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Triggering Scenario of Geo-effective Solar Eruption on 15 March 2015

# Yumi Bamba[1]; Satoshi Inoue[2]; Keiji Hayashi[3]
[1] ISAS/JAXA; [2] ISEE, Nagoya University; [3] ISEE, Nagoya Univ.

The largest magnetic storm so far, called St Patrick’'s Day event, in the solar cycle 24 occurred on 17 March 2015. It was
caused by fast coronal mass ejection (CME) on 15 March 2015 from solar active region (AR) NOAA 12297. Surprisingly, the
CME is suggested to be related to a C9.1 flare while the large CME is usually corresponding to a large flare. The propose ©
this study is to understand the onset mechanism of the huge solar eruption which caused big impact on a magnetic environme
of the geospace. The magnetic field structure in the AR was complicated: There were several filaments including the one whic
erupted and caused the CME. We hence carefully investigated the photospheric magnetic field, brightenings observed in tt
region from the chromosphere to the corona, and the three-dimensional coronal magnetic field calculated through our nonline:
force-free field (NLFFF) model using photospheric vector magnetic field data from the Hinode/Solar Optical Telescope and the
Solar Dynamics Observatory. We focused on the C2.4 flare occurred prior to the C9.1 flare and filament eruption. Through ou
provisional analysis covering long time span, we noticed the C2.4 flare prior to the C9.1 flare is important to understanding the
dynamics of this AR system and the CME event. (1) There was a compact but noticeably highly twisted magnetic field structure
During the C2.4 flare, flux cancellation was seen on the photospheric magnetic field data. (2) The erupting filament is sustaine
by the coronal magnetic field prior to the flare, and C2.4 flaring site locates in the vicinity of one footpoint of them. (3) The
top of the coronal loops sustaining the filament touch to a region where the torus instability would be expected.Therefore, we
consider that the magnetic reconnection at the C2.4 flaring site changed the magnetic environment of the filament, destabilize
the highly twisted magnetic field structure, and finally allowed the twisted magnetic field to erupt.
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The characteristics of SFE and SkiEeach local time.

# Toshiya Nishiguchi[1]; Akimasa Yoshikawa[2]; Akiko Fujimoto[3]; Hiroki Matsushita[1]
[1] Earth and Planetary Sciences, Kyushu Univ.; [2] ICSWSE/Kyushu Univ.; [3] ICSWSE, Kyushu Univ.

It is well known that solar flare effect (SFE) is a temporary magnetic disturbance caused by intensifying ionospheric current
due to strong solar flare, which emits intense X-ray or EUV radiations. In general, SFE shows similar variation as the Sq or
equatorial electrojet (EEJ) in terms of the direction and magnitude. On the other hands, some previous studies have analyz
the unusual SFEs in the dip equator and near noon, which related to the occurrence of the partial equatorial counter electroje
(Yamazaki et al., 2009; Rastogi et al., 2013)

In this study, besides the dip equator, the SFE in the low-mid latitudes also was analyzed. Consequently, some SFEs which d
not correspond to Sq variation (Skf&) existed. We focused on the local time when SFE or-&f€€urred in order to clarify its
occurrence characteristics globally. We used the geomagnetic field data of the stations on the longitude of Japan, and evaluat
the equivalent currents of SFE or Skad pre-flare Sq. The results suggested that thex8Fht was due to the enhancement
of local current different from Sq current. More details will be explained at the time of presentation.
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Predicting the Next Solar Cycle from the Photospheric Magnetic Field

# Haruhisa lijima[1]; Shinsuke Imada[2]; Hideyuki Hotta[3]; Kanya Kusano[4]; Daikou Shiota[5]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] Chiba Univ.; [4] STEL, Nagoya Univ.; [5] ISEE, Nagoya Univ.

Prediction of the solar cycle amplitude is an important task to know the future space weather environment in the time-scale
over several years. One successful prediction method is precursor method where the photospheric magnetic field in the pol
region at the solar cycle minimum is used as a precursor of the amplitude of the next solar cycle maximum. The high correlatior
between the precursor and the strength of the next cycle is found at least in the past 100-years. The precursor method allows
to predict the solar cycle amplitude 5-6 years before the solar maximum.

Our next step for the solar cycle prediction is to predict the polar field strength at the solar minimum several years before the
minimum. The Surface Flux Transport model (SFT) is a model to describe the evolution of the solar surface magnetic field.
Recently, the prediction of the polar field by the SFT is reported in several studies. However, this model has a large uncertaint
on the modeling of the new emergence of the sunspots. We investigate the contribution of the new emergence of the sunspots
the polar field prediction based on the observed magnetogram in the last four solar cycles. We find that the contribution of the
new sunspots becomes very small in the period of several years before the each solar cycle minimum. The result indicates th
the current polar field strength in 2017 can be used as a precursor of the next solar cycle. Based on the findings, we suggest tl
the next solar cycle will be similar or slightly weaker than the current cycle.
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Auroral Drawings in Historical Documents and their Possibility for Space Weather
Science

# Hisashi Hayakawa[1]; Yasuyuki Mitsuma|2]; Harufumi Tamazawa[3]; Kiyomi lwahashi[4]; Hiroaki Isobe[5]; Yusuke
Ebihara[6]
[1] Histories, Osaka Univ.; [2] UT; [3] Kwasan Obs, Kyoto Univ; [4] Nijl; [5] USSS, Kyoto Univ.; [6] RISH, Kyoto Univ.

In this presentation, we examine a couple of auroral drawings in historical documents in comparison with their relevant text
descriptions to see the detail of some contemporary mid to low latitude auroras caused by severe magnetic storms. Whil
historical documents allow us to trace space weather activities back for more than 2.5 millennia, we have only limited numbel
of drawings within this coverage. However, auroral drawings can provide us the information that may be difficult to reconstruct
from the text records. Therefore, especially, we examine auroral drawings in 8th century within the Syriac autograph manuscrip
and those in 18th century in East Asian manuscripts. Thus, we show how we can make use of these auroral drawings to impro
our understandings on the activity of auroras and space weather events in historical time in connection with text descriptions
These drawings are of great importance to show that auroras have been seen quite vividly by naked eye in low latitude areas a
hence we should revisit the brightness and color of historical auroras in low latitude areas.

ARG TIX, FBECERICET % =04 —0 T XE%Z OREEIR & o Eigam L, molicaRic K-> Tl &
NI ERFROAFEES « (A — O S 2G5, RSOk TR THRAIEE 2 2500450 < W ETE 20, Zhucntd
BGERE 22 L ZORIIRENS, ZD—), TOKD EKEERNZ UIE UISCTFECR 2T H 51355 R US T2V
Wzlio T ehdb, T TRICARE TIZ 8DV 7EEHEGAS 18O T 7 DEARICRZ 2 . =DA—
05 DGR ERETT 5, TDT8, ARG CIRERERICET 24— S 0FH KRGS CFidit L Higd s &
WICEDXIICEESLES O ZHNT, TN LDBEIXMEEEIFIC BV TA—a I DRIE TEONMIER I NHHT
HBETIFEICEET, ThHRIEEHISOA — 0 S8 OMER M L S5 FHEIC DWW T L HMRHAZESE LD TH 5,



R010-05 217 B B¥RY: 10 B 198 10:30-11:00

THIRS & R <

#ALEHE ZE2Z [1]
[1] 7 Ihhs

Space Weather and Radiation Exposure

# Tatsuhiko Sato[1]
[1] JAEA

Radiation effects on astronaut and aircrew due to cosmic-ray exposure are of great public concern. Galactic cosmic-ray (GCF
is the dominant contributor to their cosmic-ray doses, but solar energetic particle (SEP) can also play an important role in thei
dose evaluation when a large solar flare occurs. Thus, the investigation on the acceleration mechanism of SEP and the forec
of the SEP doses is one of the most important issue in the space weather research related to social needs. In this presentati
the current status of research on cosmic-ray exposure is briefly reviewed, including the recent improvements of WASAVIES
(WArning System for AVlation Exposure to SEP) developed under framework of PSTEP.
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Modeling geomagnetically induced currents (GIC) in the 500 kV power grid in Japan

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

A realistic model of GIC in the Japanese 500 kV power system is developed for the first time to estimate the influence of the
geomagnetically induced currents (GIC) on the Japanese electrical distribution grid. Previously, it is believed that there is nc
threat in Japanese power grid because of the Japanese location at mid-latitude far from auroral- or equatorial- electrojet. The
scarce research has been done to assess detailly the GIC influence in Japan.

We develop the 500 kV power grid model in Japan and calculate GIC assuming uniform electric fields on Earth’s surface
and more realistic electric fields. Geomagnetically induced electric field (GIE) is obtained by Finite-difference time-domain
(FDTD) method, given a uniform sheet current changing with a period of 100 s at the upper air as a source. A three-dimensiong
electrical conductivity is derived from a global relief model (NOAA) and a global map of sediment Thickness (Gabi Laske and
Guy Masters). The Japanese GIE exhibit strong coastal effects and some anomaly spots resulting from underground structur
of the conductivity. Due to the shape of a thin bow, Japanese lands can play a role like a capacitor according to the direction ¢
the source current. Basically, a largest magnitude of GIC is obtained at Kashiwazaki with a North-South electric field. Using
our model, we can compare factors of resistance parameters of the power grid, the positional relationship, the direction of sourc
currents, underground structures in GIC distributions in the Japanese high-voltage power grid.



