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International Activities for Space Weather

# Mamoru Ishii[1]; Chihiro Tao[2]; Mitsue Den|[2]
[1] NICT; [2] NICT

http://swc.nict.go.jp/contents/index.php

The discussion for operatoinal use of space weather in international and governmental organizations since several years ag
ICAO has been discussing the regulation of utitily of space weather information for civil aviation. WMO also discuss the
international cooperation for sharing space weather information and tries to establish the framework.

US published &quot;National Space Weather Strategy&quot; and &quot;Space Weather Action Plan&quot; on October 2015
and the national framework against severe space weather event is now establishing. UK and South Korea also provided the
national reports.

On the other hand, Japanese government does not show any actions. After the revision of &quot;National Space fundament
Plan&quot; the word of &quot;Space weather&quot; is disappeared in the recent version. Space Situation Awareness (SSA) i
discussed based on space debris, near-earth objects and space weather, however, Japanese SSA discussion is limited on s
debris.

Under the condition, it is very important to discuss the social impact of space weather between the scientists and operation:
organizations in the framework of PSTEP. In addition, this framework has a merit of no interference with political issue, which
is important to prepare trastful documents.

We will present the current status of international and governmental organizations, and that of hazardous map discussed
PSTEP.
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PSTEP: Towards Predicting Next Solar Cycle

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

The 11-year solar cycles and the longer-term variations of the solar activity may affect the Earth’s climate. Predicting the nex
solar cycle is crucial for the forecast of the &quot;solar-terrestrial environment&quot;. Therefore, as a part of the PSTEP (Project
for Solar-Terrestrial Environment Prediction), we are developing a five-years prediction scheme by combining the Surface Flux
Transport (SFT) model and the most accurate measurements of solar magnetic fields. We estimate the meridional flow, differenti
rotation, and turbulent diffusivity from recent modern observations (Hinode and Solar Dynamics Observatory). These parameter
are used in the SFT models to predict the polar magnetic fields strength at the solar minimum. We also plan to apply our predictio
scheme to long-term variations of solar activity and investigate the possibility of grand minimums such as the Maunder Minimum
in the future. In this presentation, we will explain the outline of our strategy to predict the next solar cycle. We also report the
present status and the future perspective of our project.
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MHD simulation study of the rotation of CME due to the interaction with the coronal
magnetic field

# Masaki Shirota[1]; Daikou Shiota[2]; Kanya Kusano[3]
[1] ISEE, Nagoya Univ; [2] ISEE, Nagoya Univ.; [3] STEL, Nagoya Univ.

Coronal mass ejections (CMEs) are one of main drivers of various disturbances in space weather. In particular, the timin
of arrival, the strength, and the amount of southward magnetic flux brought by CMEs are important factors for space weathe
disturbances. These factors are determined as a result of launching and propagating of CMEs. In particular, the structure ar
dynamics of CMEs are likely to be influenced by the coronal magnetic field during the formation phase through the solar corona
Therefore, the understanding of the interaction of CME with the solar coronal magnetic field is necessary for improving the spac
weather forecast.

We performed a three dimension magnetohydrodynamic simulation of the interaction between CMEs and its ambient corone
magnetic field. In the initial conditions, an ejecting flux rope is embedded under two different ambient fields: hydrostatic
atmosphere and a steady state of bimodal solar wind. In both cases, inner boundary magnetic field is set to be identical dipo
magnetic field. Hence, magnetic field is potential dipole in the hydrostatic case while some fraction of polar field is open in the
steady wind case.

The numerical results show that the ascent speed of flux rope in the steady wind case is faster than that in the hydrostatic ca
because of the background solar wind. It is found that the flux rope rotates during evolution in both cases, while the total angle
of the rotation is significantly different. In the steady wind case, the flux rope continues to rotate from its start to 3 solar radius
and the total rotation angle is about 90 degree. On the other hand, in the hydrostatic case the flux rope continues to rotate fro
its start to 4 solar radius and the total rotation angle is about 180 degree. We found that the area where the flux rope rotatio
continues is determined by the strength of the ambient magnetic field. The total rotation angle is found to be proportional to the
amount of magnetic flux of ambient field that interacts with the flux rope through its rotation.

As shown in the numerical results, because the interaction with ambient magnetic field affects the rotation of CMEs, a realistic
modeling taking into account of dynamics in the corona will be necessary for the prediction of the southward magnetic field in
space weather forecast.
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Studies of solar wind models using SUSANOO-SW

# Toshihiro Ishida[1]; Daikou Shiota[2]; Kanya Kusano[3]; Takeru Suzuki[4]; Ken'ichi Fuijiki[5]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] STEL, Nagoya Univ.; [4] Physics dept., Nagoya Univ.; [5]
STELab.,Nagoya Univ.

Because the interaction with solar wind is a primary cause of magnetospheric disturbances, the prediction of solar wind is cru
cial for the space weather forecast. In recent years, our group have developed a space weather prediction model: SUSANOO-S
(Space-weather-forecast-Usable System Anchored by Numerical Operations and Observations-Solar Wind), which can predi
the solar wind profile at the Earth’s orbit on the basis of three-dimensional MHD simulation [Shiota et al., 2014]. The input data
is a series of observed daily photospheric magnetic field maps only. In SUASNOO-SW, the potential field source surface (PFSS
model and the Wang-Sheeley model [Arge and Pizzo, 2000] are applied to coronal magnetic field and the speed solar winc
respectively. Although SUSANOO-SW may reproduce the large-scale three-dimensional structures of solar wind, the model i
not yet able to well reproduce the observation of solar wind in shorter time-scale than about one Carrington rotation and the
amplitude of solar wind speed.

In this research, we study the cause of deviation between the model and the observations focusing on the solar wind spe:
model which is used to specify the solar wind distribution on the inner boundary condition of SUSANOO-SW. The Wang-Sheeley
model depends only on the expansion factor of magnetic flux. In order to improve it, we adopt a new solar wind speed mode
[Fujiki et al. 2014] taking into account not only of the expansion factor but also of the magnetic field strength. The new model is
consistent also with the theoretical work by Suzuki [2006]. We quantitatively evaluated the performance of the new model, anc
found that the results of the new model show better agreement with the in-situ observation in 2009.

