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Generation mechanism of the narrowband plasma waves found around Sq current focu
In the winter ionosphere

# Atsushi Kumamoto[1]; Takumi Abe[2]; Keigo Ishisaka[3]; Takao Takahashi[4]; Makoto Tanaka[5]
[1] Dept. Geophys, Tohoku Univ.; [2] ISAS/JAXA,; [3] Toyama Pref. Univ.; [4] Aero. & Astronautics, Tokai Univ.; [5] Tokai
Univ.

Generation mechanism of the narrowband plasma waves in a frequency range of several kHz observed in the sounding rock
experiment S-310-44 was investigated based on the lower hybrid drift instability model. S-310-44 was launched at 3:00 UT
(12:00 JST) on January 15, 2016 at Uchinoura Space Center (USC) in order to clarify electron heating phenomena in the cent
of Sq current focus in the winter ionosphere. Plasma Wave Monitor (PWM) onboard the S-310-44 successfully measured plasm
waves in a frequency range from 300 Hz to 22 MHz along the rocket trajectory with apex altitude of 160 km, which is also
confirmed to be near the Sq current focus by using data from magnetometer chain on the ground. The AC electric field wa
picked up with two antenna elements (EFD-ANT-1 and 2), and respectively amplified by two preamplifiers (EFD-Pre-1 and 2) of
the Electric Field Detector (EFD). Then, two signals were fed to two PWM inputs (PWM-HF and PWM-VLF), respectively. The
signal fed to PWM-HF was sampled at 81.92 MSPS and converted to spectrum in a frequency range from 20 kHz to 22 MHz with
400 frequency steps. The signal to PWM-VLF was sampled at 81.92 kSPS and converted to spectrum in a frequency range fro
300 Hz to 20kHz with 400 frequency steps. These spectra were obtained every 125 msec. EFD antenna elements were stored
the ground and deployed at altitude of 85 km. So the altitude range from 85 km to 160 km are covered in ascent, and all altitud
range below 160 km are covered in descent. During the flight, we found harmonic emissions in a frequency range from sever:
hundred Hz to several kHz. The frequency of the fundamental emission varies from 0.5 kHz to 2.5 kHz depending likely on the
ambient plasma density. They are enhanced at altitude around 100 km in ascent but not enhanced at the same altitude in desc
In ionospheric F region, some previous studies suggested that the lower hybrid drift instability (LHDI) can occur and cause the
plasma irregularities during equatorial spread F [Huba et al., 1981]. We applied LHDI model to altitude range below 160 km
and found that instability can not occur in a frequency range below 2 kHz due to high electron collision frequency in ionospheric
E region. The enhancement of plasma waves at altitude around 100 km in ascent even with high electron collision frequenc
suggests that some additional free energy source should exist in this narrow area. Through the comparisons with data from tt
other instruments onboard the S-310-44 such as electron density and temperature (FLP), DC and AC electric fields (EFD), an
currents (MGF), we are going to discuss the energy source of the observed plasma waves in more detail.



R005-02 218 A B¥RY: 11 B 208 11:25-11:40

Hupig s Sqbah S #HEE U Te AR 7172 & R E I D RIZE L

#TH e [1]
[1] 5K - # - ikt > 2 —

Long-term variation of neutral pressure difference in the thermosphere and solar activity
inferred from geomagnetic Sq currents

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

High correlation between Ampere force by geomagnetic Sq currents and neutral pressure difference enables us to estimate
the secular variation of neutral pressure from geomagnetic Sq field. This method has a merit for the study of the secular variatio
of the thermosphere because the estimation of the Ampere force needs the geomagnetic data only. Furthermore, solar activ
can be inferred from geomagnetic filed observation only. For example, F10.7 in 1900-9100 was estimated to be smaller than th:
in 2010 from Sq field at Tokyo-Kakioka.
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Evening anomaly in the penetration electric field at mldlatltude