R010-07 217 B B¥RY: 10 B 198 11:45-12:00

il B S % eAE R TR D A HAMA 7

# 2t 52 [1]; He2 R v [2]; KA ASST [3]; B H— [4]
[1] %K ISEEWT; [2] 5URAAFIE; [3] i flEA; [4] TGS TH7ehs

Period dependence of reproducibility of the geomagnetically induced currents

# Takashi Kikuchi[1]; Yusuke Ebihara[2]; Kumiko Hashimoto[3]; Shinichi Watari[4]
[1] ISEE, Nagoya Univ.; [2] RISH, Kyoto Univ.; [3] KIU; [4] NICT

The GIC has been evaluated from the magnetic field using the Faraday’s law, i.e., dB/dt [Viljanen GRL1997; Carter et al.,
JGR2016]. On the other hand, Watari et al. [SW2009], analyzing the GIC and magnetometer data in Hokkaido, showed tha
the GIC is not correlated with the dBx,y,z/dt, but well correlated with By. The results indicate that the Ampere’s law relating
the electric current and magnetic field should be included to reproduce the GIC. In this paper, we first made correlation analyse
between the GIC and By with shor&(h) and long £several hours) periods, to examine if the GIC-By correlation is valid
for any space weather disturbances. We found that the correlation is good for short perig@i&cbut poor for long periods
(cc <0.3). To reproduce the long period GIC from the By, we calculated the electric field induced by By in the conducting
Earth. Assuming the Earth be a uniform conductor, we obtained the induced electric field with better correlatieh9 foc
T >several hours). Our technique is based on the convolution of the step response of the uniform conductor and dBy/dt. Th
period dependence of the GIC may be due to inhomogeneous structures of the electric conductivity of the Earth, which remain
one of important issues for prediction of the GIC.
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Recent activity of HF-START

# Kornyanat Hozumi[1]; Takashi Maruyama[2]; Susumu Saito[3]; Hiroyuki Nakata[4]; Sebastien Rougerie[5]; Tatsuhiro
Yokoyamal2]; Hidekatsu Jin[2]; Takuya Tsugawa[2]; Mamoru Ishii[2]
[1] NICT; [2] NICT; [3] NAV Department, ENRI; [4] Grad. School of Eng., Chiba Univ.; [5] CNES

HF-START (HF Simulator Targeting for All-users’ Regional Telecommunications) is a user-friendly simulator developed to
meet the needs of space weather users. Prediction of communications failure due to space weather disturbances is of hi
priority. HF-START is originally developed for radio propagation in HF band (3-30 MHz). It is the first approach to utilize
regional ionospheric data, especially in Japan and southeast Asia, as a propagation medium. The evaluation campaign of H
START for Japan region is planed to be launched by the end of fiscal year 2017. If the evaluation campaign successes, it will b
expanded to southeast Asia region hopefully in the next fiscal year. Even though the HF-START is developed for the HF band, wi
plan to expand the frequency coverage up to L band under the collaboration with Centre National D’ Etudes Spatiales (CNES)
France. GAIA will be the priority model employed as a global ionospheric input. The final goal of the project is to provide the

near-realtime necessary radio parameters as well as the warning message of radio communications failure to the radio and sp:
weather users.
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Night-side overshielding electric fields during the geomagnetic storm as observed with
HF Doppler sounders

# Kumiko Hashimoto[1]; Takashi Kikuchi[2]; Ichiro Tomizawa[3]; Tsutomu Nagatsumal4]; Jaroslav Chum[5]; Dalia
Buresova[5]
[1] KIU; [2] ISEE, Nagoya Univ.; [3] SSRE, Univ. Electro-Comm.; [4] NICT; [5] ASCR

Prompt penetration electric field on the night-side was investigated using HF Doppler sounders (HFDs) at multipoint during
the intense geomagnetic storm on 22-23 June, 2015. The storm was initiated by a storm sudden commencement at 1833 |
and immediately after that, storm main phase developed and reached a minimum SYM-H of -207 nT. The global magnetomete
networks, NICT chain, INTERMAGNET showed that the DP2 currents and equatorial electrojets (EEJs) developed on both the
day- and night-sides during the storm main phase. The global ionospheric current suddenly decreased during the time peric
of 1950 UT to 2010 UT because of the sudden northward turning of the interplanetary magnetic field. We found anomalously
strong overshielding electric fields on the nightside at the beginning of the recovery phase based on the HFD observations i
lidate, Japan (0500 MLT) and Prague, Czech (2130 MLT). The overshielding electric field was eastward with the intensity of 9.9
mV/m at lidate and 14.8 mV/m at Prague and the duration was about 17 minutes. On the other hand, the midlatitude SuperDARI
radar in the American sector (Blackstone) observed anti-sunward plasma flows at latitudes lower than 47 degrees GM after 201
UT, equatorward of the expanded dusk convection cell, indicating that the overshielding occurred due to the northward excursio
of the IMF. It is remarkable that the overshielding caused westward counterelectrojet (CEJ) at the dayside equator and eastwa
equatorial electrojet (EEJ) on the nightside. Based on the HF radio and magnetometer observations, we suggest that the inter
overshielding electric field penetrated near-instantaneously to the mid- and low-latitudes and caused the EEJ/CEJ on both tt
day- and night-sides during the geomagnetic storm.
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Recent Advancement of Spacecraft Charging Predictions via Computer Simulations

# Yohei Miyake[1]
[1] Kobe Univ.

As strong demand arises regarding the assessment of space weather effects on human infrastructures, we need to develc
better understanding of space environmental perturbation effects on spacecraft charging processes. Owing to advancement
computer technology, numerical simulations have progressed as a powerful method for spacecraft charging model prediction
There are a number of software packages (e.g., MUSCAT) for spacecraft charging analysis based on a particle description
space plasma. To reduce the computational cost resulting from the particle model, however, a number of approximate treatmer
are normally introduced in the models. We believe the necessity of self-consistent considerations of transient processes of plasr
interactions with solid spacecraft surfaces to understand a close linkage between spacecraft charging and dynamically-changi
space environment. We present some examples of such situations and discuss the outlook for future spacecraft charging stu
via computer simulations.

ZRIEFHRABRIC KD XA F I VICEH) T 2 BRI E 7 5 AREGIL  HREEOKRINE R 5 SHiEHE
DEOYHBIHZII ST % T Lld. FHRRDANBOHEA > 7 I RE B2 @ miNcFHEid 5 ETIERIC
HETH S, WRMEMNTICBE LT, ITFERICT OIS N TV 00, BT X 2 L—2 3 YIS K SRl
Thb, Blfe, MAKETRFETINCHEDI S BETFERNTY 7 by 2 7HHFES N, FAtENT0%, KirETIV
fETIZZ DFITHE IR MR TH ST, LadV 7 by 7 Tld. HERHAENETO TS X< Zilf O — Bz ikt
LLERBRET IVICK DIEMT 5T & T, sHRDOEEILZK > TWb, —/. RFOWIFEER T, #iE Riips oz
IEERIRN RS 72 X NG 5 2B BRI SN, B RS L%%%B’z Iy LeEMENTEY, HE/UDI
—kk 7T RGOS 2 B 8 U T8 — R R D R O BRI E N T %, AREE TR, ZD K5
IRREMET AR AR 2 T Ul BT EMEOBIEY X 2 L— 3 YIEDO SO TP DWW TR 21T 9.



R010-11 217 B B¥RY: 10 B 198 14:30-14:45

Dst$52(d I FFRE & IMF O X[ 75 R = {kfzE

# N (L), kR O (2]
[1] OB [2] KA

Upper and lower limit of Dst index and IMF dependence upon solar wind plasma.

# Tohru Araki[1]; Takehiko Aso[2]
[1] none; [2] Sokendai

The scatter plot of the Dst index versus the square root of the solar wind dynamic pressure (sqrt(Pd)) shows a upper limit whicl
slowly increases with sqrt(Pd) and a rapidly decreasing lower limit (Araki et al.,1993).

The increasing upper limit expresses the magnetic effect of the magnetopause current which increases with Pd. The IMF-B
is positive at the upper limit and from there the Dst increases negatively with increasing negative Bz. It means development o
the ring current and therefore, the ring current intensity becomes minimum at the upper limit.

The decreasing lower limit of the Dst plot means that development of the ring current is suppressed when Pd becomes smalle
We checked solar wind properties and found that the IMF-Bz converges to zero with decreasing Pd while IMF-Bx and By
converge to the spiral field values (+- 3-5 nT). Contrary to our general expectation, IMF depends upon solar wind plasma
parameters (dynamic pressure or density in this case) when the dynamic pressure is small.
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Comparison of magnetic field variations at quasi-zenith orbit based on Michibiki
observation and REPPU global MHD simulation

# Yasubumi Kubota[1]; Tsutomu Nagatsuma[1]; Mitsue Den[1]; Aoi Nakamizo[1]; Haruhisa Matsumoto[2]; Takashi Tanaka[3]
[1] NICT; [2] JAXA; [3] REPPU code Institute

We are developing a numerical simulator for future space weather forecast using magnetosphere-ionosphere coupling glob
MHD simulation called REPPU (REProduce Plasma Universe) code. We investigate the validity of the MHD simulation result
as compared with observation. In this study we simulate some events including both quiet and disturbed geomagnetic conditior
using OMNIWeb solar wind data. The simulation results are compared with magnetic field observations from Michibiki satellite,
which is on the quasi-zenith orbit (QZO). In quiet geomagnetic condition, magnetic field variations at QZO obtained from
simulation results have good consistency as compared correspondence with those from Michibiki observation. In disturbe
geomagnetic condition in which the D&t20 nT, however, V component of magnetic field variations from simulation results
tend to deviate from observations especially at the night side. We consider that this deviation during disturbed geomagneti
condition might be due to tail and/or ring current enhancement which is already suggested by many other MHD simulation
studies as compared with the magnetic field observation at geosynchronous orbit. In this presentation, we will discuss the cau:
of this discrepancy in more detail with studying the relationship between the magnetic field deviation and some parameters suc
as Dst and solar wind.
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lonospheric gradient analyses for the optimization of the GBAS ionospheric threat
model in Japan

