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GAIA simulations of neutral composition effect on total electron content variations
driven by an intense solar flare

# Mitsuru Matsumura[1]; Kazuo Shiokawa[1]; Yuichi Otsuka[1]; Hiroyuki Shinagawa[2]; Hidekatsu Jin[2]; Yasunobu
Miyoshi[3]; Hitoshi Fujiwara[4]; Chihiro Tao[2]; Atsuki Shinbori[5]; Takuya Tsugawa[2]
[1] ISEE, Nagoya Univ.; [2] NICT; [3] Dept. Earth & Planetary Sci, Kyushu Univ.; [4] Faculty of Science and Technology,
Seikei University; [5] ISEE, Nagoya Univ.

Solar flares enhance EUV and X-ray radiation to promote the ionization of the Earth’s atmosphere on the dayside, whict
increases the electron density of the ionosphere. When the Total Electron Content (TEC) between a satellite and a receiver
the Global Navigation Satellite System (GNSS) increases, the system is degraded. So, it is important to understand the spat
characteristics of TEC variation produced by flares. Earlier studies reported that the spatial distribution of TEC variations depend
on solar zenith angle (SZA) [Zhang et al., 2003] and neutral composition [Tsugawa et al., 2007; 2008], and it is controversial
which factor is more important. In this study, we incorporated the Flare Irradiance Spectral Model (FISM) [Chamberlin et al.,
2007; 2008] in the Ground-to-topside model of Atmosphere and lonosphere for Aeronomy (GAIA) [Jin et al., 2011] to analyze
how the neutral composition affects the TEC variations due to X9.3 flare on September 6, 2017. Simulations show that the spati
distribution of TEC variations depends more on atomic oxygen (O) density than SZA near the peak time of flare irradiance. At
the time, compared with the O density, molecular nitrogep) @hd oxygen (@) contribute less to the TEC variations. This
indicates that the ionization of Nand G is less important to the TEC variations, and the chemical reaction between atomic
oxygen ion (3) and N, or O, does not control the TEC variations. In the presentation, we will show that how the neutral
composition affects the TEC variations after the flare irradiance decays.
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Characteristics of temporal and spatial variations of global GPS total electron content
during magnetic storm
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Total electron content (TEC) tends to increase and decrease during the main and recovery phases of the geomagnetic stor
[e.g., Tsurutani et al., 2004]. The storm-time TEC enhancement is interpreted as an effect of the upwelling ionospheric plasm
by penetration electric field into the mid- and low-latitude ionosphere [Spiro et al., 1988] and equatorward thermospheric winds
[Fuller-Rowell et al., 1994]. Trichtchenko et al. [2007] reported that the ionosphgekig fordinary ray critical frequency of F2
layer) has an extremely large value at 12 UT over Japan for a geomagnetic storm event which occurred on 8 November, 2004, al
showed that the,fF; model cannot reproduce such the storm-time ionospheric variations. Maruyama [2006] also reported that
the TEC enhancement appears during the storm main and recovery phases, and pointed out that the midlatitude TEC enhancem
observed after the sunset is related with storm enhanced density (SED). However, since most of the previous studies focus on t
temporal and spatial variations of TEC in a specific region and the time and spatial resolutions of the TEC data were not enoug
high, the detail features of global TEC variation associated with the development and decay of the geomagnetic storm have n
yet been clarified. The purpose of the present study is to investigate the characteristics of global ionospheric variations durin
the geomagnetic storm using global GPS-TEC data with high temporal and spatial resolutions provided by National Institute of
Information and Communications Technology (NICT), and to understand the mechanism. The GPS-TEC data used in this stud
have spatial and temporal resolutions 0of’X8.5° in longitude and latitude and 5 minutes, respectively. Here, we first calculated
a difference value (dTEC) between storm-time TEC and average TEC of 10 geomagnetically quiet days. In this calculation
we referred to a list of geomagnetically quiet and disturbed days provided by World Data Center for Kyoto University. Next,
we created a two-dimensional map of rTEC (dTEC normalized by the average TEC of 10 geomagnetically quiet days), anc
analyzed the temporal and spatial variations of rTEC for a geomagnetic storm which occurred on 8 November 2004 with the
minimum SYM-H value of -400 [nT] at 6 h (UT). As a result, the normalized rTEC in America, Europe and Japan showed a
large enhancement with the maximum values of 12, 2 and 5 during the main phase, respectively. The rTEC enhancement in Jap
was maintained even after the onset of the recovery phase, and the maximum value reached “17. In order to investigate the spec
signature of rTEC in Japan in detail, we created the figures showing time and latitude cross-section of rTEC at a longitude o
14PE. As aresult, we found that an extremely high rTEC appears near 12 h (UT) (21 LT) propagating from high to low latitudes.
Such the extremely high rTEC also appears in the low-latitude North Ameri€éalj2@ 4 h (UT) (21 LT). These enhanced rTEC
regions were located in 40 magnetic latitude (Japan) and’80magnetic latitude (North America). Furthermore, the enhanced
rTEC region in Japan propagates westward with the velocity of 317 [m/s], nearly equal to the Earth’s rotating velocity of 339
[m/s] at this latitude. In addition, we compared the DMSP satellite drift meter data provided by ISR (Institute for Scientific
Research) with GPS-TEC data in order to verify if such the westward velocity exists in the high rTEC regions. As a result, the
westward ion drift velocity ("250 [m/s]) over Japan actually exists tdNdfhagnetic latitude, and decreases to 106 [m/s] at the
higher latitude (43N magnetic latitude). From the above results, it is found that the westward ion drift velocity near the high
r'TEC region is almost consistent with the propagation velocity of the high rTEC one. Therefore, we conclude that the storm-time
high rTEC structure is almost fixed near 21 h (LT).
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Mechanism and prediction of variations in the sporadic E layer occurrence

# Hiroyuki Shinagawa[1]; Hidekatsu Jin[1]; Yasunobu Miyoshi[2]; Hitoshi Fujiwara[3]; Chihiro Tao[1]
[1] NICT; [2] Dept. Earth & Planetary Sci, Kyushu Univ.; [3] Faculty of Science and Technology, Seikei University

Sporadic E (Es) layer is a narrow layer with high electron density, which occasionally appears in an altitude region betweer
about 90 km and 120 km. Since Es layer has significant influences on radio communications and broadcast, the prediction ¢
occurrence of Es layer is one of the most important phenomena in space weather forecast. It is now widely accepted that Es
formed by combination of neutral wind shear and metallic ions originated from meteor ionization in the lower thermosphere.
The neutral wind shear is generated by atmospheric tides propagating from the lower atmosphere.

Some studies have suggested that the variations in the Es layer occurrence are caused by the variations in the influx rate
meteors. For some periods, however, the patterns of the meteor influx variations do not agree with the seasonal variations of |
layer, and therefore, it is suggested that the variation in the Es layer are due to the variations in atmospheric tides. Althoug
seasonal variations in atmospheric tides generally agree with the variation in Es layer occurrence, there are still problems: (1
previous observations indicate that in the altitude region between 100 km-110 km there is no clear seasonal or variations i
neutral wind shear, and (2) scales of the neutral wind shears in the region are typically small and are not be able to gather enou
metallic ions to produce Es layers. Those problems imply that mechanism of Es layer variations is not so simple. The mechanist
of the day-to-day variations in Es layer is even less understood.

In order to understand the mechanism of Es layer variations, we analyzed the simulation data of the atmosphere-ionosphe
coupled model, GAIA. We calculated the vertical ion drift velocity driven by neutral wind and the vertical ion convergence rate,
and compared them with foEs obtained by the ionosonde observations. We found that (1) correlations between the downwar
ion drift or the vertical ion convergence and foEs are low in 100 km-110 km altitudes, and (2) variations in the downward ion
drift or in the vertical ion convergence agree fairly well with variations in foEs in 120 km-130 km altitudes.

The results suggest that downward drift of the metallic ions in the region above 110 km is generated through horizontal neutra
winds and the magnetic field. As the ions are transported downward, the electron density increases through the vertical io
convergence, reaching the 100 km-110 km altitude region, where small-scale neutral wind shear could generate a narrow E
layer.

