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Feasibility Study of Solar Flare Prediction Using Observational Data-Driven

MHD Simulations
#Takafumi Kaneko®)
(INiigata University

We examined the applicability of observational data-driven MHD simulations to flare prediction. The data-driven MHD
simulations adopt the time series of the observed magnetograms as the bottom boundary condition to reproduce the time
evolution of the three-dimensional magnetic field. Since the data-driven method uses the magnetogram data beyond the
simulation time, it has been employed to reproduce already-observed flare events in the past. However, its applicability
to future flare prediction is unclear since we cannot obtain future magnetograms. In this study, we investigated whether a
flare can be reproduced in the simulations even if the input of observed magnetogram was stopped before the actual flare
onset time. The target event was the X1.7 class flare that occurred in the NOAA AR 13663 at 02:22 UT on 3 May 2024.
We employed an electric-field-driven method, in which the electric fields (velocity fields) were derived from the time series
magnetograms to use as the boundary inputs. We compared two different models: in one model (Model 0), the electric field
was fixed to zero after the final observed time, and in the other model (Model 1), the electric field at the final observed time
was continued to input with an exponentially decaying magnitude on the 12 min timescale. For each model, we varied the
final observed time to 82 min, 70 min, 58 min, 46 min, and 34 min prior to the actual flare onset time. As a result, in Model
0, the flare was not reproduced when the final observed time was 70 min or earlier. In Model 1, the flare was reproduced in
all cases; however, the released energy was smaller as the final observed time was earlier. These results suggest that Model 1
is more suitable for extending the leading time of flare prediction. Quantitative prediction of flare energy remains a topic for
future studies.
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Mass Contribution to Coronal Mass Ejections(CMEs) from Plasma Flow in Dim-
ming Regions

#Yuto Hiraoka®), Shinsuke IMADAY), Munehito SHODAY

(I The University of Tokyo

Coronal mass ejections (CMESs) associated with solar flares profoundly perturb the Sun — Earth system, driving geomag-
netic storms and diverse societal impacts. The total CME mass may be supplied not only by the erupting core but also by
surrounding coronal regions that exhibit long-lasting intensity depletion ( “coronal dimming”). Sustained EUV upflows ob-
served over several hours in these regions—often termed “dimming flows”— suggest a continuous mass supply. For the 2006
December 14 X1.5 flare, Jin et al. (2009) used Hinode/EIS to estimate the dimming-flow contribution and found it to exceed
the LASCO-inferred CME mass by about an order of magnitude, implying potential underestimation of CME mass budgets.

To quantitatively evaluate whether CME - ejected mass can exceed conventional estimates by an order of magnitude, this
study estimates the mass contribution of dimming flows to the CME mass budget. Using extreme-ultraviolet (EUV) obser-
vations from SDO/AIA, we identified dimming regions following the methodology of Dissauer et al. (2018). We further
estimated plasma densities from the observations and, by assuming flow speeds, calculated the ongoing mass supply rate
associated with the dimming flows. As a result, for multiple events we find that incorporating the contribution of dimming
flows can increase the inferred CME mass by up to approximately one order of magnitude relative to conventional estimates.
We also re-examine the relationship between magnetic-field strength and Doppler velocity proposed by Jin et al. (2009),
reassess dimming-flow velocities via spectroscopic analysis, and discuss the underlying physical mechanisms.
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Empirical Optimization of the Source-Surface Height in the PFSS extrapolation
#Munehito Shoda®), Kyogo TOKORO"Y), Daikou SHIOTA?), Shinsuke IMADAY)

(IDepartment of Earth and Planetary Science, School of Science, The University of Tokyo, (*National Institute of Information
and Communications Technology

The Potential Field Source Surface (PFSS) method is a widely used magnetic field extrapolation technique in the space
weather community. The only free parameter in the PFSS method is the source-surface height (Rss), beyond which all field
lines are open. Although Rss is known to vary with solar activity, there is no consensus on how to determine it for a given
surface magnetic field distribution. In this study, we investigate the nature of Rss using a long-period (2006 — 2023) data,
covering two solar minima and one maximum. We adopt ADAPT-GONG magnetograms and determine Rss by matching
the open flux estimated from observations at 1 au with that calculated using the PFSS method. The analysis reveals that Rss
increases slightly after the solar minima and around the solar maximum and can be fitted by the following empirical formula:

Rss/R0O = Max[ 0.067 (BO/1G) + 1.36,2.93 fdip + 0.73 ],

where RO is the solar radius, BO is the mean unsigned radial magnetic field at the photosphere, and fdip is the ominance
of the dipolar-field component over quadrupolar and octupolar components in terms of energy. Our results suggest that Rss
does not exhibit a simple monotonic dependence on the solar activity and must be determined by properly considering both
surface magnetic field strength and global field structure.



R010-04
B4&ig : 1124 PM2 (16:05-18:05)
16:50~17:05:00

BREDHEAMTRIKZRAREICS X S5HE
#GE B D, R A D, S B D
O ssksy

The effect of the radial profile of flux-tube shape on solar wind speed
#Kyogo TOKOROY , Munehito SHODAY, Shinsuke IMADA)
(1 The University of Tokyo

The solar wind is a key factor in the space weather and its forecasting. In particular, the temporal and spatial structure of the
wind speed is closely linked to the occurrence of co-rotating interaction regions (CIRs) and the propagation of interplanetary
coronal mass ejections (ICMEs). Most space weather forecasting models adopt empirical methods to specify the solar wind
parameters at the inner boundary, aiming to reduce computational costs. One of the conventional empirical laws for the solar
wind speed is the Wang-Sheeley relation (Wang & Sheeley 1990; Arge & Pizzo 2000), which describes an inverse correlation
between the solar wind speed and the flux-tube expansion factor. However, it has been suggested that this model overestimates
solar wind speeds by up to several hundred km s~! in regions between coronal holes with the same magnetic polarity, known
as pseudostreamers (Riley et al. 2015; Tokumaru et al. 2024). Pseudostreamers exhibit non-monotonic expansion of magnetic
flux tubes, with the expansion factor reaching a peak (Panasenco et al. 2019), which may contribute to the overestimation.
Observational studies also indicate that expansion height, rather than the expansion factor, is a key parameter (Dakeyo et al.
2024). These findings suggest that the shape of magnetic flux tubes in the intermediate region between the coronal base and
the source surface plays a crucial role in determining solar wind speed.

To develop a novel empirical law for solar wind speed that incorporates the radial profile of flux-tube shape, we investigate
the effect of magnetic flux tube shape variations using physical simulations. To this end, we solved a one-dimensional wave-
driven magnetohydrodynamic (MHD) simulation from the photosphere to interplanetary space, with calculations performed
while varying the magnetic field and expansion factor. As a result, we find that variations in the magnetic flux tube shape in
the intermediate region significantly alter solar wind speed by up to several hundred km s—!. Moreover, we find that features
which reflects the information about the radial profile of flux-tube shape are found to correlate more strongly with the solar
wind speed than with the expansion factor at the source surface. This is attributed to the effects of expansion height on
density and changes in wave energy dissipation processes, and implications for solar wind speed prediction and observational
validation are discussed.
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Development of a Data Archive for the SUSANOO-SW Model and Its Applica-

tions

#Shota Chiba!), Daikou SHIOTA?), Yoshizumi MIYOSHI"), Tomoaki HORI"), Chaewoo JUNY), Atsuki SHINBORI'), Nar-
itoshi KITAMURA), Kazuhiro YAMAMOTO"Y), Tomonori Segawa®), Haruhisa INTMA"), Satoshi MASUDAY, Kazumasa
TWATY

(Unstitute for Space-Earth Environmental Research, Nagoya University, (*National Institute of Information and Communi-
cations Technology, (®Technical Center, Nagoya Univ.

The Space-weather-forecast-Usable System Anchored by Numerical Operations and Observations ~ (SUSANOO; Shiota
et al., 2014; Shiota & Kataoka, 2016) is a global magnetohydrodynamic (MHD) simulation of the solar wind in the inner
heliosphere. SUSANOO provides comprehensive and valuable datasets for space weather research. In particular, the version
incorporating real-time observations of coronal mass ejection (CME), SUSANOO-CME, has been operated by National In-
stitute of Information and Communications Technology (NICT) for predicting the arrival of CMEs and their magnetic field
since August 2022. Although the real-time forecast using the SUSANOO Solar Wind (SUSANOO-SW) model is published
through websites, their digital datasets have not been available yet. Furthermore, archiving a large volume of 3-D simulation
data as a whole is not necessarily user-friendly: handling 3D simulation data is often tough for users who are not familiar with
them. To overcome this limitation and promote wider use of SUSANOO data, the Center for Heliospheric Science (CHS),
operated by the Institute for Space-Earth Environmental Research (ISEE) of Nagoya University, Japan Aerospace Explo-
ration Agency (JAXA), and the National Astronomical Observatory of Japan (NAOJ), has been developing a new scientific
data archive for the SUSANOO-SW model. For improving the usability, we provide time series data of simulated solar wind
parameters at planets and spacecraft, as well as 2-dimensional distribution of solar wind velocity on the ecliptic plane. Those
time series data are archived in the Common Data Format (CDF) because this is widely used in Solar-Terrestrial Physics
(STP) missions. In addition to the data archive, CHS is also developing a set of plug-ins for the space physics environment
data analysis system (SPEDAS) in both IDL and Python. In this presentation, we describe the latest status of the data archive
development and show some examples of a scientific application to space weather studies.
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Real time monitoring of the rigidity spectrum of Forbush decreases using neutron
monitor and muon detector at Syowa Station

#Yuki HAYASHI), Kazuoki MUNAKATA!), Masayoshi KOZAI?), Ryuho KATAOKA®), Akira KADOKURA?), CHIHIRO
KATOY, Shoko MIYAKE®), Kiyoka MURASE®)

(1Shinshu University, (?ROIS-DS, (*OIST, “*KOSEN Gifu, (°Kitami Institute of Technology

Large Forbush decreases (FDs) in the Galactic cosmic ray flux were observed by the paired neutron monitor (SNM) and the
vertical channel of the muon detector (SMDV) at Syowa Station, Antarctica in May and October, 2024. The maximum count
rate depressions in SNM and SMDV are ~ 10% and ~ 5% in the May FD, respectively. In the October FD, the observed count
rates decreased in two steps following two successive interplanetary shocks. The maximum count rate depression recorded
by SNM (SMDV) is ~ 7% (~ 3%) in the first step, while it is ~ 8% (~ 5%) in the second step. It is demonstrated that the
count rate fraction (Fn) using paired SNM and SMDV count rate is a good real-time indicator of the temporal variation of the
cosmic ray rigidity spectrum (A I' (P, t)), which is an important parameter for identifying the physical processes responsible
for FDs. It is verified that the variation of Fn is consistent with A I' (P, t) calculated from Global Fitting Analysis (GFA). Fn
also shows a significant increase of A I' (P, t) during the Ground Level Enhancement (GLE) due to solar energetic particles
on May 11 superposed on the FD recovery phase, implying that the total (Galactic + solar) cosmic ray spectrum is softened
due to the contribution from GLE intensity steeply increasing with decreasing rigidity. This implies that Fn can be also a
good indicator of small GLEs which are sometimes difficult to identify in the count rate variation when masked by an FD
and the associated diurnal anisotropy. These capabilities of Syowa cosmic ray observations have been improved by doubling
the detection area of SMDV in early 2025. We are now ready to observe forthcoming FDs and GLEs with this improved
observations at Syowa Station. In this talk, we will report a possibility of real time monitoring of the rigidity spectrum of
Forbush decrease with the paired neutron monitor and muon detector at Syowa Station based on the analysis of large Forbush
decrease in May and Octorber, 2024.
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Upgrading the Cosmic-Ray Muon Observation System and the Iceland Deploy-
ment Plan

