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Utilizing Space Weather Information for Air Navigation

# Susumu Saito[1]
[1] NAV Department, ENRI

Global Navigation Satellite System (GNSS) has been widely used for air navigation and is going to be used in all flight phase:
from oceanic en route to precision approach and landing. Since safety is extremely important for air navigation, systems mus
satisfy the international standards specified by International Civil Aviation Organization (ICAQO). However, core satellite systems
available for aviation purposes (GPS and GLONASS) cannot satisfy the standards by themselves. Thus, augmentation systel
that corrects ranging errors and check the navigation information broadcast by satellites are necessary. For GNSS-based syste
for precision approach and landing that require extremely high safety level, rare safety issues must be considered. However, tc
conservative systems may not be practically usable although they are safe.

Spatial and temporal variation of ionospheric total electron content (TEC) are one of the most difficult error sources in GNSS
to correct. Currently available GNSS augmentation systems assumes that such ionospheric disturbances always exist with t
worst geometry for users because of difficulty in quantifying the probability of existence of ionospheric disturbances by closed
systems that do not rely on external systems. However, if any systems could provide information on existence and non-existenc
of ionospheric disturbances with quantitative reliability, they could potentially be used for air navigation to realize advanced
GNSS applications. Indeed, ICAO is working on standardizing utilization of space weather information for various aspects of
aircraft operations.

In this talk, what is required for ionospheric monitoring information as a part of space weather is presented. Based on the
requirements, possible means of ionospheric monitoring will be introduced. Some simulation results to evaluate the monitoring
performance for GNSS augmentation systems will be demonstrated.
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Prediction of the occurrence of sporadic E layers and plasma bubbles using GAIA

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

In space weather forecast, it is important to predict mesoscale ionospheric disturbances such as plasma bubbles, sporadi
layers (Es), and Storm Enhanced Density (SED). Our group has been developing a whole atmosphere-ionosphere coupled moc
GAIA (Ground-to-topside model of Atmosphere and lonosphere for Aeronomy), which self-consistently solves the entire region
from the lower atmosphere to the ionosphere. Although the present version of the model has a horizontal spatial resolution c
1 degree, it is not enough to reproduce the structures of plasma bubbles or Es. We found, however, that it is possible to dedu
their occurrence probabilities by estimating occurrence conditions in the model. We will report results of occurrence prediction
of plasma bubbles and Es.
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A long-term whole atmosphere-ionosphere simulation database and future model
development

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

Disturbances and variations in the upper atmosphere can have significant impacts on the satellite orbit and attitude as well :
the radio propagation between the satellites and ground facilities. The origins of upper atmospheric disturbances and variatior
do not only come from the eruptive solar activities on its surface but also from the Earth’s lower atmosphere. In order to now-
cast and forecast these upper atmospheric disturbances and variations in the future, we have developed a whole atmosphe
ionosphere coupled model called GAIA. Recently, we incorporate the Japanese meteorological reanalysis (JRA) into the lowe
atmosphere part of GAIA as well as the daily F10.7 index, in order to reproduce the effects of realistic lower atmospheric forcing
and solar irradiance variation. The result shows that the model can reproduce major features of the observed disturbances in t
ionosphere and thermosphere during the major stratospheric sudden warming in 2009 [Jin et al., 2012; Liu et al., 2013, 2014].

In this talk, we will introduce the simulation database which has been obtained from a realistic whole atmosphere-ionospher:
simulation during the period from 1996 to 2013. We will also introduce the future model development, including numerical
prediction using a data assimilation technique.
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Long-Term Variation in Full-Disk Solar EUV 304A and H-alpha Images

# Ayumi Asai[1]; Hiroaki Isobe[1]; Reizaburo Kitai[2]; Satoru UENOI3]; Daikou Shiota[4]; Atsuki Shinbori[5]; Satoshi
Morita[6]; Kanya Kusano[7]
[1] USSS, Kyoto Univ.; [2] Bukkyo University; [3] Kwasan and Hida Obs. Kyoto Univ.; [4] STEL, Nagoya Univ.; [5] RISH,
Kyoto Univ.; [6] Solar Obs., NAOJ; [7] STEL, Nagoya Univ.

We estimated the long-term variations of solar UV/EUV emissions, which affect on the thermosphere and ionosphere, by
using full-disk solar images. The Extreme-Ultraviolet Imaging Telescope (EIT) on board Solar and Heliospheric Observatory
(SOHO) has shown us full-disk features of the sun in EUVs over 15 years, and the data enable us to derive the spatially resolve
long-term variation. In this work we examined the EUV 304 A emission in different latitudes by using full-disk images taken
by SOHO/EIT. On the other hand, the solar UV radiation is mainly emitted by the chromospheric height, where bright plages
are seen. We also tried to derive a proper index of solar UV radiation by analyzing the H-alpha images obtained by the Flare
Monitoring Telescope (FMT) at Hida Observatory in Japan and National Ica University in Peru.
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Does the geomagnetic field change climate? - Geological assessment of the Svensmai
hypothesis