We will also report the analysis of prediction of the daily variations of Es layer, and discuss the possibility of occurrence
prediction of Es layer.
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Electromagnetic induction responses to geomagnetic disturbances at
low-and-mid-latitudes
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Geomagnetically Induced Current (GIC) is known as one of the phenomena caused by geomagnetic disturbance phenomenc
The horizontal component of the ground electric field is useful for estimation of GIC [Pulkkinen et al., 2007]. However, direct
measurement of Ground Induced Electric field (GIE) has scarcely done and frequently, GIE is estimated by using observed ma
netic field fluctuations.

Although many of damage on infrastructures by GIC are reported in the high latitude region, the study of GIC has been starte
even in Japan with low-mid geomagnetic latitudes [Watari et al., 2009]. The purpose of this study is to understand the proces
up to the observation and prediction of GIC in Japan located in the middle and low latitudes.

We investigated relation between geomagnetic field variation on the ground and observed GIE at 3 observation points (Memar
betsu, Kakioka, and Kanoya) for 1 year in 2015. It was found that many types of space weather phenomenon such as magne
storm, the substorm, and dayside geomagnetic pulsation induce GIE. In this presentation, we will pick up the development o
GIE observed at Memanbetsu during substorm, and discuss how excitation of GIE is relating to the development of substorn
current wedge.
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The relationship between plasma bubbles and EEJ, CEJ

# Takafumi Akiyama[1]; Akimasa Yoshikawa[2]; Akiko Fujimoto[3]; Teiji Uozumi[4]
[1] Earth and Planetary Science, Kyushu Univ.; [2] ICSWSE/Kyushu Univ.; [3] Kyutech; [4] ICSWSE, Kyushu Univ.

Plasma bubble is one of the ionospheric disturbance phenomena occurring after sunset in the magnetic dip equator. The plasl
bubble causes amplitude and phase fluctuation (scintillation) of received radio waves from satellite and resultant communicatio
troubles and positioning error of signal receivers. It is known that plasma bubbles are generated due to Rayleigh-Taylor instabil
ity, so eastward electric fields are required for the development of plasma bubbles. EEJ (equatorial electrojet), which is uniqu
phenomenon in the magnetic equator, enhances the eastward current at the dayside ionospheric E region, and may be relate
plasma bubble development. It is also supposed that generation of plasma bubbles is suppressed when CEJ (counter electro
which makes westward electric field near sunset occurs. Therefore, in this study, we analyzed the EEJ and the plasma bubble i
cidence. In addition, we analyzed events that occurs CEJ and plasma bubble on the same day, and investigated the characteris
of magnetic field fluctuation.

In this study, we used EE-index which is suitable for investigation of morphology of EEJ as magnetic field variation. We use
the station not only at Langkawi (Malaysia) in Southeast Asia, but also at Huancayo (Peru) in South America, and we tried to
analyze the longitudinal dependence of features.

As a result, we found that plasma bubbles tend to occur as the total current amount of EEJ is larger. In the previous stud)
the relationship between the equatorial enhanced component of EEJ and plasma bubbles were investigated and there was
correlation between them [Uemoto et al, 2010]. So, it may be necessary to consider the EEJ including Sq current. In addition
when the CEJ and plasma bubble occurred on the same day, it was found that the magnetic field variation after the CEJ tends
fluctuate northward. This may suggest that an eastward electric field like pre-reversal enhancement was generated. Furthermo
we found that the CEJ when the plasma bubbles occur is mainly due to the lunar tidal effect. We could say that the tidal effect i
an important factor in the generation process of plasma bubbles.
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Variation of MeV electron flux at geostationary orbit during solar activity declining
phase

# Takahiro Obara[1]; Haruhisa Matsumoto[2]; Kiyokazu Koga[3]
[1] PPARC, Tohoku University; [2] JAXA; [3] JAXA

In order to consider basic physics of large increase of MeV electrons at geostationary orbiting (GEO) satellite during magnetic
storm, we have examined JAXA satellite data for solar activity declining phase. Results demonstrated that there is a season
dependence for the increase of MeV electron intensity and the increase depends on the IMF (interplanetary magnetic fielc
polarity; i.e. a large increase of MeV electrons takes place during a toward sector in the spring season, while an increase tak
place during an away sector in the autumn. This is likely explained by Russell-McPherron effect.

We also confirmed that the total intensity of MeV electron flux at GEO decreases gradually with the decreases of solar winc
velocity during the solar activity declining phase. In the last solar cycle, the minimum flux of MeV electrons at GEO was seen
in December, 2009, which coincides with the minimum of the geomagnetic aa index. This is closely related to the completely nc
sub-storm activity in that month.
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MeV 1 DOHEME, & L RICEEE TH % F, KGERS (IMF) O polarity ICf17 L TW A ED MRS Nz, BN, #hng, &
FCBW T towardt 7 2 —T, MFETIX awaytz 7 Z—THiE TH - 7z. THUd, Russell-McPherrosi ik & L THIG
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Observational research subjects of the solar wind for improvement of space weather
forecast

# Munetoshi Tokumaru[1]
[1] ISEE, Nagoya Univ.

http://www.isee.nagoya-u.ac.jp/"tokumaru

Precise prediction of the solar wind variations is an essential issue in the space weather forecast. Since intense solar eruptic
rarely occurs these days owing to marked reduction in the solar activity, prediction of the non-transient fast wind is getting
particularly important. Many attempts to predict the solar wind at the earth from solar observations have been made usin
the most up-to-date computer simulations. However, those reliabilities are insufficient. In this talk, | will review subjects in
observational studies of the solar wind to be addressed to improve the space weather predictions.
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Large-scale connecting the solar interior and the surface

# Hideyuki Hotta[1]; Haruhisa lijima[2]; Kanya Kusano[3]
[1] none; [2] ISEE, Nagoya Univ.; [3] STEL, Nagoya Univ.

The solar convection zone is filled with turbulent thermal convection which is responsible for the energy transport and the
generation of the differential rotation and the magnetic field. In terms of the space weather, the solar interior is the ultimate
origin of the activities. It is important to understand the details of the solar convection. The solar convection is a multi-scale
phenomenon. The convection temporal and spatial scales at the base of the convection zone are 200 Mm and a month, wh
those at the solar surface are 1 Mm and minutes, respectively. The large-scale magnetic field is thought to be generated arou
the base of the convection zone and the sunspots emerge at the solar surface. It is important to connect the deep convect
zone and the solar surface to understand the origin of the space-weather activities. Thanks to recent development of the mass
supercomputers, we succeed in carrying out a comprehensive calculation covering the whole convection zone for the first time
The calculation shows that the solar surface layer has unexpectedly weak influence to the deep convection. In the presentatic
we show detail analysis and future applications of the calculation.
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Space Environment Disturbances by the Biggest Flares in Solar Cycle 24 : |. Generatior
of the sequential X-class flares

# Yumi Bamba[1]; Satoshi Inoue[2]; Shinsuke Imada[3]; Kanya Kusano[4]; Daikou Shiota[5]
[1] ISAS/JAXA; [2] ISEE, Nagoya University; [3] ISEE, Nagoya Univ.; [4] STEL, Nagoya Univ.; [5] NICT

Solar active region (AR) NOAA 12673, which appeared on the solar surface in September 2017, showed us amazing grows c
magnetic field and produced numbers of flares including four X-class flares. We focused on the sequential X2.2 and X9.3 flare
that occurred while rapid growth of the AR on September 6, because latter the X9.3 flare caused increase of high energy protor
and disturbances in ionosphere and magnetosphere. We aimed to understand onset mechanism of the X-class flares. Hence
analyzed the data obtained by Hinode and Solar Dynamics Observatory (SDO), and compared the analysis results to nonline
force-free field (NLFFF) modeling.

We revealed that the key feature to trigger the X-class flares is the negative polarity region that emerged in the east in the Al
and rapidly intrude into the positive polarity region. Highly sheared fields were located along the intruding negative field, and
those were elongated and were pressed along with the intruding motion. Then the sheared fields were reconnected, and this co
be a trigger of the X-class flares. Hinode and SDO observed proxies of the magnetic reconnection, such as fast (over 100 km/
down flow and brightening in the solar corona, over the intruding negative field approximately 2 hours before the X2.2 flare
onset. The NLFFF modeling produced several small flux ropes that lying along the magnetic polarity inversion line. We found
that one of the flux ropes is already unstable (or close to unstable) and we confirmed that eruption in the magnetohydrodynam
simulation. Therefore, the intruding motion of the negative field would drive the flux rope further unstable state. This would
cause the X2.2 small eruption. Following the X2.2 eruption, we further found that the twisted magnetic fields that lying under
the small flux rope that erupt in the X2.2 flare reconnected and produced a new flux rope, which is larger and highly twisted.
This new flux rope shows dramatic eruption. We suggest that this eruption causes the X9.3 flare. In fact, the continuous intrudin
motion of the negative field is observed after the X2.2 flare, therefore it would play an important role in producing the X9.3 flare.

