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NICT Space Weather Forecast and Social Impact on Japan during the May 2024
Severe Space Storm

#Takuya Tsugawa®)
(INational Institute of Information and Communications Technology

Thirteen X-class solar flares occurred between May 8 and 15, 2024, the first time in the history of GOES satellite
observations that seven flares of X-class or higher occurred in 72 hours. The largest of the series of solar flares was X8.7 on
May 15, which was the largest solar flare observed to date since the beginning of the current solar cycle 25. These large-scale
solar flares caused the Dellinger phenomena, in which HF radio waves are absorbed in the ionosphere. In addition, several
CME emissions toward the earth were observed during the solar flares from May 8, and the first CME arrival and a large-scale
magnetic storm were predicted from the night of May 10 to May 11. On May 10, we posted an article on the NICT website
for the media and held an online press conference to explain the space weather phenomena and its expected social impacts.

The first CME was observed to arrive around the Earth at around 01:30 JST on May 11, and a severe geomagnetic
storm occurred at 02:05 on May 11. During the geomagnetic storm, a large-scale ionospheric negative storm was observed
over Japan from May 11 to 13, and an ionospheric positive storm was temporarily observed during the nighttime of May 11.
During the time when the positive storm was observed, an increase in the ROTI was observed over Japan, and the positioning
error calculated by post-processing kinematic analysis was confirmed to have increased.

During these severe space weather phenomena, observations of low-latitude auroras were reported in various parts
of Japan, and the effects on satellite operations, GNSS positioning, and HF radio communications were also reported in
Japan. Based on the experience of this event, we would like to improve our methods of disseminating space weather forecast
information and collecting information on social impacts in order to respond to the occurrence of large-scale flares with large
social impacts.
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Flare trigger analysis for successive X-class flares in solar active regions 13663 and
13664
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Observations of Solar Radio Bursts Associated with Solar Flares in May 2024
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Solar activity has reached its maximum, and a total of 20 large-scale (X-class) solar flares occurred in May 2024. In
particular, 12 large-scale solar flares occurred in the active region NOAA 13664, including the most intense flare of X8.7 in
this solar cycle. The coronal mass ejections (CMEs) released by these solar flares caused the first major geomagnetic storm
in 19 years, and Dellinger phenomena, ionospheric disturbances, and low-latitude auroras were observed in various parts of
Japan. It is known that Type I and Type III solar radio bursts are observed in association with CMEs and accelerated electron
beams. By analyzing the spectrum of radio bursts observed in the frequency range of 70 MHz to 9 GHz, it is possible to derive
near real-time CME velocities by assuming solar atmospheric density (Naoi et al. 2018 Fall Meeting of the Astronomical
Society of Japan, M05a). The National Institute of Information and Communications Technology (NICT) conducts steady-
state observations of solar radio bursts with the Solar Radio Observation System at the Yamagawa Radio Observatory.

The system successfully observed more than 17 cases of solar radio bursts associated with numerous X- and M-class solar
flares in May 2024. Specifically, the system successfully observed the following solar radio bursts: M1.8-class solar flare on
May 1, X1.7, M4.4, and M1.1 flares on May 3, M9.1 and M1.5 flares on May 4, M8.8, and X1.3 flares on May 5, two X1.0
flares on May 8, X2.3 flare on May 9, X4.0 flare on May 10, X5.8 flare on May 11, X1.7 flare on May 14, C9.9, and X3.5
flares on May 15, and X2.9 flare on May 27. These events were detected in real time by an automatic detection program
and an automatic warning system. Furthermore, the directions and velocities of CMEs have been estimated from radio burst
observations and coronagraph images taken by LASCO/SOHO, which were input into the SUSANOQO simulation to estimate
the arrival time of CMEs at Earth. In this talk, we will show observation data of solar radio bursts taken by the Yamagawa
Radio Observatory in May 2024, and the analysis of CME velocity estimations.
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XRISM/Xtend Observations of Solar Wind Charge Exchange X-ray Emission
from the Earth’s Magnetosphere Associated with Space Storms
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Solar activity in Solar Cycle 25 is currently at its peak, with frequent solar flares and coronal mass ejections (CMEs). These
solar eruptive events cause temporally disturbances in the Earth’s atmosphere and magnetosphere, e.g., atmospheric drag and
geomagnetic storms. Space weather is important not only for predicting disruptions to ground-based and satellite systems due
to atmospheric and magnetospheric disturbances but also for X-ray astronomical observations. During solar flares, X-rays
reflected from satellite structures and fluorescent X-rays from the Earth’s atmosphere can be observed. During geomagnetic
storms, detector noise increases due to more charged particles penetrating through the satellite housing.

Recent observations by X-ray astronomy satellites like Suzaku have detected enhanced soft X-rays originating from the
Earth’s magnetosphere during space storms (e.g., Ishi et al. 2023 PASJ). These soft X-rays are produced by charge exchange
(CX) reactions between highly charged solar wind ions and neutral materials in the Earth’s exosphere or geocorona. This
emission creates temporally variable foregrounds that often contaminate signals from astronomical objects. The magne-
tosheath and cusps are expected to emit strong soft X-rays due to dense populations of solar wind plasma and exospheric
neutrals (e.g., Sibeck et al. 2018 Space Sci. Rev.), making this a new remote sensing method that complements in-situ obser-
vations by satellites like Arase.

The XRISM satellite, launched in September 2023, moved to its nominal observation phase in February 2024 and is cur-
rently observing selected objects as part of its performance verification phase. The X-ray CCD camera Xtend features a larger
effective area and a wider imaging field of view (38 X 38 arcmin) compared to Suzaku, providing higher sensitivity to diffuse
X-rays like CX emission in geospace.

Utilizing Xtend’s high-sensitivity background observations, we have formed a new team to investigate X-ray enhance-
ments associated with space storms. By removing astronomical objects from the field of view and searching for significant
temporal variations in soft X-ray backgrounds, we have detected about 10 events that strongly correlate with solar wind
variations during about 100 observations (each lasting 3-7 days), including those from the commissioning phase. The most
pronounced event occurred during the massive geomagnetic storm in May 2024. Bright events were also observed during
other geomagnetic storms. The enhanced spectra were characterized by emission lines from oxygen and carbon, consistent
with CX emission. Neon and magnesium emission lines were also observed during CME arrivals. In this talk, we report on
X-ray enhancements associated with space storms observed by XRISM and discuss the synergy between these phenomena
and space weather.
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XRISM/Xtend observation of the intense space storm in 2024 May
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The XRISM satellite, launched in September 2023, is equipped with a microcalorimeter (Resolve) and an X-ray CCD
camera (Xtend/SXI; hereafter SXI) at the focal planes of two X-ray telescopes, enabling high-resolution spectroscopy and
imaging in the soft X-ray band of 0.5 — 10 keV. The former offers a spectral resolution of E/A E ~ 1000 at 6 keV, which
is 5 — 10 times higher than that of the other X-ray satellites, albeit with imaging capabilities limited to a 3' X 3' field
of view with a 6 X 6 pixel mosaic. The latter, SXI, consists of four X-ray CCD chips arranged in a 2 X 2 configuration,
achieving wide-field observations of 38' X 38' with an energy resolution of E/A E ~ 35, making it complementary to
Resolve. Japanese satellites, including XRISM, have traditionally been placed below the Van Allen belts in low-altitude
orbits. The primary goal of this orbit is to utilize geomagnetic shielding to reduce background noise from charged particles
originating from the solar wind and low-energy cosmic rays, thereby achieving the highest sensitivity to faint and diffuse
X-ray emissions. On the other hand, in such a low orbit, phenomena such as solar wind charge exchange where heavy ions
in the solar wind capture electrons from hydrogen atoms in the Earth’s upper atmosphere and emit X-rays, rapid increases in
charged particle events, and solar X-ray radiation scattered by the satellite structure can be observed during periods of high
solar activity. In fact, in the Suzaku satellite, emission lines of oxygen and carbon, considered to be originating from the solar
wind charge exchange, have been reported (e.g., Fujimoto et al., 2007; Ezoe et al., 2011; Ishi et al., 2023), and the SXTI’s field
of view, which is nearly four times larger than that of Suzaku, is also useful for observing such phenomena occurring near
the upper atmosphere associated with these geomagnetic storms.

