daytime, when the ionospheric E layer is present, have not been sufficiently demonstrated. Since the daytime
ionosphere has higher conductivity and the characteristics of disturbances may differ greatly from those at night, and clari-
fying this aspect is essential. Second, satellite observations are only possible when the timing of a typhoon coincides with
the satellite’s overpass, making it difficult to secure a sufficient number of events for statistical analysis. Third, compared
to space weather phenomena such as geomagnetic storms, geomagnetic variations caused by typhoons are considered to be
small, and their detection and quantification are difficult.

Based on this background, the present study aims to verify whether variations in ionospheric currents caused by electron
density fluctuations associated with typhoon passages can be detected as geomagnetic variations on the ground, using multi-
point geomagnetic observation data in Japan. By utilizing data from both the MAGDAS (Magnetic Data Acquisition System)
ground magnetometer network, globally deployed by International Research Center for Space and Planetary

Environmental Science, Kyushu University, and the geomagnetic observatories operated by the Japan Meteorological
Agency, continuous and wide-area analyses can be performed. This enables statistical analyses of a larger number of events
compared to satellite observations, with the goal of clarifying, from an electromagnetic perspective, the mechanisms of at-
mosphere — ionosphere coupling disturbances induced by typhoons through the detection of small ground geomagnetic
variations.

The data used in this study cover the period from 2009 to 2021, focusing mainly on August to October of each year.
Frequency analyses are being conducted for approximately 75 typhoons that approached or made landfall on the Japanese
archipelago during this period (currently ongoing). For these 75 events, multi-point observation data from about six to seven
sites, including both MAGDAS and Japan Meteorological Agency geomagnetic observatories distributed from Hokkaido to
Kyushu, are available. Specifically, the analysis investigates in which frequency bands geomagnetic disturbances occur, divid-
ing the data into daytime and nighttime intervals. To examine local geomagnetic variations with the influence of space weather
removed, correlation coefficients between two observatories— for example, Kuju (Oita Prefecture) and Kakioka (Ibaraki Pre-
fecture)— are calculated separately for day and night. For data where correlation coefficients decrease, it is examined whether
the timing corresponds to periods before or after typhoon passages. If so, detailed investigations are conducted into electron
density variations in the ionospheric F layer using total electron content (TEC) data. In addition, water vapor data observed
by the Himawari meteorological satellite are also incorporated to analyze atmospheric conditions.

In this presentation, the results of the above analyses will be shown, and the generation mechanisms of ground geomagnetic
variations induced by typhoons will be discussed.
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Pc3 geomagnetic pulsations excited by earthquakes
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Lamb waves generated by the January 2022 Tongan undersea volcanic eruption are believed to have excited large amplitude
and short period Pc3 geomagnetic pulsations in the dayside plasmasphere (Iyemori et al., 2025). Similar increases in power
spectral density in the Pc3 frequency band were observed 10-20 minutes after large earthquakes (M>6.5) occurring on land
during the daytime (10-14 LT) at least in five of the ten earthquakes that met the above criteria that occurred between 2014
and 2025. During large earthquakes, seismic motions thought to be surface waves with a period of 10-30 seconds propagate
far away, causing slight fluctuations in the orientation of magnetometer sensors, resulting in apparent Pc3-like fluctuations.
Therefore, it is necessary to distinguish these from natural Pc3 phenomena. In this study, we not only examined magnetic
field fluctuations before the arrival of seismic waves using seismometer data, but also calculated one second resolution total
magnetic field, which is independent of sensor orientation, by taking the square root of the square of the three components
of one second resolution magnetic field observation data. This analysis can avoid the influence of magnetometer sensor
vibrations due to seismic waves. In some cases, we also compared the data with magnetic field observation data from the
Swarm satellites. Because Pc3s frequently occur in the daytime, the possibility that the timing of the earthquake coincided
with a solar wind origin Pc3 event cannot be ruled out. However, the average results of the 10 cases examined show that the
spectral density increases approximately 20 minutes after the earthquake, suggesting that acoustic waves generated by the
earthquake may have induced currents in the ionosphere and injected magnetosonic waves into the plasmasphere, exciting
Pc3 waves by a cavity resonance. The spectral density increase is not as broad as in the 2022 Lamb wave passage and tends
to lean to longer-period side than 15-20 seconds. However, the presence of many spectral density peaks and their relative
positions are similar with the Lamb wave case.
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D-region ionospheric variations driven by EUV oscillations during the X5.89 solar
flare in May 2024

#Akane Kubota'), Hiroyo Ohya'), Fuminori Tsuchiya®), Hiroyuki Nakata®)
(IGraduate School of Science and Engineering, Chiba University, (?Planetary Plasma and Atmospheric Research Center,
Graduate School of Science, Tohoku University

Solar flares produce strong enhancements in solar irradiance within the extreme ultraviolet (EUV) and X-ray bands, sig-
nificantly impacting the D-region ionosphere (60 — 90 km). Enhanced EUV and soft X-ray fluxes are efficiently absorbed
by molecular oxygen and nitrogen, leading to rapid increases in electron density which has been confirmed by very low fre-
quency (VLF) observations (Kumar and Kumar, 2018). Moreover, Hayes et al. (2017) reported that D-region electron density
pulsations were synchronized with flare-driven X-ray and EUV pulsations. In the EUV range, Lyman- a radiation (121.6
nm) is the dominant component and is known to influence the D-region, although its contribution is slower and less variable
than that of X-rays (Kitajima et al., 2024). The D-region response to Lyman- a during flares, however, remains unclear. In
this study, we investigated D-region ionospheric variations for the X5.89class solar flare that occurred at 01:10 UT on May
11, 2024, the largest flare among large geomagnetic storms in May 2024. We used LF transmitter signals observed by a
worldwide VLF/LF radio propagation network OCTAVE/AVON. The LF waves were transmitted from JJY60 (60.0 kHz) in
Japan and BPC (68.5 kHz) in China, and received at Pontianak (PTK), Indonesia and Rikubetsu (RKB), Japan. Normally,
when a solar flare occurs the phase of the LF signal exhibits time variations similar to those of X-ray flux. However, during
the X5.89-class solar flare, unusual oscillations in phase and amplitude were observed. Based on wavelet analysis of these
oscillations, the periods were 549 s for the phase of the JJY60-PTK path and 388 s for the phase of the BPC-PTK path. To
investigate the cause of the LF oscillations, the LF waves were compared with EUV data observed by the GOES-16 and SDO
satellites. The summation of EUV in the 20 — 140 nm range, , including the Lyman- a, was similar to a part of the LF
oscillations, and a few peaks of the LF oscillation coincided with peaks in the composite EUV radiation. A detailed analysis
confirmed that similar oscillations occurred in the LF waves 3 minutes after the EUV oscillations. Furthermore, a calculation
of the ionization production rate revealed that Lyman- a radiation has the largest effect on the D-region in EUV wavelength
band. These results suggest that the periodic variations in EUV radiation associated with the solar flare affected the electron
density in the D-region ionosphere.
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D-Region ionospheric disturbances induced by fireballs and satellite reentries
observed with OCTAVE VLF/LF transmitter signals

#Hiroyo Ohya'), Ryota Furuya'), Fuminori TSUCHIYA?), Masa-yuki YAMAMOTO?®), Tatsuki Washimi®), Hiroyuki
NAKATAY), Takashi WATANABE®), Miki Kobayashi®)

(IChiba University, (*Planetary Plasma and Atmospheric Research Center, Graduate School of Science, Tohoku University,
(3Kochi University of Technology, (*National Astronomical Observatory of Japan, (*National Institute of Communications
and Technology, (°The Nippon Meteor Society

Fireballs are exceptionally bright meteors (magnitude >~ 4) that enter Earth’s atmosphere and burn up due to aerodynamic
heating, typically originating from larger meteoroids or small asteroids. Similarly, artificial satellites or other human-made
objects can reenter the atmosphere in a controlled or uncontrolled manner, experiencing heating that may cause partial or
complete ablation. These atmospheric entry events can ionize the surrounding neutral atmosphere, affecting the D-region
ionosphere (60 — 90 km altitude), which can be detected using very low frequency (VLF, 3 — 30 kHz) and low frequency
(LF, 30 - 300 kHz) transmitter signals. Previous studies have shown that fireballs generate acoustic and atmospheric
gravity waves (AGWs), causing D-region ionospheric fluctuations (Chernogor, 2015; Ohya et al., 2024). However, detailed
mechanisms of D-region variations induced by fireballs and satellite reentries remain unclear. This study quantitatively
investigates lower ionospheric variations associated with atmospheric entry events using OCTAVE VLF/LF transmitter
signals, the F-net seismic observation network, and infrasound data from Kochi University of Technology and the National
Astronomical Observatory of Japan. Two events are analyzed: a fireball observed at 14:33 UT on April 23, 2023, and
the reentry of a Starlink satellite (Group 6-32 debris 31119) at 12:38 UT on December 26, 2023. Transmitters include
JIT (22.2 kHz, Miyazaki, Japan), JJY40 (40.0 kHz, Fukushima, Japan), JJY60 (60.0 kHz, Saga, Japan), and BPC (68.5
kHz, China), with receivers at RKB (Rikubetsu, Japan) and KAG (Kagoshima, Japan). For the fireball, amplitude and
phase variations with periods of 200 - 500 s were observed on the JJY60-RKB path, while the JJY40-RKB path exhibited
larger distinct variations (18 dB and 200° ), likely caused by strong ionization along the fireball trail. Seismic (vertical
velocity at Kashiwazaki; KZK) and infrasound (Mozumi; MZM) data also showed variations with periods of 300 - 400
s and 200 — 400 s, respectively. Coherence analysis revealed significant peaks at 200 — 400 s between LF, seismic, and
infrasound signals. For the satellite reentry, amplitude and phase variations with periods of 200 — 300 s were observed in
the JJY40-KAG signals, and corresponding infrasound variations at Tateyama (TTM) coincided with acoustic wave arrival
at the ground. Coherence analysis showed a peak at 256 s. These results indicate that acoustic waves generated by fireballs
and satellite reentries propagate upward, inducing disturbances in both the D-region ionosphere and at the Earth’s surface.
Detailed results will be presented in the session.
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The RIDE Rocket Campaign: Elucidating the Generation Processes of Mid-
Latitude Sporadic E Layers

#Akinori Saito?), Takumi ABE?), Ayako MATSUOKAY, Keigo ISHISAKA®), Yoshifumi SAITO?, Masahito Tagawa®),
Atsushi KUMAMOTO?®), Hidetaka Shirasawa®, Hirotsugu KOJIMAT), Satoshi KURITA™), Naofumi Murata®), Miyuki
MATSUYAMA?®), Kumiko Yokota®), Michi NISHIOKA®, Satoshi ANDOH®), Susumu SAITOY), Toru Takahashi®),
Keisuke HOSOKAWA'?), Hiroyuki NAKATA!"), Tatsuhiro YOKOYAMA”), Huixin LIU'?), Masaru Kogure'®), Takanori
NISHIYAMA'¥, Mitsumu K. EJIRI*¥), Takatoshi Sakazaki®)

(1Graduate School of Science, Kyoto University, (2JAXA, (*Toyama Prefectural University, (*Kobe University, (°®Tohoku
University, (“Tokai University, ("RISH, Kyoto University, (!NICT, (°ENRI, (1*University of Electro-Communications,
(11Chiba University, (?’Kyushu University, (*Yonsei University, "*NIPR

On July 15, 2025, at 12:00 JST, the sounding rocket S-310-46 was launched from the Uchinoura Space Center of the Japan
Aerospace Exploration Agency to conduct in-situ observations of the daytime sporadic E layer. This rocket experiment was
part of the RIDE (Rocket Investigation of the Daytime E-region) campaign, which integrates sounding rocket measurements
with ground-based observations such as ionosondes and a three-dimensional numerical model of metallic ions, with the aim
of elucidating the generation processes of the sporadic E layer. Although the occurrence of sporadic E layers can be detected
from ground-based observations using radio waves, understanding their generation mechanisms requires measurements of
the winds and electric fields that drive the metallic ions, as well as the surrounding neutral atmosphere, plasma environment,
and associated electric currents. To address this, the sounding rocket carried out direct in-situ measurements of both
the neutral atmosphere and plasma. The RIDE rocket carried seven scientific payloads. These include the Neutral Mass
Spectrometer (NMS), Neutral Density and Wind Instrument (IOG), Ion Velocity Analyzer (IVA), Impedance Probe (NEI),
Fast Langmuir Probe (FLP), Electric Field Detector (EFD), and Magnetometer (MAG). Ground-based observations included
an ionosonde network consisting of four stations of the National Institute of Information and Communications Technology
(NICT) and additional ionosonde receivers installed in Miyazaki, Beppu, Aso, and Kuroshio Town, a VHF receiver network
operated by the University of Electro-Communications and collaborators, the GEONET GNSS receiver network operated by
the Geospatial Information Authority of Japan, and a metallic ion lidar operated by the National Institute of Polar Research.
By comparing these comprehensive observational data of the sporadic E layer with numerical simulations, including the
whole atmosphere model GAIA and a three-dimensional metallic ion model, we aim to clarify the generation processes of
the sporadic E layer and contribute to the development of forecasting methods for Es layer occurrence.
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Estimation and Correction of Wake Effects on a Sounding Rocket Langmuir
Probe

#Yosuke Ueda®), Akinori SAITO?, Takumi ABE?)

(IKyoto University, (?Kyoto University, (3*Japan Aerospace Exploration Agency

To directly observe the plasma environment in the Earth’s ionosphere, sounding rockets have frequently been equipped
with Langmuir probes to measure electron temperature and density. However, as the rocket travels at high velocity while
spinning, the plasma becomes rarefied when the probe enters the region behind the rocket (the wake), leading to systematic
errors in the estimated values of electron temperature and density. Conventionally, the common method to mitigate this wake
effect has been to discard the data from the affected sections (Watanabe et al., 1989).

To improve both data utilization and analysis accuracy, it is essential to establish a method for correcting the wake
effect based on a physical model. This study aims to develop a technique to quantitatively model and correct the influence of
the wake on electron temperature and density estimates. The analysis uses observation and attitude data from the sounding
rocket S-520-29 (apogee: 243 km), launched from the Uchinoura Space Center in 2014. A key feature of this rocket was that,
in addition to its spin, it exhibited precession with a short period and large amplitude. While previous research has proposed
correction methods for spin motion (Ueda et al., 2025), this study builds upon that work by constructing a new correction
model that also accounts for the complex probe movements caused by the rocket’s precession.

The method developed in this study demonstrates the potential for high-precision correction of data affected by a
rocket’s complex motion, a task that has proven difficult until now. In the future, we plan to generalize this method for
application to data from other rockets, such as the S-310-46, which was launched in July 2025. Through this work, we expect
to deepen the understanding of fine-scale plasma structures within the ionosphere.
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Observation of Sporadic E Layers Using a Rocket-Borne Ion Drift Velocity Ana-
lyzer

#Chiaki Kato"), Takumi Abe?), Akinori Saito®), Hirotsugu Kojima®), Satoshi Kurita®)

(1Graduate School of Engineering, Kyoto University, (*Japan Aerospace Exploration Agency, (*Kyoto university

The upper atmosphere of the Earth contains ions and electrons, along with neutral particles, which are produced by pho-
toionization of atmospheric nitrogen and oxygen molecules by solar ultraviolet radiation. This region, known as the iono-
sphere, is stratified into multiple layers depending on plasma density. These layers have the property of reflecting radio waves,
and communications, broadcasting, navigation, and air traffic control using shortwave and very high frequency (VHF) bands
rely on this ionospheric reflection. In the ionosphere, where collisions between ions and neutral particles dominate, electric
currents and polarization electric fields arise, leading to characteristic phenomena that differ from those observed in a neutral
atmosphere.

One representative phenomenon is the sporadic E (Es) layer, which appears intermittently at altitudes of approximately 90
- 130 km with high probability from spring to summer and consists mainly of metallic ions such as Fe™ and Mg*. The Es
layer is known to strongly reflect VHF radio waves, causing anomalous propagation that can affect communication, broad-
casting, and air traffic control.

In the Es layer formation region, ions are strongly affected by frictional forces due to collisions with neutral particles. As a
result, ions tend to move at velocities close to the neutral wind and act as a mediator for transferring neutral atmospheric mo-
tion into the ionosphere. Furthermore, ions serve as the main medium for momentum and energy exchange between neutral
particles and plasma, and accurate knowledge of their behavior is essential for understanding the interactions between plasma
and neutral atmosphere during Es layer formation. Therefore, direct measurements of detailed physical quantities such as ion
velocity, temperature, and density are critically important for elucidating the formation processes of the Es layer.

In this study, we have been developing an ion drift velocity analyzer capable of estimating ion drift velocity and density
in the lower ionosphere. Since ground-based performance evaluation tests produced the expected results, the analyzer was
installed on a sounding rocket during the summer of 2025, and an experiment was conducted to investigate the Es layer
formation process. In this experiment, direct measurements of neutral and plasma particles, as well as electric and magnetic
fields, were performed in the Es layer region.

The ion drift velocity analyzer consists of a Retarding Potential Analyzer (RPA) and a collector electrode. The RPA selects
particles according to their energy by applying a retarding voltage as they pass through. Ions that pass through the RPA
reach the collector electrode and are detected as ion currents. The collector electrode is circular, composed of 36 segmented
fan-shaped electrodes. The distribution of currents from these segments is used to determine the arrival direction of ions,
which, when combined with the velocity component normal to the RPA plane, yields the three-dimensional ion drift velocity.

The rocket reached an altitude of approximately 104 km, which was lower than predicted, and did not reach the alti-
tude of maximum electron density in the Es layer. Moreover, the rocket maintained a significantly inclined attitude during
flight. Consequently, the measured ion currents obtained by the analyzer were lower than expected. The instrument had been
mounted so that ions would enter nearly perpendicularly when the rocket flew along its principal axis; however, due to the
inclined flight attitude, ions likely had difficulty reaching the collector electrodes effectively.

In this presentation, we report on the bulk energy, temperature, and density of ions estimated from the data acquired by the
analyzer.
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Three-dimensional metal ion flow in the polar ionosphere simulated by a new iono-
spheric model

#Satoshi Andoh!), Hiroyuki SHINAGAWA?), Hidekatsu JIN'), Chihiro TAOY, Keisuke HOSOKAWA?)

(INational Institute of Information and Communications Technology, (*Kyushu University, (*The University of Electro-
Communications

The temporal evolution of the three-dimensional metal ion flow (MIF) in the polar ionosphere is presented for the first time.
Until now, no groups have thoroughly examined the temporal evolution of three-dimensional MIFs in the polar ionosphere,
which is crucial for polar sporadic E layer (EsL) dynamics. Here, we developed a new ionospheric model for metal ion
dynamics, which incorporates electric fields and winds from a whole atmospheric model. We revealed the time-dependent
three-dimensional MIFs in the polar ionosphere, driven by two-cell convective electric fields. The simulated MIFs closely
matched observations reported in previous studies and were primarily caused by electric fields. For example, metal ions
gather in the evening cell rather than the morning cell in the ionospheric F region owing to the morning divergence and
evening convergence electric fields; the narrow latitudinal metal ion concentrations appear in the pre-midnight ionospheric E
region owing to downward motions and vertical convergence of ions by electric fields. Our findings emphasize the critical role
of electric fields in polar metal ion dynamics and provide valuable insights for interpreting past and future MIF observations
in the polar ionosphere.
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Modulation of the mid-latitude ionospheric Sporadic E layer by the polar vortex
#Tomoki Maeda®), Huixin Liu'?), Yosuke Yamazaki®), Lihui Qiu®)

(IKyushu University, ?Department of the Earth and Planetary Science, Faculty of Science, Kyushu University, Fukuoka,
Japan, (®Leibniz Institute of Atmospheric Physics at the University of Rostock, Kuehlungsborn, Germany, (International
Research Center for Space and Planetary Environmental Science, Kyushu University

The sporadic E (Es) layer, a dense thin layer composed of metallic ions, is a prominent phenomenon in the atmosphere-
ionosphere coupling system because its formation is mainly driven by vertical shear of neutral winds. Recent studies have
reported possible links between Es layer and sudden stratospheric warming events. This study statistically investigated how
polar vortex variations, represented by the Northern Annular Mode (NAM) index, influence Es layer activity over Japan and
Australia using 19 years of ionosonde and JAGUAR-DAS Whole neutral Atmosphere Reanalysis(JAWARA) data. The results
show that the intensity of the Es layer increase in the morning and afternoon over Japan under weak polar vortex conditions,
which is consistent with the enhanced vertical ion convergence pattern. In contrast, no clear relationship between NAM and Es
intensity is seen in Australia. The findings support a coupling between stratospheric dynamics and ionospheric irregularities
via semidiurnal tides and suggest that polar vortex strength, especially NAM index, may serve as a useful parameter for
forecasting Es layer variability.
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Multiple Case Studies of dynamical characteristics of sporadic E using maritime
radio waves from automatic identification system

#Yu Sumimoto?), Keisuke Hosokawa'), Naoki Shuku?), Taiyo Sakano?)

(1University of Electro-Communications, *TST Corporation

The sporadic-E (Es) layer, which appears at altitudes of 95— 120 km in the ionospheric E region, is a thin layer with
increased electron density. It is known that Es generally occurs at mid-latitudes during the daytime in summer, and that Es
causes anomalous long-distance propagation of very high-frequency (VHF) radio waves through reflection. Recent researches
showed that anomalous long-distance propagation of aeronautical VHF radio waves occurs during Es. Furthermore, Chartier
et al. (2022) demonstrated a correlation between Es and 1000—2500 km long-distance propagation of 162 MHz maritime
radio waves used for the automatic identification system (AIS). However, the feasibility of observing Es from a commercial
dense AIS receiver network has not yet been evaluated. In this study, we validate the feasibility of visualizing the structure
and motion of Es using commercial AIS data from a network operated by TST Corporation.

We investigated anomalous long-distance propagation in the commercial AIS data during an Es event on July 7, 2024. It
was found that the mid-points between the receiving (Rx) stations and transmitting (Tx) stations (i.e, ships) were distributed
in a relatively narrow area on the Japan Sea, which confirms the feasibility of detecting Es with the AIS data. This mapping of
the mid-points also allowed us to visualize the shape and motion of Es in 2D, where the cluster of reflection points elongated
northeast, and sometimes showed a curved structure. Furthermore, by analyzing the temporal variations in the distribution
of the reflection points, it was shown that Es was moving westward at approximately 84.2 = 24.9 m/s, and northward at
approximately 27.3 £ 8.2 m/s. During four months from May to August 2024, we identified 8 events excluding July 7, 2024.
Analyses of these event demonstrated that monitoring of Es with AIS signal is possible in a wide area, covering the Korean
Peninsula, the East China Sea near Kyushu and the Pacific Ocean near Hokkaido. We often detected Es around noon and in
the evening. In addition, there were curved clusters of reflection points like those seen on July 7, 2024, but thin front-like
ones were also observed. Furthermore, on June 5, 2024, Es that formed at different locations were observed simultaneously.