Fro these results, we propose a scenario that the sequential X2.2 and X9.3 flares were triggered by push-mode-like magne
reconnection corresponding to the intruding motion of the negative polarity field. We also discuss possibilities of other triggering
scenario such as emerging flux that has specific features of so-called the reversed shear type.
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Space Environment Disturbances by the Biggest Flares in Solar Cycle 24:11.
Magnetohydrodynamic Simulation of the Solar Eruptions

# Satoshi Inoue[1]; Daikou Shiota[2]; Yumi Bamba[3]
[1] ISEE, Nagoya University; [2] NICT; [3] ISAS/JAXA

Solar active region 12673, which was observed in September 2017, produced several M- and X-class flares, one of which i
X9.3 flare which was recorded as the largest flare observed in the solar cycle 24. Due to this flare, much amount of the coron:
plasma and magnetic fields were erupted toward the interplanetary space, which eventually gave lots of influences on Magnet
sphere and lonosphere.

In order to understand the initiation and dynamics of the solar eruption associated with X9.3 flare, we conducted the mag
netoydrodynamic (MHD) simulation. We first performed an extrapolation of the three-dimensional (3D) magnetic field based
on the observed photosphereic magnetic field, under a nonlinear force-free field (NLFFF) extrapolation. Because the NLFFI
provides the realistic magnetic environment. The observed magnetic field was used prior to the X2.2 flare which was observe
approximately 3 hours before the X9.3 flare. Our NLFFF successfully produced multiple magnetic flux ropes (MFRs), which are
a cluster of the magnetic twisted lines, lying along the magnetic polarity inversion line. Next we performed the MHD simulation
using the NLFFF as the initial condition. Consequently, the simulation showed a dramatic eruption. Even though one of smal
MFRs becomes unstable and erupts upward, we found that, during the eruption, a large coherent flux rope composed of high
twisted magnetic field lines is formed through the reconnection between the small MFRs. Furthermore, a writhing motion in
the eruptive flux rope was also confirmed. This writhing motion might contribute to the southward magnetic field observed in
vicinity of the Earth. We report the detailed dynamics of the MFR obtained in the simulation.
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Space Environment Disturbances by the Biggest Flares in Solar Cycle 24 IIl: Modeling
of the southward magnetic field

# Daikou Shiota[1]; Seiji Yashiro[2]; Satoshi Inoue[3]; Yumi Bambal4]
[1] NICT; [2] CUA; [3] ISEE, Nagoya University; [4] ISAS/JAXA

In early September of 2017, several halo CMEs occurred associated with large flares in Active region NOAA 12673, which
include two X class flares, and their disturbance of solar wind reached the Earth. Strong southward magnetic field higher tha
30 nT reached to the Earth on September 7, and cause disturbances on magnetosphere and ionosphere of the Earth, which cz
impacts on ground base infrastructures of communications and navigations. The strong southward magnetic field is interprete
to be formed by strong compression of a portion of the flux rope in the CME associated with M5.5flare on September 4 due to the
shock in front of the CME associated with X2.2 and X9.3flares, when the portion passed through the Earth position. However
the origin of the southward magnetic field is uncertain because the magnetic structure of NOAA 12673 did not have southwart
magnetic field. Dynamic processes in the corona might play an important role in the formation of the southward magnetic field.

| the point of view of space weather forecast, the prediction of southward magnetic field is an important task and the dynamic
processes in the corona is a cause of uncertainty. Recently we have developed a new prediction system of southward magne
field in CMEs based on the MHD simulation of inner heliosphere (SUSANOO, Shiota and Kataoka 2016). SUSANOQO is capable
of simulating propagation and interaction of CMEs in solar wind and predicting of solar wind and interplanetary magnetic
field comes to the Earth. The prediction system is capable of ensemble simulation considering the uncertainty due to dynami
processes in the corona (cf. previous presentation).

We report the investigation of in situ measurements of solar wind and CMEs in the period and the detail of our prediction
system and results of the tests using the observations of these events.
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Radiation Dose Nowcast for the Ground Level Enhancement on 10-11 September 2017

# Ryuho Kataoka[1]; Tatsuhiko Sato[2]; Shoko Miyake[3]; Daikou Shiota[4]; Yuki Kubo[5]
[1] NIPR; [2] JAEA,; [3] Ibaraki College; [4] NICT; [5] NICT

A ground level enhancement event occurred on 10-11 September 2017, associated with an X8.2 solar flare on the western lin
of the Sun. We report the results of our manually conducted nowcast using Auto-WASAVIES (Sato et al., 2018, Space Weather)
The maximum radiation dose rate at a flight altitude of 12 km was estimated to be approximately 3 uSv/h, which is less than hal
of the dose rate due to galactic cosmic rays. We also discuss a possible quasi-parallel shock-acceleration mechanism that rr
have led to the exceptionally soft proton energy spectrum as ground level enhancement events.
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Investigation of past extreme SPE using tree-rings

# Fusa Miyake[1]
[1] ISEE, Nagoya Univ.

Radiocarbon is one of the cosmogenic nuclides, which is produced by cosmic rays in the atmosphere. After the productior
14C is oxidezed rapidly and formi$CO,. Since trees absorbe G@nd fix carbon in tree-ringsC concentrations in tree-rings
would record past cosmic-ray intensities.

Rapid!4C increases in AD 775 and AD 994 were found by measurementsCofoncentrations in tree rings. It is considered
that these“C increases are occurred by a huge input of cosmic-ray particles to the Earth. The most probable explanation of the
origin of this cosmic ray input is extreme Solar Proton Events (SPEs). | will discuss a connection of'@uidrease events
and SPEs, and a search of pHsE increase events.
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Statistical study of VHF anomalous propagation due to Sporadic E over the air
navigation band

# Jun Sakai[1]; Ichiro Tomizawa[2]; Keisuke Hosokawa[1]; Susumu Saito[3]
[1] UEC; [2] SSRE, Univ. Electro-Comm.; [3] ENRI, MPAT

The sporadic E layer (Es) is an isolated region of high-density ionisation in the E-region ionosphere which is usually transient
and localised. The electron density of typical Es often exceeds that of day-time F2 layer and its plasma frequency may reac
above 10 MHz. A patch of Es reflects very-high frequency (VHF; 30-300 MHz) radio waves with frequencies up to about 100
MHz in oblique propagation. This has been known as anomalous propagation by the Es (here we abbreviate it as ESAP) for lon
time. However, comprehensive observation of ESAP in the relatively higher part of VHF range, especially above 100 MHz, has
not been performed to date. This is partly due to the sporadic nature of the events, and partly due to the fact that the impact «
the Es on radio operation in this frequency range has not been clearly identified.

A band of frequencies between 108 MHz and 118 MHz is allocated to aeronautical navigation (NAV) such as VHF Omni-
Directional Range (VOR) and Instrument landing system (ILS) localizer (LOC). Within the band, about 200 separate frequencies
(channels) are allocated these stations. As the number of stations exceeds the number of channels, several stations share a si
frequency in such a way that the distance between any of two such stations is longer than the range of normal VHF propagatio!
Furthermore, in addition to above conventional NAV systems, a new system called Ground Based Augmentation System (GBAS
VHF ground-air Data Broadcast (VDB), which has started operations in the world, will also share the same frequency range
Under normal conditions, owing to the frequency allocation scheme mentioned above, VHF signals from several stations will
not interfere the desired signal. When an Es presents it is possible that one (undesired) signal interfere another (desired) sigr
through ESAP, and may affect the stable operation of NAV systems. However, the impact of ESAP in this frequency band has nc
been asessed quantitatively.

We have been recording the intensities of NAV band radio waves in Chofu (35.4N, 139.3E) and Kure (34.2N, 132,8E) since
2012 to study the occurrence of the Es with respect to time and location. Using the archived three-year data we have performe
statistical study and found that there have been several occations in which the strength of an undesired signal exceeded t
strenght of the desired signal. In some cases the strength of the undesired signal reached the critical level documented in NA
redio receiver standards. These results indicate that ESAP is an active subject in the context of space weather.

