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IMF dependence on solar wind density and velocity

# Tohru Araki[1]; Yuki Harada[2]
[1] none; [2] Dept. of Geophys., Kyoto Univ.

The solar wind has several structures where IMF changes related with plasma parameters.

The interplanetary shock is a typical example where IMF is connected with plasma parameters by shock relations.

Here we show that the averaged IMF also depends upon density (Nsw) and velocity (Vsw) of the solar wind by analyzing
OMNI hourly values.

Figure below are plots of the IMF (total force B, horizontal component Bxy in the ecliptic plane and the 3-component absolute
values (Bx|, |By|, |Bz|) versus Nsw (left panel) and Vsw (right panel). The data period is 1979-1981 (maximum SSN phase).

The left panel shows that (1) B, BxjBy|and |Bz|slowly decrease with decreasing Nsw whiz|slowly increases and (2)
when Nsw further decreases below Nsw = 2/cc, (B,Bxy) dBd|(|By|) increase to the same finite values (about 10 nT for
(B,Bxy), 6nT for (Bx|,|By|)) while |Bz|converges to zero. The property (2) suggests that IMF converges to a typical spiral
pattern when Nsw converges to zero.

Two other data periods, 1999-2001 (SSN maximum) and 2007-2009 (SSN minimum) are examined. IMF observed by MAVEN

orbiting Mars is also studied for the period, 2014-2018. The results of the analysis are roughly consistent with the descriptior
above.
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IMF dependence on Solar wind density and velocity
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Long-lasting double-peak structure of ring current pressure during the 8-16 September
2017 storm

# Shun Imajo[1]; Masahito Nose[2]; Satoshi Kasahara[3]; Shoichiro Yokota[4]; Ayako Matsuoka[5]; Kunihiro Keika[6];
Tomoaki Hori[7]; Mariko Teramoto[8]; Matina Gkioulidou[9]; Louis J. Lanzerotti[10]; Donald Mitchell[9]; Kazuhiro
Yamamoto[11]; Satoshi Oimatsu[12]; Reiko Nomura[13]; Akiko Fujimoto[8]; Iku Shinohara[14]; Yoshizumi Miyoshi[7]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] The University of Tokyo; [4] Osaka Univ.; [5] ISAS/JAXA,; [6] University
of Tokyo; [7] ISEE, Nagoya Univ.; [8] Kyutech; [9] JHU/APL; [10] NJIT; [11] Geophysics, Kyoto Univ.; [12] Kyoto Univ; [13]

NAOJ; [14] ISAS/IAXA

We report long-lasting double-peak structures of ring current pressure during the 8-16 September 2017 storm event using io
measurements by the Arase satellite in the premidnight sector and the Van Allen Probe B satellite in the noon sector. We foun
two types of double peak structures: one was shown in the late recovery phase of the first strong storm starting on September
2017 and the other was shown after the subsequent weaker storm starting on September 13, 2017. The inner peak of both eve
was created at£~3 in both noon and premidnight sectors after the first storm onset, and mainly composed of protons with energy
up to 80 keV. This peak lasted for about a week and slowly decayed with a time constant of "4 days, which is consistent with ¢
charge exchange lifetime. For the first double-peak event, the outer peak observed by ArdSebatdnsisted of protons with
energy less than 80 keV. The double peak structure lasted for two days, and there were multiple small-scale injections associat
with substorms in the interval. The pileup of remnants of these injections probably maintained the outer peak. On the othe
hand, Probe B in the noon sector did not observe the corresponding outer peak. For the second double-peak event, the outer p
was observed by Arase a&14.5 for 1.5 days, and the peak-like bump was observed also by Probe B at the saftelouter
peak consisted of protons with the energy range of less than 200 keV provided by the injection associated with the subseque
weaker storm onset. We suggest that a condition of the long-lasting double-peak pressure structure is that weaker injectior
occur after a strong injection (or convection) that creates the pressure peak consisting of the high-energy protons in the dee
inner magnetosphere. We will further investigate the relationship between the pressure structure and field-aligned currents.
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Stormtime overshielding electric fields observed by ROCSAT-1

# Kumiko Hashimoto[1]; Takashi Kikuchi[2]
[1] KIU; [2] ISEE, Nagoya Univ.

The dawn-to-dusk convection electric field is an essential cause for driving the geomagnetic storm and for triggering dis-
turbances in low- and equatorial- latitude ionosphere. The electric field is often reversed because of the convection reductior
disturbance dynamo, and substorm expansion. In this study, using the vertical plasma drift velocity measured by the lonospher
Plasma and Electrodynamics Probe Instrument (IPEI) aboard ROCSAT-1, we examined the overshielding electric field for majo
geomagnetic storms during the period from 1999 to 2004. The electric field was estimated from the meridional component of the
ExB drift velocity by applying the IGRF-2000 model as the ambient magnetic field. We analyzed time variations of the electric
fields at different local times in the range of 25-36 degrees in geographic latitude for three storm events that occurred on 06 April
2000, 06 November, 2001, and 20 November, 2003. During the storm main phase initiated by the SC at 1639UT on 06 April,
2000, IPEI detected the westward electric field with magnitude of 2-3 mV/m in the pre-dawn hours (5-6 LT), while the electric
field turned to eastward with magnitude of 5 mV/m during the recovery phase. On the dayside (9-10 LT), the electric fields
are eastward with 4 mV/m during the main phase and westward with 3 mV/m during the recovery phase. In the evening hou
(19-20 LT), the electric field is eastward with 4-5 mV/m during the main phase and westward with 2 mV/m during the recovery
phase. The magnitude of the electric field changed in a significantly different manner at pre-dawn (5-6 LT), afternoon(14-16
LT), evening (18-20 LT) and pre-midnight (22-23LT). The local time features of the electric field indicates that the convection
electric field provided by the Region-1 field-aligned currents predominate the main phase, while the recovery phase is predomi
nated by the overshielding electric field provided by the Region-2 field-aligned currents. Furthermore, both the convection anc
overshielding electric fields manifest the evening anomaly with the electric fields being in the same direction as in the daytime.
Similar local time and storm phase tendencies are identified for the other storm events. These results are in good agreement w
those obtained from the ground magnetometer data.
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Simultaneous observation of the SC electric fields with the HF Doppler sounders on the
day- and night-sides

# Takashi Kikuchi[1]; Jaroslav Chum[2]; Ichiro Tomizawa[3]; Keisuke Hosokawa[4]; Kumiko Hashimoto[5]; Yusuke
Ebihara[6]
[1] ISEE, Nagoya Univ.; [2] ASCR; [3] SSRE, Univ. Electro-Comm.; [4] UEC; [5] KIU; [6] RISH, Kyoto Univ.

The geomagnetic sudden commencement (SC) is composed of the stepwise increase caused by the magnetopause curre
superimposed by the preliminary impulse (PI) and main impulse (MI) caused by the ionospheric Hall currents at high latitude
driven by the dusk-to-dawn and dawn-to-dusk electric fields, respectively. The Pl is positive and negative in the morning anc
afternoon, respectively, and the Ml is in opposite direction to the Pl. The ionospheric currents decrease their intensity with de
creasing latitude because of the geometrical attenuation (Kikuchi et al., 1978), resulting in rare observation of the PI at low
latitudes, but the Pl appears again at the dayside equator where the ionospheric currents are intensified by the Cowling effe
The SC electric fields have been observed at low latitude with the HF Doppler sounders on both the day- and night-sides simul
taneously with the SC at high latitudes and equator, even when the Pl and Ml are not significant at low latitudes (Kikuchi, 1986).
It should be stressed that the HF Doppler sounders have an advantage in detecting the electric field on the nightside where t
ionospheric currents are too weak to be detected by the magnetometers. The SC electric fields on the nightside are in oppos
direction to those on the dayside, while the electric fields in the evening are in the same direction as on the day with enhance
magnitude three folds as large as those on the dayside (Kikuchi et al., 2016). The local time features with the evening anomal
meet the solutions of the potential solvers (Tsunomura, 1999), suggesting that the electric fields of the Pl and MI are potentic
fields associated with the ionospheric currents supplied by the field-aligned currents in contrast to their wave properties in th
magnetosphere. The Pl was found to start simultaneously at high latitude and dayside equator within the temporal resolution
the magnetometer data (10s) (Araki, 1977), which suggests that the ionospheric currents are transmitted instantaneously fro
high latitude to the equator. The instantaneous transmission has been explained by means of the zeroth-order transverse magn
(TMO0) mode waves propagating at the speed of light in the Earth-ionosphere waveguide (Kikuchi and Araki, 1979). The Pl and
MI electric fields have been well studied as overviewed above, but the local time and latitude features have not been evaluate
by simultaneous observations over the globe. In this paper, we report an event analysis to evaluate the local time features
the SC electric fields with the HF Doppler sounders at Prague, Czech Republic, Tucuman, Argentina on the nightside, and ¢
Sugadaira, Japan and Zhongli, Republic of China on the dayside. To identify the polar-equatorial ionospheric currents, we use
magnetometer data from College, Alaska and Guam in the western Pacific. We analyzed an SC event that occurred on 17 Marc
2015 with the PI starting at 0445:20s UT and reaching the peak at 0446:10s UT simultaneously at high latitude and equatol
followed by the MI peaked at 0447:20s UT. The Pl and Ml electric fields on the dayside are westward and eastward, respectively
and the electric fields are reversed on the nightside. The onset and peak times of the PI electric field were found to be simu
taneous on the day- and night-sides within the temporal resolution of data (10s). With the magnetometer data, we confirme
instantaneous transmission of the electric field from high latitude. The latitude dependence of the electric field intensity and the
evening anomaly/enhancement remain to be clarified with the HF Doppler sounder observations over the globe.
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Sporadic E monitoring system using anomalous propagationof VHF radio waves for
aircraft navigation

