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Turbulence scales and energetics in clear air and clouds evaluated from MU radar and
balloon measurements.

# Hubert Luce[1]; Hiroyuki Hashiguchi[2]; Richard Wilson[3]; Mamoru Yamamoto[2]; Masayuki Yamamoto[4]
[1] Toulon-Var University; [2] RISH, Kyoto Univ.; [3] LATMOS-IPSL, Pierre and Marie Curie University; [4] RISH, Kyoto
Univ.

Turbulence can play a key role in energy and matter exchange at small scales in the atmosphere. The mechanisms of turbuler
generation are multiple and can interact between each other giving rise to miscellaneous characteristics of the turbulent regiol
from highly sporadic patches of any size to long lived layers with strongly varying depth and intensity. In the troposphere,
turbulence can occur in clouds and in clear air. Most observation techniques using in situ or remote sensing sensors are eith
simply not adapted for turbulence detection or not efficient for detecting turbulence in both conditions. However, we recently
developed balloon data processing methods for detecting temperature turbulence and retrieving some of its statistics (such
turbulent potential energy, a turbulence outer scale called Thorpe length, background stability, shear) in both dry and saturate
conditions. These methods haven been applied to balloon data collected with Vaisala and Meisei radiosondes and the resu
were successfully compared with high temporal and range resolution observations performed by the VHF Middle and Uppel
atmosphere radar (MUR, Shigaraki Observatory). VHF-band radars are the sole remote sensing instruments capable of detecti
turbulence in clear and cloudy airs throughout the entire troposphere and at any time of the day or night. Radar signals ar
processed so as to deliver statistical parameters related to the detected turbulence (echo power, power aspect ratio, and spec
width). The combination of radar and balloon observations thus makes it possible to estimate statistics of turbulence (in cloud
and in clear air) such as turbulent kinetic and potential energies and buoyancy scale. Under the assumption of Kolmogorow
Obukov turbulence, temperature and refractive index structure constants, energy dissipation rates, Ozmidov scale, diffusivitie
and turbulent fluxes can also be retrieved. In the present work, results from MUR and balloon data collected during a one:
week field campaign in November 2013 are presented. In particular, we will focus on the statistics obtained for turbulent event:
observed in clouds and in clear air, above and below upper-level frontal zones.
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Observation of horizontal wind convergence associated with heavy rainfall by using two
adjoining 1.3-GHz wind profiler radars

# Tomoyuki Nakajo[1]; Masayuki Yamamoto[2]; Hiroyuki Hashiguchi[3]
[1] Fukui Univ. Tech.; [2] RISH, Kyoto Univ.; [3] RISH, Kyoto Univ.

1. Introduction

Problem of heavy rainfall against the background of global warming has been a serious problem, and accuracy improvement ¢
prediction techniques is strongly desired. The various observation techniques aiming at early detection of cumulonimbus clou
leading to a heavy rain are proposed. On the other hand, in the theoretical field, research of the forecast by a numerical mod
with high surface imagery is advanced. In the future, it is expected that the integration of observations and numerical model goe
to construction of the prediction technique with higher accuracy.

Observation of the wind in lower troposphere is one of the important observations in such a background. In lower troposphere
localized horizontal wind convergence relevant to development of the cumulonimbus cloud occurs. Therefore, it is very impor-
tant for the accuracy improvement of the prediction technique of a heavy rain to clarify the actual condition of the wind in lower
troposphere.

2. Observation of horizontal wind convergence by two adjoining WPRs

Wind profiler radar (WPR) is most powerful tool to measure the wind in lower troposphere. There are two WPRs in the Fukui
plain. One is the WPR of Fukui University of Technology (FUT-WPR) installed in along the seashore in northern part of the
Fukui plain. Another is the WPR of the WINDAS network which the Japan Meteorological Agency established (WINDAS-
FUKUI) in the central part of the Fukui plain. The data comparison of two WPRs enables presumption of localized horizontal
wind convergence in the northern part of the Fukui plain. The distance of FUT-WPR and WINDAS-FUKUI is 24 km which is
a little larger than the typical horizontal scale of a cumulonimbus cloud. Therefore, it is a distance suitable for observation of
localized horizontal wind convergence relevant to generating of a cumulonimbus cloud.

3. Example analysis about a heavy rainfall event on Sep 16, 2013

In the article, we mention an example analysis about a heavy rainfall event on Sep 16, 2013. The heavy rainfall by the typhool
No. 18 and a related stationary front had occurred from Sep 15 to 16. The precipitation had increased after 0:00 on the 16th, ar
the maximum of rainfall more than 25 mm/h was observed in the northern part of Fukui plain from 4:00 a.m. to 5:00 a.m. on
Sep 16.

The data of WPRs indicate there had been a front line at the altitude of 1 km above the Fukui plain on the 15th and the altitude
of front line had increased after 0:00 on the 16th. The increment of front line altitude observed by FUT-WPR was larger than that
observed by WINDAS-FUKUI, which indicates the gradient of front line had increased in the northern part of Fukui plain. The
comparison of horizontal wind vectors observed two WPRs also indicate the strong horizontal wind convergence had occurre
at the altitude from just above the front line (172 km) to 3"4 km with the increment of gradient of front line. We consider that the
horizontal wind convergence accompanying by the increment of front line gradient was a fundamental factor of heavy rainfall
which occurred from 4:00 a.m. to 5:00 a.m. on the 16th.

4. Conclusions

Besides the example described in the article, we have obtained several same observation results. Therefore, we conclude t
horizontal wind observation by two adjoining WPRs enables to detect the localized horizontal wind convergence in lower tropo-
sphere relevant to occurrence of cumulonimbus system leading to heavy rainfall. The integration of this observation techniqu
and the prediction method by a numerical model with high surface imagery is expected to be useful for disaster prevention.
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Study of altitude characteristics of Mesosphere Summer Echoes observed by the
SuperDARN Hokkaido HF radar

# Taishi Tsuya[1]; Nozomu Nishitani[2]; Tadahiko Ogawa|3]; Masaki Tsutsumi[4]; Akira Sessai Yukimatu[5]
[1] STELAB, Nagoya Univ; [2] STELAB, Nagoya Univ.; [3] NICT; [4] NIPR; [5] NIPR/SOKENDAI

The mesopause, located around 80 to 100 km altitude, is where the neutral temperature is lowest in the earth’s atmosphel
The mesopause temperature is largely affected by the global meridional circulation in the middle atmosphere, and mesopau:
temperature is more variable than lower atmosphere temperature. Therefore study of the mesopause region is very important f
understanding environmental changes including global warming.

When the mesopause neutral temperature goes below 150 K, heavy charged ice aerosol particles are generated, which red
electron diffusivity. Neutral air turbulence in combination with the reduced electron diffusivity lead to the creation of structures
at half-wave scales which backscatter radio waves (Rapp and Luebken, ACP, 2004). As a result, the echoes backscattered
mesopause are frequently observed in summer in the polar region as Polar Mesosphere Summer Echoes (PMSES). In rec
years mesosphere echoes are observed not only in the polar region but also at midlatitudes as Mesosphere Summer Ech
(MSEs) (Ogawa et al., JASTP, 2011).

In this study, we make statistical analysis of MSEs observed by the SuperDARN Hokkaido HF radar at midlatitude (geographic
latitude: +43.53 N deg). We make use of the criteria for identifying MSEs adopted by Ogawa et al. (EPS, 2013) which performed
event study of MSE using the SuperDARN Hokkaido radar. As a result, MSEs are observed more frequently in the daytime (07 tc
18 LT) and summer (in particular June and July) than other time and seasons, which is similar to PMSEs reported by Hosokaw
et al. (GRL, 2005) using the high latitude SuperDARN radars and NLC reported by Gerding et al. (GRL, 2013) using midlatitude
lidar.

MSEs are often contaminated with echoes from the Es layer. In order to identify MSEs exactly and understand the generatio
mechanisms of MSEs at midlatitude, it is important to obtain neutral wind information near the mesopause because some MS
structures might be transported from higher latitudes by neutral winds (Singer et al., ASR, 2003), which affect the Doppler
velocity of MSEs. If the Doppler velocity of MSEs consists with neutral wind, it becomes credible that the echoes are MSEs.
In this aspect we can set more appropriate criterion for identifying MSEs by taking into account altitude distribution of neutral
winds, which can be obtained by using meteor echoes observed by the radar. In order to estimate altitude distribution of MSE
and neutral winds, we use the technique employed by Yukimatu and Tsutsumi (GRL, 2002) and Tsutsumi et al. (Radio Sci.
2009) which obtain neutral wind information from meteor echoes using the SuperDARN radars. Details of analysis will be
presented.
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Two-day period fluctuation of PMC occurrence over Syowa Station, Antarctica observed
by a ground-based lidar and AIM satellite.

# Hidehiko Suzuki[1]; Takuji Nakamura[2]; Masaki Tsutsumi[2]; Mitsumu K. Ejiri[2]; Yoshihiro Tomikawa[2]; Makoto
Abo[3]; Takuo Tsuda[2]; Takanori Nishiyama[2]; Takuya Kawahara[4]
[1] Meiji univ.; [2] NIPR; [3] System Design, Tokyo Metropolitan Univ.; [4] Faculty of Engineering, Shinshu University

A Rayleigh/Raman lidar system has been operated by the Japanese Antarctic Research Expedition (JARE) since Februa
2011 (JARE 52nd) in Syowa Station Antarctica (69.0S, 39.5E). Polar Mesospheric Cloud (PMC) was detected by the lidar at
22:30UT (+3hr for LT) on Feb 4th, 2011, the first day of a routine operation. This event was the first time to detect PMC over
Syowa Station by a lidar [Suzuki et al., Ann. Geophys., 2013]. However, signal to noise ratio (SNR) of the PMC event was
not so good due to large shot noises from daytime background signals, since the lidar receiver system was designed mainly f
nighttime observations. Thus, observation of the PMC during the midnight sun, which also corresponds to most frequent PMC
season, was difficult. To improve SNR of the PMC observation with the lidar during daytime, a narrow band-pass Fabry-Perof
etalon unit has been developed and installed in the receiver system in Dec 2013 by the JARE 55th. By using this new system, w
were successful in the PMC signal detections with good SNR under daylight conditions during the period of summer operatior
of the JARE 55th. Among the operations of 53 days (from 17 Dec. 2013 to 7 Feb. 2014), only 11 days were with a clear sky
and suitable for PMC observation. Thus, it was difficult to monitor continuous day-to-day variations on a PMC activity only by
using the lidar data. Fortunately, NASA's AIM satellite had passed near Syowa Station and provided with complimentary PMC
data during observation gap of the lidar. By combining our lidar data with the AIM/CIPS data, nearly continuous monitoring of
PMC variability over Syowa Station was achieved for period between 13th and 18th in January 2014. PMC occurrence with ar
interval of two days over Syowa Station during the period was clearly confirmed. Co-located MF radar observations also showe
clear two days fluctuation in horizontal wind velocities around PMC altitude during the same period. In this presentation, we
will discuss the cause of the two-day oscillation found in PMC occurrence and horizontal wind velocity. In particular, two-day
planetary wave will be quantitatively investigated as a potential cause of the fluctuation.
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Height and time characteristics of seasonal and diurnal variations in PMWE based on
observations by PANSY radar (69S,39E)

Takanori Nishiyama[1]; # Takuji Nakamura[1]; Kaoru Sato[2]; Masaki Tsutsumi[1]; Toru Sato[3]; Koji Nishimura[1]; Masashi
Kohmal4]; Yoshihiro Tomikawa[1]; Mitsumu K. Ejiri[1]; Takuo Tsuda[1]
[1] NIPR; [2] Graduate School of Science, Univ. of Tokyo; [3] Communications and Computer Eng., Kyoto Univ.; [4] Earth and
Planetary Science, Univ. of Tokyo

We report height and time variations of Polar Mesosphere Winter Echo (PMWE) based on PANSY (Program of the Antarctic
Syowa MST/IS) radar observations in Antarctica. The PANSY radar is a 47 MHz VHF radar installed at Syowa station in
Antarctica (69S, 39E), and it is being developed toward full system operation. In 2013, mesosphere observations have bee
conducted regularly with total antenna aperture of 3,96((fll system aperture of 18,000%nand peak output power of 113
kW (full system output of 520 kW). It was already the largest MST radar in the Antarctic at that moment, and the more detailed
description of PANSY radar itself was summarized in Sato et al. [2014]. PMWE were identified almost every day from March
to October 2013 even during periods without any Solar Proton Events, probably because of ionization by energetic electron
precipitations. Both enhancement of electron density and neutral turbulence have strong control over PMWE as pointed out b
Luebken et al. [2006]. Monthly means of PMWE characteristics were also deduced. They demonstrated that the most part c
PMWE was restricted to daytime when solar zenith angle (SZA) was smaller than 98 degree, suggesting that electrons detach
from negative ions play an important role. However, PMWE was also detected at altitude of 70-80 km for a few hours after
sunset. From a simple estimation of time scale for electron loss based on the continuity equation of electron density ignorin
advection, the PMWE detected at 70-80 km after sunset can be explained by effective recombination rates without Meteori
Smoke Particles (MSPs), which implies that electron loss by MSPs is negligible below 80 km altitude.
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MF radar study of gravity wave activity in the wide height range of 65-110km over
Syowa st., Antarctica

# Masaki Tsutsumi[1]
[1] NIPR

There are very small number of ground-based observation techniques in the lower thermosphere, especially above around 1
km, although the region is a pronounced transition region in terms of the thermal structure, chemistry and dynamics. Radic
meteor echo measurement in a relatively low radio frequency such as MF is a possibility of atmosphere observation above 10
km. We have applied a conventional meteor wind measurement technique widely used in VHF to MF radar systems, and hav
successfully obtained meteor winds up to 120 km altitude [Tsutsumi and Aso, 2005]. The observation has been continuousl
conducted over Syowa station, Antarctica, since 1999. Based on the accumulated 15 years of data we try to estimate seasol
behaviour of gravity wave activity in a wide height range of 65-110km.
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A study of the character of mesospheric gravity waves observed with MF radar at Poker
Flat, and Tromso

# Takenari Kinoshita[1]; Yasuhiro Murayamal2]; Seiji Kawamura[1]; Satonori Nozawa[3]; Chris Hall[4]
[1] NICT; [2] NICT; [3] STEL, Nagoya Univ.; [4] TGO, UiTO

The interaction between gravity waves and tidal waves has been studied by using observations, although the phase relati
between them was not fully understood. The neutral wind velocity data from mesosphere to lower thermosphere observed by M
radars at Poker Flat in Alaska and at Tromso in Norway has been observed since the late 1990s. The long-term wind velocit
data at Poker Flat and Tromso was analyzed for 10 years of 1999 &amp;#8211; 2008 to show daily and seasonal behaviors |
mesospheric gravity waves and horizontal wind of the 12 and 24 hour components.

Observed wind velocities having the 174 hour period components are analyzed as short-period gravity waves and those havir
harmonic components with periods of 48, 24, 12, and 8 hours are calculated every 30 minutes. The phase relation between :
hour components of zonal wind and kinetic energy of gravity waves (GW-KE) shows that their phases are locked for more thar
10 days. Such phase lock events are found in several years at both observation sites. We confirmed a phase lock phenomen
both Tromso and Poker Flat continued for about 20 days from November to December in 2000. However, between Tromso an
Poker Flat, the phases of 12 hour component of GW-KE differed by 180 degrees. We plan to discuss more detail of underlyin
physical processes, focusing on gravity wave drags and background state of horizontal wind velocities at both sites.
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Simultaneous Observation of the Atmospheric Gravity Waves by ISS-IMAP and All-sky
Imagers

# Hideko Yukino[1]; Akinori Saito[1]; Takeshi Sakanoi[2]; Yuichi Otsuka[3]
[1] Dept. of Geophysics, Kyoto Univ.; [2] Grad. School of Science, Tohoku Univ.; [3] STEL, Nagoya Univ.

The purpose of this study is to examine the spatial scale of the atmospheric gravity wave in the mesosphere and the lowe
thermosphere using the simultaneous observations of ISS-IMAP and a ground-based all-sky imager at Hawaii. The relationshi
between the wave structures of the mesospheric airglow and the tropospheric events have been discussed by previous studies.
limitation of the ground-based observation of the airglow is that it cannot distinguish spatial variations from temporal variations
of the structures whose scale size is larger than its field-of-view. ISS-IMAP started the observation in October, 2012 to clarify
the atmospheric gravity waves whose horizontal scale size is 50 km and longer. ISS flies around 400 km altitude, and its orbite
inclination angle is 51.6 degrees. The spatial resolution of the Vlsible-light and infrared Spectrum Imager (VISI) is from 10 km
to 25 km. The simultaneous observation between ISS-IMAP/VISI and the Hawaii all-sky imager has started on March 14, 2013
The atmospheric gravity waves detected by 762nm observation of VISI were compared with the airglow structures in 557.7 nrr
observed by the ground-based all-sky imagers. The origin and the propagation mechanism of the atmospheric gravity wave
were investigated. VISI frequently observed the wave packets whose scale size were 1,000-2,000 km. These wave packets we
observed by the ground-based imager as a series of waves that continued for 5-6 hours. The characteristics of these wave pack
of the atmospheric gravity waves are discussed in this presentation.
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Coordinated observation of atmospheric gravity waves associated with MSTID using
IMAP/VISI and the Hokkaido HF radar

# Takeshi Sakanoi[1]; Nozomu Nishitani[2]; Tomoaki Hori[3]; Atsushi Yamazaki[4]; Akinori Saito[5]; Yuichi Otsuka[6];
Yusuke Akiya[5]; Yuta Hozumi[5]; Septi Perwitasari[7]; Takuya Tsugawa|[8]
[1] Grad. School of Science, Tohoku Univ.; [2] STELAB, Nagoya Univ.; [3] STE lab., Nagoya Univ.; [4] ISAS/JAXA; [5] Dept.
of Geophysics, Kyoto Univ.; [6] STEL, Nagoya Univ.; [7] PPARC Tohoku University
; [BINICT

http://pparc.gp.tohoku.ac.jp/"tsakanoi

We report the recent results coordinated observation of atmospheric gravity waves (AGWSs) associated with MSTID obtainec
with IMAP/VISI from space and the Hokkaido HF radar from the ground. IMAP/VISI is a visible imaging spectrometer which
achieve the line-scanning of airglow emissions measurement from the international space station (ISS) ("400 km altitude) covel
ing the wide range from +51 deg. to &amp;#8211; 51 deg. in geographical latitude. We obtain the global distribution of airglow
emissions (O 630 nm at 250 km alt., OH Meinel band 730 nm at 87km alt., and O2 (0-0) atmospheric band 762 nm at 95 km
alt.) and auroral emissions (O 630 nm at 250 km alt., N2 1P 730 nm at "110 km alt. and O2 762 nm at “120 km alt.). Since
the successful launch of IMAP in August 2012, we usually operate IMAP/VISI approximately 15 orbits a day in the night side
hemisphere. We found that meso-scale ("10 - 50 km) wave pattern is always seen in the airglow emission at 02 762 nm mainly
the whole latitude range, including more than 30 concentric gravity wave (CGW) events which suggests that the local generatio
source in the lower-atmosphere. From the cross-correlation analysis between front FOV data and rear FOV data of which tim
difference is typically 90 s at the same location, we can determine the direction and phase speed of atmospheric gravity wave.

On the other hand, a ground-based instrument plays important role for obtaining the time variations of AGWs since the hori-
zontal motion of AGWs is important to determine the momentum transfer carried by AGWs. Considering the latitudinal coverage
of IMAP/VISI, the combination between IMAP/VISI and the Hokkaido HF radar is the most feasible for the conjugate measure-
ment of AGWs. We found 37 AGW events on the simultaneous IMAP/VISI and the Hokkaido HF radar measurements during
the period from October 2012 to April 2014. In the most cases the AGW pattern taken with IMAP/VISI is seen only in O2 762
nm emission in the E-region (95km). Thus, we compared the AGW data by IMAP/VISI with the near-range echo data obtained
in the E-region by the Hokkaido HF radar.

IMAP/VISI measured westward moving concentric gravity waves in O2 airglow emission with the phase speed up to 160 m/s
from 11 to 15 UT on Feb. 5, 2014. Simultaneously the Hokkaido HF radar measured south-westward moving successive ech
structures. Phase speeds of CGWSs along the E-region echo area and along the radar beams were consistent with those of re
echo structures. During this period, GPS network data showed the south-westward motion of MSTID in the F-region over Japar
This fact suggests that the F-region MSTID was coupled with the E-region gravity waves.
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Determination of the altitude and study of propagation speed of airglow structure
observed by ISS-IMAP/VISI

# Yusuke Akiya[1]; Akinori Saito[1]; Takeshi Sakanoi[2]; Yuta Hozumi[1]; Atsushi Yamazaki[3]; Yuichi Otsuka[4]
[1] Dept. of Geophysics, Kyoto Univ.; [2] Grad. School of Science, Tohoku Univ.; [3] ISAS/JAXA,; [4] STEL, Nagoya Univ.