In this talk we present the detailed statistics of ESAP in NAV radio band.
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Occurrence frequency and scale size analyses of plasma bubbles for a GBAS ionosphel
threat model in Japan

# Maho Nakamura[1]; Susumu Saito[2]; Takayuki Yoshihara[3]
[1] NAV Department, ENRI; [2] ENRI, MPAT; [3] ENRI

Ground-Based Augmentation System (GBAS) using Global navigation satellite systems (GNSS) is planned to be implemente
in Japan in the near future. Since ionospheric delay variations of which scales about several tens of kilometers are the main err
sources of GBAS, an ionospheric threat model which defines the characteristics of ionospheric delay variations is heeded.

In order to create an optimized ionospheric threat model, it is important to understand the statistical characteristic of iono-
spheric gradient such as the spatial scales and the occurrence frequency, over Japan.

In this research, the data used are obtained from GEONET. The single-frequency-carrier-phase based and code-aided technic
which is not subject to the frequency-biases [Saito and Yoshihara, Radio Sci., 2017] to estimate ionospheric delay variations
In addition, dual-frequency observations for ionospheric delay variations are also used for the speeds and spatial scale analys
of the ionospheric gradients [Saito and Yoshihara, Radio Sci., 2017]. Furthermore, an auto detection system of plasma bubble
candidates was constructed.

This paper presents spatial scales analyses and the occurrence frequency of plasma bubbles and the magnetic latitudinal
pendency using data for several years from magnetic low-latitude and magnetic mid-latitude in Japan.
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ZOMREZ ARG [ E T 72dIc, TIANTIWVEIHES BREEBRET VOMEZIT>TW5, TNETIKT YT
ISEPEH O GNSSHEHIT— 2 7 V72 GBAS TS % i £ 7 )L [Saito et al., GPS Solutions, 2017 X N TV 5 B3,
7z HAROEHBEEREE T T2 IR G DDEHINICE BT 7V ZER Z /N U T 2 Kb T % 7 b D it 72 e
BT3B, TOBHIZIE GBASICBWTHBME 52 A —IV A XD T 5 AINT )VOFAESE DR AR, E D16
ERRARDLEND S,

AL T EIEE ANA 7 A D587 320 750 LLF 5 D&% 7z Single-Frequency Carrier-Based and Code-Aitded
[Fujita et al., JAAA, 2011; Saito et al., ION GNSS 201}k b HEEEHEIFIEEARZHEE T 5 & L &I, 2 FPERIZ AW
o BT AE R IR 8 Bl 7 | U S PR AL R ) i DS T+ 22 8] A 7 — )L O 28 B ikt [Saito and Yoshihara, Radio Sci., 2017]
Z119. T—&IE, GEONETIC KD BIHIE Nz DZ VS, TNETICT T AT )UEHZ BEIICHiHT 52 X
T LR L . BERURAR S DA R & BEIHPREE OMEE D K 0SB OAINGHEIC B 2 BUER O 7 — 2T DWW T
WiZi1 o7z R TIE. TNEDOTT —ZICHDWTER LN T'T AT )VOFESE & F DZEM A r — VR
IZDWNWT, MEKHEEAENCHER LTS 9 %,
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IMF dependence on solar wind density

# Tohru Araki[1]
[1] none

The scatter plot of Dst index versus the square root of the solar wind dynamic pressure (Pd"0.5) shows two boundaries. Th
upper boundary (Dst0) which linearly increases with increasing Pd"0.5 shows the minimum level of the ring current. For a fixed
value of Pd, the Dst (ring current) decreases with decreasing negative Bz from this minimum level. There is a lower boundary
which decreases with increasing Pd"0.5. We found that this is because the IMF-Bz component converges to zero when Pd™0
converges to zero. We also checked the separate effect of the density (N) and velocity (V) of the solar wind and found the
decrease of N is essential.

Although it is usually believed that IMF is determined independently of solar wind plasma, the Bz component of IMF becomes
smaller with decrease of the dynamic pressure or density of the solar wind. This means that IMF shows a typical spiral patter!
for rare solar wind.

The IMF dependence on the solar wind dynamic pressure or density described above was first studied for the period 197¢
1981. Here we check other periods, 1999-2001 (solar maximum) and 2007-2009 (solar minimum).

Dstf&5z KR ENEDFETHE (PA"0.5 I LTy ay v 5L, E R DOERNENS. #RICHENT % 5
B, V2 TALY MRND LNV PA0.58 EEICHIINT 522 L2 EMT 5. PAdZEET S E, NI THL Vb
(AR Ds) LNJUBEHRE D, DstiZZD L)L 5 IMF-Bz DEJFHADEN & DT 5.

—J7, PEESE, Pd0.50EEINE DT 5. TOBRRNEZFNSIERET, IMFIZE, PAY AT % & IEAD IMF-Bz
MHICFITUEL L, BRI 2081 SR Z— VIS 2 L0 EEDH B T ehVfl- 7. 51, TO PAOJDH
KIGEGEE Tl BEORMIC LB T ¥ -T2 PAXIE N DEADT S L, BD DstZE> TWzAD IMF-Bz A3/
L%, Dst&Ad 5.

—fRIC, IMF &, KBFE/ ST X Z-LIFHNICRES>TVB EEZSENTVED, EERICK, BIE - BEIKELTY
5DTH5.

INET, LRdMEIE 1979-1981FD 7 —4 (LKMHE) ZHWTHNT X, 2T T, ok

1999-2001 CAFGHEENFCAI) , 2007-2009 (RN 1S DWW THNAE R ERE T 5.
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Propagation of Pi2 pulsation from nightside to dayside: Observations and modeling of
global current system

# Shun Imajo[1]; Akimasa Yoshikawa[2]; Teiji Uozumi[3]; Shinichi Ohtani[4]; Aoi Nakamizo[5]; Peter Chi[6]
[1] ISEE, Nagoya Univ.; [2] ICSWSE/Kyushu Univ.; [3] ICSWSE, Kyushu Univ.; [4] The Johns Hopkins University Applied
Physics Laboratory; [5] NICT; [6] IGPP, UCLA

Pi2 pulsations are irregular geomagnetic oscillations with a period of 40-150 s that are distributed globally from a source in
the nightside magnetosphere. In the presentation, we will address how the nightside Pi2 signal propagates to the dayside regic
which is the opposite hemisphere of the source region. A notable feature of the dayside Pi2 is the amplitude enhancement
the magnetic equator, which is associated with ionospheric currents. To clarify effects of ionospheric currents on the daysid
Pi2, we examine Pi2 pulsations near the dawn and dusk terminators where the conductivity gradient is large. Following feature
are found: (1) theD (east-west) component reverses its phase near the dawn and dusk terminators, (2) the meridién of the
component phase reversal near the dusk terminator is shifted more sunward than that near the dawn terminator, and (3) t
amplitude of theD component in the morning is larger than that in the early evening. We confirm that longitudinal distributions
of phase and amplitude are controlled by the relative location of the terminator rather than by the local time. These terminato
effects can be explained by a change of magnetic effects from the nightside field-aligned current to the meridional ionospherit
current flowing on the sunlit side of the terminator, and vice versa. The meridional current is expected to be a part of the polar-to.
equatorial ionospheric current system. The equivalent current associated with the dayside Pi2 flowed into the equator region frol
higher-latitude regions via meridional equivalent currents in the prenoon and postnoon sectors. The equivalent current syste
nearly simultaneously oscillated with a Pi2 period and exhibited a prenoon-postnoon asymmetry that the meridional componer
was larger in the prenoon sector than in the postnoon sector. Finally, we numerically test the magnetospheric-ionospheric curre
system for Pi2 consisting of FACs localized in the nightside auroral region, the perpendicular magnetospheric current flowing
in the azimuthal direction, and horizontal ionospheric currents driven by the FACs. The calculated magnetic field successfully
reproduces the observational features reported by previous studies and present our studies. Based on observations and the m
calculation, we conclude that the oscillation of the magnetospheric-ionospheric current system is a plausible explanation of Pi2
on the dayside and near the terminator.
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Current status and the issues to be solved in Japanese Space Weather Research ant
Operation

gﬁ%
i

# Mamoru Ishii[1]
[1] NICT

http://swc.nict.go.jp/

For space weather forecast operation, 2018 is a memorial year not only for Japan but also for the world. For Japan it is the 3
years anniversary since operational space weather forecast has started.