The Sun is currently entering the peak of the 25th solar cycle, frequently causing solar flares, coronal mass ejections, and
massive geomagnetic storms. In particular, an enormous space storm occurred in May 2024, during which XRISM, conduct-
ing performance verification observations, was observing M81 and M82 (with exposure of 240 ks and 170 ks, respectively).
By excluding X-ray emissions from celestial objects associated with each galaxy, we analyzed the background-dominated
events in the observation data. The SXI X-ray spectrum exhibited emission lines from ionized oxygen and carbon due to
solar wind charge exchange reactions, an increase in X-ray continuum components from charged particles, and events caused
by solar X-ray flares scattered by the satellite structure, all detected with the highest statistical quality, showing a strong
correlation with solar wind variations. In this presentation, we will focus on the SXI observation data during the massive
geomagnetic storm in May and discuss the radiation mechanisms based on the temporal evolution of X-ray events associated
with the storm.
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Ring current development observed by the Arase satellite during the May 2024

super geomagnetic storm
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During the super geomagnetic storm that took place on May 10, 2024, the ring current intensified remarkably, and the
SYM-H index reached -518 nT at the minimum peak. The reduction of the horizontal component of the geomagnetic field
on the ground is the core feature of the ring current. The spatial distribution and the composition of the ring current ions
during super geomagnetic storms, however, are still unclear due to a limited number of in-situ observations of ring current
ions even during large geomagnetic storms. In addition, simultaneous observations of the solar wind parameters were not
obtained with ring current observations near the equator during geomagnetic storms with a minimum SYM-H smaller than
-250 nT. One of the best achievements during the present super geomagnetic storm is that the solar wind parameters were
obtained almost continuously during the entire storm period. The Arase satellite is the only satellite currently available
for comprehensive observations in the inner magnetosphere, and has observed ring current ions with the Medium-Energy
Particle experiments-lon mass analyzer (MEPi) and the Low-Energy Particle experiments-lon mass analyzer (LEPi) with
an orbital period of about 9.5 hours. Arase has successfully measured the energy density profile and temporal and spatial
variations of the composition of ring current ions from the magnetopause to the L shell of 2.0 during the super geomagnetic
storm. In this presentation, we report on the first in-situ observations of ring current ions with an energy density peak at the
low L shell of 2.5-3.0 during the super geomagnetic storm, focusing on the observations in the dusk side magnetosphere
where the 3-D velocity distribution function data (H™, He™, He*, O™, O™, and molecular ions) of MEPi (9.6-184 keV/q)
are available near the magnetic equator despite the orbital inclination of about 31 degrees.
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Arase satellite observations of the inner magnetosphere and radiation belts during
the May 2024 geospace storm
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(Unstitute for Space-Earth Environement Research, Nagoya University, (2Japan Aerospace Exploration Agency/Institute of
Space and Astronautical Science, (*The University of Tokyo, (*Osaka University, (°National Institute of Polar Research,
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Kanazawa University, (!°Graduate School of Science, Kyoto University, (! Kyushu Institute of Technology, ('?Graduate
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In May 2024, during the largest geomagnetic storm of Solar Cycle 25, the Arase satellite successfully conducted
comprehensive observations, observing significant phenomena in the inner magnetosphere and radiation belts. Arase often
exited the dayside magnetosphere and entered the magnetosheath near its apogee, indicating substantial compression of the
magnetosphere. After the storm’s main phase, a rapid flux increase in energetic electrons (several MeV) was observed at
L <3, marking the largest such event since Arase’s launch. Additionally, the plasmasphere shifted earthward to L "2. The
enhanced electron flux at L <3 persisted for 10 to 30 days, significantly changing the near-Earth radiation environment. By
analyzing Arase’s data, we estimated the decay time constant of the electron flux and compared it with pitch angle scattering
rates induced by plasma waves, including hiss, EMIC waves, VLF transmitters, and lightning whistlers. The initial findings
suggest that continuous scattering driven by plasmaspheric hiss predominantly controls the decay of energetic electrons.
In this presentation, we will report various observations made by Arase related to radiation belt and inner magnetosphere
variations during this historic geomagnetic storm.
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Ionospheric convection associated with low-latitude auroras during 25th solar cy-
cle - SuperDARN HOP radars observations

#Nozomu Nishitanil), Tomoaki Hori!), Keisuke Hosokawa?), Atsuki Shinbori®), Yuki Obana®), Mariko Teramoto®, Kazuo
Shiokawa® , Ryuho Kataoka”)

(nstitute for Space-Earth Environmental Research, Nagoya University, (?Graduate School of Communication Engineer-
ing and Informatics, University of Electro-Communications, Institute for Space-Earth Environmental Research, Nagoya
University, (International Research Center for Space and Planetary Environmental Science, Kyushu University, (°Kyushu
Institute of Technology, ®Institute for Space-Earth Environmental Research, Nagoya University, ("National Institute of Polar
Research

The SuperDARN HOP radars (consisting of Hokkaido East and West radars), currently located at the lowest geomagnetic
latitude, have been in operation since 2006 and 2014, respectively, and successfully obtained the ionospheric convection
flow data during several geomagnetic storm events of the 25 Solar Cycle, such as those in November 2023, December 2023,
and May 2024, when low-latitude auroras were observed at the Hokkaido East radar site, Rikubetsu Town, Hokkaido (37°
geomagnetic latitude). In general, low-latitude auroral precipitation regions are accompanied by sheared zonal ionospheric
flows, but detailed flow patterns vary from event to event. In addition, the brief (<10 min) variations in line-of-sight velocity
observed by the SuperDARN HOP radars appear to have a characteristic time scale similar to auroral variability. More de-
tailed analysis, discussion, and interpretation of the ionospheric flow patterns associated with these low-latitude auroras will
be presented.

i - FHIBSTEEIRED 4 — v F & D AAICEIE§ 2 BREBED RO R L, BEBFEM. i EPBEEKo 77— 22 Hv
THIMNCHIZEX N TE 2, —77, BT — 208 h0nikD, A—o FEDIAAERD & b EEER GhREEGEE 50 &
) FTIERT 3 &5 REARGRHBEAERICB T 24— 0 S FICBE L =B BRI T 2 RI3F A 1T
[y ANME@RYIRR

BILE. SuperDARN O AT b RO HIESHEE 1B 3 % SuperDARN HOP L — &' — (JbiBE-FERHE—L — X —B &
CALHBE-FERISE L — & —) 13, 2240 2006 F ¥ 2014 EEp SEHA XN TV, JLERENIOHE —L — & —H% 4
b (REAGERE 37 ) ICRE LA X 7 CIERBEA — o 5 BBl X - 05 25 KEGIEEFEIZ T & K& D
2023 4E 11 A, 2023 4E 12 A, 2024 4 5 AR YD H 35, WFHIZDOWT S SuperDARN HOP L — &X' — T % Bt 57
F—RERETAZLIABILTWS, —fic, KEEA — 1 S D IAATERZEHBE O 70 —> 7 —fEz2 T3
B, FHR 7B —DRR—=VIFARY Mo TERR S, 51T, SuperDARN HOP L —X =2 ko THlHl a7 5
A RE ORI (~10 70K OEENX, 4 —a FZLFH L FARORENRRERA -1 2foTnwd k5THs, Zh
5 DIRAERE 4 — v F 1CBH U 72 BHEE 7 0 — OFRHEIC OV T, X D RIS X ORISR EZRET 2 TETH 5,



S002-09
A£E 1 11/25 PM1 (13:15-15:15)
14:05~14:20

2024 F 5 BEKIEPICEAISNI. TS IATEEREDREEMICOWVT

#ERAE Hrc )BT PR 2, LR A D), AR S ), S Rl D), KAR RO, SAF LT, R E O

(UMK BB R BB 2 > & —, %3t A MUERBRBEIIAC AN, @ HUICK - B - I 7 5 Xw kK, U oK
ek - T - RV, O BRK, © SR, (7 %K ISEE, MR,/ T

Anomalous Increase in Plasma Mass Density Observed during the 2024 Mother’s
Day Storm

#Yuki Obanal), Atsuki Shinboriz), Fuminori TsuchiyaS), Atsushi Kumamot04), Yoshiya Kasahara5), Ayako MatsuokaG),
Yoshizumi Miyoshi”), Iku Shinohara®

(Unternational Research Center for Space and Planetary Environmental Science, Kyushu University, CInstitute for Space-
Earth Environmental Research, Nagoya University, (*Planetary Plasma and Atmospheric Research Center, Graduate School
of Science, Tohoku University, (*Department of Geophysics, Graduate School of Science, Tohoku University, (?Emerging
Media Initiative, Kanazawa University, (*Graduate School of Science, Kyoto University, ("Institute for Space-Earth Environe-
ment Research, Nagoya University, (®Japan Aerospace Exploration Agency/Institute of Space and Astronautical Science

The geomagnetic storm, which began at 17:00 UT on 10 May 2024, reached a Dst index of -412 nT, making it the largest
geomagnetic storm since November 2003 and named “"Mother’s Day Storm.” In this study, we investigate the behavior of the
plasmasphere during this geomagnetic storm, primarily using multipoint geomagnetic observation data.

By examining the amplitude ratio and phase difference of geomagnetic pulsations between two points with slightly differ-
ent latitudes, the resonance frequency of magnetic field lines can be precisely determined, and this frequency can be used
to estimate the plasma mass density near the equatorial plane of the magnetosphere. However, since field line resonance is
a phenomenon that predominantly occurs in the dayside magnetosphere, this method is limited to investigating the dayside
magnetosphere.

Plasma mass density calculations for L "2.5 across multiple longitudinal sectors from 9 to 12 May 2024, revealed that,
during the main phase and early recovery phase, mass densities up to nearly ten times the usual values were observed in some
longitudinal sectors. The most prominent density increase was observed in the New Zealand meridian (170° E) between
21:00 and 24:00 UT on 10 May, where the density reached up to 25,000 amu/cc. For comparison, the average plasma mass
density on quiet days in May over the past decade at the same observation point was approximately 2,500?3,000 amu/cc.
Similar density increases were observed in Eastern Europe (20° E, 8:30712:30 UT on 11 May, 19,000 amu/cc) and Western
Europe (4° W, 9:00714:00 UT on 11 May, “13,000 amu/cc), while in Eastern America (75° W, 21:00723:00 UT on 11
May, "11,000 amu/cc), the increase was observed for a shorter duration, but it was not observed in Western America (110°
W). This suggests that the anomalous density increase was observed when the magnetic flux tubes, after passing through the
post-midnight to dawn sector during the main phase of the storm (17:10 UT on 10 ? 2:10 UT on 11), rotated into the dayside
magnetosphere.