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

Ground-Based Augmentation System (GBAS) using Global navigation satellite systems (GNSS) is planned to be implemente
in Japan in the near future. Itis important to understand the statistical characteristic of ionospheric gradient over Japan to mitigat
the effect of the ionospheric threat for GNSS. This paper presents the result of ionospheric gradient analyses for the optimizatio
of the ionospheric threat model in Japan which targets the plasma bubbles. This research aims to optimize the ionospheric thre
model developed for International Civil Aviation Organization (ICAO) Asia-Pacific region by Electronic Navigation Research
Institute (ENRI). The single-frequency-carrier-phase based and code-aided technique and GEONET data are used.
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On the prediction of plasma bubble occurrence using GAIA

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

Recently, prediction of plasma bubble occurrence has become one of the most important issues in space weather foreca
Prediction of ionospheric disturbances requires a high-resolution numerical model of the ionosphere and atmosphere couplir
system as well as real-time ionospheric observations. We have been developing a whole atmosphere-ionosphere coupled mo
GAIA (Ground-to-topside model of Atmosphere and lonosphere for Aeronomy). However, the present version of GAIA does
not have enough spatial resolution to reproduce plasma bubbles directly. Under the present conditions, there are two metho
of predicting plasma bubble occurrence: (1) estimating the linear growth rate of the ionospheric Rayleigh-Taylor instability
(RT-GRT) in the GAIA simulation data and using the value for index of plasma bubble occurrence, and (2) reproducing plasma
bubbles by coupling a local high-resolution ionospheric model (plasma bubble model) and GAIA to predict the occurrence anc
propagation of plasma bubbles. We first studied the method (1). We obtained the maximum of RT-GRT for each day, anc
compared the values with observations of plasma bubble occurrences. The result suggests that large values in RT-GRT tend
correspond to the plasma bubbles occurrence. For the method (2), we are examining the coupling scheme and developing t
coupled model. For both methods, predictive simulation of one day to a few days is necessary for practical use in space weathi
forecast. For the prediction of the atmospheric model part, we are examining two methods: (1) employing the meteorologica
forecast data instead of the meteorological reanalysis data, and (2) running the GAIA model freely without any input for the
lower atmosphere. As for the polar ionospheric disturbances, which have significant effects on the occurrence of plasma bubble
long-term prediction is rather difficult. We will report the current status of the prediction of plasma bubble occurrence using
GAIA, and discuss outstanding problems.

BHEE T AN T IVOFRET I FHRKA TFRICB ZREEFED—DTHEH, ZOEDIIZY T IVEA LD
BHEEBIHE L BT, SFSEORKE - BHHEAETIVIRETH S, BLDTIV—T T, RKE-EBHESS
TV (GAIA) ZBHF L TEEMN, BHED GAIA IZREENF 12+ Tldia. TIXNT)Vin EOEHE A Y A —
IWEIRZEHEHT S I TERV, HRBTHREA AL E LTI, () GAIA DT =5 LAY — T4 55—
RLEZEOMERERZRIEL 0. ZhEHOVT TSI ANT IVOFREMERE T % 171, (2) GAIA & &k fmrE bk
BETI) (FTXNTIVETIV) BEEELTT I AN I EREEER L TZORE - GiEENS 5iE, D2 DOhE
Z6N%, TLIFZFET Q) DFEEBHL, GAIA DY I al—y 3 VT =25, FHIZDOWTORIERERDRAMH
RS, TSI XNTIVREOEHNT —Z LR U, TR, ERERNPRKELELZHIE TS ASNTIVOFRE
HEMh—Hd 2D . HERTHEITZ SN DS T b 5T, (2) DFIEIC DV TIFHIE, EAT—
LG ERBRAEED TNB ETATH D, TTAINTIVEETHNICHB TR, EHNICIE 1 B 5EHO RN
WTH B, FHEIEOGEE LTI, (1) GAIA D FEARKICATI LTV SRR T — 2 DRO D ICKETHT—
2l A1 T 575, (2) FTEAKDANIE LT GAIA ZIITLTTIT 251, D2O0H %, £z, T AT
DOFAEITIT, KL X S ELOFEL H D L EZSNTVSH, Ml TORKED D DFEIC DV TIZERM O THIAH
HLWEWS NS B, AFBEHTIE. GAIA BRIV TS X=NT IVOFETHITTEIC DO TORIREMRE U, RIS
TS %o
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Estimation of ionospheric storm scale using GAIA

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

Total electron content (TEC) derived from the Global Navigation Satellite Systems (GNSS) observation network is one of
important parameters to monitor the ionosphere. lonospheric daily- and disturbed-variations change with season, location, ar
local time. lonospheric storm scale, I-scale, is proposed to measure the ionospheric disturbance above the daily-variation cor
pared with the statistical standard deviations binning into the seasonal, latitudinal, and local time dependence [Nishioka et al
2017]. The occurrence ratio of large I-scale values at Japan increases with geomagnetic activities through ionospheric positi
and negative storms. In addition, the disturbed I-scale is often occurred during the geomagnetic quiet condition (Kakioka K-inde»
<4), which contributes more than half of the total number of the ionospheric disturbance. This would be mainly caused by the
TEC variation due to extensions of the geomagnetic equatorial anomaly (EA) up to the middle latitude. Energy input from the
low altitude atmosphere affect the position change of the EA via dynamo effect.

GAIA (Ground-to-Topside Model of Atmosphere and lonosphere for Aeronomy) is a physical model which solves dynam-
ics and chemical reactions of the whole atmosphere region from the troposphere to the exosphere under interactions with t
ionosphere. In order to apply GAIA to the space weather forecast, this study derives the TEC I-scale based on a long-terr
(1996-2016) dataset derived by GAIA. In this presentation, we will present comparisons of statistical variations between GAIA
and observation results, those among locations, and I-scale variation due to solar flux and atmospheric dynamics.

T 2E TE(TEC) 1&. GNSSEIMEZIEN LT, ¥ 7V AA LCEZZ—TX 3 EMBEBNETH S, BT - K
] - I Ko T, BEEOE N REHNZ LB EELIC K P ZB(EORE T EHE S, TNEDOREMRITIRS RV, Tk
P B 1R D EEL O FIE 2 FTAMS 2 f5kRD— DM, BHEkEEISE I-scaleTH %, |-scaleld. S EHEELH) Z1ER[0D 27
HFHOHZATTER L. COSREHBELZHNSOTHEGZ, - K - FHiz2 08 U7 BREN T — 2 OfET
H o EcR 2 B D C & T, BELO KX S 2ED S [Nishioka et al., 2017] HRATEBIENEWOIE L, S A -
BHMHEDOFEICK > T, HR LR TOBEEILORAEHERNEL KD, LML, ORI K F5800° 3 LU T OHif
SRR Th ., BEEELLO RIS E 2 ED S BEELBERNA LN G, T, BETRER T OE FEERE ARG P
BEFTEREOHLTL BT LE TECEFHET 2D TH 5, MAIMERT OERMEOZIC, KEGESDZELIC
KB4 EELEVET D,

GAIA (Ground-to-Topside Model of Atmosphere and lonosphere for Aeronoty Hit [/ 5 it & @ g & TR 7% <
DEE, KRB L BHEOHBEMEHZ & CHTEERYHLERZ ST T IV TH S, ETIVIE. FERKD SO
BB OB 2 BURKEE> X A FEELOL & T, BEEE rREOLHZ RS %, AWZd. GAIA O T )LEH
EFHRATRUADISHAZHIC, 19964EA 5 20064EIC T T D GAIA FHHHERZ VT, I-scaleiEi & ZDEHD
HEZITo 1o AFKRTIE, I-scaleDE LRI 9™ 2 R0 OB & DL, i@y, KEGENRB KU
REIBELIC K B I-scaleZTINDEEIC DWW Titiin 3 %0
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Applications of SMILES-2 Satellite Mission to Observations of Planetary Atmospheres
and Astronomy

# Yuji Nishida[1]; Hiroyuki Maezawa[2]; Takeshi Manabe[3]; Masato Shiotani[4]; Toshiyuki Nishibori[5]; Makoto Suzuki[6];
Hideo Sagawa[7]; Akira Mizuno[8]; Tomoo Nagahama[9]; Satoshi Ochiai[10]; Philippe Baron[10]; Yosihisa Irimaziri[10];
Yoshinori Uzawa[11]
[1] OPU; [2] none; [3] Aerospace Engineering, Osaka Prefecture Univ.; [4] RISH, Kyoto Univ.; [5] JAXA,; [6] ISAS, JAXA; [7]
Kyoto Sangyo University; [8] ISEE, Nagoya Univ.; [9] STEL, Nagoya Univ.; [10] NICT; [11] NICT

For better understanding of global warming, space weather predictions, recovery of Ozone layer, physics and dynamic
such as planetary and gravity waves, and chemical reaction networks of the Earth middle atmosphere, the Superconductir
Submillimeter-Wave Limb-Emission Sounder 2 (SMILES-2) mission is currently being studied. The targets of this mission
are wind profiles, global temperature, and three dimensional minor constituents such as EIONGICONG;, H,O, N2O,

0, G,, CO, H,CO, HCI, CIO, HOCI, CHCI, and their isotopes. The SMILES-2 will employ 4 K-cooled superconduc-
tor/insulator/superconductor mixer detectors for 487 to 653 GHz range and superconducting hot-electron bolometer (HEB) mixe
detectors for 1.8 to 2.0 THz range, respectively.

In this mission, the atmospheres of the planets in the solar system and interstellar matters will be observed. Mars and Venus a
the important targets to research how the physical and chemical conditions of planetary atmospheres balance under the activiti
of host stars. To investigate the origin of the chemical stability of @@minated atmospheres and the destruction processes of
CH, on Mars, it is crucial to reveal the fundamental oxidization networks on the Martian and Venusian atmospheres. The ob-
servation of the oxidants like OH,{00,, Ol, and so on which are difficult to access with ground-based telescopes is the key to
address these issues. In this conference, we will present the current status of the developments of 2.0 THz band horn/waveguic
type HEBM detector receivers for superconducting NbTiN nano-brigde and the feasibility studies of the spectral lines of these
minor constituents achieved by SMILES-2.