We also performed a statistical analysis using the commercial AIS data during four months from May to August 2024. The
result showed a reasonable correlation between the occurrences of Es in the ionosonde data and long-distance propagation.
In the presentation, we will discuss the relationship between the occurrence characteristics and the direction of motion of Es
based on multiple cases.
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HARAAELICB W T D, Bs MENZ X 2 REFEEEEMAREL TVWE I A RENTWS, LA L, I Chartier 512X %
ik, BUREBIIC X 3R O6NEZERDOTF —ZZHWT WA =0, Bl ALS ZIEWNIC X 3% 57— 2 DHEMEICD
WTIIBREX ATV, Ko T, AT, HEEEERFEIHAREN k 100 S EERE LT\ 3 AILS SZ{EHEE 1
o THELNIFHZ A AIS 7— & % H\WT Es OEIRHE D TR AT EED IS DO W THEE R 1T 5, R, Es 2256
REED2RTCMRE=RY VIR TE 74—V T 4 BHERT %,

BT — Rk > TREMEHROBEIEN, A4/ VY FIck>TEs ODFAEDHEETE 2024 £ 7 H 7 HOHEHNI
OWTIRNT 21T o728 24, ZERLEFROFHAPHAE LICEF L THOMLTVS Z e BRI N0, AISE
BEEFH L Es BHOBRMERHS 2o 72, Fiz, FRIKSEEZ vy b L2EE2 S, Es OFRSBE OR#HL
MORETH B DERT AN TER, ZDEs 0)%?71]1&?: RS R OEADIE TN, B L 2K E
RLUTWE, X512, dbfE 37.0 B X 5% 134.0 EOWIE IR - =BRSSO AE ORBEZELE T2 Z itk - T,
PEAT AT 80.9 &= 19.1 m/s, ALJFTAICHY 26.7 &= 8.2 m/s ODJ_J#“C Es BB L T2 2 bHLPICH o 72, 2024 45
—8 Aotz B W T, 2024 F7 AT HDA XY bLANMCH 8 FD Es DFFINHER I N7, ZhZ2hD AR
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RIRFZNERI L 720

2024 1F 5—8 HOHIMIIS S N=FH T — X OFGEHENT b EHEL 720 Es BEELTWVWD Z 2 2 EKT 5 foEs 25 8 MHz
PETH2EEE. 1 HZ OEMREHCE T 2 ZERBOLLEKD 5. Es OFE L EEEEHICHBE DS D 2 Z © 25HER
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High spatio-teporal resolution analysis of Sporadic E layer using ultra dense

GNSS receiver network

#Shunta TANO"), Keisuke HOSOKAWA?), Yuichi OTSUKA?®), Susumu SAITO?

(1Univ. of Electro-Communications, (?Univ. of Electro-Communications, (*Nagoya Univ., Institute for Space-Earth
Environmental Research, (4Electronic N avigation Research Institute

Sporadic E layer (EsL) is a phenomenon in which the electron density in the E region of the ionosphere at around an
altitude of 100 km, increases suddenly and locally. When EsL occurs, VHF radio waves, which normally pass through the
ionosphere, are reflected instead, leading to anomalous long-distance propagation. This can cause unintended interference
between distant signals and desired signals from nearby sources. EsL has been observed using ionosondes and by monitoring
anomalous long-distance propagation of VHF signals used for maritime and aeronautical navigation. In this study, we aim
to visualize the morphology and dynamics of EsL by utilizing a GNSS receiver network to achieve a two-dimensional
visualization. Although previous studies have also employed GNSS-based observations, the limited number of data points
resulted in relatively low spatial resolution, making it difficult to accurately capture the structure and motion of EsL.

Considering this situation, this study visualized EsL using data from the ichimill GNSS receiver network, which is
operated by SoftBank Corp. at more than 3,300 locations across Japan and GEONET, which is operated by Geospatial
Information Authority of Japan. The receiver network combining these two is considered as the most dense GNSS receiver
network in the world. Specifically, we analyzed an EsL event that occurred on July 4, 2022, by mapping the electron density
disturbance index, known as the Rate of TEC Index (ROTI), derived from the total electron content (TEC) observed by the
GNSS receiver network. The altitude of electron density disturbances was assumed to be 100 km in this analysis, enabling
us to visualize the spatial structure of EsL. As a result, we not only revealed the spatial scale and velocity of EsL but
also demonstrated that its movement can be tracked. In particular, the velocity of EsL, determined through both longitude
cross-sectional analysis and direct 2D tracking, was found to be approximately 105 m/s in both cases, confirming consistency
between the two approaches. Additionally, the area of the observed EsL patches peaked at 250 km"2 and had a spatial scale
of about 15 km. As for the temporal change of the patches, it was found that the area of the patches was small immediately
after their occurrence, but gradually increased, reached a peak and then decreased, which made it possible to trace the growth
and disappearance of the EsL patches and measure their lifetime. The movement direction of EsL. was found to change
over time: initially, EsL drifted northward or northwestward, but just before its dissipation, its direction shifted toward
the northeast. Furthermore, the movement characteristics of EsL, as visualized in this study, were found to be generally
consistent with numerical simulations of metal ion accumulation based on neutral wind data from the GAIA model. These
results demonstrate that an ultra-dense GNSS receiver network enables detailed visualization of both the morphology and
movement characteristics of EsL.

In the presentation, we plan to present the temporal variations in spatial scale and velocity. Additionally, we will compare
these findings with the results of simulations using the GAIA model.

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”.

ARZ T 4 v 7 E (Sporadic E: Es) J81Z, BHEE E RO EE 100 km (I THEEMNICE FRENERT I2HRTH 5.
EsL %A T 2 ¢, @EITEME 222 S K1 T VHF H OB EHE TR LTLE S 2 22k b BE SIS
PEEL, BERILRWIEST D S5 OBRINER D & OFF R 2 RE T 2 alpEES BRI TW5. BsL 1%, 4 47 V' ¥ 7=/
ARz VHF 5B ORI R R E AT XN T & 7225, AFE T EsL OBIR L EB 2 S22 5 %
2R HBE LT, GNSS ZEHMEZ HW7z EsL @ 2 el F{b 2475 . 2hE TOMIET D GNSS % W 7= 81k
TONTELD, T—ZRA ¥~ OBD DT  ZERIGE D HRINAK D 5 7272 8, BsL OJEIRLEE) 2 IEFEICHEE S 2
e BREETH - 7.

ZD XD IR ER £ 2, AT E T HIFEEAE A 1,300 M EOHAICBWTER L TW3 GEONET OF — &2
Mz T, V7 by ZHRAEEHEN 3,300 ML EoHSIZBWTEH LTV 3 ichimill GNSS Z{EH#E 0 7 — & % W T
FEERLE 0.05° O 7fREET EsL O/KFEZouiiE 2 b L7z, 2h o 2ilaa b8 72 GNSS ZEHMEIXHA TS K
SRR ZEEE e EZ 5N 5. BT, 2022 £ 7 A 4 HITH 2 Reficb 7z b b5 28 CH4 L7z BsL Flico
W, GNSS ZEHME12 X 3 2% 7% (Total Electron Content: TEC) 7» 5 i % H X 7= B F B EHEELIEE (Rate Of TEC
Index: ROTI) 2 B FEEEILOREEE T 100 km {RET 5 Z I & - THIK Lic#5 U, BsL O Z=ffEE It %
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OBEIRME, GAIA T AOFRMEERHWEEREA 4 > OEBICE T 28ES T 2 L — 2 ~ (Andoh et al, 2022) IZ
FoTEHEHIN-FHEBBIZ—RTE22dbholz. TNHDEED S, @H% GNSS ZEHEE WS Z 2T,
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Fine scale structures of the Es layer revealed by an ultra-dense GNSS network
#Susumu SAITOY, Keisuke HOSOKAWA?), Takayuki YOSHIHARAY)
(IElectronic Navigation Research Institute, MPAT, (2University of Electro-Communications

The Sporadic E (Es) layer is an ionospheric layer which has very high density but is thin in altitude occurring in the E
region. It has been well known that the Es layer is formed by the vertical shear of the neutral wind. However, the occurrence
of the Es layer is still difficult to predict due to its ’sporadic” nature.

Recent advancement in the numerical simulation of the Es layer with realistic background neutral wind fields helped un-
derstanding the characteristics of the Es layer occurrences. However, it is still insufficent for prediction of the Es layer
occurrence, which is partly because the spatial resolution is limited. Therefore, observations of the Es layers are still im-
portant for monitoring the Es layer occurrences. It is also important to investigate the development of the Es layer with fine
resolutions in space and time.

The global navigation satellite system (GNSS) receiver network is now widely used to monitor the Es layer. The rate of
total electron content index (ROTI) is one of the effective quantities to detect the Es layer. We used the data obtained from
the ultra-dense GNSS network operated by SoftBank. ROTI values derived from the GNSS data are mapped at an altitude of
100 km with 0.05x0.05 degrees in the latitude and longitude.

Around 04:00 GPST (approximately 13:00 in the local standard time), ROTI enhancements which are considered to rep-
resent the Es layer with fine and complex structures were observed around 38-45N and 138-142E. The Es layer changed its
shape as it drifted northward at about 90 m/s. At 04:00 GPST, the Es layer had vortex-like structures with scale size of about
50 km. The Es layer also showed periodic structures with scale size of about 20 km. The Es layer changed its form into
ripple-like structures, and then decayed away. The total duration of the event was about two hours. The spatial structures
are similar to those obtained by numerical simulations of the Kelvin-Helmholtz instability, breaking of atmospheric gravity
waves, and the Es layer formed as a result of these processes.

Thus, studying fine scale structures of the Es layer by dense GNSS networks is very useful to enhance our understandings
of the mechanisms of the Es layer. Our future studies include the statistics of occurrences of different complex shapes, scale
sizes of them, area of the Es layer, and its lifetime.
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MSTIDs Driven by Secondary Gravity Waves Associated with the Heavy Rainfall
in August 2021 over Kyushu, Japan

#Masaru Kogure!), In-Sun Song!), Byeong-Gwon Song!), Huixin LIU?), Michi NISHIOKA®), Septi PERWITASARI®),
Hosik Kam®, Hong Hong®

(1'Yonsei University, (*Kyushu University, ®NICT, (*Space Science Division, Korea Astronomy and Space Science Institute,
Daejeon, South Korea

From August 11, 2021, humid air flowed into Kyushu, the western part of Japan’s main islands, intensifying a stationary
front and leading to record-breaking precipitation (JMA, 2021; https://www.data.jma.go.jp/tcc/data/news/press_20210924.pdf).

Around 17 UT on August 12, 2021, a satellite observation (AIRS) captured concentric stratospheric gravity waves (GWs)
over the heavy rainfall. 6 hours later, Japan and Korea’s GNSS networks detected semi-concentric medium-scale traveling
ionospheric disturbances (MSTIDs) propagating from Kyushu ("131° E, "33° N) toward the northward to southeastward.
According to the reanalysis (JAWARA), the mesosphere was the reflection layer for the GWs driving the MSTIDs.

Our simple backward raytracing analysis suggests that these GWs driving the MSTIDs possibly passed through the
mesosphere in "17 — 20 UT. During this period, our forward raytracing analysis suggests the stratospheric GW's observed by
AIRS broke in the mesosphere over Kyushu, producing an eastward local body force.

To investigate the source of the stratospheric GWs, we conducted a convection — resolving high-resolution meteorological
simulation below “48 km altitude using the Weather Research and Forecasting (WRF) model. The simulation successfully
reproduced GWs in the stratosphere similar to those observed by AIRS, which were emitted by deep convection within the
heavy rainfall.

Therefore, we conclude that the MSTIDs were driven by the secondary GWs generated in the mesosphere. Their primary
GWs were induced by the deep convection. AIRS likely captured those primary GWs.

On the other hand, the simulation did not show stratospheric GWs with a spectral signature matching the MSTIDs,
suggesting that the convectively — generated primary GWs may not propagate or penetrate into the ionosphere in this event.

We will show those results and discuss the physical relationship between the heavy rainfall and MSTIDs.

2021 £ 8 A 11 HA 5 UM o 72 22 XURATF 2 S TAVA A, STETRZ /M L. BHE LR RKBORNE 2o 7
(JMA, 2021: https://www.data.jma.go.jp/tcc/data/news/press_20210924.pdf),

12 H 17UT tH, Z DKW EZICHBD & 5 ki & 52 BRUE B R R E i 2 i 28U (AIRS) 2HEZ T/, FHOR
DB EN T Wz, ZOREEENFIZFCHATENEHFEL TV EZ o505, 206 Rk, H#ED
GNSS # v b7 — 27 MEIEME O BH % £ 2 h RAE S i e B B E 5L (MSTIDs) 28l L T\Weo 2 OEREBEELL S .
JUND & PHE - FER - BEPEHIT AN & BT TENARIE L Tz,

EE 110 km FTHN—= LTV S HENT7— % JAWARA 226, Z OBEREEEELZHKE) L7 KKEIC L - THIEE
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BHLVA L= v I ORERD) S EEEEEEL 2 BRE) L 72 KSE I EEZ 17 - 20 UT T35 2. misL
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force ZED M5 Z e 2vbh o7z,

BB EENFEOFIFREZRET 272012, BMENRZBICHETE 3% %R T 7/ (Weather Research and Forecasting:
WRF) % W T KB OXHiE - fEBE%Z > I 21 —>a >y Lk, R ¥IaLb—2a3rTh AIRS & R UZK
JEEE A 17 UT EIZHATE D SUNPEE (EFERESPRIFR) E2E2OKWZ S 725 L7ZMOHRAKIETH 5 2 e h
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ns,
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(1) RREICHE S SROIHRARSE i (1)) % ke

(2)1 XPBUE A I EE T L 3] = O local body force % 4%

(3) Z® local body force 2SHEFJE DIKMHE % #F2 2 K% % L
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Midnight Medium-Scale Traveling Ionospheric Disturbances in Japan: Prelimi-
nary Case Study Results

#WEIZHENG FUY, Yuichi OTSUKA?

(nstitute for Space-Earth Environmental Research, Nagoya University, (?Nagoya University

This study investigates the development of nighttime medium-scale traveling ionospheric disturbances (MSTIDs), with a
particular focus on post-midnight events over Japan. Dense Global Navigation Satellite System (GNSS) total electron content
(TEC) observations, complemented by ionosonde data and simulations from the Ground-to-topside model of Atmosphere and
Ionosphere for Aeronomy (GAIA), are used to analyze their temporal evolution and driving mechanisms. Detailed case stud-
ies reveals that while pre- and post-midnight MSTIDs share common features—such as a positive correlation with sporadic
E (Es) layers, northwest — southeast (NW — SE) alignment, and southwestward propagation—they differ in amplitude and
spatial scale. Numerical calculations based on GAIA outputs demonstrate that E — F coupling remains important for MSTID
generation both before and after midnight. The relative contributions of the E and F regions vary across the midnight-to-post-
midnight period due to the midnight variations in thermospheric winds. In addition, mutual interactions between the E and F
regions are essential for MSTID development.
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Statistical study of solar activity dependence of medium-scale traveling iono-
spheric disturbance : GPS observation in America

#Tsubasa Naito®), Yuichi OTSUKAY, Atsuki SHINBORIY, Michi NISHIOKA?), Septi PERWITASARI?
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In order to elucidate Solar activity dependence of Medium-Scale Traveling Ionospheric Disturbance (MSTIDs) in America,
we analyzed Total Electron Content (TEC) data obtained from GPS receiver network in America during 19 years from 2000
to 2019. We have calculated the detrended TEC by subtracting the 1-h running average from the original TEC data for each
satellite and receiver pair and made two-dimensional maps of the detrended TEC with a spatial resolution within a range of
0.25 latitude and 0.25 longitude. We have investigated MSTID activity, defined as dI/I, where dI is a standard deviation of
the detrended TEC within an area of 7.00 latitude and 7.00 longitude, and I is the average vertical TEC in the same area. We
have calculated auto-correlation function of the detrended TEC from each 2-h time series of the detrended TEC to estimate
the horizontal propagation velocity and direction of MSTIDs.

We investigated seasonal variation of MSTID activity, occurrence rate, and propagation direction and velocity of MSTID
from 2000 to 2019 in two locations, Southwestern America, and Southeastern America. In Southwestern America, MSTID
activity during nighttime shows high between winter and spring in nighttime. On the other hand, in Southeastern America,
MSTID activity during nighttime has two peaks: during summer and during winter. This result is similar to the results
shown by Kotake et al.(2006). In both regions, MSTID occurrence rate has a peak in summer during daytime, and has two
peaks: during summer and during winter. This is similar to MSTID occurrence in Japan shown by Otsuka et al. (2021).
MSTID at both locations propagate southward during daytime in winter and southwestward during nighttime in summer.
The propagation velocity of MSTID is found to be 125 m/s to 150 m/s during the daytime in winter and around 75 m/s to
100 m/s during the nighttime in summer at both locations.

We investigated solar activity dependence of MSTID propagation direction during daytime from 2000 to 2019 at both
locations. In both regions, MSTID propagates southward, and solar activity dependence of propagation direction is not
discernible. In addition, we investigated the propagation velocity distribution of MSTID from 2000 to 2019. In both regions,
the proportion of MSTID with velocities of 0 — 100 m/s is higher during periods of high solar activity than during periods of
low solar activity, while the proportion of MSTID with velocities of 100 — 200 m/s is lower. This result is similar to Japan
shown by Otsuka et al. (2021), and can be explained by the following. When solar activity is lower, the atmosphere density
is lower, and the viscosity of the neutral atmosphere is higher. Consequently, gravity waves with shorter vertical wavelengths
are more likely to dissipate, leading to a lack of MSTIDs with low propagation velocities during low solar activity period.

ARFFE TP R R IR BB E L O KIGIEEEREE 2R 2 72D, 2000 E5 5 2019 F£II2BIF 5, 7 X VU A
T (28° N~35° N, 110° W~117° W) 27XV OMKEH (28° N~35° N,83° W~90° W) D2HigHoE
HOBRWINL S 2 5 24 (GPS) 22 HHH L2 2%E T8 (TEC) 7 — R 2 L7z, &5 -ZEHMTH 517z TEC ORI %
5. 1 BMOBETE» 5 DFEEZEM L, MSTID 12 & 2 TEC &Y L7, AF%ETIE, TEC F¥— &5 & MSTID i&
BiE Y WO IR LR OEE 7 BERE 7 EofE T 1 KRB X TEC ZFHoEERE2E (S D 2, TSI ERET
P, A CRRBE BRI S -E R TECH) ZHVWTS VT 2 EZRLEHLTWS, %72, TEC 7— & D 2 K oKR%
5. Otsuka et al.(EPS,2021) @ /5iE% FW., TEC @ HCAHBIREE (ACF) 238 3% Z & T, MSTID DIEH#E & M5
WA EEHBL TV,

2000 225 2019 £ To MSTID {HE)E, MSTID OF4AHE, MSTID DA M. EHGEED 4 DOEHE(LEH
N7z, MSTID {BEIEICOWT, KRN, FEHNIZED SFICHIT THRE M Z 3 —77, RENZE & LWk %Mz Tw
72o T4 Kotake et al.(2006) OSSR ¥ FHLI L TW3, MSTID DFAERICOWT, FEHEIHS TEBNIZZITHAZW X,
KENIZE e ZICHMAB RSNz, TDZ &id Otsuka et al.(2021) TREI N HAIC BT 3 MSTID HEAERDOMHA & FAE
TH o7z, MSTID ORI FNCOWT, 2 HiH Y dLDOBEIXZIEFMAMTH Y, EORENIMEEASATH S Z 157
o7z, MSTID OEHGEEIC DWW TR, 2 Hif Y HICKDBMIZ 125 m/s ~ 150 m/s. B DR 75 m/s ~ 100 m/s T
BBl

L DR D MSTID 125W T, 2000 45 2019 4£ £ TD MSTID OEMGAEIDE 42 Zb 27z, 2 DDHIA TR
RELD OBEAANEIHR L TE Y KBIEHEICN T 2HEREVIR O o/, F72. 2000 F£H2 5 2019 £ T
@ MSTID ORMHE SR 2Nz, 2 MRy IEKRBEBEENIICHENTEREEHADIZS Beikicbd 5 0 m/s ~
100 m/s DIHEE D MSTID & 2E <. 100 m/s ~ 200 m/s DHEE D MSTID O E|EMED 5720 T DFERIZ Otsuka et
al.(2021) TR LNZHATOMEAM B L TE Y, KBEHENERD & FHERKQOBEINX 5 2 & THEDE L
370, MEREOHOWKKENESER LS T RD, KBS TIX, BHEEE2/N X W MSTID 28I X ik
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Effect of electric field observed by S-520-32 sounding rocket on MSTID

#Miyuki Matsuyama®), Keigo ISHISAKA?), Yuki ASHIHARA®), Susumu SAITO*, Mamoru YAMAMOTO?®), Hidetaka
SHIRASAWA®), Takumi ABE”)
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(5Kyoto University, (“Tokai University, ("JAXA

The nighttime MSTID is a plasma instability occurring in the mid-latitude F region of the ionosphere in summer. The
MSTID exhibits wavefronts aligned northwest-southeast and propagate southwestward. Numerical simulations suggest that a
key factor in the MSTID generation is the coupling between the E and F regions of the ionosphere. Electric fields generated in
the Es layer can map along magnetic field lines to the F region, modulating plasma density and further enhancing the MSTID
structures. However, there are few examples of in-situ observations of the MSTID, thus the generation mechanism remains
unclear. The S-520-32 sounding rocket was launched from the JAXA Uchinoura Space Center at 23:20 JST on August 11,
2022 to elucidate the MSTID generation mechanism. The influence of electric fields on MSTID generation is investigated
through in-situ rocket observation.

The S-520-32 sounding rocket was equipped with the rocket GNSS-TEC and the Electric Field Detector (EFD). The rocket
GNSS-TEC observed TEC from the rocket to the satellites using GNSS receivers mounted on the rocket. The results of
ground-based GNSS-TEC and rocket GNSS-TEC observations showed the same trend in positive and negative TEC areas.
Furthermore, the rocket GNSS-TEC observations revealed three peaks in the results received from a single satellite, and the
detailed electron density structure was observed. In addition, the EFD observed two orthogonal electric field components
perpendicular to the rocket axis using electrodes at the tips of two pairs of booms. The electric fields occurred alternately in
the northeast and southwest directions. The rocket GNSS-TEC and electric field were projected at an altitude of 350 km to
compare the TEC and the electric field. The results showed that the electric field occurs in the northeast/southwest direction
in the positive/negative areas of the TEC. This revealed a correlation between the TEC and the electric field.