# Takashi Kikuchi[1]; Kumiko Hashimoto[2]; Yusuke Ebihara[3]; Ichiro Tomizawal[4]; Tsutomu Nagatsuma|5]; Takashi
Tanaka[6]
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The magnetospheric electric fields penetrate to the mid and low latitude ionosphere during storm and substorms, causing di
turbances in the total electron content, equatorial ionospheric anomaly and so on. The penetrated electric field is detected
a motion of the ionospheric plasma using the HF Dopplor sounders and as a magnetic disturbance at the geomagnetic equa
where the ionospheric currents are intensified by the Cowling effect (EEJ). Considering that the HF Doppler frequency is af-
fected significantly by atmospheric waves, we compare the HF Doppler frequency with the EEJ to identify that the HF Doppler
frequency is caused by the penetrated electric field. Thus, the electric field causes upward motions of the ionospheric plasma a
increases of the EEJ on the dayside during the storm main phase, while the electric field and currents often reverse their directic
due to the overshielding during the storm recovery phase. In the present talk, we show the following three observational results
(1) Quasi-periodic (30-60 min) fluctuations in the midlatitude electric field is well correlated with those in the EEJ. (2) Eastward
substorm overshielding electric fields were observed around the midnight with the intensity up to 4 mV/m and the duration over
30 min. (3) The electric field on the dayside is in opposite direction to that on the nightside, while eveningtime electric fields
are in the same direction as in the day. To understand how the electric fields are transmitted to the low latitude ionosphere ar
what causes their evening anomaly, we apply the Earth-ionosphere waveguide model (Kikuchi and Araki, 1979) and the globz
electric potential distribution calculated with the potential solver.
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Dependency of heating rate of electron by photoelectron on ambient electron density in
the ionosphere

# Yoshihiro Kakinami[1]; Shigeto Watanabe[2]
[1] Tomakomai College; [2] Cosmosciences, Hokkaido Univ.

Energetic electrons are created by solar EUV when neutral atmosphere in the thermosphere is ionized. The energetic electrol
which are named photoelectrons, heat ambient thermal electrons through the collision. The photoelectron is primary heat sour
for the electron in the ionosphere. Since the heating rate of electron is proportion to 0.97 power of electron density (Ne) anc
cooling rate of electron through the Column collision with ions is proportion to square of Ne, it has been thought that electron
temperature (Te) gets close to ion temperature and neutral temperature with increase of Ne. That indicates Te decreases w
increase of Ne in general. However, Te enhancement which was not related neutral temperature was reported in the topsi
ionosphere. Similar trend was also observed in ion temperature (Ti) in the topside ionosphere. To investigate the cause of tf
Te enhancement in the high Ne region, simultaneous observation of Te and Ti is required. Te and Ti observed with Jicamarc
incoherent scatter radar are employed for the analysis. Similar trends which were observed in satellites observation are found
both Te and Ti above 300 km. The cooling rate of the Column collision with ions, and inelastic collision with neutral spices for
electron are estimated using the observations, and Tn and neutral density calculated with MSIS. Further, the heat conductiol
along the magnetic field line are estimated using IRl and IGRF model. The results indicate that photoelectron heating rate i
much higher than well-known heating rate.
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Lower-thermospheric wind variations in auroral patches during the substorm recovery
phase

# Shin-ichiro Oyama[1]; Kazuo Shiokawa[2]; Yoshizumi Miyoshi[3]; Keisuke Hosokawa[4]; Brenton J. Watkins[5]; Junichi
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Univ.
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Measurements of the lower-thermospheric wind with a Fabry-Perot interferometer (FPI) at Tromsoe, Norway found the larges
wind variations in a night during appearance of the auroral patches at the substorm recovery phase. Taking into account magn
tospheric substorm evolution of plasma energy accumulation and release, the largest wind amplitude at the recovery phase is
fascinating result. The results are the first detailed investigation of the magnetosphere-ionosphere-thermosphere coupled syst
at the substorm recovery phase using comprehensive data sets of solar wind, geomagnetic field, auroral pattern, and FPI-deriv
wind. This study used three events in November 2010 and January 2012, particularly focusing on the wind signatures associat
with the auroral morphology, and found three specific features: (1) wind fluctuations that were isolated at the edge and/or in the
darker area of an auroral patch with the largest vertical amplitude up to about 20 m/s and with the longest oscillation period abou
10 minutes, (2) when the convection electric field was smaller than 15 mV/m, and (3) wind fluctuations that were accompaniec
by pulsating aurora. This approach suggests that the energy dissipation to produce the wind fluctuations is localized in the auror
pattern.