BIE, FEETFH AT — 3~ JEMISMILESD##k & 752 % SMILES-2(Superconducting Submillimeter-Wave Limb-Emission
Sounder 2DV —F > T G ) —T VB END, BT I« TS5V (THZ) P TORERARERE « N 2R o 2 BTl
MREENTVD, TOIvy g rTld. HBKICET % O3 ERIEHIEKIRIE LR & O TSR FeRdEE - FfbE o
JEGHLE, i IPlanetaryil DR 2% E ORFEREERZ HIE L TH D, H0, N,O, NO,, NO, CH;Cl, BrO, CO, H,CO, OH,
O,, O3 and O-atonx & D) FHZ B Z—7v h & L, 487 GHzA'5 2.0 THz# & Tk H1/3\—9 2 EH0N > ROEHI%
FEZ TV % (Suzuki et al. Proc. of SPIE, 2015 Z{E#ICIEEAY 1 7LD 4 K BEa iz 58 L. SIS#EG-° HEB
HER e E B L Dl BENT O X A VMR 2 RET S5 TH %,

C DM T THZ MRS B O TR AR ETE TH 50, BAEBIE, SMILES-20DY) LY > T ¢ > 7ITH
JSRTREZR, EMAE NDTIN fll#R 2 8RS LU 72 1.8-2.0 THZ R — VA I RLRw L7 ba Y Ra A—% (HEB) 2 7
YORZED TS, UKD, #HIBRKLTZT T, KIGREEOBME vJHEICR 2 LRI N5, FODEDN
BhEREE FIC B 2 RE DR KK O « VPN S V AZB#T % FTE, AERSE I EELEN - iy
IWTH B, FHTKFGFRHEREKE TlX CO, OLEMBEDFEGERN < D5 H 0. KTkl TR MEICBOTEYIRIEO ]
REMEDVRIEE NG CHy R EMBNIE N TE D, RERBEICHB 2 H-EANZIELISD 3y s T — 27 O 205 O
Lo TWVWS, THUCEH ED SBIIIMDNEE HoO % O, 7213 T4 <, THz HHTHRE%Z £ D OH R O [fi /& Bt % 7]
HMED T ORI #HZIES. TNDDN T, RINEBEONA A — I —DIRZ TN ORI & BEERAE 28
o Flo. RXBIADISHE LT, Bl TEOYH - (L2 I EERREZ R C+° O R T Ot i, 2
MEICBWTAA Y - B OET 3 ERD TOZHMEOMBNHGFEE NS, AL TIE SMILES-2%ZfViz, X2
R RO KL DOEHET TIVEHER, BIEE NbTiN #lER7%Z Wz HEB BRI ESOBHIFIRIIC OV THE T %,



R010-P02 215 Poster BRY: 108 18H

RN ETROOOHEEREMENMDY 77 )V R A LHEE TEORHFE

#) 1IN 0K [1]; <7hd 3% [2]; iAS HER [3]; B2 8% (4], A <7 [5]
[1] RREA » I« iz [2] RREA » I« iZei; [3] ABUREA - T+ fiize-ii; [4] NICT; [5] 5 ol (S F7e e

Development of a real-time risk estimate method of spacecraft surface charging

# Ryota Kawachi[1]; Tsuyoshi Teraoka[2]; Masao Nakamura[3]; Tsutomu Nagatsuma[4]; Mamoru Ishii[5]
[1] Aerospace Engineering, Osaka Prefecture Univ.; [2] Osaka Prefecture Univ.; [3] Dept. of Aerospace Eng., Osaka Prefect.
Univ.; [4] NICT; [5] NICT

Spacecraft anomalies are often induced due to surface charging and resultant discharging arcs. We are developing a re
time estimate method of surface charging potential for the Space Environment Customized Risk Estimation for Spacecraft (SE
CURES) of the space weather forecast Project for Solar-Terrestrial Environment Prediction (PSTEP). We will show current statu:
of our system.

HIERRE B D 7" 5 A BREEMREIN T, AN THENKETE - EL. MRMNICEEZERITenD D, Rtk
FEC. R EHROBEOBEZE<TedIc, HREORITELZY I 2L —a3 T2V 7 MOSETHEINTE
2o TNHDV T NI, BAONTET I AVEREICN U THERTENZRDZD T ENTE RN, —MRICGHEICIEIFHE
IO BRFICEN 2K T EDTIEEY, T T, FHRAKTRO—RE L THENETRZY 7IVAA LTITS 12
IZ, WWETRONGLEZ2MHEZEEL T, TIAVREZ 52 % L BRI ERMNEN ZHEE T 2 FEORREZT1 155
TW5, BERRPOTETIE, WHRETHEZICH LT, I HERAATEMRITY 7 kD Spacecraft Plasma Interaction
Software (SPISr HHWTHEETIVZIED . HEPUERE/ ST A—22 LT, HE - H2TO T I XA O®HKE L HED
RENGHAGDLE T I 2 b—r 3 YZHEACATV, BEERMEMOFEMERZT — 7V E LTHELTEL, ZL
T, HEIYE O TS5 A 0®ELREDAINTH LT, TOTF—TIVTF—2DEEHWTHIdT 5 &, HEXMH
BOEY T IVEA LTHET %, TOHEETIEOT T kXA 7L LT, Van Allen Probedii £ €7 /L7 VT, HiliFHHE
LTHBLRENT A—2 DA GHLEER, B DL « MEEC X DANS, D%, b2 ziiLize7
IWERRICT Z5HHTH S, AFKTIE, TOBRZHET %,
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Spatial distribution of trapped protons deduced from solar cell degradation on satellites

# Wataru Miyake[1]; Honoka Toda[1]; Yoshizumi Miyoshi[2]; Hiroyuki Toyota[3]; Yu Miyazawa[3]; Iku Shinohara[4]; Ayako
Matsuoka[5]
[1] Tokai Univ.; [2] ISEE, Nagoya Univ.; [3] JAXA,; [4] ISAS/IAXA,; [5] ISAS/IAXA

Output of solar cells on any satellite decreases due to damage of the space radiations. We made analysis on the degradat
of solar cells on the Akebono satellite orbiting in the inner magnetosphere over 20 years, and we successfully deduced spati
distribution of trapped protons. The Arase satellite has recently been launched and we are trying the similar analysis on th
degradation of solar cells. The energy range of protons affecting the solar cells are higher than that of particle instruments o
board the Arase satellite, so that we expect our unique method to deduce any additional information of the proton radiation bel
We will summarize the analysis results from the Akebono satellite and report recent progress for the Arase satellite.
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Comparison Between Surface Charging Event from Michibiki (QZS) Satellite and Space
Environment Data from Global MHD Simulation

# Yasubumi Kubota[1]; Tsutomu Nagatsuma[1]; Haruhisa Matsumoto[2]; Aoi Nakamizo[1]; Kiyokazu Koga[3]; Takashi
Tanaka[4]
[1] NICT; [2] JAXA; [3] JAXA; [4] REPPU code Institute

Space environment around geospace varies depending on the solar wind and high energy particle conditions originated fro
the solar activity. It is well known that the satellite anomaly sometimes happened because of the dynamical variations of the spac
environment. To understand the current and future conditions of space environment, which we call 'Space Weather Forecast’, |
one of the quite important activities for safety and security of the satellite operation.

On the other hand, the detailed information of satellite anomaly, possibly related to space disturbances, cannot be available
usual. The risk of the individual satellite depends not only on the space environment, but also on the materials of the satellit:
body and electrical components, which controls the satellite charging condition. Therefore, it is hard for the satellite operator tc
judge the risk of the satellite based on the space environment information only.

To solve this type of problem. we will try to develop specialized information for the nowcasting and forecasting space environ-
ment for each satellite, and also estimate the risk of satellite anomaly by combining information of space environment and that o
satellite materials with a charging model. To seek this approach, we estimate the risk of satellite charging based on the predictic
of space environment using the case study of MICHIBIKI satellite, which is on the quasi-zenith orbit. As a first step, we are
comparing the space environment data and surface charging data obtained from MICHIBIKI satellite and space environment dat
obtained from Global magnetospheric MHD simulation. Although the global MHD simulation only produce MHD temperature
and density, we need to make an empirical relationship between simulation and observation to obtain the estimated electron al
ion temperature and density. In this presentation, we will introduce the results of our data analysis.
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Impact evaluation of long term space weather activities on space debris environment
evolutionary model

# Shuji Abe[1]; Toshiya Hanada[2]; Akimasa Yoshikawa[3]; Takayuki Hirai[4]; Satomi Kawamoto[4]
[1] ICSWSE, Kyushu Univ.; [2] Aeronautics and Astronautics, Engineering, Kyushu Univ.; [3] ICSWSE/Kyushu Univ.; [4]
JAXA

Space debris is the collection of defunct objects in space made by human activities (payload, rocket body, mission relate
debris, and so on). Itis very important to reduce amount of space debris around the Earth, because they put serious crimps in spe
developments. Kyushu University and JAXA developed the space debris environment evolutionary model, named NEODEEM
(Near-Earth Orbital Debris Environment Evolutionary Model) for evaluating current and future conditions of space debris on
geospace and validities of space debris reduction measures. Atmospheric drag force is one of the main causes of space del
orbit change. Atmospheric density change is affected from space weather, for example, solar and geomagnetic activities. It
essential for development of space debris evolutionary model to consider the impact of space weather. We improved atmosphel
density model in our space debris evolutionary model to incorporate many kind of space weather related parameters and calcule
more precise density. We performed some simulations under different solar and geomagnetic parameters to evaluate long tel
effects of these activities. In the result, we found that space debris environment would also become significantly worse because
collision cascading even with no launches in the case of low solar activity, like as solar cycle 24. Space debris environment woul
become worse under low geomagnetic activity caused by low joule heating and atmospheric drag. These effects are differel
between Kp and Dst indexes. In this presentation, we will introduce improved atmospheric density model and its responses t
space weather activities in term of space debris environment evaluation.
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IUGONET Type-A: Data service for data-driven-science in solar-terrestrial physics

# Norio Umemura[1]; Yoshimasa Tanaka[2]; Shuji Abe[3]; Atsuki Shinbori[1]; Masahito Nose[4]; Satoru UENOI5]
[1] ISEE, Nagoya Univ.; [2] NIPR/SOKENDAI; [3] ICSWSE, Kyushu Univ.; [4] DACGSM, Kyoto Univ.; [5] Kwasan and Hida
Obs. Kyoto Univ.