#Masayoshi Kozai®), Akira KADOKURA'), Chihiro Kato?), Kazuoki MUNAKATA?), Naoko Miyashita?), Yuki Hayashi?),
Ryuho KATAOKA®), Shoko Miyake®, Kiyoka MURASE®), Yoshimasa TANAKA®%)

(1ROIS-DS, (Shinshu Univ., (*0IST, “KOSEN Gifu, (°Kitami Institute of Technology, (’NIPR

The momentum-space distribution function of galactic cosmic-rays (GCRs) is observed as their anisotropy at Earth, en-
abling us to probe three-dimensional solar wind structures based on the GCR transport equation. Thanks to the high pene-
tration power of cosmic-ray muons in the atmosphere, ground-based muon detectors feature an excellent angular resolution,
angular acceptance, and statistics for GCRs, all essential to measure the anisotropy. The Global Muon Detector Network
(GMDN) [1] has been a unique experiment deploying muon detectors worldwide to secure high sensitivity to the anisotropy.
GMDN started with two-hemisphere observations in Nagoya (Japan) and Hobart (Australia) from the 90s, and the core 4-
station network was established in the 2000s by initiating Sao Martinho da Serra (Brazil) and Kuwait stations. The initial
goal of construction was achieved in 2016 by expanding the Kuwait detector.

GCR anisotropy varies with GCR rigidity, and combining the anisotropies with their rigidity dependence enables us to
fully reconstruct the momentum-space distribution of GCRs. Recent advances in data analysis techniques are shedding new
light on rigidity-dependent anisotropy [2,3,4], but there are still limitations in the observation network. The geomagnetic
field deflects GCR trajectories, causing the muon detector’s viewing direction to be biased eastward and toward the opposite
hemisphere in the magnetosphere. This effect prevents low- and mid-latitude detectors from observing high-latitude direc-
tions, especially for low-rigidity (below 50 GV) GCRs. Only muon detectors in the geographic polar region are sensitive
to low-rigidity GCRs incoming from high-latitude directions. We are planning to install a muon detector in Iceland, and its
polar conjugate observation with the Syowa Station detector, which was started in 2018, will address this insensitive region
in the GCR momentum space.

This new observation opportunity in Iceland also provides a chance to upgrade the GMDN observation system and data
pipeline, whose basic designs were established in the 2000s. In addition, constraints specific to the Icelandic observation site,
unlike those at other GMDN stations, enable us to demonstrate a new design concept, such as a field-deployable or portable
observation unit.

The scientific impact of the Icelandic observation was quantitatively evaluated by the GCR trajectory simulation in the
geomagnetic field. Deploying plastic scintillator paddles as a multi-directional muon detector is studied by evaluating their
characteristics, developing a custom front-end board, and performing a particle transport simulation. A compact size and
low-cost signal processing unit is also under development. We also demonstrated the conversion of muon observation data
into the Common Data Format, and its publication through IUGONET [5] with a data analysis tool [6], aiming to establish
an end-to-end data pipeline. We will report on these activities related to the Iceland observation plan.

[1] http://hdl.handle.net/10091/0002001448

[2] R.R.S. de Mendonca et al., 2016, ApJ, https://doi.org/10.3847/0004-637X/830/2/88.
[3] K. Munakata et al., 2022, ApJ, https://doi.org/10.3847/1538-4357/ac91c5.

[4] M. Kozai et al., 2024, Ap]J, http://dx.doi.org/10.3847/0004-637X/825/2/100.

[5] https://search.iugonet.org/metadata/001/00003723

[6] https://doi.org/10.5281/zenodo.15844859



R010-08
B&ig : 11/25 AM1 (9:15-10:45)
9:15~9:30:00

#HR HERS D), A KR D
(0 RBRAK

Modeling of plasma environment for spacecraft surface charging analysis in the
inner magnetosphere

#Masao Nakamura®), Daichi Matsui®)

(10saka Metropolitan University

Spacecraft surface charging is caused by the accumulation of electrostatic charge on a spacecraft’s external surfaces due
to interactions with the surrounding space environment, which includes ambient plasmas and solar radiation. This can lead
to spacecraft anomalies resulting from electrostatic discharges (ESD) that potentially damage electronic components. We
investigated surface charging levels and plasma energy flux data in the inner magnetosphere using the Van Allen Probes.
The analysis indicates that the integral flux of high-energy electrons (>"8 keV) serves as a useful index for the necessary
conditions for surface charging in the inner magnetosphere, in line with previous studies conducted in geostationary orbit.
However, sufficient conditions also depend on the influence of photoelectron and secondary electron emissions, which vary
based on the parameters of the spacecraft’s surface materials. Therefore, the rate of low-energy electron flux (hundreds eV)
that generates secondary electron emission is important for evaluating surface charging levels. We present the results of a
statistical analysis of the plasma environment in the inner magnetosphere and discuss how to model the plasma environment
for surface charging analysis.
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Identification of auroral emission altitudes associated with relativistic electron
precipitation events observed by ISS-CALET

#KYUTARO YANAGISAWAY, Ryuho KATAOKA?), Kanako SEKI™%), Kazuo SHIOKAWA®, Yoshizumi MIYOSHI®),
Shoji Torii?, Satoshi Nakahira® , Connors Martin”), Whiter Daniel®

(IThe University of Tokyo, Graduate School of Science, Department of Earth and Planetary Science, (2QIST, 3Research
Center for Advanced Science and Technology, The University of Tokyo, “Institute for Space- and Earth Environmental
Research, Nagoya University, (°Nagoya University, (éSouthampton University, (" Athabasca University, (SJAXA ISAS
(OWaseda Research Institute for Science and Engineering

High-energy electrons trapped in the radiation belts can sometimes precipitate into the atmosphere, causing relativistic
electron precipitation (REP) events. The emission altitude of the REP-related aurora depends on the energy of precipitating
electrons or protons, which can contribute to identifying the possible wave mode which caused REP. REP events are occasion-
ally observed by the ISS CALorimetric Electron Telescope (CALET). Magnetospheric plasma waves such as EMIC waves
and chorus waves have been identified as the possible causes of the REP events (e.g., Kataoka et al., 2020 EPS). However,
the corresponding REP-footprint auroras have not been investigated in detail. This study addresses this issue, identifying
the REP-footprint aurora by examining whether REP events are accompanied by visible aurora and estimating their emis-
sion altitudes.On August 30, 2024, we installed identical all-sky cameras at observation sites “25 km apart, AUGO (54.71N,
113.31W) and AUGSO (54.60N, 113.64W) in Athabasca, Canada. The selected wavelength is 427.8 nm, and the targeted
auroras are isolated proton aurora caused by EMIC waves, and pulsating aurora by chorus waves, where the corresponding
emission altitude peaks are >100 km and <100 km, respectively. From approximately one year observations, we identified a
total of 52 REP events from the ISS-CALET 1 sec cadence Charge Detector (CHD) dataset for night-time clear-sky conjunc-
tions between the ISS and Athabasca. Among these 52 REP events, 5 events showed auroral signatures near the ISS footprint,
11 events showed auroras somewhat away from the ISS footprint, and 36 events showed no related auroras in the all-sky
field-of-view. The REP event on May 3, 2025 is the best-representative REP-footprint pulsating aurora event. We estimated
the pulsating auroral emission altitude using two independent stereoscopic methods of Kataoka et al. (2013 AnnGeo) and
Whiter et al. (2013 GeoSci), to obtain consistent results of approximately 90 [X| km peak altitude. The results suggest that
this particular REP event on May 3, 2025 was caused by chorus waves, which result in the high flux of tens-of-keV electron
precipitation, therefore leading to the observed pulsating auroras at "90km altitude. In this presentation, we report the details
of the May 3 event as well as other conjunction event examples.
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Three-dimensional structure and causality of global ionospheric currents trig-
gered by Region-1 FAC
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Planetary Sciences, Faculty of Science, Kyushu University

There exists a global current system in the ionosphere due to magnetosphere-ionosphere coupling. However, the three-
dimensional structure and causality of it is not well known.

Previous studies on magnetosphere-ionosphere (M-I) coupling have approached the problem from different perspectives,
but each still has certain limitations. Nakamizo and Yoshikawa [2019] showed how to globally form the electrostatic po-
tential under the M-I coupled situation with the potential solver, but it was only horizontally two-dimensional. On the other
hand, Fujii et al. [2011] theoretically predicted the three-dimensional current structure with M-I coupling and then Yano and
Ebihara [2021] recalculated it, but they were only high-latitudinal region.

The purpose of this study is to reveal the three-dimensional global continuity structure of the ionospheric current system
triggered by Region-1 FAC. Also, we would show why it has such a structure.

We calculate the current system with electrodynamics component of GAIA [Jin et ai., 2011]. For analysis, we separate
electric field and current into two parts as explained in Yoshikawa et al. [2013]. One is a component in the case of the ab-
sence of Hall conductivity (called primary component), the other is an additional component of existence of Hall conductivity
(called secondary component). Then we could consider the formation mechanism of the current system theoretically from
calculational results.

In this time, we would show the importance of the Cowling effect through the results of how to form the equatorial elec-
trojet, and current structure and causality of off-dip equator and mid-latitude.
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Ionospheric convection associated with low-latitude auroras - dependence on
geomagnetic activity

#Nozomu Nishitani’), Tomoaki HORI?, Keisuke HOSOKAWA®), Atsuki SHINBORI'*), Yuki OBANA®), Mariko
TERAMOTO®, Kazuo SHIOKAWA®, Ryuho KATAOKAT)

(Institute for Space-Earth Environmental Research, Nagoya University, (?Institute for Space-Earth Environmental Research,
Nagoya University, ?UEC, *Nagoya University, ®Kyushu University, (*Kyutech, ("OIST

In recent years, with high solar activity, a series of reports has emerged of low-latitude aurora emissions in Hokkaido,
which is located further south of the statistical auroral oval. Low-latitude auroras observed during relatively large geomag-
netic storms in May and October 2024, and January 2025, have been studied, with ongoing research into the variations
in ionospheric convection associated with these auroral emissions. In contrast, the low-latitude aurora that appeared over
Hokkaido on March 26, 2025, at 10-11 JST, was associated with a low Dst activity of at most -50 to -60 nT, which is
relatively small in terms of geomagnetic activity. At this time, the SuperDARN HOP radar observed an increase in convection
at approximately 52 degrees geomagnetic latitude, sometimes accompanied by shear structures, similar to those observed
during major geomagnetic storms. This paper presents detailed discussions on how small geomagnetic activity can generate
low-latitude auroras and associated convective activity, as well as how geomagnetic activity influences auroral emissions.
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Subauroral Joule-heat estimate using SuperDARN data assimilation via Al emu-
lator of REPPU global MHD simulation
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In this study, we estimate the time evolution of the Joule heating map using the SMRAI emulator model of REPPU global
MHD simulation (Kataoka et al., 2024, Space Weather) with the data-assimilation (DA) of the SuperDARN dataset (Nakano
et al., 2025, submitted to Space Weather). The new SMRAI-DA model results indicate an enhanced Joule heat in the sub-
auroral region, ranging from 50 to 100 GW, during several non-extreme storms (-100 nT minimum Dst level) in 2023 and
2024. We discuss the relationship between the enhanced sub-auroral Joule heat and the red-aurora appearance from the
middle-latitude Hokkaido region, Japan.
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Impacts of Large-Scale Ionospheric Disturbances on High-Precision GNSS Posi-
tioning During Solar Maximum

#Satoshi Fujiwara®) , Motoyuki Hosoya®), Masunori Kitada®)
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1. Introduction

GNSS radio waves, such as those from GPS, pass through the ionosphere and are therefore affected by ionospheric dis-
turbances. We are currently near the peak of the solar cycle, during which such disturbances are becoming increasingly
significant. This presentation describes large-scale ionospheric disturbances that occurred over the past year and a half during
periods of high solar activity, focusing on their impact on precise GNSS positioning.

