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Linear Theory of Tearing Instability for open upstream boundary conditions
#Tohru Shimizu")
(IRCSCE, Ehime Univ.

For resistive MHD instability of a current sheet which is driven by magnetic reconnection process, some recent develop-
ments of the linear theory is comprehensively reported. By numerically solving the perturbation equations derived in the
theory, author modified and improved the previous standard theories (FKR1963 and LSC2007). The recent studies are being
shifted to the introductions of viscosity effect and hyper resistivity effect and also the improvement of the WKB approxima-
tion used in LSC2007. In this talk, those three topics are totally reported in Japanese.
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Dependence of nonlinear wave growth of hiss emissions on the gradient of the

magnetic field and thermal fluctuation
#ZHENXING YINY, Yoshiharu Omura®)
(1Kyoto University Omura laboratory

Dependence of nonlinear wave growth of whistler-mode hiss emissions on the gradient of the magnetic field and thermal
fluctuation in the plasmasphere

Zhen-Xing Yin and Yoshiharu Omura
Research Institute for Sustainable Humanosphere, Kyoto University

We perform a series of electromagnetic particle simulations in the magnetospheric plasma for studying the nonlinear wave
growth of the generation of hiss emissions. We examin two parameters, which are the number of hot and cold super-particles
and the gradient of the background magnetic field. Firstly we vary the gradient of the background magnetic field from zero
and increase it. We find that in the case of the zero gradient the wave amplitude attains the smallest value compared with
other cases of finite gradients. There is an optimum value with which wave amplitudes grow to the largest value. The am-
plitude starts to decrease with a gradient greater than the optimum value. With a gradient less than the optimum value, the
nonlinear wave growth process is promoted, while the gradient is greater than the optimum value the nonlinear wave growth
is suppressed. We also studied cases of different magnetic field gradients and different numbers of super-particles. We find
that wave amplitudes take larger values with a smaller number of super-particles. Many wave packets are generated, which
looks like hiss emissions.

When we increase the number of super-particles keeping the hot plasma frequency constant, the charge q of a super-particle
is decreased which results in a decreased level of thermal fluctuation. Starting from the smaller wave amplitude, the number
of growing wave packets are decreased, while the growth rates of wave packets become larger, resulting in discrete waves
like chorus emissions.
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Evaluation of atmospheric ionization by X-rays, solar protons, and radiation belt
electrons in September 2017 space weather event
#Kiyoka Murase®), Ryuho Kataoka':?), Takanori Nishiyama''?), Kaoru Sato®), Masaki Tsutsumi?), Yoshimasa Tanaka'»24),

Yasunobu Ogawa'»?)
(IPolar Science, SOKENDALI, ?NIPR, 3Graduate School of Science, Univ. of Tokyo,(*ROIS-DS,

On September 11, 2017, when the solar proton flux peaked at the geostationary orbit, the PANSY radar at Syowa Station
observed mesospheric echoes at 42 km, the lowest altitude ever observed. The estimated ionization rate by PHITS (Particle
and Heavy Ion Transport code System) air-shower simulation with the proton flux obtained by the GOES satellite peaked
at 40 km, suggesting that the echo power is enhanced by the increase in electron density due to proton precipitation. The
intensity of cosmic noise absorption (CNA) from the resultant ionization rate was “2.8 dB, which consistently explains the
maximum intensity of observed CNA level of “3.0 dB. Further, we used the X-ray flux observed by the GOES satellite as the
input data for PHITS to estimate the electron density enhancements as observed by the EISCAT radar at Tromso, Norway due
to the two X-class flare events at "9 and "12 UT on September 6. Obtained density profiles and the time sequence are roughly
consistent with the observed EISCAT data, within the error of a factor of two. At 1345 UT on September 6, a transient
low-altitude PANSY echo at <50 km and CNA spike (72.0 dB) were accompanied by Pc1 geomagnetic pulsations, which can
be a dayside relativistic electron precipitation event associated with EMIC waves. The ionization rate due to the energetic
electrons is also evaluated by PHITS with the inputs from NOAA MEPED electron data, and the observed CNA level of
~2.0 dB can be reproduced by the contribution of sub-MeV electrons. We conclude that the September 2017 space weather
event with the cutting-edge space-borne and ground-based observations provides a rare opportunity to cross-validate the use
of PHITS simulation with different types of inputs (X-rays, protons, and electrons) to evaluate the atmospheric ionization.
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Current status and future prospects of space weather research and machine learn-
ing

#Ryuho Kataoka')

(INIPR

Machine learning techniques have been broadly utilized in space weather forecast. We introduce an application example of
a machine learning technique called Echo State Network (ESN) to reconstruct solar wind data for several extreme magnetic
storms for which little or no solar wind data were previously available (doi.org/10.1029/2021GL096275). We also introduce
other examples of the same technique to substorm predictions (doi.org/10.5194/angeo-40-11-2022) and calibration of galactic
cosmic rays measurements (doi.org/10.31223/X5PW6V). Based on the experience, we discuss the current status and future
prospects of space weather research and machine learning.
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Attempts to improve the solar flare prediction model Deep Flare Net
#Atsunori Utsunomiya®), Seiji Zenitani?), Naoto Nishizuka®), Yuki Kubo®
(1Kobe University,(>Kobe U, ®NICT

In recent years, solar flares occurring on the solar surface are thought to have the potential to cause large-scale power
outages and long-lasting communication disruptions. That is why predicting solar flares in advance is important for disaster
countermeasure against telecommunications and other disasters. In 2018, Nishizuka et al. at NICT developed a solar flare
prediction model called Deep Flare Net (DeFN) to achieve highly accurate flare prediction. The DeFN is a model that predicts
the largest flares that will occur within 24 hours based on 79 features such as maximum X-ray intensity and the number of
magnetic neutral lines observed on the solar surface.