IUGONET is a community to promote comprehensive research in solar-terrestrial physics, which is composed of many
Japanese universities and institutes, such as NIPR, Nagoya Univ., Kyoto Univ., Tohoku Univ., Kyusyu Univ., NICT, NAOJ,
JMA and Kanazawa Univ.. Our team has mainly developed and provided two products, i.e., IUGONET Type-A and UDAS
(IUGONET Data Analysis Software). IUGONET Type-A is a data service to provide data information, and UDAS is an analysis
software based on SPEDAS (Space Physics Environment Data Analysis Software) and IDL (Interactive Data Language).

IUGONET Type-A provides not only data information (e.g., description, acknowledgement [data policy], start and stop date,
contact person, data publisher URL, observatory, and instrument) but also quick-look images (QLSs) of the data and how to creat
these QLs. In particular, thumbnail viewer for QLs is very useful to compare and/or calculate the correlation among various
data. In addition, UDAS web enables to plot data easily on web browser (PC, smartphone, tablet device and more) using th
SPEDAS/UDAS and IDL engine without any installation/setup of dedicated software and license. Therefore, IUGONET Type-A
is a one-stop data service that enables to search, understand, visualize and examine data, and thus can quickly promote :
support new interdisciplinary studies regarding the solar-terrestrial physics.

Furthermore, our team has developed abstraction framework named IUWAF (IUGONET Universal Web Application Frame-
work). This framework can also work as the base of other system and handle multiple data format. It is expected to becoms
a basic technology to lead to the discovery of new knowledge such as Al (Artificial Intelligence), and in fact, we have started
the challenge to realize the data-driven-science in cooperation with other projects aiming for the same purpose (e.g., project 1
research the way of correlation, historical data such as historical literature, and so on.)

HBEEKKERZ SO Fxy T — 781 - #15% GEFR: IUGONET) (&, 1H#H - > AT LSS, iy
A, ALK, BEERYE, RUBRYE, JUNKS, <GSRRS, SHomE s, BN Rh, @IRK
FEE L, SEEBIDETE T 5 KGHIERR R A B OB T — 2 ZRlG U TRAENGEMAZ#HET 2032271 Th
%. IUGONET!X, BHF—ZICBT B 15EMEHRMT 572007 — %P —E A IUGONET Type-A&, HEEROBIHIT—X
TIRNTS 572D 7 kv 7 SPEDAS (Space Physics Environment Data Analysis Softwarg)> -/ 1 > T % UDAS
(IUGONET Data Analysis Software}f Bi%E « NI L T 5.

IUGONET Type-AlZ, |7 —2ICBES %5iH, FIFARY >—, BIHE, 7—2RG%&, 227 b, EEOT7—
X OFHE, BES, BUIFTREDR 2 7RMoE A, BT —207 1y Mg (Quick-Look), fi#t/iitiz, v x
T ET—ItITIME L TV 5. RIS, MRICKDELNET Ty MEREINRTERT 68, T—X Ok, fHEO
R R EDICT 5. £z, SPEDAS/UDASEHEI LY =7 LTy MNERZIERT 5 T &HTE % UDAS web
&, EHY 727 DA VA=)V EEET, XVIAVOBRELTAI—T 42T Ly MKk TE, 7—
ZEMBICHA DY T T Ty MEifgE FRICIERST 2 EMNTES. DFED, IUGONET Type-Ald, 7—XEHHT %,
fRAT LIz DT — RS %, i %, T s eick D, Hilzadztdlicfs o OMsEEiz T v Ay 7
TXHET 5.

F7z, IUGONET!X, IUGONET Type-ADBIF &MifT LT, f&ahfzMEzibLiz7 L—L7—72 IUWAF (IUGONET
Universal Web Application FrameworkpFaZFita L7z, ik niz7 L—LT—7iF, BT — X2 —E 2D
M, HBOT—2ZOHRO NS R[EETH D, iz Al (Artificial Intelligence) & "FEIEN 2 X 957, &L BEOT—X7%H]
AEDETH LWHIROEEIC D S 7o DR e LTE MR E NS, FHHE, ABOEEZRT T — % & KBk
ROBTOBNT — 27z ERMET — X OMHMFLEZMIET 270 7 b, BESCEEORR T — 225 Tud sy
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Update of the ionospheric conductivity model by using IDL

# Yushi Goto[1]; Yukinobu KOYAMA[2]
[1] Information, NITOita; [2] NIT, Oita College

http://researchmap.jp/7000010467/

The ionospheric conductivity model was implemented and opened to the public by Koyama et al. in 2014. This model uses the
equations by K. Maeda and P.M. Banks, and is substituted each data by IRI12012, MSIS, and IGRF11. In this year, we update
the model to use the latest IGRF12.

In this presentation, we show the result by the latest ionospheric conductivity model. Then we compare the results from the
latest model with the results from the older model.

20144/ NIBIC X - C, HEHEESCEE T T IV BRI OAKEI N, 2OETIVE, K. Maeda® P.M. Banks
S K> TEMNZEIT, IRI2012, MSIS, IGRFIMDZNFNDETIVHSELN-T—XERATS. AREETI,
SO IGRF12%7 W - BB ERCEE T T VO EERZ R L, WEOETIVE DLHEZITS.
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Development of the Hemispherical Multi Touch Panel for Digital Globe &quot;Dagik
Earth&quot;

# Hiro Sato[1]; Yukinobu KOYAMA[2]
[1] Information, NIT, Oita College; [2] NIT, Oita College

http://researchmap.jp/7000010467/

For the digital globe Dagik Earth, development of an intuitively operable multi-touch panel is desired. Then we started to
develop the hemisherical multi-touch panel. First, 1. irradiate the infrared light into the acrylic spherical surface, 2. the total
reflection collapses at the touched location, 3. it is detected by using infrared camera, 4. our software to convert touch locatio
and movement vector to mouse operation. For the software development, we used Community Core Vision, and A Protocol fo
Table-Top Tangible User interfaces.

Currently, we are trying to calibrate to make mouse operation intended for touch operation. In this presentation, we show the
current status of our development.

7V 2 )UHIER(E Dagik Earthicld, EBIICERERTRERIVF 2y FIRXI)VOBENEEN TV S, ZT THRAE, F
BRI VF 2w FoSIIVOBF MR LTz, £9, 1.7 7V VERIEINICRIMRZ RS U, 2. 2 v F U7 TS
N, 3. ZNZHRNEA AT THRL, 4.2y FEFPBEINY L2 ABEICY 7 b 2 7INCERT 5, L0
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Study of the Metadata Expression for Model and Simulation Data in Upper Atmospheric
Physics

# Morio Yamauchi[1]; Yukinobu KOYAMA[2]
[1] NIT,Oita College; [2] NIT, Oita College

http://researchmap.jp/7000010467/

The IUGONET provides the IUGONET common metadata format which is customized to accommodate metadata for the
various kinds of ground-based observational data based on the SPASE data model/metadata format. The IUGONET has mair
dealt with ground-based observational data. However, for research on upper atmospheric physics, not only observational da
but also model and simulation data are necessary. In the SPASE group, the metadata schema for simulation has already be
provided. In this presentation, we focus on the model and simulation data, we discussed the metadata representation.

IUGONET (& SPASET— R ET IV, AR T —R T+ —=w b, #i FEHIT —ZIC0)sd % X5 ICiaER L,
IUGONETHE X X F— X T 3 —< v h R LTV, IUGONET & NE Tt FBIHIT— % &2 Ul > TV,
ZRRZREIR BT — 22 R L F BHFRICIE, ETIIURY I a L —Y g YERWIAEN AN ETH .
SPASEZ IV—TIcHB0TIE, BHCY 22—y 3 VDEDDART =R AF—PREEINTWDS. 2T, AWFEIC
BT, BIED IUGONET A X7 —X T +—< v hHAEERNGRE L TWENWETIVT—EZRY Ial—yaryr—X&
WICERL, ZOXART—RERRICOVWTEREIT- 2.
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Response of the Earth’s magnetosphere to solar wind variations originating from the
low-latitude coronal holes

# Yumi Nakagawa[1]; Atsuki Shinbori[2]; Satoshi Nozawa[3]
[1] Physical Sciences, Ibaraki Univ.; [2] ISEE, Nagoya Univ.; [3] Science, ibaraki Univ.