However, we also found the modeled speed profile in a specific period on September 2009 is not improved by the new mode
Because both speed models commonly use the information of the coronal magnetic field calculated from the observed magnet
field on the photosphere and the PFSS model, the reproducibility of the coronal magnetic field can cause the deviation during th
period. Especially, we focused on the possibility that the error in the photospheric field maps may cause the deviation of sola
wind from the observations. When a sunspot group appears on the backside of the Sun, which cannot be observed, it may ma
a significant influence on the global coronal field structure in this period. This failure of taking information into the observation
may lead the worse reproducibility of magnetic field calculated by PFSS model. We tried to improve this problem by modifying
coefficients of spherical harmonics in PFSS model while considering sunspot group which cannot be observed. This modificatio
will be presented.
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A Case Study for Extreme Magnetic Storms in the 18th century by Historical Documents

# Hisashi Hayakawa[1]; Kiyomi Iwahashi[2]; Yusuke Ebihara[3]; Harufumi Tamazawa[4]; Ryuho Kataoka[5]; Hiroko
Miyahara[6]; Hiroaki Isobe[7]
[1] Histories, Kyoto Univ.; [2] Nijl; [3] RISH, Kyoto Univ.; [4] Kwasan Obs, Kyoto Univ; [5] NIPR; [6] Humanities and
Sciences, Musashino Art Univ.; [7] USSS, Kyoto Univ.

In this presentation, we examine an extreme space weather event in 18th century before Carrington event comparing col
temporary sunspot drawings and historical records of aurora observations to get insights on the solar activity before telescop
observation and its future possibility.

As for telescopic observations for our sun we have 400-year history on sunspot observations and 150-year history on flar
observations since Carrington flare. However, these lengths are not enough to consider space weather events as rare and extr
as superflares. Therefore, in order to cover this problem, previous studies turn their eyes on the solar typed stars to estimate t
possibility of solar activity.

However, turning our eyes onto our sun, we can trace back the solar activity at least 2500 years consulting historical docu
ments for auroras or sunspots. Thus, in this presentation, we examine the actual historical documents and pick up and analy
the magnetic latitude of one extreme event in 18th century with simultaneous aurora observations all over Japan and East Asic
recorded, to consider a possibility of great magnetic storm in comparison with contemporary sunspot drawing. Our presentatio
aims at giving further insights on a possibility to investigate possibilities to utilize historical records on the studies space weather
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The earliest space weather monitoring of prolonged aurora activities in Japan and in
China

# Ryuho Kataoka[1]; Hiroaki Isobe[2]; Hisashi Hayakawa[3]; Kataoka Ryuho Aurora 4D Project[4]
[1] NIPR; [2] USSS, Kyoto Univ.; [3] Histories, Kyoto Univ.; [4] -

Great magnetic storms are recorded as aurora sightings in historical documents. The earliest known example of prolonge
aurora sightings in Japan was documented on February 21-23, 1204 in Meigetsuki, when a big sunspot was also recorded
China. Before the Meigetsuki event, a significant fraction of a total of two hundreds of possible aurora sightings in Song dynasty
(960-1279) of China multiply occurs within a few days and sometimes recurrent approximately with the solar rotation period of
27 days. The prolonged aurora activity events occur only around the solar maximum or in the declining phase as estimated frot
the 14C analysis of tree rings, and they do not occur during the Oort Minimum (1010-1050). The historical documents therefore
tell us useful information to prepare against the space weather hazards in future.

Reference: Kataoka, R., H. Isobe, H. Hayakawa, H. Tamazawa, A. D. Kawamura, H. Miyahara, K. Iwasaki, K. Yamamoto,
M. Takei, T. Terashima, H. Suzuki, Y. Fujiwara, and T. Nakamura (2016), The earliest space weather monitoring of prolonged
aurora activities in Japan and in China, submitted to Space Weather.
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Estimation of the auroral electrojet index using the data assimilation

# Ryota Yamamoto[1]; Yoshizumi Miyoshi[2]; Shinobu Machida[3]; Genta Ueno[4]; Masahito Nose[5]; Yukinaga
Miyashita[2]; Daikou Shiota[6]
[1] STEL; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya Univ.; [4] ISM; [5] DACGSM, Kyoto Univ.; [6] ISEE, Nagoya Univ.

The auroral electrojet indices (AU, AL, AE) are a proxy of substorm as well as auroral activity, so that the forecast of these
indices are important for the space weather forecast. In this study, we develop a data assimilation code to estimatethe AU inde
based on Goertz et al. [1993] model. The state space model consists of the system model and the observation model. The mo
of Goertz et al.[1993] is used as the system model, which calculates time variation of the AU index using the electric fields of the
solar wind. The state vector includes the AU index and coupling parameters for solar-wind, magnetosphere and ionosphere. Tt
AU index provided from WDC-C2, Kyoto University is used as the observation vector. The sequential data assimilation includes
the following three steps; prediction, filtering, and smoothing. We use the particle filter that can apply for non-linear/non-gaussiar
problems. Furthermore, we use the particle smoother as the smoothing scheme. The particle degeneration is often observec
the data assimilation using the particle filter, which means that the number of particles is not enough to guaranty validity of
the particle approximation of the probability distribution. In order to reduce the particle degeneration problem, we develop a
code using the parallel computer to use many particles as ensemble members. The effective sample size is also used as a pr:
to indicate the number of particles that can contribute to the particle approximation of the probability distribution. Using the
developed code, we estimate the AU index from 1998 to 2015. Using the data assimilation, the dynamical estimation of the
coupling parameters is possible, which significantly improves the forecast performance. The estimated coupling parameters ha
semi-annual modulations as well as the long-term modulations. According to Goertz et al.[1993], the coupling parameters are
function of the ionospheric conductance, so that it is expected that the estimated seasonal and yearly variations of the couplir
parameters from the data assimilation correspond to the seasonal and yearly variations of the ionospheric conductance.
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Seasonal variation of the amplitude of the main impulse (MI) of sudden commencement:
in the low-latitude and equatorial regions

# Atsuki Shinbori[1]; Takashi Kikuchi[2]; Tohru Araki[3]; Akihiro Ikeda[4]; Teiji Uozumi[5]; Hisashi Utada[6]; Tsutomu
Nagatsuma(7]; Akimasa Yoshikawa[8]
[1] RISH, Kyoto Univ.; [2] ISEE, Nagoya Univ.; [3] none; [4] KNCT; [5] ICSWSE, Kyushu Univ.; [6] ERI, Univ. Tokyo; [7]
NICT; [8] ICSWSE/Kyushu Univ.