This presentation shows a comparison of the rocket GNSS-TEC and the electric field and demonstrates the influence of this
electric field on the electron density structure.

E [ MSTID (3R EEHE F ERTRET 2 7 AR REHERTH Y, L —FEHT M OB TEE DR IREED
EAAMICEHRT 2. I21b—yarickdy, BsBTRELEBYIMAIBIIR-> T FERICOEESE52X % EF
FEIRA v 7V Y TREEMFET MSTID B ET 2 2 Wbl TWwa., L, MSTID 2 EEEN L =6xdi L, 4R
BEREIZBH S 20 2 72 o TWR W, S-520-32 S8 T 7 v M IZTER MSTID D4 SR D /=912 2022 £ 8 A 11 H
23:20 JST) WHADERE XIS EiFonsz. Blllns v Mk 2EESHZEL T, B MSTID ORI I
TEHELZHOPZT .
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The Meridional Currents of the EEJ and Their Relation to the Main Eastward
Current Analyzed Using Principal Component Analysis

#Xzann Garry Vincent Miranda Topacio®), Akimasa Yoshikawa®)

(IKyushu 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 remain less understood. This study aims to investigate the effects of the meridional currents
of the EEJ on the main EEJ itself by employing principal component analysis (PCA) on ground magnetic data taken from
several ground magnetic stations near the dip equator, focusing on isolating these effects from other concurrent geomagnetic
influences. Simulation data from GAIA was also analyzed to support the ground data analysis.

The analysis revealed that the second principal 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. PCA analysis of the model data also revealed the presence of a current system similar to the proposed
meridional current structure.

These findings demonstrate the potential of PCA in distinguishing EEJ-related magnetic signatures from other geomagnetic
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 satellite data and other
resources.
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Electric fields in and around auroral arcs at higher F region using BROR experi-
ment data

#Tomoe Taki®), Tima Sergienko!), Urban Briindstrom®)

(ISwedish Institute of Space Physics (IRF)

In March 2023, the Barium Radio and Optical Rocket (BROR) experiment was conducted at the Esrange rocket range near
Kiruna, Sweden. The payload included eight canisters containing Ba-Sr-thermite mixtures, released at altitudes between 130
and 250 km. This BROR experiment carried out simultaneous ground-based optical and radar observations.

ALIS_4D multistation auroral imager system operated by the Swedish Institute of Space Physics (IRF) was a crucial optical
facility that supported the BROR experiment. During the experiment, the five ALIS_4D stations operated at Kiruna, Abisko,
Silkkimuotka, Tjautjas, and Esrange. The multi-point optical observations allow the 3D tomography reconstruction of the
artificial ion clouds. Additional observations included NIPR cameras, IRF all-sky cameras, and photos and movies provided
by many semi-professional photographers. Simultaneous EISCAT UHF radar observations were also performed.

In the auroral ionosphere, the ion motion is determined primarily by the electric field. Therefore, the barium ion dynamics
obtained from the tomography reconstruction allowed us to determine the ionospheric electric field.

During the BROR experiment, natural aurora was also present, and the motion of the barium ion clouds crossing the aurora
was observed. The analysis of these data allows us to derive the electric field dynamics in the vicinity of the active auroral
arc.

In this presentation, we report electric fields inside and outside of the auroral arc calculated at the F-region altitudes of
approximately 230 km using data from the BROR experiment.



R005-28
AELE . 1127 PM1 (13:45-15:45)
15:15~15:30:00

#ARZFREEL D, HO Y, N BA Y
-y

Mesoscale plasma flow in the near-noon high-latitude ionosphere: Scale-

dependent features
#Takahiro Kinoshita®), Satoshi Taguchi), Haruto Koike®)
(IDepartment of Geophysics, Graduate School of Science, Kyoto University

High-latitude plasma convection is known to reflect different controlling processes depending on the spatial scale. On
large scales, typically several hundred kilometers or more, the convection pattern is mainly determined by solar wind and
magnetospheric conditions. At the other extreme, small-scale variations below about 10 km are attributed to Alfvén waves
propagating along magnetic field lines. The focus of this study is on the intermediate, mesoscale range of 20 — 200 km,
where the controlling mechanisms are less well understood. In particular, we aim to identify whether near-noon mesoscale
convection exhibits unique properties that are not simply a consequence of large-scale drivers or small-scale Alfvénic
fluctuations. To investigate this, we used ion drift data from the Swarm A and Swarm B satellites spanning more than
10 years (December 2013 — March 2025). We selected intervals when the two satellites passed through nearly the same
MLT-MLAT region near noon with time differences of 40 — 180 s. By systematically comparing the paired observations, we
examined how plasma flow characteristics depend on spatial scale and assess their temporal persistence. These results are
expected to contribute to a better understanding of mesoscale plasma convection and its role in the high-latitude ionospheric
dynamics.
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Observation of spatio-temporal variations in Mercury’s sodium exosphere using
the Haleakala T60 telescope

#Naoko TAKATORIY, Masato KAGITANIY, Yasumasa KASABAY

(I Tohoku University

Mercury possesses an extremely tenuous exosphere that contains alkali metals. In particular, the resonance scattering
emissions of neutral sodium (Na) D-lines (589.0 nm, 589.6 nm) are bright enough to be observed even with ground-based
small- and medium-sized telescopes. Compared with Earth, Mercury’s smaller magnetosphere is estimated to vary on the
order of several minutes under the influence of the solar wind, and its neutral exosphere is also expected to vary on similar
timescales. Previous ground-based observations have occasionally revealed a double-peak (DP) emission structure in the Na
exosphere, with intensity maxima near both poles. The north — south intensity ratio of these peaks has been observed to vary
on timescales of about one hour and about ten minutes. These timescales are consistent with the scenario in which one of the
Na sources is ion sputtering induced by the magnetosphere.

Ground-based observations have conventionally been performed using slit spectroscopy to capture temporal and spatial
variations. However, obtaining two-dimensional spatial distributions with this technique requires slit scanning, which takes
about one hour to map the entire Mercury disk. Minute-scale variations previously detected were obtained from fixed-slit
narrow field-of-view observations. Thus, a new method is required to investigate global-scale variations.

We have been developing a fiber-fed integral-field spectrograph combined with an adaptive optics (AO) system on the 60
cm telescope (T60) at Tohoku University to capture global spatial distributions of Mercury’s Na exosphere with a temporal
resolution of several minutes. After the BepiColombo spacecraft enters Mercury orbit in late 2026, our ground-based ob-
servations will support exospheric remote sensing by the sodium emission camera MSASI onboard the Mio spacecraft, in
coordination with in-situ measurements of the solar wind and magnetosphere.

T60 is located at the summit of Haleakala, Maui, Hawai ‘i (3,040 m a.s.l.), and is capable of continuous remote opera-
tion. The fiber-fed spectrograph consists of a fiber image slicer and a high-dispersion visible spectrograph (spectral resolving
power: 67,000). The fiber image slicer provides a field of view (FOV) of 1.5" X 1.5" per fiber, with 120 fibers arranged in
a 10 X 12 grid, covering a total FOV of 15" X 18" . With an integration time of one minute, Mercury’s Na exosphere can
be observed with a signal-to-noise ratio (SNR) of “15. By coupling this system with AO, we compensate for strong daytime
seeing. In spring 2025, we achieved a spatial resolution of 1" (FWHM) in morning observations.

In our ongoing remote observations, one frame corresponds to one minute, consisting of disk observations (Disk, centered
on Mercury) and background sky observations (Sky). A single observation cycle comprises 24 Disk frames (1 min X 24),
1 Sky frame (1 min), and 4 white-light frames (30 s X 4), completed in about 30 minutes. This enables monitoring of Na
variations with one-minute temporal resolution. Under favorable weather conditions, observations can be performed for about
six hours per day (excluding the meridian), allowing up to 12 cycles (= 288 Disk frames) per day.

In spectral data, we subtract the Sky from the Disk and separate the Mercury surface reflection spectrum (continuum) and
Na exospheric emissions (Na D1, D2 lines) to derive their spatial distributions. For the continuum, we compare the data with
a Mercury reflectance model (Hapke model) using least-squares fitting to estimate the Mercury disk position and evaluate
AO-corrected seeing.

When integrating Na D1 and D2 emission lines, a reliable evaluation of the Mercury surface reflected spectrum, including
solar Fraunhofer absorption (Na D1, D2 absorption lines), is essential. The most reproducible method is to estimate this
spectrum from the scattered sunlight spectrum (Sky), and we are refining this approach. Applying this method to the obser-
vation on May 7, 2025, we successfully constructed a “data pipeline for Na emission retrieval” that separates and integrates
Mercury’s Na emission lines properly. We will apply this analysis to accumulated datasets to test its feasibility.

In future work, we will evaluate the temporal variations of Na emission spatial distributions and compare them with previ-
ous studies (Massetti et al., 2017). We aim to verify whether “10-minute scale spatiotemporal variations in the north — south
intensity ratio can also be observed, and to establish a practical scheme for Mercury Na exosphere observations and analysis.
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Operations of single-board computer-based all-sky digital camera systems at
multiple sites

#Takuo TSUDAY), Takeshi AOKIY), Keisuke HOSOKAWA®Y, Yasuhide HOBARAY, Takanori NISHIYAMA?), Yasunobu
OGAWA?), Yoshimasa TANAKA?), Tetsuya KAWABATA®), Satonori NOZAWA?®), Shin-ichiro OYAMA?), Kiyoka
MURASE®

(1University of Electro-Communications, (*National Institute of Polar Research, (*Nagoya University, (*Kitami Institute of
Technology

We have developed a single-board computer-based all-sky digital camera system, which is a simple, compact, lightweight,
and low-cost camera system. The developed camera system is not high-end, but it is still convenient for quick monitoring of
weather and aurora conditions. Thus, all-sky observations by the developed camera system would be useful for supporting
other observations, which need information on weather and/or aurora conditions. To date, we have produced seven camera
systems in total. Among them, four camera systems have been installed to support the atmospheric electric field observations
in Chofu (35.7N, 139.5E), Sugadaira (36.5N, 138.3E), Iwaki (37.1N, 140.9E), and Kakioka (36.2N, 140.2E). The other three
camera systems have been installed for aurora observations in Longyearbyen (78.1N, 16.0E), Tromsg (69.6N, 19.2E), and
Abisko (68.4N, 18.8E). In the presentation, we will introduce the developed camera systems. Then, their current status and
next plans will be discussed.
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A ground-based observation of spectra of noctilucent clouds in Kiruna
#Ayune Masuda®), Akiho ENDOY), Peter Dalin?), Takuo TSUDA®), Hidehiko SUZUKI)
(1Meiji University, (?Swedish Institute of Space physics, (*University of Electro-Communications

Noctilucent clouds (NLCs) are ice clouds that appear mainly in subpolar regions (between 50 and 60 degrees latitude)
during the summer in both hemispheres. NLCs typically appear at altitudes between 80 and 90 km. These clouds provide
valuable information on the mesopause region and are considered to be important indicators of this region. Imaging is a
most common method for observing NLCs, as even ordinary digital cameras can easily capture their wave detailed features.
Spectroscopic observation is also an effective method for studying NLCs because it provides information about the ice cloud’s
physical properties (e.g., particle size distribution and shape). Recent progress in developing sensitive, low-cost sensors allows
us to easily implement spectroscopic observations of NLCs, as well as imaging methods. We have developed a compact
spectrometer consisting of imaging lenses, a diffraction grating, a slit, and a CMOS sensor. Additionally, a color camera
is installed outside the spectrometer to control its field of view (f.o.v.). The spectrometer registered its first light between
August 15 and 22, 2024, in Kiruna, Sweden (67.86° N, 20.42° E). Fortunately, we successfully observed NLCs with the
spectrometer during the test observation on the night of August 19-20. However, it was difficult to separate a pure NLC signal
from the background sky signal (Masuda et al., 2024). The radiance of the background sky signal varies dynamically in both
time and space during twilight. Thus, in general it was difficult to estimate the background signals from "NLC + sky” spectra.
To overcome this problem, we narrowed the spectrometer’s field of view from 67 degrees to 20 degrees. This improved the
spectrometer’s spatial resolution and made it possible to resolve fine NLC structures, such as ripples. The ripple structure is
a wavy pattern in the clouds, which makes it possible to estimate the background signal in neighboring gap areas within the
same image. The improved spectrometer has been operational since August 6, 2025, and has already succeeded in detecting
ripple structures on the night of August 20-21, 2025. This presentation will report early results of the initial analysis of the
NLC spectrum data. In particular, we will discuss the history of particle size during the event using the color ratio of the NLC
spectrum taken under various scattering angles.
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A strong local-time dependency on the occurrence of noctilucent clouds over
Hokkaido, Japan.

#Akiho ENDOV, Yoshihiro TOMIKAWA?), Peter DALIN®), Kazuyo SAKANOI?, Katsushi IWAMOTO?), Nozomu
NISHITANI®), Takuo TSUDA™), Yuriko NAKAMURAY, Masahiro OMOTE", Hidehiko SUZUKI"

(IMeiji University, (®National Institute of Polar Research, (*Swedish Institute of Space physics, (*Komazawa University,
(5Monbetsu city, (*Nagoya University, ("University of Electro-Communications

Noctilucent clouds (NLCs) are the highest clouds in the Earth’s atmosphere, occurring at altitudes of about 82 — 85 km,
and are typically observed in high-latitude regions (50 - 60° in latitude) during summer. Observations of NLCs is the
effective method to monitor the atmospheric dynamics in the mesopause region with high spatial and temporal resolution. In
recent years, a latitudinal expansion of NLC occurrences toward lower latitudes has been reported. In particular, a number of
NLC cases at midlatitudes (below 50° ) is increasing. For example, 36 events were reported in North America between 2003
and 2011 (Russell I1I et al., 2014). In Europe, more than five events per year were recorded from 2005 to 2021, with as many
as 22 cases in 2009 (Dalin et al., 2023). In Asia, NLCs were first observed in Hokkaido, Japan (42° N), in 2015 (Suzuki
et al., 2016), and later in Beijing, China (40° N) in 2020 (Jiaxuan et al., 2022). In Japan, the NLC imaging network has
been updated since the first NLC detection in Hokkaido in 2015. Four more events were observed in 2020, one in 2021, and
four in 2025, giving a total of ten NLC cases at present. Except for one case, all events occurred in the early morning hours
(2:00 = 3:00 LT). Although the occurrence of NLCs is theoretically possible after sunset as well as before sunrise, the actual
observations show a strong local time dependence on the occurrence. A similar local time dependence of NLC occurrence
has also been reported by lidar observations in the European polar mesopause region (69° N, 16° E) (Fiedler et al., 2011).

To investigate the causes of this local time dependence of NLC over Hokkaido, we compared multiple ground-based NLC
events with temperature and water vapor fields obtained from AURA/MLS satellite data. The analysis revealed a persistent
local-time-fixed variation pattern in the temperature field, with relatively high temperatures after sunset and low temperatures
at dawn. This pattern is consistent with the fact that most NLCs in Japan occur in the early morning. A likely explanation
is the influence of solar atmospheric tides. To examine this assumption, we investigated meteorological fields in the upper
mesosphere around North Japan using the JAGUAR-DAS Whole neutral Atmosphere Reanalysis (JAWARA) data, which
includes assimilation up to lower thermosphere (z = 150 km). The results suggest that modulations caused by tidal waves are
responsible for the strong local-time dependence of NLC occurrence in Japan.
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Measuring Mesospheric Winds Using Airglow Imaging of Atmospheric Gravity
Waves

#Shin SUZUKIY, Kazuo SHIOKAWA?), Mitsumu E EJIRI®), Takuji NAKAMURA®), Masaki TSUTSUMI®)

(1 Aichi University, (’ISEE, Nagoya University, ®NIPR

In this study, we estimated wind speeds near the mesopause by analyzing atmospheric gravity waves observed with airglow
imaging. Based on the linear dispersion relation for gravity waves, the vertical wavelength can be derived from the intrinsic
horizontal phase velocity (the horizontal phase speed minus the orthogonal projection of the background  wind velocity
to the phase velocity vector) together with the horizontal wavelength. Airglow imaging enables the direct determination of
both the horizontal phase velocity and horizontal wavelength from the images. Assuming that the same wave structure is
present in airglow emissions at different altitudes, the ratio of horizontal to vertical wavelength can be obtained from the
phase difference between wavefronts observed in two airglow images and the altitude separation of the airglow layers. This
approach makes it possible to determine the background wind solely from airglow observations.

On October 1, 2008, clear gravity wave structures were detected with the Optical Mesosphere Thermosphere Imager
(OMTYI) in OI and OH airglow at Shigaraki. This night coincided with the ANDON campaign, an intensive observation of
the mesosphere using airglow imaging, radar, and lidar. The ANDON camera located at Taga had an overlapping field of
view with OMTI, which enabled us to calculate airglow layer heights, essential for wind estimation, using triangulation. The
airglow heights were somewhat lower than typical values, estimated at 83 km for OI and 74 km for OH. The gravity waves
had a horizontal wavelength of 24.5 km and a horizontal phase velocity of 17.4 m/s, propagating toward the north-northwest
(121.3° counterclockwise from east). These estimates yielded a background wind of 11.1 m/s in the direction of wave
propagation. Simultaneous wind measurements at the OI airglow height with a Fabry-Perot interferometer (FPI) at Shigaraki
indicated a wind speed of 13.1 m/s, consistent with our estimation, thereby validating both the results and the estimation
algorithm.



R005-P06
RAAE—2:11/25 PM1 (13:45-15:45)

31 FROEBH FERICE S BRICH I 3HHE - AERMASKORHLEH S
& O ERHAZE D R

#RE HESE D S AR D, KR D, A 5 2)

O ot BRE, 2 Gk

Analysis of long-term and short-period variations in nighttime airglow based on
31-year ground-based airglow observation in Japan

#Yuto Hotta!), Kazuo SHIOKAWA®Y), Yuichi OTSUKAY, Mamoru YAMAMOTO?

(Institute for Space-Earth Environmental Research, Nagoya University, (?Research Institute for Sustainable Humanosphere,
Kyoto University

We analyzed the intensity of three types of mesospheric and thermospheric nighttime airglow (O(557.7 nm), O(630.0 nm),
and Na(589.3 nm)) using long-term data spanning approximately 31 years obtained in Japan. The airglow intensity data were
collected by photometers at Kiso (35.5° N, 137.4° E, from Jan 1, 1979, to Dec 10, 1994, provided by NAOJ) and Shigaraki
(34.8° N, 136.1° E, from Jul 5, 2010, to Dec 31, 2024, Shiokawa et al., EPS, 2007). For the 11-year solar cycle variation,
a tendency for intensity to increase during solar maximum was observed for O(557.7 nm) and O(630.0 nm), while this trend
was not prominent for Na(589.3 nm). For seasonal variations in the mesopause region, O(557.7 nm) showed a tendency
for intensity to peak around June and October, and Na(589.3 nm) showed a peak tendency around April and October. For
the thermospheric O(630.0 nm) airglow, a peak intensity was observed around May and August. We also examined airglow
intensity variations during Sudden Stratospheric Warming (SSW) events. We compiled a list of SSWs that occurred between
1979 and 2024 and used a superposed epoch analysis to investigate whether there were any changes in nighttime airglow
intensity 120 days before and after each event. As a result, a slight decrease in intensity was observed for Na(589.3 nm)
airglow after an SSW, while other airglow types showed less significant responses. In the presentation we will report further
analysis of long-term and short-period variations in nighttime airglow at low-mid latitudes and discuss the possible causes of
these variations.

Ff7=51% 3 F5H (O(557.7 nm), O(630.0 nm), Na (589.3 nm)) DHE, BBEEBAKSKLORESR, HATHE LN
31 EHORHFT— X 2 L THEN Lz, REOEGEET—& 2 LTid, KE (355° N, 137.4° E, #1979 % 1 H
1 H-1994 4£ 12 A 10 H. ENIKXERM) BXOE%R (34.8° N, 136.1° E, HiH : 2010 4£ 7 A 5 H-2024 & 12 A 31
H. Shiokawa et al., EPS, 2007) ICRREBE X N7 4 P X —ZDF— X & HW, 11 E£FEHO KGIEEES & K& OLHE
EE) % LR U768, 0(557.7 nm) B & 8 0(630.0 nm) TIEARGIEENG AR EE M T 2 EAN R S =z—7. Na
(589.3 nm) TIZZ OMEANIENL 727800 o Foo BEIAB O CE. HRIEFREHERD 0(557.7 nm) T 6, 10 AT
FE DR KA 72 B A A, Na (589.3 nm) Tl 4, 10 AfHETHIAIC 2 2 HAD R 57z, BB D 0(630.0 nm) KKK T
5,8 AMHE TR 2 ERANR SNz, T2, SHEHOMNT LT, WREEZERREER (SSW) RO RKKICHRELENC
DONWTIRNTZAT o720 1979 25 2024 EE TIZHRE L SSW 2 U 2 ML L., ZOFAERTED 120 HEIZ W THEEKR
SOEREZICEFR R LN 0 5 0%, BEREODEI Ry ZBITEHOWTHAE LR, Z0MEE,. Na (589.3 nm) K&OET
X SSW RICH T PITEENEAD T 2 HEAS R SN0, MO RKHETIREEERICE XD o7z, HETIZE ST, F
REE 2B T 2B RE O RZEH), WHZEFCOWTOTOREYL, ZOZEFHOFEIZOWTOERZHRT 5.
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Statistical study of atmospheric gravity waves using OI 557.7 nm airglow images

over Tomohon, Indonesia
#Sefria ANGGARANI"®), Tri Wahyu HADI?), Septi PERWITASARI®), Kazuo SHIOKAWA?)
(IBRIN, Indonesia, ?Institut Teknologi Bandung, Indonesia, (®*Nagoya University, (*NICT

Atmospheric gravity waves (AGWs) are intriguing due to their widespread occurrence throughout the atmosphere and their
capability in transporting energy and momentum across different altitudes. In Indonesia, despite their importance, optical
observations of AGWs remain limited in both number and spatial coverage, with most studies conducted only in the western
region. To address this gap, we carried out optical observations in eastern Indonesia to characterize equatorial AGWs and
evaluate the influence of local atmospheric conditions on their propagation. This study presents an analysis of AGWs in
the mesopause region over Tomohon (1.34° N; 124.82° E; dip lat. 7.75° ) using OI 557.7 nm airglow images (altitude
"96 km) collected from January 2017 to July 2019. A total of 143 AGW events were identified. The observed horizontal
wavelengths ranged from 5 km to 80 km with typical periods of 6 to 20 minutes. The prevailing propagation direction
of AGWs was eastward (45° to 135° ), with phase speeds ranging from 20 m/s to over 70 m/s. A comparison with the
Modern-Era Retrospective analysis for Research and Applications, Version 2 (MERRA-2) background wind data indicates
that 82.5% of the observed AGWs were able to avoid filtering by background winds. To investigate the possible source,
precipitation data from the Tropical Rainfall Measuring Mission (TRMM) were examined. These results suggest that strong
convective activity associated with intense tropospheric precipitation over eastern Indonesia is a likely source mechanism for
the observed AGWs, influencing their generation and upward propagation into the mesopause region.