Corotating interaction regions (CIRs) are produced by interaction between low- and high-speed solar winds. The high-spee
solar wind originates from coronal holes and causes a major disturbance of the Earth’s magnetosphere. Coronal holes a
frequently observed in a declining phase of the solar cycle and have open magnetic fields expanding to the interplanetary spac
Tsurutani et al. [2006] proposed that analyses of the temporal area of polar coronal holes over the solar cycle [Harvey et al
2000; Harvey and Recely, 2002] provide a good idea of the geoeffectiveness of high speed solar wind over the solar cycle
However, an effect of isolated equatorial coronal holes has yet to be evaluated. In this study, in order to clarify the effect of the
Earth’s magnetosphere and ionosphere associated with the high-speed solar wind originating from the equatorial coronal hole, v
conducted a superposed epoch analysis of the variations of coronal hole area, solar wind, interplanetary magnetic field (IMF), ar
geomagnetic indices (AL, AU, and SYM-H). The geomagnetic indices are provided by World Data Center for Geomagnetism,
Kyoto University. We further divide the temporal variation of IMF into 4 types (IMF Bx : positive, IMF By : negative and IMF
Bz : positive or negative, IMF Bx : negative, IMF By : positive and IMF Bz : positive or negative), and then investigate the
variation of solar wind, IMF, and geomagnetic indices before and after CIRs reach the Earth's magnetosphere for each case. |
the present analysis, we used the Sun whole two-dimension images taken by the Extreme ultraviolet Imaging Telescope (EIT
onboard the Solar and Heliospheric Observatory (SOHO). For analysis of solar wind and IMF, we referred to the advancec
composition explorer (ACE), Wind. Their data availability period is from May 1996 to December 2009. For the coronal hole
areas, we defined a threshold of the solar brightness in an extreme ultraviolet (EUV) range as a half of the median value of th
intensity in a whole area and divided the solar surface in four regions: (-60 - -30, -30 - 30), (-30 - 0, -30 - 30), (0 - 30, -30 - 30),
and (30 - 60, -30 - 30) (degrees) in the solar latitude and longitude, respectively. Finally, we determined the coronal holes are
as a ratio of pixel numbers less than the threshold to each region. As a result, we observe a north-south asymmetry in the coror
hole areas, which shows that the coronal hole area is much larger in the southern hemisphere than in the northern hemisphe
from 2000 to 2003. The temporal variation of the coronal hole area is the largest in the low-latitude to equatorial regions (-30
- 0) degrees during the data period. The sign of each IMF component tends to be reversed after CIRs pass though the Eartt
magnetosphere in all events. The variation of AL and AU is maximum in a case of IMF Bx : positive, IMF By : negative and
IMF Bz : negative. On the other hand, the variation of the SYM-H index is maximum in a case of IMF Bx : negative, IMF By
. positive and IMF Bz : negative. From the above results, it can be inferred that the Earth’s ring current flowing in the inner
magnetosphere is efficiently developed in a case of IMF Bx : negative, IMF By : positive and IMF Bz : negative while the
high-latitude ionospheric currents are significantly intensified in a case of IMF Bx : positive, IMF By : negative and IMF Bz :
negative.

Fh[aldizAH B EF fEEK (Corotating interaction regions : CIRBYEE - Ed KR OMHEEHIC X > TIERE NS, Ed
KEFEIEaaFR—)LzidEe LTH D, HEREKEORERBILOER L /55, a0 R— ) VId KGR AR
WK S HBIL, B MZERNC BV 2GS 2 LT\ %, Tsurutani et al. [2006]c K 4uUE, Fiilsk 0k — )L O BF A
BICEH LITic K> T, KEHEBIE I D7z 5 @R KRR O HERRL S AN O EMNH S MR > T0E M (fc L A
Harvey et al., 2000; Harvey and Recely, 200217 L 7z 7R3 0 01 F R — LIS DWW T ORHMilE L 72 Hlc TN THARL,
Z T, AR TIEIMEE OO IR —) )V 2R &5 5 End KR O BRI PE - EEEEIC 52 % 0825 MMCd 5 C
2 I E L, 19964 3 Ah 5 20094 12 H D awtk—)Uiikd - KRG - 22 W22 IMF) « MR &EEEC (AL,
AU, SYM-H) IZDW T superposed epoch analyésis C 7> 7z, 7z IMF OZEMZAE) % 4 DD/ 2 — 5730 (IMF Bx
1E, IMF By: £ D IMF Bz:IEX 72131, IMF Bx: £, IMF By: IEAD IMF Bz IEX 7213 1) . &%/3%— 1BV T CIRsSHY
HIERRE BN RE T 2 i1 TORRGE « IMF « Ml SHERO LT ZRE Uz, SRIOMHNT Tld. SOHO E DMLy’
s (EIT) @O 2 e Kb ammbifgz i Uiz, KEE - IMF X ACE fi52 & Wind f 2 OB T — 2 &2 i Tz, HifgA]
TR SRR S I SRR 2 > 2 — (WDC, Kyoto) D7 — & & iz, iz, KEG2mz s el Lz &
ZOREEORIMED 2 BEE U, K2 2R (-60 - -30). (-30-0). (0-30) (30 -60) ¢). #£ (-30 - 30) (%)
D ATEHIT 7T, BTEEANOE 7 )V L BE X D HEORWE 7 VOt b gz #E L, fife LT, au
FAR—IVEREOZEMAIFEIL TIENRTH B T b o, BAIICIE 200040 5 20034ED RN FERD J7H8E
FERE D aaFR— VRN K E DN o7, £lo. TR A TOmBEZENII M FEROIKHEE (-30-0) (¥) -t d
Zhotz, THIT, CIRsHMIERRSPE 2 Wi L 72121C IMF B0 DTS DR A N2 h TR LNz, HIRGTEEIE
IMF Bx:1E, IMFBy:fi, IMFBz:EAD& X AL, AU 8O ZEFDRKIZ>T. —/5 T, IMFBx: &, IMF By: IE/D IMF
BzZED & & SYM-HEHDOEHMNRKIZ>Tz, TDTEMNS, IMFBx:E. IMF By: IEAD IMF Bz: B D513 NEBELA
B RN SEEBERNFEEL, IMFBx:IE. IMF By:£1h)D IMF Bz DG A BB MEE RN ET S e EZ 5N5,
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lonospheric TEC forecasting modedsed on linear time-series and ARMA methods
over a Low latitude GNSS Station

# Ratnam D. Venkata[1]; Yuichi Otsuka[2]; Dabbakuti J R K Kumar[3]; G Shivavaraprasad[3]
[1] K L University, India; [2] ISEE, Nagoya Univ.; [3] K L Univ.

Forecasting of ionospheric time delays has become a significant importance in satellite based navigation and communicatic
system applications. Several researchers have been developed and implemented univariate Total Electron Content (TEC) fol
casting models successfully over low, mid and high latitude regions. Therefore, identifying an effective multivariate forecasting
technique is very essential to protect the GNSS users under various geophysical conditions. In this paper, a new ionospheric TE
forecasting model based on linear time-series and Autoregressive and Moving Average (ARMA) is proposed and implemente:
using Bangalore International GNSS Service (IGS) station data (geographicN3.0257E; geomagnetic latitude £K)
during an extended period (2009-2016) in the 24th solar cycle. ARMA model can provide high accuracy in forecasting the
localised ionospheric TEC variations from its estimated coefficients in the proposed forecast model. The major factors, namely
solar Extreme Ultraviolet (EUV) irradiance (F10.7p), geomagnetic activity (Ap), periodic oscillations (annual, semiannual and
terannual oscillations) and secular trend are considered in the model as input parameters along with real time TEC observatior
The proposed model is twofold: first, the impact of different solar, geomagnetic, trend and periodic factors on TEC has beer
investigated from linear model. Second, ARMA method is applied for forecasting the each factor. The forecasted individual
factors are combined to obtain forecasted TEC values. The correlation coefficient of the estimated TEC from the proposed mod:
TEC and the observed Global Positioning System (GPS) -TEC is around 98%. The magnitudes of semiannual variation hav
been reflected to be high during the High Solar Activity (HSA) period. It is also found that the geomagnetic effect on TEC is
relatively low. The proposed ionospheric TEC forecasting model would be useful for characterizing the low-latitude ionospheric
variations.
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Temporal and spatial variations of the ionosphere and plasmasphere during geomagnet
storms as seen in global TEC data

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

The global structure of the ionosphere and plasmasphere is drastically changed during geomagnetic disturbances such as stot
and substorms, and the response of the ionosphere and plasmasphere to geomagnetic disturbances is very complicated.. Prev
studies showed (1) a large enhancement of Total Electron Content (TEC) in the equatorial and middle-latitude regions within
few hours during a severe geomagnetic storm [e.g., Mannucci et al., 2005], (2) formation of storm-enhanced electron densit
(SED) extending from middle to high latitudes [e.g., Foster, 2013], and (3) physical process of SED formation and variation of
the equatorial ionosphere on the basis of global SAMI3-Rice Convection Model (RCM) simulation [Huba and Sazykin, 2014].
However, these studies did not investigate detailed temporal and spatial variations of the ionosphere and plasmasphere wi
high time resolution during the main and recovery phases of geomagnetic storms on the basis of global TEC data analysis. |
this study, we analyzed the temporal and spatial variations of ionospheric trough associated with development and decay ¢
geomagnetic storms with the global TEC data in order to clarify the variation of the plasmapause location. In this analysis,
we used the geomagnetic Kp and SYM-H induces and global TEC data, and the Inter-university Upper atmosphere Globa
Observation NETwork (IUGONET) data analysis tool [Tanaka et al., 2013]. These data are provided by World Data Center
for Geomagnetism, Kyoto University, and Dense Regional And Worldwide INternational GNSS-TEC observation (DRAWING-
TEC) project, NICT [Tsugawa et al., 2007], respectively. We first produced a global distribution of the 10-day quiet-time average
TEC in a month of investigated storm events. As a next step, we created a global map of difference of TEC (d-TEC) in betweer
the storm-time and quiet-time periods, and investigated the global variation of the d-TEC during the main and recovery phase
of geomagnetic storms. During the pre-storm and initial phase of geomagnetic storms, d-TEC showed a small variation with the
amplitude of less than 3 TECU except for the equatorial and low-latitude (less than 30 degrees, GMLAT: geomagnetic latitude)
After the sudden commencement identified as a step-like increase of the SYM-H index, d-TEC began to increase in the middle
low latitudes (30-55 degrees) of the morning sector (9-10 h, LT: local time). As geomagnetic storms grow, the enhanced d-TEC
region expanded to the afternoon sector (15 h, LT) within 4-5 hours. 4 hours after the start of the main phase, the decreased d-TE
region with a line structure in a longitudinal direction, which is identified as an ionospheric trough, appeared in the afternoon
sector (14-17 h, LT). The location moved equatorward with a wavy structure with a scale of 500-1000 km in a longitudinal
direction associated with the development of geomagnetic storms. This implies that the plasmapause move earthward with
spatially inhomogeneous structure in association with an intensified convection electric field with a small-scale structure. Or
the other hand, in the high-latitude region (more than 60 degrees, GMLAT) of the morning sector (10-11 h, LT), a plume-like
structure of d-TEC appeared, which corresponds to the SED phenomenon. The ionospheric trough and SED disappeared with
1 hour after the start of the recovery phase of the geomagnetic storm. The disappearance of these phenomena suggests that
SAPS/SAID activity and convection electric field decrease associated with the recovery phase of the geomagnetic storm.
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Seasonal dependence of semidiurnal equatorial magnetic variations

