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Extreme space weather: A statistical study
#Ryuho Kataoka
NIPR

Statistical distributions are investigated for substorms, sudden commencements (SCs), and magnetic storms to identify
the possible amplitude of 100-year event from a limited data set of less than 100 years. It is found that majorities of
events essentially follow the log-normal distribution, as expected from the random output from a complex system.
However, it is uncertain that rare events follow the log-normal distributions, and the possible excess from the log-
normal distribution may rather follow the power-law distributions. The amplitudes of 100-year (1000-year) events
estimated from both the log-normal and power-law distributions for magnetic storms, substorms, and SCs are 750 nT
(1100 nT) ranging 5000 nT (6200 nT), and 230 nT (450 nT), respectively. The mechanisms to cause the statistical
distributions are discussed, consulting the other space weather phenomena such as solar flares, coronal mass ejections,
and solar protons.
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Study of IMF By dependence of plasma injection position using real-time magnetosphere
simulation data

#Yasubumi Kubota?, Aoi Nakamizo?, Kaori Sakaguchi”, Tsutomu Nagatsuma", Mitsue Den", Yuki Kubo", Takashi
Tanaka??

UNICT,?International Center for Space Weather Science and Education Kyushu University

Surface charging of artificial satellite is one of the risks caused by dynamical variations of space environment. It often
occurs when a satellite is exposes by electrons of ~10 keV injected from the tail plasma sheet during substorms.
Magnetosphere-ionosphere coupling global MHD simulation is one of the powerful ways to predict the timing and
location of plasma injection.

Now we are developing a real-time numerical simulator for space weather forecast using magnetosphere-ionosphere
coupling global MHD simulation called REPPU (REProduce Plasma Universe) code. The feature of the simulation
code is high robustness for extreme solar wind parameters; the unstructured grid system enables us to calculate the
whole region with the uniform accuracy. The spatial resolution is 30722 grids in the spherical planes and 240 grids in
the radial direction. The simulator is driven by the real-time solar wind data obtained by the DSCOVR spacecraft.

We investigate the IMF By dependence of plasma injection position using real-time simulation data. We found that
injection position tends to distribute in the dusk side (dawn side) when the IMF By is positive (negative). Comparison
of the simulation results with the CPCP, AE index, and plasma variations observed by geostationary orbiting satellites
will also be reported.
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Forecast of energetic electron flux variations at different L-shells using the machine learning
#SATOSHI FUKUOKAY, Yoshizumi Miyoshi", Daikou Shiota?, Satoshi Kurita?, Inchun Park?, Tomoaki Hori®,
Shun Imajo", Takefumi Mitani”, Takeshi Takashima”, Tku Shinohara®, Ayako Matsuoka”

VISEE, Nagoya Univ.,”NICT,”RISH, Kyoto Univ.,”ISEE, Nagoya Univ.,”ISEE, Nagoya
Univ.,”ISAS/JAXA,”’ISAS/JAXA,PISAS/JAXA,”Kyoto University

The relativistic/sub-relativistic electron flux variations often cause serious damage on the satellite operations through
the dielectric charging. In order to forecast flux variations of these electrons, various forecast methods based on the
physical based simulation and empirical modeling have been developed. For the physics-based simulation, the
SUSANOO that operates a code-coupling simulation of heliosphere and radiation belt provides MeV electron flux
variations for the next couple of days. For the empirical modeling, the linear prediction filter and the auto-regressive
moving average are popular methods, which have been used for the forecast of MeV electrons at geosynchronous Earth
orbit (GEO). Recently, the machine learning techniques have widely been used for the space weather forecast, for
example, ionospheric variations, the flare prediction, etc. In this study, we have developed the forecast system of
relativistic/sub-relativistic electron flux variations based on long short-term memory recurrent neural network (LSTM-
RNN). As the training data, we use the solar wind data and energetic electron data observed by Arase/HEP, XEP
instruments at different L-shells of the outer belt. Our developed network provides time variations of the energetic
electron flux around L=6 using the solar wind data as an input parameter. On the other hand, the network does not
reproduce the observed flux variations at L=4, suggesting that other parameters are necessary as input parameters of
the network. In this presentation, we will present the initial results of our developed network and discuss effective solar
wind parameters to reproduce the observed flux variations at different L-shells.
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Proton Flux Response in the South Atlantic Anomaly due to Inductive Electric Field
#Kirolosse M. Girgis", Tohru Hada", Shuichi Matsukiyo"
VESST, IGSES, Kyushu University

The South Atlantic Anomaly (SAA) is considered as a harmful radiation source for the Low-Earth Orbit (LEO) missions
because it involves high-energy charged particles precipitating from the inner trapped radiation belt. In this research,
we studied the short-term response of the proton flux in the South Atlantic Anomaly (SAA) region during the
geomagnetic storm event of 15 May 2015. We have developed a three-dimensional relativistic test particle simulation
code by implementing Tao-Chan-Brizard guiding center model in order to calculate the trajectories of protons with
energy range 140-400 MeV in a time-varying magnetic field, provided by Tsyganenko model TS05 as well as the
corresponding inductive electric field solved by Biot-Savart law. In this study, we considered the following SAA
variables: the maximum value of the proton flux and the area of the anomaly at given altitudes. Numerical results showed
that the proton flux was enhanced during the main storm phase and totally decreased during the recovery phase. The
previous results were compared with observations from satellites.
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Development of Spacecraft Charging Analysis Method Considering Dynamically-Changing

Space Environment
#Keishi Kawaguchi?, Yohei Miyake?, Keiichiro Fukazawa®, Hideyuki Usui®
DKobe University,”?Kobe University, ’ ACCMS, Kyoto Univ.,”Kobe University

Numerical simulations based on the particle-in-cell method are widely used for quantitative analysis of spacecraft
charging processes in space environment. Due to the high computational cost for calculating the motions of a large
number of plasma particles, the method allows us to simulate only phenomena of very limited temporal and spatial
scales within practical computation time. This feature makes it difficult to analyze temporal evolution of a spacecraft
potential in dynamically-changing space environment.

In this study, we newly develop a numerical analysis method that enables us to assess a spacecraft potential variations
in a longer time period, which can cover geospace environmental changes. The basic design of the method is as follows.
First, we perform a large number of plasma particle simulation runs to construct a data set of spacecraft current-voltage
characteristics for various space environmental parameters. In each simulation, the spacecraft potential is fixed at a
prescribed value, while the plasma currents into the spacecraft will be updated and monitored to obtain their
equilibrium values. Such a simulation configuration is advantageous in terms of a required number of time integrations
to obtain a steady-state solution, in comparison with the conventional setup, for which the simulation is performed until
an equilibrium value of the spacecraft potential is obtained.