# Ikuko Kitaba[1]
[1] KURCIS

The correlation between galactic cosmic ray flux and global cloud cover suggests that the cosmic rays may affect the Earth’
climate. Cosmic ray flux is strongly modulated by the geomagnetic field. During a geomagnetic polarity reversal, the decline of
field intensity causes an increase of cosmic ray flux, which would result in increased cloud cover. This may cause climate chang
This hypothesis, however, is not backed up by the robust geological evidence. In order to test this hypothesis, we examined th
effect from the past two geomagnetic polarity reversals. These geomagnetic events are encompassed in interglacial periods &
have periods of unusually weak geomagnetic field. The increased cloud impact on climate is most easily detectable at thos
times. We collected high-resolution climate, sea-level and paleomagnetic records using a sediment core from Osaka Bay, Japse
Comparing the global sea-level changes and the palynological warm proxy, the thermal maximum coincides with the sea-leve
highstand in Stages 17, 21 and 25. However, in Stages 19 and 31, the thermal maximum clearly lagged behind the sea-level pe:
and the connection between orbital forcing and climate was disrupted. In these stages, there is a geomagnetic polarity revers
The relatively cool phase is shown by the higher cool and lower warm palynological proxies. During the Matuyama-Brunhes
polarity reversal, this phase coincide with the period during which geomagnetic field intensity was lower than 40% of its normal
value and cosmic ray flux accordingly increased by more than 40%. The temperature decrease was about 3 deg. C based on
palynological data. The same cooling is also observed during the Lower Jaramillo reversal. Does this cooling effect affect the
precipitation and/or East Asian monsoon system? In Japan, the temperature in summer is controlled by the temperature of Paci
air mass. On the other hand, the winter temperature is controlled by the Siberian air mass. The precipitations in summer ar
winter reflect the temperature gradient between the land and ocean in each season and hence are good indicators of summer
winter monsoon strengths. During the cooling events, annual temperature variability became larger and the summer precipitatic
decreased. If the cooling levels over land and sea are the same, then the temperature gradient would not change, either and he
the strength of the monsoon would never change. Cooler Japanese summers and winters, and a weaker summer monsoon cc
be caused by the temperature over land being lower than the temperature over the ocean. Then, the annual temperature variabi
becomes larger, and the summer monsoon becomes weaker. The cooling effect would be larger over the land than the sea. Th
evidence may suggest that the Earth’s climate can be affected by the geomagnetic field.
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A hazard map for the geomagnetically induced current disaster in Japan

# Shigeru Fujita[1]; Ikuko Fujii[2]; Hiroki Tominaga[2]
[1] Meteorological College; [2] Meteorological College

Recently, potential risk of the geomagnetically induced currents (GICs) which happen to cause large-area power line failure
has been reported frequently by Japanese mass media. Japanese government (Ministry of Economy, Industry and Trade) a
reported importance of GIC risk assessment in Japan. Responding to the circumstances, scientists of SGEPSS should work
to meet such demand from Japanese society. To perform the risk assessment, we need to investigate two issues at the same t
The first is to estimate magnitude of extremely severe space weather events and the second is to evaluate in a realistic way t
GICs in Japan. The first issue is pursued by many scientists all over the world (e.g., Tsubouchi and Omura, 2007). Recentl
Baker et al. (2013) reported an extremely large solar flare in 2012 which possibly causes geomagnetic disturbances comparati
to the Carrington storm in 1859. On the other hand, the second issue has not been studied so intensively yet. In the talk, w
present a map of the geomagnetically induced electric field (GIE) induced by the circular source current with unit intensity in the
magnetosphere based on a 3D resistivity distribution estimated from the bathymetry data and sediment layer data. As the Gl
depends on inclination of the current circle in the magnetosphere, we obtain local maximum of the GIC by changing inclination
of the source current. Thus, by superposing the local maximums, we obtain a map indicating the regions with high risk of the
GIC accident. Thus, this map is so-called the hazard map for disasters caused by GICs.

We also obtain the geomagnetic variations on the ground with a realistic resistivity distribution. The geomagnetic variations
consist of direct magnetic signatures from the magnetospheric current and the induced magnetic variations by a heterogeneo
Earth’s resistivity. This information will be useful to investigation of the surface geomagnetic variations.

References

Tsubouchi, K., and Y. Omura (2007), Space Weather, 5, S12003, doi:10.1029/2007SW000329.
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Statistical properties of geomagnetic sudden commencements.

# Tohru Araki[1]; Atsuki Shinbori[2]
[1] PRIC; [2] RISH, Kyoto Univ.

We summarize properties of geomagnetic sudden commencement (SC) derived from statistical analysis of the list of SC
observed at Kakioka (gm latitude = 26deg) for 1924-2013 and Colaba/Alibag (16deg) for 1871-1968.

1. [total No. of SC, maximum H-amplitude, No. of SC larger than 50 nT, No. of SC larger than 100 nT] is [2306, 310nT,
136(5.9%), 18(0.78%)] for Colaba/Alibag and [1805, 273 nT, 135(7.5%), 17(0.94%)] for Kakioka.

2. Occurrence frequency (F) and amplitude (A) of SC show a similar time variation with SSN. The peak of A tends to shift to
the declining phase.

3. SCs larger than 100 nT occur at the maximum SSN and the declining phase.

4. SC occurred in March 24, 1940 at 15:38 UT seems to the largest SC since 1871.

5. The LT variation of the SC(H) amplitude at Kakioka shows the maximum at midnight, the second maximum near noon and
the minimum around 8h LT. The separate plots of the LT variation for summer and winter season show similar LT variations,
although the size of it is different (larger in summer). The LT variations are consistent with those calculated by Kikuchi et al.
(2001) separately for summer and winter season. We interpret that the midnight maximum of SC(H) is caused by a pair of fielc
aligned currents (FAC) responsible for the main impulse (MI) of SC and the second maximum near noon is due to FAC and
FAC-induced IC.

6. The LT variation of the amplitude of SC(D) takes the maximum around 8h LT when SC(H) takes the minimum. A
caluculation of global distribution of ICs produced by a pair of high latitude FACs (Tsunomura &amp; Araki; 1984) shows that
the current flows in north-south direction near 8h LT. It means that SC(H) is not affected by ICs. Geomagnetic fields due to FACs
for Ml of SCs is dominant at noon and midnight and weak at the dawn and dusk side. Therefore, we can consider the main sourc
current for SC(H) is the magnetopause current (MC) causing the DL part of SC.