2. Overview of the Impact on GNSS Positioning

Using Japan’s continuously operating reference station network (GEONET) operated by GSI, we provide a network-based
RTK service that enables position measurements with centimeter-level accuracy every second anywhere in the country. High-
precision positioning is classified into two categories: fixed solutions (integer ambiguity resolved, centimeter-level accuracy)
and float solutions (ambiguity unresolved, decimeter- to meter-level accuracy).

From October 2024 to April 2025, increased solar activity led to frequent positioning failures caused by medium-scale
traveling ionospheric disturbances (MSTIDs) and other factors. However, the impact of these small- to medium-scale dis-
turbances is more pronounced when the baseline positioning accuracy is already degraded due to multipath effects, radio
interference, or other environmental factors affecting the receiver. Typically, the periods without fixed solutions are short, and
the spatial extent of such disturbances is limited.

3. Large-Scale GNSS Positioning Disturbances over the Past 1.5 Years

Significant large-scale ionospheric disturbances affecting GNSS positioning occurred three times between February 2024
and July 2025.

Two of these events occurred from approximately 22:00 JST on May 11, 2024, to 08:00 on May 12, and from approxi-
mately 21:00 on June 2, 2025, to 06:00 on June 3, 2025. Both events shared the following features:

(1) occurrence from night to morning,

(2) movement of the affected area from northeast to southwest, and

(3) several hours of impact at each station.

Although similar in appearance to MSTID events, these disturbances lasted longer, covered a wider area, and had a greater
impact.

The third event occurred from approximately 13:00 on January 1, 2025, to 14:00 on January 2. A disturbance first appeared
near Kyushu, expanded to the Tohoku region, then returned southward within a few hours before dissipating. This cycle
repeated several times with varying intensities, resulting in an overall duration of about 24 hours. The fluctuation pattern
resembled that of plasma bubble phenomena, though the largest disturbance occurred around 06:00.

All three events shared the following characteristics:

(1) long duration of impact,

(2) wide geographic extent,

(3) large variability in positioning values even with fixed solutions,

(4) occurrence during geomagnetic storms, and

(5) simultaneous observation of low-latitude auroras in Japan (e.g., in the second case, an aurora was observed on the day
before, June 3, 2025, whereas in the other events the aurora was observed on the same day).

4. Implications for Space Weather Forecasting

Since ionospheric disturbances are neither visible nor directly perceptible, space weather forecasting— capable of predict-
ing such disturbances in advance—is highly valuable. Among the three cases reported here, NICT issued a prior warning for
the May 2024 event due to a large solar flare, but the other two events occurred without any special warnings. Additionally,
a large solar flare warning issued in October 2024 turned out to be a false alarm in terms of GNSS impact.



Nevertheless, all large-scale GNSS disturbances coincided with geomagnetic storms and observations of low-latitude au-
roras, indicating that there were at least indirect precursors. We therefore anticipate advances in forecasting capabilities that
can more reliably predict ionospheric disturbances affecting GNSS positioning.
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Figure GNSS kinematic positioning fix status due to large-scale
ionospheric disturbances
-- Top: May 11-12, 2024 Bottom: January 1-2, 2025
-- Fixed solutions (blue) and float solutions (black) every 10 minutes
-- GEONET stations are arranged from northeast to southwest on the
Japanese archipelago tilted at a 45-degree angle.
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Impact of ionospheric disturbances on next generation SBAS broadcast from

QZSS in the Arctic
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Aviation and maritime activities in the Arctic are growing with the decline in Arctic Sea ice. This decline in the Arctic
Sea ice leads to increase maritime activities regarding ocean resources and vessel traffic. Aviation activity is also expected
to increase with the increase in maritime activities. A model study suggested that the Global Navigation Satellite System
(GNSS), which operates with the augmentation system such as the Satellite-based augmentation systems (SBAS) and
Advanced Receiver Autonomous Integrity Monitoring (ARAIM), is effective for the navigation of aviation and maritime
in the Arctic because of poor infrastructures. However, the current L1 SBAS broadcasts augmentation messages from
geostationary (GEO) satellites, which are not available practically in the polar region at a latitude of 72 degrees or higher.
The Dual Frequency Multi Constellation Satellite Based Augmentation System (DFMC SBAS) has been standardized by the
International Civil Aviation Organization (ICAO). Broadcasting augmentation messages from the Inclined Geosynchronous
Orbit (IGSO) satellite is considered to be included in the future updates. The Electronic Navigation Research Institute
(ENRI) developed a DFMC SBAS prototype based on the draft standards, and test messages are broadcast from the Japanese
Quasi-Zenith Satellite System (QZSS).

An evaluation of the performance of DFMC SBAS broadcast from QZSS was conducted in Oslo, Norway (10.72 deg.
E, 59.94 deg. N) from 24 February 2021 to 17 March 2021. They successfully received the DFMC SBAS messages from
QZSS, and GPS, Galileo, GLONASS, and BeiDou signals. They analyzed the errors in the position solutions as well as
vertical and horizontal protection levels by using GPS L1/L5 and Galileo E1/E5a signals augmented by the DFMC SBAS.
The positioning errors did not exceed the protection level, and the availability was 84.8% for the LPV 200 during this time
interval. In this study, they concluded that the augmentation message could be used in the Arctic region, and suggested that
the availability will be improved if three or more monitor stations are newly installed in the European region.

As the next step of our investigation, we installed a GNSS receiver, a DFMC SBAS receiver, and a software-defined
radio receiver in Ny—Alesund, Norway (78.9° N, 11.9° E) on August 7, 2024. In this high-latitude location, augmentation
messages from GEO satellites are not practically receivable. In contrast, QZSS satellites reach an elevation angle of
approximately 20 degrees and remain visible for nearly 24 hours per day. The ionosphere above Ny-Alesund is frequently
disturbed by geomagnetic activity, often leading to fluctuations in the GNSS carrier phase, known as phase scintillation.

The aim of this study is to evaluate the performance of the DFMC SBAS broadcast by QZSS satellites and to assess the
impact of geomagnetic disturbances on DFMC SBAS performance in the Arctic region. The GNSS ranging signals were
collected using a JAVAD DELTA GNSS receiver, which was synchronized to a 10 MHz reference clock generated by a
Stanford Research FS-725 rubidium atomic clock. This high-stability reference enabled the detection of phase scintillations
associated with plasma density irregularities in the ionosphere. For the reception of DFMC SBAS messages, we employed
a CORE Chronosphere receiver. A Tallysman Veraphase 6000 antenna, capable of tracking signals in the L1, L2, and L5
frequency bands, was used for both receivers.

Stable observations have been continuously carried out over one year. Several geomagnetic disturbances occurred within
the observation period. During this time interval, an enhancement of phase scintillation index was observed in Ny-Alesund.
Although signals from QZSS also fluctuated due to ionospheric disturbances, there is no errors in reception of the DFMC
SBAS messages. This suggests that the reception of DFMC SBAS messages broadcast from QZSS in the Arctic region
is possibly unaffected by ionospheric disturbances such as auroras. However, it is necessary to conduct a statistical study
that examines DFMC SBAS message reception. Furthermore, a comparison of positioning solutions using augmentation
messages with the horizontal and vertical protection levels is also essential to verify the integrity and availability of DFMC
SBAS.

In this study, we will report whether GPS and Galileo satellites, augmented by the DFMC SBAS as well as QZSS,
were affected by ionospheric disturbances during the observation period by our measurements and ionospheric observation
at Ny-Alesund and Longyearbyen. Based on this analysis, we will discuss the impact of ionospheric disturbance on the
performance of DFMC SBAS.
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Enhancement of ionospheric sporadic E layer during May 2025 super magnetic
storm: global distribution and mechanisms
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SporadicE(Es)layerplaysaprominentroleinrevealingbothupwardanddownwardatmosphere -

ionosphere coupling process. This study investigates the responses of Es layers to the May 2024 super geomagnetic storm
by using 37 ground - based ionosondes distributed globally and space - based COSMIC - 2 radio occultation observations.
The results show that Es layers were significantly enhanced during the recovery phase of geomagnetic storm. In addition,
the enhanced Es layers mainly occurred over Southeast Asia, Australia, the South Pacific and the East Pacific. The temporal
evolution of foEs disturbances over the Asian - Australian sector clearly shows the “wave propagation” characteristics from
high to low latitudes, indicating that the enhancements of the Es layers are most likely caused by the disturbed neutral winds
in the E region.This study presents observational evidence for the downward impacts of the geomagnetic storm on the E -
region. Results published in Qiu & Liu (2025), GRL, https://doi.

org/10.1029/2025GL115154.
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Lower Thermospheric Response to the Severe Geomagnetic Storm during Octo-
ber 2024 Revealed by X-ray Observations
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The recent surge in the number of artificial satellites in low Earth orbit has heightened the importance of precise space
weather characterization for ensuring safe satellite launch and operation. Among space weather phenomena, extreme
geomagnetic storms can induce significant thermospheric density perturbations, leading to substantial orbital deviations.
Accurate quantification of atmospheric density variations during such events is therefore critical for reliable orbit prediction
and satellite safety. However, due to the rarity of intense geomagnetic storms, observational data capturing atmospheric
responses remain limited. We have recently pioneered a novel observational technique utilizing X-ray astronomy satellites
to probe the upper atmosphere. Since cosmic X-rays are predominantly absorbed in the lower thermosphere (100 - 200 km
altitude), this method offers a unique opportunity to investigate this otherwise elusive region.

The geomagnetic storm that occurred between October 10 and 13, 2024 (minimum Dst index: — 335 nT), ranked as
the second most intense event of Solar Cycle 25, provided a rare opportunity to examine the thermospheric response to
a large-scale storm. During this period, the X-ray astronomy satellite XRISM conducted calibration observations of the
Cygnus Loop (October 10) and E0102 (October 10 — 12). By analyzing atmospheric occultation data obtained immediately
after these sources rose from the Earth’s nightside, and X-ray emissions from the sunlit Earth limb just prior to setting, we
successfully derived vertical profiles of atmospheric density and the O/N composition ratio. The occultation data yielded
density profiles from 120 to 250 km in 20 km intervals, while the limb observations provided composition profiles from 100
to 300 km in 10 km intervals.