As a next step of the analysis method, time-series data of environmental parameters extracted from spacecraft
observations or global simulations are used as an input. Based on the input parameters, we can obtain the plasma
currents into the spacecraft by referring to the current-voltage characteristic database constructed above. Then, we
numerically integrate an analytical equation, which describes the time evolution of a spacecraft potential, to see the
spacecraft potential response to the environmental parameter changes. In this process, the spacecraft potential response
is solved with reference to the pre-constructed current database, its calculation cost is much lower than that of the
plasma particle simulations. This feature enables us to evaluate a spacecraft potential behavior in a time period that is
long enough to cover the space environment changes.

For a case study using the proposed method, we chose a spacecraft failure event of the Galaxy 15 in 2010, which is
considered to be triggered by a large solar flare. The Earth's magnetosphere environment during the spacecraft failure
is simulated by means of a global MHD simulation, and the obtained time-series data of environmental parameters will
be served as an input for the spacecraft charging analysis. We report the recent progress of the method development,
particularly construction of a current-voltage characteristic database based on particle-in-cell simulations.
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Relationship between spacecraft anomalies of geostationary meteorological satellite and space

environment
#Kaori Sakaguchi?, Tsutomu Nagatsuma?

UNICT,?NICT

Spacecrafts in orbit may have failures possibly due to changes of the space environment. However, because detailed
information of satellite anomalies is often not publicly available, it is hard to say that the causal relationship between
space environment and satellite anomalies is well defined. The Japanese meteorological satellites Himawari 8 and 9
have space environment data acquisition monitors (SEDA), which measure high-energy particles around the spacecraft
for the purpose of satellite housekeeping and using the data for analysis in case of failure. The Meteorological Satellite
Center of Japan Meteorological Agency routinely provides the report of observation including observation plan,
observation interruption, and so on. The list of observation interruption includes attitude control, sensor calibration,
satellite maintenance, and satellite anomaly. In Himawari-8 satellite, 10 cases of satellite anomalies that cause
observation interruption, have been reported from the start of operation in July 2015 to 2017. An analysis of the
relationship between the satellite anomaly and the space environment based on the data measured by SEDA revealed
that 6 cases correspond to the increase of high-energy electron fluxes and 1 case correspond to the increase of high-
energy proton flux. The high-energy proton flux enhancement was associated with the X-class solar flare that occurred
in September 2017. During the same period from 2015 to 2017, it has been reported that the European geostationary
meteorological satellite; Meteosat also experienced multiple satellite anomalies. In this presentation, we will report the
detailed analysis results of space environment data at the time of these spacecraft anomalies.
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Three-dimensional structure of the magnetic field above the sunspots modeled by the MHD

simulation
#Ryosuke Yamanishi?, Koji Kondoh?, Shin Toriumi®, Satoshi Inoue®
UScience, Ehime univ.,?RCSCE, Ehime Univ.,”ISAS, JAXA,?ISEE, Nagoya University

It is well known that solar flares and coronal mass ejections (CMEs) tend to occur in sunspot regions. Toriumi &
Takasao (2017) conducted a series of flux emergence simulations and succeeded in reproducing four types of typical
sunspot structures that have been observationally suggested to cause strong flares. However, the magnetic structure in
the corona above these reproduced sunspots, its time development, and the force-freeness known to exist in the actual
solar corona have not been analyzed in detail yet.

Therefore, we set two purposes in this study. First, we investigate the magnetic structure in the corona of the simplest
standard sunspots in Toriumi & Takasao (2017). Then, we apply the nonlinear force-free field (NLFFF) extrapolation
method to these sunspots and compare with the original 3D simulation data.

On the structural analyses of the magnetic field in the simulation, first, we visualized the magnetic field lines and
investigated the time development of the three-dimensional magnetic structures and of the distribution of the magnetic
field strength. These emerging magnetic field lines expand into the corona and then gradually settle into a steady state.
Second, we calculated epsilon-force value (Wiegelmann et al. (2009)), which measures the force-freeness, and
investigated the relationship between the height and epsilon-force. The epsilon-force value decreases with height and
with time, that is, the coronal field gradually becomes force-free state. Furthermore, we will calculate NLFFF using the
2D slices at various heights in the 3D simulation data as the bottom boundary conditions and report these results.

In the presentation, we report on the detailed analysis results of sunspots modeled by Toriumi & Takasao (2017) and
NLFFF extrapolations using these simulation data.
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Possibility of a Large Solar Eruption Before September 6th 2017 in Solar Active Region 12673
#Satoshi Inoue?, Daiki Yamasaki?
VISEE, Nagoya University,? Astron. Obs., Kyoto Univ.

Solar active region (AR) 12673, which appeared in September 2017, produced not only multiple M-class solar flares
but also several X-class flares. Among them, the X9.3 flare was the largest solar flare to occur in the solar cycle 24.
Recently, Ymasaki et al. identified the presence of highly twisted field lines at polarity inversion line, on which X-class
flares are observed, from the nonlinear force-free field (NLFFF) extrapolation two days prior to the occurrence of the
X9.3 flare(Ymasaki et al. Under Review). This raises the questions, why did the twisted field lines remain stable until
September 6th? And could they possibly have produced an eruption before September 6th?

In order to answer these questions, we performed magnetohydrodynamic (MHD) simulations using the NLFFF as an
initial condition. We used the NLFFF reconstructed at 18:00 UT in September 4th , 2 days before the X9.3 flare. As a
result, although the NLFFF is stable to small disturbances, an eruption can be triggered through a magnetic
reconnection enhanced by an anomalous resistivity. We find that the twisted field lines in our extrapolation had a
potential to erupt even 2 days prior to the X9.3 flare. This result suggests that if the triggering element inducing the
reconnection appeared in the photosphere, the eruption could be possibly achieved up to 2 days before the X-class
flares. Furthermore, Yamasaki et al. reported that many of M- and C-class flares on September 4th and 5th were
observed at the polarity inversion line other than which X-flares were observed. This suggests that the triggering
element which induces the magnetic reconnection was not appeared until September 6th. Therefore, the intruding
motion of the negative polarity into opposites observed in September 6th drives reconnection at local site, resulting in
the X-class flares.
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Reproduction and validation of flare spectra and their impact on the global environment at
the X9.3 event of September 6, 2017

#Kyoko Watanabe, Hidekatsu Jin?, Shohei Nishimoto?, Shinsuke Imada®, Toshiki Kawai®, Tomoko Kawate®
UNDA,?NICT,”ISEE, Nagoya Univ.,NIFS

The radiation from the Sun is the most important ionization and heating energy source for the Earth's upper atmosphere.
Sudden increase of soft X-ray and extreme ultraviolet (EUV) emissions due to the solar flare accelerates the ionization
and molecular dissociation of atmospheric components in the ionosphere and thermosphere, and it may cause strong
increase in electron density. This phenomenon is called the sudden ionospheric disturbance (SID), and communication
failure caused by the absorption of the short-wave by the SID is known as the Dellinger phenomenon (Dellinger 1937).
In order to verify which wavelength of the solar flare spectrum affects the occurrence of the Dellinger phenomenon, we
first need observation data of the full wavelength spectrum of solar flare emission and compare with them. However,
EUV flare spectra observation with high spectral and temporal resolution are very limited, the numerical model for
predicting EUV emissions is needed. One of them is the Flare Irradiance Spectral Model (FISM; Chamberlin et al.,
2008). Although FISM is the most widely used model now, this model has some problems such as uncertain physical
processes due to empirical model. Therefore, we constructed new flare emission model with physical processes (Imada
et al. 2015, Kawai et al. 2020) in order to reproduce the observed flare emission. In our model, the physical process of
the plasma in the flare loop is reproduced by combining the one-dimensional hydrodynamic calculation using CANS
(Coordinated Astronomical Numerical Software) 1D package with the CHIANTI atomic database (Dere et al. 2019}.
Using this model, we reproduced EUV dynamic spectra for some flare events. When we compared observed SDO/EVE
MEGS-A spectra with our calculation results, we found that our result clearly reproduced most of the EUV lines during
flare.