Effects of the altitudinal variation in the volume emission rate were investigated to evaluate the instrumental artifact due to
vertical wind shear. The small electric field values suggest weak contributions of the Joule heating and Lorentz force processe
in wind fluctuations. Other unknown mechanisms may play a principal role at the recovery phase.

Figure: Digital camera images from 03:45 to 04:21 UT in 15 November 2010 along with the vertical wind speed (yellow arrow
in each picture). The wind magnitude tended to increase when the FPI-measured point (center of each image, pointed with tf
yellow Na-Lidar beam) entered at the edge of the patch or stayed inside of the darker area.
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Optical observations of polar cap patches near the northern magnetic pole: UT and IMF
By dependence of patch luminosity

# Kazu Okamura[1]; Keisuke Hosokawa[1]; Kazuo Shiokawal[2]; Yuichi Otsuka[2]
[1] UEC,; [2] ISEE, Nagoya Univ.

Polar cap patches are regions of high electron density in the polar cap F region ionosphere. Patches are produced by t
interaction between the spatial distribution of the dayside high-density plasmas and their anti-sunward transport across the pol
cap by the high-latitude plasma convection. Patches are known to be often observed during intervals of southward interplanetal
magnetic field (IMF) conditions. Since the electron density increases inside patches, they can be detected as regions of increas
630.0 nm airglow emissions obtained by ground-based all-sky airglow imagers.

In this study, we make use of measurements by two all-sky airglow imagers of Optical Mesosphere Thermosphere Imager
(OMTIs), one at Eureka, Canada (80.5 N, 273.6 E, 88.5 MLAT), which was newly installed in October 2015, and the other
at Resolute Bay, Canada (74.7 N, 265.0 E, 82.9 MLAT). The magnetic latitude of Eureka is approximately 89 degrees; thus
near winter solstice, we are able to carry out 24h continuous measurement at an almost fixed point near the magnetic pole. E
using this feature, we have investigated the characteristics of polar cap patches near the magnetic North Pole, for example tl
dependence on UT, season, and IMF By.

Bowline et al. [1996] modeled the dependence of patch electron density on UT, season, and IMF By in Eureka, using numer
ical simulation. In this study, based on this modeling result, we analyze these dependencies by looking at two case example
respectively on January 31, 2016 and February 3, 2016, when patches were observed in Eureka and Resolute Bay simultaneou
Since the IMF By was stable at about -10 nT throughout these days, we can extract the pure UT variation of the patch luminosity
By extracting signatures of patches from all-sky images, it was found that the observed UT variation of the patch luminosity
shows a systematic change predicted by the simulation. This is because the interaction between the dayside high-density plas
and high-latitude plasma convection system varies with UT due to the offset between the magnetic pole and geographic pole. |
addition, since the IMF By was stable with plus values during these intervals, we are also able to discuss the relationship betwee
the patch luminosity and IMF By.

We also tried to estimate the altitude of patches by combining all-sky images taken from Eureka and Resolute simultaneousl
We plotted the data from the two points on a single map with changing the assumed altitude of the 630.0 nm airglow emission
but, it was difficult to determine a single central altitude of patches. This implies that the patches are distributed in a wide altitude
range from 210 to 290 km. This fact indicates that, unlike typical greenish aurora, patches have a thickness of at least 80 km.
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Recent progress of EISCA3D (Next-Generation Incoherent Scatter Radar Project for
Atmospheric and Geospace Science) (5)

# Hiroshi Miyaoka[1]; Yasunobu Ogawa[1]; Takuji Nakamura[1]; Satonori Nozawa[2]; Shin-ichiro Oyama][2]; Ryoichi Fujii[3];
Craig Heinselman[4]
[1] NIPR; [2] ISEE, Nagoya Univ.; [3] STEL, Nagoya Univ.; [4] SRI International