Our analysis revealed that total atmospheric density remained nominal prior to the storm, increased by approximately a
factor of two during the main phase, and decreased by several tens of percent during the early recovery phase. Furthermore,
the ratio of fluorescent O-K to N-K emission line intensities (O/N) decreased by 50 — 60% during the three-hour peak of
storm activity. Considering the occultation-derived total densities of oxygen and nitrogen, and the associated changes in
photoelectric absorption, the observed O/N reduction is consistent with nitrogen and oxygen densities increasing to 2.2 and
1.5 times their quiet-time values, respectively, during the storm’s main phase.

Based on these findings, we infer the following sequence of thermospheric response: The geomagnetic storm, triggered
by a coronal mass ejection arriving between 16:00 and 23:00 UT on October 10, induced strong Joule heating in the
polar regions during the main and early recovery phases. This heating caused polar atmospheric expansion and uplift of
nitrogen-rich neutral air from the lower thermosphere to higher altitudes, followed by equatorward transport. Consequently,
by early October 11 (around 03:30 local time, 01:00 UT), the equatorial thermosphere exhibited expansion and a marked
decrease in the O/N ratio.

Simulations using the GAIA model, incorporating geomagnetic storm effects, successfully reproduced the observed
density enhancement during the main phase. However, the model failed to replicate the pronounced decrease in the O/N
composition ratio, indicating the need for further refinement of atmospheric models to fully capture the complex dynamics
of storm-time thermospheric responses.
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Effects of Large-Scale Space Weather on the Earth’s Upper Atmosphere from
Satellite Orbital Changes

#Hayato Tanaka®®), Takao Nakagawa2’6), Satoshi Nozawa?®), Toru Tamagawa3’5), Naoyuki Ota®), Tomoshi Takeda®, Teru-
aki Enoto”), Wataru Iwakiri®?), Takao KitaguchiS) , Tatehiro Mihara®, Amira Aoyama3), Tomoko Iwata3), Toyoyuki Kita?,
Takuya Takahashi®), Kaede Yamazaki®), Souma Tsuchiya?’) , Yousuke Nakano?), Mayu Ichibangasem)

(Unstitute of Science Tokyo, (*Tokyo City University, (*Tokyo University of Science, (“Ibaraki University, (®Institute of
Physical and Chemical Research, (®Institute of Space and Astronautical Science, ("Kyoto University, (*Hiroshima Univer-
sity, (?Chiba University, (\°Rikkyo University

In this study, we investigate the relationship between solar activity and thermospheric variations using GPS data from the
low-Earth orbit CubeSat NinjaSat in 2024, a year of exceptionally high solar activity with some of the largest flares and CMEs
in history. Orbital altitude changes derived from GPS data were compared with those propagated from NORAD Two-Line
Elements (TLEs), allowing extraction of atmospheric drag effects with high time resolution.

Our statistical analysis reveals a delayed response of orbital altitude decay to solar EUV irradiance. Variations in shorter
EUV wavelengths (25.6 — 30.4 nm) show a delay of 30 — 36 hours, while longer wavelengths (117.5 — 140.5 nm) exhibit a
delay of 48 — 54 hours at 500 km altitude. These results demonstrate that the thermosphere responds on distinct timescales
depending on EUV spectral range.

Furthermore, by removing EUV-driven effects, we examined atmospheric responses to extreme geomagnetic storms trig-
gered by major CMEs in May and October 2024. Correlation analysis with geomagnetic disturbance indices indicates con-
tributions from auroral electrojet as well as Joule heating.

Overall, our results show that during quiet periods, solar EUV heating is the dominant driver of thermospheric density
variations, whereas during extreme geomagnetic storms, Joule heating becomes significant, rapidly enhancing atmospheric
density at higher altitudes.
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Space weather forecast operation: current status and future developments
#Yuki Kubo?)
(INational Institute of Information and Communications Technology

Space weather is a field which discusses not only an effect of solar activity on space environment around the Earth but also
an influence on social infrastructure, and has a direct connection to our social life.

Recently, solar activity reaches it maximum and effect of its activity on social infrastructure is getting a hot topic.

Space weather forecast, as same as the terrestrial weather, is issued in 24/7 by National Institute of information and com-
munications technology (NICT). NICT is the only national organization which operates space weather forecast as a public
service. In an aviation industry, space weather information has been issued by International Civil Aviation Organization
(ICAO) space weather center as a mandatory information for commercial aviation flight, and it is currently in operational use.

Space weather forecast operation in Japan originates in late 1940’s as a radio propagation alert which was renamed to
space weather forecast in 1988, and it has been continued since then. Various methods, models, and technologies for space
weather forecasting have been developed in this long history. However, unfortunately, the awareness of these activities, such
as forecasting information, methods and models, is not enough.

A brief introduction on space weather forecast operation in Japan is presented and the methods, models, and technologies
for future forecasting will be presented in this talk.
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New space weather alert considering social impact and space weather information
usage guideline

#Takuya TSUGAWA)

(INational Institute of Information and Communications Technology

NICT launched the space weather alert for social impacts and risks (SAFIR) and released the ”Space Weather Information
Utilization Guideline” in June 2025 based on the new criteria considering social impact recommended by the Ministry of
Internal Affairs and Communications ’Study Group on Advanced Space Weather Forecasting” (hereinafter referred to as the
”Study Group”) in 2022 (https://www.soumu.go.jp/menu_news/s-news/01tsushin05-02000047.html).

Conventional space weather alert criteria focus on the scale of the phenomenon and do not include information on social
impacts. However, in order for users of space weather alert to determine specific responses, it is necessary to provide alerts
based on social impacts. Therefore, the study group discussed new types and criteria of alerts that take into account the social
impact of space weather phenomena, and established a total of 17 types of alerts in the five fields of communications and
broadcasting, positioning, satellite operations, electric power, and aviation exposure. The alert was distributed in the fields of
communications and broadcasting (HF band), space system operation (satellites), and aviation exposure, for which the alert
criteria have been established.

In addition, NICT has created the "Space Weather Information Usage Guideline,” which summarize basic policies on how
users of space weather information should action when they receive the information, and the ”Space Weather Information
Introductory Guide,” which is intended for those who are new to space weather information. These were released in conjunc-
tion with the launch of SAFIR.

By utilizing these information, it is expected that social infrastructure operators in various fields will be able to better under-
stand large-scale space weather phenomena and take safer and more secure countermeasures. The information released this
time will be continuously updated through communication with space weather information users. Regarding SAFIR, NICT
will continue to study the criteria for fields where they have not yet been established, such as the GNSS positioning/navigation
field, and add them to SAFIR as soon as they are established.

THHGEEMITUERE (NICT) Tld, 2022 FORBE [FHRKATMOEELOED T3 28ara) (MU, e
=] rW5,) (https://www.soumu.go.jp/menu_news/s-news/01tsushin05_02000047.html) %321} T, RN ELEE 2
TR B IC D < TFH KRG A XY Ml (SAFIR) ) % 2025 4 6 ADSBtaS 5 & & 1T, Il RKUGHA M A
4 RIA4 ) ZAERUARZRELA LU (hitps:/swe.nict.go.jp/safir/)
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Prediction of the Dst index using Physics-Informed Neural Networks

#Tsuyoshi Nishino®, Yoshizumi Miyoshi'), Yuta Kato':?), Chihiro Mitsuda® )

(nstitute for Space-Earth Environmental Research, Nagoya University, (?Space Data Frontires Research Center, Fujitsu
Limited

Geomagnetic storms, characterized by significant enhancements of ring current, are often associated with severe space
weather events. The Dst index quantifies the intensity of geomagnetic storms, and accurate forecasting of Dst is essential
for space weather forecast. Burton et al. (1975) developed an empirical equation for the temporal evolution of the Dst
index, in which the rate of change of Dst is described in terms of the dawn-dusk solar wind electric field (the product of
solar wind velocity and the north-south IMF component) and the loss. In their model, the injection rate of the ring current
is linearly proportional to the dawn-dusk electric field, while the decay of the ring current is represented by an exponential
term with a characteristic e-folding time. In this study, we develop a Physics-Informed Neural Network (PINN) approach for
Dst forecast. PINNSs are a class of neural network models that incorporate physical laws, typically expressed as differential
equations, directly into the training process. By embedding the empirical equation into the neural network, our PINN follows
the basic physical rules of Dst variation while simultaneously learning from data. In this presentation, we report on the current
progress in developing the PINN for the Dst index.
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The extreme solar and geomagnetic storms in February 1872 and their terrestrial
impacts

#Hisashi Hayakawa®)

(INagoya University

Intense solar eruptions occasionally impact near-Earth space environments, developing geomagnetic storms and extending
auroral ovals to the lower geomagnetic latitudes. So far the greatest geomagnetic storm in the last 2 centuries have been con-
sidered to be the Carrington storm in 1859. However, recent archival investigations have revealed a number of geomagnetic
storms that were as intense as or even possibly more intense than the Carrington storm even in the last 2 centuries. The Febru-
ary 1872 superstorm was one of the most significant cases in such extreme storms. This presentation aims at reconstructing
temporal and spatial evolutions of the source active region, geomagnetic disturbances in the mid to low geomagnetic latitudes,
and extension of the auroral oval on the basis of archival investigations from multiple countries, following Hayakawa et al.
(2023, AplJ, 959, 23) and subsequent studies. The intensity of this superstorm doubled or even tripled the May 2024 storm in
terms of the Dst estimate and offers us an extreme case for discussions on the space weather hazard mitigations.
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Statistical analysis of blackout prediction parameters using ionosondes

#Shinnosuke Kitajima'), Kyoko Watanabe!), Hidekatsu Jin?), Chihiro Tao?), Satoshi Masuda®), Michi Nishioka?)
(1National Defense Academy of Japan, (*National Institute of Information and Communications Technology, (*Institute for
Space-Earth Environmental Research, Nagoya University

High-frequency (HF) radio communication is a critical method often used in disaster response and air traffic control be-
cause of its capability for long-distance communication using reflections in the ionosphere. However, a rapid increase in
solar X-ray emissions during solar flares can cause a sudden increase in electron density in the lower ionosphere, leading to
Shortwave Fadeouts (SWFs) that make HF radio unusable. The most severe situation of these events, where a total fadeout
of the ionospheric echo occurs, are called blackouts.

The magnitude of SWF can be known from a minimum frequency observed in ionograms (f,,,;,,) and blackouts. f,,;, sub-
tracted by its 27-day running median at the same LT (df,,,;,,) correlates well with solar zenith angle and flare class. However,
the blackout duration cannot be explained solely by the flare class or the solar zenith angle, suggesting additional influencing
factors. In this study, we performed a statistical analysis of SWF from 1981 to 2024 at four Japanese ionosonde stations
(Wakkanai, Kokubunji, Yamagawa, and Okinawa). We examined the relationship between observed maximum df,,,;,, values,
blackouts, and solar zenith angle-corrected flare classes. We defined parameter that can contribute to improving the accuracy
of SWF forecasting. We use a Receiver Operating Characteristic (ROC) curve and an Area Under the ROC Curve (AUC) to
evaluate the parameter.

Our analysis revealed a seasonal variation in SWF frequency, with more events in summer and fewer in winter. This sea-
sonal variation was even more pronounced for blackouts, with the highest number of blackouts occurring in July, more than
10 times the number in December. We also found that C-class flares can also cause blackouts from May to August. For
the blackout that occurred in May 2024, the X5.8-class flare on May 11, 2024, lasted longer than the X8.7-class flare that
occurred on May 14, 2024, with the blackout durations in Wakkanai lasting 10 and 105 min, respectively. We found the
probability of occurrence of blackouts was related to a negative storm on May 11, which caused a decrease in the ionospheric
F2 layer critical frequency (f,F2). Statistical analysis also showed that blackouts are more easily to occur when f,F2 is low.
Predicting blackout occurrences requires consideration of ionospheric information before solar flare, such as f,F2.