7. Since Siscoe et al. (1968), several workers have been studied the linear relationship between the SC amplitude and tl
square root of the solar wind dynamic pressure (Pd). The LT variation of SC amplitude, however, is not taken into consideration
Hereafter, we should use SC(H) around 8h LT which is directly related with Pd.

8. The time variation of MC induces currents in the ionosphere and the earth. Although the induced earth current enhance
the magnetic field variation on the surface, the current induced in the ionosphere reduces it. Therefore, induction effects may b
reduced for SC(H) observed around 8h LT..
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Global distributions of storm-time ionospheric currents using the ground-based
geomagnetic field observation data

# Atsuki Shinbori[1]; Tomoaki Hori[2]; Yoshimasa Tanaka[3]; Yukinobu KOYAMA[4]; Takashi Kikuchi[5]; Tsutomu
Nagatsumal6]
[1] RISH, Kyoto Univ.; [2] STE lab., Nagoya Univ.; [3] NIPR; [4] WDC for Geomag, Kyoto, Kyoto Univ.; [5] STEL, Nagoya
Univ.; [6] NICT

It has been well-known that two-cell ionospheric convection in the polar ionosphere driven by a dawn-to-dusk electric field
which carries the region-1 field-aligned currents (R1 FACs) are significantly intensified and expand to middle-low latitudes
during the main phase of geomagnetic storms. The two-cell ionospheric currents produce negative and positive disturbances
the H-component of geomagnetic field in the morning and afternoon sectors of sub-auroral and middle- latitudes, respectively
The geomagnetic field variations are revesed in high latitude above the footprint of R1 FACs. The dawn-to-dusk polar electric
field penetrates to the magnetic equator, and cases a significait ehnahcement of the eastward equatorial electrojet current (eE
During the recovery phase which is caused by the northward turning of the IMF, the two-cell ionospheric currents in the polar
ionosphere are abruptly reduced and the equatorward boundary of auroral electrojet currents (AEJ) move to high latitude. |
this case, the geomagnetic field variations at the magnetic equator show a reduction or reversal of the eEJ in the daytime sect
associated with an enhancement of the westward equatorial electrojet current (WEJ) component driven by the dusk-to-daw
electric field originating from the R-2 FACs. However, due to the lack of geomagnetic field data in the middle-low latitudes,
detailed relationship between the magnetic field variations of high-middle latitudes and at the equator during geomagnetic storrr
has not been clarified yet. In this talk, we investigated time and spatial evolutions of global geomagnetic field variations from
high-latitude to the magnetic equator during geomagnetic storms, using 1-miniute geomagnetic field data obtained from th
CARISMA, GIMA, IMAGE, MACCS, and NSWM networks, and provided by WDC geomagnetism in Kyoto.

In the present analysis, we first subtracted 10-day average solar quiet (Sq) daily variaion from the disturbed field during the
geomagnetic storm for H and D components observed at each station. The 10 quiet days were idenfitied from the list of quie
and disturbed days provided by WDC geomagnetism in Kyoto. As a next step, we excluded the magnetic effects produced b
magnetospheric currents by subtracting the low-latitude geomagnetic field variation of the northward component.

The equivalent current system showed that two-cell ionospheric currents are significantly enhanced in the daytime togethe
with a strong enhancement of the eEJ at the daytime equator during the main phase of geomagnetic storms. The centers of the
vortices were located at 70 degrees and 65 degrees in the morning and afternoon sector, respectively. The two-cell ionosphe
currents expanded to the low-latitude region of less than 30 degrees (GMLAT). In the nighttime of middle-low latitudes, the
arrows of the equivalent current were directed in the northward direction. This signature indicates that the nighttime magnetic
field signatures are produced by the magnetic effect of the R-1 FACs. On the other hand, during the recovery phase associat
with strong northward turning of the IMF, the equivalent current system showed that the two new vortices different from two-cell
ionospheric currents driven by the R-1 FACs system appear in the polar cap and middle latitude. The former led to the enhance
NBz current driven by the lobe reconnection due to the strong northward IMF, while the latter was generated by the enhance
R-2 FACs produced by the strongly asymmetric ring current flowing westward in the inner magnetosphere. In this case, the
equatorial magnetic field variation showed a strongly negative signature produced by the wEJ current due to the dusk-to-daw
electric field. Therefore, it seems that the enhanced NBz current system plays an important role in the intensification of the
dusk-to-dawn electric field from the middle-latitudes to the magnetic equator.
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Three dimensional MHD simulation of super magnetic storms

# Tatsuki Ogino[1]
[1] STEL, Nagoya Univ.

It is important to study super magnetic storms like the Carrington storm in 1859 for good understandings of space weathelr
As the solar wind and IMF becomes abnormal conditions, plasma turbulence are strongly excited near boundary layers in th
magnetosphere. In the plasma sheet magnetic reconnection occurs in patchy and intermittent manner to produce streamer-|
structure. At the magnetopause, more regular vortex train is formed for northward IMF. It is because velocity shear createc
between the magnetosheath fast flow and magnetopause slow flow. On the other hand, sunward fast flow is produced by tail r
connection for southward IMF. Therefore two types of velocity shears created outside and inside of the magnetopause to strong
excite Kelvin-Helmholtz instabilities in both sides. Moreover dayside reconnection occurs in patchy and intermittent manner to
give seeds of plasma turbulence. As the results, complicated and strong vortex turbulence appears in flank magnetopause.