Seasonal variation of the amplitude of the main impulse (MI) of geomagnetic sudden commencements (SCs) in the eque
torial and low-latitude regions (geomagnetic latitude (GMLAT) range: &It;18 degrees) has been investigated using high time
resolution (1-3 sec) geomagnetic field data for the period 1996-2010. These geomagnetic field data are provided by the Circun
Pan-Pacific-Magnetometer-Network (CPMN) [Yumoto and the CPMN Group, 2001] and National Institute of Information and
Communications Technology (NICT) Space Weather Monitoring (NSWM) [Kikuchi et al., 2008]. In order to identify SC events
from January 1996 to 2010, we used the SYM-H index with 1-minute time resolution archived on the web site of World Data
Center for Geomagnetism, Kyoto University. In this study, total 7686 SC events were found as a sudden increase of the SYM-+
index by more than 5 nT during this period, corresponding to the solar wind dynamic pressure enhancement. The solar win
data are archived on the CDAWeb site. As a result, the local time distribution of the SC-MI amplitude in the equatorial region
(GMLAT range: &lt; 10 degrees) showed that the SC-MI amplitude was enhanced significantly with the maximum around 10-11
h (magnetic local time: MLT). This suggests that a dawn-to-dusk electric field originating from the polar ionosphere enhances ar
eastward equatorial electrojet (EEJ) during the SC-MI phase. The peak of the SC-MI amplitude around 10-11 h (MLT) showed
a little decrease by 3-10 % in the summer (May - July), compared with that in the equinox or winter. A magnitude of the SC-MI
amplitude reduction was larger at Muntinlupa and Guam off the dip equator than at Ponpei and Yap around the dip equator. Thi
implies that the intensity of the eastward EEJ becomes slightly weak during the summer due to a decrease of ionospheric co
ductivity or SC-MI electric field intensity. On the other hand, the diurnal variation of the SC-MI amplitude at Okinawa showed
two peaks around the noon and midnight. The first peak value around the noon tended to decrease slightly by 5-7 % in th
summer, compared with that in the winter, but the second peak tended to be enhanced in the summer. The summer depressior
the low-latitude SC-MI amplitude can be thought as a weakness of the SC-MI electric field intensity due to the enhancement o
ionospheric conductivity.
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Latitude and local time variations of stormtime electric fields as observed with HF
Doppler sounders and SuperDARN

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

Penetration of electric fields during the intense geomagnetic storm on 22-23 June, 2015 was investigated using HF Dopple
sounders (HFDs) on the day- and night-sides and SuperDARN at high- and mid-latitudes. ACE observed that the southwar
interplanetary magnetic field (IMF) decreased to -30 nT at 1801 UT, lasting 70 minutes concurrently with a sudden increase o
the solar wind dynamic pressure. A storm sudden commencement (SC) was observed at 1833 UT by the HFDs at 7 statior
in Japan (0330 MLT), Zhongli, Taiwan (0230 MLT) and Prague, Czech (1930 MLT), and midlatitude SuperDARN radar in
Hokkaido, Japan. The electric field of the main impulse (MI) of the SC and the succeeding storm main phase was westward witl
the intensity decreasing from 7.8 mV/m at Oarai (27.3 degrees GMlat) to 2.0 mV/m at Zongli (15.4 degrees GMlat) in the post-
midnight, whereas that was eastward of 1.2 mV/m at Prague (50.0 degrees GMlat). The multi point observation of HFD showec
that the eastward convection electric field expanded into the evening hour 1830-1930 MLT. The global magnetometer networks
NICT chain, INTERMAGNET and SuperMAG, showed that the DP2 currents developed from high latitude to the equator on both
the day- and night-sides during the storm main phase. The DP2 currents should be driven by the dawn-to-dusk magnetosphe
convection electric field as detected by THEMIS near the magnetopause in good correlation with the DP2 ionospheric currents
On the other hand, midlatitude SuperDARN radars in the American sector observed anti-sunward plasma flows at latitudes lowe
than 47 degrees GM latitude after 2010 UT, equatorward of the expanded dusk convection cell, indicating that the overshieldin
occurred due to the northward excursion of the IMF. It is remarkable that the overshielding caused westward counterelectroje
(CEJ) at the dayside equator and eastward equatorial electrojet (EEJ) on the nightside. Based on the HF radio and magnetome
observations, we suggest that the intense convection /overshielding electric field penetrated near-instantaneously to the mid- a
low-latitudes and cause the EEJ/CEJ on both the day- and night-sides during the geomagnetic storm.
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On the estimation of ion drift velocity from electrostatic probe data obtained during
ICI-4 campaign

# Takumi Abe[1]; Joran Moen[2]
[1] ISAS/JAXA,; [2] University of Oslo

A series of the ICI (Investigation of Cusp Irregularities) sounding rocket campaign has been conducted to reveal the controlling
mechanism(s) of plasma instabilities that generates HF radar backscatter targets and GPS scintillations in the polar ionospher
The main objective of this campaign is to carry out in-situ measurements of plasma and fields to provide inherent information
about the underlying physics of such space weather phenomena.

The 4th experiment of ICI campaign (ICI-4) was conducted in February 2015 to investigate the micro-physics of plasma
instabilities and turbulence phenomena associated with polar cap patches being pulled into the night-time aurora, referred to :
auroral blobs. The auroral blob phenomenon is created when polar cap patches, islands of high electron density plasma, exit t
polar cap at night, i.e., when they are entering the night-time auroral oval. A total of seven instruments were installed on I1CI-4
rocket. Among them, Fixed Bias Probe (FBP) was provided by ISAS to measure small scale (&It; 1 m) density perturbation of
electrons and ions.

In FBP instrument, a spherical probe with a diameter of 2 cm was adopted as a detector for the electron density measuremel
In addition, two circular disk probes with a diameter of 2 cm were adopted to monitor the local ion density with high-time
resolution. The electron and ion probes are biased with a positive voltage of +4 V and a negative voltage of -3 V, respectively
with respect to the rocket potential. The electron and ion currents incident to the probe were used to investigate characterist
feature of electron/ion density irregularity. Another expectation to this instrument is to estimate a direction of ion drift from a
spin variation of ion current incident to the disk probes. In this presentation, we discuss a possibility of the ion drift estimation
from the ion current variation. In addition, we will also present characteristic feature of electron and ion density irregularity in
the vicinity of the polar cap patches as well as data from other instruments obtained during ICI-4 sounding rocket experiment.
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GAIA modeling of ionospheric response to a severe solar flare