# Keisuke Hosokawa[1]; Jun Sakai[1]; Ichiro Tomizawa[2]; Susumu Saito[3]; Takuya Tsugawa[4]; Michi Nishioka[4]; Mamoru
Ishii[4]
[1] UEC; [2] SSRE, Univ. Electro-Comm.; [3] ENRI, MPAT; [4] NICT

Sporadic E (Es) is a thin and dense layer in the E-region ionosphere at an altitude around 100 km. Es has been known :
one of the outstanding ionospheric phenomena at mid-latitudes during summer months. Because of highly enhanced electrt
density within Es, obliquely propagating VHF radio waves for analogue TV and FM radio broadcasting are reflected by Es, and,
in such a case, they propagate for a long distance beyond the range of ground propagation. Such an anomalous propagation
introduce significant interferences in broadcasting using VHF frequencies, which has been known as one of the space weath
impacts of ionosphere at mid-latitudes. Recently, propagation of VHF radio waves used for aircraft navigation (108-118 MHz:
VOR, ILS, GBAS VDB) can also be affected by the occurrence of Es (Sakai et al., 2019), which may cause an interference in
the aircraft navigation system. To evaluate such an effect of Es on the aircraft navigation system and eventually mitigate it, we
need to monitor the occurrence of anomalous propagation in a wide area routinely. For this purpose, we have operated VH
radio wave monitoring systems at 6 stations in Japan (Sarobetsu, Chofu, Oarai, Sugadaira, Kure and Okinawa) since May 201
The monitoring system is equipped with a digital receiver handled by the software defined radio and covers a frequency rang
from 98 to 118 MHz. The obtained data are processed onsite and transferred to the University of Electro-Communications ever
1 hour. All the data (i.e., the occurrence of anomalous propagation) are displayed on a website (http://gwave.cei.uec.ac.jp/cg
bin/vor/vhf.cgi). In the presentation, we give an overview of the system and introduce several cases of anomalous propagatio
which happened in the summer months of 2019. We also show an ability of VHF radio observation for mapping the two-
dimensional structure of Es in combination with GPS-ROTI observations.



R010-06 25 ARF (6FK—Ib) B¥RY: 10 B 23 H 15:00-15:15

U7V A LGAIA ZFWT ART T 1w 7 EERETH

# i1 .2 [1]; B 5a5g [1]; % == [1], =47 U= [2]; B 139 [3]
[1] T HOEEWZEREAS, [2] UK - BE - HIBREKER,; [3] R K - BEL

Prediction of the sporadic E layer occurrence using the real-time GAIA

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

The sporadic E (Es) layer has significant influences on radio communications and broadcast, and the prediction of occurrenc
of the Es layer is one of the most important issues in space weather forecast. Although the Es layer occurrence has clear seaso
variations, significant day-to-day variations as well as spatial variations are present. Because of the complex behavior of the E
layer, the prediction of Es layer is though to be extremely difficult. 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 da
with foEs data obtained by ionosonde observations. We found that variations in the downward ion drift velocity or in the vertical
ion convergence in 120 km-130 km altitudes agree fairly well with variations in foEs. This result suggests that the probability
prediction of Es layer occurrence is possible using those parameters. Our group has recently developed a real-time GAI/
simulation system as well as a real-time ionosphere prediction system for a few days ahead. We will report methods of the
prediction of Es layer occurrence, and present experimental results of the prediction.
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Development of thermospheric data assimilation system and linkage with spacecraft
orbit analysis tool

# Hiroshi Kato[1]; Hideaki Hinagawa[1]; Yuki Akiyama[2]; Shinichi Nakamura[1]; Masaya Nakano[3]; Yoshihide
Sugimoto[4]; Hidekatsu Jin[5]; Hitoshi Fujiwara[6]; Yasunobu Miyoshi[7]
[1] JAXA,; [2] STCC, JAXA; [3] Fujitsu; [4] LSAS Tec; [5] NICT; [6] Faculty of Science and Technology, Seikei University;
[7] Dept. Earth & Planetary Sci, Kyushu Univ.

As the background of the satellite constellation plan by private companies in low earth orbit environment and the problem of
increasing space debris in recent years, JAXA aims to improve the accuracy of spacecraft’s orbit prediction in low earth orbit
environment. Since a spacecratft in a low earth orbit receives drag from the atmosphere (atmospheric drag) which exists slightl
in low earth orbit environment, it is important to improve the accuracy of atmospheric drag prediction in order to improve the
accuracy of spacecraft’s orbit prediction in low earth orbit environment. In order to predict atmospheric drag, information on
five factors is required: the mass of the spacecraft, the relative velocity, the cross-sectional area, the drag coefficient, and tt
atmospheric density. However, there is uncertainty in each factor, and in the field of space flight dynamics, the uncertainty ir
atmospheric density is considered to be particularly large.

Observation is important for improving the accuracy of atmospheric density in low earth orbit environments. Indeed, many of
the currently proposed atmospheric density models are developed from observation. In order to improve the accuracy of atmc
spheric density models, it will be necessary to expand observation. However, the methods of observation are limited, and only
few (sparse) observation is currently available.

JAXA is focusing on data assimilation that realizes state estimation based on sparse observation information and model in
formation, and is aiming to develop an atmospheric density estimation system for low earth orbit environments using date
assimilation. We call this system SUBARU (SUper ensemble BAsed Reanalysis for Upper Atmosphere). In SUBARU, the time-
averaged atmospheric density on the satellite trajectory is used as the observation information, and 3 atmospheric density modt
(NRLMSISEOQO, Jacchia-Bowman 2008, and GAIA models) are currently available as the model information.

Similar works for estimating low earth orbit atmospheric density is being developed primarily in the United States. As far as
we know, there is a research activity called IMPACT at Los Alamos National Laboratory and a system called Dragster at NOAA,
UCAR, etc. One of the features of our SUBARU is that it uses a GAIA model that can take into account ionospheric variations
that is closely related to atmospheric density variations in low earth orbit environments. The GAIA model is a coupled physics
model between the thermosphere and the ionosphere, and is being developed by NICT, Kyushu University, and Seikei Universit
in Japan. We expect that using this GAIA model for data assimilation will enable more accurate estimation and prediction of
atmospheric density.

In this presentation, | would like to show the current development status of SUBARU and share the current status of develop
ment of a spacecraft trajectory analysis tool using SUBARU, which is currently under development.
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Activity report of Kyushu Institute of Technology, Laboratory of Spacecraft
Environment Interaction Engineering (LaSEINE)

# Hirokazu Masui[1]; Mariko Teramoto[2]; Mengu Cho[3]
[1] Kyutech, LaSEINE; [2] Kyutech; [3] Kyutech, LaSEINE

https://kyutech-laseine.net/

Laboratory of Space Environment Interaction Engineering (LaSEINE) in Kyushu Institute of Technology (Kyutech) was es-
tablished in 2005. Research objects of LaSEINE were Spacecraft charging/arcing, Material degradation, Space debris and Na
satellite testing. The director of LaSEINE is Prof. Mengu Cho. 14 staffs are working on each object.

The main object of LaSEINE from the beginning to 2010 was the charging/arcing on a solar array of large satellites. The cen:
tral theme of this research was the clarification of the arcing mechanism and the suppression of the arcing leading to catastropt
failure. In these studies, LaSEINE, NASA, CNES and many satellite venders discussed about the charging/arcing and testin
method. The knowledge obtained in this activity and discussion was established as the ISO-11221, Space Systems -Space Sc
Panels- Spacecraft Charging Induced Electrostatic Discharge Test Methods.

Since 2010, we have focused on the small satellite testing and development. Kyutech participated as a member of Hodoyos
project promoted by Prof. Nakasuka in the University of Tokyo. Testing machines for the small satellite as vibration machine,
shock machine and thermal vacuum chamber were installed. These testing machines are opened to outside users and we sup
the testing for small satellite and its component by a new player.

In 2012, we launched our first satellite &quot;Horyu-2&quot;, which demonstrates a high voltage solar array of 300 V on orbit.
18 satellites were developed in Kyutech from 2012. These 18 satellites include 11 CubeSats of BIRDS project for the purpose c
capacity building. Satellites for the technology demonstration are Horyu series for high voltage experiment on orbit, 2U CubeSa
&quot; SPATIUM&quot; mounting a chip scale atomic clock (CSAC) and 2 U CubeSat &quot;AOBA Velox IV&quot; for PPT
(Pulsed Plasma Thruster) demonstration.