During this geomagnetic storm, the ERG satellite, which was in an orbit with an apogee on the dayside, passed through
L=2.5 near 9 MLT and 18 MLT. An investigation of electron density derived from UHR frequencies showed no significant
density increase similar to that observed in the mass density, suggesting that the increase in mass density was likely due to an
increase in heavy ions. In the presentation, we will discuss more detailed analysis results and interpretations related to these
density increases.
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Temporal and spatial variation of electron density in the plasmasphere and iono-
sphere during the May 2024 storm

#Atsuki Shinbori®), Naritoshi Kitamura?), Kazuhiro Yamamoto®), Atsushi Kumamoto®), Fuminori Tsuchiya®, Shoya
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(®Kyushu Institute of Technology, (?Graduate School of Science, Kyoto University, (\’Research Institute for Sustainable
Humanosphere, Kyoto University, (!'National Institute of Information and Communications Technology, (**National
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1)

Due to the arrival of strong southward interplanetary magnetic field (IMF) to the Earth’s magnetosphere, a strong
magnetospheric convection is driven by the dayside magnetic reconnection between the IMF and Earth’s magnetic field.
The magnetospheric convection electric field penetrates the plasmasphere and equatorial ionosphere together with the
development of a ring current in the inner magnetosphere. The electric field changes a spatial distribution of the electron
density in the plasmasphere and ionosphere. However, details of the temporal and spatial variation of the electron density
have not fully been understood during a super geomagnetic storm such as the May 2024 storm with a SYM-H minimum
value of -512 nT. In this study, we analyzed global navigation satellite system - total electron content (GNSS-TEC) and
Arase satellite observation data to clarify the generation mechanism of the electron density variation in the plasmasphere and
ionosphere during the May 2024 storm. To identify the electron density variation in the ionosphere, we calculated the ratio
of the TEC difference (tTEC) defined as a difference from a 10 quiet-day average TEC normalized by the average value.
Further, we obtained the electron density in the plasmasphere and inner magnetosphere from the upper limit frequency of
upper-hybrid resonance (UHR) waves observed by the Arase satellite. As a result, an L-t diagram of the electron density
shows a shrink of the plasmasphere from L=6.0 to L=2.0 after the onset of the storm. It persisted for 4 days, which is much
longer than a usual CME-driven storm. This result suggests that the erosion of the plasmasphere is caused by the penetration
of a strong convection electric field. Interestingly, the electron density in the inner plasmasphere of less than L=2.0 increased
by a factor of 3-5 during the main and early recovery phases of the geomagnetic storm. This phenomenon is thought to
be caused by the uplift of the lower altitude plasmaspheric and ionospheric plasmas due to the penetration of the eastward
electric field or heating of the ionospheric plasmas by heat flux from the inner magnetosphere. On the other hand, a polar
map of rTEC in the Northern Hemisphere shows that an enhancement of the rTEC value occurred around the cusp (12-13
h in magnetic local time (MLT)) approximately 1 hour after the onset of the storm sudden commencement. The enhanced
rTEC region extended in the magnetic latitude (MLAT) and MLT directions as the geomagnetic storm developed. After that,
a tongue of ionization (TOI) was form in the polar cap due to the enhancement of the two-cell convection in the high-latitude
ionosphere. During the recovery phase of the geomagnetic storm, a spatial distribution of rTEC showed a large depletion of
the rTEC value in the entire region of the ionosphere from the high to low latitudes. This phenomenon persisted at least for
more than 4 days. The depletion suggests the occurrence of a negative storm due to the neutral composition (O/N2) change
driven by energy input from the magnetosphere at the high-latitude thermosphere. Further, it is thought that the long duration
of the negative storm prevents the plasmaspheric refilling process.
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Blue aurora observed from Japan during the May 2024 geomagnetic storm
#Sota Nanjo!), Kazuo Shiokawa?)
(1Swedish Institute of Space Physics, (Institute for Space-Earth Environmental Research, Nagoya University

On May 11, 2024, an extreme G5-class geomagnetic storm triggered a spectacular and unusual display of colorful auroras
in mid- to low-latitude regions all over the world. In Japan, auroras were seen not only from Hokkaido but also from the
northern and central parts of Honshu. The widespread availability of commercial digital cameras among the public led to
a flooding of high-resolution auroral images on social media. This study reports on the appearance of a blue aurora during
a storm-time substorm on this day and its magnetic field-aligned and longitudinal structures captured by citizen scientists.
Observations from two photographers at different locations revealed that the aurora was located at approximately 40 degrees
magnetic latitude and magnetic local time (MLT) of 23 h, spanned about 1200 km (1-h MLT) in the longitudinal direction with
three separated structures, and ranged in altitude from 400 km to at least 900 km. Simultaneous photometric measurements
suggested that this blue aurora likely included emissions at 427.8 nm. While previous studies have noted the existence of
emissions at 427.8 nm in low-latitude auroras, this is the first time that a blue low-latitude aurora has been spatially visualized
and shown to have longitudinal and field-aligned structures. Additionally, previous studies suggested that blue emissions
in low-latitude auroras are produced by energetic neutral atoms precipitating from the ring current. However, identifying
longitudinal and field-aligned structures in this study may need an alternative explanation.
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Magnetic storm-time auroras as seen from Japan
#Ryuho Kataoka')
(1National Institute of Polar Research

I would like to report a citizen science-motivated studies on the cause of an unusually bright red aurora as witnessed from
Hokkaido, Japan during a magnetic storm on 1 December 2023 (Kataoka et al., 2024, GRL), as well as a vast magenta
aurora as observed from wide area of Japan, including Kyoto, during a severe storm on 11 May 2024 (Kataoka et al., 2024,
under review). Another latest citizen science example of 12 Aug 2024 storm (Dst peak at -203 nT) will also be shown for
comparison.
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Space weather impact on meteorological satellites and their operations during
May 10-13, 2024 severe geomagnetic storm

#Tsutomu Nagatsuma'), Andrew Monham?), Elsayed Talaat®), Jesse Andries®
(INICT, CEUMETSAT, ®NOAA, “*WMO

The Coordination Group for Meteorological Satellites (CGMS) is the group that globally coordinates meteorological satel-
lite systems including space weather matter. This includes protection of in orbit assets, contingency planning, improvement
of quality of data, support to users, facilitation of shared data access and development of the use of satellite products in key
application areas.

CGMS’s coordination is pursued from an end-to-end perspective between meteorological satellite operators and user com-
munities such as WMO. Members are meteorological and space agencies that are current and prospective developers and
operators of meteorological satellites and R&D satellites contributing to WMO programs, and WMO. The scope of its activ-
ities to include space weather was expanded in 2018.

Space weather matters are coordinated by SWCG. There are three active task groups on spacecraft anomaly database, im-
proving data access to space-based space weather observations operated by CGMS agencies, and ionospheric RO optimiza-
tion. SWCG also working together with GSICS space weather subgroup which handles inter-calibration of space weather
sensor, and with a task group on space environment sustainability under WG I which handles space traffic control. CGMS
recommends reporting spacecraft anomalies caused by space weather in Plenary meeting once in a year.

Geomagnetic storm occurred during May 10-13, 2024 is the largest storm in the last 19 years since August 2005. Since the
magnitude of the storm was comparable to the 2003’s Haloween event, which initiated large numbers of spacecraft anomalies,
there were concerns about the space weather impact on meteorological satellites and their operations.

After the storm event, we have asked CGMS member agencies to give some information about the following questions. 1)
Please let us know if severe space weather disturbances over the past few days have had an impact on your satellite operations
or the satellite itself. 2) Please let us know if you have implemented any measures for the satellite or satellite operations due
to severe space weather disturbances over the past few days. We have received feedback from the members.

The summaries of feedback from CGMS agencies about space weather impact on spacecraft anomalies and operations,
and its relationship with the conditions of space environment observed by meteorological satellite will be discussed in our
presentation.
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Four Layer Structure of LEO and Altitude Change of Space Objects in Severe
Space Weather in May 2024

#Susumu Tamaoki®), Satoshi Nozawa®)
(1Ibaraki University

One of the space weather hazard risks in satellite operation is aerodynamic drag. Aerodynamic drag increases due to
the ascending phase of the solar activity, and space objects fall, which can reduce the life in orbit and increase the risk of
permissible orbital holding range deviations. On the other hand, in the case where drag is small, space objects in orbit increase
the production risk of space debris. We classify Low Earth Orbits (LEO) into four layers based on the characteristics of the
aerodynamic drag in the satellite orbit, deriving from the change in the orbital altitude of the satellites. In the severe space
weather event in May 2024, we report whether space objects flying in each layer structure of LEO fell.
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Status of JAXA Low Altitude Satellite and Radiation Environment in May 2024
Event

#Yugo Kimoto!), Kiyokazu Koga'), Haruhisa Matsumoto®)

(1Japan Aerospace Exploration Agency

This presentation describes the operations of JAXA’s low earth orbit satellites (GCOM-C, GCOM-W1, GOSAT, GOSAT-
2, and XRISM) following a large-scale space weather event that occurred in early May 2024. GOSAT is also equipped
with a light particle telescope (LPT) for the purpose of high-energy charged particle environments that can cause spacecraft
anomalies. The impact of this event will be discussed along with the status of the high-energy radiation environment during
this period.
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Social Impact by Extreme Space Weather Events during May 2024