Visible and near-infrared spectrographic imager (VISI) for ISS-lonosphere, Mesosphere, upper Atmosphere and Plasmasphe
(ISS-IMAP) mapping mission is observing airglow emission from September, 2012. VISI observes airglow emissions in the
nadir direction from the altitude of 400 km by two field-of-views (FOVSs). Directions of two FOVs are 45 degrees in forward and
backward of the ISS velocity, respectively. There are intervals between the observations for the same point in the emission laye
by two FOVs of VISI: approximately 78 seconds for the layer in the altitude of 95 km and approximately 37 seconds for the
layer in 250 km altitude. It is able to derive the propagation velocity of the structures in the emission layer from the differences
between the images obtained from two FOVs under the assumption that the large structure does not change in the difference
time between the observations by two FOVs. Observational data of atomic oxygen airglow in 630-nm and molecular oxygen
airglow in 762-nm obtained by VISI from September 2012 to July 2014 were used to determine the altitude of airglow emission
layer and the propagation speed of the structures. Correlation coefficient are taken between two FOVS with pixel lags whicl
correspond to the altitude from the ground. Points with large correlation coefficient had distributed around the ground and the
altitude of 250km for 630-nm airglow and the altitude of 95 km for 762-nm airglow with several breadth. Propagation speed of
the airglow structures are also estimated after the determination of the altitude of the emission layers.
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Imaging observation of mesoscale patch structure in the mesosphere airglow from the
ISS

# Yuta Hozumi[1]; Akinori Saito[1]; Takeshi Sakanoi[2]; Yusuke Akiya[1]; Atsushi Yamazaki[3]
[1] Dept. of Geophysics, Kyoto Univ.; [2] Grad. School of Science, Tohoku Univ.; [3] ISAS/JAXA

Whole image of mesoscale patch-like structure in the mesosphere airglow was captured by imaging observation from the Inte
national Space Station (ISS). Limb imaging observations with a digital single reflex camera, Nikon D3s, provide us mesospher
airglow images with very wide field of view (3,000 km width at the tangential point). An enhancement of Ol airglow (557.7
nm) accompanies with depletion of Na airglow (589 nm) in the same region of 1,000 km x 2,000 km. In the region, the peak of
Na airglow layer is higher than the surrounding about 3 km. This is the first entire image of the mesospheric mesoscale patc
structure in Ol and Na airglow. This scale size is in the gap of the previous airglow observations between small scale (10 - 40(
km) observed by ground based airglow imagers and large scale (several 1,000s km) observed by satellite limb scanning. Tt
mesoscale structure in mesosphere airglow was found, is is larger than small scale gravity wave structures but it is smaller the
whole the earth convective structures. In the presentation, the cause of this structure will be discussed.
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Fundamental properties of the Earth’s thermosphere found from numerical simulations
with a whole atmosphere GCM

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

Since the research groups in Europe and United States started developing the thermosphere general circulation models (GCN
in 1980s, some thermosphere models, which are coupled with other regions, have been developed. In particular, coupled mode
of the thermosphere-ionosphere and those of the thermosphere-lower atmosphere have had many contributions to understandi
of various phenomena in the thermosphere. In case of our group, we have developed a whole atmosphere GCM, which covers
the atmospheric regions, ionosphere model, ionospheric dynamo model, and coupled atmosphere and ionosphere model (GAI/
Developments of such sophisticated and complicated coupled models are one of the right streets for advances of the aeronor
However, simple model simulations are also important for understanding the fundamental properties of the thermosphere. Fc
example, how strong wind blows in the thermosphere without Joule heating and ion drag force? If the planetary rotation spee
of the Earth were twice or half, how strong wind blows in the thermosphere? Can we represent supersonic winds in the thermc
sphere as some observations reported? Simple model simulations and complicated ones will enable us to understand physi
mechanisms of phenomena and their qualitative understandings, respectively. In this study, we will show some results fron
simple model simulations with a whole atmosphere GCM.
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Long-term trend of the thermosphere caused by anthropogenic increases of greenhous

gasses simulated by the GAIA

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

Using a numerical model, the global cooling due to anthropogenic increase of greenhouse gases in the upper atmosphere
examined. The model used in this study is an atmosphere-ionosphere coupled model (GAIA), in which a whole atmospher
general circulation model, an ionosphere model and an electrodynamics model are integrated. In the lower atmosphere of tt
GAIA, the meteorological reanalysis data (JRA) are incorporated. We performed numerical experiments with increasing the
concentration of C@ We focus our attention on long-term trend in the thermosphere under the solar minimum condition during

the period from 1980 to 2010. Comparing these simulation results, we investigate effects of the increagseaficedtration

on the general circulation in the thermosphere-ionosphere system. In particular, we estimate thermospheric cooling due t
the increase of C@concentration. Changes of behaviors of the upward propagating tides and their influences on the general

circulation in the upper atmosphere are also studied.
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Neutral density anomalies in the whole polar thermosphere produced by ion drag

# Mitsuru Matsumura[1]; Satoshi Taguchi[2]
[1] NIPR; [2] Grad school of Science, Kyoto Univ.

Recent studies have pointed out that the upward mass transport due to heating is important for the thermospheric mass dens
anomalies in the cusp. The cusp is not a single area of anomalies, and there is another neutral mass density enhancement on
nightside. Density depletions also occur on the dawn- and duskside, as has been shown by the CHAMP satellite observation
In the present study, in order to understand the mechanism of the enhancement or depletion of the neutral mass density, we he
studied the effect of ion drag due to ionospheric convection, which can give momentum to the neutral air over the whole area o
the polar thermosphere. We have used a three-dimensional numerical model in which heat transfer from plasmas to neurals
not included. The result of the model calculations shows that the neutral mass density is enhanced at the cusp. Besides the ct
enhancement, another enhancement occurs on the sunlit side of the terminator. This terminator enhancement then spreads to
nightside due to thermal expansion, so that density enhancements can occur on the nightside. On the dawn- and duskside the
drag drives neutral wind circulations, which make depletions in those regions. These dawn- and duskside depletions would mak
the cusp enhancement more prominent.
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Flare response to the thermospheric diurnal neutral wind measured by the OMTIs’
Fabry-Perot Interferometers

# Akiyo Yatagai[l]; Kazuo Shiokawal[2]
[1] STEL, Nagoya Univ.
; [2] STEL, Nagoya Univ.

http://center.stelab.nagoya-u.ac.jp/member/akiyoyatagai/

This research aims at investigating the influence of flare events to the thermospheric tidal wind in order to grasp the EUV effec
of the solar activity to upper atmospheric circulation. The neutral wind at about 250km level observed with the 630nm airglow
by Fabry-Perot interferometers of the Optical Mesosphere Thermosphere Imagers (OMTIs) is analyzed. We used the 15-minut
interval data at Shigaraki for the year 2000 to 2013. 10953 of 59881 samples became usable after a quality control.

We used the flare list issued by NOAA extracted from the X-rays from GOES satellites. There are 131 of X-class flares and
1510 of M-class flares during the 14 years. However, the number of samples to which effective observation of FPI is carried ou
at the flare peak time was 51.

Before composite of the wind at the time of solar flare (so-called superimposed epoc analysis), monthly climatological wind
is made. First, the valid data of every month were averaged in every 15 minutes for 9-21 UTC, then, three months data wer
averaged. Further, the 15-minutes temporal variation data was smoothed with a Gaussian filter (FPI-Clim).

From the 51 sample data containing the flare peak time, the zonal wind (Ve) and the meridional wind (Vn) were composec
after deducted the above mentioned climatology with a flare peak time as the starting point (t=0). Supposing the atmosphere ¢
the daytime side expands under the influence of the flare temporarily and the advection current to the night side is strengthene
the eastward (westward) wind should be strengthened before (after) midnight. Since the influence of the increment of the ai
expansion in mid-night may have been offset, the samples which flare occurs before midnight (39 samples) were composited.

As a result, as for Ve, significant change of eastward wind to westward wind compared to the standard deviation is observe
after 3hrs and a half after solar flare occurred, while as for Vn, significant enhancement of southward component is observe
after 4 hrs of the flares. Although some increments are observed after the flare to the above mentioned change for both Vn ar
Ve, signals are not clear. Further analysis by using other station data and other instruments are required for examination of tf
significance.

This research was done as part of Inter-university Upper atmosphere Global Observation NETwork (IUGONET).
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Recent experiments of Lithium release and future experiment of Barium release from the
sounding rocket in the cusp region

# Yoshihiro Kakinami[1]; Masa-yuki Yamamoto[2]; Shigeto Watanabe[3]; Daiki Kihara[2]; Miguel Larsen[4]; Mark Conde][5]
[1] Kochi Univ. of Tech.; [2] Kochi Univ. of Tech.; [3] Cosmosciences, Hokkaido Univ.; [4] Clemson Univ.; [5] University of
Alaska Fairbanks

Since luminous clouds of chemicals work as a tracer of thermospheric wind, chemical release experiments from the soundin
rocket have been strenuously done since 1950's. Although Lithium (Li) has an advantage among chemicals because of brightne
of resonance scattering light, Li release has not been done for a long time and the techniques had been lost. We have independel
developed canister for Li release from the sounding rocket and system for optical observation from the ground/the airplane sinc
2007, and the released Li clouds were successfully observed under the evening condition in 2007, the morning condition in 201
the daytime condition in 2013 and the night time condition in 2013 in middle latitude. Further, similar experiment was done
at the magnetic equator under the evening condition in 2013. Since ionization rate of Li is not faster compared diffusion in the
thermosphere, it is hard to observe both neutral and plasma simultaneously using Li. However, Barium (Ba) is immediately
ionized (in about 20 s) and both neutral Ba and Ba+ emit resonance scattering light in different wavelength (Ba: 554 nm, Ba+
455 nm). Therefore, Ba has an advantage to observe both neutral and plasma velocities simultaneously. Ba release experim
is planned in November 2014. The rocket will be launched from Andoya in Norway to North-West direction. Science target
is to investigate neutral density anomaly in the cusp region. Since simultaneous observation of neutral and plasma velocities
necessary to understand cause of the anomaly, Ba is suitable material. Ba is released between 150 and 400 km altitude at
km away from Svalbard islands. Observation sites will be set at Hornsund, Longyearbyen, and Ny-Alesund. We has develope
band-pass filters for Ba and Ba+, which were well evaluated with an integrating sphere at National Institute of Polar Researct
We will set up 2 cameras (one for Ba and the other for Ba+) at two sites of three candidates. Although Ba release was done lon
time ago, absolute luminosity is not known. Therefore we also expect to estimate absolute luminosities of Ba and Ba+ using th
evaluated filters.
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Atmospheric neutral analyzer for mass and velocity measurements: design and
laboratory test of mass analyzer

# Manabu Shimoyama([1]; Kouki Arimi[1]; Fumihiro Ito[1]; Masafumi Hirahara[1]
[1] STEL, Nagoya Univ.

In order to understand the variability of the ionosphere-thermosphere system, in-situ measurements of the composition an
density of the neutral atmosphere and the detailed velocity distribution of individual species are required. However, most con
ventional types of instruments for neutral atmosphere lack the simultaneous capability of measuring neutral atmospheric velocit
and resolving neutral mass.

We are developing the Atmospheric Neutral Analyzer (ANA) instrument to measure neutral composition and velocity dis-
tribution simultaneously in the thermosphere. It is designed to measure the detailed, mass-resolved two-dimensional velocit
distribution of thermospheric neutral species, and to derive the corresponding density, mass composition, velocity and temper:
ture from the measured distribution. ANA consists of an entrance collimator with an electron gun, which ionizes neutral particles,
a Radio-Frequency (RF) ion mass analyzer, and a two-dimensional position sensitive MCP detector. The detailed design of AN/
was determined by numerical calculations and the performance was estimated. The dimension of ANA without electronics is
expected to be 100 x 120 x 170 mm. The mass resolution is 10%, and the measurement range and error of temperature ¢
500+/-35 K to 2000+/-100 K. The measurement error of wind velocity is found to be +/-35 m/s when the temperature is 500
K and +/-150 m/s when that is 2000 K. As the next step, we have made a prototype of the RF ion mass analyzer and starte
laboratory experiments using a suprathermal-energy ion beam line, which is currently under development in our laboratory. Th
detailed information on the beam line will be presented by Ito et al.

In this presentation, we will show preliminary results of laboratory experiments as well as the detailed design of the instrument.
A future exploration mission and scientific targets regarding ANA will be mentioned in the talk presented by Hirahara et al. in
this meeting.
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Development of a 3D sodium lidar: synchronous experimentation and validation

# Wataru Muranaka[1]; Takuya Kawahara[2]; Satonori Nozawa][3]
[1] Shinshu University; [2] Faculty of Engineering, Shinshu University; [3] STEL, Nagoya Univ.

Shinshu University, Nagoya University and RIKEN developed an all solid-state, high-power Na lidar for the temperature/wind
measurements in the MLT region over the EISCAT radar site in Tromso (69 N), Norway. The lidar was launched at the radar
site on October 2010, and the observation has been successfully done for successive four winter seasons. Current observat
is five-direction mode applied to the fixed direction, such aswhich observes a vertical direction, and as well as directions of 30
degrees tilted to the north, south, east and west of the vertical.

Now we try to upgrade the system to observe any direction in the sky using a new laser transmission system and a PC
controllable telescope. We aim to observe a range of 15 degrees from vertical. As a first step of a new observation, we aim to g
in fan shape data of mesopause by observing the plane including the vertical.

We have completed for the following things. The transmission system used is composed of two mirrors with electric rotary
stages and two mirrors with the vertical and horizontal axes to emit the laser light to any direction of the sky. Theis pointing
repeatability pointing into the same direction was was measured to be within 0.1 mrad. Receiver system used a telescoy
controlled by a PC. The azimuth and elevation of the coordination of the telescope was done adjusted with using the position ¢
direction of some bright stars. Theis pointing repeatability of the telescope pointing in the same direction was confirmed to be
about 0.35.3 mrad. We have completed the optical system, which has two functions about confirmation of the laser position b
the Using a CCD camera, and observation by the photomultiplier tubelaser trajectory can be monitored with the telescope imag
so that we can tweak the direction.

Current agenda subject we are focusing on is to make automatic and successive observations to a set of directions in the sl
determine the control accuracy of the telescope and the transmission system that assumed to be observed at an angle to the pl
including the vertical. We improve the reproducibility by storing the coordinates of all the observation points. In this talk, we
introduce our new lidar and will discuss the experimental results of test observation mentioned aboveand controversial point ¢
the experiment.
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Recent progress of the infrasound studies and sensor development

# Masa-yuki Yamamoto[1]
[1] Kochi Univ. of Tech.

Infrasound is one of the most important open fields to study the missing link from troposphre to upper atomosphere. In this
decade, observation of the infrasound has been gradually improved with the progress of constructing the CTBTO sensor netwol
in all over the world for watching the nuclear explosions. On the other hand, many kinds of remote-sensing observing method
have been developed by many scientists for ionspheric plasma observation like the GPS-TEC mapping method to clarify th
wide field disturbances like TID (Travelling lonospheric Disturbance), indicating the importance of vertically propagating large
wavelength waves to be projected and seen on the mapping results.

Hence, not only the electromagnetic coupling processes but also neutral atmospheric pressure waves like the audible sou
and infrasound should be studied, however, the observation of infrasound is currently insufficient. As for the event studies, i
has been reported that, for example, huge earthquake like Smatra (2004) or Tohoku-oki (2011) as well as its induced tsunar
became a clear wave source of these kinds of waves, suggesting the infrasound whose propagating velocity is faster than that
tsunami waves on the sea is important for the disaster prevention. Even the relatively small scale geophysical phenomena lil
volcanic eruptions, meteorite entries, or thunders also creates clear N type infrasound signal at a time of arrival of the shoc
waves generated at the source.

Propagation is rather difficutl issue to soive in the atmosphere because of its vertical temperature (sound speed) profile. .
sounding experiment was carried out using a JAXA sounding rocket in 2012 with emitting several frequency sound and receiving
the artificial sonnar signal in the stratosphere up to the thermosphere, experimentally showed the clear natural damping structur
with increasing the altitude, however, even the audible sound frequency range, the sonic waves can propagate into the thermospl
up to 150 km.

In order to measure such kind of pressure waves in a few to several 100 km scale, arrayed sensors network is required, th
the cost of each pressure sensor is important to built. We recently developed a new infrasound sensor that include some weatt
monitoring sensors and seismometers, enables us to integrate such information to create an independent emergency alert sys
by one sensor complex for any geophysical events just after the arrival of the sonic waves. In this paper, we will show the
most recent progress of the infrasound observation as well as the development of infrasound sensors, to open the new era of 1
infrasound study and its usuful applications into the society.
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Vertical motion of a polar cap patch and its contribution to the electron density profile

# Jun Sakai[1]; Keisuke Hosokawa[1]; Yasunobu Ogawa[2]; Satoshi Taguchi[3]
[1] UEC; [2] NIPR; [3] Grad school of Science, Kyoto Univ.

We investigate how a plasma patch survives for a long time during its journey across the polar cap. Polar-cap patches ai
embedded in the convection flow in the high latitude ionosphere. Their motion has an upward component on the day side an
a downward component on the night side due to a small inclination of the Earth’s main field in the polar cap. In addition, the
meridional neutral wind pushes the ions down (on the day side) and up (on the night side) along the magnetic field lines. Thes
motions of the patch plasmas, as well as the ionization loss rate, determine the electron density profile of a polar cap patch.
is well known that the electron density profile above the F-region peak altitude (hmF2) is controlled by the vertical transport
(diffusion) of plasmas while the bottom-side profile is determined by loss (decay) process. To clarify the effect of the vertical
motion on the electron density profile of polar cap patches we observed the vertical motion of the F-region plasma in the night
side polar cap using EISCAT Svalbard Radar. The observation showed that a typical downward speed of a patch was about ¢
m/s while the horizontal speed was about 500 m/s. The observation also revealed that there was an almost continuous upwe
field-aligned ion motion throughout the observation period, which suggests the existence of an equatorward neutral wind. Fron
this observation, combined with the observed electron density and the ionization loss rate derived from the MSIS atmosphere
we calculated the electron density profile of a polar cap patch at its exit from the polar cap. Our result shows that, in the polal
cap, the electron density profile below hmF2 is also controlled by the vertical transport of plasmas.
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Electron density structure in the vicinity of the trough boundary

# Tetsuro Ishida[1]; Yasunobu Ogawal2]; Akira Kadokura[2]; Keisuke Hosokawa]3]; Yuichi Otsuka[4]
[1] Polar Science, SOKENDAI; [2] NIPR; [3] UEC; [4] STEL, Nagoya Univ.

The purpose of this study is to examine electron density structure in the vicinity of ionospheric trough boundary, and to
understand the physical mechanisms associated with its density variation.

lonosphereic blobs are localized plasma density enhancements, which were easily observed by meridional scan using tt
Chatanika radar [Rino et al., 1983]. They suggested that the source of the blobs is the particle precipitation (plasma she
precipitation, inverted-V events, and structured polar-cusp precipitation). In addition to the precipitation mechanism, it is known
that the modulation of the convected plasma is also the source of the blobs [e.g., Livingstone et al., 1982; Anderson et al., 199¢
Zhang et al., 2013]. Meanwhile, it is often pointed out such blobs are observed in the poleward of the trough region [e.g., Collis
etal., 1988; Pryse et al., 2006]; however the process of collapsing blobs in the vicinity of the trough is still unclear. Therefore, we
had conducted EISCAT SP experiment (4 hours of SP each day, with time resolution of only 60-80 seconds of meridional scan
between October and December 2013, and obtained totally 9 events, which present the high-temporal variation on the plasn
parameters (electron density, ion/electron temperature and line-of-sight ion velocity) inside and outside the trough.

In this study, we examine the temporal variation on electron density structure nearby the poleward boundary of the trougt
using the EISCAT SP data set. We have obtained the following results so far.

1. We found that EISCAT observed high density of plasma appeared in the high-latitude side of the field-of-view (FOV), which
extended toward the low-latitude side of the FOV during 2013 12/04 17:30-18:00 UT. At the same time, EISCAT also observed
the trough in the low-latitude side of the FOV.

2. We found that a strong shear on the horizontal component of ion velocity was formed within 1&amp;#186; of latitudinal
width at the altitude range from 140 km to 360 km, which has up to "800 m/s.

3. GPS-TEC map indicated that the entire EISCAT FOV was located within the trough region during this period. It is also
found that the high density of plasma observed by EISCAT is a part of the band-like blob which is formed over the trough region
from the poleward boundary to the equatorward boundary.

4. The process of collapsing blob was observed during at 2013 12/04 17:50-18:00 UT.

In this paper, we report these results and discuss the physical mechanism on the temporal variation of the band-like blob.
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Recent progress of EISCA3D (Next-Generation IS Radar Project for Atmospheric and
Geospace Science) (3)

# Hiroshi Miyaoka[1]; Yasunobu Ogawal[1]; Takuji Nakamura[1]; Satonori Nozawa[2]; Shin-ichiro Oyama[2]; Ryoichi Fuijii[2]
[1] NIPR; [2] STEL, Nagoya Univ.

http://eiscat.nipr.ac.jp/eiscat3d/

EISCAT_3D is the major upgrade of the existing EISCAT (European Incoherent Scatter) radars in the northern Scandinavia
with a multi-static phased array system composed of one core (transmit-receive) site and 4 receive-only sites to provide us 1
times higher temporal and spatial resolution and capabilities than the present radars. The core site will transmit signals at 23
MHz with about 10 MW power, and all five sites will have sensitive receivers to detect the returned signal using phased-array
antenna with on the order of 10,000 elements.

The location of core site has been decided at Skibotn (Norway), about 50 km southeast of Ramfjordmoen, the current EIS
CAT Tromso site, and 4 receive-only sites have been selected at Bergfors (Sweden), Karesuvanto (Finland), Andoya (Norway
and Jokkmokk (Sweden). The construction of EISC3D is proposed to implement by 4-staged approach, starting from the
implementation of the core site with half tranmitting power 5 MW and 2 receiving sites at Bergfors and Karesuvanto for the 1st
stage. The transmitter will be implemented to full-scale 10 MW at 2nd stage, and the other receiving sites will be constructed a
Andoya and Jokkmokk as the 3rd and 4th stages, respectively.

The EISCAT associate member countries are currently making great efforts to secure national fundings, applying to each né
tional roadmap and budget proposal negotiating with their funding agencies.

In this paper, we will present the recent progress and the roadmap of EISBASoject including the scientific capabilities
and our strategic plan of national funding for EISCAD.
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A Future Formation Flight Mission Using Multiple Compact Satellites for the Terrestrial
lonospheric/Thermospheric Observations

# Masafumi Hirahara[1]; Yoshifumi Saito[2]; Manabu Shimoyama[1]; Yuichi Otsuka[3]; Keigo Ishisaka[4]; Kazushi
Asamural[5]; Takeshi Sakanoi[6]; Hirotsugu Kojima[7]
[1] STEL, Nagoya Univ.; [2] ISAS; [3] STEL, Nagoya Univ.; [4] Toyama Pref. Univ.; [5] ISAS/JAXA,; [6] Grad. School of
Science, Tohoku Univ.; [7] RISH, Kyoto Univ.

We are now discussing a future exploration mission by using multiple compact satellites for changeable formation flights in
order to elucidate the elementary physical processes and mechanisms causing a variety of polar ionospheric phenomena li
auroras. We also consider that this future mission should contribute to the low/mid latitude ionospheric and thermospheric re
searches through the in-situ observations as well as the prevailing ground-based observations because the electric/magnetic fi
and electron density/temperature measurements have to be involved in the upper atmospheric explorations both at the polar a
the mid/low latitudes. The in-situ observations for the density, wind velocity, and temperature measurements of the upper atom
spheric neutral particles would be preferable for these ionospheric/thermospheric observations.

For more detailed definitions of the scientific mission strategy and the specifications of the science instruments in this future
mission, we would like to initiate the discussion based on the following preliminary properties. 1. Changeable formation flight
function with multiple compact satellites, which are slightly larger/heavier than usual micro satellites, is appropriate for simul-
taneous multipoint observations of fine-scale auroral phenomena. 2: The precise three axial attitude control system should |
applied for realizing the high-quality 2-D imaging of auroral emissions and the simultaneous measurements of the pitch-angle
distributions of the auroral particles with top-hat type energy analyzers. 3: It is also preferable to capture the ram direction of
the satellite by the accurate attitude control in order to measure the shifted velocity distributions of the core ions and possibly th
neutral particles. 4: The three axial electric/magnetic field measurements are quite important for the estimations of the plasm
convection, the field-aligned currents, and the poynting energy flux. 5: The sun-synchronous orbit at relatively low altitudes
would be desirable both for keeping the observational advantages and meeting the requirements described above.

The discussion and proposal of the future mission are based on successful achievements of the recent exploration missit
using the Reimei satellite launched in August, 2005, which is the first genuine microsatellite for the solar-terrestrial physics in
Japan, especially the exploration of the fine-scale auroral dynamics. Reimei has been providing the researchers analyzing r
only in-situ observational data but ground-based data with the cutting-edge measurement results, and this successful satell
mission should be considered to lead to several interesting proposals for new exploration missions in the world. We are als
planning to make a highly plausible proposal on the basis of our own expertizes obtained in the Reimei mission although ther
are many restrictions in the new exploration missions of STP, e.g., financial budget, available satellite platform system limiting
weight/size/power of desired science instruments, the launch method/opportunity. It is, however, undoubtable that highly ac
curate measurements of magnetic/electric fields and plasma waves should be applied in the future compact satellite missior
as well as the monochromatic auroral imaging camera with high-time/spatial resolutions and the auroral electron/ion energ
analyzers with a high-time resolution. Suprathermal ion mass spectrometer and thermal plasma instrument are also necess:
in the viewpoints of the observations indicating the preferential acceleration/heating and the outflows of the ionospheric ions
In addition, our instrument team has been developing the neutral particle analyzer called ANA(Atmospheric Neutral Analyzer)
which could be carried on the future compact satellites.