In this study, we investigate the importance of each feature to improve the performance of DeFN for better solar flare
prediction. We also apply the current 1-day prediction to half-day and 2-day flare occurrence predictions to see if the accuracy
can be maintained. DeFN is the latest prediction model developed in 2018, these attempts could lead to model improvements.
We will report on these results.
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Prediction of Solar EUV Emission Spectrum Using Machine Learning

#Mamoru Maeda'), Kyoko Watanabe?, Shohei Nishimoto!), Shinnosuke Kitajima®, Masumi Shimojo?, Kosuke
Namekata®), Satoshi Masuda®)

(INDA,(2Chile Observatory, NAOJ,®NAOJ,*Nagoya U.,

X-ray (0.1-10 nm) and extreme ultraviolet (EUV: 10-124 nm) emissions from the Sun ionize atoms and molecules in
the Earth’s upper atmosphere and contribute to the formation of the ionosphere. The ionosphere is used for satellite and
terrestrial communications, and since the ionospheric environment fluctuates with the 11-year solar cycle and sudden space
weather phenomena such as solar flares, it is necessary to monitor and predict the ionospheric environment to keep a stable
communication environment.

The effects of solar X-rays and EUV emissions on the ionosphere are not known precisely because these emissions are
observed by satellites, and satellites data are limited both in duration and resolution of observations. On the other hand, since
microwave emissions from the Sun can be observed on the ground, especially microwave observation at 2.8 GHz (F10.7)
have traditionally been used as proxies for EUV emission when estimating the impact of solar emissions on the Earth’s upper
atmosphere. However, recent satellite observations of EUV emission spectra have shown that there is a discrepancy in the
flux variation between F10.7 and the EUV emission spectra.

In this study, we investigate the solar cycle variation of the relationship between microwave and EUV emission spectra
using data from the Nobeyama Radio Polarimeters (NoRP) and Thermosphere - Ionosphere - Mesosphere - Energetics
and Dynamics (TIMED)/Solar Extreme ultraviolet Experiment (SEE). The NoRP measures the flux of microwave emissions
from the full Sun at multiple frequencies (1, 2, 3.75, 9.4 GHz), and TIMED/SEE measures 0.5-190 nm EUV emission
spectra with a resolution of 1 nm. When we use daily data and investigated the relationship between them, all frequencies of
microwave emissions had good correlations with EUV radiation spectra, however, lower frequency emissions tended to have
a better correlation with EUV emissions. In addition, the correlation tended to be worse especially in the EUV wavelength
band which contains a large amount of line emissions from the chromosphere, and the slope of the correlation also differed.

It is difficult to accurately derive the relationship between microwave frequency and EUV emission spectra only by
comparing the observed data, because the emission mechanisms of microwave and EUV emissions are different. Therefore,
we reproduced solar EUV emission spectra from multiple frequencies of microwave observations using a machine learning
method with reference to Zhang & Paxton (2018). The input microwave data to machine learning were not only the NoRP
data mentioned above, but also the Learmonth solar radio telescopes monitor data which was used in Zhang & Paxton (2018)
(245, 440, 610, 1415, 2695, 4995, 8800, 15400 MHz) were used. Using daily observations between 2002 and 2016, we
reproduced several EUV wavelength bands (e.g., 13.5, 30.5, 121.5 nm) obtained with TIMED/SEE and found that none
of the EUV bands are well reproduced and had correlation coefficients of 0.97 or higher. However, it was not possible to
identify the frequency of the microwave that is mainly responsible for the EUV emission spectrum, and the results showed
that machine learning can be used to reproduce the EUV emission spectrum at any frequency.

In this presentation, the relationship between microwave and EUV emissions during solar activity cycles will be discussed
using data analysis and machine learning results.
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Current and possible future direction of space weather and space climate research
#Kazuo Shiokawa')
(1ISEE, Nagoya Univ.

Research on space weather and space climate in Japan has developed in various areas of ground-based and satellite ob-
servations and simulations, starting with the former Radio Research Laboratory and Communications Research Laboratory
(currently the National Institute of Information and Communications Technology). In the satellite program, while the main
objectives of Akebono (1989-2015) and Geotail (1992-) were auroral acceleration mechanisms and magnetospheric tail sci-
ence issues, respectively, the main objective of the Arase satellite (2016-) was radiation belt particle acceleration mechanisms,
which led to a strong application to space weather and space climate research, such as space weather forecasts and the effects
of high-energy particles on atmospheric environments. The concept of space weather and space climate for short-term and
long-term variability has become popular since CAWSES (2003-2008, Climate and Weather of the Sun-Earth System) and
CAWSES-II (2009-2013) promoted by the Scientific Committee on Solar-Terrestrial Physics (SCOSTEP) under the Interna-
tional Science Council. This concept has led to VarSITI (2014-2018, Variability of the Sun and Its Terrestrial Impact) and
PRESTO (2020-2024, Predictability of the variable Solar-Terrestrial Coupling). The importance of space weather research is
increasing as space applications such as satellite positioning and satellite communications expand. The fall of 40 StarLink
satellites in February of this year due to a magnetic storm is still fresh in our memory. In Japan, the Ministry of Internal
Affairs and Communications (MIC) held 10 meetings this year to discuss ways to advance space weather forecasting, and
Japan issued their first official document on space weather forecasting, which has been widely reported and has attracted
public attention to space weather. In the future, the challenge will be how to connect this research on space weather and space
climate with users as a familiar disaster response issue in society. On the research side, one important issue will be to clarify
the dynamical and chemical response of the Earth’s atmosphere to the energy input from space.
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Study of the response of the Earth’s magnetosphere to a Sun-Earth oriented in-
terplanetary magnetic field

#Rentaro Kido"), Akimasa Yoshikawa®?), Teiji Uozumi?)

(IKyushu University, ®International Research center for Space and Planetary Environmental Science - i-SPES,®Kyushu
Univ.