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

Solar flares enhance solar X-ray and extreme ultraviolet irradiance to cause disturbances in the ionospheric electron densi
The disturbances degrade the accuracy in the Global Positioning System (GPS). The enhanced electron density can also aff
HF radio communications, and for large flares can even lead to radio communication blackouts. Recent studies indicated th:
the ionospheric F-region disturbances due to solar flare irradiance are controlled not only by photochemical processes but al
by electrodynamical changes of the ionosphere [Liu et al., 2007; Qian et al., 2012]. The electric field changes during solal
flare events occur mainly in the E-region due to the X-ray flux enhancement, and in the equatorial counter electrojet region:
the eastward electric field turns into westward below 107-km altitude [Manju and Viswanathan, 2005]. The TIME-GCM model
has been used to investigate the flare-related electrodynamics of the ionosphere [Qian et al., 2012]. However, the model did n
consider the flare effects at altitudes below 97 km due to the ionospheric lower boundary of the model. On the other hand, th
GAIA model [Jin et al., 2011] can simulate photochemical processes and electrodynamics around and below 100 km because tl
model does not have the limitation of the lower boundary. We have improved the GAIA model to incorporate the Flare Irradiance
Spectral Model (FISM) [Chamberlin et al., 2007; 2008] to understand the global response of the whole ionosphere including E
and D regions to the solar flares. We have performed a simulation for the X17 flare event of October 28, 2003, and have showe
that the enhanced X-ray flux considerably increases conductivity even at an altitude of 80 km. We will report its effect on the
ionospheric electric field and the equatorial electrojet currents. We will also validate our improved model by comparing the
simulated electron density, thermospheric temperature and thermospheric density with those in previous studies.

KEFHDHE T 2 X $omunge iR (EUV) &7 L7 IRRCHER L, HIERFEHERE O F Fsh 5 EfE, D #iicu\Wz5 %
T, BrEEOEIZ0EB T, B TrHEEILIE GPSOUNFEAEZKEL L, MEBEOMELZVOEEIT, TDI
B F B OGO UL EN R Z 8720 Th { EXNHANEEZHEEH LTV 5 T & MEFEOIIZEL SIS MRS T
% [Liu et al., 2007; Qian et al., 2012]X FRDOMEKIC X 2 BHOLENIFIC EFAIK TR 50, LI REAY V2 —
Yy NERMRNSHEE T, S 107kmE D R TH X B XICKE9 % [Manju and Viswanathan, 2007]C
D& 5757 LTI % EEEHEES IO, TNETTIME-GCM EF VWS NTE /- [Qianetal., 012] L
ML, CTOETIVIZEEEE O FEEERZ & 9O7TkmICRE L TWa e, TNE O KEEOBMBEILZETE XV,
ZHUTx LT, GAIA E7)V [Jinetal., 2011}& FEREESROHIEDNRNOT, i 100kmfHLR & > &K@ EOYE b4
FERBELRS VI EERIET R ENTE S, E- D HlEEEZOEBHESADO T L 71T 2 I0E 2 R % 7251, Ll
GAIA EFIWVEHREBEL, 7L 7HEART MVORERTE T L [Chamberlin et al., 2007; 2008 fHAAATE, ThzHWT
2003E 10 A 28 HDO X17 DT L THACOWT Y 2 ab—ra U Tolz & T A, X FUC X D BAIEERE D EZ 80km
KBV TEHEEATERVIER AT S LML MTE ST, KX TR, EHICEREEE OB ANELRREY oy
FERICKIET B OWTIET 5, iz, TTIVOZYNZMGET 57010, MR UE FRECREIRE - %
AT L L %
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Occurrence characteristics of plasma bubbles deduced from long-term simulation data i
GAIA

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

lonospheric plasma bubbles have critical effects on global navigation satellite systems such as the Global Positioning Systel
(GPS). Recently, occurrence prediction of plasma bubbles has become one of the most important issues in space weather foreci
Prediction of ionospheric disturbances requires a high-resolution numerical model of the ionosphere and atmosphere as well
real-time ionospheric observations. In order to reproduce and predict ionospheric disturbances, we have been developing a loc
high-resolution ionospheric model (plasma bubble model) and a whole atmosphere-ionosphere coupled model GAIA (Ground
to-topside model of Atmosphere and lonosphere for Aeronomy). Since the present version of GAIA does not have enough spati
resolution to reproduce mesoscale ionospheric disturbances, we are currently developing a coupled model of GAIA and the loc:
ionospheric model. At the same time, we are also pursuing a possibility of prediction of plasma bubble occurrence by estimating
the linear growth rate of the ionospheric Rayleigh-Taylor instability in the GAIA simulation data. We have performed a long-
term simulation using GAIA covering a period from 1996 to the present. Using the database we calculated the linear growth
rate, and compared the result with plasma bubble occurrence observations. We found that large linear growth rates obtained wi
the simulation data tend to correspond to the plasma bubble occurrence. It is expected that this method leads to a prediction
plasma bubble occurrence and gives information on controlling parameters of plasma bubbles. We will report the occurrenc
characteristics and prediction of plasma bubbles deduced from GAIA simulation data.

EHEE TS X< NT )ik GPSTx EDEERINICE KRG EZ RIFT T eh b, SEFE, ZORETHNFHERTRIC
BIAREEREDO—D LR >TWV5, TTAINTIVORETRNCIE, V7V 2 A LOBREBEBIHICINAZ T, SFEED
K& - BHETETVDIRETH D, HLOT )N —T"Tld, BHEELHSOHEELE FTHZHNE UT, @EERATERE
BTV (FIXANTNVETIV) EeR&GBE-EBEHERNEGTT IV (GAIA) ZBRLTER, HED GAIA X, 79X
RNT )5 EDFEERE A Y A — )VIRG2 EEEIRT I3 REEN L 12170 Tz, GAIA DEREEL & &R ER
FTEEEERE TV & DREGET VOB ZED TVD, —FH. TTRAINTIICONTIE GAIA DEFEMS LAY —F
A T—RLEEDFICRERERME 5 LIk, TIRAINTIIREDMHENZHIET 2 TEEZRF L T0VS, Ll
1996 LHEE TOREMY I 2Ll —Y a3y 7 =205, FHICODWTHERERDORKEEZRD, TF X</ T)LD
BT —&2 LR L, ZOREMEREFARTNS, TNE TORNTTIE. GAIA T—2h SR E NP ERDOZL
7T AT IVOFEITHIET BEANE SNz, TORERIZ. GAIA DY I al—yary7—2ZH0TT I AN
TIVOREEFUTELZAEERT L EEIC. TITRXINTILVOREICEDIST A—Z DN TNEMICONTEH
HEBZZEDTHD, AFRETIE., TNETICGAIA DY I al—yaryT—EhoiEE LTS XNNTILOFL
Fitk & TN DWW TR T %,
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Lunar tide variation of Equatorial Electrojet based on the long-term EE-index

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

Today human activity and society extend to the space. The monitoring of space weather environment is needed to allov
us the safety life involving the space weather. Especially EEJ (equatorial electrojet) is an extremely interesting phenomenol
from the view of connecting the ionosphere to the atmosphere, which have different physical backgrounds caused by the su
and the magnetosphere. Recently many researchers are trying to comprehensively understand the interaction/coupling ama
these different regions by analyzing simultaneously whole regions. The consecutive monitoring of equatorial magnetic variation:
requires an indicator not affected by the magnetospheric environment.