In this talk, we present our mission plan and discuss the expected observational subjects in the upper atmosphere at the po
and mid/low latitudes.
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Morphology and possible origins of close-range echoes

# Pasha Ponomarenko[1]; Blessing Iserhienrhien[1]; Jean-Pierre St.-Maurice[1]; Nozomu Nishitani[2]
[1] University of Saskatchewan; [2] STELAB, Nagoya Univ.

High frequency (HF, 10-20 MHz) radar echoes from very close ranges36D-400 km are generally attributed to at least
three sources: (i) backscatter/reflection from meteor trails, (ii) polar mesospheric summer echoes, PMSE, and (iii) non-field
aligned E-region irregularities which are confined to the auroral electrojet and produce high-aspectionospheric returns, HAIR. T
distinguish between different mechanisms, we used several years of data from Super Dual Auroral Radar Network, SuperDARN
to perform statistical analysis of the seasonal-diurnal variability in major echo parameters. The dataset covered mid, auroral ar
polar latitudes, and all observed close-range echoes were processed without any pre-selection. The most common morphologi
feature observed at all magnetic latitudes is a daytime echo population centred at midsummer. These echoes originate from t
bottom of the E-region, and they seem to be generated by some unspecified non-aspect mechanism. Furthermore, the met
returns are easily distinguishable at auroral and sub-auroral latitudes near the local dawn, while PMSE signatures do not seem
be statistically significant in our dataset.



R005-25 Od:A O0:110 30 10:25-10:40

MSTIDs statistical study using HF radar ground backscatter data

# Alexey Oinats[1]; Volodya Kurkin[1]; Nozomu Nishitani[2]; Oleg Berngardt[1]; K.G. Ratovsky[1]
[1] Institute of Solar-Terrestrial Physics, Irkutsk, Russia; [2] STELAB, Nagoya Univ.

We present statistical characteristics of medium-scale traveling ionospheric disturbances (MSTIDs) revealed from the dat
of two mid-latitude SuperDARN HF radars: Hokkaido (43.53N, 143.61E) and Ekaterinburg (56.42N, 58.53E). An automatic
technique based on the cross-correlation analysis of minimum group range variations is used for determination of the mail
MSTIDs parameters such as azimuth, apparent horizontal velocity, period and wavelength. Datasets collected by Hokkaid
and Ekaterinburg radars cover a long period from the late 2006 until 2014 and during 2013 accordingly. This allows us to
discuss diurnal and seasonal dependencies of predominant MSTIDs propagation direction as well as its solar and geomagne
activity dependence. In addition, comparison of the results for two spatially separated radars allows us to study dependency ¢
predominant MSTIDs propagation direction from geographic location.
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Statistical Study of Medium-Scale Traveling lonospheric Disturbances Using GPS
Network in New Zealand

# Yuichi Otsuka[1]; Chulhyo Lee[1]; Kazuo Shiokawa[1]; Michi Nishioka[2]; Takuya Tsugawa[2]
[1] STEL, Nagoya Univ.; [2] NICT

http://www.stelab.nagoya-u.ac.jp/div2/

Using the GPS data obtained from dual-frequency GPS receivers in New Zealand, we have made two-dimensional maps of tot
electron content (TEC) in 2012 in order to reveal statistical characteristics of MSTIDs at mid-latitudes in southern hemisphere. As
of 2012, approximately 40 GPS receivers are in operation in New Zealand. We found that most of the MSITDs over New Zealanc
propagate northwestward during nighttime in summer and northeastward during daytime in winter. The propagation directior
of the nighttime MSTIDs is consistent with the theory that polarization electric fields play an important role in the generating
MSTIDs. Because the daytime MSTIDs propagate equatorward, we can speculate that they could be caused by atmosphe
gravity waves in the thermosphere. The propagation direction of the daytime MSTIDs also has an eastward component il
addition to the equatorward component. This feature is consistent with the daytime MSTIDs observed at mid-latitudes in bott
northern and southern hemispheres. By carrying out model calculations, we have shown that the eastward component of
MSTID propagation direction during daytime is attributed to an interaction of gravity waves to the background neutral winds.
Because most of the daytime MSTIDs appear before 14 LT, the background neutral winds could blow westward. According to the
dispersion relation for atmospheric gravity waves, vertical wavelength of the gravity waves becomes larger when the gravity wave
propagates in the direction opposite to the background winds. Consequently, the gravity waves having an eastward component
the propagation direction could cause larger amplitude of TEC variations compared to the gravity waves propagating westwarc
This could be a reason why the propagation direction of the dime MSTIDs has an eastward component.
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Long-term Analysis of lonospheric Storms In Japan

# Maho Nakamura[1]; Takashi Kikuchi[2]; Masashi Kamogawa[3]
[1] Physics, Tokyo Gakugei Univ.; [2] STEL, Nagoya Univ.; [3] Dept. of Phys., Tokyo Gakugei Univ.

A long-term analysis of the ionospheric storms over Japan was carried out using the ionosonde data recorded over 50 yea
and the GPS-TEC data for 20 years at Okinawa, Yamagawa, Kokubunji, and Wakkanai. The lonospheric storms are identifie
as deviations from the running median (27 days) of the foF2 and GPS-TEC. During the geomagnetic storm causing ionosphers
storm, the variations of foF2 and GPS-TEC occasionally show the different such that one is identified as an ionospheric storn
but the other is not.The IMF (Bx,By,Bz), Dst index and sym-H are used to identify the storm conditions. Our analyses show that
the positive storms occur more frequently than the negative storms in the GPS-TEC. The ionospheric storms have remarkab
latitude dependence such that the magnitude is greater at lower latitude and no significant storm signatures at Wakkanai. We al
report that the ionospheric storms occur even during the geomagnetically quiet periods.
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IMF-By effect on the mid-latitude ionospheric total electron content and its mechanism

# Takashi Maruyama[1]; Hidekatsu Jin[1]
[A] NICT

The primary factor that controls ionospheric total electron content (TEC) is solar UV/EUV radiations through the ionization
of the thermospheric neutral particles and also through changes in the thermospheric parameters such as the temperature,
composition of the neutral particles, and the atmospheric circulation. Thus, the relationship between the solar spectral irradianc
and ionospheric TEC is highly complex. To model solar irradiance effects on TEC, we applied an artificial neural network (ANN)
technique that has a great capability of function approximation of complex systems. Three solar pig¥eSCHQ SEMy 34
EUV flux, and Mgllc-w-r were chosen as input parameters specifying the solar spectral irradiance in the ANN-TEC model (T.
Maruyama, JGR, 2010). Another important effect on TEC is ionospheric storms caused by geomagnetic disturbances. The a
index was used to model the storm effect. The ANN was trained on the target of daily TEC variation maps as a function of local
time and latitude over Japan’s area for the period from 1997 to 2014, i.e., one and a half solar cycles. The trained ANN mode
worked fairly well to predict the TEC long-term variability with the 11-year solar activity cycle and the solar rotational period.
There remain, however, errors that may not be related to the above input parameters.

To improve further the ANN-TEC model, the time series of the residual error in the TEC prediction was analyzed by using a
wavelet transformation, which revealed an increase in error with approximately 27-day periodicity during the summer. Examining
several possible origins of the error, we found that the 27-day periodic error disappeared when the IMF-By component and
solar wind-magnetosphere coupling function were added in the input space of the ANN. Detailed comparison of the time serie
showed that TEC tends to be high (low) when the IMF-By is negative (positive) for all local times.

It is known that the magnetospheric convection pattern changes depending on the polarity of the IMF-By component. The
thermospheric circulation is also affected by the IMF-By polarity through the ion-neutral drag force, resulting in the change in
transport of the neutral atmosphere with enhanced molecular composition in the polar region to mid-latitudes (L. Goncharenko €
al., JGR, 2006). Previous satellite measurement showed that the molecular ratio to the atomic oxygen at mid-latitudes increast
when the IMF-BYy is positive (T. J. Immel et al., JGR, 2006). Most probably, the IMF-By effect on TEC is due to the change in
the thermospheric composition and/or the circulation pattern.

The ionospheric peak height (hmF2) is sensitive to the change in the meridional neutral wind. We have modeled and analyze
the prediction error in hmF2 over Kokubuniji by the similar technique used for the TEC modeling. A general IMF-By effect was
found in hmF2 such that hmF2 tends to be high (low) when IMF-By is negative (positive) during the day. This tendency was
reversed during the night. In other words, the thermospheric wind is more equatorward during the night and more poleward durin
the day when IMF-By is positive. The equatorward wind during the night is thought to convey the molecular-rich atmosphere
toward mid-latitudes when IMF-By is positive, being consistent with the previous works. This atmosphere mass rotates into the
dayside and causes the negative TEC disturbance conjointly with the enhanced poleward wind that depresses the ionosphe
height.
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Cause of the variation of geomagnetic Sq field

# Masahiko Takeda[1]
[1] Data Analysis Center for Geomagnetism and Space Magnetism, Kyoto Univ.

Since geomagnetism Sq field is caused by the dynamo action in the ionosphere, electric onductivity, neutral winds and ge
omagnetic main magnetic field can contribute to its variation, and the influence of solar variability is important factor to the
conductivity and winds. It was shown that the amplitude of the geomagnetic Y-component (Sq(Y)) depended strongly on solal
activity, and showed features similar to those in the solar activity even when 11-years running averages were employed. Th
solar activity dependence of Sq(Y) can be fully explained by that of the ionospheric electrical conductivity. Day-to-day variation
of Sq(Y) was investigated, and it became clear that the cause of the solar actrivity dependence was similar to that of long terr
variation.

Time of summer-solstice winter solstice will also be discuused.
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Two-years observation of the mesosphere, ionosphere and plasmasphere by ISS-IMAF

# Akinori Saito[1]; Atsushi Yamazaki[2]; Takeshi Sakanoi[3]; Ichiro Yoshikawa[4]; Takumi Abe[5]; Yuichi Otsuka[6]; Makoto
Taguchi[7]; Makoto Suzuki[8]; Masayuki Kikuchi[9]; Takuji Nakamura[9]; Mamoru Yamamoto[10]; Hideaki Kawano[11];
Huixin Liu[12]; Mamoru Ishii[13]; Kazuyo Sakanoi[14]; Hitoshi Fujiwara[15]; Minoru Kubota[13]; Mitsumu K. Ejiri[9];
Takuya Tsugawa[13]; Go Murakami[16]; Yusuke Akiya[1]; Yuta Hozumi[1]; Hideko Yukino[1]; Akinori Saito IMAP working
group[17]
[1] Dept. of Geophysics, Kyoto Univ.; [2] ISAS/JAXA,; [3] Grad. School of Science, Tohoku Univ.; [4] EPS, Univ. of Tokyo;
[5] ISAS/JAXA, [6] STEL, Nagoya Univ.; [7] Rikkyo Univ.; [8] ISAS, JAXA, [9] NIPR; [10] RISH, Kyoto Univ.; [11] Earth
and Planetary Sci., Kyushu Univ.; [12] None; [13] NICT; [14] Komazawa Univ.; [15] Faculty of Science and Technology, Seikei
University; [16] ISAS/JAXA,; [17] -

ISS-IMAP (lonosphere, Mesosphere, upper Atmosphere, and Plasmasphere mapping) mission is a space-borne imaging m
sion on the international space station (ISS) to elucidate the mesoscale structures in the ionosphere, the mesosphere, and
plasmasphere, and the effect of the structures and disturbances on the space-borne engineering system. It consists of two im
ing instruments on the Exposed Facility of Japanese Experiment Module of the International Space Station (ISS/JEM-EF)
Visible-light and infrared spectrum imager (VISI) observes the Mesosphere and the lonosphere. Extra ultraviolet imager (EUVI)
observes the lonosphere and the Plasmasphere. VISI observes the airglow of 730nm (OH, Alt. 85km), 762nm (02, Alt. 95km)
and 630nm (O, Alt. 250km) in the Nadir direction. The global distributions of the airglow structures whose scale size is 50-
500km in the nightside of the Mesosphere and the lonosphere have been obtained by the VISI observation. EUVI measures tt
resonant scattering of 30.4nm [He+] and 83.4nm [O+]. The global distribution of total He ion content has been observed by
EUVI 30.4nm observation. The continuous observation of ISS-IMAP started in October 2012. The two-years observation ha:s
clarified the energy transport processes by the structures whose horizontal scale is 50-500km in the Earth’s upper atmosphe
and the effect of the structures and disturbances on the space-borne engineering system. In the presentation, the scientific resl
obtained by the ISS-IMAP observation will be reviewed.
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Nonlinear evolution of plasma bubble by using a high-resolution numerical model

# Tatsuhiro Yokoyama[1]; Hiroyuki Shinagawal[1]; Hidekatsu Jin[1]
[A] NICT

Equatorial plasma bubble (EPB) is a well-known phenomenon in the equatorial ionospheric F region. As it causes sever
scintillation in the amplitude and phase of radio signals, it is important to understand and forecast the occurrence of EPB fron
a space weather point of view. It has been proposed that large-scale wave structure (LSWS) at the bottomside of the F regic
should be an important seeding of EPB. However, it is quite difficult to observe the evolution of EPB from a specific LSWS
structure. Therefore, numerical modeling is a powerful tool to study the condition of EPB occurrence and day-to-day variability.
We have developed a high-resolution numerical model which can reproduce the nonlinear evolution of EPB from LSWS-like
seeding at the bottomside. We will discuss the evolution process and internal structure of EPB by comparing numerical result
with past observations. We will also try to incorporate the high-resolution model with the whole atmosphere-ionosphere couplec
model (GAIA) to study the day-to-day variability of EPB occurrence.
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Equatorial plasma bubbles during the sunset terminator observed using GPS receivers |
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Equatorial plasma bubbles during the sunset terminator observed using GPS receivers
Southeast Asia

# Suhaila M Buhari[1]; Mardina Abdullah[2]; Tatsuhiro Yokoyama[3]; Yuichi Otsuka[4]; Michi Nishioka[3]; Takuya
Tsugawa][3]
[1] NICT; [2] UKM; [3] NICT; [4] STEL, Nagoya Univ.

The longitudinal variations of equatorial plasma bubble (EPB) can be continuously observed using rate of TEC index (ROTI)
measurement acquired from GPS receivers over 3000 km zonal distance (920E to 1200E) in Southeast Asia (SEA). The contin
ous generation of several EPB structures were normally observed from ROTI keogram during the passage of the solar terminat
in a night. The EPB structure with 100 km to 550 km spacing distance propagated 3000 km towards the east were prominent for
hours. The GPS data during the ascending solar activity in 2011 shows 96 out of 162 occurrence day in 2011 (60%) demonstrat
several number of EPB were developed continuously during the sunset terminator. The continuous generation during the suns
terminator shows 87 out of 96 (90%) days were during the equinoctial season.
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Optical Characteristics of Sprites and Sprite-Associated VHF Signals Measured by
JEM-GLIMS

# Mitsuteru SATO[1]; Toru Adachi[2]; Masahiro Mihara[1]; Tomoo Ushio[3]; Takeshi Morimoto[4]; Hiroshi Kikuchi[5];
Makoto Suzuki[6]; Atsushi Yamazaki[7]; Yukihiro Takahashi[8]
[1] Hokkaido Univ.; [2] WIAS, Waseda Univ.; [3] Osaka Univ.; [4] Kinki University; [5] EMC, Osaka Univ.; [6] ISAS, JAXA,
[7] ISAS/JAXA; [8] Cosmosciences, Hokkaido Univ.

JEM-GLIMS observes lightning and lightning-associated Transient Luminous Events (TLES) from the International Space
Station (ISS) using two optical instruments and two electromagnetic wave receivers. One of the main objectives of this missior
is to estimate global occurrence distributions and rates of lightning and TLEs and to identify the relation between the horizonta
distribution of sprites and the detailed current structure of the parent lightning discharges flowing in the thundercloud. For this
purpose, we analyzed CMOS camera (LSI), spectrophotometer (PH), and VHF interferometer (VITF) data to estimate optica
characteristics of lightning and identify the electrical properties of the parent lightning discharges. The global distribution of
the detected lightning events clearly shows that most of the events were detected over continental regions, that is, over Afric:
Southeast Asia, and North and South Americas. In addition, the global distributions of these lightning events show clear season
variations and were centered in the local summer hemisphere. These results are comparable to that derived from the MicroLa
1/0TD and TRMM/LIS measurements. To identify the sprite occurrences, it is necessary to perform the following data analysis:
(1) an image subtraction of the wideband LSI-1 data from narrowband LSI-2 data; (2) a calculation of intensity ratio between
different PH channels; and (3) an estimation of the polarization and charge moment changes for the parent CG discharges of tl
event using ground-based ELF measurement data. From a synthetic comparison of these results, we confirmed that JEM-GLIS
succeeded in detecting sprite events. To clarify the source locations of VHF pulses excited by lightning currents flowing in the
thundercloud, we analyzed VITF data. We have developed new interferometric technique to estimate the source locations of VH
pulses excited by lightning discharges. This direction-of-arrival estimation technique consists of two methods: (1) a calculatior
of phase difference between the VHF pulses simultaneously measured by two VHF antennas, and (2) a estimation of the grot
delay of VHF waves. Using this technique, we analyzed the VITF pulse data measured in the sprite events and estimated tf
source locations of these pulses. At the presentation, we will show the relation of the horizontal distribution of sprites and the
spatial distribution of the source locations of VHF pulses excited by sprite-producing lightning discharges.
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Observation of Characteristics of Radio Waves Propagation by S-520-29 Sounding
Rocket

# Keita Itaya[1]; Keigo Ishisaka[2]; Yuki Ashihara[3]; Junichi Kurihara[4]
[1] Toyama Pref. Univ.; [2] Toyama Pref. Univ.; [3] Elec. Eng., Nara NCT.; [4] Cosmosciences, Hokkaido Univ.

S-520-29 sounding rocket experiment is carried out in Uchinoura Space Center in Kagoshima Prefecture, in the summe
of 2014. The purpose of this rocket experiment is observation of sporadic E layer that appears in the lower ionosphere &
near 100km.This rocket is equipped with LF/MF band radio receiver for observation of characteristics of LF/MF radio waves
propagation, and observe the LF/MF band radio waves in rocket flight. Antenna of LF/MF band radio receiver is composed of
three axis loop antenna. LF/MF band radio receiver receives three radio waves of 873kHz (NHK Kumamoto 2ch), 666kHz (NHK
Osaka 1ch), 60kHz (JJY) from the ground. It is possible to estimates the position and size of the high electron density regior
in the sporadic E layer by analysis radio waves propagation characteristics using radio waves come from different directions.W
estimate the electron density in the ionosphere by the estimation of the Doppler shift using the frequency analysis and full-wav
calculated using the data observed by the LMR. Reception sensitivity of LF/MF band radio receiver is more increased than sam
Unit in S-310-40 sounding rocket by loop area of loop antenna is expanded about twice and the gain adjustment in preamp. |
S-310-40 sounding rocket, when we separate the characteristic waves from radio waves by frequency conversion, there is a p
that can not be separated radio waves at 60kHz and 666kHz. This is caused by the frequency components are disappearec
the noise because it could not be received radio waves being attenuated in ionosphere with sufficient sensitivity. We expect t
separate the characteristics wave clearly by LMR of S-520-29 sounding rocket.

In this presentation, we explain the preliminary report of LMR observations and radio waves propagation characteristics by
frequency analysis by S-520-29 sounding rocket experiment.
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Spatial structure of midlatitude sporadic-E with GPS total electron content observations

# Jun Maeda[1]; Kosuke Heki[1]
[1] Hokkaido Univ.

Spatial structures of mid-latitude sporadic E are studied by GPS total electron content (TEC) observations, using a dens
network of GPS receivers in Japan. With this GPS-TEC observation, sporadic E with foEs higher than 16 MHz can be detecte
as a positive TEC anomaly [Maeda and Heki, 2014]. A dense array of GPS receiving stations in Japan enables to image horizont
shapes of sporadic E by plotting vertical TEC anomalies on a map. Such TEC maps revealed that sporadic E over Japan ha:s
common shape which is elongated in the east-west direction with typical length and width of 200 km and 20 km, respectively,
regardless of occurrence latitudes. Directions of elongation and those of propagation show clear perpendicularity, e.g., an ea:
west aligned structure prefers to propagate southward or northward. Propagation speeds are distributed in the range of “40-
m/s, which are consistent with the speed of neutral winds at an altitude of a sporadic E layer.

We also observed smaller-scale structures by analyzing raw slant TEC time series with typical spatial resolution of "2 km.
The results show that plasma patches are quasi-periodically located in a horizontal plane in the east-west direction, as well
in the north-south direction regarding propagating sporadic E. Gradient-drift instability is one of the possible mechanisms tha
would create quasi-periodic (QP) structure in trailing edges of propagating sporadic E. On the other hand, QP structure in th
east-west direction is assumed to be generated by a different mechanism such as shear instability in the neutral atmosphere, €
Kelvin-Helmholtz instability, or other plasma instabilities. In conclusion, at least two different mechanisms are involved in the
formation of QP structures in the east-west and north-south sections.
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Periods of the lower ionosphere disturbances observed in the phase variations of LF
transmitter signal

# Hiroyo Ohya[1]; Kazuo Shiokawa[2]; Fuminori Tsuchiya[3]
[1] Engineering, Chiba Univ.; [2] STEL, Nagoya Univ.; [3] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.

It is known that phase of LF transmitter signals largely varies in nighttime rather than daytime. The daytime phase is stable
due to strong solar ionization. On the other hand, the cause of the nighttime phase variations has not been revealed. In this stut
we focus on the periods of the phase variations of the nighttime LF transmitter signals observed in Japan and South-east Asi
The propagation path (40 kHz) was located from Fukushima to Kagoshima for the Japanese data. We investigated the perio
of LF signals observed in 16 April, and 6 May, 2007 by using a wavelet analysis. For both nights, a period of "50 minutes was
seen ataround 11:00 UT (20:00 LT) and 15:00 UT (00:00 LT). Medium-scale traveling ionospheric disturbances (MSTIDs) were
observed in the map of GPS Total Electron Content (TEC) at 15:00 UT on 6 May, 2007, which such MSTIDs were not observed
on 16 April, 2007. In the presentation, we will discuss the cause of the periods of LF phase in detail.
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Simultaneous observations of ionospheric disturbances due to giant tornado with HF
radar and GPS-TEC network

# Tadahiko Ogawa[1]; Michi Nishioka[2]; Nozomu Nishitani[3]; Takuya Tsugawal[2]
[1] NICT; [2] NICT; [3] STELAB, Nagoya Univ.