R005-P08
RAAE—2:11/25 PM1 (13:45-15:45)

#5 K& 12, Bk 84 2, /K% 5% 2, DANG Tong®), LEI Jiuhou®)
O 2 BREHAENIZERT, 2 45 BT AT HIERBRBET 5277, CDeep Space Exploration Laboratory, University of Science
and Technology of China

Analyses of solar eclipse effects on mesospheric chemistry and dynamics—a long-
term study

#Tianliang Yang"?), Tomoo NAGAHAMA?), Akira MIZUNO?), Tong DANG?), Jiuhou Lei®)

(1Graduate School of Science, Nagoya University, (Institute for Space-Earth Environmental Research, Graduate School of
Science, Nagoya University, (®Deep Space Exploration Laboratory, University of Science and Technology of China

Solar eclipses are short-term, small-scale natural experiments that test photochemical and dynamical responses in near
space (from upper stratosphere to lower thermosphere). Using long-term observations by Aura satellite, we analyze the
statistics for 33 eclipses events on mesospheric tracer gas and quantify the reduction in solar irradiance by the obscuration
(n). The results show that when 1 >70%, mesospheric ozone around “65 km increases by about 105%. The results of Aura
MLS display that, in small solar zenith angles range (SZA <45° ), the increases in ozone are accompanied by decreases in
HOx, which can be explained by Chapman Cycle and a weakening of HOx-catalyzed loss; in larger SZA range (SZA = 45
° ), ozone rises as radiance diminishes as in SZA <45° , but the HOx variability is no longer significant. Given that the
satellite operates in a Sun-synchronous orbit—linking SZA to latitude and season, the contrast suggests that at high latitudes
or during mid-latitude winter, energetic particle precipitation should become a more important source of HOx, rather than
irradiation-dominated photochemistry (Solomon et al., Geophy. Res. Lett., 1983). In the upper-mesosphere region (= 70
- 80 km), ozone changes under n >70% exhibit substantial uncertainty, which could be related to event-to-event atomic
hydrogen (H) difference in ambient atmosphere (Zhan et al., JGR:SP, 2025). Numerical simulations based on WACCM-X
are used to explore the possible mechanisms that are responsible for the features seen in the observations and to identify the
common or distinct characteristics of these mechanisms across different eclipse events.
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Investigation of energetic particle precipitation events on the polar mesopause re-
gion

#Satoshi Ishii'), Hidehiko SUZUKI?), Mitsumu K. EJIRI**), Yoshimasa TANAKA®*:%), Makoto TAGUCHI"), Masaki
TSUTSUMI®%), Takanori NISHIYAMA3%)

(IRikkyo University, (*Meiji University, ®NIPR, (*SOKENDALI, (°ROIS-DS

We have been conducting spectral observations of OH (8-4) airglow at Syowa Station during the winter seasons. The OH
airglow, emitted at an altitude of approximately 86 km, is a key tracer of atmospheric processes in the mesopause region.
From these observations, we derived the rotational line intensity of the OH (8-4) airglow (OH airglow intensity) and its rota-
tional temperature.

This study aims to investigate the effects of energetic particle precipitation (EPP) on the polar mesosphere during auroral
activity. OH:xis produced by the reaction of ozone with atomic hydrogen. EPP is believed to produce NOx and HOx in the
upper atmosphere, which subsequently destroy ozone molecules. Therefore, we hypothesize that the intensity of OH airglow
should vary depending on the chemical changes caused by EPP.

The temporal variation of OH intensity is a superposition of contributions from various atmospheric phenomena. To isolate
the effects of EPP from other atmospheric variabilities, we applied the following analyses. First, image data from an infrared
all-sky imager at Syowa Station were processed to detect the influence of atmospheric gravity waves. We also derived the
local time dependence of OH intensity from averaged spectral data and subtracted this diurnal variation from the observed
time series. EPP events were identified from imaging riometer data at Syowa Station from 2016 to 2024, defined by CNA
values exceeding 1.0 dB.

In this presentation, we will report on our analysis of OH (8-4) airglow spectral data from 2016 to 2018 and from 2021
to 2024. Our preliminary findings reveal a complex relationship between OH airglow intensity and EPP events. Following
strong EPP events, we observe a tendency for OH intensity to decrease over several hours, consistent with prior studies (e.g.,
Suzuki et al., 2010). However, an instantaneous enhancement is sometimes detected when CNA values are high. This en-
hancement is inconsistent with the slower, chemical process of ozone destruction. We are investigating the possibility that
this enhancement is caused by auroral contamination, likely from the first negative band of Ny *.
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Vertical structure of atmospheric waves from the mesosphere to the thermosphere

observed by Na lidar and EISCAT radars at Tromsg

#Jinyi Hu"), Takuo TSUDAY), Masaru KOGURE?), Yasunobu OGAWA?®), Satonori NOZAWA®), Tetsuya KAWABATA®),
Norihito SAITO®), Takuya KAWAHARA®), Toru TAKAHASHI”)

(1University of Electro-Communications, (*Yonsei University, (*National Institute of Polar Research, (‘Nagoya University,
(5RIKEN, (6Shinshu University, ("National Institute of Maritime, Port and Aviation Technology

Atmospheric waves play a crucial role in atmospheric dynamics, and numerous observational studies have been conducted
on those in the lower and middle atmosphere. On the other hand, investigations on atmospheric waves above 100 km altitude
are still limited. In particular, there are a few observations on the vertical structure of atmospheric waves from the mesosphere
to the thermosphere. To understand such a wider vertical structure, this study combined observations by the sodium (Na)
lidar and the European Incoherent Scatter (EISCAT) radars at Tromsg, Norway (69°N, 19°E). We analyzed 69 hours of
simultaneous observations by the Na lidar and EISCAT radars from 20 to 23 January 2012.

The Na lidar observations provided high-resolution temperature profiles in the altitude range from 75 to 105 km, while the
ionospheric parameters, such as electron density, electron temperature, ion temperature, and ion velocity, were obtained in the
ionospheric E and F regions from the EISCAT radar observations. In the data analysis, we focused on Na lidar temperature
data between 80 and 100 km and EISCAT ion temperature data between 100 and 400 km to investigate the vertical structure
of atmospheric waves from the mesosphere to the thermosphere. By combining these datasets, we identified prominent wave-
like structures with periods of 6-9 hours, and their phase progressions seemed to be downward. In addition, their vertical
wavelengths were 10-20 km in the mesosphere, and those became longer in the thermospheric heights.

We also derived daily mean profiles of potential energy of the observed atmospheric waves. The potential energy showed
an increasing trend with increasing altitude from 80 to 175 km. Then, a decreasing trend was observed from 175 to 210 km.
After that, an increasing trend was seen above 250 km. This non-monotonic behavior would indicate some energy dissipations
in upward propagating waves and/or some additionally generated waves at some altitudes. In the presentation, we will show
these results, and the characteristics of the observed wave-like structures will be discussed in more detail.
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Long-term variation of the back-ground wind field in the Antarctic mesosphere
and lower thermosphere

#Masaki Tsutsumi®-2)

(INational Institute of Polar Research, (?SOUKENDALI

AThe middle frequency (MF) radar at Syowa station, Antarctica (69S, 39E), has continuously been observing horizontal
winds in the mesosphere and lower thermosphere since 1999. In addition to the conventional correlation analysis wind
measuring technique [Briggs, 1984], a meteor wind technique has also been adopted for the Syowa system [Tsutsumi and
Aso, 2005]. Because of its low radio frequency (2.4 MHz) the MF meteor winds can be estimated up to 120 km in contrast
to the conventional VHF (730 MHz) meteor radars, where the upper limit is around 105 km. In this study we examine the
long-term variation of the Antarctic mesosphere and lower thermosphere winds based on the quarter century of data with an
emphasis on the lower thermosphere, where a long-term wind trend has rarely been estimated because of the lack of such
long period of wind data.

Briggs, B. H. (1984), Handbook for MAP, vol. 13, pp. 166 — 186, SCOSTEP
Tsutsumi and Aso (2005), JGR, 110, D24111, doi:10.1029/2005JD005849.
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Development of a near-infrared laser heterodyne spectrometer for metastable
helium emission observation in the thermosphere

#Haruki Aida®), Hiromu NAKAGAWA?), Takanori NISHIYAMA?®), Takuo TSUDA®), Norihito SAITO®, Isao MURATA®),
Naoki TERADA®), Yasumasa KASABA®)

(ITohoku University, (*Tohoku University, (*National Institute of Polar Research, (*The University of Electronic-
Communications, °RIKEN, (6Tohoku University

The Earth’s upper thermosphere (300-500 km altitudes) is located at the boundary between space and the Earth’s
atmosphere. This region exhibits a complex region of interaction, affected by both space and the lower atmosphere. Since the
upper atmosphere is a reservoir of escaping atmosphere to space, thermospheric variations are essential for understanding the
atmospheric escape and the evolution of planetary atmospheres. Recently, optical observations of 1083 nm emission lines of
metastable He in the upper thermosphere have revealed that the lower atmosphere can significantly affect the thermosphere,
as faster than expected even during moderate geomagnetic storm events (Nishiyama et al., 2024). Meanwhile, ground-based
observational tools are limited, and in particular, there are no continuous observations of wind speeds and temperature fields.
On the other hand, in recent years, there have been remarkable developments in the observation of exoplanets, and metastable
He emission lines have been detected in multiple exoplanets (Spake et al., 2018; Krishnamurthy et al., 2024). It is attracting
attention as an indicator of atmospheric escape, and there is a desire to gain a universal understanding of its spatiotemporal
variations and differences in behavior between planets.

Metastable He is produced by the impact of electrons on grand state He and by recombination of He ions precipitating as
solar wind particles. It has a long lifetime of 7,800 seconds and limited photochemical reactions, making it a useful tracer
in the thermosphere. However, the 1083 nm emission lines are difficult to separate from the OH emission lines due to their
of about 0.1 nm proximity with conventional spectrometers, so observing He density still has difficulties. The purpose of
this study is to develop a new near-infrared laser heterodyne spectrometer to improve the wavelength resolution by three
orders of magnitude or more (up to 107) compared to conventional methods and to isolate the He emission line from the OH
emission lines. In addition, we aim to derive wind velocity and temperature fields directly from the Doppler shift and Doppler
width, respectively by resolving the He emission line profile for the first time through ultra-high wavelength-resolution
observations. The developed device will be installed in our unique polar observation network and the Hawaii Telescope,
enabling observations of metastable helium not only on Earth but also on Mars and Venus, thereby contributing to the
elucidation of its variations. According to the previous study by Dynamics Explorer 2 and other thermospheric observation
satellites, which reported the typical vertical wind speeds in the upper thermosphere of up to 100 m/s, mostly within 30 m/s,
the required accuracy of observing vertical wind speed is 30 m/s.

Infrared laser heterodyne spectroscopy is a method of superimposing an infrared light from an observation target with
a laser source as the local oscillator (LO) that causes the intermediate frequency component in the radio wavelength. The
background radio spectrometer can achieve a wavelength resolution of 107 or better for the 1083 nm signal.

In this study, based on the results of evaluation tests of laser characteristics necessary for He emission line observation and
heterodyne signal detection tests between laser beams, we will show the status of our consideration of optical systems using
halogen lamps.

In the LO characterization test, the wavelength tunable range of the laser, and the wavelength stability, which determines
the wavelength resolution, were evaluated. As a result, the wavelength tunable range of the laser was 1082.907-1083.806 nm,
which sufficiently covers the target He emission lines (emission line positions: 1082.908 nm, 1083.025 nm, 1083.034 nm)
and OH emission lines (emission line positions: 1082.918 nm, 1082.933 nm, 1083. 123 nm,1083.139 nm). The wavelength
stability was found to have a standard deviation of 2.6 X 1075 nm (95.45 % within 0.106 pm) over a 10-minutes integration
time. This implies the wavelength resolution of the instrument is approximately 107. This result demonstrates that the
spectral resolution is sufficient for isolating the He emission line from OH emission lines. The expected accuracy of the
wind speed derivation is about 40 m/s, which is comparable to the expected wind speed from previous satellite observations.
Further improvement can be expected by further wavelength stabilization through feedback using a gas cell.

In the laser vs. laser heterodyne signal detection test, we verified the feasibility of detecting heterodyne signals using
optical fiber technology as a principle test towards the detection of heterodyne signals between atmospheric light or light of
halogen lamps introduced using an optical system and lasers.

The results of this study have raised an outlook for laser heterodyne spectroscopy observations of He alone, separated from
OH emission lines. As a next step, continuous observation from the ground will be realized in cooperation with conventional
spectroscopy, to elucidate the dynamics of the upper atmosphere of planets.
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Statistical variability of orthohelium airglow brightness based on ground-based

observations at the KHO, Longyearbyen
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This study presents the temporal variability of metastable orthohelium, He(23S), across multiple scales in the polar region.
Orthohelium produces 1083 nm emission through resonance scattering, which was first reported more than 65 years ago
during a strong aurora over Moscow. Model studies predict that the orthohelium layer forms at altitudes between “250 km
and 800 km or higher, making it a promising candidate for remote sensing of upper thermospheric and lower exospheric
dynamics. However, variations of orthohelium associated with geomagnetic disturbances remain poorly investigated. Con-
tinuous He(23S) airglow measurements can improve our understanding of orthohelium variability within the magnetosphere
- thermosphere — ionosphere coupling system and extend the capability of space weather forecasting up to the exobase.

We obtained a dataset of continuous He(22S) airglow brightness from late September 2024 to early April 2025 using the
short-wavelength infrared imaging spectrograph NIRAS-2 at the Kjell Henriksen Observatory (KHO), Svalbard (78.1° N,
16.0° E). NIRAS-2 is a newly developed 2-D imaging spectrograph sensitive to radiation from 1.05 to 1.35 u m (Nishiyama
et al., 2024). It provides a 1-D field of view (FOV) aligned with the geomagnetic meridional direction, with an angular cov-
erage of 55° and a resolution of 0.11° per pixel. He(23S) spectra with a spectral resolution of 0.44 nm/pixel were obtained
by subtracting OH(5,2) Q-lines, as described in Nishiyama et al. (2025).

The observed He(23S) airglow brightness time series exhibited clear seasonal variations, including the well-known helium
winter bulge, as well as a dependence on solar zenith angle (SZA). Semiannual variations of He(23S) airglow brightness
were consistent with He density at 500 km altitude calculated by MSIS 2.1. We will further investigate He(23S) variability
as a function of SZA, magnetic local time, geomagnetic activity, solar activity, and season. In addition, sudden increases in
He(23S) airglow, likely associated with solar proton events, were observed several times. These enhancements appear to re-
sult from particle precipitation (He*+/He™ and electrons), typically when KHO was located within the cusp region. We plan
to compare the observed He(23S) variability with in situ particle measurements and far-ultraviolet (FUV) spectral imaging
from DMSP satellites.
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Dynamics of high-latitude energy conversion in the upper thermosphere studied
with FPI and Dynasonde in Tromsg, Norway

#Shin-ichiro Oyama1’2’3), Heikki Vanhamiki®), Lei Cai®)

(Unstitute for Space-Earth Environmental Research, Nagoya University, (?National Institute of Polar Research, (*University
of Oulu

The process of energy transfer from the ionosphere to the thermosphere at high latitudes was examined using equation J +
E=J E +U- (J X B), where E represents the electric field in a reference frame moving with neutral wind, as defined in
E’=E+U X B. Theratio R of J- E to J- E was derived from a 9-year dataset of ion velocity (V) from the Dynasonde and
neutral wind (U) from the Fabry-Perot interferometer (FPI) in Tromsg, Norway, categorized by SuperMAG index (SME) and
magnetic local time (MLT). The incoming electromagnetic energy converts to thermospheric thermal energy through Joule
heating and kinetic energy via wind acceleration by the Lorentz force, resulting in 0 <R <1 in the dusk to premidnight sector
under moderately active conditions. R <0 occurred under quiet conditions of SME <50 nT from dusk to dawn and over a
wide geomagnetic level in the post-midnight sector, indicating the Lorentz force performs negative work on the thermosphere,
suspecting electromagnetic energy generated in the F region is transported to the magnetosphere. The ratio R can exceed 1
under quiet conditions from dusk to dawn, with all instances of U- V <0 corresponding to R >1. During evening and morning
hours when U+ V <0 occurs, sunward flow dominates ionospheric plasma convection, causing ion drag to oppose the day-
night pressure gradient, yet due to low geomagnetic activity, ion drag cannot overcome the pressure gradient, resulting in
opposite directions of the net thermospheric wind field and ionospheric plasma convection.
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The simplest ion - neutral collision frequency model
#Akimasa Ieda®)
(Institute for Space-Earth Environmental Research, Nagoya University

Electric currents and Joule heating in the Earth’s ionosphere arise from collisions between ions and neutral particles. Such
collisions are generally characterized by the ion — neutral collision frequency. In many ionospheric studies, currents in the F
region can be neglected. Under this assumption, charge-exchange reactions can be ignored, and the collision frequency can
be approximated in a simple form. A commonly cited expression for the simple ion — neutral collision frequency, appearing
in several textbooks, is given as 2.6 x 10°-15 N x (M)"(-1/2), where N is the neutral density and M is the neutral mass (e.g.,
Brekke, 2013, p. 248, Physics of the Upper Polar Atmosphere). However, this simplified formula cannot be derived from clas-
sical Banks/Schunk formulations of collision frequency (see, for example, Ieda, 2020, Eq. A1, doi:10.1029/2019JA027128),
and it is unclear what physical quantity it represents. In this presentation, we discuss the origin of this inconsistency and
propose the simplest collision frequency model in which the neutral mass is treated as a constant rather than a variable.

HIEREBHEREC BT 2 e Y 2 — UV INEIE, A 4 Ui ERSICERT 2 28Itk D ET %, ZOEIT—RIC. 44
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Bld, BRKRISEER T 2 Z vk b, EEEBREITHEMAFMIOAMTE 3, BROBREICEK > T3, Hiflik
A & - B, 2.6 x 10°-15N x M)(-1/2) TH 3 (Il 21X : Brekke(2013, p248)[Physics of the Upper Polar
Atmosphere]), & ZT. NIZFFHERKEE, M 3PN FOERTH 2, Lir L, ZOHHZRIZ, Banks/Schunk D
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Analysis of mesospheric gravity waves observed in Tromsg, Norway, on January
30, 2014, using an airglow imager and a sodium lidar

#Eido Tsuchida?, Kazuo SHIOKAWADY, Satonori NOZAWA®Y, Shin-ichiro OYAMA"), Atsuki SHINBORI"), Norihito
Saito?), Takuya KAWAHARA®), Takuo TSUDA®), Tetsuya Kawabata®)

(nstitute for Space-Earth Environmental Research (ISEE), Nagoya University, ?RIKEN Center for Advanced Photonics,
(3Shinshu University, (*University of Electro-Communications

Studies of small-scale mesospheric gravity waves with horizontal wavelengths less than several hundred kilometers have
been conducted using airglow imagers. S. Suzuki et al. (2007) estimated momentum flux of small-scale (20-100 km) gravity
waves in the upper mesosphere using an OH-airglow imager at Shigaraki, Japan. They reported that waves identified in the
OH images with horizontal wavelengths of 60 — 90 km and apparent phase speeds of 40 - 80 m/s carry upward momentum
fluxes of 1-15 m2/s2, which is significant and possibly controls the mean winds in the mesopause region. However, estimation
of momentum flux, which is proportional to the square of the temperature variation, has been ambiguous, because it requires
conversion of airglow intensity variation to spatial and temporal variation of temperature. Here we report an initial analysis
result of mesospheric gravity waves observed by an airglow imager and a sodium lidar in Tromsg, Norway, on January, 30,
2014. The sodium lidar directly provides vertical profiles of temperature variation in the upper mesosphere. From 16:00 UT
to 24:00 UT, mesospheric gravity waves propagating toward the northeast with horizontal wavelengths of 180-230 km were
observed in OH-band airglow images. As part of the initial analysis to estimate the momentum flux of the observed gravity
waves, we attempted to correlate these airglow images of gravity waves with mesospheric temperature profiles obtained from
a co-located sodium lidar. By analyzing correlation between the airglow intensities and atmospheric temperatures, we will
estimate vertical momentum flux carried by the gravity waves.

KREHEH X F1E, L= =X DS/ MIBRKGKENR 2B T2 Z e TE 3720, KEEREIEE km DUR QMR
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5, EEE Y7 I v 7 AFRELEHO AT 20, O OMIETIX. BT AFHEERHVTER L 7: Cancellation
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Sodium lidar observations using a Faraday filter in the Arctic: initial results
#Takuya D. KAWAHARA"), Norihito SAITO?), Satonori NOZAWA?®), Takuo T. TSUDA®), Tetsuya KAWABATA?), Toru
TAKAHASHI®), Satoshi WADA?)

(IFaculty of Engineering, Shinshu University, (*Center for Advanced Photonics, RIKEN, (*ISEE, Nagoya University,
(4University of Electro-Communications, (°Electronic Navigation Research Institute

The Sodium (Na) lidar installed at the EISCAT radar site in Tromsg, Norway (69.6° N, 19.2° E) has been monitoring Na
density, background temperature, and wind speed in the mesopause region (80-115 km altitude) since 2010. With its highly
stable output and almost maintenance-free operation, the lidar has played a key role in clarifying the relationship between
auroras and the dynamics of the mesosphere and lower thermosphere during winter nights.

Currently, efforts are underway to:

(1) extend the observation altitude range of nighttime measurements up to 200 km, and

(2) expand the observation period to include year-round measurements, including summer, while maintaining the same
altitude range for nighttime observations.

To accomplish this, we are developing an ultra-narrowband filter (FWHM 710 pm) that effectively blocks background light
except for the resonance scattering. A magneto-optical filter (Faraday filter; FF) is being developed and integrated into the
lidar receiver system.

In the summer of 2024, a newly developed receiver system and observation container were shipped to the site by sea and
installed. The receiver system includes a 50 cm telescope, a band-pass filter with a full width at half maximum (FWHM) of
1 nm, a polarization prism, and an FF aligned along the optical path, with light detected by a Multi-Pixel Photon Counter
(MPPC). By blocking the observation light and using a continuous-wave 589 nm laser delivered through an optical fiber
from the transmission system as the light source, it becomes possible to measure the transmission characteristics of the FF.