We will demonstrate those phenomena from 3-dimensional global MHD simulation of interaction between the solar wind and
magnetosphere to discuss relationship between the currents and vortices in boundary layers for extreme conditions on the so
wind and IMF. In particular we will stress relationship among parallel and perpendicular components of vorticity and current,
their influence to the global structure of magnetosphere and also compressibility in order to understand the fundamental pictur
of super magnetic storms in the magnetosphere.
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Geomagnetic storms and their solar sources in cycle 24

# Shinichi Watari[1]; Mitsue Den[2]; Yuki Kubo[1]
[1] NICT; [2] NICT

Solar activity of cycle 24 is low comparing with recent several cycles. Geomagnetic activity is also low because of the low
solar activity. To examine characteristics of geomagnetic storms of this cycle, we pick up geomagnetic storms with Dst index
less than or equal to -100 nT and analyze their solar sources. No geomagnetic storm with Dst index less than -200 nT is observe
until now. Main cause of the geomagnetic storms is coronal mass ejections (CMESs) because of rising and maximum phases
the solar cycle now. Relatively slow CMEs contribute to the geomagnetic storms. Solar counter parts tend to be unclear on th
slow CME. This is a problem from a view of space weather forecast. We report several examples of geomagnetic storms an
their solar sources in cycle 24 comparing with those in previous cycles.
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Space Environment Effect on Satellite (Review)

# Takahiro Obara[1]
[1] PPARC, Tohoku University

The orbit of the satellite is divided, for convenience’ sake, 1) Low-altitude orbit, 2) Mid-altitude orbit, 3) Geosynchronous
orbit and 4) beyond (including interplanetary space). The space environment is classified, A) Neutral atmosphere, B) High:-
energy radiation environment, C) Plasma, and D) Dust and debris. When we classify the influence, it reads to (i) attitude
and orbital changes, (ii) surface deterioration, (iii) contamination, and (iv) charging and discharging and (v) semiconductor
damage. Measures against the influence from the space environment are extensively taken in recent years, and the reses
and development of the technology is also advanced. Moreover, for the International Space Station (ISS), measures agair
the influence from the space environment in the very low altitude have been developed. It greatly contributes to safe use c
space when it is achieved to be able to forecast the space environment changes in advance. In that sense, international sp
environmental information service (ISES) has been started on the world scale since 1996. It is so-called space weather foreca
and the forecast accuracy has improved greatly by the development of the computer simulation, too. In the talk, the spac
environment effect on the satellite is reviewed.
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Super constellation of micro-satellites as a platform for space weather monitoring

# Yukihiro Takahashi[1]
[1] Cosmosciences, Hokkaido Univ.

It is expected that micro-satellites with a weight less than 100 kg will play important roles in space development in the near
future due to extreme low cost and the rapid down-sizing. Adding to Surrey Satellite Technology Ltd., a former venture company
of Surrey University in UK and one of the pioneers of microsatellite, not a few institutes or companies started entering the
international race of micro-satellite development. Micro-satellite had been considered as an educational or experimental tool, bt
it is not any more at present. Google bought US company, Skybox Imaging, which may launch several tens of, even hundreds ¢
100 kg-class micro-satellites in the near future for commercial services as a part of Google businesses. Recently, with telescop
camera on board RISING-2, our second 50 kg-class satellite we succeeded in acquiring the color of the earth color, RGB, image
with 5 m resolution, which is the best performance in the world as 50 kg satellite. Low cost of the micro-satellite enables institutes
or university of developing countries to launch their own spacecraft. Actually many ASEAN countries show very strong interest
in fabricating and operating satellites and few have already some experiences. However, generally speaking, their ability o
satellite development and utilization is just a beginner level at this moment. And no standardized satellite BUS or scientific
sensors exist in the world. One of the fascinating ideas to realize super multipoint measurement for space weather monitorin
might be installing a standardized scientific plasma sensor package at every micro-satellite as a part of the BUS instrument
In the near future we may have an opportunity to realize the super constellation with more than several tens of micro-satellites
organizing ASEAN and other developing countries. Here we would like to discuss how to implement our conception.
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Spatial-temporal response of space debris distribution to geomagnetic fluctuations

# Masahiko Uetsuhara[1]; Akimasa Yoshikawa[2]; Teiji Uozumi[3]
[1] ISM; [2] ICSWSE/Kyushu-u; [3] ICSWSE, Kyushu Univ.

Growing population of space debris due to increasing payload launches and explosions/collisions of orbiting space objects i
a big concern for sustainable future space exploration. In the context of space weather science, space debris issues have b
regarded as a part of space environmental mitigation/remediation studies.

In this study, we introduce a different viewpoint into this background. We utilize archived orbital data of thousands of space
debris in the thermospheric altitude region as multiple in-situ sensors that respond to atmospheric density fluctuation induced b
Joule heating in the ionosphere.