The United States has been progressing the preparedness for extreme space weather disasters based on 'Space Weathe
tional strategy’ and 'Space Weather work plan’ published on 2015 by the White house. As one of the actions for establishing
international framework, US government hosts annual symposium named 'Space Weather as a Global Challenge’, and we NIC
hosts the third symposium on 2018 with US/DoS, Japan Embassy and JAXA.

This year is also the fiftyth anniversary since the first United Nations Conference on the Exploration and Peaceful Uses o
Uouter Space (1968-2018) which is called 'UNISPACE+50’. The seven theme priorities were declarated at the ceremony hel
on June in Vienna, and the fourth is 'International framework for space weather services'.

International Civil Aviation Organization (ICAO) has been discussing to use the space weather information as a mandatory for
civil aviation. Now candidates of ICAO space weather center are nominated including Japan and will be assigned in Septembe
2018, and start the operation on November.

On the other hand, Japanese government has not discussed the impact of space weather on the social activities. There are
counterparts in Japan for corresponding to the actions in UN and US.

| would like to report the update of international space weather framework and discuss the present our issues to be solved |
Japan.

20184 FIE M EDEHE FH A T HEHNIEE > T 30FEOHHDFETHZH., TSI DL EZLOLF A
Eo2ELTWVAS,

KETiE 2015FIC KT A T AT K o THE S Nz 'Space Weather National Strategis & U 'Space Weather Work
Plan’ 123D < Wi FH R GUERRICH T 2 A 254 LD TN S, 05 BEESEBEOREERIC DOV TIX, 'Space Weather
as a Global Challenger > RYY Lz & EHHEDO & LITHERME L TH D, 2018FITIITEKHAKRMEIC BN T, KE
EBEE &I NICT DL THfE L7z,

20183 F 7z, EE TFHE ARSI N T 504 (UNISPACE+50DETEH D, 6 HICY +— 2 THIEE
NIeRMICBNTRESI N 7DDHELT—<D S 5 4 DHAVInternational framework for space weather servicésh -
Teo TOEMAKNZIEEMN AR TREHAENDDH S,

ICAO IZ BV TiE. FHRXIEHRZMHM2ETGEO—D L UTRENZHEHN THH T 5 L Z2E LT 28NV RGEED 2
WZDDH B, 20184F 9 HICIE ICAO FHi KA Y Z—ME%E N, 11 AICIFFEBRITEMMEE S NS TELZ> T
%o BOEBBERKEMO—DTHO, ZOFAMEHET NS,

FAETIE 20179 H 6 HDO X9.3 K7 L7 HAEIC L DX DHGENZENTI T LERZZ>NFE LT, T OREGH
BDUDDEDSTETVEEICALNEEDD, TN TTFHRKBERDBIF2IATHREI E N &idxwv, Fid
IZ7R L7z UNISPACE+50 K EDQEIC DV TCIEE & L TOXIGARD 5N B E DD, ZIUTKIET 2HENAEZD
DNEIRTH %,

F7o. KETIEEIC 10 28 2 % FH KK BEEO REPZENERIL E . American Commercial Space Weather Association
(ACSWA) L MHINZHAEREAFAEL TV D, TOX I IRIGEIMFH K CKBHHEOMILE DZIF ML E 72> TV BHDONEBLKT
b5,

TR, CTNEDHEEICOWTIET 5EH ., BIERDENIZ 2 HEC OV TG L TV &E W,
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# Bl A& ) [1]; e & [2]; Meks 52 [3]; i 5 [3]; R 15 [4]; BEZY 1E(Z [3]
[1] JUK « ICSWSE; [2]E BT ZEATAERER; [3] 44K « FHbbT, [4] 50K - B - HEXRSCE

Development of UDAS EGG for accelerating integrative space weather research

# Shuji Abe[1]; Yoshimasa Tanaka[2]; Norio Umemura[3]; Atsuki Shinbori[3]; Satoru UENO[4]; Masahito Nose[3]
[1] ICSWSE, Kyushu Univ.; [2] NIPR/SOKENDAI; [3] ISEE, Nagoya Univ.; [4] Kwasan and Hida Obs. Kyoto Univ.

The Inter-university Upper atmosphere Global Observation NETwork (IUGONET) is a scientific community promoting the
multidisciplinary research using various kinds of observation data in the solar terrestrial science by many Japanese institute
conducting observational research. We have three main products. IUGONET Type-A is a web-based service to provide dat
information and visualization. [IUWAF (IUGONET Universal Web Application Framework) is a standardized framework that
abstracts the core modules of IUGONET Type-A, and allow it to use on the other research fields. UAS (iUgonet Data Analysis
Software) is a data analysis software working under SPEDAS (Space Physics Environment Data Analysis Software).

We developed program templates, called as UDAS egg (UDAS Easy Guide to Generate your load routines), for easily readin
various kinds of data on SPEDAS. Users can easily load, analyze and visualize the data owned by each researcher by replaci
a few codes (about 10 lines in total) marked on the template according to the instructions. In addition, this function was addec
to the latest version of the SPEDAS executables for users who do not own IDL licenses. Currently, only data formats written in
CDF and ASCII are acceptable in UDAS egg, but we are improving it for supporting other scientific data formats. This function
allows users to utilize data for interdisciplinary study, and supports the development of integrated space weather research.

We holds many data analysis workshops each year in Japan and overseas countries. This workshop is lectured by IUGONE
developers and participants can practically learn analysis methods. In this fiscal year, workshops has been held or schedul
in Malaysia (on 1st International Conference on Space Weather and Satellite Application in August), two times in Japan (or
Japan Geoscience Union Meeting 2018 in May, organized with Harris Geospatial Solutions KK, and joint workshops including
IUGONET annual meeting in September), and in India (on 15th International Symposium on Equatorial Aeronomy in October).
These workshops contribute to improving the analytical research capacity of both Japanese and foreign young researchers.

e ERKEAH ORI 3y b7 — 78 - #7% (UGONET) i&, KEFHIERRRIE B OB - 7217759
RIS U, BERESCRSE 0 B OF il 2 T 2R ARG BN T — 2 OFTEH L Bl e 2 #HEfE T 2 33227+ C
H%, IUGONET Tld. BT —XDART =R T A v T)vy I T—2f 5z —c gt s 27 A by 7
U = 7P —E X IUGONET Type-A AU —UECADREH 2SI L L, ¥ TORMME rIFEIC LI LT L— LT —>
IUWAF (IUGONET Universal Web Application FrameworkyKFZHIERYIEE2 8PS 351 G 7 7 =77 SPEDAS
(Space Physics Environment Data Analysis Softwdde) = %71 > UDAS (iUgonet Data Analysis Softwaréyfi%E L. 235
LTW5,

Fald, FRARIN—F VB E N TWRWT— X % SPEDAS E T HICHiAATS 72D T > 7 L— h 4 UDAS egg
(UDAS Easy Guide to Generate your load routingffi¥é L. N\ L7z, fERICiE->TT7 7 L—ha—FLicy—2rEn
7eiEFT G 101 7HRRE) 25 A 5 T L T, MENIA T 2ME DT — X Z AR H AR « filthT - vk T 52 &M
A[REIC R %, T BIC, IDL DT A Y A% LTV I—Y —[aFic SPEDAST I 2 =7 ¢ Mt L TV 33 TE
N7 7 AINVOERFRICE . AEREDBINE NIz, BIE, HiHAAHTESRT— 2RI COF & TFA MDA THZH. il
DR T— ZFEANOI LS HEFIC ANBIFRZ L T 5, AEREIX, B2 A 728y 77— X ORI Z el
L. MAENEFHRSHRDOFEEZ Y R— 9 %,

Fiz. BLZENMC THFEZ < ONEEE SZFM L TW5, RiEE ST IUGONET R ENMMZED . ShnE&
7Ry b7 — 2RI S R Tz RIS T e N TE S, SHEEIE 5 AICHAREN (HARMH
BREUEET 20184F K23, Harris Geospatiabk X 24t & DFL[E F:4#) . 8 I~ L—/7 (1st International Conference on
Space Weather and Satellite ApplicatianC), 9 HIZ HAEW (IUGONET Z Z LA RFEERICT). 10 A > K (15th
International Symposium on Equatorial AeronoyC) IC TZNZNHAMEZIE TEIN TV S, Rl EENN O
FFEE OffTIZERE I DM EE ANMZ DL DDBEMICE T HEDTH %,
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Development of the hemispherical multi-touch panel for rear projection digital globe
Dagik Earth

# Naoki Hirota[1]; Yukinobu KOYAMA[2]
[1] N.L.T.O.C; [2] NIT, Oita College

Until now, user interfaces such as keyboard, mouse, track ball, Wii remote controller, Wii balance board, Kinect, Leap Motion,
infrared remote controller, QR code reader, have been used for the rear projection digital globe Dagik Earth. However, use
interface that manipulates contents by touching the digital globe itself has not been realized. Then we tried to develop it.