To address this, we proposed a new prediction parameter, fp =f,F2/(f,F2-f,,,;,,), using f,F2 and f,,;,, observed by ionoson-
des before a solar flare. We defined and evaluated the relationship between fp, flare class (F), and solar zenith angle ()
for df,,;,, = 50FY/4 cos!/? ¥ fp. The ROC analysis yielded an AUC of 0.80 for df,,;, = 3 MHz, demonstrating improved
accuracy in blackout predictions when factoring in pre-flare ionospheric conditions.
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Challenge to establish global ground-based observation community
#Mamoru Ishii")
(INICT/ISEE, Nagoya University

The ground-based observation for space weather monitoring has advantage that has a long history and wide network, but
on the other hand, there are several independent communities in the same instrument and their global standardization is poor
in many field. This situation become an obstacle for data format standardization and data sharing.

WMO-ISES-COSPAR Coordination Team (WICCT) has been established in 2022 by the recommendation of UN/COPUOS
Science and Technology Committee. WICCT has organized the kick-off meeting of International Space Weather Coordination
Forum (ISWCF) on Nov. 17, 2023 at WMO headquarter, Geneve.

WICCT has started to establish a global comprehensive group for coordinating ground-based observation. As the first trial,
ionosonde was chosen and ”Global Ionosonde Observation/Operation network (GION)” was established in March 2025.

GION is now discussing main parameters to input in WMO information system, and preparing the list of observatories,
and format standardization.

I will introduce the statistics and detail of discussion in GION and next step in my presentation.
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Education of Observation and Data Processing with a Digital Image-Recording
Soda Bottle Magnetometer

#Shun IMAJOY
(1Graduate School of Science, Kyoto University

The soda bottle magnetometer, which is a handmade torsion-type magnetic variometer, has been used for space weather
education in middle-to-high latitude regions. However, this teaching material is rarely used in magnetically low latitude
regions such as Japan because manual reading of the light spot reflected from the mirror attached to the sensor magnet cannot
resolve small magnetic field fluctuations. In order to use the soda bottle magnetometer for a class at Kyoto University, I
combined it with a data recording system that uses a webcam to take regular images of the position of the light spot, called
the “Digital Image-Recording Soda Bottle Magnetometer”. The center positions of the light spot were accurately determined
from the digital images using Python programs. The resolution of the magnetic declination is less than "0.08 arcmin (or
70.7 nT of east-west magnetic fields at Kyoto), which is about ten times better than the manual reading. The new type of
soda bottle magnetometer successfully detected Sq variations, solar flare enhancements, substorm magnetic bays at Kyoto
(GMLat™25 degrees) with amplitude <5 nT, as well as strong magnetic fluctuations of geomagnetic storms. Since images of
light spots are acquired as digital data, students can analyze the data themselves on their computers. The cost of the observing
system is low (less than 10,000 yen, excluding the PC). The digital image recording soda bottle magnetometer has potential
for use in space weather education not only in universities, but also in high schools and citizen science.
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Variations of intensity profiles of SEP in the inner heliosphere using multi-point
in-situ observations

#Gaku Kinoshita®

(IDepartment of Earth and Planetary Science, Graduate School of Science, The University of Tokyo

Solar Energetic Particles (SEPs) are high-energy charged particles in the keV — MeV range accelerated in association with
solar flares and coronal mass ejections. When SEPs reach near-Earth space, they can cause severe disturbances to satellites
and ground-based infrastructure, making their physical processes an important subject in space weather research.

To estimate the impact of SEPs, it is essential to evaluate the radial and longitudinal attenuation of their intensities
during propagation in the heliosphere. Previous studies (e.g., McKibben et al. 2003; Roelof et al. 1992) reported that SEP
intensities measured at widely separated spacecraft can differ significantly during the rising phase of an event, whereas the
spatial gradients diminish substantially during the decay phase, with intensities often converging within a factor of 2 -
3. Interestingly, the temporal evolution of the intensities has been found to be similar across observation points separated
radially, longitudinally, or latitudinally. This phenomenon is known as the reservoir effect (Roelof et al. 1992). Based on
multi-spacecraft peak intensity measurements, Lario et al. (2006) proposed an empirical expression for this effect. However,
their study used different SEP events to examine radial and longitudinal dependences separately, and thus could not fully
eliminate event-to-event variability.

In this study, we quantitatively evaluate the reservoir effect using multi-point observations of the late March 2022 SEP
event obtained by BepiColombo/SPM-BERM (Kinoshita et al. 2025; Pinto et al. 2022), STEREO-A/HET (Von Rosenvinge
et al. 2008), and near-Earth instruments. During this event, BepiColombo and STEREO-A were magnetically well connected
and separated radially by 0.4 au, while STEREO-A and Earth were located at nearly the same heliocentric distance but
separated by 21.4° in longitude (see attached figure). Since the same SEP event was observed simultaneously at these
distinct locations, direct comparisons enable a more accurate assessment of the reservoir effect. An initial analysis of
this event has already been presented in Section 5.4 of Sanchez-Cano et al. (2025), which summarizes BepiColombo’s
exploration of the inner heliosphere. In this presentation, we report follow-up results focusing specifically on the reservoir
effect.

Kb = 2L ¥F =K+ (Solar Energetic Particle : SEP) &%, Kf57 L 7 an FHREBRHZR LI > ThiEEh
keV-MeV T DR T ANF — DB T TH 5, FHTHIBGEFICENE LB ATHEESH LA > 7 7 1@ zEE L
b0 THEALH Y, TOYHIBREOEMRE, FHRAOBEILEHTH S,

SEP O E D RAED D IcH - o Tk, KERZEHF T 20, 8ifF - ANAHNOBEE %M 20805 %, 5L
{THF%E (e.g. McKibben et al. 2003;Roelof et al. 1992) IZBWTiX, & BN /- EMIC & - THlE X A 7z58E X, SEP
WD LAMNICIIRE S B 2R D 525, BEOZEMARIXRECIIRELBA L. LIELIEAFEDOREISED
L&, FRLBRENZ LITTRTORE - BEFM - BIEAFMOSHABVTREMNCERICELT 2 ah, Zh
513 ) F— =R (Reservoir Effect: Roelof et al. 1992) Y FEZHATW 3, BHESHA 1 : Lario et al. (2006) I3 EHEHE
D SEP ¥'— 7 EZEDZ DGBHNICE O, ZOBREHMAT IRBXZERELTWS, LirL, ZOWIFETIEEE -
T 7R ORREEC Z N E] SEP A XY FZ2HWTED, ARV 2 OREDEWEHRR L MREED T & Tniawn
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AWFFETIE 2022 4F 3 ARICHLE L7 SEP 4 X b ® BepiColombo/SPM-BERM(Kinoshita et al. 2025; Pinto et al.
2022). STEREO-A/HET (Von Rosenvinge et al. 2008), HIBRICHIF 2 L m@lHll 7 — X2 HWT, V¥ —N—HR e EEN
IZEHME 3 %, BepiColombo, STEREO-A 13 &HIEEREAS K WIREETEIR T ANC 0.4 au BEALTHE H . STEREO-A ¥ HuEk
FHOBEEBEIIZIEFR UC. AOAGFNC 21.4 EEEN T SEP 28Il L TWwie (BfITR), ko TRU SEP Z #7422 #E T
BHLTVWE70, 22N B TUIV P —AN—BROPEL LD IEMICHIFTE 3, EHEIIWDHATLTARA XY b
DOHIAMNTIER X, BepiColombo D NERKIGERE % ¥ & 8 72BI# ik 2 : Sanchez-Cano et al. (2025) @ 5.4 &, B X
U BepiColombo D#EIAIERS % % - 7= BE# SRk 3 : Kinoshita et al. (2025) D 4 IS TRRICHEE L TOW 55, RKFERTIXY
P N—BHFUTES T Y TRHRERNT %,
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Geomagnetic Response to Solar X-ray and EUV Emissions during Major Flares

from 2010 to 2014

#Ryosuke OKUBOY, Kyoko WATANABE"), Sinnosuke KITAJIMA"), Satoshi MASUDA?), Akimasa IEDA?), Hidekatsu
JIN®), Chihiro TAO®), Michi NISHIOKA®)

(1National Defense Academy of Japan, (?ISEE/Nagoya university, *NICT

Ionization of the ionosphere by solar flare emission rapidly modulates the solar quiet (Sq) current in the ionospheric E-
region (90-150 km). This is known as the geomagnetic Solar Flare Effect (SFE) and is observed as a sudden disturbance
induced in the Earth’s geomagnetic field. This phenomenon is thought to be primarily caused by X-ray and extreme ul-
traviolet (EUV) emissions from solar flares (Owolabi et al., 2020). The SFE is a key geomagnetic signature of these rapid
ionospheric disturbances, which in turn can degrade satellite navigation signals and disrupt radio communications. Therefore,
understanding the physical processes of SFEs is a critical issue in space weather research. Previous studies have reported both
SFEs that enhance the Sq variation and counter-Sq SFEs (SFEx) that act in the opposite direction (Yamasaki et al., 2009).
However, many aspects—such as their occurrence conditions, regional dependence, and effects on geomagnetic components
other than the horizontal (H) component— remain unresolved.

In this study, we statistically analyze 13 SFE events associated with major solar flares from 2010 to 2014 to investigate
their properties. We use solar soft X-ray and EUV data from GOES/EUVS and SDO/EVE, and geomagnetic data from the
INTERMAGNET network. An investigation of the peak times of solar flare emissions and SFEs from these data revealed that
EUV lines from chromosphere and transition region, such as Lyman-alpha(Ly a; 121.6 nm), showed a much faster response
than the SFE, while coronal-origin EUV lines showed a response slower than the time variation of soft X-rays and also lagged
the SFE. Both soft X-rays and EUV likely contribute to SFE, but a detailed analysis of the occurrence time of SFE revealed
that in some events, SFE began after the onset time of EUV enhancement but before the onset time of soft X-ray enhance-
ment. This suggests that the initial SFE response may be driven mainly by EUV lines originating from the chromosphere and
transition region, such as Ly a and He II(30.4 nm).

Furthermore, a detailed investigation of the SFE response in each geomagnetic component revealed that events similar to
SFE and its counter-effect, SFEx, were observed not only in the H-component but also in the Y (eastward) and Z (vertical)
components. This fact suggests that the ionospheric current during a flare is more complex than a simple enhancement of the
Sq current, involving rotations of the current system or changes in its three-dimensional structure. In addition, SFEs were
observed at some stations during evening hours. This is critical evidence showing that SFEs can occur despite the lack of
daytime photoionization, and necessitates a reconsideration of the role of the background ionosphere in flare response. We
analyzed the causes and occurrence conditions of these variations, taking into account local time and ionospheric conditions.
In this presentation, we will report these results in detail. The characteristics and distribution of these local SFEs will be
discussed using Sq current models.