Many studies have been conducted on the response of the Earth’s magnetosphere to the Interplanetary Magnetic Field
(IMF). In particular, the study of the dependence of the magnetic reconnection between the solar wind and the Earth’s mag-
netic field on the z-component (north-south component) of the IMF has been one of the key issues in space weather research.
On the other hand, the dependence of the IMF on the y-component (east-west component), which is known to produce a
torque that twists the Earth’s magnetotail during magnetic reconnection, has also been studied extensively. Since the IMF
dependence on the magnetospheric response has been considered to be largely due to the z/y component, there has been little
systematic investigation of the effect of the x component of the IMF (sun-Earth component) on the Earth’s magnetosphere as
a control parameter, and the physical effects of this effect are not clear. For example, K. M. Laundal, et al. (2017) found in a
computer experiment by S. Hoilijoki, et al. (2014) that the dominant effect of the IMF x component is to change the overall
energy conversion efficiency between the solar wind and the magnetosphere due to reconnection. However, most previous
studies, including this view, have focused on macroscopic analyses of magnetospheric physics using global simulators, and
little progress has been made in observational data-based investigations of the effects of the IMF x component.

In order to overcome this situation, we are carrying out an observation-based study to clarify the impact of the IMF x-
component on the magnetospheric-ionospheric coupling system. In this presentation, we will report the initial results of our
investigation of the effects on various space weather parameters (e.g., AL index) and the horizontal equivalent current system
of the Ampere Map, using a method to objectively extract situations in which only the x-component approaches the Earth
with a strong IMF.

REMZEEY (Interplanetary Magnetic Field : IMF) 12443 2 BRI KB D IGEIC DWW T, ZNETE ORI HE
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NoRT X =R = LIRS EAN DB T 2 RN ARREIRREEATE S 3. 2D KIE TYEARIER b BT
E7wv, iz, K. M. Laundal, et al. (2017) TiZ. S. Hoilijoki, etal. (2014) OFEEEBRTRWIZ X N7z, IMF x &
SOXIMZRNEE, Varr s a ik 2 KBE L BKE OB OREN R = 3 LF —BHMREZN I 1CH 5
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Development of Affine Connection for Describing Spatiotemporal Evolving 3D
Magnetic Vector Fields

#Akimasa Yoshikawa®)
(1Kyushu Univ.

We have developed an affine connection on a differentiable manifold for analyzing and formulating the geometrical struc-
ture of magnetic fields as vector fields evolving arbitrarily in space-time.

A manifold is a space that can define a local Euclidean space at all points belonging to it. At each point on the manifold,
a tangent space (tangent vector space) is defined. The tangent vector space is the set of all tangent vectors passing through
the points of contact, forming a tangent vector field. This tangent vector field can be assumed to be a variety of calculus laws
established in Euclidean space in the vicinity of the points of contact on the manifold. By “connecting” the tangent vector
space defined at each of these points with the surrounding tangent vector space by a parallel shift on the manifold, the vector
field in the entire space on the manifold can be defined. This “connection” of tangent vector spaces by parallel shifts on the
manifold is an affine connection. That is, the affine connection allows the tangent vector field defined at each point on the
manifold to behave like a function with values in the vector space fixed at each point. In other words, a collection of local
coordinate systems defined at each point on the manifold covers the entire space, and data and physics can be described and
compared under a common rule.

The affine connection we have developed enables us to capture the vector field as a fiber bundle of tightly distributed mag-
netic field lines and to describe its geometrical structure in the framework of ordinary vector analysis.This method extends
the locally defined orthonormal Cartesian coordinate system parallel and perpendicular to the magnetic field in 3D by the
following methodology:

(1) . To investigate the geometry of magnetic field lines, we first introduce the Frenet frame, which is a dynamic frame
along a single curved line.In the Frenet frame, the local principal curve direction is determined by the unit vector in the
tangent direction of the curve of interest, and the unit vectors in the principal normal (curvature direction) and secondary
normal (orthogonal to the above two) directions to the principal curve are used to form a “’local normal orthogonal system  is
formed. Considering a tightly distributed group of magnetic field lines, this local normal orthogonal system will be distributed
in space.

(2) . To connect the local orthonormal orthogonal systems distributed in this space, vector curved lines formed by connect-
ing unit vectors in the main normal and bi-normal directions are introduced, and by shifting along each curve, the relative
relationship with adjacent magnetic field lines is grasped and the analytical space is extended to the entire system.

(3). (1) and (2) uniquely determine the distribution of curvature and twist ratio for each curve filling the space tightly. This
determines how the “tetrahedron” formed by the local orthonormal basis changes along with each curve (rigid directional
change and rotation), and the 3-dimensional geometric structure of the magnetic field is completely determined.

That is, by shifting the tetrahedron formed by the local coordinate system along the principal curve, the principal normal,
and the bi-normal, respectively, we can understand how the moving tetrahedron curved and rotated along the curved line,
thereby determining the structure of the vector field that extends over the entire space. This is a methodology to know the
structure of the vector field expanding in the whole space. Furthermore, the temporal evolution ratio of this tetrahedron (tem-
poral changing ratio of direction and twisting ratio) is derived. This allows us to describe the 3-dimensional evolution of the
magnetic field geometry.

In the talk, we will give an overview of the fundamental structure of the vector field obtained by these frameworks and
discuss the underlying physics-based determinants of the vector field.
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Analysis of EE]J structure in M-I coupling system using IGRF model and quasi-
three-dimensional potential solver

#Takuya Ijuin'), Akimasa Yoshikawa?), Yasunobu Miyoshi?), Hiroyuki Shinagawa®, Hitoshi Fujiwara®), Hidekatsu Jin®),
Aoi Nakamizo®), Chihiro Tao®), Kazuo Shiokawa®)

(IDepartment of Earth and Planetary Sciences, Graduate School of Science, Kyushu University,(*Department of Earth
and Planetary Sciences, Faculty of Science, Kyushu University,(3NICT,(4Faculty of Science and Technology, Seikei
University, *ISEE, Nagoya Univ.