In this presentation, we will introduce the activity of LaSEINE for space environmental measurement using small satellites
developed in Kyutech.
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Perturbations by under the atmosphere phenomena: space weather and problems of
volcanic ionospheric disturbances studies

# Yuki Nakashima[1]; Kiwamu Nishida[1]; Yosuke Aoki[1]; Kosuke Heki[2]
[1] ERI, Univ. Tokyo; [2] Hokkaido Univ.

We suppose that the most influential factor in space weather is various phenomena caused by solar activity. However, pertu
bations by the earth itself or events near the solid earth sometimes play a role as one of the extras on the stage. We exami
ionospheric disturbances excited by volcanic eruptions. It is often observed that such signals originated from such huge nea
surface events (e.g., earthquakes, tsunamis, severe weather, artificial explosions, rocket launches), in particular after the GN.
era starts. For understanding the whole upper atmosphere, it is also important to investigate them, not only drastic weathe
changes driven by the sun. In this presentation, we will show you our results about ionospheric disturbances excited by volcani
eruptions and expectations to space weather from our point of view.

We are studying for several years the propagation of the infrasound and the GNSS-TEC perturbation excited by the Kuchi
noerabujima eruption on May 29 in 2015. Volcanic ionospheric disturbances are rarely reported comparing with that occurrec
by earthquakes or tsunamis, though some volcanic eruptions make huge atmospheric perturbations. Because the disturban
produced by significant eruptions has relatively smaller strength than coseismic signals, and space weather phenomena, th
can easily hide the volcanic signals. However, in the Kuchinoerabujima case, we succeeded in finding a clear "0.1 TECU N
shaped signal, and we also obtained the infrasonic signal detected with broadband seismometers and barometers. The travel ti
indicates that the infrasound and TEC perturbation have the same origin. We are trying to extract explosion magnitude fron
both of the observations, obtain the reliability of GNSS-TEC information, and finally, consider to discuss the directivity of the
explosion. We are now examining the propagation and amplitudes using ray-tracing calculation with several model parameter:
The modeling is still difficult because even on a quiet day, the wind field and the electron density profile strongly influence the
wave condition.

GNSS-TEC observation has the potential for estimating some information on solid earth events. Some research projects a
ready succeeded in inverting massive earthquake or tsunami events properties from TEC data. Besides, nhow we are convinc
volcanic ionosphere disturbances also have partially but surly important information. We encountered the uncertainty of the re
sults. However, one of the factors that make the discussion difficult is that the background properties are unknown, and it woul
be improved with the progress of space weather research. Also, many researchers suggest observation results and mechanisir
ionospheric disturbances recently before earthquakes occur and actively discussed the signals are fake or not. We expect if pe
ple knew space weather more precisely, they could draw more information also about near-surface phenomena from ionosphe
observation and obtain a more accurate description of the whole earth system.
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Project for Solar-Terrestrial Environment Prediction (PSTEP):Toward a synergy of
understanding and prediction of space weather

# Kanya Kusano[1]
[1] ISEE, Nagoya Univ.

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

Although the solar-terrestrial environment dynamically evolves and may impact the global environment as well as socio-
economic systems, the mechanisms which determine the dynamical processes have not yet been fully understood. Therefo
modern society, which is supported by advanced information systems, is at a risk from severe space weather disturbances. Proj
for Solar-Terrestrial Environment Prediction (PSTEP) was launched on 2015 in order to improve this situation by developing a
synergy of the understanding and prediction, supported by a Grant-in-Aid for Scientific Research on Innovative Areas from
MEXT/Japan. PSTEP has developed a variety of new methodology to predict space weather based on the new model of MHI
instability, machine learning technique, and the assimilation of observations and numerical simulations. In this talk, we repor
the main results of PSTEP and discuss the future direction and perspective of space weather prediction.

& D E B RBHIERIEEREIE 2 A F 2w ZICEBZF L KT, ZOANZXLIEREICHIRHENTOEE A,
C DT, MRIENTFHAM & @RI DNE A TEERA 2 ORRE R OBRBZZ BN U TIFENR Y A7 202 T
WS, HOANTEEI [RGB P70y = 7 & (PSTERJ &, %5 LREOfRR7Z Hi5 L T 20154F(C
A E N 2EEMZE 702 27 b T9, PSTEPTIRFH AR TS AT L, KBHERO TRl HERERL SR SO Tl
K TES) & Z 05U B O Hig Uiz 4 DORTEIIZE & RNEME O Zm LT, KRBT ZBIC B %
FEASE & Tl 2 HHERINIC R IR S8 D A ZHEH TEX Lz, THUCK > T MHD ALE PRI B2 |
B> X 2 L= 3 VORI 82 W Te A BT H R T RO 72 kmh A S NE Uiz, AREHTIE PSTEP
DIREMZZRRZ TS 5 LIS, TSSO TTHRK TN S BES N E 5t & T DRSOV Thgin L
ESCRS
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Preparedness for Severe Space Weather Event

# Mamoru Ishii[1]; Daikou Shiota[1]; Chihiro Tao[1]
[1] NICT

Extreme Space Weather events are rare, but once they happen social activities can be damaged severely. US government ha:
signed the Space Weather as a severe disaster same as earthquake, tsunami in &quot;US strategic national risk assessment&c
and has prepared Space Weather national strategy and action plan in 2015. Several countries, e.g., UK, Korea and Mexico ha
followed this stream and prepared their strategic plans.

We have been discussing the potential hazardous of severe Space Weather events for Japanese society in the framewor}
PSTEP since 2015. We will show the present results for the preparation.

There are some issues to be discussed for setting the framework of this document as follows.

1.What are the characteristics of severe space weather events in Japan?

2.How do we treat multiple evaluation axes (e.g., occurrence rate of the event, regional category and utility category) for de-
scribing the document?

3.How do we treat the difference of serious level in the items?

4.How do we share the information with users?

5.How do we share the information for international collaboration?

We would like to have these discussions based on the present results.
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[1] WDS-IPO

Data-led Study on the Sun-Earth Variability and Socio-Economic Movements in
18th-19th Centuries

# Takshi Watanabe[1]
[1] WDS-IPO

In the Open-Science era, assuring easy multi-disciplinary usage of data is crucial to create new data-led research field. Hov
ever, there still exist many obstacles in multi-disciplinary data usage. To specify the problems, a trial is performed by selecting
the interval of 18th-19th Centuries, including the Dalton Minimum (DM) of the solar activity taken place in 1790-1830. In the
DM period, the prices of crops in the world were generally high. These general trends of the prices were in coincidence with
those of global depressions of temperatures and precipitations seen in the DM period. Concerning data, we need to pay effort
produce well documented ready-to-use datasets expecting usages by scientists out of the field. Involvement of dedicated citiz
scientists will be important in the data rescue.

World Data System (WDS)E B\ Tk, 7— %M Findable, Accessible, Interoperable, Reusabl® % C & Z{#iE 9 %
FARJFHIDE & T, WiZERIT TIEEL, LK BN K BT — X DOFHA E T2 HIFIC AN T — 2 iE# 2 HEtE L DD
HB, L LBURTIET— 2 OG- FIFRESNCIZZ < DRERN D 5728, FABRN 0 BP RN 7 — 2 fighritse & LT,
18 — 19 {HdIC T B 1t 2 - RFTEEN & . APaEEh 2 S OHIEREREE O 2 L & DBIfRZRET, KT —2ICT7 72 AT %
C ik v, pEET—2FICHBT ZEESOMEET- 72, T O ARREE S D Dalton Minimum (DM, 1790-1830)
ZadH WINTIE T Z > Agan, TRUA VG, EEHEMREICK D, (it S tHic > TRELSZEI LT
T TRHHICH T % 72, BREAT L RWEH & OBE 2GR 5 FTHEEE Bbnd, F5% - KT —XIcOn
Tl 19 1R Y £ TOBRI proxy 77— 2 b DR T — XIS 5 213750, 18 iz 5 BHC—E Tl
MERIDIEE > TH O Maunder MinimumD R & FEXT, 7F—2 DEEEMENE V. LA L T OMICIE. Laki (1783)
Tambola (1815) Krakatoa (1883)x & DI NILIEEIDFEAE L TV S T28, NTICIZERZET %, KGN OV T
. HERTEEE O RV (12-144:) DM BIROERTIC, HERIVEFEI (9-104F) ORHAMNH O, DM B D% iEH
DO 1LFFAIAICR > TH . DM ZEIC LIIGBEHOZ LA R 5 N5, £z 18-19id &iich7z>T. DM 2L Lic
BN KGO/ 32— DMFE L. FIRHAORERTFISURZL D/ S 2 — 2V EBRW—E8D R 6N 5, BHICR S &
DM DA —E Tanborals £ DXILTEENC X 25028 R 5N 50, HAMIGE TRKOBEMICH D, HAREHITIRIE
MU 72 8Miits o EANR 6N S, HEEICHIT 5/ NL MO8 ZR2 L. 75 Y AHme R LA VilE G E Dt
DIERNC X B Mk ElE —FTH D, 1815-184FFEICfifif T & NIzBRWIEC K B N AR a W HiA% o i 2 BRI
T O B 2 B OZF T, [ ZIERFTEBIOZLICHES RENERIC K > TERIENTWVE T EARBENS,
DL E OB a7 — 2 ATIC K D, RO EE UTOREET 57— 2 OHEM, EEONN— 3 VB EET S
PR T — 2 DM, TRICK > TAMEN TV 2 BRSPS EE T — 2 OTE A 72 EICBId 2 MR T E 7,
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Anomalous propagation of VHF radio waves used for instrument landing system due to
the sporadic E layer