In 2025, the receiver system is assembled at the EISCAT site in late September. The Faraday filter (FF) is calibrated using
a calibration light, and wavelength scans are performed to measure its transmission. After these preparations, the telescope
is pointed vertically, and simultaneous observations with the conventional receiver system are conducted as follows:

(1) Nighttime observation without activating the FF: The new receiver system operates as a standard system without the
FF. Signal light intensity and background light levels are compared to those from the conventional system.

(2) Nighttime observation with the FF activated: The transmission profile of the FF is measured beforehand. Attenuation
ratios of background light and signal light are compared within the same system, as well as with values obtained using the
conventional system.

(3) Verification of consistency in derived temperature and wind speed during nighttime: Consistency between the systems
(with the FF activated and the conventional system) is checked for the analyzed temperature and wind speed.

(4) Daytime observation with only the new system: Following the observation (2), the new system extends measurements
from nighttime into daytime to verify that temperature and wind speed can also be obtained during the day.

(5) High-altitude nighttime observation: With the FF activated, both the new and conventional systems conduct nighttime
observations while the pulse laser repetition interval is adjusted to enable high-altitude measurements. Data are collected up
to 200 km in the lower thermosphere.

A preliminary report of these observations will be presented at a scientific conference.
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Development of PANSY Radar Incoherent Scatter Echo Observation Technique

at Syowa Station, Antarctica
#Yuki Takayama'), Taishi HASHIMOTO?), Kaoru SATO?)
(1Graduate School of Science, Kyoto University, (?National Institute of Polar Research, (*The University of Tokyo

The PANSY radar is a large VHF-band atmospheric radar installed at Syowa Station, Antarctica, which can measure iono-
spheric electron density through incoherent scatter (IS) observation. Field-aligned irregularities (FAI) are density structures
of plasma aligned with magnetic field lines, and they cause coherent scatter for specific radar beams. Since the ionospheric
observation data from the PANSY radar is contaminated with coherent echoes from FAlI, it is difficult to estimate electron
density data, and only test observations have been conducted so far. In this study, we developed a data processing method to
remove coherent echoes from FAI from PANSY radar ionospheric observation data. Currently, there are two types of iono-
spheric observations conducted by the PANSY radar: routine observations and special observations. Routine observations
have been conducted continuously for about three days each month since September 2024. The observation beam directions
are four directions with a zenith angle of 20 degrees, shifted by 90 degrees in azimuth from the magnetic south direction.
Special observations aim to search for coherent echoes that are not from FAI That echoes are called naturally enhanced ion
acoustic lines (NEIALs), which appear along the magnetic field lines. Observations are conducted using multiple beams,
mainly in directions parallel to the magnetic field lines. Both types of observations are single-pulse electron density obser-
vations. As a data processing method, we applied a process to the radar received intensity data to extract IS observation
data with reduced noise. This was done by using the mean and standard deviation to exclude remarkably large values as
outliers, and then calculating the average value for each fixed time interval. This method successfully produced valid data as
IS observation data for the special observation data from March 2024, test observation data from November 2023, and routine
observation data from October 2024 used in the development phase, except for periods where the mixture of coherent echoes
was so significant that complete removal was not possible. We will apply the above method to one year of routine observation
data and newly obtained special observation data, and compare it with data from an ionosonde and GPS TEC data.
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Current status and future prospects of the EISCAT 3D project

#Ogawa Yasunobu'23)| Hiroshi MIYAOKA), Satonori NOZAWA®, Taishi HASHIMOTO!23) Shin-ichiro OYAMA®,
Koji Nishimura® , Takuo TSUDA®), Hitoshi FUIIWARA™), Masaki TSUTSUMI"23), Yoshimasa TANAKA'2:3)| Takanori
NISHIYAMA® ) Mizuki FUKIZAWA %), Keisuke HOSOKAWA®) | Yoshizumi MIYOSHI?), Takuji NAKAMURA!3), Ry-
oichi FUJITY

(INational Institute of Polar Research, (2Polar Environment Data Science Center, ROIS-DS, (Graduate Institute for Ad-
vanced Studies, SOKENDAI, (“Institute for Space and Earth Environmental Research (ISEE), Nagoya University, (°Research
Institute for Sustainable Humanosphere, Kyoto University, (*University of Electro-Communications, (7Seikei University

The European Incoherent Scatter (EISCAT) scientific association started construction of the first stage of the EISCAT_3D
radar system in 2017 under international collaboration. EISCAT_3D is a new generation of incoherent scatter radar system
based on phased array technology. The first stage involves operating a core site with a transmission power of approximately
3.4 MW and two receive-only remote sites. By summer 2023, all the antennas had been installed at the Skibotn core site in
Norway (119 sub-arrays), the Kaiseniemi remote site in Sweden (55 sub-arrays) and the Karesuvanto remote site in Finland
(54 sub-arrays). A first light with 7 sub-arrays is planned at the Skibotn core 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 made the strategic decision to transfer its assets, operations and com-
mitments to EISCAT AB, a state-owned company that was established in January 2025. The EISCAT_3D radar is expected
to be utilized for a variety of scientific studies, including the investigation of the transport of energy and mass from the solar
wind and magnetosphere to the ionosphere and atmosphere (McCrea et al., 2016).

In collaboration with the EISCAT scientific association and ISEE Nagoya University, the National Institute of Polar Re-
search (NIPR) has contributed to the construction of the EISCAT_3D by supplying radar transmitter power amplifiers (SSPAs).
The high energy- efficient SSPAs had been used for engineering verification tests at the EISCAT sites in Tromsg and Kiruna
since 2016. In 2020, NIPR concluded an MoU with EISCAT to supply sub-array transmitter units for the first stage, selected
by the EISCAT headquarters through an international tender process. Alongside these contributions to the EISCAT_3D con-
struction, NIPR established the Advanced Radar Research Promotion Center (ARRC) in April 2022. ARRC is preparing for
the joint usage and collaborative research of the EISCAT 3D radar system.

This paper reports on the latest status of the EISCAT_3D project and discusses the prospect of future international collabo-
rative studies using the EISCAT_3D radar system.

Reference

[1] McCrea, I. W., A. Aikio, L. Alfonsi, E. Belova, S. Buchert, M. Clilverd, N. Engler, B. Gustavsson, C. Heinselman,
J. Kero, M. Kosch, H. Lamy, T. Leyser, Y. Ogawa, K. Oksavik, A. Pellinen-Wannberg, F. Pitout, M. Rapp, 1. Stanislawska,
J. Vierninen, The science case for the EISCAT_3D radar, Progress in Earth and Planetary Science, doi:10.1186/s40645-015-
0051-8, 2015.
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Development of Wideband Antennas for Simultaneous VLBI and Atmosphere Ob-
servation.

#Hideki Ujihara'), Hideyuki Nosaka'), Hiroshi Imai?), Yoshinori Yonekura®), Hiroaki Misawa®), Ryuichi Ichikawa®)
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mation and Communications Technology

Novel 16 - 64 GHz wideband feed and receiver system has been developed. This feed was arranged from the design for
3.2 - 16 GHz feed developed for NICT Kashima 34 m antenna. This wideband observation system enables simultaneous
VLBI and water vapor observation in the atmosphere that causes phase fluctuation in VLBI observations. The water vaper
emission is measured with oxygen and water drops in cloud simultaneously through the VLBI session in the same direction,
thus the system will offer better correction of phase fluctuation than conventional water vapor radiometer. From August
2024, the system was set on Nobeyama 45 m antenna of National Astronomical Observatory and being tested. In March
2025, simultaneous K and Q band VLBI and water vapor observation was carried out. Also, 0.9 m dishes were prepared for
portable systems. Because of dish, both systems have quite sharp beam width for measurement of water vapor compared
to conventional system. Also correction will be easier for overlapped spectrum of water vapor, drops in cloud and oxygen
emission by the wideband system.

Wideband feed and receiver system with on-board signal generator simplifies multiple feeds and receivers for individual
feed and receiver with narrow bandwidth. That enables compact measurement system suitable for satellite applications and
fit any radio telescopes on the ground because of easy adjustment of feed beam width. This VLBI experiment approved phase
stability of the developed system. SNR of the system is worse than ordinal astronomical receivers but enough for test because
only bright radio sources are used. Wideband system should suppress incoming spurious signals and RFI with filters or other
technique for preventing saturation. Further development will be done better SNR and resolution, also for 80 -190 GHz band.
These works are supported by JSPS KAKENHI Grant Numbers 21H04524 and 23H00221. These result and development
will be shown in the presentation.
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Current status of aurora and airglow observations in Europe and Africa using
low-cost high-sensitivity all-sky imagers

#Kazuo Shiokawal), Yuka Yamamoto!), Takumi Adachi®), Yuichi OTSUKAD

(nstitute for Space-Earth Environmental Research, Nagoya University

We are developing low-cost small all-sky imagers for measurements of aurora and airglow at high to low latitudes. The
imagers consist of a CMOS camera (ZWO ASI294MM Pro) with a fish-eye lens Fujinon FE1185C057HA-1 and band-bass fil-
ters with bandwidths of “10 nm. These images cost US$2000, which is 20-40 times cheaper than the previous airglow/auroral
cameras used for Optical Mesosphere Thermosphere Imagers (OMTIS, Shiokawa et al., 1999). We have installed these low-
cost imagers temporally at Shigaraki, Japan, and Athabasca, Canada, to test their performance. These low-cost imagers were
also sent to Egypt, Ethiopia, Kenya, and Nigeria for airglow measurements over Africa, though their operation has not been
started except for Nigeria due to several local reasons. The ZWO camera was also used as the detector of the OMTI imagers
by replacing the cooled-CCD camera of Hamamatsu Photonics which is no longer manufactured. These hybrid cameras have
been in operation at Zugspitze, Germany, and Sata, Japan. In this presentation, we report current status of aurora and airglow
observations in Europe and Africa using these low-cost high-sensitivity all-sky imagers.

Shiokawa et al. (EPS, 1999, https://doi.org/10.1186/BF03353247)

BREISEBEZETOL —0 5 L WEKREEDBH D 72012, 725 XM O/NIBKERLR S X 52K LT
Ele ZDHRATIE, CMOS 7 X5 (ZWO ASI294MM Pro) 2R L >~ X (Fujinon FE1185C057HA-1) ¥ HiyIRiEH
10nm DY R T 4 LR —BHASDETHERINTWVS, fHifgIZH 2000 LT, BEEASA RISV I RF
2 (OMTIs, Shiokawa &, 1999) THHINZMERDKRZIE - —1 T H X FITHART 1/20-1/40 OZ{fiTH 5, Zh
5D DI X F1%, HEET X F D= HADELR L 7 F XD Athabasca TEH XNz, T2, 77V B THOKRKOEE
B0, T, TFFET. =7, FAT 2 Y FIHEMNEINED, F4P 2V 72EL 32 CEEMOEE
WD FERBBBEINTHRY, 2D ZWO H X Fid, BUERNRT L7ZEME b =27 XDEHI CCD A X T % & =
Z 3BT, OMTIL 7 X S O HER e L THMHA I, FA Y D Zugspitze £ HRDELZ TEHAEINTVWS, AFERT
W, F—uy R 77V ARZBVT, ZNHO/NEEKESK X ZEEH LA —1 T 2 RROLOBRAORED KM %
WwET 5,

Shiokawa et al. (EPS, 1999, https://doi.org/10.1186/BF03353247)
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Analysis of Westward Traveling Surge Using the Aurora Tomography Method
#Tau Hoshino®), Yoshimasa TANAKA?), Yasunobu OGAWA®), Takanori NISHIYAMA?), Keisuke HOSOKAWA®), Kau-
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Auroras occur when charged particles precipitating from the Earth’s magnetosphere collide with the upper atmosphere,
exciting atmospheric constituents and producing light emissions. The aurora follows a characteristic development process
known as an auroral substorm. During a substorm, the aurora expands explosively both poleward and in the east — west
direction. Among these, the expansion particularly toward the west is called the Westward Traveling Surge (WTS). WTS is
the most prominent phenomenon of a substorm, and its development has been discussed within various models. However,
the expansion and propagation speed of WTS is as fast as "1 km/s, and no observational studies to date have investigated the
spatiotemporal evolution of its three-dimensional structure. The primary reason is that imaging from a single observation site
provides only brightness projected onto a plane, while radar observations yield information only along specific lines of sight.

In this study, we aim to quantitatively examine the three-dimensional structure of WTS, as well as the horizontal distribu-
tion of precipitating electron energy, using the generalized aurora tomography method [1]. Aurora tomography applies the
principles of computer tomography to reconstruct the three-dimensional auroral structure from multiple simultaneous images
captured at different observation sites. This enables quantitative discussion of physical quantities such as electron density dis-
tribution and conductivity distribution in WTS from an observational perspective. The validity of the reconstructed electron
density distribution can be verified by direct comparison with measurements obtained from the EISCAT radar. As a future
objective, we aim to extend the discussion to include the three-dimensional current system of WTS and its consistency with
theoretical models.

In this presentation, we report the results of tomography analysis applied to auroral image data at 427.8 nm wavelength
obtained from Tromsg (69.58° N, 19.23° E), Abisko (68.36° N, 18.82° E), and Kilpisjarvi (69.05° N, 20.36° E) for
a WTS event observed at 22:45:34 UT on February 16, 2018. We present the reconstructed three-dimensional structures and
precipitating electron energy distributions, and also discuss future perspectives.

[1] Y. Tanaka et al., Ann. Geophys., 29, 551 (2011).

F—n FHGE, HWERELOMSE D 5B D IAATE BN TAEEEAK EEET 2 28T, KK - 3T
ZEHRTH D, A—0 73BN EFEREL DD, CEA—m I TA =L 2R, ¥ T2 b—4TWE, A—n
FIBREINEH B L OCHENER T 5, 205 BRICEANCIAR S 2 BHR % Westward Traveling Surge (WTS) & I
o WIS WGV TR P —2DRDBEERHHRTH D, BFBBRIZOVWTHARET L THmMINTVWS, —HT, WISOD
LR - ARIEHZ I 1km/s &3 < BN 3 RTHEEDRFZEF B Z 03 2 F TV, 1 BEISOER T — X
DO TR FHICHEINZHZ X L2253, L—X—TIEd 2R EDHRBEAMICET 2 ERLAESNLZVWZ &
WEREHETH S,

FTEMIE. —RIbA—m S5 FEZ S 7 4[] ZHWT WTS @ 3 otk ik REFDO T 3LF—DK
e ERMICHERT AL 2EMNE T2, A—0 I VB F743LE AV Pa—X 2T 7 4 OFEEFAL
T, B 28NS CRRICIRE INEZEROF — 0 SHEBP LA —m 5D 3 XeHBEEEITT2FETH S, ZHITK
D, WTS 2B 3 EFEEDHPELURERE D & Vo IYHEHEBICOWT, BEINRE S5O TN FERS AR
RAZepifEEng, EFEESMHICOWTIE, EISCAT L —&X— I X AHIEE BEHE T2 2T, FEZI 74
W EAEMBEROZY U E D Z N TE S, FERNZEZEL LTI, WTS O 3 XTERRICOVTRET L E
DEEMITOWTHHRAAEICT 2 2 2REL TV 3,

AFERTIZ, 2018 4E 2 A 16 H 22:45:34UT 12\ X 7z WTS 4 R k%, Tromso (69.58° N, 19.23° E), Abisko
(68.36° N, 18.82° E), Kilpisjarvi (69.05° N, 20.36° E) 7°5 427.8nm I ECTRE L -EE T — 2 ICH LT rES S
7 4 R RITOV, BNz 3 RTHERPHR TEF ALY — D2 HE T %, MA T, SHOBHIZOWTHERT 2,

[1] Y. Tanaka et al., Ann. Geophys., 29, 551 (2011).
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Ionospheric variations observed at Syowa Station, Antarctica during the October

2024 space weather event

#Chihiro TAOY), Michi NISHIOKA", Naoko TAKAHASHI"), Takumi KONDO", Masato NAGAHARA'), Satoshi
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(INational Institute of Information and Communications Technology

The National Institute of Information and Communications Technology (NICT) has been conducting continuous iono-
spheric observations at Syowa Station in Antarctica for over 60 years. Currently, vertical ionospheric observations using
ionosondes and ionospheric scintillation measurements are ongoing. A major space weather event in October 2024 was
triggered by solar X-class flares occurring near the center of the solar disk, followed by solar wind disturbances caused by
coronal mass ejections, and the arrival of high-energy solar proton particles exceeding those observed during the May-2024
event. This led to significant geomagnetic storms, with horizontal geomagnetic field variations reaching -432 nT, and global
ionospheric disturbances. Observations at Syowa Station (39.58° E, 69° S) revealed shortwave radio absorption on October
8 and 9-11, as well as negative phase storms on October 7-9 and 10-12. Phase scintillation also increased intermittently
between over October 6-11. In this presentation, we will introduce and discuss the relationship between these ionospheric
variations and energy inputs, along with the characteristics of polar cap absorption.

TEHE SR T, BB MEIC B W T 60 L Eich - ) BB EEBN 21T oTW3, BIE, A4/ VU F
PRWE-EHEEERIHEENRS Y FL—ya VEMEERL TW3, 2024 F 10 A O KBREFHRA X2 M.
KIGHOHRMAEDMNEDRS X 75 ADKE 7L 7H 2 BFRE L, anFH M & 2 KBEBELICINZ T, 2024 4
SAARY FEDBEZL DKBET XX R FHIBREREICEIR U, GRS ORAZE(LE2%-432nT £ 72 %
KE RHEAEB & CBHEEEELS B X N7z, B 39.58 FE. mifE 69 FEICE 3 A MM AN 351 2 7B i E
T, 10/8,9 — 11 I BRI R S50, 10/7 — 9 BEKF 10 — 12 KBWTEHERELR SN, Mty v F1L—
T ard 10/6 — 11 1Zh 1 THIRINCE A R o5/, BT 3L ¥ —h TRSA & & w8 BB 2 B 0 0t B R0 Wit R IN R
ROFHHFAETICOWT, KERTHENT %,
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Study of mid-latitude ionospheric variations during geomagnetic storms using an

ultra-dense GNSS receiver network
#Chikara Furukawal), Keisuke HOSOKAWAY
(I The University of Electro-Communications

At altitudes of 60-500 km above the Earth’s surface, there exists a region called the ionosphere, where the atmosphere is
ionized by ultraviolet rays from the sun. This region is constantly changing in response to the influx of energy from above and
below. In particular, traveling ionospheric disturbance (TID) is one of the ionospheric disturbance phenomena that causes
errors in satellite positioning. TIDs are classified into several categories based on their time-spacial scale. Medium-scale
TIDs (MSTIDs) have periods of 15 minutes to 1 hour and wavelengths of about 200 km, while large-scale TIDs (LSTIDs)
have periods of 30 minutes to 3 hours and wavelengths of 1,000 km or more. Both are primarily driven by atmospheric gravity
waves (AGWs), which are restoring forces generated by atmospheric buoyancy. However, large-scale AGWs are generally
caused by explosive phenomena on the solar surface, such as solar flares and coronal mass ejections (CMEs), and therefore
solar activity and LSTIDs tend to be discussed together. Large-scale AGWs that drive LSTIDs tend to be generated by high-
energy solar wind. Energy enters from the point where the magnetic field of the solar wind (IMF) and the magnetic field
of the Earth’s cancel each other out, and accumulates in the plasma sheet in the magnetotail. When this energy is released,
particle precipitation into the polar regions and increased Joule heating cause an increase in the polar electric field, generating
AGWs. The propagation direction of TID has been determined through statistical analysis of observation reports, and there
is currently no theory to determine the propagation direction.

On October 10, 2024, during the solar maximum, a large-scale solar flare, the largest in magnitude in X-rays, and an
accompanying geomagnetic storm were observed. On the same day, auroras, which are usually observed at high latitudes,
were observed in mid-latitude Japan (Hokkaido), and the LSTID was observed moving south over Japan. To date, there
have been many observational reports and theoretical studies on LSTIDs, but no observational reports have been made on a
massive LSTID comparable to the event focused on in this study. Therefore, we analyze the propagation characteristics of
LSTIDs at mid-latitudes by visualizing the variations in electron density over Japan using dense GNSS-TEC for the LSTIDs
that occurred from October 10 to October 12, 2024.

Hi1 b2 & EE 60 — 500 km TIXEHERE © PRI 2 KD KD 5 DRIMRBENIC & > TEBEL 7-EEMFELTED,
ZOLEH  FADPLOIANF—RARIGET2HTHEZTEH L TW5. Kz, BMEE TEEOLHNEHRED SHK
TR TeIR T 2 IR T H 2 it FEEREIEEL (Traveling Tonospheric Disturbance: TID) (& BHEEZEHED—D>T
25 D, BEANICGEREE B 25T RED—2TH 3. TID i Z DREM A 7 — iz k> Tl om;“*ﬁé na. 15

— 1 [T, IREA 200 km F2E D b D % TID (Medium-Scale TID: MSTID) ¥ FECX, JEHH 30 45 — 3 KR, £
1,000 km L EDd D% KB TID (Large-Scale TID: LSTID) ¥ FER. Wi d, KKDFHEEITLH L T2 KKE N
(Atmospheric Gravity Wave: AGW) 25 22 BRENR CTlI H % 23, KEIBI72 AGW 1— i, K7 L 7% an FE Rl
(CME) O & 5 R KFG3RETOBRHERIER T 2 720, KEGEEI . LSTID (XK ICHER S N2 EHANICH 5. LSTID % 5
55 &5 AR AGW O 7t 2 LTI, #HIERICEER L G 2 F—KBED, BSOS IMF) » Higk
WMAE OB ITEHETETASRBAL, MAERERD S5 Xvs — NI ANF—2EMT 5. ZhDEHREINE L
12X BB DR TR o —zmu,’ﬁ&@iéjw X MBSO RCER L TAERIN S, £, 2hs TID DA
BN S 22 & OFEHIBTIC X DS 222 o 720 DTH D, ETIAZ ED 2 BRERI R 1 = X JFBIREFEE LR
W,

2024 £ 10 A 10 H, KEEBI O AINEN, X BRIC X 2 KB 7 L 7 ERICBWTERKZ 7 AOKBEZ KRG 7L 7 &
ZRUCE S EEIBH Nz FH, @FERE TN 2 4 —n o pHEE O HA duiffE) cERllxh, Zhictk
W, LSTID 28HA EZE2 T N L TWL TR SN, ZHhF T, LSTID (2B U CEBEIERE, HmmMENBAIITbI
TED, A THEH L TWS A R MIVLES % B AZ LSTID 2B 3 2 BEIRE XS 2 TfibhTWwiw, 22T,
2024 4E 10 A 10 H25 10 A 12 BIZH T THA L7z LSTID 129\ T, @87 GNSS-TEC Z AW THA FZ2DBEF B
OREZEE R IHRILT 2 Z & T, FEEIICBIT 2 LSTID OaifRi: 2 @3 5.
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Geomagnetic Conjugation of Nighttime Medium-Scale Traveling Ionospheric Dis-
turbances in Japan-Australia Based on GNSS Observation

#Kazui WATANABEY, Yuichi OTSUKAY), Atsuki SHINBORIY, Takuya SORI?), Veera Kumar MASUWARAN®), Michi
NISHIOKA®Y), Septi PERWITASARI®
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Kyoto University, ®SASTRA Deemed University, (*National Institute of Information and Communications Technology

Medium-Scale Traveling Ionospheric Disturbances (MSTIDs) are wave-like propagations of electron density perturbations
that occur in the mid-latitude F region. Night MSTIDs are known to intensify through coupling with instabilities in sporadic E
(Es) layers, which are more frequently observed in the summer hemisphere. Conjugate MSTIDs exhibiting mirror structures
in both hemispheres along common magnetic field lines have also been reported. This suggests that electric fields generated
in the Es layer are mapped along magnetic field lines, thereby enabling electromagnetic coupling of MSTIDs between hemi-
spheres.