As initial study, we analyze correlations between geomagnetic indices data and time deviations of space debris orbit data t
evaluate spatial-temporal response of the space debris distribution to geomagnetic storms. The initial result suggests that 1) the
is high correlation between Kp-index and the 1st-order time deviation of orbit mean motion (dn/dt) at a certain time delay from
Kp to dn/dt, and 2) trends of the time delay mapped into orbital elements space have characteristic patterns that may supp
evidences to mechanisms of the thermosphere-ionosphere system.
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Autoregressive model for time series prediction of the outer radiation belt electron flux
variations observed by Van Allen Probes

# Kaori Sakaguchi[1]; Tsutomu Nagatsuma[2]; Harlan Spence[3]; Geoff Reeves[4]
[1] NICT; [2] NICT; [3] Univ. New Hampshire; [4] LANL

The outer radiation belt in the Earth’s inner magnetosphere is consisted of relativistic energy electrons in MeV range. The
electron flux is highly variable depending on both solar wind and magnetospheric conditions. Enhanced fluxes sometimes cau:
deep dielectric charging on spacecraft and in the worst case satellite anomaly will happen after discharge. Prediction of th
electron flux is important for safety operation of the satellite in the near Earth’s orbit, but the physical processes of relativistic
electrons acceleration, loss, and transport are not fully understood, so far. Because first principal calculation is not available fc
prediction now, Japan space weather information center at NICT has developed a multivariate autoregressive (AR) model for th
prediction of electron flux at geostationary orbit. The model is based on the statistical time series analysis method using Akaik
Information Criterion (AIC), which can estimates future flux variations by a few days lagging response of solar wind parameter
changes [Sakaguchi et al., 2013]. Recently, the Van Allen Probes have provided observation data throughout the radiation belt
We analyze the 2.3 MeV electron flux time series data obtained from Relativistic Electron Proton Telescope (REPT), which is
sorted by L-star of 3, 4, and 5 in the outer radiation belt in a year of 2013. The AR analysis reveals the cross-correlation of
fluxes between L-star, and their responses to solar wind parameters and geostationary flux. In the presentation, we show the /
analysis results and also validation results of 2.3 MeV electron flux prediction by using latest data in 2014.
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Response of the incompressible ionosphere to the compression of the magnetosphere
observed with the HF Doppler sounder

# Takashi Kikuchi[1]; Ichiro Tomizawa[2]; Kumiko Hashimoto[3]; Atsuki Shinbori[4]; Tohru Araki[5]; Tsutomu Nagatsuma[6]
[1] STEL, Nagoya Univ.; [2] SSRE, Univ. Electro-Comm.; [3] KIU; [4] RISH, Kyoto Univ.; [5] PRIC; [6] NICT

The ionospheric plasma in mid latitude is moved by the geomagnetic sudden commencement (SC), ULF pulsations, storr
and substorms as observed with the HF Doppler sounders. The motion of the ionospheric plasma has often been considered
be caused by the fast mode or compressional magnetohydrodynamic (MHD) waves radiated by the solar wind magnetosphe
interaction. Conversely, the ionosphere has been believed to be incompressible. In other words, the compressional MHD wav:
never cause the motion of the ionospheric plasma. This paper addresses the compressibility/incompressibility issue of the ion
sphere by examining the motion of the ionospheric plasma observed with the HF Doppler sounder in mid latitude during the SC
which is definitely caused by the compressional waves from the magnetosphere. We show that the daytime ionosphere mov
upward toward the sun during the main impulse (MI) of SC, in opposite direction to the earthward motion of the magnetosphere
The ionospheric motion is well correlated with the enhancement in the equatorial electrojet, which implies that the electric field
responsible for the ionospheric motion in mid latitude is a potential field associated with the ionospheric currents flowing from
the high latitude to the equator. We note that the upward motion is preceded by the transient (&It;1 min) downward motion, but
it is well correlated with the negative impulse in the equatorial electrojet. Therefore, even the transient electric field is a potentia
field associated with the ionospheric currents. We conclude that the ionosphere never responds to the compressional MHD wav
but moves due to the potential electric field associated with the ionospheric currents transmitted from the high latitude. Since th
electric field and currents are transmitted at the speed of light by the TMO (TEM) mode waves in the Earth-ionosphere waveg
uide (transmission line), the ionospheric plasma moves simultaneously everywhere in the global ionosphere. The simultaneol
motion is expressed as the incompressibility of the ionosphere.
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Observation of Pc5-6 excited by sudden increase of solar wind dynamic pressure

# Tsutomu Nagatsuma[1]; Kaori Sakaguchi[2]; Yasubumi Kubota[1]; Manabu Kunitake[2]
[1] NICT; [2] NICT

Geomagnetic pulsations excited by the solar-wind - magnetosphere interaction is one of the important phenomena of magn
tospheric dynamics. Understanding the excitation and propagation mechanism contribute not only to the basic understanding
magnetospheric dynamics, but also to upgrading forecast model of relativistic electron flux because Pc5 is one of the significar
contributor of electron acceleration.

We have been studied a Pc5-6 geomagnetic pulsation event on Jan. 06, 2013, excited by sudden increase of the solar wi
dynamic pressure, using ground-based magnetometer and HF radar (SuperDARN) networks and satellite (GOES, Van-Alle
Probes).Around 14:25UT, sudden increase of geomagnetic field is observed on the ground. After this increase, almost cohere
Pc5-6 pulsations (Period; about 600sec.) are observed almost all the local time from high latitude to the low latitude except fo
noon local time sector. The solar wind velocity and IMF Bz are 315km/s and positive(northward), respectively. HF radar at King
Salmon, Kodiak, and Hokkaido also observes the same frequency ranges of drift velocity variations. However, the phase differ
ence between ionospheric drift velocity and magnetic field on the ground suggests that the magnetic field variations on the groun
is not produced by the ionospheric Hall current. Van Allen Probes, which footprint is located near the FOV of King Salmon, also
observed the Pc5-6 event. The results and interpretation of this event based on the coordinated observations between ground
satellite will be shown in our presentation.
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Modeling L-shell distribution of the trapped protons from solar cell degradation of the
Akebono satellite

# Wataru Miyake[1]; Yoshizumi Miyoshi[2]; Ayako Matsuoka[3]
[1] Aeronautics and Astronautics, Tokai Univ.; [2] STEL, Nagoya Univ.; [3] ISAS/JAXA

Output current of silicon solar cells of Akebono satellite orbiting in the inner magnetosphere decreased from 13 A in 1989 to
about 7 Ain 2009, due to accumulated damage by energetic particles. Annual decrease from the same month in the previous ye
shows a clear oscillation due to orbit precession correlated with trapped energetic proton flux up to 1996. Although phase of th
oscillation in annual variation shows a clear correlation, the amplitude tends to be larger than that expected from a degradatic
model based on energetic proton distribution of the NASA's AP8 model. The larger amplitude of oscillation suggests that the
proton radiation belt was more sharply localized than given by the AP8 model throughout the early half of 1990s.