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

The sporadic E (Es) layer, which is a localized dense ionospheric layer occasionally appears at the altitude around 100 kn
is known to be a medium of anomalous propagation of very high frequency (VHF) radio waves. A statistical study showed that
the intensity of radio signal that is anomalously propagated from a distant radio station may exceed the one from a local statio
and this phenomenon may potentially disturb VHF air navigation receivers used in systems such as VHF omni range (VOR) ant
instrument landing system localizer, (ILS LOC) (Sakai et al., 2019). Using the same data set we have studied an extreme case
anomalous propagtion due to Es (EsAP) of ILS LOC radio waves. On 15 May 2014, VHF monitoring receiver recorded strong
signatures of ESAP on a few ILS channels, in addition to several VOR channels, at Kure, Hioshima, observation site. In one ILS
LOC channel which normally receives no signal at all, the recorded signal intensity was about -80 dBm, which is about 50 dB
higher than that of the background level, for more than three hours. We found that the source location of the ESAP wave wa
about 1500 km away from the observation site. This ESAP signal, from an ILS LOC, is stronger than typical ESAP signal from
VOR stations. Since the transmitting power of ILS LOC is relatively low (usually 10 W) compared with that of VOR (100 to
200 W), the above case is rather unexpected. This case suggests that Es may cause strong disturbace on mission-critical ra
receivers.
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Line-of-sight dependence of ionospheric delay gradients associated with plasma bubble
for a GBAS ionospheric threat model

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

Global navigation satellite systems (GNSS) is now implementing to the air navigation systems as a next generation technique
in addition that the satellite-based augmentation system (SBAS) is investing as the MTSAT-based Augmentation System (MSAS
the Ground-Based Augmentation System (GBAS) is planned to be implemented in Japan in the near future.

Since the GBAS uses the differential positioning technology based on the L1 frequency only, steep gradients of ionospheri
delay (proportional to the total electron contents) differences between the airplane and ground station can result in large positio
errors which is a threat to the safety of GBAS. To design safe and available GBAS, an ionospheric threat model that defines th
ranges of parameters describing the characteristics of the ionospheric gradient is necessary.

In Japan which is located from low to lower mid-latitude regions, the equatorial plasma bubbles (EPB) is one of the major
souces that associate such steep ionospheric gradients. It is also known that the ionospheric gradients associated with EPBs
greater than those associated with severe magnetic storms [Saito and Yoshihara, Radio Sci., 2017; Saito et al., GPS Solutiol
2017]. Therefore, if the ionospheric threat model for EPBs are applied for all the locations in Japan and for all the satellites in
view, the system availability would be limited.

On the other hand, it is known that the EPBs would have a limited latitudinal extent. It is also known that EPBs have structures
stretching predominantly in the north-south direction. By taking these characteristics into account in the ionospheric threa
model, the threat space could be limited and the GBAS availability would be improved.

ENRI has been executing to develop and optimize the ionospheric threat model for GBAS for the magnetic lower latitude
to mid latitude region include Japan. In this study, the data used are obtained from GEONET. The single-frequency-carrier
phase based and code-aided technique which is not subject to the frequency-biases [Fujita et al., JAAA, 2011; Saito et al., 10
GNSS 2012] to estimate ionospheric delay variations and for the auto detection of plasma bubbles candidates. In addition, dua
frequency observations for ionospheric delay variations are also used for the speeds and spatial scale analyses of the ionospht
gradients [Saito and Yoshihara, Radio Sci., 2017; Nakamura et al., ION PNT 2019].

In this paper, the latitudinal limits of the occurrence of ionospheric gradients that are threat to GBAS and the dependence o
them on the satellite line-of-sights are presented.

BEMTE (GNSS)E, KIAROMIZEf & UTHiZE Y AT LANOBEBADEATE D, HARICIBO TS i 1L S R i
HAling s 27 L, (Satellite-based augmentation system: SBASE#HZ H i £ EMTEMIRS AT LE U TEHEINT
WaIED, Hh EAE R RTEMR S 25 L (Ground-based augmentation system: GBASE AN ED 5N T %, GBAST
. LA ZR T 2 7 7 Ly )VRIGED WS N TR D, M BT E & fiZ2ei o I K & 7 BEEEE r E akd
MMEET B E, T4 77 LI v)VINGEREZE L, e LOBRE TS, TDh, BEHELERZFRT 5/85 A—
2 DHiPHZ BIE S 2 BHBEEZRE T VAL EL 5%,

R D SRR IS TIFEET 2 HARMHEIC B W Tk, 75 ANTIICHE S BBt e (FEEE 2% rEuctt
B ORARNERBBED—DEEZDBNS, T AT IVHES BEEAR . FHEEIBIC B 2 & REICEES
EHEPE A EIC LER TR Z VLT EAHIS TV 5% [Saito and Yoshihara, Radio Sci., 2017; Saito et al., GPS Solutions, 2017]
B, TIRXNTINW2RE L IEHEZRET V2 HRORTOHEKICB N T, £ TOAHERICOVWTEHT L. &
AT LOWHMENMEGZDNRT %D, —/T. HARMEREED S PREEANOEBEBREBICME L TEH, TIXINT
VOB Z T ZHEPICIET—EDIRNH 2 LHENE NG, THIC, 7T ANTINCIIMILICIET T R 7S MG
HY. WEEZTHEEOWTINCE—EDOHPHND 5 & THRINS, TNHORMHMZEIOD AN T EIckD, GBAS
SRS %75 AN TIVICHED EEFEABLOFEFAZ IR L. AT LOWHMZN 352 ENTES LHFENS,

EHUEMZLT (ENRD Tlk, HARDMIE T 2 PG D DARKEE O EREHEH S OBREBIC BT 5 GBAS D7z DT
HERE B I TV ORGEILICE D A TH D, GNSSEINEZ VT, GBASICH B2 52 5 %75 AN )V ., X
=V A REOINT— A ZEWRTT S RIT AR L T E T, BRI, R N1 7 X058 213750 Ll
25D H7% Tz Single-Frequency Carrier-Based and Code-AidefFujita et al., JAAA, 2011; Saito et al., ION GNSS 2012
& D BEEEHEE AR ZHEE S 5 & & E1C, 2 JEBIA 72 FIW 72 6 EiE BT S R 25 80 72 R FH U 76 A PB4 ) Bl D
T - 22 R — )LV OZHfEHT [Saito and Yoshihara, Radio Sci., 2017; Nakamura et al., ION PNT 2&%3}> T\>%,

AW TIE T NS DN FLEZAWT, 75 AT VD GBASICH AR 5.2 9 2 BEHHE LRI O LG REHIFE & |
R A ) Bl O il B AR AR T AN g B RIS DWW TR I %,
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Relationship between the large TEC fluctuation and ionospheric echoes observed by th
SuperDARN radars during a geomagnetic storm

# Takuya Sori[1]; Yuichi Otsuka[2]; Atsuki Shinbori[3]; Takuya Tsugawa[4]; Michi Nishioka[4]; William A. Bristow[5]; John
M. Ruohoniemi[6]; Simon G. Shepherd[7]; Nozomu Nishitani[8]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya Univ.; [4] NICT; [5] UAF; [6] ECE, Virginia Tech; [7]
Dartmouth College; [8] ISEE, Nagoya Univ.