#Mamoru Ishii'2)

(INational Institute of Information and Communications Technology, *Institute for Space-Earth Environmental Research,
Nagoya University

The solar flares and associated proton events, CMEs, that occurred in sunspot groups 13663 and 13664 since May §, 2024
(Japan Standard Time) were the largest in the 25th solar cycle. It is the first time to observe 13 solar flares of X-class or higher
occurred continuously since the current observational techniques were established. International Space Environment Services
(ISES) is the only international organization formed by space weather forecasting organizations and currently consists of 21
Regional Warning Centers (RWCs) and 3 Collaborative Expert Centers (CECs). To become an ISES member, each country
must be providing space weather information operationally, have national endorsement, and adhere to an open data policy.
One of the strengths of ISES is its close relationships with end users in each country. In Japan, NICT has been promoting user
communication through the Space Weather User Forum and the Space Weather User Council, and similar activities are being
promoted by ISES members around the world. For this large-scale space weather phenomenon, we are utilizing these user
communications to compile the social impacts. Many of the social impacts include confidential information, and we select
this information with the consent of the provider of the information. In Japan, it has already been reported that shortwave
communications and satellite positioning have been severely affected, and it has also been reported that aviation operations
have been forced to change in high latitude areas. In this presentation, more detailed information will be presented.
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Impact of a Large Solar Flare in May 2024 on the Positioning Accuracy of High-
Precision GNSS

#Satoshi Fujiwara'), Motoyuki Hosoya'), Masunori Kitada®)
(1JENOBA CO., LTD.

1. Introduction

GNSS radio waves, such as those used in GPS, are subject to delays and other effects when they pass through the iono-
sphere. In this presentation, we will report on the impact of the large solar flare in May 2024 on high-precision GNSS
positioning accuracy.

2. GNSS Positioning and Ionospheric Disturbances

GNSS positioning for navigation and smartphones generally uses a code (with a wavelength equivalent of about 300 m)
modulated onto a GNSS carrier wave, resulting in positioning accuracy of a few meters. In contrast, high-precision position-
ing, used in surveying and other applications, relies on the phase of the GNSS carrier wave (wavelength of about 19 cm) to
achieve accuracy within a few centimeters or less.

The ionospheric delay is a significant issue for high-precision positioning. Using two frequencies, L1 (1575.42 MHz) and
L2 (1227.60 MHz), can mitigate ionospheric delays by taking advantage of the fact that delay amounts differ depending on
the frequency. However, disturbances in the ionosphere caused by solar flares, among other factors, can lead to irregular
GNSS signals, resulting in reduced positioning accuracy.

In high-precision positioning, determining the integer number of radio waves (integer ambiguity) between the satellite
and receiver is crucial for accurate distance measurement. The state in which this integer value is correctly determined is
called a FIX solution (accuracy: within several centimeters), as opposed to a FLOAT solution (accuracy: ranging from tens
of centimeters to several meters). The FIX solution is a key indicator of positioning accuracy, which can be affected not
only by ionospheric disturbances but also by a decrease in the number of usable satellites, multipath effects, and radio wave
interference.

3. Positioning Status from May 11, 2024

We provide a service that enables position measurements with an accuracy of a few centimeters every second throughout
Japan using the network RTK method, leveraging GSI’s continuously operating reference station network (GEONET). Begin-
ning around 22:00 JST on May 11, 2024, our monitoring detected a phenomenon where the FIX solution became unavailable
in certain areas, gradually moving southward from Hokkaido to Kyushu.

This issue first appeared in eastern Hokkaido around 22:00. By 23:00, parts of the Tohoku region were also experiencing
a loss of FIX solutions. By midnight on May 12, the disturbance had spread across nearly the entire Tohoku region, moving
westward to Kanto by 1:00 a.m. and then to Kansai by 2:00 a.m. The disturbance reached its peak by 4:00 a.m., affecting
a wide area from Tohoku to Kyushu. It gradually subsided, becoming confined to southern Kyushu by 7:00 a.m., and was
no longer observed by 9:00 a.m. This phenomenon appears to have affected not only our service but also RTK positioning
services in general.

Since the disturbance occurred from late Saturday night to early Sunday morning, the impact on general users was mini-
mal. Although advancements in equipment and software have improved our ability to mitigate such large-scale disturbances,
some phenomena, such as this one, cannot yet be fully prevented. Therefore, further countermeasures and public awareness,
including advance warning of anticipated impacts, are essential.
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The impact of ionospheric disturbances due to solar activity on the user position
accuracy by CLAS.

#Ryosuke Saito!), Susumu Saito?), Natsuko Hayase!), Kazutoshi Sato'), Seigo Fujita?), Masakazu Miya®)

(1Mitsubishi Electric Corporation, (?Electronic Navigation Research Institute

Centimeter Level Augmentation Service (CLAS) utilizes the L6D signal of Quasi-Zenith Satellite System (QZSS) to trans-
mit positioning augmentation information. This information provides centimeter-level positional accuracy, consistent with
the Japanese geodetic system, available for the main islands of Japan and its surrounding ocean area. CLAS employs PPP-
RTK as its positioning method and estimates correction such as satellite clock, satellite orbit, satellite signal bias, ionospheric
delay, and tropospheric delay. These corrections are mapped onto a grid with an interval of approximately 60 km. The user
can calculate augmentation data at his or her location by using information from the nearest three or four grid points.

When localized ionospheric disturbances occur, the disparity in augmentation data between neighboring grids becomes
significant, impacting the precision of CLAS users across these grids. CLAS users are particularly susceptible to the effects
of plasma bubbles and Middle Scale Traveling Ionospheric Disturbances (MSTIDs). In fact, a trend of degraded positioning
accuracy has been observed during the occurrence of plasma bubbles and MSTIDs.

In recent years, due to increased solar activity, the number of ionospheric disturbance events has risen, and their impact on
PPP-RTK positioning by using CLAS has become more significant. In particular, the intense magnetic storm caused by the
solar flare in May 2024, reaching Dst<-400nT, and associated ionospheric disturbance caused noticeable impact on the user
position accuracy by CLAS. This paper evaluates and reports the results of ionospheric disturbances associated with recent
solar activity and their impact on PPP-RTK performance by using CLAS.
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Ionospheric disturbances and their impact on aeronautical GNSS applications fol-
lowing the geomagnetic storms occurred in 2023-2024

#Susumu Saito!), Takayuki Yoshihara®), Toru Takahashi®), Taisei Nozaki?), Mamoru Yamamoto
(IENRI, National Institute of Maritime, Port, and Aviation Technology, (?Course of Communications and Computer Engi-
neering, Kyoto University, (*Research Institute for Sustainable Humanosphere, Kyoto University

3)

Global Navigation Satellite System (GNSS) is now widely used in the society. In the field of air navigation, GNSS is now
one of the essential elements. However, ionospheric disturbances are major error sources in GNSS-based air navigation in
which only single-frequency GNSS equipment is available.

Since the safety is very important for air navigation, strict standards are defined by International Civil Aviation Organi-
zation (ICAO). To provide safe GNSS-based services, the standards defines how to mitigate the ionospheric impacts. To
design safe and available systems, how the ionosphere can change must be defined, which is threat model. In other words, air
navigation systems are designed to be safe within the defined, usually very conservative, threat models.

Even if the threat models are defined with the best available historical data and knowledge, it is still necessary for the
threat models to be checked against newly occurring phenomena. It is also important to check if the geophysical mechanisms
behind the new phenomena is consistent with our common knowledge on which the threat model is based.

As the solar activity approaches to its peak, different types of ionospheric disturbances occur over Japan. Occurrence of
equatorial plasma bubble occur frequently in low latitude Japan. Even in the lower mid-latitude Japan, strong ionospheric
disturbances are frequently observed associated with severe geomagnetic storms.

One of the GNSS-based air navigation systems which requires stringent bounding of ionosphere-induced errors is the
GNSS ground-based augmentation system. It can support precision approach and landing guidance of aircraft which is the
critical phase of aircraft operation. Since it is based on the range-domain differential GNSS technique, spatial gradients in the
ionospheric delay (or equivalently total electron content (TEC)) is the critical error source. We have evaluated ionospheric de-
lay gradients for the three unusual ionospheric disturbances on 5 November 2023, 1 December 2023, and 11 May 2024, all of
which are associated with severe geomagnetic storms and compared with the existing threat model for the Asia-Pacific region
recommended by ICAO. Furthermore, we have evaluated impacts of the ionospheric disturbances on the aircraft surveillance
system called ADS-B (Automatic Dependent Surveillance - Broadcast), although it would not be expected to be significantly
impacted, because the required error levels for ADS-B is not so stringent.

Mechanisms of the ionospheric disturbances are investigated by using the three-dimensional ionospheric tomography based
on a dense GNSS network.
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Impact of ionospheric activity on air navigation integrity and accuracy in ADS-B
#Toru Takahashi®), Anurak Pongpeawz), Susumu Saito!), Tadashi Kogal), Pornchai Supnithiz), Jirapoom Budtho?
(IElectronic Navigation Research Institute, (*Telecommunications Engineering Department King Mongkut’s Institute of
Technology Ladkrabang

The Automatic Dependent Surveillance-Broadcast (ADS-B) is a surveillance technology primarily used by aircraft and air-
port vehicles. The ADS-B message includes a position derived from GNSS satellite positioning, barometric altitude, aircraft
speed, and the aircraft’s identity. It also broadcasts integrity and accuracy information known as the Navigation Integrity Cat-
egory (NIC) and Navigation Accuracy Category - position (NACp). Typically, NIC and NACp values are greater than 7 and
8, respectively, indicating that the radius of containment around the aircraft (Rc) is less than 185.2 meters and the Estimated
Position Uncertainty (EPU) is less than 30 meters. However, during periods of high geomagnetic activity, NIC and NACp
occasionally degrade to values below 7 and 8.