In this study, we performed a statistical analysis of ionospheric coupling between the northern and southern hemispheres.
We utilized ionosonde data from four sites in Japan, together with total electron content (TEC) measurements derived from
the Global Navigation Satellite System (GNSS) over Japan and its magnetic conjugate point in Australia, covering the years
2011 - 2020 and 2024.

The disturbance component of TEC (dTEC) associated with MSTIDs was obtained for each satellite — receiver pair by
subtracting a 1-hour running mean from the original TEC data. MSTID activity was quantified as 8 I/, where § I denotes
the average standard deviation of 1-hour TEC variations and I the background TEC, computed within a 4.05° X 4.05°
area above each ionosonde. As indicators of Es-layer characteristics, we used foEs, the critical frequency of the Es layer.
Correlation coefficients between foEs and the average MSTID activity (19:00-02:00 LT, May-August) were then evaluated.

The correlation between foEs over Japan and MSTID activity above Japan was consistently positive (0.2 to 0.8) across all
years except at Okinawa, with higher values observed in the order Wakkanai, Kokubunji, Yamagawa, and Okinawa. This
indicates that at higher latitudes, where Es-layer conductivity to the F region is enhanced and Perkins instability in the F
region is weaker, MSTIDs rely more strongly on seeding from the Es layer, thereby exhibiting stronger coupling. Conversely,
correlations between foEs in Japan and MSTID activity over Australia also tended to increase with latitude but were consid-
erably smaller (-0.2 to 0.4) than the Japan — Japan correlations. These findings suggest that the influence of the Es layer on
MSTIDs in the conjugate hemisphere is weaker than in the local hemisphere. This may imply that the polarization electric
field generated by kilometer-scale Es layers produces electron density variations in the F region of the same hemisphere,
which attenuate as they propagate along magnetic field lines to the opposite hemisphere, resulting in weak correlations with
F-region electron density variations in the opposite hemisphere.

Additionally, we analyzed dTEC data from an MSTID event observed over Japan in June 2024 to quantitatively investigate
the spatial correlation of TEC variations associated with MSTIDs between the northern and southern hemispheres, which are
connected by magnetic field lines. Using the IGRF model, magnetic conjugate points were calculated for each 0.15° X 0.15

grid within the 4.05° X 4.05° areas where MSTID activity was evaluated above the four ionosonde sites. Correlation
coefficients between dTEC over Japan and that over the corresponding conjugate grids were computed every 5 minutes. The
results showed that during the MSTID occurrence interval (19:00 - 02:00 LT) over Japan, the correlation coefficient reached
values up to 0.7, confirming that TEC variations associated with MSTIDs exhibit magnetic conjugacy. However, the correla-
tion varied significantly with time, indicating the need for further detailed analysis.

LR B R EL (MSTID) (&, FICHEED F HETRAE T 2 B THEEOREMENRICER T 2HRTH
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BT3PPI TV, £/, F—OBAREICHIE 3 2 mdbifiEER T O #hHE % 7> MSTID 238l X i Twn
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Investigating Pre-sunset equatorial electrojet contributing to PRE

#AKIHIRO KATOY, Akimasa YOSHIKAWA?), Akiko FUIIMOTO®

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

In the ionospheric E region, there are both the eastward current (EEJ) and the westward current (CEJ). The currents about
2 hours before sunset (Evening EEJ/CEJ) control the intensity of the Pre-Reversal Enhancement (PRE), and it has been
suggested that when the evening CEJ is incomplete or reverts to the EEJ component (CEJ + Evening EEJ), it affects the
occurrence of plasma bubbles [Uemoto et al., 2010, Akiyama et al., 2019].

In this study, to clarify the daily, regional, and seasonal dependence of evening EEJ/CEJ , we analyzed the EE-index, which
consists of the magnetic field variation due to globally varying magnetospheric currents (EDst) and the localized ionospheric
magnetic field variations (EUEL) [Uozumi et al., 2008]. Additionally, semidiurnal lunar tidal variations were calculated from
EUEL [Fujimoto et al., 2019]. Observation stations in the Asian and South American regions are used for comparison with
previous studies

The composite waveforms of semidiurnal lunar tides and Sq currents were analyzed for each lunar time. As a result,
characteristic waveforms combining CEJ and evening EEJ were observed when tidal effects are strong (e.g., during SSW).
This result suggests that the superposition of semidiurnal lunar tides and Sq currents may promote the formation of eastward
currents before sunset, i.e., PRE. This longitudinal dependence was observed in South America, particularly in the Peru
sector.

In this presentation, we will discuss whether the evening EEJ/CEJ results from independent current systems or from the
superposition of Sq currents and lunar tides, through comparative analysis of Asian and South American regions.
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Analysis of the dependence of Inter Hemispheric Field Aligned Current on solar

period and seasonal variation
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The formation of current systems in the ionosphere is driven by various factors, including the motion of the neutral at-
mosphere and current input from the magnetosphere, which interact in a complex manner. However, their overall structure
has not yet been fully elucidated. While the two-dimensional characteristics of the Sq current system have long been stud-
ied (Takeda, 1980), its three-dimensional configuration that considers the inter-hemispheric field-aligned current (IHFAC)
remains unresolved. The IHFAC is considered to arise from the potential difference between the northern and southern hemi-
spheres associated with the Sq current system during geomagnetically quiet conditions. Nevertheless, its polarity and spatial
relationship with the Sq current system have so far been investigated mainly through ground-based geomagnetic observations.

Fukushima (1979) reported three key features regarding the polarity of IHFAC: (1) in the dawn sector, the current flows
from the summer to the winter hemisphere, whereas in the noon sector it flows in the opposite direction; (2) the polarity of
IHFAC in the noon and dusk sectors is in phase; and (3) the current intensity is stronger in the dawn and noon sectors than
in the dusk sector. In contrast, Ranasinghe et al. (2019, Earth, Planets and Space) analyzed ground-based magnetic field
data at the Davao Observatory (7° N, 124.5° E) and reported different results from the classical model: polarity reversals
were observed in the dawn and noon sectors around February and October, and the polarities of the noon and dusk sectors
were found to be in anti-phase around June and December. However, these results were derived solely from the east — west
component of the ground magnetic field and thus do not provide a comprehensive three-dimensional description that includes
magnetic field variations at ionospheric altitudes.

In this study, we used the SWARM satellites, which observe the Earth’s magnetic field in low Earth orbit (altitude about
450 — 500 m, orbital inclination about 87.4° ), to analyze the variations of the east — west magnetic field due to IHFAC
when the satellites passed over the observation point of the Davao Observatory in the Philippines (latitude & 5° , longitude
=+ 10° ), where previous studies had been conducted. We then compared these variations with ground-based observations
in terms of seasonal dependence in three sectors: dawn, noon, and dusk. As a result, the seasonal polarity variations in each
sector were generally consistent with those obtained from ground-based observations. On the other hand, in the dusk sector,
while the ground-based observations showed symmetric variations in the D-component around 0 nT, the SWARM satellite
observations at around 450 km altitude exhibited a baseline offset of about 10 nT eastward. This feature persisted throughout
the year and suggests a new seasonal dependence of the southward current.

BHEEICBWTERS AT 2B T 2 H K34 H O (PHERKOES), HKE»SDERDANLY), Z2ObH
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HmEIICRN S, Q) B2 YD+t 7 &2 —Ed IHFAC O FEINHIC: 5. (3)IHFAC D58 S & B4 Dl
LI R-—THHF IR, WVWol 3 DODRHHERL TV, Z4HUIHK L. Ranasinghe et al.( Earth, Planets and Space,
2019) 1 X AAEBPFT (7 XN, 1245 X B) 28 2 LRGN 25, B ABICEFDEZ X —I12BWT2 H, 10
AfBETHBEOREN R S, X516 A, 12 ATEF YD X —1ZB W TSI KR S, & W\of il
WETFILEBEZHEREREL TS, LAL, IS DRI ERGOEFER S DAL DN LD TH D, Eif
BEEICB T 2HEEE % & 7 =Rt B 2 R TICEE > TWRY,

AHSEC LI EREE T RIS 2 81 L T\ 2 SWARM 2 (545 4507500km, HLEMHERAR 87.4° ) ZHWT, #
B S &2 AT Th N7 4 VY DX NGB GEEL 5 | B 10° ) 2EHE0NEE L -BOBBEA#IC X -
T. IHFAC I X 2 A MG OEBZ At L, "G, [EF. YD 3 DDt 7 X —I281) 3 FHKIZE O 1 HEH
DU EITo 7z, ZDMR, 7 X =128V THWIEDOEHZIZB B BRI & FREORT - T RBRORERDS
Bohi, —HTYHDEI X— OL\“Céif@J:EE{ﬁU“CbiDﬁE FOEHNE OnT (3% FE IR ZE) 2 7R LT\ iz,
SWARM &2 & % & E 450km th&@ﬁ(ﬁ”’c&i WA ZIWC I0nT FBEOR—ZA5 4 DA 71y bBE LN, O
BUXFEMEZELTRELTE D, A XBEROF - BRFHIKEEEZRE L TV 5,
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Analysis of TEMPEST-D CubeSat Millimeter-Wave Water Vapor Data over Sum-
mer Rainfall Regions in East Asia and Japan

#Yudai Matsumoto"), Hiroyuki MAEZAWA!)

(IDept. of Physics, Grad. Sch. of Science, Osaka Metropolitan Univ.

Recent global climate change has increased the occurrence of extreme weather events such as localized torrential down-
pours and linear rainbands, highlighting the growing need for observation networks that can improve forecast accuracy. In
addition to conventional ground-based and meteorological satellite observations, wide-area and high-frequency measure-
ments by CubeSats are increasingly regarded as a promising tool. In this study, we analyzed millimeter-wave observations
at 87, 164, 174, 178, and 181 GHz obtained by the low Earth orbit CubeSat Temporal Experiment for Storms and Tropical
Systems Demonstration (TEMPEST-D) (Reising et al., 2018, Proc. IEEE IGARSS), developed under NASA’s Earth Venture
Technology program and led by Colorado State University. The analysis focused on the summers of 2019 and 2020, during
which heavy rainfall events occurred in Japan. Brightness temperatures in the 181 — 164 GHz range respond to scattering
by cloud water and ice particles at altitudes of ™5 — 10 km, as well as to water vapor and atmospheric temperature, and
showed good large-scale agreement with infrared data from the Himawari satellite (JAXA) and specific humidity fields from
ECMWF Reanalysis v5 (ERAS). Furthermore, cold regions detected in the millimeter-wave channels corresponded well
with heavy rainfall areas estimated from the hourly precipitation product of the Global Satellite Mapping of Precipitation
(GSMaP; JAXA). In particular, brightness temperatures approaching 140 K are likely capturing cloud water and ice particles
in deep convective systems reaching high altitudes. We also discuss cloud structures and their temporal evolution inferred
from comparisons between 181/174 GHz data and hourly precipitation. These results suggest that CubeSats equipped with
millimeter-wave sensors can provide valuable information on cloud structures and precipitation characteristics, and have
strong potential to improve weather forecasting capability in the Asian region. We gratefully acknowledge the data support
from Prof. Steven C. Reising (Colorado State University).

AR, BB COSUBEZENCE V. 77V J EWNRHIRREKT & v o 7l 2 A RFEREMLTE D, THIKEE
DA Lo 2 B ORBEEDSEE > TWwd, 25 LM, ko BRI KGRIz T, @MU X
BN - EHEEOBRNEEMAINT VS, R TIX. NASA @ Earth Venture Technology 70 75 LD —E & LT
an 7 RMIZKFEHFE L 72 K#EF 2 — 7 » b Temporal Experiment for Storms and Tropical Systems Demonstration
(TEMPEST-D) (Reising et al., 2018, Proc. IEEE IGARSS) 12 & % 87, 164, 174, 178, 181 GHz @ 3 V JEELH 7 — & % fihf
U7zo RITRRIZ. HARTENDFAE LR 2019 FB X 2020 FOEFETH 5, 181-164GHz H# O MEGHHEERE X, &
F£ 5~10km P2 D/KHERKEIC & 2L, KEKEPARKUREIINE L. KJEHE [0Eb D) JAXA) ORI T — &%
ECMWF Reanalysis v5 (ERAS; ECMWF) (255 ¢ Hi5 i £ & KRIIC—B LTV, %72, Cho I VIRTIRA Sh
7= {KIEAEIX Global Satellite Mapping of Precipitation (GSMaP; JAXA) @ 1 KRR & S HEE X1 2 NE D2 WiEE
S RVW—EER L, FHC 140K 12 2 KIR O MG EIR . @& E THIE L OMREICE T 57K - KEEZHE R
TV rEZSLND, AW T, 181/174GHz & 1 KifikE/K RO kD SHERE TN 2 EOMIE L FEREICOWT H#
M5, THOHORRIZI VLY —2BRL2F 2 — T F v POEMESCHKREOIMBICERTH ., 7o 7 s
KBTI B2ERRTHEENA ECKESERLAZ 22 2RLTWS, M, AFZLZan 5 R KY Reising BiZ D ZER
WEDF—XFHOHFAZHEEML2DDOTHD, ZIICHEEZRLET T, ARKRTIE IS —HOMNERZRE
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Strategy for greenhouse gas observation using high-performance micro-satellite
#YUKIHIRO TAKAHASHIY, HARUKI SUGIYAMAY
(1Hokkaido University

Methane is an important greenhouse gas on par with carbon dioxide, and in recent years, attention has been focused on its
impact from industrial equipment in addition to cattle and rice paddies. Satellite-based methane observations have utilized
techniques such as GOSAT, which measure high-precision spectra across a wide wavelength range at relatively low ground
resolution. There is a growing effort to detect localized phenomena such as gas leaks using methods like the Canadian GHG
Sat, which can identify high-density methane emission sources with higher spatial resolution. The latter can be achieved
with relatively simple observation devices, making it feasible even for ultra-small satellites weighing less than 10 kg. Our
group at Hokkaido University, in collaboration with Tohoku University, has achieved world-leading performance in multi-
wavelength spectroscopic imaging with high spatial resolution (up to approximately 4 m) using a liquid crystal filter with
a wavelength resolution of 10 nm. To distinguish methane and carbon dioxide absorption lines from other absorption lines,
including those of water vapor, a wavelength resolution of 0.4 nm or higher is required. Here, we apply the observation
method used for aurora bright lines. Additionally, to ensure sufficient light intensity, it is necessary to precisely control the
satellite attitude and achieve pointing accuracy within the spatial resolution of the imaging device. Our research group is
exploring strategies for high-sensitivity greenhouse gas observation with spatial resolution of several tens of meters on the
ground, and this presentation will introduce the latest progress.

AR FIRCRBRCHSNERAEAT R LTHETH D SEFIFRKEICIA, TR 5 D F AR DEED
FHENTWS, HREICXZ XX DB, GOSAT I2{E SN2 &5 7, HEAERWIE GRS TIRWEREED 2 <
7 P EERETHES 2 FEPMHESNTE 2, AT, FRARAD LS REFNZBRREBAS 57200, A+ X
GHG Sat D & 57, XD EWERDFHRETEHEED X X VRHTZ2RE T 280D 5, KEH S LA E 722 B2 E
THAEAR 7=, B 10kg UN 0@/ NMUBE T BT H 5, A bALIERFED 7L — TR ZEL L B
. W7 4 VX —Z Wz 10nm 4 — & — ORRITRE T DOEZERBBRE (&K 4m) 2 & OZRRIIICRE THESR
BE—DRBEDD 5, XX R BRILRROWIGRE . KIEKZ &L MOPUHR & XH13 % 72912id, 0.4nm DL EDHED
FRREDSN BN T 275, T 2 TI3A —n SR OBIRGEZICH T 5. 7o, TR ZHRT 27012, HRELHES
FEEECHIME L. BRIREEE D22 7 RRERRE O REF ORI ZZMR T 2 2 L BT 2, ATV — 7Tl H BT/
10m & W5 EWZERHRE 2 o, SREIRE A 2B OIS 2 A L TH b AT Z ORH OE IR 24
5 %,
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Development of an automatic detection method for analyzing EEJ characteristic
with decreasing trends

#Hiromu Kikuchi'), Akimasa YOSHIKAWA?)

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

The Equatorial Electrojet (EEJ) is an eastward current observed in the equatorial region. However, cases have been reported
in which the EEJ amplitude does not appear even on magnetically quiet days. We define these unusual events as “peculiar-
type EEJ,” and have analyzed data from dip latitude stations (ANC, HUA) and an off-dip station (EUS) in the South American
region over a five-year period from 2016 to 2020. As a result, peculiar-type EEJ events were identified on 70 days out of
1569 days. Their occurrence showed to have a seasonal dependence and a relationship with the lunar phase. Specifically,
peculiar-type EEJ tends to occur more frequently in summer, and their appearance coincides with lunar phases during which
westward currents are more likely, suggesting that lunar tidal effects may suppress EEJ. However, since the identification
relied on visual inspection, quantitative evaluation was insufficient, and the possibility of human misclassification remained
an issue.

In this study, we developed an automatic detection program for peculiar-type EEJ. The analysis showed that 38 events were
confirmed by both visual inspection and automatic detection, 40 events were detected only by the automatic method, and 19
events were identified only by visual inspection. Among the latter, 11 cases were found not to be magnetically quiet days,
indicating human errors. Furthermore, 40 events overlooked in visual inspection were newly identified by the automatic
detection method. These results show that automatic detection improves the accuracy of peculiar-type EEJ identification
and is effective for clarifying their occurrence characteristics. In this presentation, we discuss the analysis results on the
occurrence characteristics of peculiar-type EEJ using the developed automatic detection method.

B = v & (Equatorial Electrojet: EEJ) 1%, REMTHBME N2 WA ZDOERTH S, Lo L. BESHNCHER
BZHT®HoTH i XD D EE] OREIFNZVEHHIHER I TN S,

NSRRI ARy M2 RRMEE]) CERL. THETHAIX 2016 45 2020 FXTO 5 FMICHD .
Ko dip Bl (ANC, HUA) B XU off-dip BHlls (EUS) O 7 — X fENZIToTE iz, ZOMR, 1569 HD S %
R EE] BRAEL7Z0I1E 70 HTH b, REAEHEOFHEiINES XUl OBEMEI R S iz, BARICIE, FHitEC
BOWTREZFZLBHIEAZHEHALD D, Al OXIERERIZONWTIE, BRI ZFERIFEE LT WVAHERICB W TR R
BEE] 3%  HBLL TH D HEYIZ X 251553 EET 2l L T 2 ATREMEAV R E LT W05, Lol BIRIC X 24
EIHIFEL T z/eod, ERBMFHES R+ TH D ABRFRHEDRREMEIHE L 725 T\ 5,

Z ZTAWE TR, FER EE] Z BEMCHHT 2 7077 AR L, MTOMR, HH L BBEMH O X7 T
WENT-HHNE 38 . BEIMHOATHH XN HHNE 40 . HHOAC L ZBHIEZ 19 TH o7z, THIT. 2D 19
ED 55 11 PRIEBIIIHBESAEREH TR . ABRKERD BEET 5 2 e s i, £/, BRTREAELEIRT
W7z 40 I BRI X DBz SRR X Nlze SO DFERD 6. HEIRH TR LR EE] OMIBEE Z A L X1,
ZDOFREREORINCENTDH 2 Z e ARSI, AFRETIE. B L - BEMRHFELZ AV TRER EE] R4 Rk
ZOWTOFTHERIZ OV TN B,
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Influence of CEJ Termination Time on the Suppression of Plasma Bubble Gener-

ation

#Sora Matsuoka®), Akimasa YOSHIKAWA23), Akihiro KATOY

(IDepartment of Earth and Planetary Sciences, Graduate School of Science, Kyushu University, (?Department of Earth and
Planetary Sciences, Faculty of Science, Kyushu University, (*International Center for Space Weather Science and Education
(ICSWSE), Kyushu University

Plasma bubbles, a type of equatorial ionospheric density irregularity, are regions of depleted plasma density generated by
the Rayleigh-Taylor (R-T) instability. The eastward electric field known as the Prereversal Enhancement (PRE), which pro-
motes this instability, is thought to be weakened by the westward Counter-Electrojet (CEJ). Consequently, this is expected to
suppress the Equatorial Spread F (ESF) that accompanies plasma bubble development [e.g., Uemoto et al., 2010]. However,
events have been observed, for instance over Peru in South America, where ESF occurred despite the presence of a CEJ.
Thus, the relationship between the equatorial electrojet and the generation of plasma bubbles is not yet fully understood.

Therefore, we investigated the relationship between magnetic field variations on days with CEJs and the occurrence of
ESF by analyzing ground-based magnetometer data from days in 2010—a transitional period between solar minimum and
maximum— when both phenomena were observed. In this study, we utilized the EUEL index, an indicator of the Equatorial
Electrojet (EEJ), along with ionograms and the Rate of TEC Index (ROTI) to detect scintillation. This analysis yielded the
following results: (1) Out of 144 days, excluding those with data gaps or magnetic disturbances, CEJ and ESF occurred on
the same day in 22 cases. (2) Among these 22 cases, 19 events were identified where the CEJ concluded before 18:00 LT.

These results suggest that if a CEJ event terminates before the typical onset time of the PRE, when the eastward electric
field is enhanced, its suppressive effect on ESF development is diminished. The remaining cases, where ESF was not sup-
pressed despite the CEJ ending after 18:00 LT, are currently under analysis.

In this presentation, we will discuss the influence of the CEJ’s characteristics on its ability to suppress Equatorial Spread
F, based on the results presented above.