We present ionospheric disturbances due to a giant tornado. Three tornados are focused in this talk that happened on (1)
May 2012 with an Enhanced Fuijita scale 3 (EF3) in Tsukuba, Japan, (2) 20 May 2013 with an EF5 in Moore, Oklahoma, USA,
and (3) 31 May 2013 with an EF3 in El Reno, Oklahoma, USA. To detect the disturbances, we used the SuperDARN Hokkaidc
HF radar and the two SuperDARN Fort Hays HF radars in Kansas, USA, and total electron content (TEC) data from GEONET
and a GPS network in USA Main results are as follows: 1) For each tornado event, concentric ionospheric waves propagatin
away from a tornado area were observed with both the observation methods. 2) The waves exhibited velocities of 120 - 270 m/:
periods of 10 - 20 min and wavelengths of 140 - 300 km. These values obtained from the radar observations were not alway
consistent with those from the TEC observations. 3) The wave activity continued for about 7 hours.
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Fine-scale Field-Aligned Currents caused by the lower atmospheric disturbances as
observed by the SWARM above the ionosphere

# Tadashi Aoyama[1]; Toshihiko lyemori[2]; Kunihito Nakanishi[3]
[1] Graduate School of Science, Kyoto Univ.; [2] WDC for Geomagnetism, Kyoto Univ.; [3] Graduate School of Science, Kyoto
Univ

It is reported lately that atmospheric gravity waves generated by meteorological phenomena in the troposphere such as t
phoons and tornadoes, large earthquakes and volcanic eruptions propagate to the mesosphere and thermosphere. We obs
them in various forms(e.g. air glows, ionospheric disturbances such as TEC variations). Nakanishi et al. (2014) analyzed mac
netic survey data of the LEO satellite CHAMP(altitude 300°450 km) and found the small amplitudes magnetic fluctuations with
period around a few tens of seconds along the satellite orbit. They show that the magnetic fluctuations have global and freque
appearnce in low and middle latitude, and were generated by field aligned currents(FACs). Geographical and seasonal depe
dence of the fluctuations exhibits that the atmospheric gravity waves from lower atmosphere propagate to the ionospheric E-laye
and drive dynamo action.

We also discovered that these small scale magnetic fluctuations(0.1°5 nT) are spatial structure of FACs as observed by tt
swarm constellation consisted of three satellites(A,B and C). | showed the evidence that typhoons are one of the origins of th
mnagnetic fluctuations in my master’s thesis by tracing from the CHAMP satellite to the dynamo layer(altitude 110 km) along
the geomagnetic field.

In this presentation, besides the above, we analyze very strong typhoon No.8 which struck the Japanese islands on 6 to 11 Ju
2014, hurricanes in North America and cyclons in Oseania. The three SWARM satellites were launched on 22 November 2013
SW-A and SW-C are in a similar orbital plane (10 seconds latitudinal and 1.4 degrees longitudinal separation) at an inclination o
87.35 degrees and a initial altitude of 462 km. SW-B is at an altitude of 510 km and an inclination of 87.75 degrees. We estimate
the disturbance region of lower atmosphere and longitudinal spatial scale of the FACs by exploiting these characteristic of the
SWARM orbits.

Reference:

Nakanishi, K., lyemori, T., Taira, K., & L&uuml;hr, H. (2014). Global and frequent appearance of small spatial scale field-
aligned currents possibly driven by the lower atmospheric phenomena as observed by the CHAMP satellite in middle and lov
latitudes. Earth, Planets and Space, 66(1), 40. doi:10.1186/1880-5981-66-40
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Structure of field aligned currents in low and middle latitudes as observed by the
SWARM satellites

# Kunihito Nakanishi[1]; Toshihiko lyemori[2]; Hermann Luehr[3]; Tadashi Aoyama[4]
[1] Graduate School of Science, Kyoto Univ; [2] WDC for Geomagnetism, Kyoto Univ.; [3] GeoForschungsZentrum Potsdam;
[4] Graduate School of Science, Kyoto Univ.

Recent research has shown that the gravity waves (i.e., acoustic waves and/or internal gravity waves) propagate to the ion
sphere to cause many different phenomena including the ionospheric instabilities.

By an analysis of the CHAMP magnetic data, we found that the small amplitude (1-5 nT) magnetic fluctuations with apparent
period around a few tens of seconds along the orbit exist globally and nearly all the time (Nakanishi et al., 2014). Characteristic
of the magnetic fluctuations including seasonal dependence of geographical distribution of their amplitude strongly suggest the
they are the spatial structure of small-scale field aligned currents having the lower atmospheric origin. We suppose that the gra
ity waves generated by the lower atmospheric disturbances propagate to the ionosphere and drive the E-layer dynamo, and f
current in the ionosphere diverts along the magnetic field to another hemisphere to make a closed circuit. In addition, it has bee
reported that by computer simulation, the acoustics gravity waves propagate to the ionosphere to drive the ionospheric dynan
and cause the field-aligned current (Zettergren et al., 2013). But the structure of the circuit is not yet clear. To confirm the abowve
scenario and to find the scale of the current circuit in longitudinal direction which was not possible to estimate by the single
satellite, CHAMP, we use the magnetic data observed by the SWARM satellites.

Firstly, from a comparison of small scale magnetic fluctuations observed by the two SWARM satellites, the magnetic fluctu-
ations as observed by CHAMP are confirmed to be real (i.e., natural) phenomena and they show the same characteristics wi
those observed by the CHAMP, i.e., the magnetic fluctuation is perpendicular to the geomagnetic field; the amplitude on the da
side is much larger than that on the night side; as the latitude decrease to the dip equator, the period tend to get longer.

Secondly, because three satellite orbits have various spatial relations in 3-D space, we could easily confirm that the objectiv
magnetic fluctuations are not temporal but spatial structure along the satellite orbit. The longitudinal scale seems to be of th
order of 100 km.

We shall show the above results and some other characteristics of the current circuit and discuss whether or not our suggesti
model fits the observed characteristics.
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Intercomparison of radiative transfer models for atmospheric composition measurement

# Katsuyuki Noguchi[1]; Hiroo Hayashi[2]
[1] Nara Women'’s Univ.; [2] Fujitsu FIP

The radiative transfer model (RTM) is an essential tool in remote sensing simulation studies. They utilize RTMs to simulate
the atmospheric radiance in the retrieval processes which obtain physical amounts (e.g. temperature) and chemical amounts (e
concentration). There are a number of RTMs developed for their own purposes, and intercomparison of results among thos
RTMs for a specific atmospheric and geometric scenario is useful to confirm whether the result from one RTM is correct or not.

We compare the atmospheric radiance from SCIATRAN with those from some other RTMs assuming geostationary measure
ments of air pollutants, nitrogen dioxide (NO2). A preliminary study using Pstar2 shows that under the simple scenario, where
only Rayleigh scattering and NO2 absorption are considered and nadir geometry is adopted, the difference of radiances betwe
Pstar2 and SCIATRAN is about 0.1%. This is much less than the effect of NO2 absorption (up to 0.7%). We also evaluate
the effect of slant geometries and diurnal changes of the solar location (i.e., solar zenith and azimuth angles) on the differenc
between the two RTMs.

Acknowledgment: SCIATRAN is provided by the University of Bremen, Germany. We thank J. P. Burrows, A. Rozanov,
V. Rozanov and A. Richter for their useful comments on SCIATRAN. We are grateful to OpenCLASTR project and package
developers for using Pstar2 (Vector Radiative Transfer Model) package in this research.
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Discussion about indices which display condition of disturbance in the mesosphere
during Arctic winter

# Kazuyo Sakanoi[1]; Takenari Kinoshita[2]; Yasuhiro Murayama[3]; Kaoru Sato[4]
[1] Komazawa Univ.; [2] NICT; [3] NICT; [4] Graduate School of Science, Univ. of Tokyo

Purpose of this research is to clarify relationship between solar activity and disturbance in the middle atmosphere during Arctic
winter. In this research we consider stratospheric sudden warming (SSW), which is a typical phenomenon in Arctic winter, as
disturbance in the middle atmosphere including the mesosphere. Previous research [ex. Labitzke, 2005] reported effect of 1
year solar cycle on thermal structure only in the Stratosphere.

Traditional classification of SSW is not suited for quantitative comparison with other indices. Therefore we are exploring
new indices which display condition of disturbance in the mesosphere. To get thing started, we selected daily bottom altitude o
easterly wind area, which corresponds to SSW, in the zonal mean horizontal wind. Averaged value of those during one SSW eve
is used for quantitative comparison with solar activity and QBO index. No clear relationship was found between the selected nev
value (ZEW index) and two indexes. However we confirm that the ZEW index represents well the degree of disturbance. In the
next step, we calculate AO index in the altitude range from 1000 hPa to 0.1 hPa (65km alt). AO index also represents well the
degree of disturbance in the middle atmosphere.

In this presentation, we will examine and discuss in more detail about ZEW and AO index using meteorological data in order
to confirm which condition these two new indices display in the middle atmosphere.
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Statistical Study of Concentric Gravity Wave in the Lower Thermosphere by using the
ISS-IMAP/VISI data of 2013

# Septi Perwitasari[1]; Takeshi Sakanoi[2]; Yasunobu Miyoshi[3]; Yuichi Otsuka[4]; Atsushi Yamazaki[5]; Yuta Hozumi[6];
Yusuke Akiya[6]; Akinori Saito[6]
[1] PPARC, Tohoku University; [2] Grad. School of Science, Tohoku Univ.; [3] Dept. Earth & Planetary Sci, Kyushu Univ.; [4]
STEL, Nagoya Univ.; [5] ISAS/JAXA,; [6] Dept. of Geophysics, Kyoto Univ.

Concentric gravity waves have been intensively studied in the past few years because of its unique characteristic that shov
the direct coupling between lower and upper atmosphere [e.g. Taylor and Hapgood, 1998; Sentman et al., 2003; Suzuki et a
2013; Yue et al., 2013]. The past studies, both by using the ground-based and space-based observations, have been revealec
general properties of these concentric gravity waves, such as, source, propagation mode and effect of the background profil
However, these studies were mostly based on a single event and gave only limited information. Therefore, a statistical stud
on global distribution of the concentric gravity waves is needed to get further comprehensive understanding on the generatio
mechanism, propagation and the dissipation of the concentric gravity waves. To address this issue, a space-based observatio
more preferable since it covers wider area. Until recently, IMAP/VISI is the only space-based instrument that capable of imaging
gravity waves above the troposphere in the nadir direction. The Visible and near-Infrared Spectral Imager (VISI) of the IMAP
mission was launched successfully on July 21, 2012 with HIIB/HTV3 and installed onto the International Space Station (ISS).
IMAP/VISI is now operated in the night side hemisphere with a range of +/- 51 deg. GLAT. IMAP/VISI is measuring three
different airglow emissions of Ol at 630 nm, the OH Meinel band at 730 nm and the O2 (762 nm) atmospheric band at 762 nm
at an altitude of "400 km with the typical spatial resolution of 16 to 50 km. Since the start of nominal operation in October 2012,
VISI has been operated approximately 15 paths a day.

In this study, we analyzed the concentric gravity wave events from IMAP/VISI data of 2013. We found total 172 concentric
gravity wave events in the O2 (762 nm) airglow emissions at "95km altitudes, out of 4853 data paths. The monthly occur-
rence probability of the concentric gravity wave shows a clear seasonal dependence with the peaks around March-April an
August-September. The weak background winds in the middle atmosphere during the March and September equinox are likel
responsible for interpreting the seasonal dependence. We also determined the source of concentric gravity waves by estimati
the center of the circular pattern. In most events, the sources were found to be convective activity (convective plum, tropical storn
and typhoon), which was identified by using the TRMM data. We found that the convective plum usually generates small-scale
concentric gravity waves with the horizontal wavelength generally less than 100 km. In the other hand, more intense convectiv
activity such as typhoon can generate small-scale as well as large-scale (several hundred km in horizontal wavelength) gravi
waves. We also found that the small-scale waves expand from the center up to several hundred km while the large scale can e
pand up to thousands of km from the center (we found it in more than 3 events). Generally, the concentric pattern appears as a
like shape instead of full circle. It indicates that the background wind filter allows the wave to propagate in a particular direction
and filter out the other directions. The data from March to December 2013 show that in Japan and central Asia sector, the circul
arc appeared mostly in the northeastward direction while in Australia and south pacific sector dominated with the southeastwar
direction. The other sectors are still under the investigation. The detailed analysis of the background wind condition based o
the GAIA model will be used to conduct further analysis in this study and will be discussed in the presentation.
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Statistical Analysis of thermospheric temperatures using four Fabry-Perot
interferometers at high and low latitudes

# Yoshihiro Nakamura[1]; Kazuo Shiokawa[1]; Yuichi Otsuka[1]; Shin-ichiro Oyama]|2]; Satonori Nozawa[2]
[1] STEL, Nagoya Univ.; [2] STEL, Nagoya Univ.

Fabry-Perot interferometer (FPI) is an instrument that can derive the temperature and wind velocity of the thermosphere fron
the ground-based observations of airglow emission at a wavelength of 630.0 nm. The Solar-Terrestrial Environment Laborator
(STEL), Nagoya University, has five FPIs as parts of the Optical Mesosphere Thermosphere Imagers. Two of those FPIs, pos
sessing a large aperture etalon (diameter: 116mm), were installed at Shigaraki (FP00), Japan in 2000 and in Troms&amp;#24
(FPO1), Norway, in 2009. The other three small FPIs, using 70-mm diameter etalons, were installed in Thailand (FP02), Indone
sia (FP03), and Australia (FP04) in 2010-2011. They use highly-sensitive cooled-CCD cameras with 1024-1024 pixels to obtair
interference fringes. However, the error values of temperature estimation are about 200 K and appropriate temperature has r
been obtained from the interference fringes using these new small-aperture FPIs. In the present study we aimed to improve i
procedure of temperature derivation using these small-etalon FPIs, to perform statistical analysis of the temperature data obtain
by FP01-04 for 3-5 years after 2009 and obtained by MSIS-E90 model to evaluate the reliability for estimating the temperature:
using FPI.

The FPIs scan the sky in north, south, east, and west directions repeatedly by rotating two 45-degree mirrors. We determine
centers of the laser fringe and sky fringes for north, south, east, and west directions. Then we found that they are slightly a fev
pixels different depending on the mirror directions. This difference of fringe centers seems to be due to distortion of the optics
body, which is caused by the motion of the heavy scanning mirror on top of the optics. Thus, we decided to determine the fringe
center for each direction. After this revision, the error values of temperature estimation have been improved from 200 K to abou
30 K. This error values is likely to be reliable.

We estimated airglow intensity from the data and performed statistical analysis of the data obtained by FP01-04 for 3-5 year
after 2009. Then we found that the low temperatures are obtained when the airglow intensity is very small.

In this presentation, we show results from evaluating the reliability of the obtained temperatures with considering the accuracy
of FPIs and the relation between airglow intensity and obtained temperatures.
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Development of wind speed determination method with airborne observed images of Li
vapor in daytime lower thermosphere

# Daiki Kihara[1]; Masa-yuki Yamamoto[1]; Yoshihiro Kakinami[2]; Miguel Larsen[3]; Lucas Hurd[4]; Shigeto Watanabe[5];
Hiroto Habu[6]

[1] Kochi Univ. of Tech.; [2] Kochi Univ. of Tech.; [3] Clemson Univ.; [4] Clemson Univ.; [5] Cosmosciences, Hokkaido Univ.;
[6] ISAS/IAXA

1.Introduction

For the purpose of measurement of neutral atmospheric wind in lower thermosphere, we observed resonance scattering lig
of sunlit Lithium (Li) vapor released from a sounding rocket in the evening thermosphere in 2007. At that time, we successfully
measured thermospheric neutral wind profile between 110 km and 400 km. In 2012, we observed resonance scattering light
sunlit Li at dawn, and estimated lower thermospheric neutral wind between 76 km and 127 km. However, an observation of
resonance scattering light of Li vapor in daytime lower thermosphere at Wallops Flight Facility (WFF) of NASA, U.S.A., was
failed in 2011. After calibrating with an integrating sphere of JAXA to estimate S/N ratio of emission intensity of Li clouds to the
background skies in daytime using observational data obtained in 2012, we finally concluded the detection possibility of sunlit
Li clouds under daytime sky condition by applying high altitude airborne observation.

2.0bservation of resonance scattering light of Li vapor in daytime lower thermosphere

The Daytime Dynamo rocket experiment to observe neutral wind profile in daytime lower thermosphere with chemical release
of Li release was carried out on July 4, 2013, at WFF, NASA. The rocket released Li vapor three times between at about 9(
km and 130 km altitude during the upleg, at about 40 km horizontally away from a ground-based observation site in WFF. The
observation was operated with multiple digital cameras with 2 nm band pass filters at 671 nm wavelength.

The rocket successfully began to release Li vapor at 65 s after the launch (at about 90 km altitude). A Li cloud was observet
for about 25 minutes from the aircraft. The released Li vapor formed red clouds along the rocket trajectory just after the release
Afterwards, the Li trails were spread into complex shapes by strong wind shear in the altitude. We successfully observed L
clouds by the airborne observation, however, the observation from ground site could not observe Li clouds due to the unfortunat
affection of tropospheric clouds. Thereby, we can estimate the real S/N ratio of the Li emission against the background ligh
under the bright daytime skies condition from the both data of a test flight in evening (on Jan. 29, 2013) and this experiment.

3.Development of wind speed determination method

The wind speed profiles obtained from Li vapor observed in 2007 and 2012 were calculated with using the background star:
on the images, but wind speed with Li vapor under daytime condition is hard to be determined because of no background stau
and it also needs to be removed rolling, yawing and pitching of the aircraft.

Six images which were taken every 25 s from 209 s after Li release were used in the analysis. Maxima of R-value of the RGE
images were read as the centers of the Li vapor frail at each altitude. Then, the wind speeds were calculated using the slig
position change of the maxima. The wind speeds were estimated to be about 70 m/s NNE (north-north east) at between 85 and
km, however, large error range with 150 m/s was still remained. The result was obtained with removing the rolling and yawing
effects but not yet removed the pitching one. Therefore, it is concluded that the pitching of the aircraft should also be removec
from the results.

4.Summary

We successfully observed Li trails released from a sounding rocket with an aircraft at an altitude level of 9.6 km on July 4,
2013. We succeeded the detection of resonance scattering light of Li vapor in daytime lower thermosphere for about 25 minute:
The calculated wind speed under daytime condition was 70 m/s with the large error range with 150 m/s before removing the
pitching effect of the aircraft.

In this paper, we will discuss that the observed emission intensity of resonance scattering light of Li vapor in daytime lower
thermosphere, wind speed determination method removed rolling, yawing and pitching of the aircraft.
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Pseudorandom modulation resonance scattering lidar for the mesospheric K layer
observations

# Sho Koiwai[1]; Makoto Abo[2]; Yasukuni Shibata[2]; Chikao Nagasawa[2]
[1] System Design, Tokyo Metropolitan Univ; [2] System Design, Tokyo Metropolitan Univ.

Feasibility study of pseudorandom modulation continuous-wave (PMCW) Na lidar for the mesopause-region temperature an
wind measurements has been already carried out[1]. But a high power CW laser for Na observation (589nm) is difficult to get.
We prepare a diode laser and a high power tapered amplifier for PMCW K lidar (770nm).

In the PMCW lidar, the scattering signal from one range bin is received with the background noise in other range bins. In
order to block out the unwanted stronger Mie and Rayleigh scattering signal, we need to separate the transmitter and receive
Using the PMCW lidar system with laser power of 1.5W (@770nm), telescope aperture of 50 cm, range-resolution 1km, anc
accumulation time of 30min, the K density error is 6% at altitude of 91km (K layer peak). We will build the PMCW K lidar
system and challenge to measure the K density profile.

Reference

[1] C. Y. She et al, Mesopause-region temperature and wind measurements with pseudorandom modulation continuous-wa
(PMCW) lidar at 589 nm, Appl. Opt., Vol.50, No.18, 2916, 2011.
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Calibration of laser frequency for frequency-tunable resonance scattering lidar by
3-frequency measurements

# Mitsumu K. Ejiri[1]; Takuji Nakamura[1]; Takuo Tsuda[1]; Takanori Nishiyama[1]; Makoto Abo[2]; Takuya Kawahara[3]
[1] NIPR; [2] System Design, Tokyo Metropolitan Univ.; [3] Faculty of Engineering, Shinshu University

The National Institute of Polar Research (NIPR) is leading a six year prioritized project of the Antarctic research observations
since 2010. One of the sub-project is entitled &quot;the global environmental change revealed through the Antarctic middle anc
upper atmosphere&quot;. Profiling dynamical parameters such as temperature and wind, as well as minor constituents is the k
component of observations in this project, together with a long term observations using existent various instruments in Syowa
the Antarctica (69S). As a part of the sub-project, we are developing a new resonance lidar system with multiple wavelength:
and plan to install and operate it at Syowa, Antarctica. The lidar will observe temperature profiles and variations of minor
constituents such as Fe, K, Ca+, and aurorally excited N2+. In order to do resonance scattering measurements for multi specie
laser frequencies are tuned by a wavemeter instead of frequency locking using saturation spectrum of metal vapor cell. Althoug
the laser frequency tuning by a wavemeter has some ambiguity, by applying 3-frequency wind measurement method [She ar
Yu, 1994], we succeeded in calibration of laser frequency with a higher quality during temperature measurements. In this study
we report the calibration method and the results.
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Validation of temperature profiles measured with Raman lidar at Syowa Station

# Masaru Kogure[1]; Takuji Nakamura[2]; Mitsumu K. Ejiri[2]; Takanori Nishiyama[2]; Masaki Tsutsumi[2]; Takuo Tsuda[2]
[1] Sokendai; [2] NIPR

Atmospheric gravity waves (AGWSs) are generated in the troposphere, transport significant amount of energy and momentur
into the mesosphere and lower thermosphere with amplitude of AGWs increasing and cause the mean wind accelerations
the mesosphere. This contribution to mean wind is understood qualitatively but not quantitatively. We must observe AGWs in
detail to understand AGWs quantitatively. The National Institute of Polar Research (NIPR) is leading a prioritized project of the
Antarctic research observations, the global environmental change revealed through the Antarctic middle and upper atmosphel
As a part of the sub-project, Rayleigh/Raman lidar has been installed at Syowa Station (69S, 39E) in Antarctica and measurin
temperature profiles in the lower and middle atmosphere(7-80km) since February in 2011.This lidar consist of Nd:YAG laser anc
Nasmyth-Cassegrain telescope. A wavelength of the laser is 355nm and a diameter of the telescope is 82cm.The measurem
channels consist of high sensitivity Rayleigh channel, low sensitivity Rayleigh channel and Raman channel which detgcts the N
vibration raman backscattering at 387nm.To date, we have been observing temperature for more 350 nights.