What is happen at the magnetic equator in the Magnetosphere-Ionosphere coupling system? For example, Kikuchi [2000]
suggested that penetration electric field extends from high latitude to equatorial region and Pedersen current connects polar
regional current system and equatorial electrojet (EEJ). On the other hand, by two-dimensional potential solver, Yoshikawa
et al. [2012] proposed Cowling channel model, in which auroral electrojet and EEJ are coupled as a result of occurrence
of strong Hall polarization effect at the conductivity gradient region in sunlit / shadow region and magnetic equator, and
associated of it, predicted the significant deformation of ionospheric potential. However, it does not achieve the reproduction
of EEJ system in most previous studies about polar-equatorial coupling current system because they used two-dimensional
current closure and simplified magnetic field model.

Therefore, we develop a quasi-three-dimensional electrostatic potential solver, and we are now reproducing three-
dimensional current system at equatorial region in M-I coupling situation and analyzing to understand its excitation
mechanism. We use IGRF model [e.g., Alken et al., 2021] as geomagnetic field and successfully reconstruct more realistic
configuration of magnetic equator than earler M-I coupling simulations. In addition, we adopt the modified apex coordinates
[Richmond, 1995] so that we can obtain three-dimensional distribution of any quantity in the ionosphere assuming the
equipotentiality of magnetic field line although we calculate only two-dimensional second-ordered elliptic partial differential
equation for electrostatic potential. This method is used in ionosphere-atmosphere coupling model [e.g., Takeda and Maeda,
1980; Kawano-Sasaki and Miyahara, 2008] and called quasi-three-dimensional model.

We report the analysis results of global ionospheric current. The results are reproduced with region-1 FAC based on
Nakamizo et al. [2012] under the realistic three-dimensional conductivity from NRLMSIS-00 [Picone et al., 2002] and
IRI-2016 [Biliza et al., 2017] for density and temperature of neutral and plasma species, respectively, and from Ieda [2020]
for collision frequency. We analyze the calculation results of electrostatic potential and current density with the theory of
polarization [Yoshikawa et al., 2013]. Finally, we find that EEJ in the M-I coupling system is made by primary Hall current
from north-south component of penetration electric field. These results are quite different from the common theory that
eastward penetration electric field is important for EEJ in M-I coupling. In this meeting, we will show the potential and
current distributions from directly penetrate component.
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MHD simulations of responses of ionospheric currents and ground electric field
variations under different solar wind conditions

#Tian Zhangl), Yusuke Ebiharal)

(IRISH, Kyoto Univ.

By performing a global magnetohydrodynamic (MHD) simulation, we investigated and calculated under different solar
wind conditions (jump of velocity and density of solar wind), the response of ionospheric currents (Pedersen currents and Hall
currents), the corresponding magnetic disturbance on the ground and the resultant geoelectric field variation by convolution
method with an assumed ground conductivity. According to the results, we analyzed the change of geoelectric field as a
function of magnetic latitude (MLAT) and magnetic local time (MLT), which may indicate the hazardous area where E
(geoelectric field) becomes large in response to jump of Vsw (velocity of solar wind) and/or Nsw (density of solar wind).
This also helps us to better understand the generation of large geomagnetically induced currents. At last, we compared the
simulation results of dB (geomagnetic disturbance) with that of the known Quebec blackout in 1989, and discuss the cause
of the large GIC that flowed in the power grid in Canada.
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EISCAT 3D and Japan’s Activities
, Koji Nishimura®),

#Yasunobu Ogawa'), Hiroshi Miyaoka®), Satonori Nozawa?), Taishi Hashimoto!), Shin ichiro Oyama

Takuo Tsuda®), Hitoshi Fujiwara®), Masaki Tsutsumi'), Yoshimasa Tanaka'), Takanori Nishiyama®, Mizuki Fukizawa®,
Takuji Nakamura®), Ryoichi Fujii®), Craig Heinselman”
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The European Incoherent Scatter (EISCAT) Scientific Association started construction of the first stage of the EISCAT_3D
radar in 2017 under international collaboration. The EISCAT_3D radar is expected to be operational in 2023. At the first
stage, a core site with a transmission power of about 4°5 MW and two receive-only remote sites will be operated. The ground
preparation for the three sites is in progress, and each radar unit is installed at the sites in 2022. The EISCAT_3D radar is
expected to be utilized for a variety of science cases, including study on energy and mass transport from the solar wind and
magnetosphere to the ionosphere and atmosphere. The results and real-time data distribution will contribute to space climate
research and space weather forecasting.

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

In this paper we present the status of the EISCAT_3D implementation and discuss the prospects for Japan’s EISCAT_3D
activities.
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On the latitudinal distribution of the SAPS structure observed by the SuperDARN
Hokkaido Pair of radars

#Nozomu Nishitani?), Tomoaki Horil)
(1ISEE, Nagoya Univ.

The latitudinal distribution of subauroral polarization streams (SAPS) is discussed based on the over 15 years of observation
achieved by the SuperDARN Hokkaido Pair of radars. Previous statistical studies showed that the latitudinal position of the
SAPS structure could be predicted on average as a function of magnetic local time and Dst geomagnetic index. In this
presentation, two examples (8 Sep 2017 and 4 Nov 2021 events) are compared in detail with each other, showing similar
Dst index values and taking place at similar magnetic local times but located at significantly different geomagnetic latitudes.
Some initial results of the statistical analysis are also presented.

SuperDARN JLiEE-FERIS — - 58 L — X —3HIBR Lo - PRI 0165 21 30 2420 D SuperDARN L — &' —
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Investigation of the response of magnetic and electric fields in mid-latitude

to the development of CW during substorms

#Moe Hayashi'), Akimasa Yoshikawa?3), Akiko Fujimoto®), Shinichi Ohtani®

(IGraduate School of Earth and Planetary Sciences, Kyushu University,>Department of Earth and Planetary Sci-
ences, Kyushu University,®Research Center for Space and Planetary Environmental Science,(*Kyushu Institute of
Technology, ®Johns Hopkins University Applied Physics Laboratory

The purpose of this study is to comprehensively understand the evolution of global 3D current system from polar to
equatorial ionosphere during substorms.