Furthermore, in order to examine the effect of flare emission on the Earth's atmosphere, we put our calculated flare
spectra into the Earth's atmospheric model GAIA (Ground-to-Topside Model of Atmosphere and Ionosphere for
Aeronomy; Jin et al.,, 2011), and then we reproduced the variation of total electron content (TEC). We tried to
reproduce the TEC variation of the X9.3 flare on September 6, 2017, then we compared calculated results with the
observed TEC amount.

When we used the FISM flare spectrum, difference of TEC amount from the background could be almost reproduced.
On the other hand, when the flare spectrum of the CANS model was used, the result varied depending on the presence
or absence of the background. This difference which depends on the models is thought to represent which EUV
radiation is primarily responsible for increasing TEC. From the flare spectrum obtained from these models and the
calculation result of TEC fluctuation using GAIA, it is considered that the EUV emission about 15-40 nm is mainly
effect to increasing TEC than that of X-ray emission that has been thought to be mainly effective for SID. Also, from
the altitude/wavelength distribution of the ionization rate of Earth's atmosphere by GAIA, it was found that EUV
radiation of about 15-40 nm affects a wide altitude of 120-300 km, and TEC is mainly generated by ionization of
nitrogen molecules.
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Validation of Extreme Ultraviolet Emission Spectra During Solar Flares
#Shohei Nishimoto", Kyoko Watanabe", Toshiki Kawai?, Shinsuke Imada®, Tomoko Kawate®, Kyoung-Sun Lee"
UNDA,?ISEE, Nagoya Univ.,” NIFS,YUAH

X-rays and extreme ultraviolet (EUV) emissions from solar flares rapidly change the physical composition of the Earth's
thermosphere and ionosphere, thereby causing space weather phenomena such as communication failures. To predict
the effects of flare emissions on the Earth's upper atmosphere, numerous empirical and physical models have been
developed.

We verify the extent of reproducing the flare emission spectra using a newly developed simple method based on the
physical process of the flare loop (Kawai et al., 2020). In this method, we convert the soft X-ray light curves observed
during flare events into EUV emission spectra using a one-dimensional hydrodynamic calculation and the CHIANTI
atomic database.

To verify the proposed method, we use the observed EUV spectra obtained by the extreme ultraviolet variability (EVE)
on board the Solar Dynamics Observatory (SDO).

We examined the “EUV flare time-integrated irradiance" and “EUV flare line rise time" of the EUV emissions for 21
the events by comparing the calculation results of the proposed method and observed EUV spectral data.

Proposed method succeeded in reproducing the EUV flare time-integrated irradiance of the Fe viii 13.1 nm, Fe xviii
9.4 nm, and Fe xx 13.3 nm, as well as the 5.5-35.5 nm and 5.5-13.5 nm bands. For the EUV flare line rise time, there
was acceptable correlation between the proposed method estimations and observations for all Fe flare emission lines.

These results demonstrate that the proposed model can reproduce the EUV flare emission spectra from the emitting
plasma with relatively high formation temperature.

This indicates that the physics-based model is effective for the accurate reproduction of EUV spectral flux.
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The present status and future plan of NICT space weather Research and Operation
#Mamoru Ishii
NICT

The fourth mid-term research plan in NICT is going to finish on the end of FY2020 and the fifth plan starts on FY2021.
[ will introduce several remarkable results in the fourth plan and draft of the fifth plan in the session.

The period of fourth plan overlaps almost that of PSTEP. In PSTEP, many cutting-edge researches of space weather
have improved both in domestic and international cooperation under the leadership of Prof. Kusano, Nagoya Univ. and
the scheme to use these produces in operational space weather forecast services in NICT has established. We also
established “Space Weather users' committee" for discussing needs-seeds matching in space weather operation and
trying to build easy-using products. In addition, we have published space weather hazardous map for showing possible
space weather impact on Japanese society.

The X9.3 solar flare occurred in Sep. 2017 which is maximum in solar cycle 24. This event was taken by many Japanese
presses and most of Japanese became to know the social impact of space weather. After this event, Japanese government
strengthened the space weather monitoring framework, e.g., 24/7 operation of space weather forecast.

ICAO has been discussing the use of space weather information in civil aviation since the beginning of 2000s, and three
global centers were established in 2018 which includes NICT/Japan. The operation started in Nov. 2019.

Following these fruitful results, we are now discussing the fifth mid-term research plan. The present draft includes
development of data assimilation system, development of Al system, and satellite sensors for precise space weather
forecast.

I will show some detailed information in my presentation.
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On identification of solar wind regimes
#Shinichi Watari
NICT

In solar wind, there are various regimes: high-speed solar wind from CHs (coronal holes), ICMEs (interplanetary
coronal mass ejections) associated with CMEs (coronal mass ejections) from the sun, HCSs (heliospheric current
sheets) and plasma sheets. These solar wind regimes are characterized by speed, temperature, density, magnetic field,
ion composition and charge states, electron heat flux and bi-directional flow, and so on.

However, not all spacecraft measures ion composition and charge states and electron pitch-angle distributions in solar
wind. For example, the DSCOVR (Deep Space Climate Observatory) satellite only measures speed, temperature,
density and magnetic field of solar wind. Hence, we considered the identification method based on the categorization
scheme proposed by Xu and Borovsky (2015) using speed, temperature, density, and magnetic field.

Objective identification of solar wind regimes enables us to be accurately aware of present solar wind situation by real-
time solar wind data. It is also enables us to analyze solar activity dependence of solar wind regimes using long-term
data.

KEJEIL. CHs (coronal holes) 76 @& E D fElk, K525 D CMEs (coronal mass ejections) 1Z X% ICMEs
(interplanetary coronal mass ejections) DfHiEk, HCSs (heliospheric current sheets) ° HCSs IZff: 5 77 X~ —
b O IR A AT 5, 2 b O KGR IZ. KIGEOEE, W, HE, WHicmx <, 414 v

DA - [iEIRAE, BT D heat flux % bi-directional flow 7z &I X Y S F b 3,

LaL, 3XCOMECTKEGRT DA A+ v oMl - MERECETOY Y FT7 v IIANHOUMEEZITT>TWE DT

X7z, 72 & z21E, DSCOVR (Deep Space Climate Observatory) 2 Cld, KB OHEE, HE, ., @5 o Hl

E LTI Ty, £ 2 C, Xuand Borovsky (2015) 2342 R L 72 5k A R — R & L = KGR OEEE ., R, %,

1835 % F > 72 KI5 JRGEI O 5800 351 D W T ORETFER IC O W TG R 1T 9 .