In 2008, International Center for Space Weather Science and Education, Kyushu University (ICSWSE) proposed the EE
index (Uozumi et al., 2008; Fujimoto et al., 2016), which is an index to monitor quantitatively various equatorial geomagnetic
phenomena in real time. EE-index separates the magnetic disturbances in the equatorial region into the global (EDst) and loc
(EUEL) magnetic 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), in terms of th
space weather and space climate. For example, Fujimoto et al. (2016) reported the solar cycle variation of EEJ peak by the tirr
series analysis of 17-year EUEL index.

We examined 6-year EUEL of EE-index to demonstrate the lunar tide variation superposed on EEJ variation observed a
Ancon station in Peru and Davao in Philippines. We found that EUEL modulation of EEJ significantly has the semimonthly
variation, with the stronger modulated amplitude in January and weaker around July. The semiannual EEJ variation is amplifie
in March and September. In other words, the amplitude of EEJ is weaker during solstices (January and July). An explanatiol
of modulation differences between in January and in July is the relationship among the sun, earth and moon. The moon locate
perigee in January and apogee in July. It means that the lunar tides is relatively stronger in January than in July. We will discus
sources controlling the semimonthly EEJ modulation.
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Forecast verification: case of operational solar flare forecast

# Yuki Kubo[1]; Mitsue Den[2]; Mamoru Ishii[1]
[1] NICT; [2] NICT

A forecast verification has been recognized as one of the most important topic in space weather forecast operation. Sorr
Regional Warning Centers (RWCs) belonging to the International Space Environment Service (ISES) have started to verify thei
operational forecasts. NICT, as the RWC Japan/ISES, has an online platform for the comparison of the operational solar flare ar
geomagnetic K-index forecasts among some RWCs. However, as the conditions of the forecasts are not the same and verificati
methods are not enough to compare their forecasts, we cannot directly compare the forecast performance among the RWC
While comparing forecast performance among some RWCs is very informative, we have to proceed the efforts to compare
the operational space weather forecasts. Verifying own forecast performance is the first step to proceed the comparison of tt
performances of forecasts. For the reasons, we started verifying own forecast performance. The verification study uses forece
data issued by RWC Japan as Ursigram codes, especially UGEOA. In this presentation, we introduce methods and results for tl
verification study of operational solar flare forecast in NICT.
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Long-term Space Debris Environment Forecasts Associated With Space Weather
Activities

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

Space debris is the collection of defunct objects in space made by human being. According to data compiled by Europea
Space Agency, more than 170 million debris smaller than 1 cm, and around 29,000 larger debris are in orbit. There are man
causes of space debris generations. One of them and interesting issue is space weather effect to space debris environment. A
ally, some satellites were broken and became space debris because of space weather effect, for example, solar energetic parti
atmosphere drag, and so on.

NEODEEM (Near-Earth Orbital Debris Environment Evolutionary Model) is the space debris evolutionary model developed
by Kyushu University and JAXA. It covers all orbit around the Earth, and various scenarios for tracing space debris. It incor-
porates F10.7 solar flux, and Kp index as space weather related parameter for calculating atmospheric total density chang
which causes satellite drag. Jacchia-Roberts is used for atmospheric density model. It helps us to evaluate how our space dek
environment changes for a long term and how space weather activities contribute the space debris environment changes.

We performed some simulations on NEODEEM under different space weather activities, and found that space debris envi
ronment just becomes worse under low solar activity like as solar cycle 24, even if there are no new satellite launch. In this
presentation, we will introduce the effects of space weather activities to long term space debris environment changes around
Earth.

AR—=ATTVEFHII L ETRENS ., FHEMIFET 2 RERANTYARORITH 5, TNbid. A
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KGE LRIV F—RFRRA R Ty T OB Z I THEEL, AR—ATTUNEZOREEZ I NTHBEEFET %,
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IUGONET, One Stop Web Service Combined Data Information and Analysis Platform.

# Norio Umemura[1]; Yoshimasa Tanaka[2]; Shuji Abe[3]; Atsuki Shinbori[4]; Masahito Nose[5]; Satoru UENOI6]
[1] ISEE, Nagoya Univ.; [2] NIPR; [3] ICSWSE, Kyushu Univ.; [4] RISH, Kyoto Univ.; [5] DACGSM, Kyoto Univ.; [6]
Kwasan and Hida Obs. Kyoto Univ.

The IUGONET (Inter-university Upper atmosphere Global Observation NETwork) project has provided two products: the
metadata database and UDAS (IUGONET Data Analysis Software). The former stores various kinds of information of ground-
based solar and earth’s atmospheric observational data, and the latter is a plugin software of the Space Physics Environment D
Analysis Software (SPEDAS) to handle these observational data provided by the IUGONET institutes. Recently, open data an
open science activities have been enhanced significantly due to the requirement of many researchers; that is, increasing usage
web platform, necessity of the web-based analysis tools, and an international extension of research platform itself to developin
countries. Taking the current status of these open data and open science activities into account, IUGONET has released the n
web service which combines the metadata database and UDAS functions on October 1, 2016.

So far, the metadata database consisted of only the catalog function (e.g., data description, acknowledgement, URL, info
mation of contact person). The UDAS also had several limitations because of distributed type: it requires the installation into
user’s PC, and it is difficult for each user to change the method of display and function flexibly. The new web service solved
these problems. This web service has the catalog function as well as quick look images (QLs) by operating UDAS to create ther
according to the request of time, location, and observation series/types. In addition, this web service has a new web-based an.
ysis platform to work the UDAS/SPEDAS in the background interactively by user’s screen operation. This web service provides
many researchers with the one-stop research platform by searching data, selecting data, analyzing data, knowing similar da
and comparing these data to encouraging the transition to the interdisciplinary research.