We have been further working on modelling of the L-shell distribution of trapped energetic protons which provides best-fit for
the degradation of solar cells. The results by assuming Gaussian distribution of proton flux for L value are as follows.

(1) If we assume a steady state before 1996, the best-fitted distribution has a peak around L=1.6 and a width of dL=0.2 (i.e
half width of 1/e decrease from the peak).

(2) If we employ a dynamic model with temporal variation and introduce a different distribution between April 1991 and June
1992, RMSE is further improved from the steady model. Modeled distribution has a peak around L=1.9, suggesting outwarc
shift or expansion of the proton radiation belt during the interval.

Our modeling gives narrower distribution than given by the AP8 model, but is more consistent with the CRRES model basec
on the observation before November 1991 including the dynamic variation in 1991.
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Status report on the SuperDARN Hokkaido East radar

# Nozomu Nishitani[1]; Tomoaki Hori[2]; Nozomu Nishitani SuperDARN Hokkaido radar group[3]
[1] STELAB, Nagoya Univ.; [2] STE lab., Nagoya Univ.; [3] -

Latest status of the SuperDARN Hokkaido East radar, which has been in operation since November 2006, will be reported.
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Radiation hazard at aircraf altitude and the correlation with solar activities

# Yumi Nakagawa[1]; Ryuho Kataoka[2]; Tatsuhiko Sato[3]; Satoshi Nozawa[4]
[1] Ibaraki Univ.; [2] NIPR; [3] JAEA; [4] Science, ibaraki Univ.

Understanding the solar cycle variation of the radiation dose at aircraft altitude is one of the most important topics of space
weather research. We applied Sato et al. (2013) air-shower model to calculate the radiation dose rate in the stratosphere and
the troposphere during solar cycle 23, using GOES energetic particle sensor data as the input. As a result, it is found that tt
seasonal variation of dose rate at the tropopause is relatively enhanced during the solar maximum, and longer-time trend of ™
year shows monochromatic increase from the solar maximum to the solar minimum. We report the mechanisms of the season
variation and the longer time trend of dose rate at the tropopause in this presentation.
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The relationship among relativistic electron flux in the radiation belt, solar wind and Pc 5
at the dip equator

# Kaisei Akimoto[1]; Akimasa Yoshikawa[2]; Teiji Uozumi[3]; Shuji Abe[4]; Akimasa Yoshikawa MAGDAS/CPMN Group[5]
[1] Earth and Planetary sciences, Kyushu Univ.; [2] ICSWSE/Kyushu-u; [3] ICSWSE, Kyushu Univ.; [4] ICSWSE, Kyushu
Univ,; [5] -

To clarify the mechanism of relativistic electronZMeV) flux increase in the outer radiation belt, we investigated the rela-
tionship among relativistic electron flux, solar wind parameters and Pc 5 pulsation at the dayside dip equator.

As the first step, we counted the number of electron flux increase events which occurred during 2005/01/0172013/12/31 an
checked whether magnetic storm occurred or not before electron flux increased by using the Dst index (WDC for Geomagnetisn
Kyoto University). As a result, we found that storm events (B50nT) are 44% and storm-free events (BsbOnT) are 56%.

Most of the previous studies investigated storm events, while storm-free events received little attention.

We selected storm-free events and investigated the variation of solar wind parameters (data of the ACE satellite, NASA GSFC
and Pc 5 at the dayside dip equator (data of the MAGDAS/CPMN, Kyushu University) before the electron flux (data of the GOES
satellite, NOAA SEC) increased. As a result, we can see large increases of solar wind velocity (at least 300km/s) before rela
tivistic electron flux increase. We can also see enhancement of Pc 5 activity at the dayside dip equator during relativistic electro
flux is increasing. Enhancement of Pc 5 activity at the dayside dip equator means that convection electric field penetrated t
the dip equator. This result suggests that monitoring of Pc 5 activity at the dayside dip equator can be good clue to clarify the
mechanism of relativistic electron flux increases in the outer radiation belt. (i.e. Identification the type of Pc 5 which can cause
radial diffusion.)
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The study of ULF pulsation driven by KH instability using a next generation M-I
coupling simulation model

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

ULF pulsation plays an important role in relativistic electron acceleration of outer radiation belt. One of the ULF generation
mechanisms is an excitation due to KH instability at the magnetopause. Claudepierre et al. [2008] reported the ULF pulsatiot
following the KH instability using a global MHD simulation model. Our next generation magnetosphere-ionosphere coupling
global MHD simulation model reproduced the ULF pulsation at the magnetosphere and the ground following the KH instability
because the resolution is improved. In this study, we have done the spectral analysis to ULF pulsation at the magnetosphere a
ground. We drove the simulation changing the solar wind velocity of 800 km/s, 600 km/s, and 400 km/s. we made the spatial
distribution of the integrated ULF wave power at the equatorial plane. In the results, we found that the integrated ULF wave
power and the peak frequency depend on the solar wind velocity. The integrated ULF wave power is distributed lying on 2-3
layers at the magnetopause. These features are consistent with the results of Claudepierre et al. [2008]. We also found that th
is the region of the strong ULF power, which seems to propagate form KH instability, at L= 8 Re in the night side in the case of
northward IMF and the solar wind velocity of 800 km/s. In this lecture we will report the results of the detail analysis.
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The IUGONET and its contributions for space weather study from the past to the future