KGRGES O % ZRICIT2 2 L 5i1chd e, VTAXRA LDOKRGET — & % 72 IEME TR EEER 23 AR I

b, T, RAE© 7 — 2 % F v 7= KEGREGE O KIGHE BRI TE I D W C ORI T 23 ATRE & 72 5
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Simulation of solar wind and CME during Syzygy period from late June to mid-July 2020
#Daikou Shiota’?, Yoshizumi Miyoshi?, Go Murakami®, Iku Shinohara®, Takeshi Imamura®, Kazumasa Iwai?,
Chihiro Tao"

UNICT,”ISEE, Nagoya Univ.,” ISAS/JAXA,YThe University of Tokyo

Solar wind and coronal mass ejection (CME) coming from the sun to Earth are the main causes of various space weather
disturbances. However, since the observation of solar wind and CME in the interplanetary space far from the Sun is
limited, the modeling by the numerical simulation becomes a useful means in order to predict the arrival accurately in
advance. Recently, in Nagoya University and National Institute of Information and Communications Technology, we
have developed a prediction system SUSANOO using three-dimensional MHD simulation of inner heliosphere (Shiota
et al. 2014, Shiota & Kataoka 2016). The MHD simulations which can reproduce global solar wind structures and can
predict the relatively long-term structure of solar wind, but it requires further improvement through comparative
studies with observations for more accurate predictions. In recent years, several space craft to explore inner heliosphere
are launched successively: The Parker Solar Probe launched in August 2018, the BepiColombo launched in October
2018, and the Solar Orbiter launched in February 2020. The BepiColombo is originally designed to explore the
Mercurial atmosphere, and it will observe in situ environment during its cruise phase until its arrival at Mercury in
2025. These multi-site observations in the heliosphere can be particularly useful information for validating MHD
simulations.

In the period from late June to mid-July 2020, in addition to these spacecraft, Mercury, Venus, Mars, Jupiter, and Saturn,
were aligned at the near longitude of the heliosphere. This situation is so-called "Syzygy". During this period,
BepiColombo conducted an observation campaign. On July 9, 2020, a relatively bright CME was observed in the
coronagraph, and the CME was ejected in the direction of longitude where the planets and probes were located. CME
bright southward magnetic field lasting more than half a day, up to 9 nT, from July 13 to 14, and then it causes a small
magnetic storm with a Dst (tentative) of - 65 nT. In this study, the solar wind and CME in the Syzygy period were
reproduced using the SUSANOO-MHD simulation, and compared with in situ observation obtained by DSCOVR. No
in situ observations other than DSCOVR / ACE were available at the time of this submission, but they will be compared
with simulations as soon as they are available. In the presentation, we will report the outline of solar wind and CME
fluctuation in the Syzygy period and the initial results of simulation and in situ data analysis and discuss prospects.

K2 bHiERICER T 2 KGHE - CME 3, S IEAFEHRAL kI Elz5l gk THERTHL, LirL, KE»
O EEN 7 B E M T KBB)E - CME OBLRIAR SN T w3 720, % DFHK 2 HENIC IEHEIC RIS 3 7201 138l >
al—vaviidETYVIBERAFRLEoTWE, INE CLAEERY S L CERBEFREECIE. N
KB 3 Xt MHD & 3 2L —3 =3 v (Shiota et al. 2014, Shiota & Kataoka 2016) # 7= Fillls x5 4
SUSANOO AfF I N TE 72, MHD ¥ 2 a2l —3a vidz o — Az KGRSO FEEATEEC. KGR D HER
MRAOWELZ FHT27-0ICHEHTH 22, LViElATFHO oI, Bl oLEIRICL 2 S50 %E%
MEEL LT3, iEF, 2018 4 8 HIC Parker Solar Probe, 2018 4 10 HIZ BepiColombo, 2020 4E 2 A< Solar
Orbiter &, WIRAKIGEICA 5 FHEEEMA R 4 LT EiF 572, BepiColombo i3/KE0EEE % HIY & L2 FH
KRB TH 503, KE~DEFED 2025 FF COMZOGOBRBEORMEZ1TS 7290, ZOoBHRERZHMT 2 2 L8
TE53, 2O ABBENOLHAOBHIZIMHD v I a2l —y a2 VAT 270 ICHHALBRE £ 5,

2020 £ 6 HER» o 7 ApaNc» I 281X, c o oBEERICA T, KE, &2, KB, RE, LER, KB
D L-REICLEST 5 [REEY]] ORENFEL 72, Z O, BepiColombo IZHMl ¥ v v~ — v 3T > 7z,
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HEisz, CME 127 H 13~14 HiciE Ak InT OXHU EH<ERAE#ES %2 5725 L, Dst (B E(E)=-65nT D/NH
EiAaSREEZ5 2R Lz, AFFEcl. REESIAR O KE5E - CME ©Z#)icovT, SUSANOO-MHD + 3 =
L—yavzHeTiEE L, DSCOVR O#lHIfER & D Z1T > 72, #&HEKRER Tld DSCOVR - ACE LISt in situ
BT — 2% FFPAFTECORVLYE, AFTERE S a2l —va Vv Dl E{T) VETH S, #E@Cld, KE
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Reconsideration of peculiar SC on 1991.3.24.
#Tohru Araki

none

The geomagnetic sudden commencement(SC)that occurred on March 24, 1991 at 0341 UT was a unique and
unprecedented one. The features can be summarized as follows.

(1) Geomagnetic change

(D A large and sharp global pulse appears in the early stages of SC.The amplitude and pulse width of the H- component
at Kakioka(27deg geomagnetic latitude) around noon, was 202nT and about 90 sec.

(2 The rise time of this pulse is extremely short (28 seconds at Kakioka).

(3) Since the rise and peak of this pulse are sharp, the pulse propagation can be measured accurately, and as a result, it
was found that there are two modes, electromagnetic wave and HM wave, in the propagation from the day side to the
night side.

(2) Change of radiation belt

CRRES and Akebono observed the drift echo phenomenon of high-energy trapped charged particles. It means
instantaneous formation of the inner radiation belt. It lasted for one year.

(3) Ulysses observed disturbances with the counter-streaming event at 2.5AU and 60 degree east in the ecliptic
longitude but it cannot be associated with this SC phenomenon. There is no other observation of the solar wind.

(4) Li et al (1994) calculated the particle acceleration due to a pulse propagating from the magnetopause at 15h LT
and obtained a drift echo suitable for the observation.

The problems of reconsideration here are as follows.

(1) What is the solar wind structure that produces such a large and sharp magnetospheric pulse? A pulse corresponding
to the pulse observed in the magnetosphere must exist in the solar wind, but it is unlikely that the pulse was produced
near the sun and propagated as it was without changing the waveform. Could it be made by shock-stream or stream-
stream interaction near the earth?