As a result, we realized it under an environment blocking natural light. In this presentation, we report the current status of
development.

HEiES Dagik Earthicld, TNETF—R—FK, ¥ X, bFvZ7KR—)b, Wi VEIY, )NT VX Wi A—F,
Kinect, Leap Motion 7"#MREY £, QRI— R =X - CIcREINI ATy bao—T—hifTENTE .
UL LS, TYXIVHBRKEZOEDICNTay T oY EBET 21— A V2 —T 2 —ARFEHL TWiah -7
Z TR, HEREA T Y Z)UEREE Dagik Earthd 7z OHERHE < )V F 2 v FISKIVOBIRICET L. BifE, B
OB U Flic B Wik, ZOEEEED L NTcDTHET %,
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Development of the low cost geomagnetic observation system by using
magneto-impedance sensor

# Mihiro Kawano[1]; Yukinobu KOYAMA[2]
[1] NITOC,; [2] NIT, Oita College

To observe the geomagnetic field change accompanying the occurrence of aurora in order to calculate highly reliable geoma
netic indices, a dense magnetometer network in the auroral belt is necessary. In order to construct this dense observation netwo
a low cost observation system is desirable. In order to reduce the cost of the entire observation system, it is also necessary
lower the cost of equipment other than sensors.

In this presentation, we explain inexpensive observation system focusing on the signal processing unit.

A= Z OIS TEU 2SI Z2 5 2 N IEMICR A BRIEDmOESHRZ RN T 5 713, ik
A — B TR IR 157y BT — D 2B 5 T EDRATH %, T OMEBNNEZHERT % 72DIcid, gkl
> 27 LOBAMHS DR E L, ZOBIIT AT L2 A MEd 3 7eoicid, Zifist ¥ —2 w5 U,
AD ZEH875 E DG SRRk L AR TH B, AFEXK TR, Zli7ABEHIS AT LOE SR DWW TS 217
‘90
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Geomagnetically induced current measurement in the Chugoku region

# Kumiko Hashimoto[1]; Kentarou Kitamura[2]; Takashi Kikuchi[3]; Yusuke Ebihara[4]; Toshihiko lyemori[5]; Shinichi
Watari[6]
[1] KIU; [2] NIT, Tokuyama.; [3] ISEE, Nagoya Univ.; [4] RISH, Kyoto Univ.; [5] Kyoto Univ.; [6] NICT

As a part of PSTEP project, an instrument of the geomagnetically induced current (GIC) measurement was installed at Higash
Yamaguchi electric power substation in Chugoku region on 23 March 2018. The Chugoku region is characterized by power line:
parallel to coasts extending east and west. In order to examine the coast effect of the GIC, we analyzed correlations betwe
the GIC and magnetometer data from Agawa for Space weather events, such as magnetic sudden commencements, magn
pulsations, substorm positive bay etc. Our initial results show that the GIC at Higashi-Yamaguchi substation well correlates
with east-west component of magnetic field or north-south component of the induced electric field. On the other hands, GIC:
at Shin-Fukushima and Shin-Tsukuba substation in the Kanto region that are located near a coast extending north and south :
strongly related with north-south component of magnetic field or east-west component of the induced electric field. These result
are consistent with the coast effect.

REEZE HI OB TREET (GIC) #Hlllld 2005— 20084 I [EHOMS LR & 2 B R EDN I EETE ) Tkl
HZTTO, GIC & HIRERE B ORI (By) OB EWT E&/R L7 (Watari et al., 2009, GIC & By OFRIIX. #¢
Kh 5 GIC DRI RE EORFEEN RSN T e, —J5 T, SO AGHEE R A FE LR TIC K B
AE L XN, REERRE AN = A LKA E) & O RGOV EZHEL SN TV R, FRCHEED GIC D7 —
2PN TS, ENTORHIT—2DERPRETH S, ZT T, PSTEPTOV =7 M T, 2017 — 20184FICHT
TBIENOFFIL. e 1. TrRBED 37 FiDZSEATC GIC FHKSZRE Lz, & I, 20184 3 A 23 HICHIEE 1tk
REStLOE O Z2E T, PSTEPYOY 7 hO—EE LT, HIUOZEERNC GIC JlEMZRE Uz, HEH;
WISIFHIRE SRR RERRIC IR © RIS U 2 MR T, R ERIIERERICE TR0 & 1UlG e 1LkaZ ki
RSB OTHREI N YT IViEHETH 5, D0, FHRKFRIC L &7 5 MK EZ# O Bx). B
7 (By) OFEHGOYID IMHETE S, 4 7Tl E NIz GIC LB/ GRERRZE A R 2 > 2 —) @
WEtT— &, BXOHIREAZS) (Bx, By) hSHEH L iAEEY (Ey, EX) & OHBEBGROBN 21175 > 12, 2R,
HIRESREN, Y7 A b —LRY T 1 T XA, IERERER R & OMA BRI A7 — VO FHRGKHRIC OV T TR -
TR Cld. RILCIAEFD GIC 1% < DA, By K dH 5 W\id By DiFEEY (Ex) EWHHBEZ R Uz, —J7.
6] CEHIS DWW THERNE & R B2 BT Cld, BXEy EEWHBZ R U, IFRIED SR S N a5 Nz, L
MU, HIUOZEHTE, BXEY RO DOFGMES NS HHEASNT, Fio, FiE LEENO GICIE, i3k
BT D FHRKERIC X ZFEERDBENUC S WEADA SN, EFHOEME RO RS O ER O AT REM: & R
N3,
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Simulation study on the generation of geomagnetically induced current (GIC) in terms of
ground-transmission line coupling

# Kazuki Kurisu[1]; Yusuke Ebihara[2]; Satoko Nakamura[3]
[1] RISH, Kyoto Univ.; [2] RISH, Kyoto Univ.; [3] RISH, Kyoto Univ.

http://space.rish.kyoto-u.ac.jp/people/2016/kazukisu/index-j.html

During geomagnetically disturbed conditions, geomagnetic induced currents (GICs) can cause severe damages on the pow
grid. Recent observation has revealed that extreme solar flares may occur in our Sun. If such an extreme solar event occurs, 1
impact on our life would be catastrophic. Under this circumstance, the need for GIC research is increasing for better understanc
ing of the cause of the GIC. Previously, many researches have calculated the GICs for given geomagnetically induced electr
field (GIE) by assuming an equivalent electrical circuit. The GIE is often calculated by the temporal variation of the magnetic
field, and is assumed to be independent of the existence of the transmission line. However, the existence of the transmissic
line may alter the ambient electric field including GIE because the conductance of the transmission line is extremely high in
comparison with the ground conductivity. We calculated both the GIE and GIC simultaneously by using 3-D Finite-Difference
Time-Domain (FDTD) method to investigate the interaction between the ground and the transmit line. To excite the electro-
magnetic wave, a plane of the uniform electric field is placed at 60 km altitude with its amplitude varying sinusoidally with a
period of 1 sec. Due to the limitation of the computational resource, the thickness of the transmission line is set to be 2 km
For this particular study, we tested the influence of different conductance of the transmission line on GIC, and the influence o
different conductance of the ground on GIC. The simulation results are as follows. When the conductivity of the transmission
line increases, GIC increases linearly until a particular threshold. When the conductivity of the transmission line exceeds the
threshold, GIC is saturated, and is less sensitive to the conductivity of the transmission line. When the conductivity of ground
increases, GIC is almost constant. These results indicate that GICs may be independent from ground conductivity or potenti
difference on earth surface for particular conditions. We will discuss the reality of the calculated value.