KFG 7 L 7 gt X 2 EffE o BRI, EBEE E 3833 (5 90-150 km) O SEEHZL (Sq) Eitk 2IcE
XD, RIS AR 7 L 7% (SFE) & LTHISA, HIERESGICHR S 2 22572 8T L CElllxh 3,
ZOHGEE, ERXKEG 7 LT BEEN S X BB X OREINE (BEUV) ko TIEFEIINIeEZLNTVS
(Owolabi et al., 2020), SFE (&2 6 D&M BEEEILO FTELMRSHIKETH D, 2O BHEEILIIEERMN(ES
PHLIE, BREEEHETIHDTH S, L1zh-> T, SFE OYHBRELERT 2 Z L 3FHRIMEICB Y 2 E
BRETH 5, FATIFE T, Sq 2 bE M1 2 SFE &, WiAANIC/ER S % X Sq /AHdD SFE (SFE#) @ﬁlﬁﬁyﬁi‘%&
HXNTW3 (Yamasaki et al., 2009), L2 L., ZOFESM, HBEKREN. KE (H) R7 A OISR D~ DR 2
Y, ZL OWHPKRBIROFEETH 5,
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Performance evaluation of deep-learning-based modeling of solar coronal mag-
netic field

#Kodai YOKOYAY), Yoshizumi MIYOSHI", Haruhisa IIJTMA")

(1Tokai National Higher Education and Research System Nagoya University

Coronal mass ejections and solar flares that occur on the Sun cause magnetic storms and auroras. These solar explosive
phenomena are closely linked to the coronal magnetic energy stored in the solar corona. Accurate modeling of the solar
coronal magnetic field is therefore essential for improving space weather prediction. Since there is a time lag before changes
on the Sun affect the Earth. X-rays, for example, reach the earth in about 8 minutes. Thus, computational speed is important
in addition to the accuracy of the solar coronal magnetic field modeling. Traditionally, the solar coronal magnetic field has
been derived by numerical simulations. However, recently, deep learning-based methods have been attracting attention as
they significantly reduce the calculation time compared with conventional simulation-based methods. The goal of this study
is to quantitatively compare the accuracy and speed of the simulation-based method and the deep-learning-based method for
modeling. As a first step, we will focus on deep -learning-based algorithms for computing the solar coronal magnetic field
and discuss which algorithm is optimal by quantitatively evaluating the speed and accuracy based on different models and
parameters.

KB TRAET2anFEERES. 71 713, HERBSEICEER2 S X MAES A —n o225 &RIT, 2o50o
7RG TR 2BHERERIT a0 FROBRA T AL F — L BB ICED- T Y., Bllo L vwa o s KGR ERE
L ET A2 L 3FHRKO THIOWRBICELS 5, KEEICBIT2ZaiERICEEL 52 2 $TIERRRIIS T THM
ZWHDEM, X 1Z 8 nRE THIERICELET 2720, FHAKOHEAD OIEKE v FREMSGOFHEREEICZ T
FHEEE D EBEICR > TL %, ERIZENER CORETEFIEFEIC L Y KBRE a2 v FGEHE L T, IF
I R — 2D FED B2 KIBICEMET 27 7o —5 e LTHEHIATWS, 22 THAEZ, BHEEIEIC X 3
Fihe, R ERWEFIRE T, BESCHEEOEENZGHE - k2 HIEL TW2, ZOHE—ZAT7 v 7T LT, RHE
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Solar microwave spectral observations using the Yokosuka Radio Polarimeter :
Initial Findings

#Kogaku Kitayama'), Kyoko Watanabe'), Shinnosuke Kitajima®), Ryosuke Okubo'), Ryoka Shirogauchi®), Kensho Yasui®),
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(INational Defense Academy of Japan, (Institute for Space-Earth Environmental Research, Nagoya University, (*National
Astronomical Observatory of Japan

F10.7, is solar radio emission with a wavelength of 10.7 cm (frequency 2.8 GHz), is usually used as a very important
index that reflects solar activity and the condition of the Earth’s upper atmosphere. This is because it is well known that
solar radio emissions in the GHz band, including F10.7, correlate well with solar EUV emissions that cause ionization in
the Earth’s upper atmosphere. Generally, the F10.7 index published by the Dominion Radio Astrophysical Observatory
in Canada is used worldwide. In Japan, on the other hand, the (Toyokawa-)Nobeyama Radio Polarimeters (NoRP) have
provided highly accurate solar radio fluxes for over 70 years since 1951. NoRP data have been used for the calibration
of solar radio instruments around the world, but it is scheduled to cease its observations at the end of the 2027 fiscal year
of Japan. Therefore, in order to continue observing solar radio that reflect space weather conditions, a new solar radio
observation device was constructed at the National Defense Academy of Japan.

The Yokosuka Radio Polarimeter (YoRP) began the sun tracking in mid-October 2024 and has been observing once a
day. YoRP takes in two frequency bands: narrow-band (around 2 GHz) and wide-band (2.7-10.0 GHz), performing spectral
observations in each frequency bands. To ensure compatibility with NoRP data, calibration is being performed using NoRP
and YoRP data. Since YoRP and NoRP simultaneously observe frequencies at 2, 3.75, and 9.4 GHz, we used the chopper
wheel method to derive the solar brightness temperature from YoRP data at these frequencies and investigated the correlation
with NoRP’s solar flux (SFU). As a result, a very high correlation coefficient of >0.9 is obtained at 3.75 GHz. On the other
hand, no correlation is confirmed at 2 GHz. However, detailed analysis of the narrow-band spectrum revealed strong external
radio waves believed to be from quasi-zenith satellites near 2 GHz. Therefore, using only data from before mid-March, which
was not affected by external radio waves, we were able to confirm a weak positive correlation even at 2 GHz. Furthermore,
a positive correlation equivalent to that at 2 GHz is obtained at 9.4 GHz. The conversion coefficients between the YoRP
temperature and NoRP solar flux at 2, 3.75, and 9.4 GHz are used to derive the conversion coefficients for all observation
frequencies of YoRP. This made it possible to derive the solar radio spectrum from the YoRP data.

In this presentation, we will report on the calibration results of YoRP data and the results of our investigation into the
relationship between the solar radio spectrum from YoRP and sunspots.

KEFD F10.7 46880 (AHE 2.8 GHz OB 7 5 v 7 ) &, HIEROEBAKICKERFEE R 52 2 K5 EUV gt
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Magnetosphere - Ionosphere Responses to a Negative Solar Wind Dynamic Pres-
sure Pulse Event: Global Modeling and Observations
#GEETASHREE KAKOTIY), Kazuo SHIOKAWAY , Dong Lin?), Shreedevi Porunakatu®), Nozomu NISHITANI"

(Unstitute for Space?Earth Environmental Research, Nagoya University, (?Department of Physics and Astronomy, Clemson
University, USA

Negative solar wind pressure pulses are among the most important drivers that can impact the Earth’s magnetosphere-
ionosphere (M-I) system. Such negative pressure pulses cause rapid expansion of the magnetosphere, leading to magnetic
field reconfiguration and altered magnetospheric currents and plasma convection patterns that extend throughout the iono-
sphere. Abrupt perturbations in ground magnetometer measurements, known as negative sudden impulses (SIs), serve as
a direct signature of this magnetospheric reconfiguration. We examine a negative pressure pulse event that occurred on 23
March 2024, characterized by a pressure drop of “10 nPa shortly before the onset of G2-G4 class geomagnetic storms. The
event onset is identified at 14:06 UT, when THEMIS satellite observations recorded a decrease in plasma density. Ground
magnetometer data reveal a pronounced SI- signature in the H-component of Earth’s magnetic field. Concurrent AMPERE
observations indicate a significant weakening of field-aligned current (FAC) densities across high latitudes. At the same time,
SuperDARN measurements capture substantial changes in convection patterns following the pressure drop. These coordi-
nated observations demonstrate a rapid and widespread electrodynamic response of the coupled system to the pressure pulse.
To interpret these responses, we employed the Multiscale Atmosphere-Geospace Environment (MAGE) model. The MAGE
simulation reproduces key features of the observations, including dusk — dawn asymmetries in the SI- signature and the
weakening of total FACs. This case study underscores the value of integrating multi-instrument observations with global
geospace simulations to advance understanding of pressure pulse-driven M-I coupling.



R010-P06
RZXZ2—3:11/26 PM2/PM3 (14:50-18:25)

#5X 2V aF BAFHY 22V FY 4 Y, Yoshizumi Miyoshi®), Yu Yiqun®, Jordanova Vania®)
O i BEAY, @ IEMZEMiRRY, G n X7 5 £ X E LA

Understanding the role of EMIC wave-particle interactions in driving westward

ion drifts in the dusk-side sub auroral ionosphere
#Shreedevi Radhakrishna Porunakatul), Miyoshi Yoshizumil), Yiqun Yu2), Vania Jordanova®)
(1ISEE Nagoya University, (?Beihang University, (*Los Alamos National Laboratory

The dusk-side mid-latitude ionosphere is characterized by fast, sunward flow channels of a few degrees in width, known
as Subauroral Polarization Streams (SAPS). Occasionally, these regions exhibit distinct, latitudinally narrow enhancements
in velocity, referred to as double-peak Sub-auroral Ion Drifts (DSAIDs). SAPS are associated with Region 2 Field-Aligned
Currents (R2 FACs) that flow into the low-conductance sub-auroral ionosphere, while DSAIDs have been linked to the
presence of a double-conductance trough in this region. Nishimura et al. (2022) demonstrated that sub-auroral ion drifts
intensify in the presence of electromagnetic waves, with local plasma structures exerting greater control over the velocity
characteristics of these westward flows than solar wind or global magnetospheric conditions. This study investigates the
occurrence of westward ion flows in the dusk-side sector during a geomagnetic storm event, utilizing simulations from
the RAM-SCB model. To explore the relationships between R2 FACs, electric fields, EMIC wave-particle interactions,
proton precipitation, ionospheric conductance, and westward flows in the dusk-side sub-auroral ionosphere, we conducted
two simulation studies, one with and one without EMIC waves. The simulations confirmed that EMIC wave-induced proton
precipitation leads to localized enhancements in conductivity, which, in turn, generates high-speed westward flows in the
dusk-side sub-auroral ionosphere. Our findings reveal the significant role of wave-particle interactions in shaping ionospheric
behavior during disturbed conditions.
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Effects of Ionospheric Disturbances on GNSS Positioning Errors during the Geo-

magnetic Storm on May 2024
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Signals from the Global Navigation Satellite System (GNSS) travel through the ionosphere before being received by
ground-based receivers. Consequently, ionospheric disturbances in electron density can degrade signal quality and reduce
positioning accuracy. Previous studies have established that ionospheric disturbances during geomagnetic storms can impact
GNSS positioning. Specifically, during the geomagnetic storm of May 2024, a region of increased Total Electron Content
(TEC) was observed extending northwestward over Japan. Within this region, plasma bubbles—localized TEC depletions—
were also detected. Previous studies have also shown that the appearance of these structures correlates with an increase in
GNSS positioning errors.

This study investigates the relationship between ionospheric disturbances and GNSS kinematic positioning errors
during the May 10 — 11, 2024 geomagnetic storm, using data from the Geospatial Information Authority of Japan’s GNSS
Earth Observation Network System (GEONET) and SoftBank Corporation’s GNSS network. As a result, the vertical TEC in
Morioka, Japan, was observed to increase to 27.2 TECU. To detect the electron density irregularities in the ionosphere, we
examined the Rate of TEC change Index (ROTI), which is calculated as the 5-minute standard deviation of 30-second TEC
differences. ROTI values were found to increase between 16:00 and 17:00 UT, with an average of 2.1 TECU/min. Using data
from receivers installed in the Tohoku region, we performed kinematic positioning with RTKLIB. A significant increase in
the three-dimensional positioning errors was observed between 13:00 and 21:00 UT on May 11, 2024.