(2) To make a pulse of 200nT on the ground, it is necessary to increase the dynamic pressure of the solar wind by
200nPa or more. Is this possible?

(3) Rise time is considered to be the time for a shock to sweep a distance effective for compression of the magnetosphere.
A rise time of 30 seconds requires a solar wind speed of 2000 km/s or more. Is it possible?

1991 4 3 H 24 H 0341UT @ SC (geomagnetic sudden commencement) (%, HifflO R WEERA D TH 72, ZD
Fiiz, UTo X 5 IcERHTE 3,
(1) HExZ
D SC DHIHAIC K E  THVNERB AL ZA BB T W5, EFBRXofE GUBSEE 27 ) <o H K9 ok
ME & S RMEE, 2020 T, #1590 TH o7z, AL RAEDT 1 METIERICHIN AR WD, EFMED 210
FHEHF = —v (1E) L85 D SAMNET 5= —v (58{#f) - EISCAT 7 v g hitF = —v (20 ) <
#HHE N TWwB,
@ #rikfTE GOES6, GOES7 i, LT18.7h, 20.5h TIRiE 67nT, 50nT ©, F7-, CRRESS I¥. (2.5Re, 3hLT, -
12 & MLat) T#J 130nT DL R & peak-to-peak JRIEF 80mV/m OXHAIEL v 2 2 EHI L 72,
@ N RDNDL ERY L =7 RBHD T BlERE X CHETE 2 ofER B b "~ DB X,
EBEEO T2 cb 2 BRI . F2EHRT 2 HMEDO “2DE— FAH 5 2 & 2345 7=,
(2) HEHER %A

T D SC T X o THUHGH PN 23R 1Ic 58 2 1. CRRES & HFIT om0 ¥ — it Bk o drift echo B
REBIL 72, B S N 2N, DR 1 EMERF S Rz,
(3) 1991.3.24-4.2 D[], HuEk > & LK 60 FEEL D 2.5AU T counter-streaming event % & 4 KGEERLZ 2V » —
ADBAIL 7225, 2D SCHR EDHIGITIZ-Z D L,
(4) Lietal (1994)i%, 15hL T O#EKE R HD b B ~od 2 S0 2 EENIC X 2R FhEEFHE L, BHlics 5
FY 7 rza—%157,

CZTOHELROMESILE, Fido@EY THh 3,
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Gt ¢ CHRCTIEME L 72 & 1335 2 8, HEREfE G, v a v 7 AP —L4 APV —LE R —2LDOTHR LT
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Towards a detailed analysis of the onset process of the grand solar minimum
#Hiroko Miyahara", Fuyuki Tokanai®, Toru Moriya?, Kazuho Horiuchi®
UHumanities and Sciences, Musashino Art Univ.,”Yamagata Univ.,”Hirosaki Univ.

In this presentation, we report our recent attempts to reveal the detailed onset process of the grand solar minima.
Annually measured carbon-14 data have suggested that solar cycles got lengthened during the grand minimum and that
it had even started a few cycles before the onset. In order to accurately determine the transition of the cycle lengths
around the onset of the grand minima, we are improving the precision of the measurements with Accelerator Mass
Spectrometer at Yamagata Univ. We have also developed a new methodology to reconstruct past solar and cosmic-ray
variations using carbonate deposits. We introduce the present status of our experiments and discuss future prospects.
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Case studies for the intensity estimates of the historical geomagnetic superstorms with analog

records for the last 1.8 centuries
#Hisashi Hayakawa!, Yusuke Ebihara?, Kentaro Hattori®
VTAR/ISEE, Nagoya U.,»RISH, Kyoto Univ.,*Dep. Sci., Kyoto Univ.

Solar eruptions frequently release fast and massive interplanetary coronal mass ejections with southward interplanetary
magnetic field. They often cause geomagnetic superstorms (minimum Dst < -500 nT) and form significant threats on
the modern civilization due to its increasing dependency on the technological infrastructure. Despite their significant
impacts, such superstorms are rare and only one storm (the 1989 storm; Dst = -589 nT) fits in this category during the
space age since the late 1950s. So far, the largest recorded superstorm has been considered the Carrington superstorm
in 1859 (Dst estimate ~ -900 nT). However, it has not been immediately clear how unique the Carrington superstorm
was within the multi-century time scale. Here, we have analyzed the analog magnetograms and reports of low-latitude
aurorae in the past to identify and measure superstorms in history. Our investigations have shown at least 7 superstorms
and their source active regions, within the coverage of the systematic geomagnetic measurements for the last 1.8
centuries. We show several case studies for the reconstructions of intensity and time series of such superstorms in
history. These results increase the data for superstorms and improve the existing models for their simulations for such
geomagnetic superstorms.
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Upgrading the sodium lidar observation of the neutral temperature and wind velocity to the

lower thermosphere

#Takuya Kawahara?, Satonori Nozawa?, Takuo Tsuda®, Norihito Saito?, Tetsuya Kawabata®, Satoshi Wada®,
Hitoshi Fujiwara®, Yasunobu Miyoshi®

DFaculty of Engineering, Shinshu University,”ISEE, Nagoya Univ.,UEC,?ASI, RIKEN,”Faculty of Science and
Technology, Seikei University,” Dept. Earth & Planetary Sci, Kyushu Univ.

We have been continuing wintertime wind/temperature lidar observations of the MLT region (upper mesosphere and
lower thermosphere) since October 2012 at Tromso (69.6N, 19.2E), Norway. With the highly advanced lidar technique,
wind velocity in the range of 80-115 km can be measured by detecting the frequency difference in the accuracy of 1
MHz between the laser and the returned photon frequency.

With 0.5 km vertical and 10 min temporal resolutions the error bars are estimated to be 1.0 K and 1.5 m/s, respectively,
at the sodium layer peak (e.g., 90 km), and 5 K and 10 m/s, respectively at both sodium layer edges (typically around
80 km and 105 km). Recent researches show the very low Na density in the altitude region up to 170km. To upgrade
the Na lidar at Tromso, the development of the ultra-narrow optical bandpass filter is a key device to reject the
background light from the sky. In this presentation, we will summarize the detail of this upgrading lidar project to
contribute to the observation of the neutral atmosphere in the lower thermosphere.