This web service also has a universal framework inside of the system by the informational knowledge. It has been designed t
work to not only IUGONET but also other fields. For example, it can register another metadata format, and apply itself to anothel
field quickly. Therefore, application of this framework to several fields is expected to share the scientific knowledge crossing
each science field, and to promote the open data and open science activities.
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Proposal: Long-Term Preservation and Minting DOIs for Small Datasets by Web
Archiving of National Diet Library of Japan

# Yasuhiro Murayama[1]; Masahito Nose[2]; Koji Imai[1]; Manabu Kunitake[1]; Toshihiko lyemori[3]; Takashi Watanabe[4];
Naoko Tokuhara[5]
[1] NICT; [2] DACGSM, Kyoto Univ.; [3] WDC for Geomagnetism, Kyoto Univ.; [4] WDS-IPO/NICT; [5] National Diet
Library

Open Data and Open Science are increasingly becoming hot topics, in parallel to establishing ICSU-WDS (2008), G8 Opel
Data Charter (2013), deployment of RDA (2013), and so forth, in addition to development of Open Access of journal articles.
National guiding principle of open science has been released by the Cabinet Office (March 2015). In this context, long ternr
preservation of research data is increasingly important and is being required. Minting DOI (digital object identifier) to datasets
are also essential tool for discovery, reuse and citation (and bibliometrics) of datasets. This paper discusses possible use
WARP (Web Archiving Project) which is carried out by National Diet Library of Japan (NDL). NDL's mission includes long
term preservation of electronic material collected from web sites of public institutions and universities, without definition of
expiration in NDL by nature. Small-size datasets linked from lab. pages therein are often retrieved and preserved in WARF
also, which enables data provides and users to browse, refer to, link to, and even mint DOI to, the datasets preserved in tt
WARRP project for a long term. Possible collaboration with such an archival institution like NDL will be helpful and useful for
research performing bodies like labs in research institutes and universities, where closer cooperation of their internal library/dat
management to NDL will be also important.
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Recent activity report on solar radio spectrographs of NICT

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

In National Institute of Information and Communications Technology (NICT), the daily observation of solar activities by solar
radio telescope system has been in operation since early 1950's. In the mid-1990s, we developed the solar radio spectrogra
in Hiraiso Solar Observatory (HIRAS), which has played as an important part of NICT's space weather forecast for over twenty
years. Its main purpose is to monitor various types of solar radio bursts and diagnose geo-effectiveness of relevant solar phenol
ena such as solar flares, coronal mass ejection. Actually, from a viewpoint of space weather forecast operation on a real-tirr
basis, wide frequency range (MHz to GHz) radio wave observations by HiRAS is very suitable for us to get a full view of var-
ious solar activities from the lower corona to the interplanetary space. On the other hand, chronic deterioration in a radio wavi
environment has become increasingly apparent, which is out of our control any more. In addition, Hiraiso Solar Observatory
has been desolate since FY 2009 according to a kind of administrative decision. Therefore, we decide to abandon Hiraiso Sol
Observatory and terminate the HIRAS system at this fall.

Our new solar radio spectrograph in Yamagawa inherits the properties of the HIRAS and its detection accuracy of the sola
radio phenomena improves a whole lot: its high time resolution (8ms) and high frequency resolutions (31.25kHz for MHz band
and 1MHz for GHz band) especially has a significant benefit to detect the various fine spectral structures of the solar radio burs
that should be the key to find out their generation mechanism in the corona. Antenna installation works has been already con
pleted, and we are now in the period of the system shakedown through various test observations.

In this presentaion, we will report the current status focused on some topics such as investigation of various exogenous noise
In addition, our works on digital archives of the HIRAS data will be presented schematically.
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Magnetic reconnection on the AR11158

# Saiki Yoshifuku[1]; Koji Kondoh[2]
[1] Science and Engineering, Ehime Univ.; [2] RCSCE, Ehime Univ.

Solar active phenomena, such as solar flares and coronal mass ejections(CMES), are caused by the release of magnetic
ergy. It is considered that these energy releases are significantly associated with magnetic reconnection in the solar corona.
is important to understand the magnetic field structure in the solar corona in order to study these eruptive events on the Sul
Unfortunately, it is difficult to observe directly magnetic field in the solar corona. Then, the magnetic field in the solar corona is
usually extrapolated from the photospheric magnetic field in a numerical way. Especially, the nonlinear force-free field(NLFFF)
model which can neglect the force except for magnetic pressure dominates the model of magnetic field in the solar corona. In th
study, we also calculate NLFFF and reconstruct three-dimensional solar coronal magnetic field, which will lead to understanding
of eruptive event in the active region.

The purpuse of this study is to reveal the mechanism of occurrence of solar flares which are associated with magnetic recor
nection. We focus on NOAA active region 11158 which produced large flares in 2011 February. We calculate three-dimensiona
solar coronal magnetic field by using MHD relaxation method from the vector magnetograms observed by SDO/HMI, and clarify
the relationship between magnetic reconnection and solar flare.
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Analysis of magnetohydrodynamic turbulence in space using data obtained by
multi-spacecraft experiments

# Yoshihiro Nishimura[1]; Tohru Hada[2]; Shuichi Matsukiyo[3]
[1] ESST, Kyushu Univ.; [2] ESST, Kyushu Univ; [3] ESST Kyushu Univ.

Large amplitude magnetohydrodynamic (MHD) waves and turbulence are commonly observed in space plasma environmen
in particular, in the solar wind and in the neighborhood of shock waves in space. Using data obtained by multi-spacecraf
experiments, one can separate temporal and spatial variations of measured variables. While the number of data points in the tir
domain can be quite large, that in the spatial domain, which is simply the number of spacecraft, is only a few at most. Therefore
such a sophisticated technique as Capon’s method is often used to deal with the data with a short data length.

Since the turbulence contains a large number of waves, it is intrinsically impossible to resolve it using the data containing &
small number of data points. However, in the turbulence analysis, what we are interested in is not the separation of turbulence int
individual waves, but is in determination of a few macroscopic physical parameters, such as the total power and the power-la
index, that describe the nature of the turbulence.

In this presentation, we report the results of our attempt to extract as much information as possible on the given test turbulenc
spectrum when only a limited number of data points are available. The test turbulence is composed of the power-law distributior
with specified total power and the power-law index, superposed with white noise. The accuracy and the robustness of our methc
of analysis are examined with varying the number of data points, spatial separation of the data points, the number of events, ar
other external parameters.
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Polar cap potential saturation during the Bastille day storm using global MHD simulation

# Yasubumi Kubota[1]; Tsutomu Nagatsuma[1]; Mitsue Den[1]; Takashi Tanaka[2]; Shigeru Fujita[3]
[1] NICT; [2] SERC, Kyushu Univ.; [3] Meteorological College