# Shuji Abe[1]; Atsuki Shinbori[2]; Yoshimasa Tanaka[3]; Akiyo Yatagai[2]; Satoru UENO[4]; Manabu Yagi[5]; Yukinobu
KOYAMA[6]; Norio Umemura[7]
[1] ICSWSE, Kyushu Univ.; [2] RISH, Kyoto Univ.; [3] NIPR; [4] Kwasan and Hida Obs. Kyoto Univ.; [5] PPARC, Tohoku
Univ.; [6] WDC for Geomag, Kyoto, Kyoto Univ.; [7] STEL, Nagoya Univ.

Space weather is an exciting research field on the complex system between Sun and Earth region. In order to investigate tl
mechanism of long-term variations on space weather, it is crucially important to make cross-cutting studies with various kinds of
data observed at various regions and methods. Thus, it is needed to combine databases which maintained by each institute :
to accelerate to make data-sharing network in our community. One of our approaches to solve the above problem is &quot;Th
IUGONET&quot; (Inter-university Upper atmosphere Global Observation NETwork) project. It was established in 2009 as a
research project supported from the Ministry of Education, Culture, Sports, Science and Technology (MEXT), Japan, and will be
closed at the end of this fiscal year. It was launched by only five Japanese universities and institutes (NIPR, Tohoku University
Nagoya University, Kyoto University, and Kyushu University), that have been leading ground-based observations of the upper at
mosphere for decades. And now, the [IUGONET built much collaboration with both domestic and international institutes/projects.

The IUGONET project has two main products. One of our data management frameworks is the IUGONET metadata databas
(MDB). As previously explained, researchers for space weather need various kinds of archived data observed by many instrt
ments, for example radars, magnetometers, photometers, radio telescopes, helioscopes, and so on. The IUGONET MDB ¢
help them because it treats all kind of data belonging to IUGONET institutes, and have flexibility to other type of data including
the satellites and the numerical simulation which are used in our community.

Other product of the IUGONET is analysis software which can use for scientific research and publication. The iUgonet Data
Analysis Software (UDAS) is a plug-in software of Themis Data Analysis Software (TDAS), which is upgraded to Space Physics
Environment Data Analysis System (SPEDAS). The UDAS provides many routines for loading the ground-based observationa
data from various types of instruments, and performing scientific data analysis. This platform made it easier for space weathe
researchers to analyze a various kind of data in a unified way.

We held 7 workshops for our products approximately every six months to spread the use of them across many researchers
make contribution to space weather study. 25 reviewed journals related to the IUGONET products and their scientific application
are published. On the other hands, some problems are exposed throughout our six years activities. We plan to deal with them «
our follow-up project in near future. In this presentation, we will summarize the achievements, problems, and suggestions of the
IUGONET project related to space weather research.
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Comparison between particle environment around GEO from global MHD simulation
and that from LANL based on the NICT Science Cloud

# Kazunori Yamamoto[1]; Tsutomu Nagatsumal2]; Yasubumi Kubota[2]; Ken T. Murata[1]; Shinichi Watari[1]
[1] NICT; [2] NICT

http://lwww.seg.nict.go.jp/

Substorm injection is one of the important element of magnetospheric substorm, like auroral break up. Studying substorm in
jection is important to understand the physics of substorms. Also, substorm injection temporaly changes the particle environmer
around satellites at GEO. And dynamical variations of particle environment around GEO is one of the causes of satellite anomal
due to surface charging. We try to evaluate our magnetospheric global MHD simulation code by comparing output from global
MHD code and LANL satellite particle data.

We have built a large-scale environment for the statistical analysis where the data obtained through satellites observations ai
computer simulation are used to construct a uniform, integrated dataset. In this environment, plenty of data are integrated in th
following manner: (1)Archiving large quantities of data files, (2)Resampling time series and convert coordinates, (3)Extracting
parameters from simulation data, and (4)Merging both data into one file.

(1)Archiving large quantities of data files: Using the STARS (Solar-Terrestrial data Analysis and Reference System) meta-
database that provides meta-information of observation data files managed at distributed observation data sites over the intern
users download data files without knowing where the data files are managed. On the other hand, simulation data is saved fro
supercomputer to petabyte-scale distributed storage that is connected to 10GbE (JGN-X).

(2)Resampling time series and convert coordinatestWe developed an original data class (SEDOC class) to support our
reading of data files and converting them into a common data format. The data class defines schemata for several types of da
Since this class encapsulates data files, users easily read any data files without paying attention to their data formats. The SEDC(
class supports a function of resampling time series through linear interpolations and converting them into major coordinates sys
tems.

(3)Extracting parameter from simulation data: We have developed a 3-D visualization system that visualizes both of these
data simultaneously and extract parameters from simulation data in the arbitrary coordinate value.

(4)Merging both data into a single file: Time scale and coordinate are regularized over data files.

We found a practical problem of the system, especially in case of long durational data analyses. It is the problem of the com
putational load on the processes two to four. It is necessary to solve this problem in order to achieve data-intensive processir
for plenty of data files with non-negligible file I/O and CPU utilization.