In this study, we compared temperature profile of Raman lidar with radiosonde between 10km to 20km for February in 2011
through September in 2013, 66nights, to discover the bias and the statistical error of Raman lidar observation. Below 12kn
for 2013 ,raman lidar observation is 3K higher than radiosonde observation and the difference is bigger as an altitude is lowel
Above 12km, Raman lidar observation is 1K or less then 1K lower than radiosonde observation. For 2011 and 2012, Rama
lidar observation is lower than radiosonde observation and the difference is bigger as an altitude is lower. The standard deviatic
for 2013, however, is bigger than for 2011 and 2012 between 10km to 20km. Raman lidar observation is 2-3K lower than
radiosonde observation from 15km to 20km, 7K lower at 10km, and the difference is bigger as an altitude is lower. aerosol. In
this presentation, we discuss the cause of the difference between Raman lidar and radiosonde observation. In this presentation,
will show these results comparing raman lidar observation with radiosonde and discuss the cause of the difference and problen
of our Rayleigh/Raman system and analytical problems contributing to hypotheses or reference atmosphere.
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A monitoring system for transmitting-beam position of Rayleigh/Raman lidar at Syowa
Station in Antarctica

# Takuo Tsuda[1]; Takuji Nakamura[1]; Makoto Abo[2]; Mitsumu K. Ejiri[1]; Takanori Nishiyama[1]; Hidehiko Suzuki[3];
Yoshihiro Tomikawa[1]; Masaki Tsutsumi[1]; Takuya Kawahara[4]
[1] NIPR; [2] System Design, Tokyo Metropolitan Univ.; [3] Meiji univ.; [4] Faculty of Engineering, Shinshu University

The National Institute of Polar Research (NIPR) is leading a six year prioritized project of the Antarctic research observations
(from 2010 to 2015). As a part of the sub-project, the global environmental change revealed through the Antarctic middle
and upper atmosphere, we have installed a Rayleigh/Raman scattering lidar at Syowa Station (69S, 39E) in Antarctica. Th
Rayleigh/Raman lidar, providing temperature profiles and cloud detections from the upper troposphere to the mesosphere, h
been operated for more than 350 night3(000 hours) from January 2011 to February 2014. For more stable lidar operations,
we have newly developed a monitoring system for transmitting-beam position of the Rayleigh/Raman lidar.

0000000000000000000000 (2010-2015810 600 00)0000000000ODOOOOODOOO
0000000000000 000000OD0O00,0000/00000000000D00O0O (69S,39EI 00O, 20110
100000000,000,00000000000,20140 200000 350000 (3,0000000)0ooooonO
oo0.0000oooOoO0O0o0o00goooOoOo0o0ooUoooooOoooUoooO,0000UOoopooooO (©o
000o0o00oo0)0o000000O000O0O0O0O0OU0OO0O0O0O0O0O0DODOO0O0COO0ODDOOOODOOOO
booooobooooobo.ooo,oboobo0booooobobooooooboboooooobOoboooboonag
gbooooobooooboobooooboooo.

000000000000 0O0O0000,000000000000000O0OO Cceb(cecpygopooooooog
ooooooooOoooooo,0ooobooooooooooboooooboooobooOoobbooobbooo.oooooo0oag
gooooooOoOoOoOoOOOOO,0000000000000000@EOOOOOO,0000)00000000
uobooobooob.oo,00boobooobooboooboo,0obooobooobooobbooboobooboooboog
ooo0,00000000000000000000D0DDD0DDD0DDOO0DD (UOUO:300,000:M150)000.00,
000000000 (20000)00000000,0000000OCOOOO0OO0000D0D0OO0ODOOODODODOOOOO
o.0000oooooboooboooooobooobooooobooo,00b0oobo0ooboooboooboooboooooa.



R0O05-P010 O O : Poster O0:110 20

oduobodooooboooagd

O0O0[;#0000[2;000 @;000[4];00 00 [5]
[1]00000000;[210000000000;[@8000000000;[4000;[510000

Snow electrification measured by means of atmospheric electric field

Masashi Kamogawa[1]; # Yoko Suzuki[2]; Yasuhiro Minamoto[3]; Akira Kadokura[4]; Mitsuteru SATO[5]
[1] Dept. of Phys., Tokyo Gakugei Univ.; [2] TGU; [3] Kakioka Magnetic Observtory, JMA; [4] NIPR; [5] Hokkaido Univ.

kamogawa@u-gakugei.ac.jp

We investigate snow electrification to discriminate between components of global electrical circuit and charged drifting snow.
For this study, we used field mill data in Syowa station and Memangetsu.
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Development of environment management system for nightime outside observation of ¢
camera housing

# Hiroshi Yamasaki[1]; Masa-yuki Yamamoto[2]; Yoshihiro Kakinami[3]
[1] Kochi Univ. of Tech.; [2] Kochi Univ. of Tech.; [3] Kochi Univ. of Tech.

1. Introduction

We have been observing sprites in the upper atmosphere with SSH (Super Science High school) since 2006. Sprites occur
an altitude range from 50 km to 80 km in association with tropospheric lightning, as a kind of TLE (Transient Luminous Event).
Sprite was firstly found in 1989 because duration time of these emissions is very short. [1]

Observers have to put a camera outside for Sprite observation so camera housing is necessary a small camera. Housing
security camera use is well known, protecting from rain and direct sunlight, however, it can only be applied to a small camera
than it cannot be used for a Single Lenz Reflex (SLR) camera. For that reason high school students, have spent much time
make a special housing by their selves. Outside environment is hard for SLR cameras, for example, temperatures differenc
between day and night, bringing out breakdown of cameras as well as increasing thermal noise. In addition, usual SLR camer:
cannot take a photograph when housing comes to 40 degrees or higher.

2. Outline of developed camera housing

The camera housing is temperature controlled by a temperature sensor, a humidity sensor, and a couple of peltier devices a
an Arduino microcomputer. Additionally, camera is protected from direct sunlight by an automatically closing shutter in the
daytime, controlled with an illuminance sensor and a servo motor. Simple text user interface (TUI) is developed on Processin
software to control the peltier devices.

3. Performance test

At first a combination of voltages to obtain the highest cooling performance by the couple of peltier devices was selected.
A cooling performance test as well as a dew point measurement test in the housing under some changing conditions of outsic
temperature was performed on Feb. 2, 2014. In addition, a temperature control test with keeping at a certain preset temperatu
in the camera housing with checking TUI software and sensors operation was performed.

4. Results and problems

As s result, in temperature difference between outside and inside of the housing was 6.5 degrees when outdoor temperatu
was 13.5 degrees Celsius, however, it could not reach the calculated highest temperature difference of 66 degrees. The develoj
housing with was the couple of peltier it increase cooling performance larger than that of one peltier system, however, it is in
case of having enough heat dissipation structure. The developed housing was resulted in cooling performance decrement due
using the heatsink (106100«12 mm). It is assumed that cooling performance would increase using a large heatsink, however,
it makes another problem with the bad weight balance. Temperature control test with operating of sensors and TUI software t
keep the preset temperature when temperature difference less than 6.5 degrees with the outdoor temperature could be confirm

5. Summary

In this study, we developed environment management system of a camera housing for nighttime outside observation, resultir
in temperature difference was 6.5 degrees with checking operating of sensors and TUI software. For the next step, we need fie
operation trials in this summer to increase radiation efficiency and to improve the weight of the housing with a heatsink. In this
paper, we will report the development status of the camera housing for sprite observation.

References:

[1] Masa-yuki Yamamoto, A high school-university collaborative education program: 6-year achievement of sprite simultane-
ous observation campaign by high school students, research bulletin of Kochi University of Technology 7, 67-175, 2010.
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Development of a Meteor observation radar system using radio forward scattering and
interferometry technique

# Waleed Madkour[1]; Satoshi Mizumoto[1]; Masa-yuki Yamamoto[1]
[1] Kochi Univ. of Tech.

Meteor radar has been used for the last five decades to observe meteors activity and atmospheres characteristics continuot
even at day time and cloudy nights when optical observation is impossible. Forward scattering radar rely on the ionization of
the upper atmospheric plasma resulted from meteors entry into the atmosphere. Interferometry improves the observation t
superimposing received waves on multiple antennas and detecting phase difference between them.

Since 2005 a meteor radar observation system has been developed at Kochi University of Technology based on radio forwa
scattering and interferometry technique. The system utilizes the VHF band (53.75 MHz) beacon waves emitted from Saba
station at Fukui National College of Technology, Fukui prefecture as a source of radio beacon signals. The receiver is formed o
five channel antennas with cross arrangement at a distance of 340 km from the transmitter. A PC with a sound card and an Al
board are connected to the receiver for data output. Optical observation is performed in parallel at night and comparison witl
radio observations is presented.

Received meteor echoes are counted using the software application 'HROFFT' (Ham-band Radio meteor Observation Fa
Fourier Transform). HROFFT generates a PNG image every 10 minute period summing 144 images per day. The softwar
meteor echo counter developed at KUT analyzes the images generated then produce information on the meteors detection tin
duration time, and location. Phase difference between received waves is then extracted to detect meteors direction. Based
the meteor parameters obtained it is possible to observe the effect of Ozone content at the mesosphere level by comparing t
number of counted meteor echoes observed and the duration time of each echo. The Ozone layer impact statistically appears
less number of meteors counted having certain echo duration times (Cevolani et al., 2003).

Improvements to the existing HRO-IF system are in progress. A plan to develop the system capabilities by adding 2 remot
receiving antennas at a distance not less than 15 km from the radar site will be implemented. This can allow measuremet
of meteors speed and display their trajectory. A transmitter antenna also is planned to be installed at a later stage to provic
better control of the system end to end. Research on other meteor characteristics such as mass and upper wind velocity will |
conducted at a later stage using the developed system.

Reference G. CEVOLANI and G.PUPILLO (2003) Ground-based radio observations to probe the ozone content in the meteo
region, Annals of Geophysics, 46, 247-258
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OBSERVATION OF ANNUAL AND SPORADIC METEOR SHOWERS BY
5-CHANNELS HRO INTEF\_’I_FEECRH(?\II\/(I)IEI(')EGRYAT KOCHI UNIVERSITY OF

# Satoshi Mizumoto[1]; Waleed Madkour[1]; Masa-yuki Yamamoto[1]
[1] Kochi Univ. of Tech.

Introduction: Ham-band Radio meteor Observation (HRO) has an advantage of 24-hour continuous data-detection. In Koch
University of Technology (KUT), a 5ch HRO-Interferometer (IF) was developed in 2009 and has been observing the meteor
appearance position of every meteor echo. We operated an automatic meteor observation system that automatically shows obs
vational results on Web in near quasi-real time for about two years until 2011 (Noguchi, 2009). In addition, we have developed ¢
system of meteor trajectory measurement by multiple-sites observation with GPS time keeping and the 5ch HRO-IF (Yamasak
2012). In 2012, an HRO observation with a calibrating system which could regularly observe the absolute strength of the metec
echo was developed, thus the plasma density of each meteor echo was precisely determined (Yamato, 2013). We will repa
observation facilities, equipment, the future prospects and latest observation result.

Meteor observation by 5ch HRO-IF: In KUT, we started 6 direction HRO in 2003. We performed the basic development of the
3ch HRO-IF from 2005 to three years (Horiuchi, 2005; Okamoto, 2005) and obtained an arrival angle of each meteor echo fron
the phase difference of three antennas, calculating the approximate meteor appearance position (Hamaguchi, 2006; Noguc
2007). The 3ch HRO-IF is limited positional accuracy for results as the measurement error of the angle of arrival obtained from
the phase difference is large. In order to solve this problem, we developed a 5¢ch HRO-IF as the improved version in 2009
realizing the automatic observation for two years (Noguchi, 2009). Since high time resolution is needed for interferometer, we
calculate phase difference at every 0.1 s, synchronizing the 5 channel input signal to an AD board with 1 PPS (Pulse Per Secon
pulse signal provided by the GPS receiver every 1 s. We observed Camelopardalid meteor shower (May, 2014) and daytim
meteor shower (June, 2014) by using these equipments.

Observation result of Camelopardalid meteor shower and the daytime meteor shower: As for the observation result of th
Camelopardalis meteor shower which was the idiopathic meteor shower which reached a peak in evening of May 24, 2014
Intensity of each meteor echo turned out lower than that of the sporadic meteor shower which observed in an output image c
software HROFFT observed in the past. The reason is thought that the reflection strength of the radio wave decreased becalt
the ground speed of Camelopardalid meteor shower is low. On the same day, the number of the meteors per one hour from 14:/
to 18:00 (JST) became 35745 counts/h. Activities of the meteors became more active during the daytime meteor shower peric
which observed annually in the first week of June. At that period the total number of meteors on a day increased in the early
morning from 04:00 to 07:00, adding 10 “20 counts/h with respect to an averaged observation result out of the shower period.

Summary: We performed the KUT 5ch HRO-IF continuously with same verifications of accuracy that is important to the
observation of meteor showers structures (e.g. Geminids). However, it is necessary to realize calculation of meteor trajec
tory information by multiple-sites observation to get highly precise parameters of the meteor showers such as the observe
Camelopardalid meteor shower. Therefore, we will have to develop an improved HRO-IF observation system as a permanel
automatic data transmission with acquiring observation data. Development of the software to sort, for example, over than a cel
tain threshold every ten minutes, among the HRO-IF sav form data and the png output image by HROFFT. In this paper, we wil
report the current status of the KUT 5ch HRO-IF system, some recent observational results in 2014 and outlook for the future.
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Examination of ionospheric delay estimation by a single-frequency GPS receiverdelay
estimation

# Yusuke Kashiwa[1]; Yoshitaka Goto[1]; Yoshiya Kasahara[1]
[1] Kanazawa Univ.

In this study, we developed a method to estimate GPS-TEC by using a low-cost single-frequency GPS receiver. The GPS
TEC can be derived from the ionospheric delay of the signal. In this method, unknown parameters of observation time, receive
clock error and ionospheric delay are determined to satisfy multiple pseudo-ranges measured in a known location. Because tl
ionospheric delay depends on the propagation path of each signal, we have adopted a parametric model that represents a grad
of the ionosphere.
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Low-latitude ionospheric features obtained with GRBR and GPS in Southeast Asia

# Kornyanat Watthanasangmechai[1]; Mamoru Yamamoto[2]; Akinori Saito[3]; Roland T. Tsunoda[4]; Takashi Maruyama][5];
Tatsuhiro Yokoyamal5]
[1] RISH, Kyoto Univ.; [2] RISH, Kyoto Univ.; [3] Dept. of Geophysics, Kyoto Univ.; [4] SRI International; [S] NICT

To reveal the low-latitude ionospheric phenomena, the TEC from GNU radio beacon receiver (GRBR) and GPS were inves:
tigated. Naturally, the Earth’s ionosphere is an irregular medium and unstable. It causes the passing through signals scatter a
delay. Also, it degrades the satellite communications signal such as the GPS signal and causes the loss-of-lock. Currently, tl
GPS signal is widely used in daily life for positioning and air navigation system. Thailand tends to be the hub of air-transportation
in Southeast Asia, which located at the EIA or "Equatorial lonization Anomaly” zone. Understanding of ionosphere effects and
its phenomena in Southeast Asia thus becomes important as it impacts on people safety issues. TEC can reveal the nature :
the evolution of the ionospheric plasma. The technique to estimate the TEC was developed. As a result, the EIA and the plas
bubble (PBB) were captured. It was obvious that nocturnal EIA asymmetry mainly depends on the trans-equatorial wind. The
PBB signatures, spatial TEC fluctuation and scintillation in time domain, were seen during the spread-F appearance. The pr
dawn depletion was clearly detected by GRBR, while it was shallow with GPS detection. It is due to the sparseness of the GP.
network that should be improved to support the future plan of being the air-transportation hub in Southeast Asia.



R005-P016 O O : Poster O0:110 20

Future direction of satellite-ground beacon experiment

# Mamoru Yamamoto[1]; Roland T. Tsunoda[2]
[1] RISH, Kyoto Univ.; [2] SRI International

We have been successfully conducted observations of total-electron content (TEC) of the ionosphere by the satellite-groun
beacon experiment. We developed an unique dual-band (150/400MHz) digital receiver GRBR (GNU Radio Beacon Receiver
and deployed that to large area including Japan, Southeast Asia, and etc. Data from the GRBR network were useful to investiga
variety of ionospheric studies. We have found mid-latitude summer nighttime anomaly (MSNA) over Japan, which is summer
nighttime TEC enhancement at higher latitudes. Longitudinal "large-scale wave structures (LSWS)" in the low latitude were
studied in detail as a source of equatorial Spread-F (ESF) events. Recently we are also successful to measure the equato
ionospheric anomaly (EIA) near 100E longitude in large latitudinal extent of at most +/-20 degrees around the geomagnetic
equator. The technique is utilized for sounding rocket-ground experiment as well. We now have large amount of data tha
should be used for statistical analysis. It is known that there are two projects of low-inclination orbit satellites with tri-band
beacon transmitters. The beacon frequencies may be different from the current system. In this paper we would like to discus
development of the GRBR experiment database, and its use for studies. Also we would like to touch possible new receiver syste
that fits to the new beacon satellite series.
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Observations of daytime tweek atmospherics

# Hiroyo Ohya[1]; Kazuo Shiokawal[2]; Yoshizumi Miyoshi[2]
[1] Engineering, Chiba Univ.; [2] STEL, Nagoya Univ.

It is known that tweek atmospherics can be observed only at night, except for special cases such solar eclipses, because |
attenuation due to solar ionization is much greater in daytime. Tweeks at frequencies of 1.5-10.0 kHz originate from lightning
discharge and propagate over several mega meters in the Earth-ionosphere waveguide reflecting between the bottom edge of
ionosphere and the Earth’s surface. Daytime tweeks have been not reported at all except for solar eclipses. However, some twee
were observed in daytime at Moshiri(44.37N, 142.27E) and Kagoshima(31.48N, 130.72E), Japan, during non-solar eclipse day
in December 1980. The daytime tweeks were observed on geomagnetically quiet and storm days. The daytime tweeks had
clear frequency dispersion with an average duration of 19 ms, which was shorter than that in the nighttime ("50 ms). The averag
occurrences of the daytime tweeks at Moshiri and Kagoshima were 2.0 and 0.7 tweeks per minute, respectively. Daytime twee}
up to the third-order mode were visible. There was no difference in the occurrence of each visible mode between storm time an
magnetically quiet time. The reflection heights of the daytime tweeks at Moshiri in storm and quiet time were lower than those
at Kagoshima. The daytime reflection heights were similar to those at night (90-100 km), but with much greater variation. We
evaluated the attenuation rate of tweeks by strictly taking the ionospheric reflection coefficient into account. For each frequency
the attenuation rate was evaluated as a function of the electron density, electron density gradient, and ionospheric height. V
found that the attenuation rate had an inverse relationship with the electron density (or conductivity), electron density gradient
and ionospheric height. We suggest that the best conditions for daytime tweek observations are when the bottom side of tt
ionosphere is sharply defined and the ionospheric height is high. In the presentation, we discuss the cause for the daytime twe
observations.
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Signature of subionospheric LF wave perturbations associated by Hokuriku winter
lightning observed at the Zao station.

# Yosuke Morinaga[1]; Fuminori Tsuchiya[2]; Takahiro Obara[3]; Hiroaki Misawa[4]; Noriyasu Honma[5]; Mitsuteru SATO[6]
[1] Geophysics, Tohoku; [2] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [3] PPARC, Tohoku University; [4] PPARC,
Tohoku Univ.; [5] Tohoku Electric Power Company; [6] Hokkaido Univ.

Intense electromagnetic pulses (EMP) radiated from lightning discharge could cause heating and ionization and alter th
conductivity in the ionospheric D-region. Quasi-electrostatic fields (QE Fields) which are generated due to the removal of
electric charge could also affect it. The purpose of this study is to reveal influence of the lightning on the lower ionosphere
and its dependence on properties of lighting discharges. The VLF/LF signature of subionospheric perturbations associated wi
winter lightning in the Sea of Japan (around Hokuriku) has been observed during December 16-31, 2009. LF radio observatio
was made at Zao (Miyagi) for JJY transmitter (60 kHz) at Haganeyama (border between Saga and Fukuoka) whose great circ
path (GCP) passes over the coast area of Hokuriku. The amplitude and phase of the JJY signal are recorded every 0.1 secor
In addition to the subionospheric LF observation, lightning locations are determined by a lightning location network (WWLLN).
The number of total lightning event identified in the area of 35-37 degrees N and 134-137 degrees E is 1002. Based on the L
observation, subionospheric perturbations which occur immediately after the causative lightning (early event) were detected. Th
total number of the early event detected in the selected area is 72. Early events identified are compared with peak current of tf
causative lightning which is derived from LF waveform observations to investigate the relation between early event properties
and magnitude of EMP. As a result, it is found that both amplitude of the phase change and the recovery time to the undisturbe
value are positively correlated with magnitude of EMP. This is interpreted that the influence of the lightning on the conductivity
change in the lower ionosphere depends on the magnitude of EMP. We are further analyzing ELF waveform data observed at tt
Syowa station to investigate the effect of the QE fields on the conductivity in the lower ionosphere.
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Improvement of the estimation of the electron density profile in the lower ionosphere
with time domain Full wave analysis

# Hiroaki Moriyama[1]; Taketoshi Miyake[1]; Yuki Ashihara[2]; Keigo Ishisaka[3]; Yasuhiro Murayamal4]; Seiji
Kawamura[5]; Isamu Nagano[6]
[1] Toyama Pref. Univ.; [2] Elec. Eng., Nara NCT.; [3] Toyama Pref. Univ.; [4] NICT; [5] NICT; [6] Kanazawa Univ.

The MF radar is available to estimate the electron density profile in the lower ionosphere. However, it is difficult to observe
the precise electron density profile in the lower ionosphere continuously with the present MF radar system. In this study, we
are going to simulate the observation process of the present MF radar system with the time domain Full wave method, an
investigate the observation method with which we can obtain the precise electron density profile in the lower ionosphere. On
of the general methods to estimate the electron density in the present MF radar system is the differential absorption experimel
(DAE) method. The DAE method is a technique to estimate the electron density from the differential amount between the left anc
the right polarized waves reflected from the lower ionosphere. We simulated the MF radar with time domain Full wave analysis
and examined the DAE method. We improved the DAE method by using appropriate parameters automatically, and succeede
to estimate more accurate electron density profiles in the lower ionosphere. In the present improved DAE method, however, w
can only find appropriate parameters in the case that the electron density increases with increase of the altitude. Therefore, v
are going to improve the DAE method, which is available in any case.
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Comparison of measured and calculated field intensities of MF sky waves during sunrise
and sunset period using the IRl model

# Tetsuo Fukami[1]; Ryoichi Higashi[1]; Hiroki Itoh[1]; Isamu Nagano[2]
[1] Ishikawa NCT; [2] Kanazawa Univ.

In daytime, we cannot receive MF sky waves for strong attenuation in passing ionospheric D region, but in nighttime, the sky
waves reflected from the ionosphere propagate to far long distances. On sunset, sunrise or eclipse, we will be able to obser
characteristics of total attenuation by the D region. We may estimate electron density profile by fitting the several MF wave
intensities and the theoretical ones. First, we have observed the MF wave intensities during sunrise and sunset period at Tsub:
in Japan. Next, we will report comparison these observed intensities to the theoretical ones calculated by the full wave metho
using international reference ionosphere (IRI) model during the sunrise and sunset period
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[1] T. Fukami, I. Nagano and R. Higashi: Observation of the MF radio waves on the Annular Solar Eclipse in Japan, AP-RASC,
GH1-6 (2013)



R005-P021 O O : Poster O0:110 20

DooooooboourkdTvVoooooo

#0 OO0 [1; 00 0O [
[1]0000

Radio duct at the UHF TV frequency band upper the Japan Sea lll

# Ryoichi Higashi[1]; Tetsuo Fukami[1]
[1] Ishikawa NCT

In Japan, terrestrial broadcasting was made a transition to digital method. Also Korea’s transition to digital terrestrial broad-
casting is expected to be finished in 2012. In this paper, the characteristics of observation data at Ishikawa National College ¢
Technology about the broadcast wave from Matsue and Korea are reported.