We are developing a real-time numerical simulator for the solar wind-magnetosphere-ionosphere coupling system using ne
generation magnetosphere-ionosphere coupling global MHD simulation called REPPU (REProduce Plasma Universe) code. Tt
feature of simulation has an advanced robustness to strong solar wind case because a triangular grid is used, which is able
calculate in the uniform accuracy over the whole region. Therefore we can simulate extreme event such as the Bastille day storr
The resolution is 7682 grids in the horizontal direction and 240 grids in the radial direction. The inner boundary of the simulation
box is set at 2.6 Re. We investigate the reproduction of the magnetosphere-ionosphere coupling simulation in strong solar win
case. Therefore we compared the simulation results with the observation of the Bastille day storm event (2000/7/15), in whicl
the solar wind velocity is above 1000 km/s and the value of Bz reached -60 nT. Especially, we focus the CPCP saturation an
time variation because the CPCP represents the value of magnetospheric - ionospheric convection strength via region 1 curre
The CPCP depends on solar wind electric field, dynamic pressure and ionospheric conductivity [Siscoe et al., 2002; Kivelsol
et al., 2008]. The model of Kivelson et al. [2008] shows a good reproduction to the CPCP variation. However their study
assumes that the ionospheric conductivity is constant. The conductivity in our simulation of the Bastille day event is varied by
the auroral activity. In this lecture, we discuss the effect of both the auroral conductance and solar EUV-driven conductance t
CPCP saturation.
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Comparison between Surface Charging Event from Michibiki (QZS) satellite and space
environment data from global MHD simulation

# Tsutomu Nagatsuma[1]; Haruhisa Matsumoto[2]; Yasubumi Kubota[1]; Aoi Nakamizo[1]; Kiyokazu Koga[3]
[1] NICT; [2] JAXA; [3] JAXA

The surface of the satellite charges depending on the ambient plasma condition and solar emission (Surface charging). Tl
condition of surface charging changes depending on the condition of ambient plasma and solar emission. During the change
the condition, discharge may happen, and satellite may face on malfunctions. Thus, understanding the current status of the spe
environment, and forecasting the future condition of that, and showing the risk of spacecraft charging condition is very important
for the safety and security of the satellite operation.

We seek to estimate the risk of satellite charging based on the prediction of space environment using the case study ¢
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 data obtained from Global magnetospheric
MHD simulation. Although the global MHD simulation only produce MHD temperature and density, we need to make an em-
pirical relationship between simulation and observation to obtain the estimated electron and ion temperature and density. In th
presentation, we will introduce the results of our data analysis.
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A two-dimensional modeling of spatial distribution of trapped protons from solar cell
degradation of the Akebono satellite

# Wataru Miyake[1]; Yoshizumi Miyoshi[2]; Ayako Matsuoka[3]
[1] none; [2] ISEE, Nagoya Univ.; [3] ISAS/JAXA

We have been studying on L-shell distribution of energetic (&gt;10 MeV) protons from solar cell degradation of Akebono
satellite orbiting in the inner magnetosphere. We obtained more compact distribution of the trapped protons than given by the
AP8 and AP9 models, which we already reported in the previous SGEPSS meeting. In our previous study, we assumed th:
proton flux varies along the field line in the same rate as in the AP8 model. If the flux is more confined around the equator, the
L-shell distribution may be possibly widen and the difference from the previous models can be smaller. Thus, we introduce som
different variation along the field line and seek the best-fit to observed degradation of solar cells. In our preliminary calculation,
we have obtained a better agreement with the actual degradation by employing a model with more confined distributions near tr
equator only for larger L values. We will further discuss our result by comparing with pitch angle measurement on the Van Allen
probe.
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Solar terminator effects on middle- to low-latitude Pi2 pulsations

# Shun Imajo[1]; Akimasa Yoshikawa[2]; Teiji Uozumi[3]; Shinichi Ohtani[4]; Aoi Nakamizo[5]; Sodnomsambuu
Demberel[6]; Boris M. Shevtsov[7]
[1] Earth and Planetary Sci., Kyushu Univ.; [2] ICSWSE/Kyushu Univ.; [3] ICSWSE, Kyushu Univ.; [4] The Johns Hopkins
University Applied Physics Laboratory; [5] NICT; [6] IAG, MAS; [7] IKIR, FEB, RAS

In order to understand the propagation mechanism of Pi2 toward the dayside and the equatorial enhancement, it is importa
to study Pi2 pulsations observed in the dawn and dusk regions that mark the transition between nightside and dayside. One
the most notable features of the dawn and dusk regions is a strong longitudinal gradient of the ionospheric conductivity nea
the solar terminator. To clarify the effect of the dawn and dusk terminators on Pi2 pulsations, we statistically analyzed the
longitudinal phase and amplitude structures of Pi2 pulsations at middle- to low-latitude stations (GMLat = 5.30-46.18) around
both the dawn and dusk terminators. Although the H (north-south) component Pi2s were affected by neither the local time (LT)
nor the terminator location (at 100 km altitude in the highly conducting E region), some features of the D (east-west) componen
Pi2s depended on the location of the terminator rather than the LT. The phase reversal of the D component occurred 0.5-1 h aft
sunrise and 1-2 h before sunset. These phase reversals can be attributed to a change in the contributing currents from field-aligr
currents (FACs) on the nightside to the meridional ionospheric currents on the sunlit side of the terminator, and vice versa. Th
phase reversal of the dawn terminator was more frequent than that of the dusk terminator. The D-to-H amplitude ratio on the daw
side began to increase at sunrise, reaching a peak approximately 2 h after sunrise (the sunward side of the phase reversal regit
whereas the ratio on the dusk side reached a peak at sunset (the antisunward side). The dawn-dusk asymmetric features sug
that the magnetic contribution of the nightside FAC relative to the meridional ionospheric current on the dusk side is stronget
than that on the dawn side, indicating that the center of Pi2-associated FACs, which probably corresponds to the Pi2 energ
source, tends to be shifted duskward on average. Different features and weak sunrise/sunset dependences at the middle-latit|
station (Paratunka, GMLat = 46.18) can be attributed to the larger annual variation in the sunrise/sunset time and a stronge
magnetic effect because of closeness from FACs. The D-to-H amplitude ratio decreased with decreasing latitude, suggesting tf
the azimuthal magnetic field produced by the FACs in darkness and the meridional ionospheric current in sunlight also decrease
with decreasing latitude. These results are included in published papers by Imajo et al. [2015JGR (doi:10.1002/2013JA019691
2016EPS (doi:10.1186/s40623-016-0514-1)].
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Variation of Schumann resonance parameters at Kuju

# Akihiro lkeda[1]; Teiji Uozumi[2]; Akimasa Yoshikawa[3]; Akiko Fujimoto[4]; Shuji Abe[4]; Hiromasa Nozawa[5]; Manabu
Shinohara[6]
[1] KNCT; [2] ICSWSE, Kyushu Univ.; [3] ICSWSE/Kyushu Univ.; [4] ICSWSE, Kyushu Univ.; [5] Kagoshima NCT; [6]
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 frequency appears in ground magnetic field var
tion. Thus, the SR reflects both global lightning activity and ionospheric conditions and varies considerably with location. In this
study, we focused on the variation of the SR parameters at Kuju, Japan (KUJ; M.Lat. = 23.4 degree, M. Lon. = 201.0 degree).