In order to investigate a global distribution of ionospheric irregularities in the auroral zone and midlatitudes during a geomag-
netic storm which occurred on May 27-28, 2017 with the minimum SYM-H value of -140 nT, we analyzed global navigation
satellite system (GNSS) total electron content (TEC) data and midlatitude SuperDARN radar data at Adak Island East (ADE)
Adak Island West (ADW), Blackstone (BKS), Christmas Valley East (CVE), Christmas Valley West (CVW), Fort Hays East
(FHE), Fort Hays West (FHW), Hokkaido West (HKW), and Hokkaido East (HOK). In this study, we calculate the GNSS-Rate
of TEC Index (ROTI) as a good indicator of existence of ionospheric irregularities with the TEC data. Here, ROTI is defined as
the standard deviation of rate of TEC (the TEC fluctuations per minute) [Pi et al., 1997]. We compared two-dimensional polar
maps between the ROTI and the ionospheric field-aligned irregularity (FAI) echo intensity observed by the SuperDARN radars
The ROTI enhancement appears at the auroral oval and the equatorward wall of midlatitude trough during the main phase c
the geomagnetic storm from 22:00 UT on May 27 until 04:00 UT on May 28. The FAI echoes with the intensity of more than
15-20 dB is also observed with correspondence to the enhanced ROTI region in the afternoon to midnight sectors (14 - 23
MLT: magnetic local time) in North America. The enhanced ROTI and FAI regions move equatorward as the geomagnetic stormr
develops. However, after 04:00 UT on May 28, the ionospheric FAl echoes almost disappear in spite of existence of the enhance
ROTI region. This suggests that the ionospheric irregularity with decameter-scale disappears after 04:00 UT on May 28, or the
radio waves transmitted by the SuperDARN radars are absorbed by enhanced plasma density in the D-region associated with hi
energy electron precipitation after 04:00 UT on May 28. However, we need further studies on the increasing electron density ir
D-region during this period in order to verify this hypothesis.

More interestingly, another enhanced ROTI region with a scale of 600 km appearsge@@agnetic latitude (GMLAT) in
North America at 1:00 UT on May 28, corresponding to the main phase of the geomagnetic storm. The enhanced ROTI regiol
almost coincides with a region where TEC decreases by 15 TECU. This observational fact suggests that the plasma bubble ha
ing the enhanced ROTI value extends up t6NQGMLAT) at 2:30 UT during the main phase of the geomagnetic storm. After
that, the plasma bubble propagates westward at a velocity of 355 m/s and enters the midlatitude trough near 4:00 UT. Whe
the enhanced ROTI region enters the field of view of the SuperDARN radar at FHE near 2:30 UT, FAI echoes are suddenly
observed at the location of the ROTI enhancement. The FAI echoes in the enhanced ROTI region moved westward at a veloci
of approximately 300 m/s. This velocity almost coincides almost with the westward velocity of the enhanced ROTI region.

From these analysis results, it is suggested that the spatial distribution of ionospheric irregularities as seen in the ROTI data h:
good correlation with that of the FAI echoes observed by the SuperDARN radars, and that the plasma bubble originating fron
the equatorial ionosphere can be observed by midlatitude SuperDARN radars during large geomagnetic storms.
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Daily and seasonal variations of Schumann Resonance

# Akihiro lkeda[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.

The Schumann resonance (SR) is the global resonance of electromagnetic waves generated by global lightning activity. Tt
resonance is formed by the Earth-ionosphere cavity and the specific resonance frequency appears in ground magnetic field ve
ation. Thus, the SR reflects both global lightning activity and ionospheric conditions and varies considerably with location.

We aim to construct an empirical model of the SR parameters as a function of local time and day of year. The model can be
base line of SR variations and will help us to find the new aspect of SR during solar flare and solar proton events (SPES). In thi
study, we focused on the daily and seasonal variation of the SR parameters as the first step to constructing the empirical mode

The ground magnetic field variation in the extremely low frequency (ELF) range has been measured by an induction magne
tometer at Kuju, Japan (KUJ, M.Lat. = 23.4 degree, M. Lon. = 201.0 degree) since 2003. The observation is a part of activities
by International Center for Space Weather Science and Education Kyushu University.

The first mode of the Schumann resonance (SR1) around 8 Hz can be seen at KUJ. The power of SR1 in H (horizontal nortt
ward component) and D (horizontal eastward component) become maximum in June and July. It is reasonable to predict that tt
influence of the lightning activity becomes intense in summer at KUJ. Also the power of SR1 in H shows daily variations with
maximum peaks around 15 UT throughout the entire period. In the case of D, the SR1 shows its maximum peak around 8 UT
The three major regions of thunderstorm activity (tropical Asia, Afria and America) affect amplitude of SR. The maximum peak
times of SR1 in H and D are coincident with the enhancement of thunderstorm activity in Africa and Asia, respectively. This can
be explained by the geographical location.
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Statistical Relations Between Geomagnetic Fields and Power Network Anomaly Cause
by Geomagnetically Induced Currents in Quebec

# Kyle Reiter[1]; Satoko Nakamura[2]; Yusuke Ebihara[3]
[1] University of Calgary, Department of Physics and Astronomy; [2] RISH, Kyoto Univ.; [3] RISH, Kyoto Univ.

https://science.ucalgary.ca/physics-astronomy/contacts

Geomagnetic disturbances (GMD) and resulting geomagnetically induced currents (GIC) can cause disruption of power trans
mission network operations. The quasi-DC nature of the potential differences induced in the power networks can result in voltag
distortions at transformers, usually characterized as the total harmonic distortion (THD). This study relates geomagnetic fielc
data from magnetometers from Quebec in the AUTUMNX network, along with NRCan geomagnetic observatories with direct
measurements of harmonic distortion and GIC in the Hydro-Quebec network. Differing spatial distributions, with a limited
number of magnetometers, and transformers where harmonics are measured as well as varying earth conductivity limits the ab
ity to precisely model harmonic generation in the network. Statistical relations between harmonic distortion events as flagge«
by the Hydro-Quebec Systeme de Mesure de Decalage Angulaire (SMDA) and AUTUMNX geomagnetic field measurements
in the three year period between October 2014 and October 2017 are explored. Canonical Correlation Analysis (CCA) of the
geomagnetic and SMDA data sets indicate correlations between common modes of the two data sets. Principal Compone
Analysis (PCA) of the harmonic distortion data sets indicates that particular harmonics may be more sensitive to geomagneti
disturbances. Additionally, the possible persistence of common modes of THD across large areas of the power transmissic
network are explored.

i< HETL (GMD) & Z OFEHRA: U 2 it A EE R (GIC) 3B IMEER Y vT— 7 ORI L% & 13 Al fEM:

bbb, BNy FT—IBICHETCBHEDCEBMNAICED NIV ADHINCETLEEANEL ST A D, HEEHIZ
REFEEMA (THD) & LTHEOT 5N 5, AZETIE. AUTUMNX & NRCanDiif1Et%y v —27TiEenizr
N 7 MO T — % &£, Hydro-QuebegtdE 1w b7 — 7 Tiddk & Nz @il B A & O GIC BRI Uz, W
FHREHEANE E NI L FBROZEMNAN—RE TRV &M FOBRZEEDIF—EEE Ry FT—YICBIT %5
PR FHEICETIET 2 R L < LTW5, 20144 10 AN 5 20174 10 H £ TO 3ERICTDOWVT, /N RO
- r X 7 410> Mesure de Decalage AngulaifeSMDA) IZ & - TEII E Nz @i B~ A N2 k& AUTUMNX HiRESCHI
B & ORI DEIREREH NS TNz, MG T — & & SMDA T — R I DWW CIEHEMBE M (CCA) 21T, ThbH 2D
DT =2ty MBI % HEE— FOMBEBGRZ RO Tz, miiEs T —ZICBE L TERGIH (PCA Ziiolzk
A, REEO SRS LT X OB TH 2 EENENH B T b o Tz, 6, EHEERY hT—27
DIEWVTEEICH Tz > TERBBZ 228 ilEEA (THD) DT E—RIZDWTHHAE L.
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Revisit of solar storms on 1989 March as the cause of the Quebec power blackout

# Daikou Shiota[1]; Kaori Sakaguchi[1]; Katsuhide Marubashi[1]; Hiromitsu Ishibashi[1]; Yuki Kubo[1]
[A] NICT

The greatest geomagnetic storm occurred on March 13-14 1989 whose peak reached to Dst=-589nT was the greatest sp:
weather disaster in modern history because it caused the Quebec power blackout. The origin of the greatest geomagnetic sto
is inferred to be the X4.5 flare started on March 10 1848UT, from the time profiles of GOES proton observation. However, two
storm sudden commencements (SSCs) of 0128UT and 0747UT on March 13 were observed in the initial phase of the magnet
storm (Fujii et al. 1992), the magnetic storm inferred to be caused by a passage of a compound structure which contains multipl
CMEs. In fact, 11 X-class and 48 M-class flares occurred on the active region NOAA 5395 during March 6-19 (Allen et al.
1989). In the storm time, because there is no available in-situ solar wind measurement, it remains unclear which CMEs are th
origins of the greatest storm and How the CMEs contribute to the cause of the magnetic storm.

In this study, we examined the origins using MHD simulation of solar wind and CMEs (SUSANOO-CME, Shiota & Kataoka
2016). We performed simulation with a lot of pattern of multiple CMEs occurred at NOAA 5395 and will report the most
plausible result of the simulation.