Since 2020, the Electronic Navigation Research Institute (ENRI) has been recording ADS-B messages at locations in-
cluding Iwanuma, Minami-Soma, Chofu, and Ishigaki. At Ishigaki, an All-sky airglow imager (ASI) and a GNSS receiver
have been installed. The ASI enables the detection of plasma bubbles, which appear as regions of plasma density depletion,
causing amplitude or phase fluctuations in GNSS signals known as scintillation. Strong scintillation can lead to the loss of
lock on GNSS signals, resulting in the GNSS receiver losing the signal. The GNSS receiver used is the Septentrio PolaRx5S,
which provides phase and amplitude scintillation indices with a 1-minute sampling rate. Therefore, the degradation of NIC
and NACp due to ionospheric activity can be investigated on Ishigaki.

In this presentation, we will show cases of NIC and NACp degradation during periods of high geomagnetic activity, par-
ticularly in May 2024. We calculate the Ionospheric Pierce Point (IPP) of the GNSS satellite signals for the aircraft that
broadcasted the degraded NIC and NACp, to compare the scintillation indices and the horizontal structure of the plasma
bubble. Finally, we discuss the contribution of geomagnetic activity to the degradation of NIC and NACp.
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A weather caster’s thoughts on the merits and demerits of aurora reporting
#Kimiharu Saita?), Susumu Tamaoki®), Saki Ishida®)
(1ABLab Space Weather Project, (?Weather Caster Network

Space weather events such as solar flares that occurred in May 2024 were widely featured in news programs because
aurora borealis were seen in various parts of Japan. On the other hand, there is little news about the negative impact on
social systems, and it is thought that many people are optimistic about space weather events. We will examine how this space
weather event was reported from the perspective of a weather caster, and consider how to convey it to the general audience in
the future.
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Interaction among multiple CMEs to result in May 2024 Superstorm

#Daikou Shiota®), Seiji Yashiro?), Kazumasa Iwai®)

(1National Institute of Information and Communications Technology (NICT), (2Catholic Unversity of America, (Institute
for Space-Earth Environmental Research, Nagoya University

The space storm that occurred in May 2024 became a phenomenon of a scale rarely seen in history, with aurora visible in
extremely wide areas of the world, including Japan. One of the reasons for this event is that the solar wind that arrived at the
Earth on May 10-12 was in a state far from normal, with a maximum density of more than 50 particles/cc and a maximum
southward magnetic field of more than 50 nT. This solar wind structure is considered to be generated by multiple CMEs
associated with solar flares, including the X-class flares occurred continuously in a short period of time of May 8-10. It is
thought that the high-speed CME:s interacted with each other and arrived at the Earth as a single complex body, but the details
are difficult to clarify.

In this study, we analyzed solar flares and CMEs that propagated toward the Earth during this period, which were observed
by the SDO satellite and SOHO/LASCO, and calculated the propagation of the CME:s in the solar wind with MHD simulation
(SUSANOO-CME), and examined the correspondence between the solar wind structure observed in situ and the solar flares
and CMEs. In the multiple CMEs that occurred on May 8-9, the propagation speed of the succeeding CMEs was higher
than that of the preceding CMEs, and it was seen that they caught up and interacted with each other during propagation in
interplanetary space. As a result, it showed that compression occurred in the shock waves of the succeeding CMEs and a
prevention of the expansion of the middle CMEs caught between other CMEs, leading to the formation of a high-speed, high-
density, and high-magnetic field structure. However, since it is difficult to identify the correspondence between phenomena
observed in the solar corona and in situ measurement, we report the results of comparison and consideration of simulation
results in which data of different CMEs were input.
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Interplanetary scintillation observation and predictability of coronal mass ejec-
tions in May 2024

#Kazumasa Iwail), Daikou Shiota?), Kenichi Fujikil), Hirofumi Isogail)
(Unstitute for Space-Earth Environmental Research, Nagoya University, (?National Institute of Information and Communi-
cations Technology (NICT)

Coronal mass ejections (CMEs) cause various disturbances in the solar-terrestrial system. However, their propagation in
interplanetary space has not been understood well. In early May 2024, multiple CMEs were generated and some of them
arrived at the Earth, that caused severe solar-terrestrial storms. We have investigated these CMEs using the Interplanetary
scintillation (IPS) observations. The IPS is a radio scattering phenomenon generated by the disturbances in the solar wind.
IPS observation has been one of the most important tools for observing CMEs propagating in interplanetary space. The
Institute for Space and Earth Environmental Research (ISEE), Nagoya University has observed IPS at 327 MHz using an ob-
servation system consist of three large radio telescopes. We found that an increasing number of large-amplitude IPS responses
on 10 May, just before the shock arrival at the Earth. Large-amplitude IPS responses were detected especially in the line of
sight in the direction of large solar separation angles, where the ICME:s of interest supposed to be located. Enhancements on
IPS responses can be associated with the high-density region where the fast-propagating ICMEs pile up the background solar
wind.

The propagation of CMEs observed during this period have been reproduced using the magnetohydrodynamic simulations
(SUSANOO-CME). The results suggest that multiple CMEs were generated in a short period of time in the inner heliosphere,
forming a dense region with multiple CME-CME interactions. These high-density regions are considered to scatter radio
waves significantly and can explain the enhanced IPS response. These results suggest that IPS observations are effective
in predicting the time of arrival of the complex CMEs observed in this study. On the other hand, the line of sight of the
observed IPS responses were located ahead of the high-density region suggested by the simulation. This discrepancy could
be explained by some possibilities, for example, (1) small-scale CMEs that are not included in the magnetohydrodynamic
simulations preceded the interplanetary space, (2) the actual CMEs may have been more pushed in the direction of travel than
the spheromak used in the modelling, (3) CME propagation could not be reproduced correctly due to poor model accuracy of
the background solar wind.
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Investigation of Earth’s Magnetospheric Structure During the Massive Solar Flare
of May 2024 with MHD Simulations

#Keiichiro Fukazawa®), Yuto Katoh?), Yohei Miyake®), Takeshi Nanri®)

(1 Academic Center for Computing and Media Studies, Kyoto University, (?Department of Geophysics, Graduate School of
Science, Tohoku University, (3Graduate School of System Informatics, Kobe University, (4Research Institute for Information
Technology Kyushu University

The giant solar flare that occurred in May 2024 was significant enough to generate auroras not only at high latitudes but
also at various locations at low latitudes, which indicates a substantial impact on Earth. However, the Earth’s magnetosphere
cannot be visually observed, and its three-dimensional structure is difficult to comprehend, then the changes of magneto-
sphere’s structure during this solar flare unconfirmed.

In this study, we performed an MHD simulation of the Earth’s magnetosphere using the solar wind corresponding to this
solar flare as input to see the spatiotemporal variations in the magnetospheric structure. Due to the magnitude of the solar
flare, the solar wind fluctuations were significant and it makes challenging to execute the simulation with numerical stability.
The simulation model was adjusted accordingly, and a four-day simulation from May 9 to May 12, 2024 (UT) was performed.
To obtain preliminary results quickly, the spatial resolution was set to 0.2 Re, and the inner boundary was set at 3.5 Re.

The simulation results showed that the dayside magnetopause was highly compressed and pushed close to the inner bound-
ary. While some results near the inner boundary might not accurately reflect reality, the simulation is considered sufficient
for a preliminary global assessment of the magnetospheric structural variations.
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Transient electric and magnetic field fluctuations and particle acceleration upon
the sudden commencement of the May 2024 storm

#Tomoaki Hori'), Atsuki Shinbori?), Yoshizumi Miyoshi®), Kunihiro Keika®), Satoshi Kasahara®, Shoichiro Yokota®,
Shoya Matsuda”™, Yoshiya Kasahara® , Ayako Matsuoka® , Iku Shinohara'?)