FREBROEBHEFARANBERETH 2 T I XA TINVIBERBEHNTO 75 XABENMEL RA2EBBEL 21K TH
D, LA V= TAT—REEBICE>THETZ, CZOFRREREWRITZHEANEDE L (L IAN—F LTI ANV
ARXY b PRE) X, FMAEZBEHOI VX =Yy PERCENDICX->THDLN, ZOFRT I XTI LOHE
RAICAET2RERA T Ly FEBRHIHIEN2 2 EZ 50 TWS [e.g.Uemoto et al., 2010], L2 L. BEKDRIL—IZBWT
CE] B NI EL S TIHRER Ly R FAMH SN FICBHAEINEA XY PHFELTVD, 2D X, K
BYxzvy VEIRE 77 XA LVOFEADBEFZREIE oIS ATV,

FTHRA . BERTEENE WU & BKEA O BBHNC H7- 5 2010 £D CEJ RERA Ly RERE bITFEL
JHOM LG T — X 2T 5 Z 2 T, CEl BEHOWGEETIFEA T Ly FFHEL ¥O X 5 RBEEEE RO
WOWTHE Lz, AIFETIE, EE] E=X ) V78 TH 2 EUEL &, Y FL—aYiERT A4/ 2754k ROTI
EROWTHENZ1To 72 ZHhHDFNIC L D TORRIE LNz, (1) 7 — X REB X OHEKELLHZERL 144 HH,
22 HTCE] ¥RERA T Ly FEORHBIRFEE LTV, Q) BHIRHEAELEZ22 HD S5, CEJ 23 18:00LT & b Bl
TUARY MY 19 HiER S iz,

NSRS, HHEBESLEMLT 2 PRE 28 AKT 241 & b a1 CEI 25 73U, FREA T L v K F DX
ErIHT 2RI ELLEZ LN D, 72750, 22 HD S5 18:00LT LT CEI 235 T L7 il CE e o /o4 X
¥ MZE LU TIEBRERNTHTH 5,

AFERTIZ., FRROFBRICE S = CEI B0 RE X L v F F OMIFIRNERANDREICE L THinT 2,
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Characteristics of EPB occurrences over Indonesia during a geomagnetic storm

in August 2024 “Visiting Researcher Program in BRIN™

#Takuya Sori!), Prayitno ABADI?, Ihsan Naufal Muafiry?), Michi NISHIOKA®), Septi PERWITASARI*, Mamoru
YAMAMOTO®

(IResearch Institute for Sustainable Humanosphere, Kyoto University, (?Indonesian National Research and Innovation
(BRIN), (3National Institute of Information and Communications Technology (NICT), (4National Institute of Information
and Communications Technology (NICT), (°Research Institute for Sustainable Humanosphere, Kyoto University

Equatorial Plasma bubbles (EPBs) are known as the plasma density depletion regions in the equatorial ionosphere. It is
also known that plasma density irregularities exist with multiple spatial scales inside EPBs. EPB generations are sometimes
activated and suppressed by geomagnetic storms, depending on the phases of geomagnetic storms. A background eastward
electric field is one of the most important factors for generating EPBs through the Rayleigh-Taylor instability. In this study,
we found that plasma density irregularities related to EPBs were observed over the east side of Indonesia (>7120° E)
while they did not be generated over the west side of Indonesia (<7120° E) during a geomagnetic storm that occurred on
12 August 2024. The purpose of this study is to clarify the characteristics of EPB generations over Indonesia during the
geomagnetic storm by analyzing global navigation satellite system-rate of total electron content (TEC) index (ROTI) and
ionosonde data.

ROTT enhancements appeared over the east side of Indonesia following the sunset terminators until “12:00 UT on 12
August. On the other hand, ROTI enhancements did not be observed over the west side of Indonesia after “12:00 UT. The
north — south component of interplanetary magnetic field (IMF Bz) suddenly weakened at 12:00 UT although the IMF Bz
directed still southward. Furthermore, the ionospheric virtual height (h’F) obtained from the ionosonde at Bac Lieu (9.30
° N, 105.71° E: west side) was larger during the geomagnetically quiet day (11 August) than that during the geomagnetic
storm after 12:00 UT. The h’F at Cebu (10.35° N, 123.91° E: east side) elevated to the high altitude before 12:00 UT
during both the geomagnetic storm and geomagnetically quiet day. The h’F at Cebu declined after 12:00 UT during the
geomagnetic storm.

During the main phase of geomagnetic storms under the southward IMF condition, penetration electric field over the
equator enhanced due to the developments of convection electric field in the polar region through the magnetosphere —
ionosphere coupling. The eastward penetration electric field over the equator is intensified after sunset, superposing the
pre-reversal enhancement (PRE). On the other hand, a shielding penetration electric field also enhanced following the
development of geomagnetic storms. The polarity of the electric field over the equator is opposite to that of penetration
electric field; that is westward after sunset. We suggest that the shielding penetration electric field competed with the
penetration electric field over the equator when southward IMF was decreased at 12:00 UT. The PRE at Bac Lieu occurred
around 11:00 — 12:00 UT (18:00 — 19:00 LT) while the PRE at Cebu occurred around 10:00 - 11:30 UT (18:00 - 19:30
LT). Our results indicate that the PRE at Bac Lieu was suppressed due to the shielding electric field but the PRE at Cebu was
not suppressed. Therefore, ROTI enhancements related to EPBs were generated only over the east side of Indonesia (>"120
° E) in this event. We can conclude that EPB generations during geomagnetic storms are controlled by storm-time electric
field variations.

This study is supported by the visiting researcher program in BRIN. The TEC and ROTI data over Indonesia in the present
analysis are available in the website (https://gatotkaca.brin.go.id/petaionosfer/ionosphericmap/).
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Empirical Study of Vertical ExB Drift Velocity for Post-Sunset Equatorial Plasma
Bubble Forecast

#Septi Perwitasari®), Michi Nishioka®)

(1National Institute of Information and Communications Technology

Equatorial plasma bubbles (EPBs) are a critical feature of space weather due to their significant impact on communication
and navigation systems. Real-time monitoring of EPB occurrence is essential for mitigating radio signal degradation. To
address this, we developed an automated EPB alert system based on spread-F detection from SEALION FMCW ionosondes.
This study represents the next step toward EPB forecasting by establishing an empirical relationship between ionospheric
parameters and the occurrence of Equatorial spread-F (ESF), without delving into the underlying physical mechanisms.
For forecasting post-sunset EPBs, we utilize real-time h’F measurements to estimate the vertical ExB drift velocity. Using
ionosonde data from Chiang Mai and Chumphon stations (2008 - 2014), we analyzed the probability of post-sunset (10 -
16 UT) ESF occurrence as a function of ExB drift velocity relative to its hourly median. To minimize geomagnetic influence,
we selected March 2014, a period of extremely low geomagnetic activity (no magnetic storms; monthly mean K-index daily
sum = 9.8). Our results indicate that the probability of ESF occurrence within the following hour increases with ExB drift
velocity above the median. When the drift velocity is 0 — 10 m/s higher than the median, the probability is approximately
16.5%. This probability rises to about 52.6% when the velocity difference is 10 — 20 m/s and reaches 81.2% for a difference
of 20 — 30 m/s. When the ExB drift velocity exceeds the median by more than 30 m/s, the occurrence probability reaches
100%. These findings provide a practical basis for real-time post-sunset EPB forecasting using ionosonde observations.
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Automatic Ionogram Scaling in East and Southeast Asia Based on Machine Learn-
ing

#Peng LIUY), Tatsuhiro YOKOYAMA), Mamoru YAMAMOTOY

(1Research Institute for Sustainable Humanosphere, Kyoto University

The Earth’s ionosphere is a region where a portion of the Earth’s atmosphere is ionized into electrons and ions by sunlight.
Various ionospheric anomalies and space weather phenomena in ionosphere can cause radio communication scintillation,
satellite signal fluctuations, and larger positioning errors. The most widely used ionospheric observation equipment in the
world is the ionosonde. It transmits pulse signals ranging from low to high frequencies vertically then obtains an image called
ionogram (Figure b), which records the frequency and virtual height of ionospheric echoes. By scaling various parameters
from the ionogram, the electron density distribution in the ionosphere (Figure c) can be derived.

There are approximately 200 ionosondes worldwide, and their distribution in East and Southeast Asia is shown in Figure
a. However, considering the ionogram formats of different ionosondes differ, a general intelligent processing system for
ionograms is in high demand. Leveraging the recent progresses in artificial intelligence, this research aims to develop a new
method for intelligently scaling ionograms based on instance segmentation technology.

The proposed method consists of five steps: 1), denoising the raw data; 2) creating labeled images and training the machine
learning model; 3) automatically processing ionograms in east/southeast Asia by referencing the trained model; 4) restoring
the coordinate system transformation from images to ionogram; 5) statistically analyzing the ionospheric disturbance phe-
nomena and improving the IRI model accuracy. This research is crucial for industrial applications, such as improving the
quality of GPS positioning and radio communications, as well as improving the accuracy of the IRT model.
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Proposal of a method for quantitative evaluation of spread F from ionogram im-
ages using machine learning

#Kentaro Haruna®), Peng LIUY), Tatsuhiro YOKOYAMA®Y

(1Research Institute for Sustainable Humanosphere, Kyoto University

The Earth’s ionosphere extends from an altitude of 50 - 60 km to 1,000 km, where atmospheric molecules and atoms of
nitrogen and oxygen contained in the Earth’s atmosphere are partially ionized by radiation energy such as ultraviolet rays
from the sun and exist as plasma. In ionospheric observations, automated scaling of ionograms have advanced, enabling
efficient analysis of electron density and reflection frequencies. However, when ionospheric disturbances such as spread F
occur, the shape of the ionogram becomes complex, making accurate analysis difficult with conventional automated scaling.
Traditionally, the evaluation of spread F has been dependent on researchers’ experience. Attempts to automatically detect
spread F in ionograms from Shigaraki MU Observatory and Chiang Mai, Thailand, led us to recognize that establishing quan-
titative criteria for evaluating its presence and severity is essential to improve the accuracy of automated analysis systems.
In this study, we propose a method for quantitatively evaluating the degree of spread from ionogram images when spread F
occurs. To detect the echo regions corresponding to spread F in the images, we used Mask R-CNN, which excels at object
detection. We calculated features such as area, perimeter, shape ratio, point density, and color distribution for each detected
region, and combined them to score the degree of spread. The scoring function was constructed based on ionogram images
from Shigaraki MU Observatory and Chiang Mai, with the goal of ensuring it can generalize to other observation sites using
only a few sample images. The results of applying the proposed method showed that the detection accuracy of spread F using
the scoring function was consistent with human visual evaluation, and that it was possible to continuously quantify the degree
of spread from mild to severe. This method can be applied to the automation of ionogram analysis and the quantitative eval-
uation of ionospheric disturbances, and it is expected that its generalization performance will be verified through application
to long-term observation data and interregional comparisons in the future.
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Long-term Statistical Analysis of Shigaraki Ionosonde Observations Using Ma-
chine Learning Models

#Mitsuru Terauchil), Peng LIUY, Tatsuhiro YOKOYAMAD

(1Research Institute for Sustainable Humanosphere, Kyoto University

The Earth’s ionosphere extends from an altitude of about 50 - 60 km up to 1000 km. In this region, molecules and
atoms in the neutral atmosphere are partially ionized by ultraviolet radiation and other forms of solar energy, resulting in
the generation of plasma. The ionosphere has a layered structure consisting of the F, E, and D regions, among which the F2
layer, located at around 250 — 400 km altitude, exhibits the highest electron density and strongly influences the propagation
characteristics of long-distance shortwave communication and satellite navigation systems. Because electron density is af-
fected by plasma, it shows diurnal, seasonal, and multi-year variations, while also undergoing irregular fluctuations caused
by geomagnetic disturbances, sporadic E layers, and plasma bubbles. The ionosphere reflects radio waves, and the reflection
frequency and altitude are determined by the vertical distribution of electron density. Therefore, long-term observation and
analysis of electron density in the ionosphere play an important role in the development of communication technologies.

Observation methods for the ionosphere include ionosondes, incoherent scatter (IS) radars, and artificial satellites, each
with its own characteristics. At the MU Observatory, located in Shigaraki, Koka City, Shiga Prefecture, both an ionosonde
and the MU radar— an atmospheric radar designed to observe the middle and upper atmosphere— are installed. The MU radar
also functions as an IS radar, enabling continuous ionospheric observations. At the Shigaraki MU Observatory, ionospheric
monitoring using the ionosonde is routinely conducted alongside MU radar measurements. The ionosonde works by trans-
mitting upward-directed radio waves with varying frequencies from the ground and recording the signals reflected by the
ionosphere. Since the MU radar data alone cannot provide absolute electron density values, calibration using ionospheric
parameters obtained from ionograms observed by the ionosonde is required. However, currently, ionospheric parameters are
not manually extracted from the ionograms at Shigaraki MU Observatory. Furthermore, manually deriving such parameters
from the entire archive of past observations would require enormous time and effort, making it impractical.

To address this issue, this study developed an automatic ionosonde reading system using a machine learning model to
automatically extract the critical frequency of the F2 layer (foF2). The proposed method consists of noise reduction for iono-
grams and machine learning using Mask R-CNN, achieving an accuracy of 95.70% in validation. The automatically extracted
foF2 values spanning 22 years were compared with ionosonde observation data from Kokubunji to validate their reliability.
The comparison with Kokubunji showed a strong correlation with the Shigaraki results, while also revealing the influence of
sporadic E layers on reading accuracy. Furthermore, a comparison with the empirical IRI model was conducted to evaluate
the long-term statistical characteristics at Shigaraki. The comparison with the IRI model confirmed that the overall trend of
electron density variations was consistent, and long-term changes were found to correlate with solar activity.
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Development and Evaluation of AI Models for Automatic Scaling of Ionospheric
Parameters and letters from VIPIR Ionosonde Data

#Michi NISHIOKAY, Chihiro TAO"), Takuya TSUGAWA)

(INational Institute of Information and Communications Technology

The National Institute of Information and Communications Technology (NICT) has been conducting ionospheric obser-
vations using ionosondes in Japan for over 70 years. Currently, regular observations are carried out every five minutes at
four sites: Wakkanai/Sarobetsu (WK546), Kokubunji (TO536), Yamagawa (YG431), and Okinawa/Ogimi (OK426). The
ionograms obtained are automatically scaled and parameters such as foF2 and foEs are published via the NICT website.

In 2016 — 2017, NICT upgraded its ionosonde systems to VIPIR, which allows to separate ordinary and extraordinary
modes ionograms. This capability enabled to improve the original automatic scaling methods using Al models. Initially,
instance segmentation models were used to detect the echo regions of the E and F layers as rectangular areas. However, this
approach could not distinguish between the F1 and F2 layers, resulting in limited accuracy for parameters such as foF1. To
address this, a semantic segmentation model was introduced to detect the echoes themselves, leading to improved parameter
estimation accuracy. Furthermore, a new model was developed to automatically assign qualifying and descriptive letters,
which had previously only been added during manual scaling. This presentation evaluates the performance of these Al-based
automatic scaling methods.
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Horizontal structures and movements of sporadic E layers observed with

ionosonde receiver network
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Communications Technology

The sporadic E (Es) layer is a dense plasma layer that sporadically appears in the ionospheric E-region, around 90 —
130 km altitude. Its formation and transport are strongly influenced by neutral winds. In particular, vertical shears of zonal
winds cause convergence of metallic ions, leading to the formation of Es layers, which are considered to be horizontally
transported by background winds. In recent years, studies on the horizontal structures and movements of Es layers using
total electron content (TEC) observations have progressed. However, since only high-density Es layers can be detected by
TEC, ionosonde observations, which can continuously detect Es layers, are effective for investigating their typical behavior,
including lower-density cases. Conventional ionosonde networks, however, are too widely spaced to detect the horizontal
structures and movements of Es layers.

To overcome this limitation, we installed new ionosonde receivers in Kyushu, Japan, and established an observation
network with horizontal scales that enable monitoring of horizontal movements of Es layers. In June 2023, the receivers were
installed at Aso and Miyazaki. By receiving HF signals transmitted from the Yamagawa ionosonde, we conducted oblique
observations of Es layers at the midpoints of the Yamagawa — Aso (190 km) and Yamagawa — Miyazaki (100 km) paths.
The distance between Aso and Miyazaki is 125 km, and this observation network enables tristatic observation with horizontal
scales of about 50 — 100 km. Subsequently, additional receivers were installed at Beppu (245 km from Yamagawa) in July
2024 and at Kochi (307 km from Yamagawa) in March 2025, extending the horizontal scale of the observation network to
about 150 km. This expansion improved the ability to detect horizontal movements faster than 100 m/s, and enabled the
investigation of larger-scale horizontal structures of Es layers. In this study, we present the results of analyses of horizontal
movements and structures of Es layers observed by this five-station network at Yamagawa, Miyazaki, Aso, Beppu, and
Kochi, and discuss their formation and transport by neutral winds.
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Spatiotemporal structure of a sporadic Ca™ layer ~ short-period height varia-
tion ~
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Sporadic E layers (EsL) occurring in the ionospheric E region at altitudes of 90-150 km are thin layers with very
high electrondensity (a few kilometers thick), that also contain abundant metallic ions. EsL cause radio communication
disturbances in theHF/VHF bands. Therefore, elucidation of the mechanisms of EsL formation and evolution is important. In
the mid-latitude region,EsL have been understood to be formed by convergence of metallic ions in the ionospheric E region
due to the vertical shear of neutral horizontal winds and the geomagnetic field. However, observation of the spatiotemporal
structure of EsL is limited, and their morphological variations and evolutions remain unclear. The primary source of metals
in the ionospheric E region is meteors, and there are layers of metallic atoms and ions such as iron, magnesium, sodium,
calcium, and so on. Among them, calcium ion (Ca™) is the only metallic ion that can be observed from the ground by
resonance scattering lidar.

The National Institute of Polar Research (NIPR) developed a frequency-tunable resonance scattering lidar and conducted
Ca™ observations in Tachikawa, Japan (2014-2016) and at Syowa Station in the Antarctic (2017-2018).The lidar transmitter
was based on an injection-seeded, pulsed alexandrite ring laser for 768-788 nm (the fundamental wavelengths)and a second
harmonic generation (SHG) unit for 384-394 nm (the second harmonic wavelengths). The laser wavelengths can be tuned
into the Ca™ resonance wavelength (393 nm) by a wavelength meter that is calibrated using a wavelength-stabilized He-Ne
laser. The average laser output at the Ca™ resonance wavelength was approximately 80 mW, and the repetition rate was ~25
Hz.

In this study, we analyzed a sporadic Ca™ layer observed on September 1, 2016 at Tachikawa (35.7° N, 139.4° E),
and investigated the periodic height variation of Ca™ layer, that was found at altitudes of 99-101 km between 15:55-16:20
UT. The Ca™ density profiles had height and time resolutions of 165 m (smoothed from 15 m resolution data) and 5 s,
respectively. We derived the centroid altitude of each Ca™ density profile and fitted its temporal variation with a sinusoidal
curve. From this fitting, the vertical displacement amplitude and the observed (ground-based) oscillation period ware
estimated to be 170 m and 7.5 minutes, respectively. Then, the dispersion relation of internal gravity waves and the relation
between ground-based and intrinsic frequencies were subsequently applied, in order to determine gravity wave parameters
such as horizontal wavelength and phase velocity that could account for the observed oscillation. Vertical wavelength and
the background wind speed was assumed, the latter of which was considered referring to the JAWARA reanalysis data of
corresponding time and altitude. Our investigation suggested that the wave propagation direction was in the same direction
as the background wind rather than the opposite direction, when the observed oscillation is caused by internal gravity waves.
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Initial analysis of the electric field in the ionosphere at the onset of the Es layer
observed by the S-310-46 sounding rocket

#Hotsuma SAKANO"), Miyuki MATSUYAMA?), Keigo ISHISAKA?), Akinori SAITO?), Takumi ABE®

(1Toyama Prefectural University, (*Toyama Prefectural University, ®Kyoto University, (‘JAXA

The sporadic E layer (Es layer) is like a cloud of metal ions that appears suddenly in the E layer at an altitude of around
100 km. The emission of the Es layer causes radio waves to be reflected at an altitude of around 100 km, reaching further
than expected, which contributes to interference. The formation process of the Es layer is not yet understood. To understand
the formation process of the Es layer, the S-310-46 sounding rocket was launched from the Uchinoura Space Center at 12:00
(JST) on 15 July 2025.

The electric field is one of the important parameters that affect metal ions. In this rocket experiment, the electric field in
the ionosphere during the generation of the Es layer was observed by the Electric Field Detector (EFD). The EFD observed
the potential at each of the electrodes at the tips of the two antennas. The electric field is derived by dividing the potential
difference by the distance between the electrodes. The measurement frequency is DC-40 Hz, the distance between electrodes
is 4 m and a total of four antennas are mounted so that two pairs are orthogonal to each other. In this rocket experiment, three
of the EFD’s four antennas were deployed and observations were made with those three antennas. For the one pair of antennas
that were successfully observed, periodic fluctuations in the electric field were observed with a period of about 10 seconds.
This electric field is mainly composed of the induced electric field generated when the rocket crosses in the geomagnetic
field. The period of observed electric field coincides with the rocket spin period. Therefore, the rocket spin period is longer
than predicted. In this presentation, we present the results of the electric field observed by the EFD on the S-310-46 sounding
rocket and an analysis method that considers the effects of unanticipated events.

2RI F4 v 7 ERE (EBsE) X & 100km 35D E BIZERNICHIRT 28B4 A DETH S, Es BHHT
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Initial Results of a Neutral Mass Spectrometer for Ionospheric Observation under
the RIDE Campaign
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The neutral atmospheric composition is a crucial parameter for calculating plasma motion in the ionosphere, as it governs
the collision frequency between neutrals and plasma. While direct in-situ measurements were common until the 1980s,
they have become scarce with the rise of empirical atmospheric models. However, simultaneous observations of neutral
composition alongside plasma parameters remain vital, offering higher spatio-temporal resolution and fidelity than model-
based approaches.

To address this need, we have developed a compact time-of-flight (TOF) Neutral Mass Spectrometer (NMS) for the S-310
sounding rocket. In this instrument, neutral particles are introduced through an antechamber and are ionized by electron
impact at the ion source. The ions are then accelerated by a 1000 Hz pulsed voltage, fly a certain distance, and reach a
detector. Because the time of flight from acceleration to detection depends on the particle’s mass-to-charge ratio, the mass-
to-charge ratio can be calculated from the recorded time of flight. A unique feature of this instrument is its triple-reflection
design during the ion flight path, which achieves a high mass resolution of approximately 200 within a compact size suitable
for the 310 mm diameter structure of the S-310 rocket. This resolution is sufficient to resolve major neutral species in the
ionosphere, such as N5 and O,. However, atomic oxygen (O) is expected to be difficult to measure directly, as it recombines
into O5 on the wall of the antechamber.