19894F 3 H 13-14 HICHA: U iiAUaE. 14 H 02UTIC Dst=-589nT# ack L 7= Bl HEAHHOWSATH . 7
N TINERO KASE R E 5| ZC LR IR RE RS E L RIE L TFHRAAKETH S, TOMKIREZT
R LIKBE (717 « CME) &, GOES proton flux®BsRIZ5Eh SHEEd % &, 1GHfEiE NOAA5395 T 3 /1 10
H 1848UTH SUAE 572 X457 L7 LEZ5NS, LA L. TOSIADYFEOHARIC 13 HD 0128UTK T 0747UTIC
storm sudden commencements (SSEEIHI T3 (Fujiietal. 1992)C &h 5., #ED CMEsSHHIEEMAT 3 C ki
Ko T E NI EERHEDHIBRICEDR U7 AlREMEDE 2 N5, 1E#IfEE NOAAS395 Tk, KGR mIcEHN Tz 3
H6-19HDHAMNC, 11D X 75 ATL T, 48DM 7T AT LT H AL T 5 (Allen et al. 1989) AF7mOEIHIA
K, EOKGTZ L7 B E NIz CME DEAURZS | ERLC I /DI HF S LM DN TSN E> TR, Z
T TAWIZE Tld. SUSANOO-CME MHDY = 2 L—=3 3  (Shiota & Kataoka 2016% i\ T, NOAA5395 CH4E L7
BOCMEZAIE LTz 2 al—rarvzEiTv, MaEZEIE 32 EDREERRMGE - CMEWZ ED XS RE DT
B o TS DWW THRGE LTS R 2 5 37 %
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Pilot project AMIDER for data-driven science

# Norio Umemura[1]; Yoshimasa Tanaka[2]; Shuji Abe[3]; Shin’ya Nakano[4]; Atsuki Shinbori[1]
[1] ISEE, Nagoya Univ.; [2] NIPR/SOKENDAI; [3] ICSWSE, Kyushu Univ.; [4] The Institute of Statistical Mathematics

ROIS (Research Organization of Information and Systems) has established the AMIDER project in Apr 2018 for the purpose
of acceleration of data science business and establishment of its technical procedure. The AMIDER project was started by son
researchers in ROIS-DS (Joint Support-Center for Data Science Research), Nagoya University, Kyushu University, Nationa
Institute of Polar Research (NIPR) and Institute of Statistical Mathematics (ISM), and is now building a technical method to
suggest the possibility of scientific relationship on the basis of the statistical calculation with the several sample data (climatolog)
data, environmental data, geology data, earth-space data, biology data and so on) managed by NIPR. The steps of the statisti
calculation are formed by adding several functions of Data Conversion and Data Fusion on the Data Archiving represented b
IUGONET and DIAS so far.

Data Conversion converts research data from research field-dependent format to general ASCII format, so that more use
can analyze the data and read the data for computer easily. Furthermore, Data Fusion reads general-format data converted
Data Conversion, and calculates and determines the relationship between these data. For example, we may be able to der
the truth of how interaction in the adjacent or entire space several sun-earth phenomena (upper atmospheric cooling due
greenhouse effect, ionospheric variation associated with earthquake and volcano activities) are generated through, how the
natural phenomena affect the ecology of plants and animals, and so on. These data-driven-specific functions are expected to
only support advanced discovery across multiple fields and elucidation of their relationships in research scene, but also sugge
the possibility of the occurrence of the preceding chained events in social scene.

As of July 2019, the AMIDER project achieved the step of Data Conversion (CDF and NetCDF to be tested and its provision).
Then, in Nov. 2019, we have a plan to achieve the step of Data Fusion, and to provide data owners with a list of correlatior
analysis results between submitted data and other registered data.
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Recent activity and future perspective of IUGONET project based on international
research collaboration

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

In the Earth’s upper atmosphere above about 60 km, including mesosphere, ionosphere, and magnetosphere, various pl
nomena are generated by energy input from the Sun (i.e., solar radiation and solar wind), atmospheric waves propagating fro
the lower atmosphere, and the interaction among multiple layers. Thus, comprehensive analysis of various kinds of satellit
and ground-based observational data in the multiple regions is important to understand physical mechanism of the phenomer
Inter-university Upper atmosphere Global Observation Network (IUGONET) project has developed two useful tools to assist
such a comprehensive analysis. One is a web service 'TUGONET Type-A' that helps researchers at each research step, i.
cross-searching, knowing, visualizing, and analyzing data, and the other is an analysis software 'SPEDAS’ developed base
on Interactive Data Language (IDL), which enables to analyze various types of upper atmosphere data in an integrated fashiol
Many recent research outcomes on the upper atmosphere were actually obtained by comprehensive data analysis with these to

The IUGONET project has been so far collaborating with many ground-based and satellite missions, such as THEMIS,
PWING, and ERG, and is also expected to play an essential role in future projects. One of the large research projects is 'Stuc
of coupling processes in the solar-terrestrial system’ that was approved by the Master Plan 2011/2014/2017 of Science Counc
of Japan. In particular, we can contribute to data sharing and development of the visualization and analysis tools for effectively
producing research outcomes. In addition, we will also contribute to the construction of observation networks in the Asia, Ocea
nia, and African regions through the international research collaboration and the education of young researchers. In order t
promote the collaborative researches and education, we regularly hold data analysis workshops in Asian and African countrie
(e.g., Indonesia, Malaysia, India, China, and Nigeria) as well as Japan. In these countries, however, MATLAB is more commor
for data analysis than IDL. Therefore, we are planning to develop the MATLAB routine library for loading the upper atmosphere
data released by the IUGONET institutions. This new library will allow researchers in Asia and Africa to easily analyze the
IUGONET data by themselves and enhance research collaborations with us.
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NICT solar observation database

# Yuki Kubo[1]; Hiromitsu Ishibashi[1]; Takahiro Naoi[1]
[A] NICT

NICT has observed solar activity since 1950’s. A solar optical (H-alpha) observation finished in 2000’s. On the other hand, a
solar radio observation has still been continued although change of observation frequency and location.

These solar observation data were stored by original format and provided on the request. However, recently, we started t
distribute the solar radio observation data obtained at Hiraiso (HIRAS) and Yamagawa, and solar optical observation obtained :
Hiraiso as a NICT solar observation database. All the data are distributed by standard FITS format. The database can be acces:
from the http://solarobs.nict.go.jp/ and the FITS file can be downloaded.

Three kinds of data (right- and left-handed circular polarization without quiet sun subtraction, and total intensity with quiet
sun subtraction) for 1996-2016 (HIRAS) and 2016- (YAMAGAWA) are provided. Three wavelength data (H-alpha center, H-
alpha+-0.7Angstrom) are provided for optical observation.

Although this database includes only NICT data now, it is developed so as to include Tohoku University solar radio observation
(AMATERAS) data. We are now preparing to include that data in this database in cooperation with Tohoku University.
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Development of cross-reference framework for macro- and micro-scale simulations of
the magnetosphere

# Keiichiro Fukazawa[1]; Yuto Katoh[2]; Takeshi Nanri[3]; Yohei Miyake[4]
[1] ACCMS, Kyoto Univ.; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] RIIT, Kyushu Univ.; [4] Kobe Univ.

For some years we have studied the magnetospheres of Jupiter, Saturn and Earth by using 3-dimensional magnetohydroc
namic (MHD), electro-hybrid, and Particle-In-Cell (PIC) simulations. These simulations have not been able to connect eact
other due to substantial differences of the spatial and temporal scales which their simulations should treat. However, thanks t
the recent development of supercomputer, the coupling simulations come close to be achieved in a few years.

On the other hand, these simulation codes are developed independently so that the implementation and construction of co
are quite unlike and hard to understand for each simulation code developer. As a result, it is difficult to connect these simulatior
codes.

To overcome this difficulty, recently the cross-reference framework for macro- and micro-scale has been developed using RM/
(remote memory access), which name is CoToCoA (Code to Code Adapter). CoToCoA framework can make the data generate
by the different simulation codes transferred between those simulation codes easily. The main concepts of CoToCoA are th:
we do not add modifications to the simulation codes as possible without data transfer and we do not need to know the referre
simulation code without data format. These concepts allow for many simulation codes to participate in this framework.