BB RiG+ 2 KAMENIC X 2 P ERA DM - BUEZH) 13, 28 S E oA L BEEAR O EH N LB IC kK
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BED NaJFF0E M LTwa eI 4 X—8lic X V& X7 [Liu et al, 2016 f], Z#id. defic s
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Calculation of the ray paths and propagation times of HF radio waves in the simulator of HF-

START project.
#Ryo Nakao", Hiroyuki Nakata®?, Kornyanat Hozumi®, Susumu Saito®, Mamoru Ishii”, Hiroyo Ohya?
YGraduate school of Chiba Univ,? Grad. School of Eng., Chiba Univ., NICT,YENRI, MPAT,”NICT

To provide the information of nowcast of radio propagation, HF simulator Targeting for All user's Regional
Telecommunications (HF-STRAT) was launched as a collaborative project with NICT, ENRI and Chiba University.
In this project, propagation paths of HF radio waves are calculated by a ray-tracing calculation. Using the results of the
ray-tracing calculation, we have determined whether HF radio wave travels between any two points. We have
compared the differences of the propagation time determined by the ray-tracing calculation with the observation of the
HF radio waves transmitted from Nagara transmitter, RadioNIKKEI (35.46 N, 140.20 E). HF receivers are located at
Chiba University (Chiba, 35.62 N, 140.10 E), Sarobetu (Hokkaido, 45.16 N, 141.74 E), Yamagawa (Kagoshima, 31.20
N, 130.61 E), Ogimi (Okinawa, 26.68 N, 128.15 E). By comparing the propagation time between Chiba and the other
receivers, it is found that there was a difference of the propagation time between the ray-tracing results and the
observations. This is because it is assumed that ground waves are propagated from Nagara to Chiba. Considering
the decay of wave intensity between Nagara and Chiba, we found that the decay of sky wave that is reflected by the
ionosphere was almost comparable to that of ground wave. It is considered that the radio wave propagation between
Nagara and Chiba is not ground wave but sky wave that is reflected by the ionosphere or both ground wave and sky
wave signals are received simultaneously at Chiba. In addition, the comparison between observation of propagation
time differences using distant receivers except Chiba and propagation times derived from ray-tracing calculation is in
progress to validate results of the simulator. Propagation times derived from waveforms obtained at Yamagawa and
Ogimi were compared with those derived by ray-tracing calculations so far. In the simulator, we also plan to provide
users with options to choose three types of electron density models (IRI, GNSS tomography, GAIA). For these options,
we calculated ray-paths using three electron density models in four seasons of 2018 and examined differences between
the ray-tracing calculation results derived from each electron density model.
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Characteristic analysis of the occurrence condition of steep gradients in the ionosphere that

poses a threat for GBAS in Japan
#Maho Nakamura", Susumu Saito?, Takayuki Yoshihara®
DNAV Department, ENRIL?ENRI, MPAT,YENRI

Since the Ground-Based Augmentation System (GBAS) uses the differential positioning by L1 frequency, steep
gradients of ionospheric delay differences between the airplane and ground station of which scales about several tens
of kilometers are the main threat of the GBAS.

In the low latitude region include Japan, it is thought that the equatorial plasma bubbles (EPB) induce such a steep
ionospheric gradient.

However, it is not clear under what conditions it develops into a steep slope that may pose a threat, and on the
correlation with parameters such as the width and speed of the slope that cause such conditions.

ENRI has been developing an ionospheric threat model optimized for GBAS optimized for

the low magnetic latitude to mid latitude region include Japan using GEONET data.

In particular, the single-frequency-carrier-phase based and code-aided technique which is not subject to the frequency-
biases [Saito and Yoshihara, Radio Sci., 2017] to estimate ionospheric delay variations and for the auto detection of
plasma bubbles candidates. In addition, dual-frequency observations for ionospheric delay variations are also used for
the speeds and spatial scale analyses of the ionospheric gradients [Saito and Yoshihara, Radio Sci., 2017].

This paper presents the analyzes of the conditions of the parameters of gradients when the steep ionospheric gradients
occur. Plasma bubble structures when such steep gradient occurs is also analyzed.

M - RIER AR Y R 7 LA (GBAS) Y 27 ATk, 1 BEEHA VT4 7 7L v vy VIRV SNTE D, b
J:EE(EUJ*EEE‘;L M DT & 7s BEEEE T AR AR S 2 & GBASIEH FOEZE L 7t 5, HARFHEIC B W T,
EEEHIRIC BT 2 77 X "7 A5 R TRIE, km ANICA 2 X5 AEEBIEAAER ST IC 2 IciEyS T
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Study of Sporadic E layer characteristics by using ROTI maps
#Susumu Saito", Keisuke Hosokawa?, Jun Sakai?, Ichiro Tomizawa®
DENRI, MPAT,YUEC,»SSRE, Univ. Electro-Comm.

The density of the sporadic E (Es) layer can be so high as to reflect VHF radio waves. It has been shown that aeronautical
VHF navigation signals in 108-118 MHz band can propagate beyond the radio horizon to cause potential interference.
Therefore, it is important to monitor the occurrence and distribution of the Es layer, and even to predict its occurrence.
For the Es layer prediction, it is important to understand the detailed physics of the Es layer.

Recently, multiple ways of observing the Es layer have been developed, such as observations of anomalous propagation
of VHF radio waves from known locations, synthetic aperture radar measurements, perturbation in the ionospheric
total electron contents (TECs) derived from a dense GNSS network. However, these methods can show the two-
dimensional distribution of the Es layer.

In this study, we use the ROTI (rate of TEC index) values derived from the dense GNSS network over Japan
(GEONET). When the strong Es layer appears, a well-defined frontal structure of a high ROTI value region is often
seen. We have further developed a method to derive the front direction and velocity automatically. By using these Es
layer parameters and time series of TEC variation, the vertical structures of the Es layer can be inferred. We have
applied this method to several intense Es events and successfully derived Es layer velocities.

Our results are useful not only in understanding the three-dimensional structure of the Es layer but also in regularly
monitoring the occurrence and propagation of the Es layer, as the Es layer signature in the ROTI map can automatically
be detected.
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Numerical prediction of sporadic E layer occurrence: Current status and problems
#Hiroyuki Shinagawa", Chihiro Tao", Hidekatsu Jin", Yasunobu Miyoshi?, Hitoshi Fujiwara®
UNICT,”Kyushu University,”Seikei University

Prediction of ionospheric disturbances is one of the most important issues in the space weather forecast. For the
prediction of ionospheric storms, prediction information on disturbances of the solar wind as well as the magnetosphere
is necessary, but it is still difficult to make an accurate prediction at the moment. In contrast, the sporadic E (Es) layer
is little influenced by the solar wind and the magnetosphere, and it may be possible to predict the occurrence of the Es
layer more accurately than other ionospheric disturbances. In order to study the possibility of the Es layer occurrence
prediction, we analyzed the simulation data of the whole atmosphere-ionosphere coupled model GAIA, and compared
the data with foEs data obtained by ionosonde observations. We found that variations in some parameters such as
vertical ion convergence in 120 km altitudes agree fairly well with variations in the observed foEs. This result suggests
that the probability prediction of Es layer occurrence is possible using the parameter as an index of the occurrence. At
National Institute of Information and Communications Technology, we have recently developed a real-time forecasting
system of the ionosphere using GAIA for one or two days ahead. Preliminary result of the experimental prediction
suggests that the system is able to provide meaningful information on the prediction of the Es layer occurrence. At the
same time, the result also suggests that there are limitations to the accuracy of numerical prediction of the Es layer
occurrence. We will report the current status and problems of the numerical prediction system of the Es layer
occurrence.