(Unstitute for Space-Earth Environmental Research, Nagoya University, ?Institute for Space-Earth Environmental Research,
Nagoya University, (*Institute for Space-Earth Environemental Research, Nagoya University, (*Department of Earth and
Planetary Science, Graduate School of Science, The University of Tokyo, (°The University of Tokyo, (6Osaka University,
(TKanazawa University, (SEmerging Media Initiative, Kanazawa University, (9Graduate School of Science, Kyoto University,
(10Japan Aerospace Exploration Agency/Institute of Space and Astronautical Science

Energetic particle acceleration associated with electric and magnetic field fluctuations upon the sudden commencement
of a super magnetic storm is investigated by primarily analyzing particle and field data obtained by the Arase satellite. An
interplanetary shock that arrived at the Earth late May 10, 2024 strongly compressed the dayside magnetosphere and resulted
in a geosynchronous magnetopause crossing, kicking out several other satellites located sunward from Arase (at L "4.7) to the
magnetosheath. Arase, which had barely stayed in the magnetosphere at a magnetic latitude of “21 deg, observed a stepwise
increase of the magnetic field intensity and subsequently transient, huge fluctuations of the electric ("50 mV/m peak to peak)
and magnetic (“several tens of nT) field with a period of several minutes. In association with each of the transient field fluc-
tuations, both energetic electrons and ions ("a few tens to a few hundreds of keV) showed transient flux increases with higher
energy (>30 keV) protons exhibiting clear pitch-angle dispersions (PADs). The very short ("a few tens of seconds) time scale
of each PAD indicates that energetic protons are generated over a wide range of pitch angle around the magnetic equator, then
travel along a field line, and finally arrive at the satellite at different timings depending on their parallel velocity. A detailed
examination reveals that the PAD appears repeatedly with a period of a few tens of seconds during each of the minute-scale
flux increases. The observed repetition signature of PADs strongly suggests that such repeated acceleration processes are
embedded even in a single flux increase.
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Observations of EMIC waves during the May 2024 geomagnetic storm observed
by the Arase satellite and PWING network

#ChaeWoo Jun®, Y. Miyoshi'), T. Hori?), K. Shiokawa®), K.-H. Kim?, J. Bortnik®), L. Lyons®), I. Shinohara®), A.
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(Unstitute for Space-Earth Environmental Research, Nagoya University, (?Kyung-Hee University, Suwon, Korea,
(3Atmospheric and Oceanic Sciences, University of California Los Angeles, Los Angeles, USA, (“nstitute of Space
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(6Graduate School of Natural Science and Technology, Kanazawa University, Kanazawa, Japan, ("Graduate School of
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During the main phase of the storm, electromagnetic ion cyclotron (EMIC) waves are known to origin in the lower L-shell
(L<5) regions in the afternoon sector. This is due to the developing ring current caused by the strong convective electric field
in the inner magnetosphere. We present observations of EMIC wave activities during the great geomagnetic storm on May
2024, using data from Arase satellite and PWING ground-based observation network. For the May 2024 storm, the minimum
Dst index was around -403 nT, making it the largest geomagnetic storm of the past decade. The Arase satellite detected
several magnetopause crossings at L "5-6 during the main and early recovery phase, suggesting that the magnetosphere was
significant compressed. This observation indicates that energetic particles are able to penetrate to regions close to the Earth.
PWING ground-based observations exhibit special types of Pcl pulsations such as the dayside interval of pulsations of the
demisting period (IPDP) during the main and early recovery phases at sub-auroral and low-latitudinal stations and several
continuous Pc1 pulsations with frequencies of 1-2 Hz during the late recovery phase. In particular, the Arase observations
show that high-frequency EMIC waves have a frequency range of 5-36 Hz at L "2 during the early recovery phase at 18 MLT
and 7-8 MLT. We will investigate their characteristics (e.g., polarization sense, wave normal angle, Poynting vector, spatial
distributions) and possible free energy sources for these waves by comparing our observations with model calculations (e.g.,
dispersion relation, the minimum resonant energy for protons and electrons). Our observations provide new insights into the
generation processes of EMIC waves and the dynamics of the inner magnetosphere during an intense geomagnetic storm.
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Westward geomagnetic change accompanying a magnetic storm in May 2024
#Tsutomu OGAWA D
(1Earthquake Research Institute, the University of Tokyo

Accompanying the magnetic storm in May 2024, appearance and disappearance of westward geomagnetic change in the
end of the main phase or the beginning of the recovery phase were observed at geomagnetic observatories and stations in Japan
including Yatsugatake Geoelectromagnetic Observatory (YAT), Earthquake Research Institute, the University of Tokyo. Its
quantitative description is presented.

Provisional geomagnetic records from 18:00, May 10 to 18:00, May 11, 2024, in UT at 32 geomagnetic observatories and
stations which are YAT, 11 observatories and stations of Geospatial Information Authority of Japan, and 20 INTERMAGNET
observatories of which longitudes are close to that of Japanese island arc and geomagnetic latitudes are between -50 and
50 degrees are analyzed. Identifying in the geomagnetic records for 24 hours both the trend components by polynomial
approximations, and the shorter-period components which correlate at observatories and stations by the empirical orthogonal
function analysis, these components are removed from original geomagnetic records.

The residuals show that the westward geomagnetic change between approximately 03:00 and 09:00 on May 11 is found at
the observatories and stations remarkably in the northern hemisphere. Its amplitude at YAT amounts to approximately 90nT.
It took approximately 10 and 30 minutes for the appearance and disappearance, respectively, of the westward geomagnetic
change, while for approximately 320 minutes the change was stably holded. The amplitude was larger at higher latitude in the
northern hemisphere: 30nT par 10 geomagnetic latitudes, while almost unseen in the southern hemisphere. As for the vertical
component, downward change which amounts approximately to 40nT at YAT is found. Geomagnetic latitude dependency is
less dominant. Since at Hawaii the westward and downward geomagnetic change is not clearly seen, it is presumed that the
geomagnetic change appears in the dayside region.

Clarification of the electric current system causing the westward geomagnetic change which is prominent in the dayside is
expected.
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Ionospheric variations observed at Syowa Station, Antarctica during the May

2024 space weather event
#Chihiro Tao'), Michi Nishioka!), Takumi Kondo!), Masato Nagaharal), Hideo Maeno?, Takuya Tsugawal)
(1National Institute of Information and Communications Technology

The National Institute of Information and Communications Technology (NICT) has been conducting continuous iono-
spheric observations at the Syowa Station in Antarctica for over 60 years. Currently, vertical ionospheric observations using
ionosondes and ionospheric scintillation observations are being carried out. The major space weather event in May 2024
included frequent occurrence of solar X-class flares, solar wind disturbances caused by multiple coronal mass ejections, and
high-energy solar proton particles. This resulted in significant geomagnetic storms and ionospheric disturbances observed
globally. Ionospheric observations at Syowa Station in Antarctica, located at 39.58° E and 69° S, shows shortwave radio
absorption on May 10, 11, and 16 local time (= UTC+3h), and negative phase storms from May 11 to 13. Phase scintillation
index also increases from May 10 to 13. We will introduce and discuss the relationship between these ionospheric variations
and energy input, as well as comparisons with medium- and small-scale space weather events in this presentation.

THHEET 7N TR, BEMmIEAE I 3V T 60 UL Rich 7 b BEEEEEBIH 21T o T\, BfE. A4V V7
EHW-EHREEEBI CHEERS Y F L -2 a YBIIZEBL TW5, 2024 4 5 HOBERFHEA XY M. BH
BICHORDBFELT X 77 2280 KB7 L7, BB aa -7 2 X 2 KIGEERL. KiGE T xr¥ —k 1o
HBERBSRADERD D D, R E L HIBAUR S & CEREE B 2ERANCBIR 2 N7z, Bk 39.58 . FfE 69 FEICHIE S
% FAMRIE A ES N 351 2 BRI T ld. BIIRE RS (=UTC+3 IR)5/10 - 11 - 16 W BRI R 540, 5/11-13 12
P CTEMEENR Nz, HS Y F L —ard 5/10-13 THTFTHERAR LN, TXF—HASLHINES & OXf
JEREfRR, MERR O FHEA XY b & DHBUCOWTAFERTHNT 2,
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Southern hemispheric aurora during the Mother’s day storm: a color all-sky cam-

era observation in New Zealand

#Keisuke Hosokawa'), Peter Jaquiery?), Yuki Obana®)

“University of Electro-Communications, (?Dunedin Astronomical Society, (3International Research Center for Space and
Planetary Environmental Science, Kyushu University

We have been operating a small color all-sky camera at Middlemarch (- 45.6° S, 170.1° E, MLAT = — 52.75° ,L =
2.77) in the South Island of New Zealand. This optical system consists of a small color CCD camera (WAT-221S2) from
Watec Co. Ltd., Japan, paired with a fish-eye lens (YV2.2X1.4A-SA2, Fujinon Co. Ltd.). Color images are captured every
minute with an exposure time of 4.3 seconds, using a USB video encoder (PCA-DAV?2), and saved as JPEG files at a reso-
lution of 640 X 480 pixels. The CCD camera is controlled by a Raspberry Pi3 equipped with a GPS receiver and operates
when the Sun is well below the horizon. The entire system is powered by solar cells and batteries, shared with the fluxgate
magnetometer system operative at the same observatory. The primary objective of this observation is to detect proton aurorae
at the low-latitude edge of the sub-auroral region, a phenomenon associated with EMIC waves in the magnetosphere. Since
the start of the observations in 2018, however, signatures of aurora have not yet captured near the central part (zenith) of the
field-of-view.

On the night of May 11, 2024, i.e., the second local night during the Mother’s day magnetic storm, the camera was oper-
ational for approximately 7.5 hours, from 06:32 to 14:00 UT. When the camera began recording, a less structured magenta
aurora already covered nearly the entire sky. This phase of magenta aurora persisted for about 30 minutes, until around 07:10
UT. Subsequently, the camera observed multiple instances of image saturation caused by intense auroral displays, likely
indicating auroral breakups in the lower sub-auroral region. Concurrently, the fluxgate magnetometer observed significant
fluctuations, with amplitudes estimated to be at least 500 nT. The actual fluctuations likely exceeded this value, but they were
beyond the detectable range of the instrument. Several sharp decreases and increases were detected in the local magnetic
north component, which likely corresponded to the explosive brightening of the aurora captured in the optical data.