In this study, we will show the design of CoToCoA framework in detail and status of development. In particular, we focus on
coupling MHD and electro-hybrid simulations. The magnetic field data of MHD simulation is transferred to the cross-reference
framework and the magnetic field lines are calculated then these lines are transferred to the electro-hybrid simulation. Som
implementations and performance evaluation of this simulation using CoToCoA will be shown.
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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 30722 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.
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Short-Term Variations of Proton Flux in South Atlantic Anomaly due to Solar Storm
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

We study the short-term variations of the proton flux in the South Atlantic Anomaly (SAA) region due to solar storms, whose
intensity is well characterized by the Dst index. We have developed a three-dimensional relativistic test particle simulation code
to calculate the proton trajectories in time-varying magnetic field, provided by Tsyganenko model TS05. The South Atlantic
Anomaly (SAA) is considered as an additional radiation source for Low-Earth Orbit (LEO) satellites and human operations,
since this region involves high-energy charged particles (cosmic rays), emerging from the trapped radiation belts. In this study
we consider the following anomaly variables: the maximum value of the proton flux and the area of the anomaly at given altitudes
and the proton penetration depth. Our results show that when the Dst index was decreased from -7 nT to -210 nT, the penetratit
depth was increased from 300 km to 150 km (i.e., about 150 km deepened), and the maximal flux and the area of the anoma
region were increased to 14 % at 600 km, and 80 % at 400 km, respectively.
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Data-driven model for the dynamics of the outer radiation belt in inner magnetosphere

# 75 AELE] [1]; IR ik [1]; B s [1; 5 Toee [1]; JA0R 54 [1]; 400 <7 [1]
[1] TGS Zeh

Data-driven model for the dynamics of the outer radiation belt in inner magnetosphere

# Shinji Saito[1]; Kaori Sakaguchi[1]; Hidekatsu Jin[1]; Chihiro Tao[1]; Yuki Kubo[1]; Mamoru Ishii[1]
[A] NICT

Energetic particles in Earth’'s geomagnetic fields and in solar energetic particle events can damage satellites operating |
geospace. All satellites at geosynchronous, medium Earth, and low Earth orbits are at risk from the energetic particles. Electror
with energy about a few keV, which are generally transported from plasma sheet into the outer radiation belt, can cause surfac
charging of satellites, resulting in an electrostatic discharge and component damage. Higher energy electrons can cause inter
satellite charging which also induces the electrostatic discharge that gives damage on dielectric material in the satellite. S
electron radiation belts, which suddenly enhance their flux intensity more than 1000 times within a day through substorms an
geomagnetic storms, pose a threat to satellites operating in the geospace. Forecasting the Earth’s radiation belts are in gri
demand these days in terms of satellite risk management.

Now we are developing a data-driven model to calculate the electron phase space density of the outer radiation belt in inne
magnetosphere. The model consists of some empirical models and physical models. Tsyganenko model for the geomagne
fields, Weimer model for the electric potential fields to reproduce three-dimensional electric fields for plasma convective motion,
and a radial diffusion model for adiabatic scattering are utilized to demonstrate trajectories of radiation belt electrons. Plasm:
sheet model (Tsyganenko-Mukai model) is used to estimate the boundary condition of the outer radiation belt. Further we ar
planning to import nonadiabatic local acceleration/loss models including nonlinear scattering processes. All models are drivel
by solar wind parameters, such as the wind speed, density, and interplanetary magnetic fields. We introduce the solar win
data-driven model that aims for empirical/physical-based realtime forecast for the outer radiation belt.

Energetic particles in Earth’'s geomagnetic fields and in solar energetic particle events can damage satellites operating |
geospace. All satellites at geosynchronous, medium Earth, and low Earth orbits are at risk from the energetic particles. Electror
with energy about a few keV, which are generally transported from plasma sheet into the outer radiation belt, can cause surfac
charging of satellites, resulting in an electrostatic discharge and component damage. Higher energy electrons can cause inter
satellite charging which also induces the electrostatic discharge that gives damage on dielectric material in the satellite. S
electron radiation belts, which suddenly enhance their flux intensity more than 1000 times within a day through substorms ant
geomagnetic storms, pose a threat to satellites operating in the geospace. Forecasting the Earth’s radiation belts are in gr
demand these days in terms of satellite risk management.

Now we are developing a data-driven model to calculate the electron phase space density of the outer radiation belt in inne
magnetosphere. The model consists of some empirical models and physical models. Tsyganenko model for the geomagne
fields, Weimer model for the electric potential fields to reproduce three-dimensional electric fields for plasma convective motion,
and a radial diffusion model for adiabatic scattering are utilized to demonstrate trajectories of radiation belt electrons. Plasm:
sheet model (Tsyganenko-Mukai model) is used to estimate the boundary condition of the outer radiation belt. Further we ar
planning to import nonadiabatic local acceleration/loss models including nonlinear scattering processes. All models are drivel
by solar wind parameters, such as the wind speed, density, and interplanetary magnetic fields. We introduce the solar win
data-driven model that aims for empirical/physical-based realtime forecast for the outer radiation belt.
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Study on the global occurrence characteristics of Pc2 pulsation with the 10Hz data of the
MAGDAS9 system

# Taisei Kabasawa[1]; Akimasa Yoshikawa[2]; Teiji Uozumi[3]; Akiko Fujimoto[4]; Shuji Abe[5]
[1] Earth and Planetary Science, Kyushu Univ.; [2] ICSWSE/Kyushu Univ.; [3] ICSWSE, Kyushu Univ.; [4] Kyutech; [5]
ICSWSE, Kyushu Univ.

Geomagnetic field disturbances observed on the ground is affected by the space weather phenomena such as magnetic sto
and auroral substorms. Recent research shows that the Pc2 pulsation of which frequency range 5-10 seconds is observed at
inner magnetosphere as EMIC wave that is associated with the high-energy process of activéteiti@magnetic disturbance.

By using 10Hz sampling MAGDAS data, we found that the Pc2 type pulsations are simultaneously observed from high to
middle-and-low latitudinal region during a magnetic storm time substorm. On the other hand, lower band Pc1l type pulsations re
lating proton-EMIC wave seem to be confirmed only at the high latitudinal region. In this study, we will report results concerning
characteristics of seasonal dependence and local time disturbance about Pc2 pulsation and compare the distribution charac
istics of Pc1 and Pc2 type pulsations on the ground, which will manifest a new feature of frequency dependent M-I coupling
process.

Hh E ORISR A — 0 T JEFOFHRKHR DO 22T, HAZE U TW\W5, HlKZ#HSED S b,
Z5 B A DRI ERD ~ 1000 R O M 2 R DREIGHELSUE H <A D HIB N T D, HSIRE) & isfrE s, Pc2
i & b SUREN O T & 2 OZSHJEHAAY 5-10 D HLEH i JE i /s Ml A B TH D, SEFEDIFFEIC K D W HEELIRFIC
mH b E NIz OoF OET IV F—(ICrES EMIC wave & U TINESER BB CEIIIE NG 2 LW RENT VS,

FARGTUNKREED RS % 1 |2 fRia a3 v b 7 — 2 (MAGDAS) THUS U 72Hit5 D 10Hz 75— & fiftht O W11
RELT, Ab—LHOYT A N—LIH, HETHEHIEINS P2HIREID, mEED SIREE T/ a— VLI
ENBT MR LTV D, ARIFFETIE, Pc2RENCEET 2 FHHKAF PRI 178 £ DRI DUV T ORI 2
EH9%, THIC, KFEEGZA M—LHFDY T A —LDRHIC, Pcl-257D EMIC wave DN ERFICFEAEL T2 Dh &l
FEZZVVTT B0, EREETELND PR & OIS RICOWTEERZITI TETH S,



R010-P09 |/IF RAZ—815 BERS: 108 24H

ZEK GNSS-TECGH 7 — 2 N— 2 7% W Tl s O BB EE PR ELIC BT 9 5 2%

# R T (1], R bfE— [2]; BT S5 (3], 1] s [4]; Pk R [4]
[1] #K - FHHRF; [2] RGBT [3] #4K ISEE; [4] 1R #OE S HFFERAS

Study of storm-time ionospheric disturbances using global GNSS-TEC observation
database

# Atsuki Shinbori[1]; Yuichi Otsuka[2]; Takuya Sori[3]; Takuya Tsugawa[4]; Michi Nishioka[4]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya Univ.; [4] NICT

The electron density distribution in the ionosphere is determined by the chemical and dynamical processes in addition tc
the solar extreme ultraviolet (EUV) ionization. Since the ionospheric electrons interacts with electric fields of electromagnetic
waves, the ionosphere gives a significant influence on the ionospheric transmissions with satellites for communications, pos
tioning, and navigation. The ionosphere changes greatly in association with the activities of the sun, magnetosphere, and tt
lower atmosphere, and their ionospheric variations interfere with satellite communication and enhances satellite positioning el
rors in the Global Navigation Satellite System (GNSS), including GPS. The most major factor of the positioning errors is the
propagation delay of GNSS signals in the ionosphere. Therefore, a global total electron content (TEC) map or ionospheric
model is required to investigate global ionospheric variations associated with geomagnetic storms and lower atmospheric acti
ities and to evaluate the ionospheric delay for GNSS positioning. A scale of the ionospheric variations (traveling ionospheric
disturbances (TIDs), equatorial plasma bubbles (EPB), auroral ionospheric irregularity) is in a range between several 100 kr
and 1000 km. A storm enhanced density (SED) phenomena observed in the mid- and low-latitude ionosphere during the mai
phase of geomagnetic storms appears with a wide longitudinal extent. In order to clarify generation and propagation mechanisn
of these ionospheric phenomena and to investigate their effects on the GNSS positioning, dense and wide-coverage ionosphe
observations and the corresponding TEC data are needed. Under these backgrounds, we have built a global TEC database (
solute TEC, detrended TEC, and ROTI) with high time and spatial resolutions and developed a TEC data analysis system in
corroboration with NICT and the IUGONET (Inter-university Upper atmosphere Global Observation NETwork) and PWING
(Study of dynamical variation of particles and waves in the inner magnetosphere using ground-based network observations
projects. The two-dimensional maps of absolute TEC, detrended TEC, and ROTI have been open on the TEC database we
sites (http://stdb2.isee.nagoya-u.ac.jp/GPS/GPS-TEC/index.html and http://seg-web.nict.go.jp/GPS/DRAWING-TEC/). For the
development of the TEC database, we have collected all the available GNSS receiver data in the world. The number of the GNS
stations reaches more than 8500 in January 2019. These GNSS data are provided by the International Geoscience Services (IC
the University NAVSTAR Consortium (UNAVCO), Scripps Orbit and Permanent Array Center (SOPAC), and other global and
regional data centers (more than 50 data providers in all). In this talk, we introduce an overview of recent new scientific results o
temporal and spatial evolutions of storm-time ionospheric disturbances (longitudinal variation of the midlatitude trough [Shinbori
et al., 2018], plasmaspheric erosion [Obana et al., 2019], longitudinal extent of the SED plume [Sori et al., 2019], midlatitude
plasma bubbles [Sori et al., 2019]) using the global GNSS-TEC database.
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Night-E layer appearance throughout the over Japanese archipelago during severe
geomagnetic storm in March 1989