BHEEEGLO PRI FHRATMIC B T 2 EEHEDO—>TH %, L L., BEEEROFEAEFHNICE L Tl KBRS
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BicowTli, KGRSCHAEORE IHEIK/NI W b, RRT— X 2502 KAE-EiET T L2 A
22X THEEOE T ZITZ 208N H 5, T4 13 Es BRAECEMEFH O EELZTFARS 720, 2K
B-EHERGE TV GAIA DY Ial—va v T — X0 %1\, Es JEOZEICBRT 2 LBbhd T X —
ze.AF )V vFEEICE NS foEs & DBHRETNT-, ZOFEE. B 120 km MEOE A 4 v ICEE R &
DT A=27 foEs 7 ) BWHHEAD 2 2 L 2RI L 72, HE., [HH0HEMIEHEECIZ GAIA 2) 7L x4
LCHEITL T, BHEE T coRKE L ERBO FHMAZITI v AT LORBEHZT-oC0wb, 2OV AT LEHNWT
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Es @5 4A OBUE I 0 Bk & FE S ic oW TG T 5,



R010-22
Zoom meeting C :11/4 PM1 (13:45-15:30)
15:00-15:15

Statistical analysis of short-wave fadeout for extreme event estimation

#Chihiro Tao", Michi Nishioka", Susumu Saito?, Daikou Shiota", Kyoko Watanabe?, Hidekatsu Jin", Hiroyuki
Shinagawa', Naoto Nishizuka", Takuya Tsugawa', Yasunobu Miyoshi”, Hitoshi Fujiwara®, Mamoru Ishii"
UNICT,”ENRI, MPAT,”NDA,"Dept. Earth & Planetary Sci, Kyushu Univ.,”Faculty of Science and Technology,
Seikei University

Solar flares trigger an increase in plasma density in the ionosphere including the D-region and cause the absorption of
radio waves, especially in high-frequency (HF) ranges, called short wave fadeout (SWF) or Dellinger phenomena. In
order to evaluate SWF duration and absorption statistically, we analyze long-term ionosonde data observed by the
National Institute of Information and Communications Technology (NICT). The minimum reflection frequency, fmin,
is used to detect SWFs from 15-min-resolution ionosonde observations at Kokubunji, in Tokyo, from 1981 to 2016.
Since fmin varies with local time (LT) and season, we refer to dfmin, which is defined as fmin subtracted by its 27-day
running median at the same LT. We found that the occurrence of SWFs detected by three criteria, (i) dfmin >=2.5
MHz, (ii) dfmin >=3.5 MHz, and (iii) blackout, during daytime associated with any flare(s) greater than the C-class is
maximized at local noon and decreases with increasing the solar zenith angle. We confirm that the dfmin and duration
of SWFs increase with the solar flare class. We estimate the absorption intensity from observations, which is comparable
to an empirical relationship obtained from sudden cosmic noise absorption. A generalized empirical relationship for
absorption from long-distance circuits shows quantitatively different dependences on solar flare flux, solar zenith angle,
and frequency caused by different signal passes compared with that obtained from cosmic noise absorption. From our
analysis and the empirical relationships, we estimate the duration of extreme events with occurrence probabilities of
once per 10, 100, and 1000 years, to be 1.873.6, 4.076.8, and 7.4711.9 h, respectively. The longest duration of SWFs of
about 12 h is comparable to the solar flare duration derived from an empirical relationship between the solar flare
duration and the solar active area for the largest solar active region observed so far.

In this presentation, we will also discuss relationship between the signal absorption and plasma density profiles derived
from numerical simulations using GAIA (Ground-to-topside model of Atmosphere and Ionosphere for Aeronomy).
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Study on global characteristics pf Pc2 distribution with the 10Hz data of the MAGDAS

system

#Taisei Kabasawa", Akimasa Yoshikawa?, Teiji Uozumi®, Akiko Fujimoto®, Shuji Abe®, Kazuo Shiokawa®, Martin
Connors”

DEarth and Planetary Science, Kyushu Univ.,?ICSWSE/Kyushu Univ.,ICSWSE, Kyushu Univ.,*Kyutech,”ICSWSE,
Kyushu Univ.,”ISEE, Nagoya Univ.,”Centre for Science, Athabasca Univ.

Geomagnetic field distribution observed on the ground is affected by space weather phenomena such as magnetic
storms and auroral substorms. Yu et al.[2015] shows that the Pc2 pulsation of which frequency range 5-10 seconds is
observed at the inner magnetosphere as EMIC wave that is associated with enerization process of O during magnetic
storm.

By using 10Hz sampling MAGDAS data, we found that the Pc2 type pulsation are simultaneously observed from high
to middle-and-low latitudinal region during a magnetic storm time substorm. Also, we found that such Pc2 have a local
time distribution peaked around 6L T and during 11-15LT. Moreover, we found occurrence of Pc2 shows a seasonal
dependence enhanced mainly at March, May-Jun and October.

In this presentation, we will report tha preliminary results of observational analysis of Pc2 pulsation by using MAGDAS
network. We also discuss the occurrence characteristics of high latitudinal Pc2 by PWING induction magnetometers
data.

i b o 3 EAES A — 0 TREOFHRAGIHROEELZ T, HAZLLFE T T3, P2 kS iSRS ©
Elﬂf b Z DEBEHAA 5-10 > el iy & 3 g S ARE < H b . EEDHFZE (Yu et al.[2015]55) 1 X Y G5 &L
itk S O oo A F—fUICHE S EMIC #i e LTI SAB CRllllE s 2L RS hTn b

?ic/z FIUNKRFEDS R 2 H E % 58+ v + 7 — 2 (MAGDAS) THUS L 7218350 10Hz 7 — ﬁﬁﬁﬁ@%}]ﬁﬂfn
BelT, Ab—2thoH 72 —LBICHRECHEINE NS P2 HWIREI A EHEE D SEEE £ T2 a — v ic B8l
INBERMWER LT T/, 70— NVICBHIE NS P2 HRENIZ 6LT & 11-15LT icv— 27 25, 0-4LT Ic ¥
A IR I WHE R i 2R L7, I b, 3 HL. 5-TH. 10 HiczhZ v — 27 2 F5o X 5 aF{HifkiF
HAEE L 72,

ZIKD%&ZT 122D X 57 MAGDAS THEZRL 72 7'v — L 7n Pe2 IRENICBE & 2 ARt 2 i+ 2 & & b ic, PWING

CX B EHEE P2 KT 2 RERMEIC O T A TETH B,



R010-24
Zoom meeting C :11/4 PM2 (15:45-17:30)
16:00-16:15

BTRA =LA vy PiiEBIT 3T EESHBLSRGEDEE
#AR O BEOE D, EH)I BEIE 2 A &7 ¥ Ohtani  Shinichi?
VIR IUN R AR R R R Y TR, L