# Akiko Fujimoto[1]; Akimasa Yoshikawa[2]; Teiji Uozumi[3]; Shuji Abe[4]; Hiroki Matsushita[5]
[1] ICSWSE, Kyushu Univ.; [2] ICSWSE/Kyushu Univ.; [3] ICSWSE, Kyushu Univ.; [4] ICSWSE, Kyushu Univ.; [5] Earth
and Planetary Sciences, Kyushu Univ.

The fundamental structure and features of EEJ are well known from the many studies involving the ground-based magne
tometer, rocket observations, radars and simulation. These results are based on the data during the geomagnetic quiet time.
believe that the continuous observation of EEJ is most important on the study of space weather and space climates. In 200
International Center for Space Weather Science and Education, Kyushu University (ICSWSE) proposed the EE-index (Uozum
et al., 2008; Fujimoto et al., 2016), which is an index to monitor quantitatively various equatorial geomagnetic phenomena in rea
time. EE-index separates the magnetic disturbances in the equatorial region into the global (EDst) and local (EUEL) magneti
variations. Especially, the detail analysis of EUEL index provides the quantitative and visible information in order to reveal the
electromagnetic phenomena affecting the fundamental structure of Equatorial Electrojet (EEJ).

We have already demonstrated some examples applying EE-index to the equatorial magnetic variation by using EUEL date
solar cycle variation of EEJ peak, semiannual EEJ variation. In this presentation, we will show the result from the time series
analysis of the semidiurnal EUEL variation by using the data from Huancayo in Peru and Davao in Philippine during 2005-2009.
We found the 5-year average of semidiurnal EUEL variation is strongly related to the lunar phase. The strong semidiurnal EUEL
variation appears around full and new moons. The monthly average of 5-year semidiurnal EUEL variations show the remarkabl
seasonal dependence. The semidiurnal variation is stronger around January solstice and weaker around July solstice. This feat
is confirmed on the data from Huancayo and Davao. The seasonal dependence of semidiurnal variation agrees with the seaso
profile of atmospheric neutral wind (2.2) mode. The quiet EEJ is well known to be associated with lunar tides. The unquiet EEJ
however, has not well examined the relationship with the lunar tides. In this paper, we will present comprehensively that the
quiet and unquiet semidiurnal EUEL variations result from the lunar tide effect.
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Research for electromagnetic induction response in the low-and-mid-latitudinal region a
geomagnetic disturbances

# Mio Nakahara[1]; Akimasa Yoshikawa[2]; Teiji Uozumi[3]; Akiko Fujimoto[4]; Hiroki Matsushita[5]
[1] SEE, Kyushu Univ.; [2] ICSWSE/Kyushu Univ.; [3] ICSWSE, Kyushu Univ.; [4] ICSWSE, Kyushu Univ.; [5] Earth and
Planetary Sciences, Kyushu Univ.

Geomagnetically Induced Current (GIC) is known as one of the phenomena caused by geomagnetic disturbance phenomenc
In the estimation of GIC, it is said that the horizontal component of the ground electric field is useful [Pulkkinen et al., 2007],
and estimation of electric field by using realistic magnetic field fluctuation is discussed for the electric field induced to the ground
surface. Although many of GIC are in the high latitude region, the study of GIC has been started even in Japan with low-mid
geomagnetic latitudes [Watari et al., 2015]. The purpose of this project is to understand the process up to the observation ar
prediction in Japan located in the middle and low latitudes. In this study, examine the influence of geomagnetic field variation
on the electric field. Focusing on the horizontal component of the induction electric field of the ground surface which can be the
main electromotive force of GIC. And visually examined the magnetic field and the electric field components of 3 observation
points for 1 year in 2015, consider the characteristics of the fluctuation of magnetic field and electric field on the ground. From
the verification, it was found that the space weather phenomenon is involved in the change of the ground electric field, and ir
particular, it shows the characteristic variation in the magnetic storm, the substorm, and the SFE (Solar Flare Effect). In this
issue, we focus on ground magnetic field and electric field fluctuation by substorm and we will consider the consideration.

i OREGIIRE A R FHRGHR L HEE LT, HAZF L TW5. ZDO X5 BRSNS | Sl 38R0 —
D& LT GIC(Geomagnetically Induced CurredtYil 5N TV % . GIC OHEEIC I HIEDELO/KEKHE H [Pulkkinen
etal., 2007 EbNTHD, MEICFEI NS BIHICOWVTITHENGHGE#H ZHWVWS Z LICKBHEENERINT
W5, GICIC K 2 EH 13 S s Ic 2 W0, IR B FE MR H AR TE GIC OMGETD BT N TV % [Watari
etal., 2015]. AWML TIEHERAEERRIEICAIE S 5 HAT, MRS 5 GIC ORI, TN E] 5 £ T O Rz
HiIy & U, MR A A TSI NIE T B MAET 5. GIC D LEGEES L0 5 2R OFEBFL ORI ICHE
H, 201540 1 4[], 3B OWLY:, B0 &2 H I CHGE, s & BIROEEORMEZE 2Tz, T— 2 OMGEEN 5, Hi E
?-é%@%ébc:ﬁzaﬁﬁfﬁ%%bﬁabon%L ENOM D FRCEAUR. Y7 A b—L. SFE(Solar Flare EffectTH# #4117
)RS T Vb o . SElEZ O T, Eﬁﬂ%’h%’h“(@“ﬂ’7x b — LIS K B FEGAE) 2 MRGE LTz, £ ORS
B BB OZENZ Local Za i FRISZEFNC G LTV T e THE S NIz, RHAZHO X S ZHFR A7 — )b
DEVRGABN RN U TELBOMIGIZIIND, KIS 7 A b — Lk & ORI O FE ORI 2 — )L TOZH)
W U TRRISHES S 2 ENbho Tz,
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Simulation of Geomagnetically Induced Electric Field Originating from lonospheric
Current

# 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/omura-lab/index.php

During geomagnetically disturbed conditions, geomagnetic induced currents can cause severe damages on our life. It hi
become thought that such strong GIC flows at high latitudes. The direct cause of the GIC is the geomagnetically induced electri
field on the ground. In order to evaluate the GIE, we need to solve the propagation of electromagnetic fields from the curren
source that is presumably located in the ionosphere and the magnetosphere. Previously, estimation of GIE has often been me
with 1D conductivity models and plane waves because small inhomogeneities of the ground conductivities are thought not t
play a significant role. However, the GIE depends largely on the structure of the ground conductivities, known as the coas
effect. Japan has complicated structures of the ground conductivities due to volcanos and plate boundaries. The purpose of t
study is to understand the effect of the 3D treatment of the ground conductivity on GIE. We simulated the propagation of the
electromagnetic fields by using the FDTD method.

Simplified structures of the ground conductivities were tested for qualitative understanding of GIE. For the sake of simplicity,
we also assume simplified ionospheric currents as a source current. First, we changed only ionospheric current. When w
introduced a pair of two vertical line currents, charge is accumulated in ionosphere, resulting in localized, small GIE on the
ground below the line currents. Second, we introduced different ground structures. A uniform sheet current is assumed to flow il
the ionosphere. For an island with a bay and an island with a peninsula, GIE was enhanced near the edge of a bay, or peninsula
a factor of two. For an island with a mountain, the current penetrates vertically into the interior of the ridge of the mountain, and
GIE has local maxima at foots of the ridge. These maxima are as great as GIE at the coast. For a land with a large conductivit
region, such as magma, embedded in the ground, the phase of the electric field is different from ambient. We will discuss th
GIE on the ground having complicated structures in terms of current lines and charge distribution.