We further investigated the dependence of kinematic positioning errors on the orientation of the baseline between the
base and rover stations. Errors tended to be larger for north — south oriented baselines compared to east — west baselines.
The error ratio between north — south and east — west baselines was approximately 1.2 before the disturbances but rose to
about 2.2 between 13:00 and 13:30 UT, when ROTI value increased. These results suggest that the structure of ionospheric
disturbances influences positioning errors.

In this presentation, we will discuss the relationship between baseline-direction-dependent positioning errors and the
structures of these ionospheric disturbances.
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Installation of an RTK-GNSS base station and initial results of RTK positioning
YUKINOBU KOYAMADY, #Rintaro YAMAMOTO"Y
(IKINDALI University Technical College

Our research group has established a real-time kinematic (RTK) base station for RTK-GNSS positioning on the campus
of KINDAI University Technical College in Nabari City, Mie Pref. This base station provides correction data for RTK po-
sitioning that is free and open to everyone, independent of commercial high-precision positioning services. The correction
data is publicly available via the internet through the RTK correction data distribution site, “rtk2go.com,” and we have begun
conducting high-precision positioning experiments using this information with an RTK rover.

To set up the base station, we consulted the space weather forecasts from the National Institute of Information and Com-
munications Technology (NICT). We selected a relatively calm day to conduct a 24-hour observation, and then used post-
processing with "RTKLIB” and data from three known electronic reference stations provided by the Geospatial Information
Authority of Japan (GSI) that surround Nabari City (Muro, Hakusan, and Tsukigase) to determine the coordinates of our RTK
base station through static positioning.

Next, we describe the high-precision positioning tests conducted with the RTK rover and the correction data.

First, we compared the results of RTK-GNSS positioning with single-point GNSS positioning on the KINDAI Univer-
sity Technical College campus. While RTK-GNSS positioning achieved a fixed solution (fix) in open areas like the school
grounds, it only achieved a floating solution (float) near buildings. We believe this is due to multipath effects from signals
reflecting off the buildings. We plan to identify this issue by placing radio wave absorbers on the building side of the rover
during future measurements.

Second, we performed a stationary observation with the RTK rover. After a few minutes of observation, we confirmed a
fixed solution was achieved, and the horizontal error remained within approximately 2 cm thereafter. While our current ob-
servations are not yet extensive, we plan to acquire long-term stationary observation data and correlate it with space weather
forecasts to individually investigate the relationship between the ionosphere and the positioning accuracy of the RTK rover.

Third, there are reports that the fix rate decreases and accuracy deteriorates when the distance between the base station and
the rover exceeds approximately 10 km in RTK-GNSS positioning. To verify this, we conducted RTK-GNSS positioning
at locations approximately 10 km away from our base station. The positioning range spanned from Kintetsu Sambommatsu
Station, which is about 9 km away, to Kintetsu Muroguchioono Station, which is about 11 km away. At the time of writing
this abstract, we have only performed two measurements, and the analysis is not yet complete. We will repeat these measure-
ments, conduct a thorough analysis, and report the summarized results at the conference presentation.
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SENSU Syowa SuperDARN JARE65/66 2024-2025 reports and its future plan to-
wards phase XI Japanese Antarctic Project

#Akira Sessai Yukimatu'23), Jo Sato®), Tomoyuki Yara®%), Misaki Shimizu®°), Masami Hamaji'%)

(INational Institute of Polar Research, (?The Graduate University for Advanced Studies, SOKENDAI, (365th Japanese
Antarctic Research Expedition, (‘Kakioka Magnetic Observatory, Japan Meteorological Agency, ®NEC Networks & System
Integration Corporation (NESIC), (%6th Japanese Antarctic Research Expedition

Super Dual Auroral Radar Network (SuperDARN) is a unique international scientific project to study global ionospheric
dynamics and space weather running mostly 40 high frequency radars whose fields-of-view cover considerably wide longi-
tudinal and latitudinal ranges of ionosphere in both hemispheres operated by more than 10 countries and institutions. NIPR
Space and Upper Atmosphere Sciences research group has joined SuperDARN since its establishment in 1995 and has run
Syowa SENSU SuperDARN radars at Antarctic Syowa station. SuperDARN provides a quasi real-time global ionospheric
convection and electric potential map, which are essential to understand the status of magnetosphere, ionosphere and space
weather condition, and have therefore been widely used and contributed to space weather and space climate research with a
variety of collaborative efforts. The 65th and 66th Japanese Antarctic Research Expedition (JARE65/66) has maintained and
operated the SENSU Syowa radars for a year during their wintering period since Feb. 1st, 2024. We here report the status,
arosen issues and topics on the SENSU Syowa radars during JARE65/66 period, and will discuss long-term future scientific
and logistic perspectives towards coming phase XI of Japanese Antarctic Research Project (2028-2034), IPY 2032-2033 and
beyond.
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Verification of SBAS ionospheric correction by using a 3-D ionospheric tomogra-
phy

#Susumu SAITOY, Toru TAKAHASHIY), Takeyasu SAKAI'), Mamoru YAMAMOTO?

(IElectronic Navigation Research Institute, MPAT, (2RISH, Kyoto University

SBAS (Satellite-Based Augmentation System) is one of the GNSS (global navigation satellite system) augmentation sys-
tems, and is designed to support aircraft navigation in a wide area. The SBAS systems that are currently deployed are all
based on the single-frequency (SF) GNSS. In the SF-SBAS, ionospheric delay on GNSS signals are corrected by sending
ionospheric delay estimates at ionospheric grid points (IGPs). The IGP ionospheric delays are estimated by using GNSS
observations at SBAS monitoring stations. Thy are estimated at every 5x5 degrees in the latitude and longitude except in high
latitude regions and broadcast from geostationary satellites. Since the number of SBAS monitoring stations are limited, there
is uncertainty in the IGP ionospheric delay estimates, and the potential errors in the IGP ionospheric delay estimates are the
major part of total error bounds. Therefore, it is important to estimate the ionospheric delays and their errors as accurately as
possible. Since it is very difficult to know the truth of the ionospheric delay, however, the error bounds had to be estimated
indirectly. If the truth can be obtained by other methods, the error bounds could be estimated more accurately and be tight-
ened.

In Japan, a 3-D ionospheric tomography over Japan based on GEONET (GNSS Earth Observation Network) data has been
operated by the Electronic Navigation Research Institute since 2016. Since the 3-D tomography methods are different from
the method of ionospheric delay estimation in SBAS and the GNSS stations are different, it could provide independent es-
timation of the ionospheric delay as a reference. We used broadcast SBAS IGP ionospheric delay estimates and compared
with the vertically integrated ionospheric density at the same IGPs. As a first step, we selected several periods of an year in
ionospheric quiet and disturbed conditions and compared to see the general characteristics. We will also apply the comparison
for the past several years including low and high solar activity periods.
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Evaluation of Directive-Based GPU Implementation for an Atmospheric General
Circulation Model

#Shoji Sakoda®), Keiichiro FUKAZAWA?), Yasunobu MIYOSHI®), Takeshi Iwashita®)

(IKyoto University Graduate School of Informatics, (?Research Institute for Humanitics and Nature, (*Kyushu University,
(4 Academic Center for Computing and Media Studies, Kyoto University

The computational cost of numerical simulations is substantial due to the huge number of grid points required for higher
resolutions and the complexity of models required for better accuracy. One way to speed up these simulations is to use
Graphics Processing Units (GPUs), which offer high computational performance.

CUDA is a programming model for GPUs, which extends the syntax of existing languages like Fortran and C/C++. While
CUDA can maximize the performance of GPUs, its application to legacy codes requires a fundamental rewrite of the source
code, leading to large development costs. This is a major bottleneck, particularly as many scientific simulation codes are
developed and maintained by individual researchers.

To address this challenge, directive-based approaches such as OpenMP and OpenACC have been developed. These meth-
ods allow compilers to automatically generate GPU-accelerated code by simply inserting directives into loop structures. This
minimizes the need for code modifications, thereby drastically reducing the development costs associated with GPU porting.
However, there are a limited number of comprehensive studies that apply OpenMP and OpenACC to large-scale, complex,
production-level applications and evaluate their performance, efficiency, and portability.

This study focuses on GAIA (Ground-to-topside model of Atmosphere and Ionosphere for Aeronomy), a simulation model
in practical use. In this study, we report on our work to implement GPU acceleration for the General Circulation Model
(GCM) component of GAIA, which simulates the neutral atmosphere. We developed two separate GPU-enabled versions
using OpenACC and OpenMP. By comparing their performance with the CPU implementation, we evaluated the effective-
ness and identify the challenges of both directive-based approaches. The results demonstrate that both GPU implementations
achieved a significant speedup over the baseline code. In addition, the OpenACC implementation exhibited higher perfor-
mance compared to the OpenMP implementation.
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Development of a Python Interface for Code-To-Code Adapter Library

#Keiichiro FUKAZAWAY), Haichao ZHAO®), Takeshi NANRI®), Yohei MIYAKE?), Yuto KATOH?)

(1Research Institute for Humanity and Nature, (*Kobe University, (*Tohoku University, (*Kyoto University, (°Kyushu Uni-
versity

This paper presents the development of a Python interface for the Code-To-Code Adapter (CoToCoA) library. The Co-
ToCoA library is a framework designed for coupled computations that enables direct program-to-program communication
without intermediate files. Given that CoToCoA provides support for the programming languages C and Fortran and is de-
pendent upon MPI, a library used for interprocess communication, this study has been developed to enhance the usability of
CoToCoA by integrating it with Python. In order to effectively integrate CoToCoA with Python, two development approaches
were evaluated: direct development in Python and the use of ctypes to call CoToCoA’s C functions from Python. In addition,
we conducted performance evaluations that focused on CoToCoA’s two types of data transfer methods. These evaluations
were designed to assess the efficiency of the developed Python interface. The recently developed Python interface facilitates
the efficient transfer of data from C or Fortran-based simulation programs to Python, where it can be effectively analyzed or
processed. This enhancement to the CoToCoA framework is of particular significance in the field of computational science,
as it enables efficient data management across different programming languages.



R010-P13
RZXZ2—3:11/26 PM2/PM3 (14:50-18:25)

GOES-CCOR F—42%ZFB L=V 71 LKBARIIRFAS AT LOHNEB
fﬁﬂa K= D, AMG B/, ZEH @Y
INICT

Update of a real-time prediction system of CME arrival with ensemble SUSANOO-
CME simulation using GOES-CCOR data

#Daikou SHIOTAY), Yuki KUBOY, Satoshi MORITA")

(1National Institute of Information and Communications Technology

NICT has developed a prediction system of CME arrival using the MHD simulation SUSANOO-CME (Shiota & Kataoka
2016) as one of the tools for predicting the risk of large-scale flares exceeding X class and the accompanying CMEs. The
system has been in operation since 2022 (as reported in 2023 Fall Annual Meeting R010-01). This system can be used by
forecasters who do not have HPC system accounts through a web browser. The system can obtain prediction results in about
one hour by a series of operations, including analysis of coronagraph data such as SOHO/LASCO, etc., estimation of input
parameters of CMEs together with observation of solar flares, and execution of multiple simulations.