In this presentation, we will first provide an overview of the morphological features of this storm time aurora by showing
the color keogram, with particular emphasis on the transition of the color of aurora. Additionally, we will present space-based
optical data from the DMSP/SSUSI instrument, comparing these with the ground-based observations from New Zealand. Fi-
nally, we will discuss the factors driving the change of the color of aurora from magenta to a mix of green and red, in close
relation to the development of the magnetic storm.
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Characteristics of low-latitude red/green/blue auroras observed seven times in
Japan in 2023-2024

#Kazuo Shiokawal), Yuichi Otsuka?), Nozomu Nishitani®, Sota Nanj04), Ryuho Kataoka®

(nstitute for Space-Earth Environmental Research, Nagoya University, CInstitute for Space-Earth Environmental Research,
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Physics (IRF), (5National Institute of Polar Research

The glowing solar activity in cycle 25 has been causing characteristic low latitude auroras observed in Japan seven times in
2023-2024. This number is much larger than that in the previous cycle 24 (only two times in 2009-2020). These low-latitude
auroras were observed on 27 February, 24 April, 5 November and 1 December in 2023 and 11 May, 28 June, and 12 August in
2024 at Moshiri (44.37N, 142.27E, MLAT=35.6) and Rikubetsu (43.46N, 143.77E, MLAT=34.7), Japan. These observatories
are operated by the Institute for Space-Earth Environmental Research (ISEE), Nagoya University. The 11 May 2024 event
was also observed at the Shigaraki MU Observatory, Kyoto University (34.85N, 136.11E, MLAT=25.4), Japan. All of them
were characterized by red 630-nm emissions, while two of them were also accompanied by rather strong 557.7-nm (green)
emission (stronger than 630-nm emission) on 27 February 2023 and 427.8 nm (blue) emissions on 11 May 2024. The blue
emission on 11 May 2024 was also identified in color cameras by amateur astronomers, showing longitudinal structures with
scale sizes of several hundred kilometers, appearing associated with a storm-time substorm. The blue low-latitude auroral
emission has been considered as a manifestation of precipitation of energetic neutral atoms from the ring current. However,
visible longitudinal structures pose a question on this consideration. In the presentation we will summarize the characteris-
tics of these seven low-latitude auroras observed in Cycle 25, and compare and discuss them with the low-latitude auroras
previously observed in Japan by ISEE, Nagoya University.

B4 7 25 OKRIGIEEBAEAIC BT 3 2023 £ 5 2024 12003 T, Ll B TR HIERBRERTZEATCI1E 7 [\, K&
A —us%2aADItBETHIL TER, ZomlEE. ¥4 7124 (2009~2020 4) IZBIF 3 2HEZ T TICRE L@
ZTEY. SKEED, OB RTRELBR-TVWAZEEZRLTVWS, ZASLDREE A —1 513, 2023 F
F2H27H. 4A24H. 11 A5H. 128 1H. 2024458 11 H¥x 6 H 28 H. 8 A 12 Hiz. dtigE o7 BEH|
At CIbA& 44.37 B, B 142.27 &, WA 35.6 1) L RERIBIRIAT CILA& 43.46 B, BAE 143.77 . WESUEREE 34.7 )
THBElIX N7z, 2024 £ 5 A 11 HIZEE RO 5 #KEAELZ B IR 0525 MU 8IHIFT (34.85N, 136.11E,MLAT=25.4)
THEHEIEN, WFRD 630nm DIREFEIETH o 7245, 2023 4£ 2 H 27 HITIZ 557.7nm (), 2024 £ 5 A 11 H
1213 427.8nm (Ff) OMWHENRDBHIE N, 2024 FES5 H 1L HOBEOFRENIE, 7F 27 KIFRICEBZHT—H X5
THHER XN, FORKOY T AP —2 L BONA2HE km ORE#HEZRLTVWS, BKEEOHFEVWF—a SR, U
THLY P oDEIIAF R FOEDIAAICEZ EEZONTER, LAL, BIKRZ3REFAOMEIZ. &
DEZRICREE 2R TP TVWB, #BETIZ. A 2L 25 XBHXAZcns THOEEBEES—0 SR 2D, &
NFETILERBKRFFHMIRBIRMIH A AR THA L CE-d—n 5 oLt - ERE2{T,



S002-P10
RZXZ2—1 1124 PM1/PM2 (13:15-18:15)

2024 £ 5 AOBSUEFICHATHASNIcLBEFHIEARVEFEEREL
SR Bt 1, 411 RIS D, BT P D), LA D), B ), PSR B %), PR A 2, Perwitasari Septi®)
O gt AP TR R, (2 SR AR RIDT AT, @ T BUm IS TS Hei

Total Electron Content Enhancement and Irregularities Over Japan During a
Magnetic Storm on May 2024

#Yuichi Otsukal), Kazuo Shiokawal), Atsuki Shinboril), Mamoru Yamamotoz), Tatsuhiro Yokoyamaz), Koji Nishimuraz),
Michi Nishioka®, SEPTI PERWITASARI®

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

In May 2024, a super geomagnetic storm with a SYM-H minimum value of -512 nT occurred. This study analyzes global
Total Electron Content (TEC) obtained from Global Navigation Satellite System (GNSS) receivers, thermospheric neutral
wind from a Fabry-Perot interferometer (FPI) in Darwin, Australia, and plasma drift velocity observed by the MU radar in
Shigaraki, Japan. The GNSS-TEC map shows that TEC enhancement with an amplitude of approximately 20 TECU appeared
around (40°N, 150°E) at approximately 12 UT (21 JST) on May 11, 2024 and extended northwestward. This feature is similar
to Storm-Enhanced Density (SED). After 13 UT (22 JST), ionospheric irregularities, indicated by the Rate Of TEC change
Index (ROTI), were observed at the poleward edge of the TEC enhancement. The ROTI enhanced region also extended
northwestward. Simultaneously, ROTI enhancement also appeared over Australia in the southern hemisphere, suggesting a
geomagnetic conjugate structure of the ROTI enhancement. Zonal winds observed by the FPI in Darwin were approximately
80 m/s westward on average from 13 to 20 UT on May 11. The zonal plasma drift velocity observed by the MU radar in
Japan was approximately 70 m/s westward at 13 UT (22 JST). We found that TEC depletions are embedded within the TEC
enhancement and coincide with ROTI enhancement, indicating the presence of plasma bubbles. These results suggest that
the westward extension of the TEC enhancement and the plasma density irregularities could be caused by westward ExB
plasma drift driven by westward disturbance winds. From the temporal variation of the ROTI enhancement on the global
map, we find that the ROTI enhancement is initiated around the magnetic equator at a longitude of 180° E around 8 UT
(local post-sunset) and moves westward, extending poleward. These results suggest that plasma bubbles generated at the
magnetic equator during local post-sunset extend to higher latitudes and that both the plasma bubbles and the surrounding
dense plasma move westward due to ExB plasma drift caused by the westward disturbance winds.
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Evaluation of electron density variation using PHITS and GAIA models during

solar flares in May 2024

#Shinnosuke Kitajimal), Kyoko Watanabel), Hidekatsu Jin2), Chihiro Tao?), Satoshi Masuda3), Michi Nishioka?
(1National Defense Academy of Japan, (?National Institute of Information and Communications Technology, (*Nagoya Uni-
versity

High-frequency (HF) radio communication is an important method often used in disaster response and air traffic control
because of its capability for long-distance communication using reflections in the ionosphere. However, a rapid increase in
X-ray emissions due to solar flares causes a rapid increase in the electron density in the lower ionosphere, and often making
HF radio unusable. In May 2024, more than 10 X-class flares occurred, causing various space weather phenomena, including
global occurrences of communication failures known as HF radio shortwave fadeouts (SWFs). SWFs were recorded in Japan
more than 10 times during this period. In order to know the occurrence of these SWFs and their magnitude, it is necessary to
estimate the fluctuations in electron density in the ionosphere accurately.

In this study, we use the GAIA model (Jin et al., 2011) and PHITS code (Sato et al., 2024) to estimate the electron density
variation during solar flare. The GAIA is one of the effective numerical simulation models for the whole global atmosphere,
providing electron density variations throughout the ionosphere in solar flare emissions. However, it still does not account
for photochemical reactions in the ionosphere below 100 km. Therefore, we use PHITS, which is a particle transport and
collision simulation code using the Monte Carlo method, to reproduce electron density variations in the lower ionosphere due
to flare X-ray emission, and then to compensate for the electron density in the lower ionosphere.