There are two types of current systems in the polar ionosphere: the R1-current linked to the magnetospheric convection
system, and the R2-current linked to the pressure gradient in the inner magnetosphere [lijima and Potemra, 1976, 1978].
In addition to these currents, when a substorm onset is occurred by a strong plasma injection, a current wedge (CW) is
generated by the plasma vorticities at the edge of the plasma flow. It has the same current polarities as the R1-current system.

Magnetic field variations generated by field-aligned currents (FAC) associated with CW development are significant in the
nightside mid- and low-latitude, and these variations was modeled by McPherron et al. [1973]. We capture the development
of CW current systems during substorm by using MAGDAS and SuperMag magnetic field data, and by comparing them
with the electric field data from the FM-CW installed at Kyushu University in Paratunka, Russia, we are analyzing the
electromagnetic dynamic responses in the mid- and low-latitude regions.

By comparative analysis of the ionospheric electric and geomagnetic field on isolated substorms that occurred from
September 21, 2006, to December 31, 2010, we found that there are three patterns of electric field variations at mid-latitudes
near the current wedge. The amplitude of the electric field variation is correlated with the westward auroral electrojets
strength. The direction of the electric field cannot be explained by the electric field associated with the CW current system,
however, it reflects the electric field caused by the Hall polarization effect due to the ionospheric current induced by CW
(simulated by Yoshikawa et al. [2013]). In this presentation, we report the results of a more detailed analysis of the
characteristics of the electric field amplitude associated with the development of the CW structure and the difference from
the inner and outer boundaries of the CW.
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Impacts on GNSS by ionospheric irregularities observed over Japan on 15 Jan-
uary 2022

#Susumu Saito!), Takayuki Yoshihara?), Toru Takahashi®)
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On 15 January 2022, various ionospheric disturbances were observed over Japan. Traveling ionospheric disturbances
(TIDs) which were shown to be associated with the volcanic eruption of Hunga Tonga-Hunga Ha’apai, Tonga (Saito, EPS,
2022). Following the TIDs, another types of ionospheric disturbances accompanying enhanced small-scale irregularities
represented by the rate of the total electron content (TEC) index (ROTI) were observed at several locations over Japan at
geographic latitudes as high as 38N (33.8 in the magnetic latitude). The characteristics of the irregularities appeared to be
similar to those associated with the storm-enhanced density (SED) or storm-induced plasma stream (SIPS) observed in the
geomagnetic storms (Saito et al., JPGU, 2022). They were unusual ionospheric disturbances, because the geomagnetic activi-
ties were not so high as to excite SED or SIPS events. It was also unusual to have strong irregularities at such higher latitudes.
At the same time, ionospheric irregularities were also observed at the low latitude part of Japan. In this study, impacts of
these unusual ionospheric irregularities on applications of Global Navigation Satellite System (GNSS).

We used GNSS observation data from GNSS receivers of the GNSS Earth Observation Network (GNSS) operated by the
Geospatial Information Authority of Japan (GIS). ROTI maps generated by the data from GEONET is used to identify the
spatial and temporal variation of the irregularity structures. Closely separated GNSS station pairs are used to estimate the
spatial variation of the ionospheric TEC which is equivalent to the propagation delay of the GNSS signals.

GNSS scintillation receivers at Ishigaki (24.3N, 124.2E, 19.6 Magnetic Latitude) are used to observe the small-scale irregu-
larities. A set of closely separated GNSS receivers with mutual distances of 0.1-2.2 km located at the New Ishigaki Airport is
used to evaluate the impacts of the ionospheric irregularities on the GNSS ground-based augmentation system (GBAS) which
is the aeronautical navigation system to guide aircraft for approach and landing. There were 13 and 10 GPS/Galileo/QZSS
satellites transmitting at L1 and L5 bands, respectively and 9 and 9 satellites for L1 and LS5, respectively experienced the S4
index stronger than 0.25. However, the spatial TEC variations were not so much as those typically associated with the plasma
bubbles. Indeed, the irregularities were associated with TEC depletions embedded in regions of TEC enhancement, which is
different from the typical plasma bubbles.

References:

Saito, S. (2022), Ionospheric disturbances observed over Japan following the eruption of Hunga Tonga-Hunga Ha’apai on
15 January 2022, Earth, Planets and Space, https://doi.org/10.1186/s40623-022-01619-0.

Saito, S., Yoshihara, T., Takahashi, T. (2022), Ionospheric irregularities and scintillations during the geomagnetic storm on
15 January 2022, JPGU2022.
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Preliminary results on the ionospheric delay gradient as a threat to GBAS in the
equatorial ionization anomaly crest region
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In recent years, Ground-based augmentation system (GBAS), which is an aeronautical navigation system for precision
approach and landing based on the single-frequency differential GNSS technique, has been put into practical use, and its
installation is expected to expand in the low magnetic latitude region including Japan. Although GBAS provides accurate
position solutions by broadcasting ionospheric delay corrections based on observations by ground reference receivers, steep
and narrow ionospheric gradients may be undetectable and poses a threat to the system.

It is known that the steep ionospheric gradient caused mainly by the equatorial plasma bubbles (EPBs) in the low magnetic
latitude region. Previous studies have also suggested that such a steep spatial gradient is generated by EPB. Previous studies
also confirmed that the generation of such steep spatial gradients is consistent with the generation characteristics of EPB.