EISCAT_3D is the major upgrade of the existing EISCAT mainlamd radars, with a multi-static phased array system composed
of one central active(transmit-receive) site and 4 receive-only sites to provide us 50-100 times higher temporal resolution thal
the present system. The construction of EISC3D is planned to implement by 4-staged approach, starting from the core site
with half transmitting power about 5SMW and 2 receiving sites at Kaiseniemi(Sweden) and Karesuvanto(Finland) at the 1st stage
Until May 2015, Sweden, Norway, Finland have jointly allocated their national funding for the construction of the 1st stage, and
the deployment of the proto-type system is to start at the Tromso site from September 2015, supported by the EC H2020 fundin
The EISCAT3D program in Japan, on the other hand, was applied to the Master Plan 2014 as a part of 'Study of Coupling
Processes in the Solar-Terrestrial System’ (PI: Prof. Tsuda, Kyoto Univ.). Finally granted as one of 27 high-priority programs
of Master Plan 2014 and 10 new Roadmap 2014 programs, National Institute of Polar Research started a funding proposal
the Ministry(MEXT) for EISCAT 3D since 2014, collaborating with ISEE, Nagoya University. In this paper, we overview the
current status of the project and our development for the EISCAT 3D transmitter sub-system.
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Current status of ionospheric beacon experiment with new satellite constellation

# Mamoru Yamamoto[1]; Keiichi Iwata[1]; Mayumi Matsunaga[2]; Akinori Saito[3]; Susumu Saito[4]; Tatsuhiro Yokoyama[5];
Huixin Liu[6]
[1] RISH, Kyoto Univ.; [2] Sci. & Eng., Ehime Univ.; [3] Dept. of Geophysics, Kyoto Univ.; [4] NAV Department, ENRI; [5]
NICT; [6] None

GNU Radio Beacon Receiver (GRBR) is the very successful digital receiver developed for dual-band (150/400MHz) beacor
experiment. We were successfully conducted observations of total-electron content (TEC) of the ionosphere over Japan ar
in southeast Asia. But number of beacon satellites is gradually decreasing by aging. We now conduct a project to start ne\
satellite-ground beacon experiment with new satellite constellations. One of them is TBEx (Tandem Beacon Explorer), a projec
by SRI International, to fly a constellation of two 3U cubesats with triband beacon transmitters. Another one is a project of
FORMOSAT-7/COSMIC-2 by Taiwan/USA. Although the main mission is GNSS occultation of the Earth’s atmosphere and
ionosphere, they also carry the triband beacon transmitters. All of these satellites will be placed into low-inclination orbits by the
same launch vehicle in 2017, which will give us great opportunities to enhance studies of the low-latitude ionosphere. We now
prepare for the experiment by developing the new GRBR for these new beacon transmitters. In the presentation we show curre
status of the research project on both sides of satellites and ground-receives.
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Development of digital receiver for new satellite-ground beacon experiment

# Keiichi Iwata[1]; Mamoru Yamamoto[1]
[1] RISH, Kyoto Univ.

We have been successful in studies of the ionosphere by using satellite-to-ground beacon experiment. The GNU Radio Beac
Receiver (GRBR) is the 150/400MHz coherent receiver and can measure the total electron content (TEC) of the ionospher
very accurately. But number of beacon satellites are decreasing because of aging. In 2017 two cubesats constellation TBE
and 6 satellite constellation COSMI-2 will be launched at the same time. All of them can transmit dual- or triple-band beacon
signals. We are now developing the new digital receiver that can receive at most 4 signals at 150/400/965/1067MHz bands fc
observations with these new satellites. In the presentation we will show current status of the development.