In observation result on April 28 in 2012, the wave receiving was verified. These waves were the digital terrestrial broadcas
waves of 19ch, 21ch, 41ch, 43ch and 45ch from Matsue. And the analog terrestrial broadcast waves from Korea were als
received. About 41ch, 43ch and 45ch, some characteristics were found, so we researched associations to season and weathe

In the result, the wave receiving happen in only summer, and correlate strongly with weather. Therefore the wave receiving i
caused by tropospheric propagation.
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Comparison of ionospheric variations associated with earthquakes observed by HF
Doppler with a numerical calculation

# Hiroyuki Nakata[1]; Kazuto Takaboshi[2]; Yuki Shimizu[3]; Toshiaki Takano[4]; Ichiro Tomizawa[5]; Mitsuru Matsumura[6]
[1] Grad. School of Eng., Chiba Univ.; [2] Grad. School of Eng., Chiba Univ.; [3] Grad. School of Eng., Chiba Univ.; [4] Chiba
Univ.; [5] SSRE, Univ. Electro-Comm.; [6] NIPR

It is well-known that ionospheric disturbances after earthquakes are due to the acoustic and atmospheric gravity waves excite
by ground motions or tsunamis. In this study, the relationship between ionospheric and ground disturbances associated wi
earthquakes is examined using HF Doppler and a network of seismographs. HFD observes the vertical drifts of the ionosphel
at the middle points between the transmitter and the receivers. The altitudes of the reflection points are determined by the heig
profiles of the ionospheric electron density, which is estimated by the ionogram data and POLAN. The ground perturbations ar
obtained by the closest seismograph from the middle points. By comparison between vertical ionospheric drifts observed b
HFD and vertical ground motions determined by seismographs, it is shown that the vertical ionospheric drift increases with the
vertical ground motion. The vertical drift velocity of the ionosphere is proportional to the square root of vertical ground velocity.

In order to explain the relationship theoretically, the numerical calculation is very informative. Therefore, we have carried out
numerical simulations of atmospheric waves. The simulation code is the same as Matsumura et al. [2011]. This is a nonlinea
two-dimensional, non-hydrostatic andcompressible numerical model. Input sources are the vertical wave disturbancesexcite
by ground motions or tsunami associated with the earthquakes. The numerical simulations of atmospheric waves show that tt
atmospheric perturbations excited by impulsive sources have a spectrum peak around 4-5 mHz regardless of source frequenci
When the source is a monotonic wave, the atmospheric perturbations in lower altitudes also have a peak of the same frequen:
In addition. the numerical simulations also show that the maximum vertical velocities of the atmospheric perturbations increase
with the velocity of input perturbations. At 100 km, the maximum vertical velocity is shown by an approximate expression
determined by a least-square method. At 300 km, two approximate expressions for larger and smaller inputs are determine
respectively. The maximum vertical velocities of the atmospheric perturbations are not proportional to the square root of the
input velocity, as shown by the comparison between HFD and seismograph data.
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Examinations of ionospheric disturbances caused by typhoons using HFD

# Shin-ichiro Hirabayashi[1]; Toshiaki Takano[2]; Hiroyuki Nakata[3]; Ichiro Tomizawal[4]
[1] Artificial Systems Science, Chiba Univ.; [2] Chiba Univ.; [3] Grad. School of Eng., Chiba Univ.; [4] SSRE, Univ.
Electro-Comm.

It is reported that ionospheric disturbances are excited by extreme weather conditions such as tornadoes and typhoons. \
examined temporal variations of ionospheric disturbances observed by the HF doppler (HFD), which is

maintained by The University of Electro-Communications. In this study, HFD receiver data for 5006kHz observed at Sug-
adaira, Kakioka, and litate are used. Informations about typhoons, such as path, barometric pressure, wind speed, are provid
by Digital Typhoon, managed by National Institute of Informatics. Since the ionosphere is unsteady without solar radiation, we
examined HFD data from 7:00 to 18:00. Here, we give a brief description of Typhoon No.15 in 2013. This typhoon passed
Japan in 2013/9/15 "9/16. It was closest to the Sugadaira observation point at 9:00 JST on 9/16. A perturbation of doppler shi
was observed in 7:00 718:00 on 9/16. Its period is about 2 "3 minutes and the amplitude is 0.2Hz. Applying FFT (Fast Fourier
Transform) to HFD data at 40- minute intervals, spectral intensity on 9/16 is larger than 9/15 and 9/17 in all the frequency up
to 40mHz. This feature is the same as Kakioka and litate. We also examined 10 typhoons that are Class 4 or 5, and forme
around Japan since 2004 on. Similar features as described above are found in No0.18 in 2009, No.15 in 2011, and No.18 in 201
Central pressures of these typhoons are relatively lower than the other typhoons. These features are very diferent with those
the 2011 of the Pacifc coast of Tohoku Earthquake, spectrum intensity at 4mHz is enhanced (e.g. Takaboshi et al. 2014 Jap
Geoscience Union Meeting). Large impulse variations occur and generates acoustic and atmospheric gravity waves, resonati
at 4mHz, leaking waves reach to ionosphere (e.g. Matsumura et al. 2011). On the other hand, in case of typhoons, wide-rang
spectrum intensity is enhanced and its intensity is smaller as compared to earthquakes. Continuous turbulences of air current
generated for a long period, and they generate atmospheric gravity waves with wide frequency range.
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Development of analyzing method for atmospheric waves by multi-point
multi-frequency HF Doppler observation

# Koshi Akimoto[1]; Ichiro Tomizawa[2]; Nobuto Toguchi[2]
[1] SSRE, Univ.Electro-Comm; [2] SSRE, Univ. Electro-Comm.

Conventionally, in the atmospheric wave analysis of the HF Doppler (HFD) observation, only a few stations are employed
in this analysis by assuming a plane wave. In order to analyze the atmospheric waves from near sources more stations de
should be included in the analysis, we have increased up to 8 stations around the Kanto area. 5006 and 8006 kHz from JG2X
in Chofu (Tokyo), 6055 and 9595 kHz from JOZ in Nagara (Chiba),we have been developing the wave analyzing method by
using these eight stations . First, a horizontal movement speed and direction is calculated from these. Height variations at 1
get the horizontal wave number by integrating, these considering the reflection heights to get the vertical wave numbers for eac
reflection points. And it is checked whether these wave parameters meets the omega-k diagram [1] of an atmospheric gravi
waves. In the way of reflection height the observations of analysis the ionosonde at the NICT, Kokubunji is used to estimate the
actual reflection height.

This analysis method was applied to the Doppler variation observed around 23:00 (JST) on June 29, 2013. That showed tt
large height 40km variation. We get almost the horizontally propagating the gravity wave that has 177 degrees of angles o
direction and the speed of 158 m/s. When the wave number was calculagtediskset to 5.5 10-6, and k was set to 5.4
105 by the omega-k diagram. This result shows that the atmospheric gravity wave came from the north. the vadbeadrfiéd
by observation was 8 10~%, but the value is somewhat small compared with the value expected by the omega-k diagram. The
difference can be explained by the accuracy of local reflection height, but more analysis are required show the local differences

The calculation method of the characteristics of atmospheric gravity waves using the multi-frequencies HFD has been devel
oped to investigate atmospheric gravity waves of various kind of sources. More results will be presented at the meeting.

Acknowledgement: We are grateful to NICT for the ionosonde signal transmission.
Reference
[1]Kenneth Davies: lonospheric Radio, IEE,1990.
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Continuous measurement of ionospheric reflection height using 400Hz-1D phase of the
HFD system

# Nobuto Toguchi[1]; Ichiro Tomizawa[1]
[1] SSRE, Univ. Electro-Comm.

We have been observing ionosphere disturbances by the HF Doppler(HFD) method. In this report we will describe the devel
opment of the novel measuring method of ionospheric reflection height by using HFD facilities of UEC and its initial result.

The UEC HFD observation system continuously transmits two stable carriers at 5006 and 8006kHz, in 200W from Chofu,
Tokyo. The HFD observation can only detect ionospheric disturbances of reflection, but the actual path-height is not giver
through this method.

In this study, we have newly developed the distance measurement capability using this Morse-ID signal separated 400Hz fror
the main carrier frequency. This ID signal can be used as the distance measurement. Processing the ID signal correlating with tl
main carrier to reduce Doppler spreading, we can get the coherent sub-carrier with the narrow equivalent receiving bandwidtr
Moreover, using the rubidium atomic oscillator in this system, the phase of the main carrier and sub-carrier is stable over a lon
period of time. As the S/N is much improved, it is possible to detect small phase fluctuations due to propagation. Since the
equivalent wavelength of the 400Hz subcarrier is 750 km, it can be obtained the distance accuracy of 2.1 km by measuring th
phase in 1-degree accuracy. As the phase variation is twice by the correlation processing, we get the total distance accuracy
1.1 km which is comparable that of the conventional NICT pulse-type ionosonde. The most important improvement in system is
the direct measuring the reflection height of the HFD observation every 90 seconds.

With this advanced measuring method, the resolution of 1 km at both HFD frequencies is given. We can investigate smal
disturbances in E and F layers, due to atmospheric gravity waves. However, in the present observation system, the distani
calibration is not accurate because of the delay of the instruments and the sub-carrier transmitting timing error is still unknown
We have used the NICT ionosonde signal for temporal reference. By including the GPS timing both at TX and RX, it will be
possible to detect the accurate arrival time in 1 us, which corresponds the total accuracy of ionospheric reflection height in 0.3kn
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Cause of the periodic variations superimposed on the HF Doppler traces of frontal Es.

# Jun Fukuda[1]; Ichiro Tomizawal[2]
[1] SSRE, Univ.Electro-Comm; [2] SSRE, Univ. Electro-Comm.

In the University of Electro-Communications, the HF Doppler (HFD) observations using Chofu JG2XA and the Nagara JOZ
transmitting stations have been carried out. To detect linearly Doppler traces as frontal sporadic E (Es) moving horizontally.
Looking in detail actual Doppler traces, it has been found that small periodic variations are superimposed on the Doppler linea
trace. However, they causes were not clearly explained. In this paper we have developed the reflecting point with the multiple
wave-front structures of Es traveling along the moving direction through the mid-point, integrated was assumed to reduce thq
linear traces based on the coincidence of a cycle, traveling Cornelius and Essex model, then residual wave-like popular variatiot
are used. In this report the observational data of August 16, 2012 20:40722:40 JST, since the Es event has long and slend
structures traveling at the low speed, carrying continuous traces with clear sinusoidal variations, the event which can observe
periodic change spatially by a long time was made into the analysis object.

As the reflecting point move model of Cornelius and Essex could be applied to the HFD time variation of a frontal Es, linear
change was removed using the speed and the direction which were drawn from actual observational data, and the periodic chan
was extracted. All the wave fronts show the same narrow spectrum of 170 s, therefore this periodic variation can be interpreted
an acoustic wave. Many extracted Doppler variations of each Es fronts were analyzed correlation with respect to the waveform
Kashima by the as the reference. The obtained delays of each base line are applied to deduce the plane wave having the cons
speed and direction. It is shown that the plane wave moves northwestward with the horizontal speed of 54 m/s.

The small changes superimposed on the frontal Es of wave front is interpreted as the acoustic wave propagation. The therm
sphere ground waveguide because the narrow spectrum survives for a long time. As those variations Es are placed close to t
top reflection surface of the bottom thermosphere, the acoustic wave at the Es-height node of standing wave is close. Then i
up-down direction becomes small, so the direction of speed variation becomes almost in horizontal. In that case, the Es horizont
traveling speed of the Es-fronts fluctuates periodically, so the periodic change is overlapped on the linear Doppler shift.

In the presentation, the analysis method of periodic variations and the propagation model of atmospheric acoustic in the wave
uide will be described in details.

Reference

[1] D.W. Cornelius and E.A. Essex: Observations of mid-latitude sporadic E using the HF Doppler technique, J. Atmos. Terr.
Phys., vol.41, pp.481-499, 1979.

[2] Jun Fukuda and Ichiro Tomizawa: Development of acoustic wave analysis method using the HF Doppler small variation of
sporadic E (Es) SGEPPS R005-025, 2013.

[3] Ichiro Tomizawa and Koutarou Fujii: HF radio wave propagation model by the frontal Es, JPGU 2013, PEM29-01, 2013.
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Large-scale structure and moving characteristics of intense Es around the
Kyusyu-Okinawa by VHF long-distance propagation

# Shinya Yanagisawa[1]; Ichiro Tomizawa[2]; Atsushi Yamamoto[3]
[1] SSRE, Univ.Electro-Comm; [2] SSRE, Univ. Electro-Comm.; [3] Japan Coast Guard Academy

We have been observing VHF long-distance propagations reflected by intence sporadic-E (Es) both at Kure and at Chofu [1
It has shown that intense Es may have a very long and thin structure [2]. Then it is to expand the range of observation to track
1000-km scale Es this whole structure for a long time, because, our old instruments the observation regions which had not bee
enough coverage. Removing noises and noise-figure of the Chofu receiving system in this year, we have improved the covera
of the two stations to 700 km in east west to 1000 km in north south around the west of Kyushu and Okinawa.

In this report, we describe the large structure and the moving characteristic of two intense Es observed around the Kyusht
Okinawa area on September 14, 2013 and May 11, 2014. Since these two events were observed in the same area the tracking
conditions were the same for both observations.

(1) The speed of Es around 17:00 JST on September 14, 2013 was about 40 m/s and the length of the intense Es obser\
was about 300 km moving in southeast. The width of the Es was 7720 km which was much smaller than the length, but the
west-portion became expand to 120 km, and the moving speed and the direction were different from the east-portion. Therefor:
the whole structures were presumed to be during the observation period bending around the center. Additional the west-portic
became thick with progress, but the east-portion did not showing change. Moreover, the duration times of the Es were more tha
2 hours.

(2) The Es observed at around 19721:00 JST May 11, 2014, had two frontal structures moving in the same northwestwar
direction. But the two fronts had the moving speed of 50760 m/s, the length fronts of 3007400 km, and the variable width of 5780
km, the duration time were about 1 hour.

These two intense Es observed in the same area had the similar length, but moving they spread in opposite

In poster session, we will describe the comparative results, such as the moving characteristic of Es, the feature and structur
are reported in detail.

[1]Takuya Yamahata, Ichirou Tomizawa, Atsushi Yamamoto: Broader-based Es structure observation system development b
VHF belt long distance propagation reception, SGEPSS, B005-P038, 2012.

[2]Ichirou Tomizawa, Koutarou Hujii : HF wave reflection propagation model by the shape of a wave face Es, JPGU, P-EM29-
01, 2013.
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Estimation of spatial structure of sporadic E layer observed by sounding rocket with
2-dimensional FDTD simulations

# Hironori Inoue[1]; Taketoshi Miyake[2]; Keigo Ishisaka[3]
[1] Toyama Pref. Univ.; [2] Toyama Pref. Univ.; [3] Toyama Pref. Univ.

We developed 2-dimensional FDTD simulation code which can treat wave propagations in magnetized plasma. FDTD simula
tions can be performed with much less computer resources than those necessary for full particle simulations, in memories as we
as cpu times. According to sounding rocket experiments, we can only obtain altitude profile of wave intensity, usually magnetic
field intensity. In this study, therefore, we are going to estimate spatial structure of sporadic E layer in the lower ionosphere
by analyzing the altitude profile of the magnetic field intensities. Next, we compared simulation results and observation result:
obtained by S-310-40 sounding rocket, but were not able to identify spatial structure of the sporadic E layer. This is becaust
the scale of the spatial structure of the sporadic E layer assumed in the simulation was inappropriate. We are going to perfori
2-dimensional FDTD simulations with different spatial scales of the sporadic E layer, and investigate the influence that a scale o
the space structure gives electric wave propagation. Then, we will identify spatial structure of the sporadic E layer observed b
S-310-40 sounding rocket from the altitude profile of the magnetic field.
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DC electric field measurement in the mid-latitude ionosphere by S-520-26 sounding
rocket

# Kenta Matsuya[1]; Keigo Ishisaka[2]; Mamoru Yamamoto[3]; Tatsuhiro Yokoyamal[4]; Shigeto Watanabe[5]; Takumi Abe[6];
Atsushi Kumamoto[7]
[1] Toyama Pref. Univ.; [2] Toyama Pref. Univ.; [3] RISH, Kyoto Univ.; [4] NICT; [5] Cosmosciences, Hokkaido Univ.; [6]
ISAS/JAXA; [7] Dept. Geophys, Tohoku Univ.

S-520-26 sounding rocket experiment was carried out at Uchinoura Space Center (USC) in Japan at 5:51 JST on 12 Janua
2012. The purpose of this experiment is the investigation of the bonding process between the atmospheres and the plasma in
thermosphere. S-520-26 sounding rocket reached to an altitude of 298 km 278 seconds after a launch. The S-520-26 payload w
equipped with Electric Field Detector (EFD) with a two set of orthogonal double probes to measure both DC and AC less than
200 Hz electric fields in the spin plane of the payload by using the double probe method. One of the probes is the inflatable tub
structure antenna, called the ITA, with a length of 5 m tip-to-tip. And ITA is very lightweight. The ITA extended and worked
without any problems. It was the first successful use of an inflatable structure as a flight antenna. Another one is the ribbot
antenna with a length of 2 m tip-to-tip. The electrodes of two double probe antennas were used to gather the potentials whic
were detected with high impedance pre-amplifiers using the unbiased double probe technique.

We describe about the result of investigation of the relationship between an electric field and the ionospheric plasma in detail
And we investigate that the polarization electric field is observed for the region where the difference of the electron density
was large. Then we discuss that the electric field in the ionosphere is concerned with the bonding process between the neut
atmosphere and the plasma in the thermosphere.
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Observations of the electron density temperature in the sporadic E layer by Langmuir
probe in S-520-29 sounding rocket experiment

# Takumi Abe[1]; Keita Itaya[2]; Keigo Ishisaka[3]
[1] ISAS/JAXA; [2] Toyama Pref. Univ.; [3] Toyama Pref. Univ.

The sounding rocket &quot;S-520-29&quot; will be launched from Uchinoura Space Center of Japan Aerospace Exploration
Agency in August, 2014. A main purpose of this rocket experiment is to study a spatial structure of the mid-latitude sporadic
E layer in the lower ionosphere. Fast Langmuir probe (FLP) is installed as one of six instruments onboard the rocket, and it i
possible to estimate the temperature and density of thermal electrons by using a standard technique to analyze, what-is-calle
\oltage-Current (V-1) characteristics. The cylindrical stainless probe with a diameter of 3 mm and a length of 20 cm is putin the
payload section as an electrode, and will be deployed to the direction perpendicular to the rocket axis to avoid unfavorable effec
due to the rocket wake.

The FLP instrument on &quot;S-520-29&quot; is supposed to carry out a rapid sampling (6400 Hz) of the probe current by
incident electrons and ions. This sampling rate is much higher than the one used in the past experiments. Thereby, it will b
possible to get a total of 16 sets of V-I characteristics per second. We expect to get the electron density and temperature every ™
km around the sporadic E layer in the lower ionosphere. We present a result of preliminary analysis on characteristic structure c
the electron density as well as the corresponding variation of the electron temperature in the vicinity of the sporadic E layer.
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Development of new impedance probe system for measurements of the ion compositior

# Atsushi Kumamoto[1]; Yasunori Tsugawal[2]; Yuasa Sasaki[3]
[1] Dept. Geophys, Tohoku Univ.; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] Geophysics, Tohoku Univ.

Concept and design of new impedance probe system for measurements of the ion composition have been investigated. Imped
probe system for measurement of the electron number density, which is called NEI, were developed by Oya [1966], and suc
cessfully utilized for numerous sounding rocket and spacecraft such as Denpa, Taiyo, Jikiken, Hinotori, Ohzora, and Akebon
[e.g. Wakabayashi et al., 2013]. NEI measures the equivalent capacitance of the probe immersed in the magnetized plasn
By applying RF signal to the probe, we can identify the minimum of equivalent capacitance due to upper hybrid resonance
(UHR). The frequency of RF signal is swept from 100 kHz to 25 MHz, in order to cover the UHR frequency range in the Earth’s
ionosphere. The equivalent capacitance of the probe in the magnetized plasma becomes minimum not only in UHR but als
in another resonance: Lower hybrid resonance (LHR). If we can measure LHR frequency with UHR frequency and electron
cyclotron frequency, we can derive ion compositions from them. Because LHR frequency is about several kHz in the ionosphere
we have to extend the lower limit frequency of the current impedance probe system to 100 Hz. The following design change:
from the current NEI will be needed: (a) AC coupled circuits have to be changed to DC coupled circuits, (b) The bandwidth of the
impedance probe system is determined by integration time of the output signal of the capacitance bridge circuit. The bandwidt
in LHR frequency range has to be narrower by arranging integration time.

We have performed the chamber experiment with bread-board model (BBM) of new impedance probe system in May, 2014
We confirmed that the new impedance probe system could measure (1) UHR in high frequency range as well as the current NE
could, and (2) equivalent capacitance profile from 100 Hz to 100 kHz, which indicates sheath capacitance of 120 pF and sheat
resistance of 30 kohm. However, LHR could not be identified in this chamber experiment because of high collision frequency
in the chamber. The detectability of LHR with the new impedance probe system have to be verified through the future sounding
rocket experiments in the ionosphere, where the collision frequency is enough low.
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Evaluation of the digital fluxgate magnetometer installed in the S520-29 rocket

# Reiko Nomura[1]; Ayako Matsuoka[2]; Takao Takahashi[3]; Takumi Abe[4]
[1] ISAS; [2] ISAS/JAXA; [3] Aero. & Astronautics, Tokai Univ.; [4] ISAS/JAXA

The digital fluxgate magnetometer (DFG) is newly developed and installed in the S520-29 rocket being launched on 8 Augus
2014. We expand the effective measurement frequency to higher frequencies by performing internal processes in the sensor a
outputting the residual magnetic fields as the telemetry data. This is the new method that can be applied into the future rocke
and satellite missions for higher-accuracy, downsized, and power-saving measurements.

The sun sensor is also installed in the S520-29 rocket and the direction to the sun from the rocket is accurately measured. E
comparing the magnetic field in the direction to the sun observed by DFG to the one calculated by the model (e.g., IGRF), we
investigate the magnetic field offset in the direction of the spin axis caused by DFG or the rocket, and also evaluate the stabilit
of DFG measurement during the flight operation. In addition to that, we observe magnetic field variations of natural phenomenot
with 2nT resolution.