# O I1 R [1]; SR ORSE [10; ARG sed [4]; ALl B [1]
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Night-E layer appearance throughout the over Japanese archipelago during severe
geomagnetic storm in March 1989

# Kaori Sakaguchi[1]; Daikou Shiota[1]; Katsuhide Marubashi[1]; Takashi Maruyama][1]
[1] NICT

We found in ionograms that night-E layer had been observed during a severe geomagnetic storm on March 1989 at five site
in Japan; Wakkanai, Akita, Kokubuniji, Ogimi, and Okinawa. According to magnetic field observation at Kakioka, Japan, sudden
storm commencement occurred at 01:28 UT on 13 March, maximum range of H component magnetic field variation reachec
644 nT, and it recovered to moderate level at 22 UT on 15 March. Night-E layer was observed almost all the night time of
JST from 13 to 14 March. The appearance period corresponds to the main phase of geomagnetic storm. Generally, night-
layer appears as a consequence of auroral particle precipitation in high latitudes. During the March 1989 storm, the auroral ov:
extremely expanded to lower latitudes, and aurora could be seen as far south as Florida, USA of which magnetic latitude is abol
35 degrees. On the other hand, aurora could not be watched in Japan because of cloudy weather. However, the magnetic latitu
about 15&amp;#8211;35 degree of Japan is too low to interpret that night-E layer was caused by auroral particle precipitation
The possible explanation that cause ionization in the E layer is precipitation of energetic neutral atoms from the ring curren
rapidly developing and recovering. Energetic neutral atoms are created by charge-exchange interaction with geo corona. |
the presentation, we show more details of night-E layer evolution in relation with geomagnetic storm development and discus:
possible generation mechanism of night-E layer over Japan.
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A revised version of a whole atmosphere-ionosphere coupled model GAIA and its
validation

# Hidekatsu Jin[1]; Yasunobu Miyoshi[2]; Chihiro Tao[1]; Hiroyuki Shinagawal1]; Hitoshi Fujiwara[3]
[1] NICT; [2] Dept. Earth & Planetary Sci, Kyushu Univ.; [3] Faculty of Science and Technology, Seikei University

Temporal and spatial variations in the ionospheric electron density and thermospheric mass density can have significant impac
on radio communications between ground and space, and atmospheric drag environments around satellites. In order to nowc
and forecast the upper atmospheric variations and disturbances, a whole atmospheric model, GAIA, has been developed, whi
combines a whole atmospheric GCM, an ionospheric model and an electrodynamics model in a self-consistent manner.

After the initial version of GAIA in 2011, we have revised the mode several times. At present, the latest version is a revised
one in 2013. After comparison between a long-term simulation and thermosphere/ionosphere observations as well as sevel
analyses on specific events of vertical atmospheric coupling, we have noticed that the current version is sometimes not sufficiel
in the quantitative accuracy of reproducing both basic climatological features and some occasional events of upper atmospher
For this reason, we are developing a new version of GAIA by improving several numerical schemes in GAIA and so on. In this
presentation, we discuss first results of the new version of GAIA and comparison with previous version and observations.
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ST — 2 AMETFERIC K > THDIAH, BN FERRICHEDSBEALDY 2 2 Lb— 9 Y EBTESFHEIME L.
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RO 217> TEI2E TA, BUED GAIA DFBIMEEEDONE L W2 5., Sl S RO IO IS B E
NIBGOMREOWFUTHIMNHAIAT 2 72DIid. BRBZETINVORENRE L ST, ZDT. JEF GAIA DR
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Comparison of FM-CW lonosonde and MAGDAS observations with S4 index in Peru

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

An FM-CW (Frequency Modulated Continuous Wave) radar is a type of HF (High Frequency) radar. We have installed three
FM-CW stations along the Japanese longitude, at Japan, Russia and Philippine, in order to measure the electric fields that per
trate the ionosphere (Yumoto, 2006). One of the FM-CW project goals is to understand the relationship between Equatorial Elec
trojet (EEJ) and the generation mechanism of the Equatorial Spread F (ESF) associated with Equatorial Plasma Bubbles (EPB:
The ionospheric plasma-density irregularities, especially ESF, could result in the scintillation of trans-ionospheric GNSS/GPS
signals. The study on the generation mechanisms of ESF is the important issue to estimate the occurrence of the ionosphe
scintillation for the safety human activity using the space region. The abnormal magnetic field variation along the magnetic
equator, EEJ, is reported to be associated with the ESF.

In 2018, we installed a new FM-CW radar at Sicaya Observatory in Peru. ICSWSE (International Center for Space Weathe
Science and Education, Kyushu University) also has the ground-based magnetometer network (MAGDAS) on the world including
Peru MAGDAS chain. The Sicaya FM-CW observation will give the opportunity of the simultaneous ionospheric observation,
the geomagnetic field variation recorded by MAGDAS system at Huancayo and the GPS scintillation status given by S4 inde»
operated by IGP (The Geophysical Institute of Peru).

During 15-18 March 2019, we have the high-time resolution (every 3 minutes) lonosonde campaign observation in Sicaya
The geomagnetic activity was the weak disturbed with Dst index -41 nT at 12:00 UT on 17 March 2019. The amplitude of EEJ
was smaller than the normal EEJ variation and the depressed EEJ structure was recorded at the Sicaya in the evening sector
17 March with the high S4 value at Brazil (where is located on the east side from Sicaya). The Sicaya lonogram shows the
long-term ESF on 17 March with the couple hours. We will demonstrate the comparison of lonospheric irregularities with the
magnetic activity in the equatorial region for the GPS scintillation.
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Development of prediction model of Japanese GIC

# Satoko Nakamura[1]; Yusuke Ebihara[2]; Tada-nori Goto[3]; Shigeru Fuijita[4]; Shinichi Watari[5]
[1] RISH, Kyoto Univ.; [2] RISH, Kyoto Univ.; [3] Kyoto Univ.; [4] Meteorological College; [5] NICT

We evaluate geomagnetically induced currents (GICs) flowing in the Japanese power grid during severe space weather by usil
several methods. First, the three-dimensional distribution of the geomagnetically induced electric field (GIE) was calculated by
using the 3D finite-difference time-domain (FDTD) method with a three-dimensional electrical conductivity model constructed
from a global relief model and a global map of sediment thickness. To simulate a time evolution of magnetic storms, the shee
current with its intensity inferred from the ground magnetic disturbance for famous magnetic storms is imposed. We compared th
calculated GICs with the observed ones at substations around Tokyo, and found a certain agreement when the uneven distributi
of GIE is incorporated with the simulation. The simulation result shows that GIE exhibits localized, uneven distribution that can
be attributed to charge accumulation due to the inhomogeneous conductivity below the Earth’s surface. The charge accumulatic
becomes large when the conductivity gradient vector is parallel, or anti-parallel to the incident electric field. For given GIE, we
calculated the GICs flowing in a simplified 500 kV power grid network in Japan. The influence of the inhomogeneous ground
conductivity on GIC appears to depend on a combination of the location of substations and the direction of the source curren
Second, we assume conductivity anomaly simulating a plate boundary to test the effect of large-scale underground structure ¢
GICs. We find that these structures may strongly enhance GIC just above them. Finally, we derive transfer functions between th
GIC observation at 4 substations in Japan and geomagnetic field recorded at the Kakioka station. The transfer functions are n
always applicable for Japanese GIC. We will discuss the validity of the assumption of uniform ground and influence of the time
variation of earthing resistance of substations.



	R010-01
	R010-02
	R010-03
	R010-04
	R010-05
	R010-06
	R010-07
	R010-08
	R010-09
	R010-10
	R010-11
	R010-12
	R010-13
	R010-14
	R010-15
	R010-16
	R010-17
	R010-18
	R010-P01
	R010-P02
	R010-P03
	R010-P04
	R010-P05
	R010-P06
	R010-P07
	R010-P08
	R010-P09
	R010-P10
	R010-P11
	R010-P12
	R010-P13