When a particularly large-scale solar storm that can affect social activities occurs, such as the ones that occurred in May
and October 2024, it is necessary to quickly obtain the prediction results in order to issue the alert information as soon
as possible. Coronagraph data are essential for obtaining a highly reliable prediction, but the release of SOHO/LASCO
real-time data often takes more than a few hours after the occurrence of a flare, which has been a bottleneck for quick
forecasting.

GOES-19, which was launched in June 2024, is equipped with the Compact Coronagraph (CCOR), and the public
operation of real-time data started in March 2025. The real-time data of CCOR is released in about 30 minutes after
observation, and it has the potential to greatly improve the above-mentioned bottleneck. We will introduce the overview
and progress of efforts to develop a system that automatically acquires CCOR data in real time, incorporate it into the CME
arrival prediction system currently in operation, and use it for forecasting. We also show examples of actual use case and
discuss future prospects.
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Forecast of CIR-driven geomagnetic storms using the deep neural networks
#Naoko Takahashi!), Naoto Nishizukal)
(1National Institute of Information and Communications Technology

The magnetospheric disturbances is one of the essential indicators for the space weather forecast. The condition in the
Earth’s magnetosphere strongly depends on the solar wind variation associated with, for example, coronal mass ejection
(CME) and/or co-rotating interaction region (CIR). Here, we focus on CIR-driven geomagnetic storms, which are originated
from high-speed plasma flow from coronal holes.

We have developed a regression prediction model of solar wind that have been applied from the solar flare prediction model
using deep neural networks (DeFN). First, the database of coronal holes (location coordinates, area) and solar wind (speed
(Vsw), plasma density (Ngy), IMF Bz, IMF magnitude (IMF Br), clock angle (phi = tan~!(By/B)) is constructed from
the observation data in 2017-2021 for learning, with a temporal resolution of 1 day. The parameters for coronal holes are
derived from by SDO spacecraft data. The solar wind parameters are obtained from DSCOVR spacecraft with a temporal
resolution of 1 hour. For each day, the maximum absolute value of the solar wind parameter is selected. In addition, we make
the database without CME-driven storm events to forecast pure CIR-driven storm events. The magnetic storm list is provided
from Kakioka Magnetic Observatory. Based on the magnetic storm list, CME-driven storm events are defined as that CME
is observed by SOHO/LASCO at a few days before the onset of magnetic storm. We exclude the data from 1-day before to
3-days after the onset from the database.

We perform the 1-day, 2-days, and 3-days forecasts for the solar wind variations and geomagnetic indices in 2022. The
model can forecast Vg, Ngw, and IMF By, with the root-mean-square errors (RMSEs) for 1-day forecast of “60 km/s,
"8 /cc, and 73.5 nT, respectively. The accuracy for 2-days and 3-days forecasts is "25-60 % worse than 1-day forecast. On
the other hand, IMF Bz cannot be forecasted because the related parameters of coronal holes (i.e., magnetic field of solar
surface) are not included in the current database. We also find that the forecast accuracy using the database without CME
events is almost the same as that using the database with CME events, which is due to a small number of relatively large-scale
CME events in 2022. In addition, we forecast two geomagnetic indices: the Dst index and the Kp index. The Kp index is
relatively well predicted due to its strong relationship with Vgyy. In contrast, the prediction of the Dst index is less accurate,
as the forecast of IMF Bz is not reliable. Improving the forecast accuracy of IMF B and ultimately enabling the prediction
of Kakioka K index will be important tasks for future work.
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Development status of RMS and discussion of anomaly risk estimation method
using real-time RMS data

#Shinji SAITOY, Naoko TAKAHASHIY, Kenichi OTSUJI"), Taku NAMEKAWADY, Inchun PARK"), Tsutomu
NAGATSUMAY, Kaori SAKAGUCHIV), Takuya TSUGAWA!), Ryutaro SUZUKIY, Naoto KADOWAKI"), Take-
fumi MITANI?), Kazushi ASAMURA?), Takeshi TAKASHIMA?2)

(INational Institute of Information and Communications Technology, CZJAXA

The National Institute of Information and Communications Technology (NICT) has been developing Radiation Monitors
for Space weather (RMS) to be installed on the next geostationary meteorological satellite Himawari 10 in order to assess
the space environment over Japan and improve the accuracy of space weather forecasts. The RMS consists of one data
processing unit, two instruments for energetic electrons, and one instrument for energetic protons. The development of the
engineering model (EM) was finished in September 2024, and then it moved to the critical design phase of the proto-flight
model (PFM). The critical design review (CDR) is going to carry out in October 2025, and after that, performance tests such
as irradiation tests will be carried out in 2026, and then environmental tests will be carried out. It will be delivered to the
satellite system in fiscal year of 2027, and will move to the integrated test. We are coordinating with ground facilities with
the goal of obtaining RMS data within one minute of observation. The real-time space environment data is an important
factor for models such as anomaly risk model. For example, real-time estimation and prediction of anomaly risk caused by
energetic electrons and protons are considered to play an important role for stable use of artificial satellites. In this poster,
the progress of development of RMS is outlined, and the estimation of anomaly risk using real-time space environment data
and its prediction method are discussed.
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Development of Ultra-Compact and Low-Power Space Radiation Environment
Measurement Technologies for Lunar Environment

#Yoshizumi Miyoshi'), Aiko Nagamatsu?), Satoshi KASAHARA®), Yuji Kishimoto®), Kazuhiro Terasawa®®), Tatsuhiko
Sato%), Toru Tamagawa), Riichiro Nakamura”), Takayoshi Kohmura®), Takefumi MITANI?), Yuki HARADAY, Hideyuki
USUI'?), Yohei MIYAKE!?), Satoshi KURITA?), Masaki NISHINO?)

(Unstitute for Space-Earth Environemental Research, Nagoya University, 2JAXA, (The University of Tokyo, *KEK, ®Keio
University, (*JAERI, ("RIKEN, ®Tokyo University of Science, (’Kyoto University, (\°Kobe University

In future human exploration of the lunar environment, measurements of the space radiation environment in lunar orbit
and on the lunar surface will be a key technology directly linked to radiation exposure assessment, radiation shielding, and
the design of structures. In particular, establishing reliable systems for radiation measurement, evaluation, and prediction is
essential for sustainable human activities on the Moon. Furthermore, to realize multi-point observations on the lunar surface,
such as by installing instruments on rovers or lunar environmental platforms ( “lunar weather stations”), it is crucial to develop
compact and low-power measurement instruments.

To address these needs, our research group is developing radiation detectors with the characteristics of low power con-
sumption and compact size: the PS-TEPC (Position-Sensitive Tissue Equivalent Proportional Chamber), Lunar-RICheS
(Ring Imaging Cherenkov Spectrometer), and LEON (Lunar Environment ElectON sensor). Among them, PS-TEPC and
Lunar-RICheS are designed to measure SEP and GCR contributions to radiation exposure, while LEON focuses on measur-
ing electrons related to charging phenomena. In this presentation, we will report on our progress to date as well as future
development plans and the roadmap of these lunar radiation environment measurement technologies.
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Study on Indicators and Thresholds for Space Weather Phenomena (Telecommu-
nications and Broadcasting Sector)

#Hidekatsu Jin"), Takuya TSUGAWA), Chihiro TAO"), Satoshi ANDOH"), Michi NISHIOKA"), Septi PERWITASARI")
(1National Institute of Information and Communications Technology

Awareness of the risks that space weather poses to society is gradually spreading. There have already been cases where
space weather has impacted social infrastructure. In 2022, the Ministry of Internal Affairs and Communications held a
study group on advancing space weather forecasting, where several socio-economic sectors were identified as being at risk:
telecommunications and broadcasting, satellite positioning, satellite operations, aviation operations, and the power sector.
Discussions were held on standards for forecasts and warnings. For phenomena where indicators and warning thresholds
have been established, information provision began in June 2025 under the name “Space weather Alert For social Impacts
and Risks (SAFIR).”

In the telecommunications and broadcasting sector, discussions focused on space weather phenomena that affect radio com-
munications. These phenomena primarily impact radio waves in the HF to UHF bands through disturbances in the Earth’s
ionosphere. Specifically, the study addressed the Dellinger phenomenon, polar cap absorption, ionospheric storms, sporadic
E layers, and plasma bubbles. Among these, SAFIR has already defined indicators and thresholds for the Dellinger phe-
nomenon, polar cap absorption, and ionospheric storms, and has begun providing related information.

This presentation will review how the indicators and thresholds for the Dellinger phenomenon, polar cap absorption, and
ionospheric storms were established, and will propose and discuss approaches for defining indicators and thresholds for the
remaining phenomena: sporadic E layers and plasma bubbles.
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Zekkei HOSHIZORA Project: Contributing to the community and citizen science
through low-latitude aurora observation in Hokkaido

#Kiyoka Murase'), Hiroshi Masui'), Kazutaka Tateyama®), Tatsuya Takekoshi!), Takuo TSUDA?), Akiho ENDO?), Tomo-
taka TANAKA®Y

(IKitami Institute of Technology, (*University of Electro - Communication, ®*Meiji University, (*SOKENDALI

Photographs of auroral phenomena taken by citizen scientists not only convey the beauty and fascination of auroras to
the public but have also made remarkable contributions to scientific discovery, including the identification of new types of
auroras and advances in understanding their characteristics and mechanisms. In this study, we focus on low-latitude auroras,
which in recent years have been actively photographed by citizen scientists in Japan. First, we aim to develop a real-time
streaming system for low-latitude auroras observed at multiple locations in Hokkaido, thereby promoting tourism through
citizen science observations and information dissemination for visitors. Second, we plan to build an open database that cen-
trally collects data obtained by citizen scientists. By reducing the burden on researchers, who previously had to individually
contact photographers to obtain data, and by creating an environment in which they can concentrate solely on data analysis,
this initiative is expected to accelerate and advance research on low-latitude auroras.

In this presentation, we will introduce the “Zekkei Hoshizora Project”, which promotes continuous monitoring of the night
sky and real-time dissemination of information on auroras and astronomical phenomena as one of the main initiatives of the
“Zekkei Project”, which provides forecasts of natural phenomena such as mirages and sea clouds in Hokkaido and shares
related tourism information. Specifically, we will report on the current status of camera development planned for installation
at the Rikubetsu Observatory of Nagoya University, as well as future prospects for expanding to multiple observation sites.
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Development and Implementation of Student Experiments Using Solar Wind
Data
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Data Science becomes increasingly important. Accordingly, background knowledge of computer programming is required.
We therefore introduced a new experiment named “Analysis of Solar Wind Data” in “Experiments in Physics” for
fourth-year students at Kagoshima KOSEN. They can experience data science and computer programming through the
experiment. In addition, students are able to acquire knowledge related to space weather from this experiment.

According to the preliminary questionnaire, most of the students had experience of programing, while a smaller percentage
of students had experience of data analysis by using computer programming. The follow-up questionnaire showed that
68% of the students were satisfied with the experiment. Moreover, 63% of the students became more interested in space
than before. It is concluded that “Analysis of Solar Wind Data” is suitable for data-science and programming education.
Furthermore, this student experiment can be considered effective in stimulating interest in space weather.
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