In our presentation, we show preliminary results of DFG measurements in the S520-29 rocket observation.
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Airglow-imaging observation of plasma bubble disappearance at geomagnetically
conjugate points

# Kazuo Shiokawa[1]; Yuichi Otsuka[1]; Kenneth J. W. Lynn[2]; Phil Wilkinson[3]; Takuya Tsugawa[4]
[1] STEL, Nagoya Univ.; [2] lonospheric Systems Research; [3] IPS Radio and Space Services; [4] NICT

http://stdb2.stelab.nagoya-u.ac.jp/omti/

We report the first observation of the disappearance of plasma bubbles over geomagnetically conjugate points. It was observi
by airglow imagers at Darwin, Australia (magnetic latitude: -22N) and Sata, Japan (21N) on 8 August 2002. The plasma bubble
was observed in 630-nm airglow images from 1530 UT (0030 LT) to 1800 UT (0300 LT) and disappeared equatorward at 1800-
1900 UT (0300-0400 LT) in the field of view. The ionograms at Darwin and Yamagawa (20 km north of Sata) show strong
spread-F signatures at “16-21 UT. At Darwin, the F-layer virtual height suddenly increased from 200 km to "260 km at the time
of bubble disappearance. However a similar F-layer height increase was not observed over the conjugate point at Yamagaw
indicating that this F-layer rise was caused not by an eastward electric field but by enhancement of the equatorward thermosphe
wind over Darwin. We think that this enhancement of the equatorward neutral wind was caused by an equatorward-propagatin
large-scale traveling ionospheric disturbance, which was identified in the north-south keogram of 630-nm airglow images. We
suggest that either F-region dynamo or polarization electric field associated with this equatorward neutral wind drive plasma drif
across the magnetic field line to cause the observed bubble disappearance.
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A study of equatorial ionospheric disturbances by 630-nm airglow imaging observations
from the International Space Station

# Takanori Yamada[1]; Yuichi Otsuka[1]; Takeshi Sakanoi[2]; Atsushi Yamazaki[3]; Akinori Saito[4]; Yusuke Akiya[4]
[1] STEL, Nagoya Univ.; [2] Grad. School of Science, Tohoku Univ.; [3] ISAS/JAXA; [4] Dept. of Geophysics, Kyoto Univ.

In order to disclose global distribution of the upper atmosphere, lonosphere, Mesosphere, upper Atmosphere, and Plasma
phere mapping mission (IMAP) on the International Space Station (ISS) started on October 2012. In this study, we analyze
630-nm airglow images observed during a period from September 5, 2012 to August 28, 2013 by VISI (Visible and Infrared Spec-
tral Imager), mounted on ISS to reveal the longitudinal characteristics of the equatorial ionosphere disturbances. We examine
the seasonal and longitudinal characteristics of the occurrence of the plasma bubbles, and found occurrence rate of the plasi
bubbles is high in spring and autumn equinoxes, especially at African longitudinal sector. This result is consistent with previous
studies.Furthermore, we measured zonal distances between the plasma bubbles and examined its longitudinal characteristics.
found that plasma bubble intervals depend on longitude and that most of intervals are 100-200 km at 0-900 E longitudinal sectc
and 200-300 km at 225-3600 E longitudinal sector. In this study, we also examine longitudinal and day-to-day variations in
location, intensity and north-south asymmetry of the equatorial anomaly.
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Seasonal-longitudinal dependence of the occurrence of equatorial plasma bubbles
observed by ISS-IMAP

# Akira Takahashi[1]; Hiroyuki Nakata[2]; Akinori Saito[3]
[1] Artificial Systems Science, Chiba Univ.; [2] Grad. School of Eng., Chiba Univ.; [3] Dept. of Geophysics, Kyoto Univ.

Equatorial plasma bubbles (EPBSs) are local depletions of the electron density in the ionosphere. lonospheric irregularities ar
included in EPBs and cause scintillation on wide-band radio waves.

The occurrence of EPBs depend on many geophysical parameters, such as ionospheric electron density, eastward electric fie
the magnetic field, and so on. In order to explain longitudinal dependence of the occurrence of EPBs, the observations by mar
instruments are very important. In this study, therefore, we examined seasonal-longitudinal dependence of the occurrence
EPBs using airglowimages obtained by lonosphere, Mesosphere, upper Atmosphere, and Plasmasphere mapping on board
ternational Space Station (ISS-IMAP). Since the depletion of electron density is associated with EPBs, EPBs are visualized &
black lines in 630-nm airglow images. The occurrence rate of EPBs is calculated by the number of EPBs over the observatio
time.

The occurrence rate determined by ISS-IMAP data is high at the African-Atlantic-American regeions in the equinoctial sea-
sons, which is consistent with that determined by Burke et al. [2004], in which EPBs are detected using plasma density data o
DMSP satellite. In addition it is very high at American-Pacific resions in summmer, which is not the same as Burke et al. The
altitudes of observation regions are different each other. The altitude of DMSP is 840 km, which is higher than the observatior
altitude of ISS-IMAP, that is about 250 km. Therefore, the difference of observation altitude might cause that of occurrence
rate. Estimating altitude of EPBs at geomagnetic equator, the altitudes of EPBs at American-Pacific resions in summmer rang
500-1000 km. This does not imply that EPBs occurrd around American-Pacific sector in summer are pecular.

In presentation, we will present the effect of other parameters, such as the density, solar activity.
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An assumption of a three-dimensional structure of an airglow discontinuity

# Masato Sato[1]; Akinori Saito[2]; Yusuke Akiya[2]; Yuta Hozumi[2]
[1] Earth and Planetary Sciences, Kyoto Univ.; [2] Dept. of Geophysics, Kyoto Univ.

A three-dimensional structure of an airglow discontinuity is revealed using pictures taken by an astronaut from International
Space Station (ISS). There are airglow layers over earth’s rim on pictures taken by an astronaut with a digital camera Nikon D3
at night. Because these pictures are at optical wavelengths, Na589nm and OI557.7nm emissions, which are about 90km altitud
seem to be dominant on these pictures. A discontinuity on airglow layers is observed on pictures taken on 16 October 2011. ;
three-dimensional structure of the discontinuity can be assumed because it was observed from various angles during observi
time 4m24s. As a result, we assumed that the structure is caused by line splitting two emission layers, Na and Ol. It is als
assumed that it extends over 700km almost in the east-west direction. Mesospheric bore is observed as an airglow discontinui
by terrestrial observation of airglow, but the discontinuity observed this time and bore have both similarities and differences.
In this presentation, the three-dimensional structure of the discontinuity will be reported and its generative mechanism will be
argued on the viewpoint of differences between the discontinuity and bore.
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Geomagnetically conjugate observations of ionospheric/thermospheric variations during
a midnight brightness wave at low latitudes

# Daisuke Fukushima[1l]; Kazuo Shiokawa[1]; Yuichi Otsuka[1]; Minoru Kubota[2]; Tatsuhiro Yokoyama[2]; Michi
Nishioka[2]; Siramas Komonjinda[3]; Clara Yatini[4]
[1] STEL, Nagoya Univ.; [2] NICT; [3] Chiang Mai Univ.; [4] LAPAN, Indonesia

A midnight brightness wave (MBW) is the phenomenon that the Ol (630-nm) airglow enhancement propagates poleward onc
at around the local midnight. In this study, we first conducted geomagnetically conjugate observations of 630-nm airglow for
an MBW at conjugate stations. An airglow enhancement which is considered to be an MBW was observed in the 630-nm
airglow images at Kototabang, Indonesia (geomagnetic latitude (MLAT): 10.0S) at around local midnight from 1540 to 1730
UT (from 2240 to 2430 LT) on 7 February 2011. This MBW was propagating south-southwestward, which is geomagnetically
poleward, with a velocity of 290 m/s. However, similar wave was not observed in the 630-nm airglow images at Chiang Mai,
Thailand (MLAT: 8.9N), which is close to being conjugate point of Kototabang. This result indicates that the MBW does
not have geomagnetic conjugacy. We simultaneously observed thermospheric neutral winds observed by a co-located Fabr
Perot interferometer at Kototabang. The observed meridional winds turned from northward (geomagnetically equatorward) tc
southward (geomagnetically poleward) just before the MBW was observed. The bottomside ionospheric heights observed b
ionosondes decreased for 100 km at Kototabang and increased for 30 km at Chiang Mai simultaneously with the MBW passag
In the presentation, we discuss the MBW generation by the observed poleward neutral winds at Kototabang, and the cause of tl
coinciding small height increase at Chiang Mai by the polarization electric field inside the observed MBW at Kototabang.
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Polarization electric field in MSTIDs estimated from simultaneous radio and optical
measurements over midlatitudes

# Takeshi Minoura[1]; Kazuo Shiokawal[2]; Shin Suzuki[3]; Yuichi Otsuka[2]; Nozomu Nishitani[4]; Keisuke Hosokawa[5]
[1] none; [2] STEL, Nagoya Univ.; [3] STEL, Nagoya Univ.; [4] STELAB, Nagoya Univ.; [5] UEC

Medium-scale traveling ionospheric disturbances (MSTIDs), which typically have a horizontal scale of 100-500 km and a
period of "1 h, are observed in the F region ionosphere at middle latitudes. To date, quite a few observations of MSTIDs in
nighttime have been carried out especially in the middle latitudes; they predominantly had a northwest-southeast frontal structut
and propagated southwestward in the northern hemisphere. Recently, several numerical studies reported that the ionosphe
E-F coupling processes through the polarization electric field play a key role for the generation and propagation mechanism c
MSTIDs. However, the observational evidence for that is still limited. In this study, based on the coordinated airglow and Su-
perDARN measurements from Jan. 2010 to Jun. 2014, we investigated statistical characteristics of nighttime MSTIDs especiall
the polarization electric field embedded in the MSTIDs. The SuperDARN Hokkaido HF radar has been installed at Rikubetsu
(43.5N, 143.6E), Japan, and an Ol 630-nm airglow imager has been operated at Paratunka (53.0N, 158.2E), Russia, within t
radar field of view.

We found 6 conjugate events of MSTIDs in the simultaneous measurements: Doppler velocities of field aligned irregulari-
ties (FAI) echoes observed by SuperDARN showed systematic polarity changes which were consistent with airglow intensity
variations. The MSTIDs propagated southwestward and had amplitudes in the airglow intensity of 10-15%, while line-of-sight
Doppler velocities amplitudes of 70-100 m/s were detected by SuperDARN. Assuming polarization electric field is perpendicu-
lar to wavefronts of MSTIDs, these measurements yielded polarization electric fields of 4.5-8.5 mV/m. Our result also suggest:
importance of the E-F coupling via MSTID-related polarization electric field, because the above estimation requires quite large
effective field Eq, +uxB) and seems to be improbable at midlatitudes considering the continuity of the electric current in the F
region alone.
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Toward identifying ground magnetic perturbations associated with MSTIDs

# Yoichi Shimono[1]; Hideaki Kawano[2]; Takuya Tsugawa[3]; Michi Nishioka[3]; Kazuo Shiokawa[4]; Yuichi Otsuka[4];
Teiji Uozumi[5]; Shuji Abe[6]; Akimasa Yoshikawa[7]; Akimasa Yoshikawa MAGDAS/CPMN Group[8]
[1] Earth and Planetary Sciences, Kyushu Univ; [2] Earth and Planetary Sci., Kyushu Univ.; [3] NICT; [4] STEL, Nagoya Univ.;
[5] ICSWSE, Kyushu Univ.; [6] ICSWSE, Kyushu Univ.; [7] ICSWSE/Kyushu-u; [8] -

The occurrence rate of MSTIDs at night is the largest in summer. The mechanism of daytime MSTIDs is now clarified, while
the mechanism of the nighttime MSTIDs has not been completely understood yet. In 1960s, some studies suggested that nigl
time MSTIDs are generated by atmospheric gravity waves and/or the auroral activity. In recent years, they have been thoug!
to be created by plasma instability in the ionosphere [Yokoyama et al., 2009]. Most of MSTIDs occurring over Japan at night
propagate southwestward, and its typical wavelength, velocity, period, and amplitude are 100-300km, 50-100m/s, 0.5-1.5h, ar
5-15% [Shiokawa et al., 2003].

The variations of the electric field and the magnetic field associated with MSTIDs in the ionosphere have been analyzed by
lot of methods [e.g., Saito et al., 1995; Park et al., 2009], but the variation of the ground magnetic field generated by the current
associated with MSTIDs has not been studied in detail yet.

In this study, we performed cross correlation analyses of many ground magnetometers’ data and vTEC timeseries data [ol
tained from NICT GPS-TEC database] at the magnetometer sites in order to identify the MSTID-associated ground magneti
variations and study their characteristics. To be specific, we first equalized the sampling times of the magnetometer and vTE
data; because the original sampling time is one second (thirty seconds) for the magnetometer data (VTEC), we took averages
every thirty datapoints of the magnetometer data. Next we applied FFT to the timeseries data of vTEC, determined the half-widtt
frequency range, and applied a bandpass filter with that frequency range to both the vTEC and the magnetometer data.

As an example, we calculated the cross-correlation function of ground magnetometer and vTEC data at TNO station. We di
the same for ONW and ITA, too. As a result, the obtained phase difference was 66.9, 17.9 and 94.5 degrees for TNO, ONW, an
ITA, and their standard deviation was 38.8 degree, a comparatively small value.

On the presentation day, | will present the results of the statistical analysis of many more events.
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CHAMP measurements of plasma density fluctuations in the top-side ionospheric
F-region associated with MSTIDs

# Shin Suzuki[1]; Jaeheung Park[2]; Yuichi Otsuka[3]; Kazuo Shiokawa[3]; Huixin Liu[4]; Hermann Luehr[5]
[1] STEL, Nagoya Univ.; [2] GFZ; [3] STEL, Nagoya Univ.; [4] None; [5] GeoForschungsZentrum Potsdam

Medium-scale traveling ionospheric disturbances (MSTIDs) are a well-known wavy phenomenon in the F-region ionosphere
They typically have a horizontal wavelength of several hundred kilometers and a periodicity of about one hour. Although, the
MSTIDs had been considered to be caused by atmospheric gravity waves propagating upward from the lower atmosphere, rece
studies have suggested that the generation of the MSTID in nighttime is highly associated with coupling processes between the |
and F-region electrodynamics. To confirm the different processes in the MSTID generation in daytime and nighttime, CHAMP
satellite measurements would be greatly helpful;, CHAMP plasma and neutral density data obtained in the day- and night-sid
sector can monitor the phase relations between the neutral (i.e., atmospheric gravity wave) and ionospheric plasma perturbatio
associated with the MSTIDs simultaneously at the top-side F-region (approximately 400 km).

As the first step in the above-mentioned study, we compared the MSTID signatures between the CHAMP and ground-base
630-nm airglow measurements to validate the MSTID detection by CHAMP. Airglow imaging is a quite useful technique to
investigate two-dimensional structure of the nighttime MSTIDs at the bottom-side F-region (approximately 250 km). We found
clear 14 conjugate events of MSTIDs in which CHAMP passes down to the airglow height along the magnetic field were in the
field-of-views of the airglow measurements. In most case, plasma density in the top-side ionosphere showed systematic polari
changes which were consistent with airglow intensity variations: plasma density enhancements (depletions) coincided with thi
airglow depletion (enhancement) regions, suggesting that plasma density fluctuation of MSTIDs induced by the polarizatior
electric field is extended up to the top-side.

In this presentation, we will also discuss the primary results showing the day- and night-time differences of MSTID in the
top-side ionosphere obtained from the CHAMP plasma and neutral densities.
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High-latitude daytime MSTIDs observed by an all-sky airglow imager in Svalbard

# Shunto Utsumi[1]; Keisuke Hosokawal1]; Satoshi Taguchi[2]; Yasunobu Ogawa]3]
[1] UEC; [2] Grad school of Science, Kyoto Univ.; [3] NIPR

We have studied medium-scale traveling ionospheric disturbances (MSTIDs) in the high-latitude daytime sector by using &
highly sensitive all-sky airglow imager at Longyearbyen, Svalbard. We have found two MSTID events, during which the IMF Bz
was "0 and the auroral oval was located above 78 MLAT. In such a condition, clear airglow signatures of MSTID were detected
in the equatorward side of the auroral oval. On November 28, 2011, the MSTIDs appeared at 0925 UT (71230 MLT) as wave-like
structures with a horizontal wavelength of about 125 km and they propagated west-southwestward with a speed of about 155m/
On December 2, 2013, the MSTIDs appeared at 0820 UT (1130 MLT) as wave-like structures with a horizontal wavelength of
about 125 km and they propagated westward with a speed of about 143m/s. By comparing the observed characteristics of the
high-latitude daytime MSTIDs with those of MSTIDs in other locations, we discuss their generation mechanism in detail.
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Statistical study of MSTID using a GPS network in Alaska and its relation to the auroral
activity

# Takuya Mizoguchi[1]; Yuichi Otsuka[2]; Kazuo Shiokawa[2]; Takuya Tsugawa]|3]; Michi Nishioka[3]
[1] STEL, Nagoya Univ; [2] STEL, Nagoya Univ.; [3] NICT

In this study, characteristics of Medium-Scale Traveling lonospheric Disturbances (MSTIDs) over Alaska have been revealec
for the first time, by using two-dimensional maps of the Total Electron content (TEC) obtained from GPS receiver networks in
Alaska. From the Statistical analysis of the TEC maps in 2012, we have found that the following characteristics.

1. MSTIDs over Alaska frequently occur in winter from 8 to 20 LT. Maximum occurrence rate of the MSTIDs in monthly and
hourly bins approximately exceeds 50%. This characteristic is consistent with that of MSTIDs in mid-latitudes.

2. Propagation direction of MSTIDs is dominantly southward or southeastward from 8 to 14 LT and southwestward from 14 to
20 LT. Former is consistent with MSTIDs at mid-latitudes and could be caused by atmospheric gravity waves. Latter is consisten
with MSTIDs observed with all-sky airglow imager in Alaska.

The second result suggests that relationship between MSTIDs and Auroral activity. We compared the MSTID occurrence
rate and Rate of TEC Index (ROTI) which calculated from TEC data, auroral electrojet (AE) index, and geomagnetic variation
in Alaska to investigate relationship between MSTIDs and Auroral activity. We have found that high occurrence rate of ROTI
is around midnight. ROTI has strong dependence on time variation rather than seasonal variation. Also, large disturbance
AE index and geomagnetic activity frequently occurs around midnight. Therefore, there is no clear relationship between the
occurrence rate of MSTID and the large variation of these indicators. As a result of this study, we speculate another mechanisi
might be operated for the occurrence of MSTID over Alaska (at high-latitudes).
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Correlation between intensity of auroral emission and GPS scintillation

# Shumpei Mitsui[1]; Keisuke Hosokawa[1]; Yuichi Otsuka[2]; Yasunobu Ogawa[3]; Michi Nishioka[4]
[1] UEC; [2] STEL, Nagoya Univ.; [3] NIPR; [4] NICT

In this paper, we investigate relationship between the intensity of auroral emission and the magnitude of the GPS scintillatior
indices, by comparing data from an all-sky color digital camera and GPS scintillation monitoring system in Tromsoe;, Norway
(69.60N, 19.20E). First, an interval of successive auroral breakups during a moderate magnetic storm on January 22-23 (D
index was -80nT) has been studied in detail. The characteristics of GPS scintillations during this storm-time interval can be
summarized as follows: 1) intense auroras and resulting phase scintillations were observed almost continuously for 12 hout
from 1600 to 0400 UT, 2) storm time reddish auroras were observed and their impact on the phase scintillation was found tc
be different from that of typical greenish aurora. By using all the optical and GPS data during this interval, we confirmed that
there existed a linear correlation between the emission intensity of the reddish aurora and phase scintillation. This result sugges
that the ionospheric scintillation caused by the reddish aurora was diffractive, probably due to ionospheric irregularities in the F
region. On the other hands, we were not able to confirm similar linear correlation between the emission intensity of the greenis|
aurora and phase scintillation. This implies that the generation of phase scintillation associated with the greenish aurora include
some nonlinear processes. In the presentation, we report how the characteristics of ionospheric scintillation depend on the natt
of aurora (color etc.). Then, we discuss the origin of the nonlinear nature in the correlation between the greenish aurora and tf
scintillation.
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Comparison of two types of polar cap aurora: Simultaneous observations with ASI and
ISR at Resolute Bay, Canada

# Keiichi Inoue[1]; Keisuke Hosokawa[1]; Kazuo Shiokawa[2]; Yuichi Otsukal[2]
[1] UEC; [2] STEL, Nagoya Univ.

Polar cap auroras often appear in the polar cap region during the northward IMF conditions. In general, the polar cap is
defined as a region of open magnetic field lines; thus, the polar cap aurora should be a phenomenon which originates from tt
magnetospheric lobe or solar wind. In this study, however, the term &quot;polar cap aurora&quot; is simply used as aurora
features which appear at the polar cap latitudes. In the past studies, polar cap auroras have been roughly classified into t
following two types. The one type is a single isolated arc showing relatively small time variation. This type of arc has a structure
extending towards the sun and then is sometimes called as sun-aligned arc. Such quiet polar cap arcs are known to move
the dawn-dusk direction depending on the sign of the IMF By. Another type of polar cap aurora is composed of multiple arcs
propagating poleward intermittently. This type of polar cap aurora is mostly observed in the dawnside polar cap. The source
regions and generation mechanisms of these two types of polar cap aurora have not been revealed so far. In particular, for t
latter type, its generation mechamism has not been understood at all mainly due to limitations in the time resolution of the radic
and optical observations. To answer these questions, we need to directly compare the electromagnetic structure in the vicini
of these two types of arcs. In this study, we have carried out simultaneous observations of polar cap aurora by combinin
data from an all-sky airglow imager (Optical Mesosphere Theremosphere Imagers: OMTIs) with those from incoherent scattel
radar (Resolute Bay Incoherent Scatter Radar: RISR) at Resolute bay, Canada. Then, we investigated temporal evolution of tl
parameters of plasma in the vicinity of the arcs. Especially, we clarified the differences between an isolated single arc on th
dusk side and multiple arcs propagating poleward on the dawn side.

On January 6, 2013, polar cap auroras were observed at Resolute Bay during two intervals: 0820-1120 UT and 1300-15C
UT. The arc observed during 0820-1120 UT corresponds to the isolated arc on the dusk side. The optical intensity of the 630.
nm emission from the arcs was about 300-500 R. The line-of-sight (LOS) ion velocity changed rapidly from 70 m/s to -540 m/s
when the arc passed through the field-of-view (FOV) of RISR. This variation in the LOS velocity corresponds to a shear structure
in the background ionospheric convection surrounding the arc. During the passage of the arc, the electron density at an altituc
of 200 km increased from 20 to 10'''! m—3. The IMF By was stable at about 4 nT. The arcs observed during 1300-1500 UT
correspond to the poleward-propagating multiple arcs on the dawn side. The 630.0 nm emission intensity was about 500-700 |
which was relatively higher than that of the arc on the duskside. The LOS ion velocity changed from 760 m/s to -100 m/s when
the arc passed through the FOV of RISR. The electron density at an altitude of 200 km increased’ftaim 1®°-2 m=3 in
response to the passage of the arcs. The electron and ion temperatures increased up to 1800 K and 2500 K, respectively.