LGN TR EC—a @iz d % & TEHBO2E M (TEC) 2B L TE iz, 71 ¥ 2)VES U
ZFWWTRR Uz 2 A (150/400MH2 D328 GRBR (GNU Radio Beacon Receive®\W\ T, HA FZERE 7
V7B B EMEONEER L TE R, LMLENS, TNETHWONTERE—ayEENEmb L., B
BRI DP L TETWVS, 20174EICiE, TBEX &MEIZN % Cubesat % & COSMIC-2% 52 6 BN RIRHTTT P 5.
U —ayBINAIREL KA S L LT W5, FiklE. CHUCHIGLET « VR IVZERERPTH S, T4 Z)V
ZERICBWTIE, 7T TRE LT 5% SDR (Software Defined Receivety 7 — Z it 211 W T ¢
VG ENEEHL N AN RIFT %, TECHEE X7 5 B DS S TIdE OB CREINIEREN 75 5 C
ERFIFL., ZE L2 EDOESONMHEZEIE LIS 3T & THET %, HiLWLWE—IVZEHTIIRAT 4
% (150/400/965/106 TMHZD [FAIRFZE A L 5 %, FRBEX D BEAKOESHTFEIN TV S, BHEXID &5
WYYV L— RNCT BB REND %, dE T, HilchC—a #Ricnsd % 7zé USRP B210/B200 BladeRFE
Airspy O 3 D SDRZHMGET L. ZDEWETF 2 —= 2 JHREDOMGEHER, %40 SDR & FHC— O VB I E
NBEEBIC K DH LEDOREET A MER, TNEDRERNBRDIZ AT LSA 7 AW TECHEEIC NIF T HEEIC OV
Tafam Uy FAFEOBLRIC DOV THE T %,
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Real-time 3-D ionospheric tomography and its application to ionospheric studies

# Susumu Saito[1]; Shota Suzuki[2]; Mamoru Yamamoto[3]; Chia-Hung Chen[4]; Akinori Saito[5]
[1] NAV Department, ENRI; [2] RISH, Kyoto Univ. (Now at Square-Enix Co. Ltd.); [3] RISH, Kyoto Univ.; [4] Earth Science,
NCKU; [5] Dept. of Geophysics, Kyoto Univ.

For ionospheric studies and also for advanced GNSS applications, obtaining three-dimensional ionospheric density profile
are important. However, tools which can provide ionospheric density are limited. Three-dimensional ionospheric monitoring by
using a GNSS network can be a powerful tool to provide 3-D ionospheric density profiles.

Based on the 3-D ionospheric tomography technique [1,2], we have developed a system to reconstruct ionospheric densi
profile over Japan in real-time. By using GPS data from GEONET provided through a data distribution company, 3-D ionospheric
density profile over Japan is reconstructed every 15 minutes with typical latency of 10 minutes.

The tomography results are shown to be consistent with observations by four ionosondes operated by NICT. Performance ¢
tomography in different parts of Japan is discussed in the lights of ground receiver distribution as well as GPS satellite orbits.

3-D ionospheric density profiles during magnetic disturbances are examined and usefulness of 3-D ionospheric tomography
demonstrated.

References:

[1] G. K. Sela, et al., Three-dimensional GPS ionospheric tomography over Japan using constrained least squares, J. Geophy
Res., 2014.

[2] C. H. Chen et al., Medium-scale traveling ionospheric disturbances by three-dimensional ionospheric GPS tomography
Earth Planets and Space, 2016.
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Direct imaging of fine structures of daytime midlatitude sporaflia4th space-borne
INSAR

# Jun Maeda[1]; Yohei Kinoshita[2]; Takato Suzuki[3]; Masato Furuya[4]; Kosuke Heki[5]
[1] Hokkaido Univ. Library; [2] Univ. of Tokyo; [3] Natural History Sciences, Hokkaido Univ.; [4] Hokkaido Univ.; [5]
Hokkaido Univ.

Kilometer-scale fine structures of plasma irregularities associated with daytime spbBfadicover Japan are observed by
interferometric synthetic aperture radar (INSAR) images. Here we present two images that capture fine scale structures of Es,
which perturbed plasma irregularities are clearly evident. Supported by GPS total electron content (TEC) observations and the
height constraint technique, we have confirmed these two structures imaged in interferograms are caused by anomalous phe
delay due to Es. Large-scale frontal structures have been reported by Maeda and Heki (2014 and 2015), which possibly represe
the vertical shear of meridional winds. However, small-scale structures of daytime Es have rarely been reported except Maec
et al (2016). In this study, we put one more case study which is observed over the central part of Japan in 2009, to determine
there are any similarities and/or differences in the fine structure of daytime Es. Discussion on possible generation mechanisn
of such small-scale structures is also going to be presented.
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A Comparative Study of Plasma Irregularities Development Between lonosonde and
Equatorial Atmosphere Radar

# Dyah Martiningrum[1]; Mamoru Yamamoto[1]; Tatsuhiro Yokoyama[2]; Prayitno Abadi[3]
[1] RISH, Kyoto Univ.; [2] NICT; [3] ISEE, Nagoya Univ.