International Civil Aviation Organization (ICAO) has conducted data collection and analysis, and characterized the iono-
spheric delay gradient variation, which is called an ionospheric threat model for GBAS in the Asia-Pacific (APAC) region
[1]. It treats all the equatorial and low latitude regions together. However, due to different geometries between the ground
station, GNSS satellites, and the ionosphere, the ionospheric threat model could be different within the region. Especially,
the equatorial ionization anomaly (EIA) crests and EPBs develop into the EIA crests would result in spatial variations of the
characteristics of the ionospheric gradient observed at a certain location on the ground. Therefore, the ICAO APAC GBAS
ionospheric threat model could be a conservative one, and could be optimized for each location to reasonably reduce the
conservativeness. Therefore, more observations in different locations within the equatorial and low magnetic latitude regions
are necessary. Therefore, In order to understand the variation of the GBAS ionospheric threat model within the magnetic
equatorial and low latitude region, ENRI has deployed networks for a steep ionospheric gradient observation from 2021 in
Vietnam, and from 2022 in Indonesia, which is located in the EIA crest regions.

In this study, we will show the initial results of the ionospheric steep gradient analysis in Vietnam.
References

[1] Saito, S. et al. (2017), Ionospheric delay gradient model for GBAS in the Asia-Pacific region, GPS Solutions, 21:1937-
1947, doi:10.1007/s10291-017-0662-1.
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Development of a prediction system of plasma bubble occurrence using real-time
GAIA
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Prediction of ionospheric disturbances is one of the most important issues in space weather forecast. In particular, the
prediction of plasma bubbles becomes more and more important because plasma bubbles have significant influences on
social infrastructure such as positioning using GPS and communication systems. Prediction of plasma bubbles requires a
real-time numerical model which is able to reproduce and predict ionospheric conditions as well as real-time ionospheric
observations in the low-latitude region. We have been developing an atmosphere-ionosphere coupled model GAIA, which
includes the whole atmosphere and ionosphere self-consistently. Although present version of GAIA does not have enough
spatial resolution to directly reproduce plasma babbles, it may be possible to deduce the occurrence of plasma bubbles from
ionospheric conditions in GAIA. In our previous study, we found that the linear growth rate of the ionospheric Rayleigh-
Taylor instability (RTI) obtained from GAIA data can be used as an index of plasma bubble occurrence. The result indicated
that larger RTI growth rate tends to correspond to larger probability of plasma bubble occurrence [Shinagawa et al., 2018],
suggesting the possibility of numerical prediction of plasma bubble occurrence. However, it was not certain whether or not
it is possible to predict the occurrence of plasma bubbles one or two days in advance with enough accuracy. Recently, we
have started to operate a real-time GAIA simulation at NICT, which is able to provide ionospheric parameters about two days
in advance [Tao et al., 2020]. Using the real-time GAIA, it is technically possible to predict the plasma bubble occurrence
in about two days in advance. We are currently developing a plasma bubble prediction system at NICT using the real-time
GAIA. We will report the current status of the system, and discuss future prospects and problems.
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Scale estimation of the Dellinger phenomenon using the GAIA model
#Shinnosuke Kitajima'), Kyoko Watanabe!), Shohei Nishimoto®, Hidekatsu Jin?, Chihiro Tao?), Michi Nishioka?)
(INDA,2NICT,®NICT

The sudden increase in X-ray to extreme ultraviolet (EUV) emissions of solar flares promote ionization in the ionosphere
and it can cause a rapid variation in electron density. The communication failure caused by the absorption of the radio waves
(HF; High Frequency), due to the variations in electron density in the ionospheric D region (60-90 km) is called the Dellinger
phenomenon (Dellinger 1937). The occurrence of the Dellinger phenomenon can be known from the value of the minimum
reflection frequency (fmin) observed by the vertical incident ionosonde. It is known that the fmin value fluctuation depends
on the peak X-ray intensity of flare and the solar zenith angle (e.g., Tao et al., 2020), and the current estimation of Dellinger
phenomenon is based only on solar X-ray observations. However, this relationship has large fluctuations and there are many
cases in which the fmin value is not proportional to the X-ray peak flux. Thus, it is necessary to consider not only X-rays but
also other flare emission wavelengths that affect the electron density in the lower ionosphere. The main candidate for this
non-X-ray emission affecting the Dellinger phenomenon is EUV emissions.

First we investigated the relationship between the observed X-ray and EUV emissions during flares and the fmin values. In
this study, we analyzed 38 solar flare events of M3 class or larger observed during daytime in Japan (9:00-18:00 JST) between
May 2010 and May 2014. We used the GOES/X-ray Sensor (XRS) for X-ray data, the GOES/Extreme Ultraviolet Sensor
(EUVS) and the Solar Dynamics Observatory (SDO)/EUV Variability Experiment (EVE) were used for EUV data. The fmin
values were obtained from ionograms which are provided by the National Institute of Information and Communications
Technology (NICT) in Wakkanai, Kokubunji, Yamagawa and Okinawa.

Comparing these X-ray and EUV emissions with fmin values, we found that the Lyman-alpha emission from the
GOES/EUVS-E does not correlate with fmin values. On the other hand, X-ray (0.1-0.8 nm) and EUV (11-14 nm) emissions
correlate with fmin values, with correlation coefficients of 0.74 and 0.76, respectively.

Next, we used the Ground-to-Topside Model of Atmosphere and Ionosphere for Aeronomy (GAIA) provided by NICT, a
physical model of the Earth’s atmosphere, to calculate the ionospheric effects of solar flare emission and compare them with
the fmin value. Since GAIA provides the altitude profile of the electron density change at each wavelength of the solar flare
spectrum.

We analyzed the X1.7-class flare event on May 13, 2013, in detail. The results show that at an altitude of around 100 km,
the ion production rate from X-rays is about 6 orders of magnitude larger than that of 11-14 nm EUV emission, indicating
that X-rays are the main source of ion density fluctuations at this altitude. On the other hand, the ion production rates in
the E and F regions around 100-150 and 150-400 km altitude are 1 or 2 orders of magnitude larger for the 11- 14 nm EUV
emission than for X-rays, indicating that the 11-14 nm EUV emission is the main cause of the ion density fluctuations at the
E and F regions.

The absorption rate of HF radio was "90-95 % around 100 km altitude and ~5- 10 % in the E region (100-150 km altitude).