A close examination of the mid-latitude ionospheric global response at the substorm onset
#Moe Hayashi?, Akimasa Yoshikawa?, Akiko Fujimoto®, Shinichi Ohtani®
DKyushu Univ.,?ICSWSE/Kyushu,”Kyutech,” The Johns Hopkins University Applied Physics Laboratory

The polar ionosphere is known to have an Rl-current system linked to the dynamics of the magnetospheric
convection system and an R2-current system linked to the dynamics of the pressure gradient region of the inner
magnetosphere [lijima and Potemra, 1976, 1978]. The polar current-wedge current system, which grows with the
substorm onset, forms a magnetosphere-ionosphere current closure with the same sense of the R-1 current system. The
R2-current system, which is located at lower latitudes, forms a current closure with the opposite polarity of this R1
current system. The growth of the R2 current is linked to the increasing pressure in the inner magnetosphere associated
with the substorm, and its dynamics does not necessarily correspond to the dynamics of the current-wedge system. As
a result, the R2 current system not only produces a shielding effect that weakens the effect of the growth of the current-
wedge current system on the ionosphere reaching low latitudes and equatorial regions, but also produces an
overshielding effect that sometimes excels it and causes the current system to grow in the opposite direction [(Kelley
et al., 1979; Gonzales et al., 1979; Fejer et al., 1979)]. On the other hand, the ground magnetic field fluctuations during
substorms are affected not only by the ionospheric currents, but also by the magnetic field fluctuations created by the
field line currents associated with the growth of the current wedge. In mid to lower latitudes, where this effect is large,
it is difficult to identify from magnetic field data only whether the changes in the magnetic field during substorms are
due to the formation of the ionosphere current system or to remote field effects of the current system.

The present study is aimed at a more global understanding of the current system caused by the substorm. In this
presentation, we investigate the mid-latitude ionospheric variations of the substorm onset and its dependence on LT.
We used electric field data from the HF Doppler radar at Palatunka, Russia, and magnetic field data from SuperMag
and MAGDAS.
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Seasonal dependence of semidiurnal equatorial magnetic variation during quiet and disturbed

periods
#Akiko Fujimoto", Akimasa Yoshikawa®, Teiji Uozumi®, Shuji Abe?
DKyutech,?ICSWSE/Kyushu Univ.,ICSWSE, Kyushu Univ.,”ICSWSE, Kyushu Univ.

The analysis of 20-year long-term semidiurnal lunar tidal variations along the magnetic equator gave the evidence that
the semidiurnal variations are completely different between the magnetic quiet and disturbed periods. This is the first
time that the seasonal dependence of disturbance-time semidiurnal variation has been provided from the analysis of
the EE-index. We found the Kp dependence of semidiurnal variation: For full and new moon phase, counter troughs
are amplified during disturbance time, possibly related to disturbance dynamo. For all moon phase, there are positive
enhancements in dawn and strong depressions after sunset, resulting from the penetration of polar electric filed. For
seasonal dependence, semidiurnal variations are divided to three seasonal groups, and characterized as deep trough,
enhanced crest and weak structure for D-solstice, Equinoxes and J-solstice, respectively. There is no significant
longitudinal difference between Ancon and Davao, except for the amplitude of semidiurnal variations. The deep troughs
occur during D-solstice and the enhanced crests during Equinoxes, at both Ancon and Davao.



R010-26
Zoom meeting C :11/4 PM2 (15:45-17:30)
16:30-16:45

Implementation of SDR-based scintillation detector system and preliminary observation with

magnetometer and radar
#Shuji Abe", Akiko Fujimoto?, Akimasa Yoshikawa®
DICSWSE, Kyushu Univ.,?Kyutech,” ICSWSE/Kyushu Univ.

The upper part of Earth's atmosphere is ionized by solar ultraviolet and X-ray radiation. This region is called the
ionosphere. It is located from about 60km to 1000km altitude and separated to some regions according to their
characteristics. The ionosphere plays an important role for radio wave propagations. These propagations are
dependent on the condition of the ionosphere, because the ionosphere changes these conditions temporally and
spatially by background fluctuations. Some disturbances are regular and repeated, such as daily, seasonal, and solar
activity. In addition, some disturbances are irregular, such as sporadic E layer, and plasma bubbles. These
disturbances cause the ionospheric scintillation, rapid intensity and phase changes of radio waves which pass through
the ionosphere. Therefore, the observation of ionospheric scintillation is equivalent to observing the state of the
ionosphere, which is very important for space weather research.

We operate a worldwide magnetometer and FM-CW network, MAGDAS. We have produced many scientific results
related to space weather research by using these data. At this time, we developed the SDR (Software-Defined Radio)
-based scintillation detector system for our additional observation. We use the USRP N210 with WBX daughter board
from Ettus research as the front end, and signal processing software based on some open source products. Active GPS
antenna with 30db gain and additional low noise amplifier are connected to the system for signal receiving. The
operating system for signal processing part is Linux(64bit) on Core i5 system. We installed this system at Sasaguri,
Fukuoka, Japan (33.64N, 130.51E, in Geographic Coordinate). We operate magnetometers and a FM-CW radar at
Sasaguri station. Thus, our new device can observe GPS scintillation simultaneously with magnetic field variation
recorded by magnetometer and ionosphere plasma density profile detected by FM-CW ionogram. In this paper, we
will introduce the progress of this development and preliminary data.
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Schumann resonance parameters at Kuju during solar flares and solar proton events
#Akihiro Tkeda", Teiji Uozumi?, Akimasa Yoshikawa®, Akiko Fujimoto®, Shuji Abe®
DKNCT,?ICSWSE, Kyushu Univ., ICSWSE/Kyushu Univ.,”Kyutech,”ICSWSE, Kyushu Univ.

The Schumann resonance (SR) is the global resonance of electromagnetic waves generated by global lightning activity.
SR parameters, which are amplitude and frequency, reflect the properties of both global lightning activity and the state
of the Earth-ionosphere cavity. In addition, it was revealed that the SR is also affected by the solar activities. We newly
aim to utilize SR for monitoring of solar activity (e.g., solar flare, solar proton event) and its effects on the ionosphere.
For the first step, we investigate relationship between SR parameters and intense solar activities in Oct.-Nov., 2003.
We examined fundamental mode of the SR at Kuju, Japan (KU]J, M.Lat. = 23.4 degree, M. Lon. = 201.0 degree) by
comparing solar X-ray, EUV and Proton flux. The data of X-ray and Proton flux were obtained by the GOES series of
the satellites on a geostationary orbit. The EUV data were obtained by SEM/SOHO at the Lagrangian point L1.

We found that the flares were associated with increase of SR frequency in H (horizontal northward component). Since
X-ray and EUV contribute the most to ionization of Earth's ionosphere, the variation of the SR frequency seems to
reflect the electron density in the ionospheric D-region during the solar flare.

We also found that the variation of the SR frequency in D (horizontal eastward component) corresponded with
enhancement of the Proton flux (40-80 MeV) during solar proton events. It is assumed that the SR frequency in D
component relates to the polar ionosphere which is strongly affected by solar proton events.
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