KBS & B HEEIEELIRR DO —DTH 2 K AEE R (GIC) 3EE R £, RRHCHAZ B OEIRIC K E RREsEx
MIF T, GIC IS HE TR 2HRIZEEZEZLNTWED, HEOBHIL D GICIEITERETELRIZHETHS T
EMHSNE RS TS, GIC IFHIEAGEEE (GIE) WEEMED MICRET BT LICKDRET S, HEKRD GIED
ittt & UCREHRE & LR 2S5 X Tz — XD T IVOFHANFLE 5Tz, UL UHARD X 5 ISR iR
RTINS L— b EOH FEEZ > TV AHI TIE—XtETIVT GIE TS 2 LIdEHELY, TD XS ki
WICHENTIE =T ETIVC GIE e 2 T RO END, FATZBEOWIZEHIEE U TlE = ROTZEM T D GIE DfikT
Z1T0. GIE DIREEWZEiRS 5 C LIcdh B, FATz BIE45 =T FDTD(Finite-difference time-domain}:z fivT GIE
DYIal—yareEiTol,

VIal—yarvoETI)Ive UTIIERREE RS fEDFEST 2 ET IV ERE Lz, 9 HImMN kR EERZ K
DERGEL., BEEEERZHEL GIIRICEG A T, BREEERE UTEED DY I ADERZ 5 A 1255 . A
DOFBEFHRMOE FOEHD T/NE7R GIEDRAET BT ENnh Tz, Kl TEREZ BHEE OO T/ —RR ISR
NEEI Yy —FERZIEL., HEEEZREATRETIVICEZATGIEDY 2 al—YavkEiTol, 9 8MERED
M E N B ZIE LI258E, BOMITERMEED, MOED EROKEED GIENMEHT 2T SN
Tolze TNUXNEREZRODEZIGE LIZGEIC BRI CBHEM L E Tz, BICHENZRECIUDEET 2TV TR, 1
D GIE L [AFED GIE DD MICHET BT ENHL M i o, HIHICR IIIDEET B ET VTR, I
O _FOMEE THOFE & bR GIE DNAINTNSG T ENHEM o Tz, BRETIE., Bk & BRI OB TIE—F
HRRSSE EO GIEIC DWW TCHEART 5,
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Plasma bubble event on CEJ occurrence day

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

Plasma bubble is one of the ionospheric disturbance that occurs after sunset in magnetic equator. It causes amplitude a
phase fluctuation (scintillation) of the received radio wave and affects communication system such as GPS satellites. Recentl
it has been suggested that there is a relationship between plasma bubble and equatorial electrojet (EEJ) [e.g. Dabas et al., 20
Uemoto et al., 2010]. The plasma bubble occurs due to Rayleigh-Taylor instability, so generation of eastward electric field is
expected as necessary condition for development of plasma bubble. Therefore, occurrence of plasma bubble (PB) is supposec
be suppressed when counter electrojet (CEJ) accompanied by westward electric field occur [e.g., Uemoto et al., 2010].

The EE-index is one of the ICSWSE space weather indices for monitoring local and global components of geomagnetic
disturbances at low and equatorial region, which was originally developed by Uozumi et al., (2008) and later updated by Fujimotc
etal., (2016). Since then, ICSWSE has continued to monitor the EEJ activity by using this EE-index. The EE-index is composec
of EDst (global component) and EUEL (local component), which correspond to magnetic field changes at dip equator caused b
magnetospheric current such as ring current and, caused by ionospheric current such as EEJ and Sq, respectively.

In this study, we found that there were some days when PB occurred even though the CEJ also occurred by the EUEL
equatorial station (Langkawi (LKW), Malaysia (GG Lon. =99.78, Dip lat. =-1.07)) and S4-index (equivalent to amplitude
scintillation of GPS signal) by ISEE, Nagoya University, in Kototabang (KTB), Indonesia (GG Lon. =100.32, Dip Lat. =-10.1).
To investigate relation between occurrence of CEJs and PBs, we compare EE-index and differences of H-component at LKV
and at KTB, which is often used to measure EEJ enhancement component, for events that CEJ and PB occur in same day.

As the result, when PB occurs in CEJ day, the electric field tended to change from westward to eastward between the peak
CEJ and around sunset. We may conclude that plasma bubble can be generated even if CEJ occurs, if the electric field turn
eastward at sunset region, like prereversal enhancement is occurs.
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Dependence of Schumann resonance parameters on solar activity

# Akihiro lkeda[1]; Teiji Uozumi[2]; Akimasa Yoshikawa[3]; Akiko Fujimoto[4]; Shuji Abe[5]; Hiromasa Nozawa[6]; Manabu
Shinohara[7]
[1] KNCT; [2] ICSWSE, Kyushu Univ.; [3] ICSWSE/Kyushu Univ.; [4] ICSWSE, Kyushu Univ.; [5] ICSWSE, Kyushu Univ;
[6] Kagoshima NCT; [7] Kagoshima National College of Technology

The Schumann resonance (SR) is the global resonance of electromagnetic waves generated by global lightning activity. Tk
resonance is formed by the Earth-ionosphere cavity and the specific resonance frequencies, which are about 8, 14, 21, and 26 |
appears in ground magnetic field variation. The diurnal variations of SR parameters reflect the properties of both global lightning
activity and the state of the Earth-ionosphere cavity.

Recently the SR is further expected as an indicator of earth’s climate. In order to use the SR parameters for studying suc
earth’s climate, we need a better understanding of the long-term variations of the SR in terms of correlation between solar ac
tivities. In this study, we examined the fundamental mode of SR at Kuju, Japan (KUJ, M.Lat. = 23.4 degree, M. Lon. = 201.0
degree) by comparing solar activities.

The ground magnetic field variation in the extremely low frequency (ELF) range has been measured by an induction mag
netometer at KUJ since 2003. The observation is a part of activities by International Center for Space Weather Science an
Education Kyushu University. The components of ground magnetic field used in this study are horizontal northward componen
(H) and horizontal eastward component (D). To compare the magnetic field data with solar activity, we also used daily F10.7 anc
daily EUV flux data in 0.1-50 nm wavelength bands. The EUV data is obtained by the Solar EUV Monitor (SEM) aboard the
Solar Heliosphere Observatory (SOHO) satellite at the L1 point.

The fundamental mode of the SR frequency follows solar activity (i.e., F10.7 and EUV flux). The SR frequency tends to in-
crease with increasing solar activity. Such tendency is especially prominent in the H component. Also the correlation coefficien
between the SR frequency in the H component and EUV flux is high (C.C. = 0.71). We conclude that the SR frequency depend
on the density in the ionospheric D region which varies with solar activity.
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lonization of protoplanetary disks by galactici: cosmic rays, solar protons, and supernova
remnants

# Ryuho Kataoka[1]; Tatsuhiko Sato[2]
[1] NIPR; [2] JAEA

Galactic cosmic rays and solar protons ionize the present terrestrial atmosphere, and the air showers are simulated by we
tested Monte-Carlo simulations, such as PHITS code. We use the latest version of PHITS to evaluate the possible ionizatio
of protoplanetary disks by galactic cosmic rays (GCRs), solar protons, and by supernova remnants. The attenuation length
GCR ionization is updated as 118 g cm2, which is approximately 20% larger than the popular value. Hard and soft possible
spectra of solar protons give comparable and 20% smaller attenuation lengths compared with those from standard GCR spect
respectively, while the attenuation length is approximately 10% larger for supernova remnants. Further, all of the attenuatior
lengths become 10% larger in the compound gas of cosmic abundance, e.g. 128 g cm2 for GCRs, which can affect the minimu
estimate of the size of dead zones in protoplanetary disks when the incident flux is unusually high. In this presentation we furthe
discuss our recent progress.
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Cosmic ray modulation and radiation dose of aircrews during the solar cycle 24/25

Shoko Miyake[1]; # Ryuho Kataoka[2]; Tatsuhiko Sato[3]
[1] Ibaraki College; [2] NIPR; [3] JAEA

Weak solar activity and high cosmic-ray flux during the coming solar cycle are qualitatively anticipated by the recent observa-
tions that show the decline in the solar activity levels. We predict the cosmic-ray modulation and resultant radiation exposure a
flight altitude by using the time-dependent and three dimensional model of the cosmic-ray modulation. Our galactic cosmic ray
(GCR) model is based on the variations of the solar wind speed, the strength of the heliospheric magnetic field (HMF), and the
tilt angle of the heliospheric current sheet. We reproduce the 22-year variation of the cosmic-ray modulation from 1980 to 201E%
taking into account the gradient-curvature drift motion of GCRs. The energy spectra of GCR protons obtained by our model
show good agreement with the observations by BESS and PAMELA except for a discrepancy at the solar maximum. Five yea
annual radiation dose around the solar minimum at the solar cycle 24/25 will be approximately 19% higher than that in the lasi
cycle. This is caused by the charge sign dependence of the cosmic-ray modulation, such as the flat-top profiles in a positiv
polarity. In this presentation we further discuss our recent progress.
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27-day solar rotational cycle in lightning activity in Kyoto from the 17th to 18th century

# Hiroko Miyahara[1]; Yasuyuki Aono[2]; Ryuho Kataoka[3]
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A solar rotational period of approximately 27 days has been detected in cloud and lightning activities, although the mechanisn
of the sun-climate connection remains unclear. In this paper, we analyze the time series of lightning activity in the late 17th
century to the mid 18th century, extracted from old diaries in Kyoto, Japan, and search for the signal of solar rotational cycles
The 27-day cycles were detected in the lightning data, but they disappear during the Maunder Minimum. This finding provides

insight into the connection between solar activity and the Earth’s climate.
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Reconstruction of the flux of galactic cosmic rays using travertine deposits: A pilot study

Hongyang Xu[1]; # Hiroko Miyahara[2]; Kazuho Horiuchi[3]; Limin Zhou[4]
[1] East China Normal Univ.; [2] Humanities and Sciences, Musashino Art Univ.; [3] Hirosaki Univ.; [4] East China Normal
Univ,

Cosmogenic nuclides in the annual layers of natural materials record temporal variation of galactic cosmic ray flux in the
past. Carbon-14 in tree rings or beryllium-10 in ice cores from polar region are often used to retrieve accurate history of
GCRs. However, the variation of carbon-14 produced in the atmosphere is strongly attenuated in the carbon cycle. In the cas
of beryllium-10 in ice cores, it remains relatively large amplitude, but the records are accompanied with dating uncertainties.
We therefore seek for a possibility to retrieve the information of GCR flux from the beryllium-10 content in annual layers
of endogenic travertine deposits. In this paper, we report on our preliminary results of the measurements of beryllium-10 in
travertine samples obtained from China.
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