The current GAIA model is not able to calculate accurately below about 100 km altitude, but Dellinger phenomenon
occurs in the D region below about 100 km altitude, and the fmin value is also measured in the D region. Therefore, in this
study, we tried to estimate the electron density at altitudes below 100 km by using the electron distribution at 100 km altitude
calculated by GAIA as an initial value. In this paper, we will discuss the estimated electron density in the ionosphere D
region and their relationship between the Dellinger phenomenon.
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Eastward Magnetic Variations in the Equatorial Latitude Associated with the ITH-
FAC Observed on the Ground and LEO

#Kentarou Kitamural-®), Akiko Fujimot01>5), Mariko Teramoto?'®), Akimasa Yoshikawa®?%, Shuji Abe?)
(1Kyutech,(QKyutech,(BKyushu Univ.,4i-SPES, Kyushu UniV.,(5Kyutech/LaSEINE

The Inter-Hemispheric Field Aligned Currents (IHFAC) are considered to be produced by the north/south asymmetry of
the potential in the ionosphere. Maeda (1974) and Fukushima (1979, 1991) theoretically predict the existence of the ITHFAC,
that is, the IHFAC flows from winter hemisphere to summer hemisphere at the noon and evening sectors and summer to
winter hemisphere at the morning sector. On the other hand, several ground-based (Yamazaki et al., 2009, Owolabi et al.,
2018) and satellite (Yamashita and Iyemori, 2002, and Park et al., 2002, 2020) observations have been demonstrated by many
investigators, which revealed the morphology of the FAC.

Recently, Ranasinghe et al. (2021) pointed out that the eastward magnetic variations at DAV station (Geographical latitude
7 deg., Geographical longitude 124.5, Geomagnetic latitude -2.22 deg, Geomagnetic longitude 197.9 deg, Dip latitude -0.24
deg) shows the positive variations (equivalent to the northward current) at the evening sector during the northern summer.
Their results suggested that the seasonal and local-time dependence of the direction of IHFAC shows inconsistency with the
prediction by Fukushima (1979).

In this study, the data from the Vector Magnetic Field (VMF) onboard the Swarm satellites were analyzed to compare the
magnetic variations associated with the IHFAC with the ground magnetic observations. The magnetic data of the VMF were
chosen in the condition that the position of the satellites is within -5 to 5 degrees in latitude and within 115 to 135 degrees in
longitude. These criteria are almost equivalent to the location of DAV ground station.

The result indicates that the eastward component of the VMF data shows the clear seasonal and local-time dependences
associated with the IHFACs. During the northern summer, the magnetic variations in the eastward variations are strongly neg-
ative in the noon sector which indicates the northward current is predominant in the noon. On the other hand, the local time
in the range between 12 and 18 LT, the eastward component of the magnetic variations shows obvious seasonal dependence
of the IHFAC. The intensification of southward IHFAC appears in the confined local-time around 17 LT in July, then range
of LT for southward IHFAC increases with increasing of month, which shows maximum local-time range of 12-17 LT for
southward currents in December. These characteristics could not be interpreted by the conventional understanding of IHFAC
and suggests that the ionospheric conductivities in the evening terminator might play an important role in the generation of
the IHFAC.
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How do the geomagnetic storms affect the LEO proton flux distribution during
Solar Energetic Particle events?

#Kirolosse Girgisl), Tohru Hada2), Akimasa Yoshikawa3), Shuichi Matsukiy04), Joseph Lemaire5’6), Viviane Pierrard(”),
Samwel Susan®

(1i-SPES, Kyushu University, ?Kyushu University,®Kyushu University, *Kyushu University,(®Faculty of Science, Catholic
University of Louvain (UCL), BELGIUM, (°Royal Belgian Institute for Space Aeronomy (BIRA-IASB), BELGIUM, (" Center
for Space Radiations, Catholic University of Louvain (UCL), BELGIUM, ®National Research Institute of Astronomy and
Geophysics (NRIAG), EGYPT

The precipitation of the Solar Energetic Particles (SEP) into the trapping region of the Earth’s inner magnetic field was
reported by several satellite observations. When the SEP events coincide with geomagnetic storms, the particle precipitation
becomes deeper and can access to lower latitude regions. This phenomenon is considered as a dangerous situation for most
of the LEO missions, especially the high-inclined orbit missions.

In order to examine how the geomagnetic storms can affect the LEO proton flux distribution during SEP events, we have
developed a three-dimensional relativistic test particle simulation code to compute the 70-180 MeV solar proton full trajec-
tories in the inner radiation belt of L-shell range (1 <L <3). We have selected three different Dst index values: -7, -150 and
-210 nT, to define quiet time, strong and intense geomagnetic storm conditions and to generate the corresponding geomag-
netic field by adopting IGRF model (v12) and Tsyganenko model (T01).

We found that, as long as the magnetic storm was intensified, the proton flux became more prominent at the higher latitude
zones and more expanding toward lower latitude range. In addition, the proton flux distribution in the lower latitude zones
which includes the South Atlantic Anomaly (SAA), became more flattened as the Dst index was decreased. Finally, the
assessment of the corresponding radiation environment showed that a Polar LEO mission could be subjected to 20% excess
Single Event Upset (SEU) rates during intense geomagnetic storm.
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Estimation of geomagnetically induced current (GIC) using the global MHD sim-
ulation of the magnetosphere 3

#Shinichi Watari®), Aoi Nakamizo®, Yusuke Ebihara?)

(INICT,(?RISH, Kyoto Univ.

‘We have studied the estimation of geomagnetically induced current (GIC) using the results of the global MHD simulation of
the magnetosphere, which is computed in real time in the National Institute of Information and Communications Technology
(NICT). For the estimation of GIC, the following steps are required: (1) calculation of magnetic variation from the result of
the magnetospheric simulation, (2) calculation of electric filed variation from the geomagnetic variation, and (3) calculation
of GIC from the electric field variation.