M SRS TR IS RSB R OEELEHSIC K D, EEMZIRNSER TH S, TFEOBIHITIXE KGR T L7 Hikd
CTHAREMD R ENT WS, TDX I KIGT L7 WEERGE. Al b OATRICHERN i #HE & 12 5 3Rt H
%, GICDV R =BT 572DIX GICOMEZIELLHFETZ T AR ETH B, £ < DETHIFETIE. EBHDOE
RIS HIR S AR EEE R (GIE) 252 % C & T GIC ZRHE L T &z, GIE RS ORBZE{LLTETIVEHEICE > T
MICE 256N TED, XEMIOSRBIMNTHE LEZISNTWE, LML, BEFEXEMOBLISERE 3 EOELE
HE XD EMD TEWED, EBEMOEFICEK > T GIE ZETHHOBRISANZIL T 2 0[eENH %, FAFzBld FDTD
(Finite-Difference Time-Domain 77 {# ] L T A&H? « Hiff - X EWRZED 252 FRFICEE U, i E X EROMEENE
M7z, — BN & 60kmICEIE L, vV —XAEAROIRIEIZ 1 O TIERRIRICE L T ¥z, FHREERD
FFID S, EEROEZ I 2kmICRTE SN TV S, SEIFTIC, EEROBLXUCRELE FE 2 156 L im0 B SRS
EEZ I EOMEECOWTHRE Lz, 22l —ya VORI TOEED TH B, EEROGEE &N
% & GIC IXRFEDOMMEE TRIEMNCHIIM U Tz, XEBROERDNRMZIEHZ % & GIC [ fIf Uik FERDORERIT KT
LTEb L k%, £z, HHOEBXLEEZHHHMHNTEZTE, GICIRKIFEALZL LD oz, TNH DR
ik, HBEMHEDE & Tld GIC B ORERDMEDB RN SMN LTV B A[REMNDH S L EZRLTWVWS, I a
L— g URERICHE D E, HEDOGHIC OV THEmT 2 TETH %,
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update and validation of a whole atmosphere-ionosphere coupled model GAIA

# Hidekatsu Jin[1]; Yasunobu Miyoshi[2]; Chihiro Tao[1]; Hiroyuki Shinagawa[1]; Hitoshi Fujiwara[3]; Mitsuru Matsumura[4]
[1] NICT; [2] Dept. Earth & Planetary Sci, Kyushu Univ.; [3] Faculty of Science and Technology, Seikei University; [4] ISEE,
Nagoya Univ.

As more activities of humans expand to the space, our society is more affected by space weather. Today, it is known the
communications and navigation using radio propagation between ground facilities and between ground-to-space are subject
the ionospheric state, and that the orbits and operations of satellites are affected by the thermospheric state. Therefore, accur
nowcast and forecast techniques of the upper atmospheric states are becoming more important.

So far, we have developed a whole atmosphere-ionosphere coupled model, called GAIA, by self-consistently coupling sever:
numerical models. The meteorological reanalysis data is utilized in the model with a simple data assimilation method so the
model can reproduce realistic variations which originate from the lower atmosphere.

In this study, we report several improvements of the model we have made recently, such as photochemical reactions, calculatic
method for ion and electron energetics, lower thermosphere parameterization, and so on. The validation of the update model
also shown by comparing the model results with observations.

TaAkrE - A OZHCEELI M EROEE-Pith - N T#ZROBRALHR, IR OYIEPZREx EISyEZ 52 %
TEMHENTED, BEERKOREZHE - PHTELR3EETH D, ThEXTHRLR. EROFHET )V ZHS
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Real-time magnetosphere simulator for space weather using REProduce Plasma
Universe code

# Yasubumi Kubota[1]; Aoi Nakamizo[1]; Kaori Sakaguchi[2]; Mitsue Den[1]; Yuki Kubo[2]; Tsutomu Nagatsuma[1]; Takashi
Tanaka[3]
[1] NICT; [2] NICT; [3] REPPU code Institute

Surface charging of artificial satellite is one of risks caused by dynamical variations of space environment. It occurs when
a satellite exposes high energy electrons around 10 keV created by plasma injection accompanied with substorm. Therefo
we want to predict timing and electron energy of plasma injection using magnetosphere-ionosphere coupling global MHD sim-
ulation. Now we are developing a real-time numerical simulator for space weather forecast using magnetosphere-ionosphe
coupling global MHD simulation called REPPU (REProduce Plasma Universe) code. The feature of the simulation code is
highly robust to extreme solar wind parameters because the unstructured grid system has no singular point and is able to calc
late in the uniform accuracy over the whole region. We use the real-time solar wind data formatted in the GSM coordinate systen
observed by DSCOVR spacecraft. Magnetic-dipole axis is fixed to z-direction in our simulation. Therefore daily variation of
magnetic-dipole axis is not reproduced. Instead, we convert the input direction of the solar wind velocity and magnetic field into
that which tilts including daily variation of magnetic dipole axis in x-z plane. In the method the solar wind structure is not exact.
However we can relatively reproduce the magnetosphere response including daily variation of the magnetic-dipole axis again:
solar wind. The resolution is 7682 grids in the horizontal direction and 240 grids in the radial direction.

In this presentation, we compare the simulation results with the CPCP, AE index, and plasma variations observed by geost:
tionary orbit satellites. Density and temperature of plasma injection derived from MHD simulation tends to estimate larger and
smaller values than observation respectively because the MHD simulation does not include kinetic heating effects. We have t
interpret MHD simulation results for prediction of electron density and temperature. We will discuss how to interpret electron
density and temperature between observation and MHD simulation.



R010-P08 215 Poster B¥RY: 11 8 25H

B2 —F)bxw ‘7—7%%\%7&%@/?5%—975\60)47‘77 k— LR
Tl

# R ERER [1]; A fh¥- [2]; Ohtani Shinichi[3]; {7k ERF [2]
[1] LK - BT [2] LR [3] & L

A prediction of substorm intensities from solar wind parameters based on a LSTM
neural network

# Kojiro Kawamura[1]; Akiko Fujimoto[2]; Shinichi Ohtani[3]; Terumasa Tokunaga[2]
[1] Kyutech; [2] Kyutech; [3] The Johns Hopkins University Applied Physics Laboratory

http://lwww.ccr.kyutech.ac.jp/professors/iizuka/i3/i3-2/entry-4413.html

In order to understand global response characteristics of the magnetosphere for interplanetary disturbances, we introducec
recent machine learning technique. Despite the recent successes of deep learnings in diverse recognition tasks, predictions
nonlinear phenomena in a complex system are still challenging. The present work is intended to investigate comprehensively tt
possibility of deep learning for reproduction of magnetospheric responses. For a pilot study, we performed predictive classifica
tion tests by deep learning on a prediction of substorm intensities using solar wind data.

For a successful prediction of substorm activities, learning of a magnetospheric hysteresis is most likely essential, at least se
eral hours before a substorm onset. We adopted a specific recurrent neural network architecture called a stacked Long Short-Te
Memory (LSTM) network for a deep learning model. It is widely recognized that the stacked LSTM network has many memory
units and it can learn both long and short temporal structures. If the prediction is successful, it is expected that some meaningfi
knowledges about magnetospheric responses, including a typical response time of substorms for interplanetary disturbances, c
be extracted by analyzing memory units in the trained the stacked LSTM network.

We have performed the predictive classifications in some simplified settings. Firstly, time series of geomagnetic auroral elec
trojet (AE) indices were classified into 7 "11 groups based on AL value. Next, we trained parameters of the stacked LSTM
network using several years of OMNI solar-wind data with 1-min resolution and corresponding classified AE indices. Solar wind
data that we used here includes time series of tree components of IMF, bulk velocities, temperatures and dynamic pressure
All of lacking data were corrected by a linear interpolation before training. Then, we examined whether a latest class of AE
indices was predictable or not from latest solar wind data in several hours with time series. As a result, the accuracy rates of th
prediction exceeded 80% for training data in some settings. In the presentation, we will show the details of our experiments an
share some results of predictive classifications. Also, we will discuss the present issues and future tasks.
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Global response of Magnetic field and lonosonde observations to intense solar flares

# Akiko Fujimoto[1]; Akimasa Yoshikawa[2]; Akihiro Ikeda[3]
[1] Kyutech; [2] ICSWSE/Kyushu Univ.; [3] KNCT

Intense X-ray fluxes during solar flares are known to cause enhanced ionization in the Earth’s ionospheric D, E and F regior
This sudden change of ionospheric electron density profile is serious problem to radio wave communication and navigatior
system. The ground magnetograms often record the sudden change in the sunlit hemisphere during the enhanced X-ray flux, d
to the sudden increase in the global ionospheric current system caused by the flare-induced enhanced ionospheric conductivi
This geomagnetic field disturbances are known as &quot;solar flare effects&quot; (SFES) or geomagnetic crochets [Campbel
2003]. The typical SFE is increase variation on the equatorial magnetic data. On lonosonde observation during solar flare ever
the High-Frequency (HF) radio wave blackout is often detected in ionogram due to the sudden disturbance in ionosphere.