The NMS was launched aboard the S-310-46 sounding rocket from the Uchinoura Space Center at noon on July 15, 2025.
This flight was conducted as part of the RIDE campaign, which aims to elucidate the formation process of sporadic E layers
that appear at mid-latitudes during summer daytime. The NMS was mounted on the underside of the rocket’s payload section
and designed to take in neutral particles once per rocket spin during the downleg portion of the flight after the separation of
the motor section. Because the ion source filament and high-voltage systems cannot operate under high atmospheric pressure,
they were scheduled to be activated after launch by a timer control.

During the flight, the instrument operated successfully for approximately 48 seconds (from 180 to 228 s after launch), after
which an electrical discharge terminated the measurements. Although the ion acceleration pulse was approximately 50V
higher than the planned value of 560V, other high-voltage systems performed nominally. A mass spectrum of the ambient
neutral atmosphere was obtained, though the in-flight mass resolution was approximately 120, lower than that achieved
during ground calibrations. The data also revealed periodic variations in the count rates of several species on timescales of
ten to twenty seconds. This presentation will report on the detailed mass spectrum obtained during the flight and discuss the
observed temporal variations in neutral species.
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Number density measurement of electrons by impedance probe (NEI) for S-310-
46 sounding rocket, OHISAMA and IMPACT/PCUBE missions

#Atsushi KUMAMOTOVY), Takumi ABE?), Akinori SAITO®), Koki TACHIY), Koji TANAKA?), Hitomi INADA®), Yuto
KATOH'), Shoya MATSUDA®)

(ITohoku University, 2JAXA, (SKyoto University, (4)SS, GBKanazawa University

Number density measurement of electron by impedance probe (NEI) has been performed in the numerous ionospheric
rockets and several scientific satellites. In NEI observation, electric capacitance of the 1-m probe emersed in the ionospheric
plasma are measured by capacitor bridge with applying RF signal at 400 frequency steps in a range from 0.1 to 20 MHz. By
finding frequency at which probe capacitance is minimum, we can determine upper hybrid resonance (UHR) frequency, and
derive electron number density from the UHR frequency. While the absolute probe capacitance changes depending on the
length, shape, surface conditions of the probe, and plasma sheath formed around the probe, we can derive electron number
with 3 % accuracy from frequency dependence of probe capacitance.

In the summer of 2025, Rocket Investigation of Daytime E-region (RIDE) Campaign is performed to clarify the generation
and evolution processes of the daytime sporadic-E layers with the S-310-46 sounding rocket, ground-based radio measure-
ments, and numerical simulations. The S-310-46 was launched on July 15, 2025. The NEI was installed on the S-310-46,
and operated through its flight for observation of the electron number density. However, since some failure occurred in sen-
sor cable during the ground tests, and we could not find and fix it unfortunately, we have to perform the probe capacitance
measurement with unbalanced capacitance bridge. In such conditions, we could not find probe capacitance minimum at UHR
frequency in the measured data. So, we made an equivalent circuit model with sensor cable disconnections, and found that
the cable disconnection could be modeled well by 5.1 pF at 4.3 cm from the sensor. By using the equivalent model, we could
derive electron number density from the unideal NEI data.

We are preparing NEI not only for the sounding rockets but also for small satellite and cubesat. OHISAMA (On-orbit ex-
periment of HIgh-precision beam control using small SAtellite for MicrowAve power transmission) mission is a small satellite
mission for experiments of microwave power transmission experiments in low Earth orbit. In order to monitor the ionospheric
conditions during the microwave power transmission, NEI, langmuir probe, and plasma wave receiver are installed in addition
to the microwave power transmitter. In addition to the power transmission experiments from the small satellite to the ground,
the power transmission experiments from the small satellite to the 6U-size cubesat released from the small satellite. So, we
prepared two NEIs: One is almost the same with that of sounding rockets for the small satellite. Another is 1U-size NEI for
cubesat newly developed for OHISAMA. Unit-level test of flight model (FM) were almost finished. Interface tests of FM
with spacecraft bus started in August 2025. The launch is planned after the second half of FY2026.

IMPACT/PCUBE is joint cubsat mission of IMPACT (Investigation of ducting Magnetospheric Plasma wave ACTivity)
and PCUBE (Probing Controlling, and Understanding of radiation Belt Environment) both for clarification of the contribu-
tions of the plasma waves in the magnetospheric duct to the loss process of the radiation belt electrons. IMPACT/PCUBE is
12U-size cubesat. We are planning to install 1U-size NEI which is almost the same with that for OHISAMA cubesat. Since
the magnetometer (several hundred gram) is installed at the end of the 1-m boom installed at the opposite side of the cubesat
to the NEI probe, we are planning to add dummy mass at the tip of the probe. We have to finish development and unit-level
tests of NEI for IMPACT/PCUBE by the start of the interface tests scheduled in the summer of 2026.

Acknowledgement: This study is supported by JSPS KAKENHI Grant Numbers 23H01235, and 23H05429. S-310-46
sounding rocket mission was performed by JAXA/ISAS. OHISAMA mission is performed by Japan Space System (JSS).
IMPACT/PCUBE mission is performed by Kanazawa University, Tohoku University, University of Tokyo, Kyoto Univer-
sity, Nagoya University, Kyushu Institute of Technology, and NICT. The NEI instruments for S-310-46, OHISAMA, and
IMPACT/PCUBE were manufactured by System Keisoku Co.,Ltd.
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On the result of neutral atmospheric pressure measurement by ion gauge in the
lower thermosphere during RIDE campaign
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Sounding rocket “S-310-46” was launched from Uchinoura Space Center on July 15, 2025 with an objective of eluci-
dating generation mechanism of the sporadic E layer. A total of seven science instruments were installed to measure the
thermospheric neutral atmosphere, the ionospheric ions and electrons, electric and magnetic fields. In this presentation we
will describe an initial result from pressure gauge (ion gauge) whose purpose is to estimate the neutral atmospheric density
and the atmospheric flow direction on the rocket.

Charged and neutral particles co-exist in the lower ionosphere. The former tends to move in a direction different from the
latter, because of a difference in those behaviors against the electromagnetic force. The ionospheric current and ambipolar
electric field existing in this region are attributed to a difference in a collision frequency between ion and electron with neutral
particles. Characteristic phenomena such as traveling ionospheric disturbance are significantly generated due to the diversity
of the particles in this region. It is desirable to develop an instrument which provides information on local quantities about
charged and neutral particles to improve our understanding of this region.

Although measurements of the atmospheric density by pressure sensor have been conducted for decades using sounding
rocket and satellite since the 1950s in the world, very few were made in Japan. We started developing a pressure gauge to be
installed on the sounding rocket. Our pressure gauge has two sensor elements: 1) crystal gauge for the higher-pressure region
and 2) B-A (Bayard-Alpert) gauge for the lower-pressure region. The B-A gauge will be turned on under pressure below 4
Pa while the crystal gauge is responsible for the measurement at pressures above this threshold.

In 2022, our pressure gauge was first installed on sounding rocket “S-520-32”. In this measurement, two identical pressure
gauges were stored in two different shaped containers. The first container was designed on the basis of Patterson probe, which
is known as a closed spherical container with a long tube, from which gases flow in. In the Patterson probe, incoming gas first
collides with inner wall of the tube and loses translational kinetic energy, and the pressure gauge inside can measure static
pressure due to thermal motion of atmospheric particles. The second one is an open-type cylindrical container. This container
was newly developed for the first experiment and has a small inlet for gas inflow. The internal structure was designed so that
it can have high sensitivity in the direction of the incoming gas flow. Both sensors successfully measured the atmospheric
pressure through the rocket flight. However, it was found that the gauge did not function properly below 10~2 Pa because of
outgas from an inner surface of the container.

For the second experiment In  “S-310-46” experiment, the measures taken to prevent outgassing are as follows: 1)Heat
the ion gauge container to get outgas from its inner surface, while decreasing the pressure by pumping, 2) Stop heating and
maintain a vacuum inside the container and install the system on the rocket, 3) Lids to keep the vacuum is automatically
removed and start measuring during the rocket flight. This system successfully functioned well, and so the gauge started
measuring the atmospheric pressure when it became almost the same as the background pressure.

Unfortunately, a flight performance of “S-310-46” was much different from the expected one, i.e., 1) the rocket continued
flying while maintaining a large attack angle, 2) the spin rate downed below 0.1 Hz at its initial phase, 3) the apoapsis altitude
was about 103-104 km, which was more than 10 km lower than predicted value. As a result of this performance, data from our
pressure gauge was very different from the expectation, although the data was continuously collected all through the flight.
The preliminary result from the initial analysis will be presented.

ARTTF 4 v 7 EBOERX =X 02 HKE UTEBIa 7 v + S-310-46 58543 2025 4£ 7 H 15 HiZ JAXA
NZIHFHEZEMBRF > 53T5 EiF o i, Zo8lla s v MZRBEFRHRR,. BEEEA 4> - BF. B, BEGOH
ExEERE LTE 7 208l EH XNz, REBETEPERGEES LOE ETORGROEIEZ BN LTHE
HEINENEF (305 =) OUIHHEARERIC OV TR S,

EHETE A WEBEFRERKOENBER. vy MEORFUATIX 1950 ER2 5. ATHEETIZ 1960 ERD 517
ONTELD, HETIED F D EHEIEL, BETFEIICBWTIEAKRO—EMNERL TV 22, BRIBKN 22T
379 X< e BEERZIT RPN TR TEZENEL 2720, ZOEBORN TIXEMEHS T2 ZePHoshTw3,
Z DFEIBICRE OARBIHOB R 2 R T 2 7= DICITH R OB EEE Z IEfEICHEME T 2 Z 2 RET, Z2072HI2D
BIEEOHNLPLEETN TV,

oy y FRANTHEZDOSHETHRITT S 75 v bh— LA L TORKEDHIEIZRAAE & OEFH NG| 2 2+ KK E



ELSEERD OO 7 U P RFIZI D RELSHELZ T 2720, WEINTENE, S EDORKIEE L HE T 2 IIKTEEDL
DETH 5,

FA1F 2022 FI2HTH BT -8HIa s v b S-520-32 SHICHID T 2 ROFENFZEBER Lz, =23 2—Y > TFu—
TTHRIEARMCHIEF 2 L 72 D, b 5 — D3 FHRET CHAERARONIIICHEFZI L 7Z2dDTH S, 2D
EHFHEF v 2 ¥ - 7AANBETENIG L T2 00 Y I 2HERET 2 & 5 Wikit S TE D, EEMITIX crystal gauge,
{EEMIT L B-A (Bayard-Alpert) gauge CHIEZ/TS & 5124 o TW3, E/1534Pa LURIC72 % ¥ HEIIC B-A gauge I
UhBEDLZ2HOTHZ, ENFHEIT7 T4 MRAICIEEWCEE L. EHHIEITONIH, RALRE L U TASRNERICIN
SNTMEFRIEFENUEREHSD 77 b A ADHEICE D, 1072 Pa IR B W TEN & FHEICHIE T & W ED
HoTz,

S-310-46 SHETIXENF O Y HHEFEZ 3ABHL P, 20HFOL ¥ B TE7 Y PFAMEL LT, 1) HER
Ry TEHOCTEBNEZBEZCRERA O ERICLTRA,» S 7V P AT RE T, 2) RiRZFIE LERNE T B2
Ro7REETHIIa - v MTHBE LTS B3, 3) Blillar v bHY E2UTE L RICERN T EZIRDOE Z B Ll
EEBBRT 2, WO HEER L o2, ZOMKIINEZEL, ur vy MT ETFRRIIEBADNEZRE, F2ELTES
WAL DZENZ . A L L & o 7RI TEINNTEEKRKRD ETTREITON T,

BHIa v b S-310-46 SEEOAFNI L O FEL KEL BARD, HERZ brenry MEBOSKERAEE R TIR
RETRITZHT. A YL — MZOWTIIAHHOERET 0.1 [[/M% RE 2 X512k b, mEFEEE S 103~104 km 12
HME ol 2D, ENFTOBHT — 23S GOMRF L ZER IR R TLE o720, ENEE7SA4 F2ELT
S I N/, AEHTIXZOENFHT X 2B T — 2 ICBT 2 M5 %2175,



R005-P44
RAAE—2:11/25 PM1 (13:45-15:45)

#Rifqi Farhan Naufal'), Liu Huixin®, Qiu Lihui®, 3 T3 %), I #6822
(UMK ERK R R, C FUNAY: BB &R BB > & —, G IBHGES s

Projected Influence of increasing CQO; levels on Sporadic E Formation Based on
GAIA Simulations
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We utilized the Ground-to-topside Atmosphere — Ionosphere Model for Aeronomy (GAIA) to investigate how increasing
CO2 levels could affect the development of sporadic E (Es) layers. By analyzing the vertical ion convergence (VIC), we
found that doubling the CO; level results in a strengthening of VIC within the 100 - 120 km altitude range, suggesting the
future downward shift of Es formation altitudes. These changes point toward a potential shift in the occurrence patterns of Es
in a warming climate. The enhancement of VIC is primarily attributed to the reduction in the ion-neutral collision frequency,
alongside changes in zonal wind shear at these altitudes. Overall, our results suggest that climate change could intensify ion
convergence processes and, consequently, increase the likelihood of Es events in the future.
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Analysis of Sporadic E Layers Using FMCW Ranging and HFD Doppler Obser-

vations
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Sporadic E (Es) is a thin layer of extremely enhanced electron density that occurs primarily around 100km altitude at mid-
latitudes during the summer. The enhanced electron density associated with Es can reflect VHF radio waves, which normally
penetrate the ionosphere, causing anomalous long-distance propagation for radio waves incident at low elevation angle. HF
Doppler measurement has been employed for the observation of Es; however, this observation method cannot determine the
distance to the reflection point and therefore cannot identify the altitude of Es, which has been a limitation.

In this study, we simultaneously conducted the ranging observations of Es using an FMCW radar system, which began
operation in 2024, enabling range measurements to analyze the structure and motion characteristics of Es. The HF Doppler
observation system exploits the property that HF radio waves are reflected in the ionosphere, detecting temporal variations
of the reflection altitude as Doppler frequency shifts. In contrast, FMCW observations continuously observe the propagation
path length of the radio wave from the frequency difference between the transmitted and received waves.

We analyzed data obtained on June 2, 2024 (12:00-13:00 UT), June 19, 2024 (13:00-15:00 UT), and July 12, 2024 (13:00-
14:00 UT). Using these two observation methods, we extracted five events that were observed simultaneously by both ob-
servation methods. In the extraction of events, the start and end times were manually determined for each event. Once the
start time was set, a program was created to automatically save the Doppler frequency values every 10 seconds from among
those with relatively high signal strength. The results showed that in all cases Es moved at a speed of just over 100 m/s. Spo-
radic E layers have also been observed in GPS-TEC data that enable us to capture their spatial distributions and movements.
Currently, we are preparing ROTI maps for the observation dates using TEC data provided by GEONET of the Geospatial
Information Authority of Japan.

In this presentation, we will report further detailed analyses, including the validity of the Es velocities obtained from
Doppler and FMCW range measurements by comparison with these ROTI maps.
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Extraction and Analysis of Diurnal Variations in HF Doppler Observations Using
PCA
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The ionosphere exhibits complex variations influenced by multiple factors, including diurnal and seasonal variations as
well as solar activity, geomagnetic disturbances, gravity waves, and even ground-based phenomena such as earthquakes and
volcanic eruptions. To capture the overall picture of such variability, simple time-series averaging or empirical criteria are
insufficient, and statistical techniques are required to extract and classify variation patterns from large observational datasets.

In this study, we applied Principal Component Analysis (PCA), a statistical analysis method, to high time-resolution
Doppler frequency data obtained from HF Doppler observations to extract representative diurnal variation components and
analyze their characteristics. PCA analyzes the correlation structure of multidimensional data and extracts principal com-
ponents that explain the maximum variance in the data, thereby enabling dimensionality reduction and characterization of
variability. The extracted components are ordered as the first, second, and subsequent principal components in descending
order of explained variance (contribution rate). Hence, the first principal component best represents the variability in the
original data and captures the most dominant variation pattern.

The data used in this study are Doppler frequency shift observations at 5006 kHz, obtained every 10 seconds using an HF
Doppler observation network operated by four institutions, primarily the University of Electro-Communications. To investi-
gate the influence of solar activity, PCA was applied to 11 years of data (2005 - 2015).

PCA of the Doppler frequency data obtained at the Sugadaira station revealed that the absolute amplitude of the first princi-
pal component was clearly larger than that of the subsequent components. A comparison with the averaged diurnal variation
on magnetically quiet days confirmed that the two variations were nearly identical, indicating that the first principal compo-
nent represents the diurnal variation of the Doppler frequency. In contrast, the amplitudes of the second and higher-order
components were considerably smaller, and after applying filtering based on signal intensity, these variations became nearly
undetectable. These components are presumed to represent disturbances other than diurnal variation; however, their interpre-
tation as physically meaningful variability remains difficult. Nonetheless, in certain months, the diurnal variation appeared
in the second principal component. An examination of correlation coefficients revealed that such cases occurred when the
correlation fell below 0.5, suggesting that during periods of frequent disturbances, the diurnal variation may also appear in
the second principal component and thus requires consideration.

When comparing the first principal component of Doppler shift at the Sugadaira station over 2005 — 2015, we found that
its absolute value varied in accordance with the sunspot numbers. Solar activity follows an 11-year cycle, and within the
period from 2005 to 2015, 2009 corresponds to the solar minimum, while 2014 marks the solar maximum. Consistently, the
extracted first principal component shows lower absolute values in 2009 and higher values in 2014. Since higher solar activity
corresponds to higher maximum electron densities, this variation is likely reflected in the magnitude of the diurnal variation.
We anticipate that this amplitude variation can be quantitatively derived from the electron density distribution using the IRI
model, and a comparison with these model results is currently in progress.

In this presentation, we report on the validity of diurnal variation extraction by PCA and its relationship to solar activity,
based on analyses comparing the extracted principal components to quiet day data and IRI model results.
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Analysis of Ionospheric Disturbances Following the 2025 Offshore Kamchatka
Peninsula Earthquake Observed by HF Doppler Sounding

#Hiroyuki Nakata'), Yuichi OTSUKA?), Keisuke HOSOKAWA®), Susumu SAITO?

(1Graduate School of Engineering, Chiba University, (*The Institute for Space and Earth Environmental Research, Nagoya
University, (®*Graduate School of Communication Engineering and Informatics, University of Electro-Communications,
(“National Institute of Maritime, Port and Aviation Technology

At 08:24 JST on July 30, 2025 (23:24 UT on July 29, 2025), a huge earthquake (Mw 8.8) occurred near the Kamchatka
Peninsula. This event ranks as the sixth largest earthquake ever recorded and generated a massive tsunami, which led to pro-
longed tsunami warnings and advisories being issued across Japan. Previous studies have reported that large earthquakes can
introduce ionospheric disturbances through various mechanisms, and it is highly likely that such disturbances also occurred
in association with this earthquake. In this study, we analyzed ionospheric disturbances triggered by the Kamchatka earth-
quake using HF Doppler sounding observations. HF Doppler observations are conducted at 11 stations across Japan under the
operation of four institutions led by the University of Electro-Communications. This network conducts simultaneous observa-
tions at four frequencies transmitted from the three stations: the Chofu campus of the University of Electro-Communications
(5.006 MHz and 8.006 MHz), the Radio NIKKEI Nagara transmitting station (6.055 MHz), and the Nemuro transmitting
station (3.925 MHz). However, the 3.925 MHz transmission was suspended at the time of the earthquake. In addition, almost
no Doppler frequency variations were observed at 5.006 MHz, most likely because the reflection altitude for receivers near
the Kanto region was confined to the E region, while signals did not reach distant stations due to the low reflection height.

Analysis of the Doppler frequency variations just after the earthquake revealed clear disturbances especially at the Sug-
adaira station. A notable feature was that the oscillation period varied with time. Oscillations with a period of about 2 minutes
were observed for roughly 10 minutes after the onset of the disturbance, followed by oscillations with periods of 3 — 4 min-
utes, and later by oscillations with a period of about 20 minutes. Disturbances were also detected at 6.055 MHz, though they
were less pronounced than at 8.006 MHz. The onset of the initial variations appeared later at 8.006 MHz than at 6.055 MHz.
Considering that 8.006 MHz is reflected at higher altitudes, this delay suggests that atmospheric waves excited by ground
motion—most likely acoustic-mode atmospheric gravity waves— propagated upward and perturbed the ionosphere.

Broadband seismometer (F-net) records from the Onishi station, located near the midpoint between Chofu and Sugadaira
within the NIED seismic network, showed clear ground motion preceding the ionospheric disturbance. This further supports
the interpretation that upward-propagating acoustic waves generated by the earthquake were responsible for the ionospheric
perturbations. The subsequent 3 — 4 minute oscillations may have been caused by acoustic resonance between the ground
and the lower ionosphere. However, while the typical resonance period is about 4 minutes, the observed periods were slightly
shorter. Therefore, it is also possible that atmospheric waves generated by the earthquake propagated as atmospheric gravity
waves. Moreover, seismic records indicated that after the initial strong ground motion, oscillations with a period of approxi-
mately 10 seconds became dominant, suggesting that atmospheric gravity waves originating from the source region may also
have excited ionospheric disturbances. At the Sugito station, by contrast, persistent short-period oscillations were observed,
exhibiting behavior markedly different from that at Sugadaira.

These results indicate that more detailed station-specific analyses are required. Future work will incorporate additional
datasets, such as GPS-based observations, to conduct more comprehensive investigations of the ionospheric response to the
Kamchatka earthquake.
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GNSS Observations of Traveling Ionospheric Disturbances Following the 2025
Offshore Kamchatka Peninsula Earthquake
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Atmospheric waves generated by disturbances on the Earth’s surface, such as earthquakes and tsunamis, are known to
propagate upward and cause variations in the electron density in the ionosphere. In this study, we investigated traveling iono-
spheric disturbances (TIDs) that occurred after the great earthquake of Mw 8.8 off the Kamchatka Peninsula that occurred at
23:24 UT on 29 July 2025, using total electron content (TEC) data obtained from the dense GNSS receiver networks across
Japan. Deviations of TEC from 15-minute running averages were calculated for each pair of satellite and receiver at more than
4,000 stations, and projected onto an ionospheric altitude of 300 km in the geographical coordinates. Two-dimensional maps
of TEC perturbations were then constructed with a spatial resolution of 0.02° in latitude and longitude. The results reveal
that southwestward-propagating TIDs with a phase velocity of approximately 1 km/s at the east of Japan between 00:03 and
00:08 UT on 30 July. Based on the observed propagation direction, speed, and the elapsed time from the earthquake, these
TIDs are attributed to acoustic waves generated at the epicenter and propagating through the thermosphere to the Japanese
region. Furthermore, another southwestward-propagating TID with phase velocity of approximately 300 m/s was observed
from 03:05 to about 03:35 UT, approximately 3 hours and 40 minutes after the earthquake. This TID is considered to have
been caused by atmospheric waves generated by the tsunami that propagated to the vicinity of Japan.
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