The occurrence and magnitude of SWF can be known from the minimum frequency in the ionogram (f,,;,). From the
ionogram of the ionosonde operated by NICT, we found that a strong SWF occurred in Japan on 11 May 2024 from 1:00 to
3:00 (UT) associated with the X5.8 class flare. In particular, a blackout was recorded at the ionosonde in Kokubunji for about
an hour starting at 1:20 (UT). In this presentation, we will report an assessment of the electron density variability on 11 May
2024 by comparing the electron density determined using the PHITS and GAIA models with data observed by ionosondes in
Japan. Additionally, we also discuss the SWFs caused by other flares that occurred in May 2024.
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Oscillation in the D-region ionosphere during a X5.89 class solar flare of 11 May,
2024 using LF transmitter signals

#Akane Kubota®), Hiroyo Ohya®), Fuminori Tsuchiya®), Hiroyuki Nakata')

(1Graduate School of Science and Engineering, Chiba University, (?Planetary Plasma and Atmospheric Research Center,
Graduate School of Science, Tohoku University

When solar flares occur, X-rays increase and then electron density in the ionosphere (60-1000 km altitude) increases. This
can cause problems with satellite attitude control, satellite communication problems, and reduced GPS positioning accuracy.
To validate these effects, it is necessary to more accurately quantify the increase in ionospheric plasma density caused by solar
flares, although this has not yet been precisely clarified. Previous studies for VLF (very low frequency, 3-30 kHz)/LF (low
frequency, 30-300 kHz) transmitter waves have shown that the amount of reflected height decrease in the D-region ionosphere
tends to differ with respect to the solar zenith angle at the midpoint of the path depending on the class of solar flares, and
that electron density variation due to solar flares is estimated to be smaller for north-south and east-to-west propagation
(Nakayama et al., 2024). Thus, the response of the D-region ionosphere to solar flares remains unclear. In this study, we
investigate the D-region ionospheric variations using the LF transmitter signals for a solar flare of the X5.89- class that
occurred at 01:10 UT on May 11, 2024 and was the largest solar flare among the consecutive solar flares that occurred in
May 2024. The LF transmitter signals used in this study were OCTAVE/AVON data operated by this research group in the
Asian region. The LF waves were transmitted from JJY60 (60.0 kHz) in Japan and BPC (68.5 kHz) in China, and received
at Pontianak (PTK) in Indonesia. During the X5.89- class solar flares, the LF phases oscillated, which was rare phenomenon.
Normally, when a solar flare occurs, the time variation is similar to that of the X-ray flux, although a periodic variations in
LF phases were observed during the flare. Based on wavelet analysis of these oscillations, the periods were 549 s for the
phase of the JJY60-PTK path and 349 s for the phase of the BPC-PTK path, respectively. The geomagnetic data observed at
Kakioka and Kagoshima at this time were compared, although no relationship was found. In this session, detailed results will
be reported.
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Frequency dependence of CNA due to various sources observed by spectral
riometers during the May 2024 storm

#Tomotaka Tanaka'), Yasunobu Ogawa'?), Yoshimasa Tanaka'>3), Akira Kadokura®?), Mizuki Fukizawa?, Kiyoka
Murase?, Keisuke Hosokawa®), Shin ichiro Oyama®®), Antti Kero®
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A spectral riometer measures cosmic noise absorption (CNA) in the frequency between 20-55 MHz and is expected to have
an ability to estimate the altitude profile of the electron density especially in the lower ionosphere. In the May 2024 solar
magnetic storm event, spectral riometers in the arctic region; in Kilpisjarvi (KIL, 69.07° N 20.75° E) and in Oulujarvi
(OUJ, 64.52° N, 27.23° E)etc., observed a number of CNA enhancements. During this event, the CNA enhancements were
caused by three different sources: solar X-rays, solar energetic protons, and energetic electrons from the magnetosphere,
known as major sources of ionization in the atmosphere. These three types of events may have different altitude profiles of
ionization. The CNA is expected to be proportional to the — 2 power of the observed frequency when the electron density
enhancement occurs at higher altitudes (>70 km), while the CNA would be proportional to between — 1 and — 2 power
of the frequency when the enhancement occurs at altitude lower than 70 km. Therefore, we will investigate the frequency
dependence of these three types of the CNA events. At around noon on May 11, for example, an intermittent strong CNA
was observed by the riometers, when an X-class solar flare occurred at 13:30 UT, and an increase of energetic proton (>10
MeV) flux was also measured by the GOES satellite. Note that the solar zenith at noon on the day at that location was 52.6
degrees. In the presentation, we will show how the frequency dependence of the CNA spectra differs between the three types
of ionization agent, and then discuss the mechanism behind such dependencies.
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Variations in the ozone concentration in the mesosphere at Syowa station associ-

ated with energetic particles precipitation
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We report variations in ozone concentration in the mesosphere above Syowa station, Antarctica, caused by energetic
particle precipitation (EPP) associated with a major magnetic storm that occurred from May 10th to 11th, 2024. The goal of
this study is to clarify the decrease in O3 concentration in the mesosphere associated with EPP during night.

In polar regions, EPP are associated with solar proton events and magnetic storms. The higher the energy of these parti-
cles, the lower the altitude of the precipitate. If an electron has an energy of approximately 300 keV or higher, it precipitates
at an altitude below 70 km. The ionization of atmospheric molecules induced by the EPP produces nitrogen oxide(NOx) and
hydrogen oxide in the mesosphere, which could cause O3 destruction. In addition to the direct effect of EPP, EPP may have
an indirect effect on O3 in the lower atmosphere through the transport effects. NOx produced in the lower thermosphere can
reach the upper stratosphere via polar winter descent, where it can participate in catalytic reactions that destroy Os. Since O3
is a significant component distributed across a wide range of altitudes and has a crucial impact on climate, it is necessary to
investigate the effects of EPP.

We used a millimeter-wave spectroradiometer installed by Nagoya University at Syowa station in Antarctica. Long-
term observations of the spectral lines of nitric oxide (NO) and O3 began in 2012. In 2022, simultaneous observations of two
O3 emission lines in the 250 GHz band carbon monoxide (CO) emission lines in the 230 GHz band, and six NO emission
lines in the 250 GHz band were started. The spectrum observed by the millimeter-wave spectroradiometer on the ground
is an integration of the O3 radiation over altitudes from the surface to the lower thermosphere. We retrieved the altitude
distribution of the O3 volume mixing ratio (VMR) from the radiation spectra to quantitatively estimate the O3 concentration
in the mesosphere. The observed spectra used for the retrieval are integrated over one hour. When the optical depth varies
significantly with time due to weather conditions, the data are excluded from the analysis. Thus, up to 24 O3 VMR profile data
are obtained per hour per observation day. The retrieval tool uses the O3 height distribution obtained by the MLS satellite
as an a-priori distribution and estimates the vertical distribution of O3VMR from the model spectrum that best matches the
observed spectrum, using the NASA-JPL molecular spectroscopy catalog and the meteorological vertical profile data from
MERRAZ2. Since the altitude distribution of O3 is affected by sunlight, a-priori distributions for daytime and nighttime are
switched at times of sunset and sunrise.

We have analyzed the data from May 1st to 23rd. From May 10th to 11th, an increase in the flux of protons with
energies above 100 MeV was confirmed from GOES satellite data. No clear increase was observed in the EPP flux data
over Syowa station from the POES satellite. The riometer installed at Syowa station confirmed an increase in precipitating
electrons between 17:00 UT and 18:30 UT on May 10th. We found a decrease in the mesospheric (60 — 70 km) O3 column
amount during the night from May 10th to 11th. The decrease in the average Oz column amount during that night with
the previous night was approximately 0.035 D.U., which represents the largest change in the daily mesospheric O3 column
amount during the analysis period. When examining the hourly changes in the mesospheric O3 concentration profiles from
15:00 on May 10th (LT18:00 at Syowa station) to 3:00 on May 11th (LT6:00), a decrease was observed from around LT19:00
to LT22:00. This was followed by an increase LT22:00 to LT23:00 and another decrease from LT23:00 to LT06:00. This
pattern differs from the typical diurnal variation in Oz column amounts. In addition to the major magnetic storm from May
10th to 11th, moderate magnetic storms ranging from -50 to -100nT occurred in May 2024, leading to increased proton and
electron precipitation. In this presentation, we will report variations in the O3 concentration in the mesosphere over Syowa
station associated with EPP during May 2024.
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X-ray Imaging and Spectroscopy Mission (XRISM, pronounced as crism), which was launched in September 2023, is an
X-ray astronomy satellite equipped with a microcalorimeter detector called Resolve with an energy resolution of 5 eV@6
keV in orbit and a CCD camera called Xtend that offers a wide field of view (FoV) 738’ x 38’. After the commissioning
phase to confirm the performance of these instruments, XRISM began regular operation; and until August 2024, it has ob-
served targets selected by the XRISM project team. From this September, XRISM will begin scientific observations based
on proposals by general observers as a public observatory open to the world. As XRISM aims to elucidate the structural and
chemical evolution and energy transport of the universe, it is scheduled to observe various objects such as galaxy clusters and
black holes.

Simultaneously, the 25th solar cycle is nearing its peak, resulting in a surge of vigorous solar activity characterised by sig-
nificant solar flares and coronal mass ejections. Previous X-ray observatories like Suzaku have demonstrated the detectability
of X-ray emission from solar wind charge exchange (SWCX, e.g., Fujimoto et al., 2007; Ezoe et al., 2011; Ishi et al., 2019).
Emissions that take place within the Earth’s magnetosphere contribute to foreground emission in the observations of various
objects, both inside and outside the Galaxy. In fact, during the huge geomagnetic storm that occurred in May 2024, the Xtend
detector observed the CX spectrum with a high photon statistic thanks to its large FoV. On the other hand, one would analyse
a wide area in the FoV to derive gas temperature and density of diffuse emissions from, e.g., galaxy clusters stated above.
Thus, it is even more important to estimate the intensity of foreground components accurately, such as SWCX emission, and
understand their properties. Moreover, the adverse effects of serious magnetic disturbances driven by solar activity on satellite
operation, such as the reduction in the orbital altitude, have been recognised as an issue. Then, the XRISM science operations
team is also showing interest in space weather forecasting. In this presentation, we will discuss the XRISM satellite during
the upcoming solar maximum from the perspectives of impacts on scientific observations and satellite operations, referring
to examples of space storms that occurred during XRISM observations.
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