We investigated the magnetic field and lonosonde responses to two intense solar flare events occurred on 6 and 10 Septem
2017. We demonstrated the magnetic field variation (named as gsfe) due to the ionospheric disturbance resulting from solar flar
the delay time from the onset of X-ray solar flare and the duration of gsfe. We found that Dayside gsfe increased around the noo
sector along the magnetic equator and decreased at the high latitude in the summer hemisphere in the morning sector. The de
time is short around the lower latitude and high latitude, and long at the middle latitude. The duration of gsfe at high latitude
is longer than the lower latitude. There is no response in night side magnetometer data. We found HF radio wave blackout i
ionogram at dayside lonosonde stations. The duration of blackout is dependent of latitude and local time of lonosonde station:
There is the different feature of ionogram at night side. The gsfe is shorter than the ionospheric response, possibly due to tr
different ionosphere layer (lower or upper) generating the effect of solar flare.
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Variation of Schumann Resonance during the intense solar activity from October to
November, 2003

# Akihiro Ikeda[1]; Teiji Uozumi[2]; Akimasa Yoshikawa[3]; Akiko Fujimoto[4]; Shuji Abe[5]
[1] KNCT; [2] ICSWSE, Kyushu Univ.; [3] ICSWSE/Kyushu Univ.; [4] Kyutech; [5] ICSWSE, Kyushu Univ.

Solar flare is the extraordinary activity of the sun. At the time of solar flares, the solar X-ray flux increases and are often
followed by solar proton events (SPEs). The activities affect on a wide sphere of the Earth’s ionosphere. The electron densit
and altitude profile of its vary in the ionospehric D region up to the F region.

The Schumann resonance (SR) is the global resonance of electromagnetic waves generated by global lightning activity. S
parameters, which are amplitude and frequency, reflect the properties of both global lightning activity and the state of the Earth
ionosphere cavity. Recently, it is revealed that the SR is also affected by the solar activities. We newly aim to utilize SR for
monitoring of the variation of the ionosphere caused by solar activities (e.g., solar flare and solar proton event). For the first stey
we investigated relationship between SR parameters and intense solar activities on Oct.-Nov., 2003.

We examined the fundamental mode of SR (SR1) at Kuju, Japan (KUJ, M.Lat. = 23.4 degree, M. Lon. = 201.0 degree) by
comparing with solar X-ray (0.05-0.3 nm) and Proton flux (40-80 MeV). The data of X-ray and Proton flux were obtained by the
GOES series of the satellites on a geostationary orbit.

The enhancement of solar X-ray flux occurred on 18 Oct., 2003. This enhancement lasted for 19 days before it recovered t
a previous level. During the period, the SR1 frequency in H followed the variation of the X-ray flux. Thus, the variation of the
SR1 frequency seems to reflect the electron density in the ionospheric D-region during the solar flare.

During the enhancement of the X-ray on 18 Oct to 06 Nov, 2003, the prominent SPEs occurred several times as the enhanc
ment of the Proton flux in 40-80 MeV. They started on 26 Oct., 28 Oct., 02 Nov, and 05 Nov. These SPEs were accompanied witl
the decrease of the SR1 frequency in D (horizontal eastward component). This tendency is more clearly in D component than |
component. It is assumed that the SR1 frequency in D component relates to the polar ionosphere which is strongly affected b
solar proton events.
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Variations of South Atlantic Anomaly due to Space Weather Conditions

# KIROLOSSE M. GIRGIS[1]; Tohru Hada[2]; Shuichi Matsukiyo[3]
[1] IGSES, Kyushu Univ.; [2] IGSES, Kyushu Univ; [3] ESST Kyushu Univ.

http://www.esst.kyushu-u.ac.jp/"space/indektml

South Atlantic Anomaly (SAA) is considered as a source of hazardousness for Low-Earth Orbit (LEO) satellites. This region
involves high-energetic charged particles, emerging from the trapped radiation belts.The reason behind this precipitation is th
anomaly in the Earth’s magnetic field itself; the weakness of the magnetic field strength at this region, attracts those energeti
particles to inhabit it. Few studies had been carried out to investigate SAA's behavior, with respect to space weather condition:s
In this research, we consider the variations of the anomaly, from the point of view of magnetic field and charged particles
population, by adopting Tsyganenko models and test particle simulations, respectively, corresponding to the solar wind ran
pressure, Interplanetary Magnetic Field (IMF) and geodipole tilting angle. Those SAA variations are described by several
variables such as: height, area, minimum magnetic field value and maximum charged particle density (SAA's center), movemer
of SAAs center (latitude and longitude) and charged particle penetration depth. Results revealed quantitively, the correlatior
between the variation of each SAA's parameters, related to the space weather conditions.
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Study on significant surface charging environment in the medium earth orbit

# Masao Nakamura[1]; Tsuyoshi Teraoka[2]
[1] Dept. of Aerospace Eng., Osaka Prefect. Univ.; [2] Osaka Prefecture Univ.

Study on spacecraft significant surface charging in the medium earth orbit (MEO) is important for spacecraft designs anc
operations, because the significant charging sometimes cause spacecraft anomalies due to discharging arcs. We study the sur
charging environment using the Electric Field and Wave instruments (EFW) and the Helium Oxygen Proton Electron (HOPE)
data of the Van Allen Probes. We find that significant charging eventsQ( V) are located about 25000 km further away from
the center of the Earth and in the mid-night to dawn region. The very significant chargih@QO V) events are only observed
in eclipse. The relationship between surface potential and electron temperature suggests that the high electron temperature
a necessary but not sufficient condition for significant charging. We will discuss the significant surface charging environment
through the charging processes in the time history of the high energy electron fluxes.
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Space weather study with CR observations at Syowa Station, in the Antarctic II.
Akira Kadokura[1]; Ryuho Kataoka[1]; Kazuoki Munakata[2]; # Chihiro Kato[2]; Paul Evenson[3]; Satoru Uchida[4]; Sou
Kaimi[4]
[1] NIPR; [2] Physics Department, Shinshu Univ.; [3] Delaware Univ.; [4] Science,Shinshu Univ.

In Feb., 2018, a new CR observation with a Neutron monitor and a muon telescope was started at Syowa Station, in th
Antarctic. We report the conditions of the observation and initial analysis results.
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Current Status and Perspectives of World Data System

# Yasuhiro Murayama[1]
[A] NICT

http://isds.nict.go.jp/

The current status and future perspectives of World Data System (WDS) is discussed in this poster paper. It has been te
years since WDS establishment as an international academic data enterprise and committee. So-called """ new paradigm™
of Open Science as well as new Research Data Sharing and management (RDS/RDM) have been emerged in discussions o
international science framework by communities of international science ecocycle, scientific data, and science policy/fundders
and have been grown up to a global trend. WDS is active as an essential element in the international development and prt
grammes. Also, the earth and planetary science is one of world-leading communities in terms of multidisciplinary research an
community-data sharing in the last century. New principles, standards, and scientists’ expected norms are discussed by eal
science communities such as AGU, EGU, JpGU and so forth, targeting new framework of the new ways of scientific research
recognition and evaluation of scientific achievement and scientists for the future community.
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Estimation of Japanese economic impact of extreme space weather

# Daikou Shiota[1]; Mamoru Ishii[2]
[1] NICT; [2] NICT

Extreme space weather due to very powerful CMEs may potentially cause high geomagnetic induced currents (GIC) and the
damage electricity transmission infrastructures. The cut off electric supply can cause regional blackout, which can lead sever
damage on the regional economic activities. Oughton et al. (2017) quantified such impact on an extreme space weather event
US economy and indirect losses in the global economy, applying several patterns of blackout zone due to aurora.

Recently we have been developing an estimation model of economic impact in Japan due to extreme space weather, utilizir
regional Input-Output table of Japanese economy applying several patterns of blackout zone due to GIC similar to Oughton et a
(2017). We will report the current status of the model development and present initial results.
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