To overcome this problem, we developed a parallel and distributed data analysis system using the Gfarm and Pwrake bast
on the NICT Science Cloud. The Gfarm shares both computational resources and perform parallel distributed processing. |
addition, the Gfarm provides the Gfarm file system which behaves as a virtual directory tree among nodes. The Pwrake throws
job for each Gfarm node that has a target data file in the local disk. It utilizes local disk I/O to achieve effective load balance.

Detailed comparison between simulation and observation will be shown in our presentation.
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Development of database of ground-based observation network of Tohoku University

# Manabu Yagi[1]; Takahiro Obara[2]; Masato Kagitani[3]; Mizuki Yoneda[4]; Atsushi Kumamoto[5]; Hiroaki Misawa[6];
Fuminori Tsuchiya[4]; Kazumasa Iwai[7]; Naoki Terada[8]; Hiroyo Ohya[9]
[1] PPARC, Tohoku Univ.; [2] PPARC, Tohoku University; [3] PPARC, Tohoku Univ; [4] Planet. Plasma Atmos. Res. Cent.,
Tohoku Univ.; [5] Dept. Geophys, Tohoku Univ.; [6] PPARC, Tohoku Univ.; [7] NSRO/NAQJ; [8] Dept. Geophys., Grad. Sch.
Sci., Tohoku Univ.; [9] Engineering, Chiba Univ.

Planetary Plasma and Atmospheric Research Center (PPARC) of Tohoku University have been developed an upper atmosphe
planetary, and space physics database under collaboration with the Inter-university Upper atmosphere Global Observation NE
work (IUGONET). The database consists of planetary and solar radio observation by litate Planetary Radio Telescope (IPRT
and Jupiter/galaxy decameter radio receiver working in litate observatory, that is one of the observatory of Tohoku University.
Development of database of LF/VLF wave observation at Athabasca, Ny-Alesund, and Asia VLF Observation Network (AVON)
are also undergoing collaborated with Chiba University. These data can be accessed by IUGONET metadata database as well
IUGONET analysis software &quot;UDAS&quot;.
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Reconstruction of cosmic-ray 22-year cycles and the heliospheric environment based o
carbon-14 in tree rings

# Hiroko Miyahara[1]; Ryuho Kataoka[2]; Yusuke Yokoyama[3]
[1] Humanities and Sciences, Musashino Art Univ.; [2] NIPR; [3] AORI, Univ. Tokyo

It has been revealed by the meausrement of beryllium-10 content in ice core layers that the cosmic ray variation associate
with the Hale solar magnetic reversal cycles was amplified during the Maunder minimum in the 17th century. It was suggestec
that the variability of the heliospheric current sheet was changed during the time. It has been also found that the amplified 22
year cosmic-ray cycles (actual cycle length was 28 years due to the lengthened solar cycles) might have been playing importa
role in climate multi-decadal variations. Associated with the annual-scale 40 percent increase in cosmic ray flux every 28 years
temperatures and precipitations were changed over the northern hemisphere.

We are conducting high resolution measurement of carbon-14 in tree rings from the Maunder Minimum in order to determine
the absolute ages of the events. We report the preliminary results of the measurement.
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Upper atmosphere database at NIPR constructed during the IUGONET project

# Yoshimasa Tanaka[1]; Yuka Sato[1]; Yasunobu Ogawa][1]; Akira Kadokura[1]; Hisao Yamagishi[2]; Takuji Nakamura[1]
[1] NIPR; [2] National Inst. Polar Res.

Space and Upper Atmospheric Sciences Group in the National Institute of Polar Research has been observing the upper atn
sphere in the polar region with various instruments, such as imagers, radars, magnetometers, and riometers since the Internatio
Geophysical Year in 1957-1958. However, databases of the observed data have been constructed and maintained separately
each instrument or project, and thus the current situation of the database was quite different from each other. In addition, since tt
format of data files is different for each instrument and observation period, it was necessary to provide users with many varietie
of routines for reading the files or ascii files converted from the original data.

We constructed a new database of the upper atmosphere during the Inter-university Upper atmosphere Global Observatic
NETwork (IUGONET) project. We decided to convert almost all kinds of data files to the Common Data Format (CDF), which
is self-describing data format and widely used in the field of solar-terrestrial physics. The format can easily be read in various
language, for example, C, Fortran, Java, Perl, IDL, and MATLAB with libraries provided by NASA. In particular, a set of IDL
routines, UDAS, developed by the IUGONET team allows users to download, load, and visualize our data. The data conversio
was carried out in collaboration with the ERG Science Center. At present, we are developing the system that automatically
creates the CDF files, metadata files, and quick-look plots from data transferred from observatories in the polar region. In th
presentation, we will show the current status and future prospects of the database.
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Wave vector determination using the Capon method

# Tatsuya Oyama[1]; Tohru Hada[2]
[1] ESST, IGSES, Kyushu Univ.; [2] ESST, Kyushu Univ

Temporal and spatial variations cannot be separated using a dataset obtained by a single spacecraft. This issue can be resol
using datasets obtained by multi-point measurement, but we should keep in mind that, while the number of data points in the tim
domain can be quite large, that in the spatial domain is simply the number of spacecraft, which is only a few, typically. Usual
data analysis techniques, such as Fourier decomposition, cannot be directly applied to such data.

One of the more sophisticated techniques to deal with data with small number of data points is Capon’s method. In this
presentation we study some of its fundamental properties (which are not well known at least to the knowledge of the preser
authors). Accuracy and sensitivity in determination of the wave numbers will be discussed, taking number of data points, numbe
of waves included in the data, and the number of events for taking the event average, as external parameters. Influence of exter
noise will be presented also. Based on these results, we argue plausibility of analyzing wave number spectra of MHD turbulenc
when it is expressed as superposition of many waves with different wave numbers.
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