For both the case of the polar cap arcs, an abrupt change was identified in the LOS ion velocity when the arcs passed throu
the FOV of RISR. This corresponds to the shear in the background convection closely associated with the arcs. Now we ar
trying to compute the 2D distribution of the convection by using the data from beams pointing toward 11 different directions. By
examining the flow pattern in the vicinity of the arcs, we will discuss the differences in the electromagnetic structure between the
two types of polar cap aurora.
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[1] STEL, Nagoya Univ.; [2] Cosmosciences, Hokkaido Univ.; [3] NIPR; [4] STEL, Nagoya Univ.; [5] Gl UAF
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This presentation discusses physical mechanisms to generate ionospheric and lower-thermospheric variations around the s
storm onset, in particular, focusing on phenomena in the vicinity of night-side poleward expanding aurora. The ionospheric
responses to a substorm onset are among the most widely studied phenomena of space physics because of abrupt changes i
polar ionospheric dynamics. Some previous studies have proposed a general idea of the ionospheric current system. The fie
aligned current (FAC) flows upward and downward inside and outside of the arc, respectively. The Pedersen current is induce
by the perpendicular electric field, mapped down from the acceleration region in the magnetosphere, between the upward ar
downward FAC as the ionospheric closure current. The Pedersen current plays an essential role for the energy conversion
plasmas from the kinetic energy to the thermal energy by the Joule- and frictional-heating processes. Therefore the ionospher
temperature is expected to be maximized in the Pedersen-current region. We made a statistical analysis on data from the Eul
pean Incoherent Scatter (EISCAT) UHF radar, and obtained the consensus of the ion-temperature peak due to enhancement:
the perpendicular electric field or the Pedersen current.

Enhancement of the thermal energy of plasmas is coincident with that of neutral particles in a partially-ionized and collision-
dominant system such as the thermosphere. One may think that the thermal-energy increase in the thermosphere results in w
accelerations; but this scenario is an outstanding question. Then we made a statistical analysis on data from a Fabry-Perot int
ferometer (FPI; 557.7 nm) at the Tromsoe EISCAT radar site. The statistical analysis showed a clear peak coincident with th
ion-temperature peak due to the Joule/frictional heating processes. It is thus concluded that the thermal energy increase due
the Joule/frictional heating process is a trigger of the wind variation.

Lorentz force is also an important term in the ion momentum equation. We discussed its effect on the wind variation using
the statistical results from the EISCAT radar and the FPI. The statistical analysis of FPI showed that the horizontal wind veloc-
ity changed the direction from southwestward to southward decreasing its magnitude, which means northeastward acceleratic
Since presumable directions of the Hall and Pedersen currents around the substorm onset time are westward and southwe
respectively, the total ionospheric current is southwestward. Thus at the begibniixB), which is equal tal.E - J.E’, was
almost zero because the wind velocity is paralleltB. It suggests that the whole electromagnetic energy ) (originated
in the magnetosphere is converted to Joule healfitfj ). However, as changing the wind direction from southwestward to south-
ward with time,U.(JxB) has some positive values, suggesting thitis also gradually converted to Lorentz forckB/rho)

[rho: neutral density] in the ionosphere/thermosphere. Development of the Lorentz-force effect should relate to delay of the
momentum transfer from ions to neutral particles by collisions; but quantitatively incomprehensible yet because the developmer
is faster than the expected from the ion-momentum equation.
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Imaging of polar cap patches with small airglow cameras

# Keisuke Hosokawa[1]; Yasunobu Ogawal2]; Satoshi Taguchi[3]
[1] UEC; [2] NIPR; [3] Grad school of Science, Kyoto Univ.

In the last two decades, 630.0 nm airglow measurements with cooled CCD cameras have been widely used to observe vario
kinds of ionospheric phenomena such as plasma bubble and MSTID. Recently, similar airglow observations at high-latitude:
have enabled us to visualize the dynamical behavior of polar cap patches, which are regions of high density plasma propagatir
in the central polar cap region. In this sense, now the all-sky airglow measurement is one of the essential tools for monitoring
ionospheric phenomena at all the latitude regions. However, it is still very difficult to make a dense network of airglow imagers
and capture the large-scale structure in the ionosphere because the system is relatively large and high cost.

In this paper, we have employed a cheap and small CCD camera (Watec Co.Ltd.: WAT-910HX) to observe airglow in the
polar cap region and check if such a camera can be used for observations of polar cap patches. We prepared two sets of sir
airglow camera, one with a fish-eye lens and the other with a wide field-of-view lens. They are combined with an optical filter
whose central wavelength is 632.0 nm, FWHM is 10 nm and transmittance is 85%. The two airglow cameras were installec
in Longyearbyen (78.1N, 15.5E), Norway in October 2013 and operated continuously during the 2013/2014 winter season. i
Longyearbyen, airglow measurements with an EMCCD all-sky airglow imager (ASI) and the auroral spectrograph (ASG) have
been carried out; thus, we were able to compare the images from the small airglow cameras with those from the convention:
airglow observation systems.

On the night of December 4, 2013, a series of polar cap patches was observed by the EMCCD all-sky imager in Longyearbyer
The optical intensity of the patches was as large as 500 R. At the same time, the small airglow cameras also detected regions
enhanced airglow intensity passing through their fields-of-view. The quality of the images was slightly lower than those from the
EMCCD-ASI, but it was high enough for capturing the 2D structure of the patches. This indicates that the small CCD camera
of Watec Co.Ltd. can be used for observations of ionospheric phenomena such as polar cap patches. However, there is sol
sort of difference in the optical intensity between the EMCCD-ASI and the small airglow camera. We suppose that this is due to
the difference in the FWHM of the optical filters. In the presentation, we will discuss this difference in a quantitative manner by
using airglow spectra from ASG.

ooUUoOoOoOO0OOO CcCb/EMCCDOUOOOOOoOoOoO,e30.0nmMIOI0C000ODOOO0O0OOOOOODOOOOO
ocooooooooooboo.0coooooo0ooo,boooobooo00oooDooO0ooo,000oooDoo MSTIDOO
ooooobz200000000000.000,000800DO00O0DOOOO,D00DODOOODOOOOO
oooooooooobooooooooboobooo, 0000000 bo0obboobDOoobDooboOobDOog
cooooooooo.ooobo,0b ccbooooopoooooooopooooo,booooogooooooo,o
oboooobOooboooooboboboo,obooooboboboooobooboooboobooog.

ooo0oo0o0,0000000000000000DOO00O0O000DO00DOO00DOO0O00O00 cecbuboOdWwatec
O:WAT910HXO OOOO,e30.0nmI 00000000, 0000000000000Q0CCOODO.00,000000
oooooooooooooo,00gooooooocoooooOo0gooooooooo0gooooDoDooD. 20
O WAT-910HX D ,00000000oooo,0gso00gggoooooooooo0oooo,ooon 632.0nmQ
OO0 1onmO0000 8% O 0000000000000 00000DOO,2000000000D000000O0DAO.
00 2000000,000000000000000078.AN,155E10000,2013/20141 00000000 400
oooooooo.ooooobooooobooooDb,00o000oobobo0ooooDobo e30ONMIOUODOO,DbOO000
ooooopoooAsSGOOOO00OODOOOO00OO0OOOOOO00ODOOO,0DDOOO0000DODOODOOOObOD
gbooooboobooobooboboobooooboooooboD.

20130 120 400 20-24UTOOOO0OOOO,00000D0O0C0O00O00O0O0ODOD 1I00DDOOOOOOODODOOO
o0.00b0000ooosorROOODOO.O0DOOO0ODOOOODOOOOODOOODODOOOODOOOOOO
gcoooopoooooogooooo,b0b0 2000000000 DOO0DO00ODOO0ODO.OD00O0DOOODOOOOOO
goooooobooboooooooobob,boboboobooboobobobooobDoboobobooDoDbOobOo,0Do
oooooooo,oboocobbooboobooboooobooooooboobooboooboooobo.oo0,o0b0Oooboog
ocooooooobooooooooooboo,0ooooooooooobooooOoOoOooO 1s5000DbOOooDooOooon,o
oo,000000000O0000O0000DbObO00DbOO00oOOO0OoDOOO0.0oOoobO,ASGOOOOODOOOn
bboobobooobooboooboobooboooooboooobobooooooa.



RO05-P047 O O : Poster O0:110 20

CHAMPOUOODODOOODDODOOOODDOOOOODDOOUOODOOOOoO

#00 00 [1; 0000 [1; 00 0 [2; 00 O [3; 00 OO [4); 00 OO [4]; Luehr Hermann[5]
[1]O00;[21000;[31000;[4] 00 STED; [5] GeoForschungsZentrum Potsdam

Neutral mass density anomaly in the polar cap region: Simultaneous measurements wit
CHAMP and optical instruments

# Ryuichi Murakami[1]; Keisuke Hosokawa[1]; Satoshi Taguchi[2]; Mitsuru Matsumura[3]; Kazuo Shiokawal[4]; Yuichi
Otsuka[4]; Hermann Luehr[5]
[1] UEC; [2] Grad school of Science, Kyoto Univ.; [3] NIPR; [4] STEL, Nagoya Univ.; [5] GeoForschungsZentrum Potsdam

It has been well known that localized anomalies in the neutral mass density sometimes appear in the upper thermosphe
at polar latitudes. The temporal variation of such anomalous structures has been observed by the accelerometer onboard 1
CHAMP satellite and its characteristics have been clarified to some extent. In the past studies, the density anomaly was examin
through case studies and statistical analyses in the cusp and nightside auroral oval, which are regions directly affected by the so
wind and auroral substorm, respectively. These previous studies argued that both the particle heating due to precipitating electro
and the Joule heating due to the ionospheric Pedersen current are responsible for the generation of the neutral density anoma
in the cusp and auroral regions. Thus far, however, there have been no studies of the neutral density anomalies in the polar ¢
region. In this paper, we have investigated the density anomalies in the central polar cap, which is a region where the particl
precipitation and associated field-aligned current (FAC) are quite rare. Therefore, we speculate that the density anomaly in th
polar cap is caused by a mechanism different from those proposed by the previous studies in the cusp and auroral regions. \
investigated two cases of neutral density anomaly in the polar cap by combining observations from CHAMP, TIMED/GUVI and
an all-sky airglow imager of OMTIs at Resolute Bay, Canada. The first event occurred on January 30, 2005, during which the
density anomaly appeared in the central polar cap region. In the region of density anomaly, a clear optical signature of thets
aurora was simultaneously observed by TIMED/GUVI and OMTI at Resolute Bay. This observation indicates that theta aurora ol
sun-aligned arcs, which are often observed during northward IMF conditions, are one of the sources of neutral density anomalie
in the polar cap. The second event occurred on February 8, 2005, during which polar cap patches were observed by OMTIS |
the central polar cap. When the CHAMP satellite passed through the stream of patch-associated high-density plasma, a cle
signature of the neutral density anomaly was detected. This suggests that polar cap patches could also be one of the source:
density anomalies in the central polar cap. In the presentation, we will discuss how the neutral density anomaly is produced ii
the polar cap region by considering the results from the analysis of two case examples.
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Spatial structure of polar cap patches: Simultaneous 3D observations with an all-sky
airglow imager and incoherent scatter radar

# Kazuaki Yoshida[1]; Keisuke Hosokawa[1]; Kazuo Shiokawa[2]; Yuichi Otsuka[2]
[1] UEC; [2] STEL, Nagoya Univ.

Polar cap patches are islands of high-density plasma in the polar cap F region ionosphere. Past studies have shown that patc
during magnetic storms are brighter and thicker in altitude than those during relatively quiet periods. However, we still do not
know how the spatial structure of patches (shape and internal structure) depends on the level of prevailing geomagnetic activity. |
this study, we employed an all-sky airglow imager of OMTIs and incoherent scatter radar in Resolute Bay, Canada to investigat
the spatial structure of patches in three dimensional fashion. We have compared two patch events which respectively occurre
during a magnetic storm on Jan 22, 2012 and relatively quiet period on Feb 10-11, 2013. As a result of this comparison study, th
patches during the magnetic storm were brightés@0 R) and thicker in altitudex400 km) than those during the quiet interval,
which is fairly consistent with the past studies. We also found that the spatial structure of the patches during non-storm time wa
much more structured than that during the magnetic storm. We discuss this difference in terms of different generation process
of patches during disturbed and quiet periods.

0do0ooobOo0ooOo0oooDobOOoOooOMFODODOODDOODOOODDOOD FOODODOODDODOODOODOOOOO
goooooooobobbbbbddoooooboobobobobbbooobbboboddoooooo oo
dobodooobooooobooobob oo oo b oo b ooobbouooooooa
goboooobuooobobooooob oo oo bbb oo oo bobbuoooboboo
Jooooooooboboboboodooooooobobboddooooooo oo oooo O
00000000000 00o0o0oDoU0o0oD00o0o0DoO0o0DoO00oOoDOoUOoOoDOoOoon (74.7N, 265.1
E)YOOU0O0OO0O0O00O000000000OOOMTIs: Optical Mesosphere Thermosphere ImagersC D 0 OO0 OO0 00O
O RISR: Resolute Bay Incoherent Scatter Radar0 O 0 0 0 0 0000000000000 OO0OO00O0O0OOOOOO0
00do0O00o0o0oOooDodoooooooooDooooooooo 30000000 onooooDoooooooDooon
0o00dooOOoooOOoooOoooOoo0oo00000000000000000DO000O0O0O0OO00DOOO0OO0
Joooooboboooooobobobo0ooooobobbbooooooooooa

020120 10220 00000000000000000O00DOO0OO00OOODO0O 20130 20 10,1100000000O
00o00000o0oooDOdoo0o0oooDdooU0o0oo0oo0oooo0o0o0oooooooooog 500RO0
0d0000000D0D0o0ooooooo400kmid0O00O0O00OO0OO0O0OOO0ODOO0ODOO0OOODOOOOOOOOO0
do00dooOooDoOOoooOO020RO0000000000000000000O000O000O0O00ODOOOOOOO0OO0
00000 oOOoo0DOO0o0bO00oOodboOo0oOoooDDbOOo0ooOo0oOo0 200000000000O0000O0O000O0
0000000000 oo00oo0oo0oo0ooooooooooooooooDoooooooon 500kmO0OOd
gooooooooobobbobobbbotboboddoooooooobobobbbbobobb0o00oUoUoood
doddooooobooboboboooooooo oo oooooooooooon
00o0000dDoo0ooooooos0kmOdDO00O0U00DODO0OO0O0OD0DO0DO0OOODOO0OOOOOOOOOOOn
JooooooooboboboodooooooobooobooooooooooD oD OO0 ooobD OO
Jooooooboobbboooooooooobobobboo0ooooooo o000 oob oo
goooboboboboogo



R0O05-P049 O O : Poster O0:110 20

guooubobbogobobobouooooboboooobobobuooooon
HEN

#000 OO0 [1; 00 00 [1; 00 0 [2;00 00 [38;00 O [3]
[1]000;[21000;[81000

Edge of polar cap patches: a statistical study with an all-sky airglow imager

# Yudai Tsuihiji[1]; Keisuke Hosokawa[1]; Satoshi Taguchi[2]; Yasunobu Ogawa][3]; Mitsuru Matsumura([3]
[1] UEC; [2] Grad school of Science, Kyoto Univ.; [3] NIPR

Polar cap patches are islands of enhanced electron density often seen in the polar cap F region ionosphere during the southw
IMF conditions. The characteristics of the shape of patches have been investigated in detail by using airglow observations i
the polar cap region. Our recent analysis indicated, through a study of one single case example, that the shape of patches
asymmetric between the leading and trailing edges. That is, the leading edge of patches tends to be sharper than the trailing ed
Then, we suggested that the gradient-drift instability (GDI) is one of the possible processes directly creating this asymmetry
Through the GDI process, it is expected that the fluctuations in the electron density can develop more efficiently in the trailing
edges than in the leading edge. This difference may produce the observed asymmetry in the gradient of the leading and trailir
edges because the density fluctuation can mix the high/low plasma in the vicinity of the trailing edge and relax the boundary. Tc
confirm this hypothesis, in this study, we perform a statistical analysis of the edges of patches by using a high-resolution airglov
measurement in the polar cap.

From October 2011 to January 2014, 50 patches were observed by an all-sky EMCCD airglow imager in Longyearbyen
Norway. We have extracted the 630.0 nm optical intensity at zenith as a time-series and then statistically investigated the ratio
the gradient of the optical intensity in the leading edges to that in the trailing edges. As a result, it was found that the gradien
in the trailing edges is a few times more gradual than that in the leading edges. This again implies that the shape of patche
is deformed probably through the mixing of high/low density plasmas due to the GDI process. In the presentation, we will
discuss the generation mechanism of plasma irregularities in the edges of patches by comparing the airglow observations with
two-dimensional simulation of the GDI process.
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Deriving Joule heating rate in the polar region from IMAGE/FUV and SuperDARN

# Naoki Ozaki[1]; Keisuke Hosokawa[1]; Yasunobu Ogawa[2]
[1] UEC; [2] NIPR

In the past studies, it has been tried to model the currents and the Joule heating rate in the polar ionosphere from a set
observations. However, the availability of the convection electric field and the conductance used for the modeling is not alway:
perfect in time and space due to several limitations in the observations. Hence, the temporal evolution of the response of th
ionosphere-thermosphere system to the energy input from the magnetosphere has not been understood well; thus, there still e;
several unclarified issues.

In this paper, we established a method for deriving a global map of the Joule heating rate by combining the Pedersen and He
conductivities as estimated from the global UV auroral observations of the IMAGE spacecraft and the convection electric field as
obtained from Super Dual Auroral Radar Network (SuperDARN). To test the procedure, we estimated the Joule heating rate fo
two auroral substorm events identified from the IMAGE spacecraft observations on September 25, 2001 and January 12, 200
and discuss its temporal evolution in detail.

As a result, it was found that there is no remarkable difference in the Joule heating rate between regions of high (due tc
the auroral substorm) and low conductivities. This implies that the Joule heating rate depends more on the convection electri
field than on the conductance. In particular, during the event on September 25, 2001, when an auroral substorm occurred in
large area in the nightside, the significant enhancement of the Joule heating rate was not seen within the auroral bulges. TF
suggests that the convection electric field decreases in the regions of bright auroral activity and then the Joule heading rate do
not increase in the auroral bulges. In the presentation, the derived temporal evolution of the Joule heating rate will be compare
with observations of the neutral mass density anomalies in terms of the heating of the thermosphere caused by auroral substorr
In addition to the estimation of the Joule heating rate, field-aligned currents (FAC) will also be derived from the IMAGE/FUV
and SuperDARN observations and their temporal evolution will be discussed in the framework of magnetosphere-ionospher
coupling system.
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Comparison of the ground backscatter characteristics calculated using IRl and measure
by SuperDARN Hokkaido HF radar

# Alexey Oinats[1]; Nozomu Nishitani[2]; K.G. Ratovsky[1]
[1] Institute of Solar-Terrestrial Physics, Irkutsk, Russia; [2] STELAB, Nagoya Univ.

We present ground backscatter propagation characteristics model for geographic location and specifications of SuperDARI
Hokkaido HF radar. The model describes mean diurnal and seasonal variations of minimal group range, corresponding elevatic
angle and several other parameters and can be used for effective prediction of its regular behavior. The model is based on +
ground backscatter signal calculations developed in the framework of waveguide approach and IRI-2007 model, which is use
as a background ionosphere. In this paper we also present a comparison of the model with an extensive dataset collected
SuperDARN Hokkaido radar during the whole its operation history since the late 2006 until 2014. Such a comparison could
provide important information about IRI-2007 model accuracy in a wide mid-latitude region during the period of minimum and
growing solar activity.



R0O05-P052 O O : Poster O0:110 20

SEALIONOOOD0DO0O0O0O0DO0OOOoDOO0OOooooobooooobooooogon
000000000 FrFODOOODOOODODOO (2

#00 0O [1; 00 00 [A; 00 00 [1; 00 O [2]; 0O OO [1]; Thanh Le Truong[3]; Chau Ha Duyen[31 O O O [4]
[100000D000;[2INICT;[8]00000000000;[4]00 STEQ

Correlation analysis between equatorial electrojet, pre-reversal enhancement and
equatorial spread F in Southeast Asia(2)

# Manabu Kunitake[1]; Tatsuhiro Yokoyama][1]; Hiromitsu Ishibashi[1]; Takumi Kondo[2]; Kazunori Yamamoto[1]; Le Truong
Thanh[3]; Ha Duyen Chau[3]; Kazuo Shiokawa[4]
[1] NICT; [2] NICT; [3] HIG; [4] STEL, Nagoya Univ.

At the equatorial latitudes, the reversal of dayside eastward electric field to westward around sunset is often accompanied k
a strengthened eastward electric field. The strengthened eastward electric field is called as the pre-reversal enhancement [PR
PRE is considered to be the primary process acting on the equatorial spread F [ESF] onsets.

Relationships between equatorial electrojet [EEJ] strength and PRE strength (and ESF onsets) have been investigated by us
magnetometer observation and ionosonde observation. Uemoto et al. (2010) found that PRE strength and ESF onset is st
pressed when pre-sunset integrated EEJ strength from 2 hours to 1 hour prior to sunset is negative owing to the evening count
electrojet, by statistical analysis of observations in the Southeast Asia low-latitude ionospheric network (SEALION). Their ana-
lyzing period is from November 2007 to October 2008.

We use SEALION data from 2007 to 2013. Statistical analyses for each year are conducted. Further, detailed case study a
conducted. Significant day-to-day variations of EEJ strength, PRE strength, and ESF onsets are picked up from these seven ye
data. Then, we investigate how and to what extent day-to-day variations of EEJ strength relates to the day-to-day variations c
PRE strength and ESF onsets. The magnetometer data in our study were obtained at Phuket (geographic lat. 8.09N, geograp
long. 98.32E, dip lat. -0.2), and Kototabang (0.20S, 100.32E, dip lat. -10.1). The ionosonde data in our study were obtained &
Chumphon (10.72N, 99.37E, dip lat. 3.0), Bac Lieu (9.30N, 105.71E, dip lat. 1.5), Chiang Mai (18.76N, 98.93E, dip lat. 12.7),
and Kototabang (0.20S, 100.32E, dip lat. -10.1).
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Characteristics of the long-term variation of the amplitude of geomagnetic solar quiet
(Sq) daily variation

# Atsuki Shinbori[1]; Yukinobu KOYAMA[2]; Masahito Nose[3]; Tomoaki Hori[4]; Akiyo Yatagai[5]; Yuichi Otsuka[6]
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; [6] STEL, Nagoya Univ.

Characteristics of long-term variation in the amplitude of solar quiet geomagnetic field daily variation (Sq) have been inves-
tigated using 1-h geomagnetic field data obtained from 69 geomagnetic observation stations within the period of 1947-2013
The Sq amplitude observed at these geomagnetic stations showed a clear dependence on the 10-12 year solar activity cycle
tended to enhance during each solar maximum phase. The Sq amplitude became the smallest around the minimum of solar cy
23/24 in 2008-2009. The relationship between the solar F10.7 index and Sq amplitude is approximately linear but 64 percent ¢
geomagnetic stations show a weak nonlinear dependence on the solar F10.7 index. In order to remove the effect of solar activi
seen in the long-term variation of the Sq amplitude, we calculated a linear or second order fitting curve between the solar F10.
index and Sq amplitude during 1947-2013, and examined the residual Sq amplitude, which is defined as the deviation from th
fitting curve. As a result, a majority of the trends in the residual Sq amplitude that passed through a trend test showed a negati
value in a wide region. This tendency was relatively strong in Europe, India, the eastern part of Canada, and New Zealand. Th
relationship between the magnetic field intensity and residual Sq amplitude showed an anti-correlation for about 71 percent c
geomagnetic stations. On the other hand, the residual Sq amplitude in the equatorial station (Addis Ababa) was anti-correlate
with the absolute value of the magnetic field inclination. This implies the movement of the equatorial electrojet due to the seculal
variation of the ambient magnetic field.
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