According to (1), we analyzed relatively long-term data and showed that the high-latitude geomagnetic variation calculated
from the result of the magnetospheric simulation is highly correlated with observation data. On middle and low latitudes
geomagnetic variation, the correlation between SYM-H and the calculated one is not so good while there is a high correlation
between the cross polar cap potential (CPCP) calculated form the magnetospheric simulation and PC-index. According to
(2), we showed that electric field variation can be calculated from geomagnetic variations in the time domain using convolu-
tion integration. According to (3), we showed that the GIC observation data can be explained by applying the electric filed
observed at Kakioka as a uniform electric field into the simplified transmission line model.

We reexamined the calculation of geomagnetic variation at middle and low latitudes by comparison with observed data and
made the calculation of electric field from geomagnetic variation in the frequency domain. We will report on them.
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Drastic time variations of transfer function of geomagnetically induced current
(GIC) in Japan

#Satoko Nakamura®), Yusuke Ebihara?), Shinichi Watari®), Tadanori Goto®

(ITAR&ISEE,?RISH, Kyoto Univ., ®NICT,*Univ. Hyogo,

Geomagnetically induced currents (GICs) flow in power grid in response to geomagnetic field variations. Because of
the potential threat of power outage, GIC is regarded as one of the important aspects of space weather. We calculated the
transfer function in frequency domain that describes a linear relationship between the GICs measured at 3 substations in Japan
and the geomagnetic field measured at the Kakioka observatory. The transfer function is found to show a significant time
variation. For the periods at 2 to10 minutes, the amplitude of the transfer function in night time is about 1 order of magnitudes
larger than in day time. The day-night difference reduces for the periods >100 minutes. In addition, the amplitude of the
transfer function tends to increase with local rainfall amount. These regular and irregular variations may be explained in
terms of earthing resistivity depending on local weather conditions. The resistivity of the non-frozen soil decreases by about
40% when the temperature increases from 15 to 35 degrees, resulting in the reduction of the earthing resistivity. Rainwater
permeating into the soil also results in reduction of the earthing resistivity. Reduction of the earthing conductivity gives rise
to magnification of the GICs. These results imply that a weather condition strongly affects the magnitude of GIC in Japan
and challenge the conventional wisdom that the transfer function is almost steady in this time scale.
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Characteristics of large amplitude SC (2)
#Tohru Araki®)
(IFormerly, Kyoto Universiy

When a solar wind shock strongly compresses the magnetosphere to produce a geomagnetic sudden commencement (SC),
the magnetopause may enter the inside of the geosynchronous orbit. At this time, the dayside size of the magnetosphere will
be reduced to about half, and the resulted large amplitude SC is thought to exhibit properties different from those of medium-
and small-amplitude SCs. Analysis of this large-amplitude SC will reveal magnetospheric responses to strong compression
that cannot be known from ordinary SCs. Based on this expectation, we are investigating large-amplitude SCs.

According to the list of SC at KAKIOKA since 1924, the H component amplitude of most SCs is in the range of 10-30nT.
SCs of 50 nT or larger are less than 5%, and SCs larger than 100 nT are about 1%. Only 3 SCs show amplitude larger than
200 nT.

Here we report two characteristics of large amplitude SCs.

(1) Some large-amplitude SCs are accompanied by a short large pulse at the beginning. For example, an SC on March 24,
1991 which is third largest SC since 1868, was started with a global large and short pulse (202 nT amplitude, 90 sec pulse
width at KAKIOKA. Large pulses appear at the tip of the largest 1940.3.24 SC (more than 273nT at KAKIOKA) and the
second largest 1960.11.13 SC (220 nT).

When a stepwise compression propagates in the day side magnetosphere toward the earth, a westward electric field is cre-
ated along the wave front of increasing magnetic field, and it is projected onto the polar ionosphere to create a PI (Preliminary
Impulse) current system. In the case of a short pulse propagation, an eastward electric field is produced along the wave front
of the decreasing magnetic field so that the projected polar electric field changes from westward to eastward, and two opposite
sense PI current systems appear successively. The validity of this idea has been confirmed by a model calculation in the case
of 1991.3.24SC.

(2) We examined LT variation of amplitude of SCs at KAKIOKA separately for SCs with PRI (Preliminary Reverse Im-
pulse) and SCs without PRI . It is found that no PRI appears in SCs larger than 130 nT even in the afternoon side where PRI
is more likely to occur. This is interpreted as the strong compression cancel out the magnetic field effect of the PRI current
system in large-amplitude SC.
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Extreme solar energetic particle events occurred in the past 10,000 years
#Fusa Miyake!)
(1ISEE, Nagoya Univ.

Cosmogenic nuclides such as 14C, 10Be, and 36Cl are produced by galactic cosmic rays and solar energetic particles
(SEPs) in the atmosphere. Extreme SEP events can cause an increase in cosmogenic nuclides-production that greatly exceeds
background fluctuations. We have searched for signatures of past extreme SEP events by measuring 14C concentrations in
tree rings and 10Be and 36Cl1 concentrations in ice cores. So far, several candidates of extreme SEP events have been reported.

In this presentation, the latest review of the extreme SEP events discovered using cosmogenic nuclides and a search for
extreme SEP events over the past 10,000 years will be reported.
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Forecast of Geomagnetic Field Disturbances Using the Empirical Model for Space

Weather
#Naoko Takahashil), Aoi Nakamizo?), Kaori Sakaguchil), Daikou Shiota?)
(1National Institute of Information and Communications Technology (NICT)

The geomagnetic field disturbance is one of the essential parameters for the space weather forecast in terms of the indicator
of disturbances of the Earth’s magnetosphere. The magnetospheric condition strongly depends on the solar wind variation
associated, for example, coronal mass ejection and/or co-rotating interaction region. Particularly, strong solar wind inputs
cause a change of the ring current, resulting a magnetic storm that can be detected as a global change of magnetic field 