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 first mode of the Schumann resonance (SR1) around 8 Hz can be seen at KUJ. The SR1 in H (horizontal northwar
component) shows daily variations with maximum peak around 15 UT throughout the entire period. In the case of D (horizontal
eastward component), 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 the 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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Modeling studies of the minor constituents in the mesosphere and thermosphere

# Hitoshi Fujiwara[1]; Yasunobu Miyoshi[2]; Hidekatsu Jin[3]; Hiroyuki Shinagawa[3]; Huixin Liu[4]; Mitsuru Matsumura[5]
[1] Faculty of Science and Technology, Seikei University; [2] Dept. Earth & Planetary Sci, Kyushu Univ.; [3] NICT; [4] None;
[5] ISEE, Nagoya Univ.

In the mesosphere and thermosphere, some minor constituents contribute to the energy budget of the upper atmosphere throt
infrared radiations from them, e.g., CO2 and NO, while some have impacts on ozone chemistry (ozone depletion) and productio
of the noctilucent cloud, e.g., H20 and HOx. Itis necessary for understanding chemical and luminous phenomena in the terrestri
upper atmospheres to know behaviors of such minor constituents as well as variations of the major species. NO and HOx al
produced by precipitating particles in the polar mesosphere and thermosphere. One of the recent important research targets
to understand/predict changes in atmospheric energy budget, ion and neutral chemistry, ozone depletion caused by variations
NO and HOx. Since the transport of minor species depends on the atmospheric dynamics, e.g., global circulation, which show
seasonal and solar cycle variations, we should observe not only the minor species but also precipitating particles and neutr
winds. Some modeling studies are also essential. We have started a research project for modeling the minor constituents
the mesosphere and thermosphere to investigate impacts of NO and HOx on these atmospheric regions with a newly develop
chemical model and our GCM. In this presentation, we will show contributions of precipitating electrons and protons with energy
of 0.1-1000 keV to ionization of the polar upper atmosphere and production of NO and HOx from some numerical calculations.
In addition, we will introduce the outline of our research project here.
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VIPIRZ2 for routine ionospheric observation in Japan

# Michi Nishioka[1]; Hisao Kato[2]; Takuya Tsugawa[1]; Mamoru Ishii[1]
[1] NICT; [2] NICT

National Institute of Information and Communications Technology (NICT) has been observing ionosphere by ionosondes for
over 70 years in Japan. At present, four ionosondes at Wakkanai (Sarobetsu), Kokubunji, Yamagawa, Okinawa (Ogimi) ar
automatically operated and controlled from Tokyo. lonospheric parameters such as foF2 and foEs are automatically scaled frol
the ionograms. The scaled parameters are provided through our web site (http://wdc.nict.go.jp/IONO/) and used for monitoring
ionospheric disturbances. Currently we are replacing the current 10C type ionosondes with Vertical Incidence Pulsed lonospher
Radar 2 (VIPIR2) ionosondes. VIPIR2 ionosonde can separate the O- and X-modes of ionospheric echoes automatically usir
an antenna array, which would make it easy and successful to scale the ionogram automatically. As of 2016, hardware of VIPIR
ionosonde are installed at the four stations. In the presentation, we will report the status of VIPIR2 in Japan and discuss possib
collaborations.
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Investigation of equinoctial asymmetry in the latitudinal variation of scintillation drift
and neutral wind

# Prayitno Abadi[1]; Yuichi Otsuka[2]; Kazuo Shiokawa[2]; Huixin Liu[3]; Hiroyuki Shinagawal[4]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] None; [4] NICT

We investigate latitudinal variation of zonal scintillation drift for March and September equinox by using three single-frequency
GPS receivers, which are spaced closely with mutual distances approximately 100 m in Kototabar® (02.3° E; Mag.
Lat.: 9.9° S), Indonesia. The zonal scintillation drift is estimated from cross-correlation analysis of time series of GPS signal
intensity among the three receivers. In this study, the latitudinal coverage of observation of zonal scintillation drift ranges from
5° Sto 15° S (magnetic latitude). We have collected the zonal scintillation drift data for March and September during 20-24 LT
from 2003 to 2015.The latitudinal profile of zonal scintillation drift velocity both for March and September equinox are classified
also into moderate and high solar activity levels. We find that the latitudinal gradient of zonal scintillation drift is negative for
both March and September and at both moderate and high solar activity levels. The negative gradient indicates that the dri
velocity is larger at magnetic equator and that it decreases as increasing the latitude. Our interesting finding is that the latitudin:
gradient of zonal scintillation drift velocity in March equinox is more steeper than that in September equinox at both moderate
and high solar activity levels. Because the zonal scintillation drift velocity can be assumed to represent the zonal backgroun
plasma drift in the nighttime F-region, we can consider that latitudinal shear of zonal background plasma drift in March equinox
is more steeper than that in September equinox. Furthermore, the zonal background plasma drift is caused by zonal neutral wil
through the F-region dynamo. We then investigate the latitudinal shear of zonal neutral wind velocity for March and Septembel
equinoxes, obtained by in-situ measurement from CHAMP satellite, which orbits at altitude of 400 km, from 2001 to 2005.
We find the latitudinal gradient of zonal neutral wind for both March and September equinox are negative at both moderate an
high solar activity levels. Interestingly, we also find that the latitudinal gradient of zonal neutral wind is more steeper in March
equinox than that in September equinox at both moderate and high solar activity levels. We find also the equinoctial asymmetr
in the latitudinal variation of zonal neutral wind. We, thus, conclude that the equinoctial asymmetry of zonal scintillation drift in
the F-region could be attributed to the equinoctial asymmetry of neutral wind in the upper atmosphere. To discuss more details
we will compare our observational results with the plasma drift and neutral wind velocity calculated from GAIA model which is
a numerical simulation model for the whole global atmosphere.
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Development of the spherical multi touch panel for four dimensional digital globe Dagik
Earth

# Hanano Masuda[1]; Yukinobu KOYAMA[2]
[1] info,OitaNCT; [2] ONCT

In the past, some controller such as keyboard, mouse, track-ball, wii remote controller, and so forth are u sed, but more intuitiv
controller is needed.
We present the current development status for the spherical multi touch panel for four dimensional digital globe Dagik Earth.
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