Under favourable conditions ionospheric plasma at the bottomside of the F-region can become unstable. Plasma irregularitie
in several scales produced by Rayleigh-Taylor Instability mechanism. The recombination process at the E-region after suns
causing the bottom side F-region electron density gradient become steep. At the same time the eastward electric field intensifie
just before it reverses to the westward electric field causing the peak of the F region rise known as evening prereversal enhanc
ment. The relationship between onset time of field aligned irregularities related to ESF observed by Equatorial Atmosphere
Radar during 2010-2012 with F layer height rise observed by ionosondes near geomagnetic equator, Chumphon (10.7 N; 99
E; 0.86 N) and Bac Lieu (9.3 N; 105.7 E; 0.62 N) is discussed in correspondence with growth rate of Rayleigh Taylor instability
development. The field aligned irregularities onset time associated with equatorial spread F observed into two different case:
first case where the EPB/ESF onset time concurrent with the peak of virtual height of F region - (h’F) time. Second case where
the EPB/ESF onset time happened with delay of more than 30 minutes, with reference to the peak of virtual height of F regior
- (h’F) time. Based on growth rate of Rayleigh Taylor instability formulation, furthermore we study development of plasma
irregularities between ionosonde and Equatorial Atmosphere Radar.
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On the cause of post-midnight field-aligned irregularities at low-latitudes based on the
GAIA simulation

# Tam Dao[1]; Yuichi Otsuka[2]; Kazuo Shiokawa[2]; Hiroyuki Shinagawa][3]
[1] Nagoya University; [2] ISEE, Nagoya Univ.; [3] NICT

Post-midnight field-aligned irregularities (FAls) observed with VHF radars at low-latitudes frequently occur around June
solstices in low solar activity conditions. Most of post-midnight FAIs exist within plasma bubbles generated around midnight
at magnetic equator. Uplift of the F-layer at magnetic equator is a key factor for the generalized Relay-Taylor instability, which
generates plasma bubble at magnetic equator. In this study, we investigate causes of the F layer uplift at post-midnight in summ
using the Ground-to-topside model of Atmosphere and lonosphere for Aeronomy (GAIA). We have analyzed plasma density
data simulated by GAIA, and found that F layer uplift at post-midnight occurs most frequently around June solstice, and that the
occurrence rate is approximately 70%. Neutral temperature of GAIA shows that midnight temperature maximum (MTM) appears
more frequently on June solstice (&gt;70%) than other seasons (&gt;50%). Seasonal variations of neutral winds, temperature

and altitude of F-layer at low-latitudes are examined to disclose the cause of post-midnight FAls. Further detailed results will be
discussed in the presentation.
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Precursor modification of high and low latitude ionosphere caused by March 11 2011
earthquakes, and its possible mechanism

# koichiro Oyama[1]
[1] NCKU ISAPS

lonosphere data which was acquired both with US satellite DMSP (O+ density) and ground based ionosondes (NmF2) wa
analyzed for earthquake (EQ) which occurred on 11 March 2011 in the north of Japan. Although the altitude of the satellite (
&#8776; 850 km) is not proper to identify the epicenter because no clear signature appears around the epicenter, the study sho
three important ionosphere features before the occurrence of the earthquake; (1) The effect of earthquake appears both in hi
and equatorial ionosphere, and (2) midlatitude trough is formed before the earthquake and it moves toward lower latitude as Ef
day approaches. (3) No clear difference of O+ density is found both in the west and east of the epicenter.

Daytime NmF2 shows increase before earthquake, especially one day before the earthquake occurrence. Nighttime NmF
shows the increase as well. 2 days oscillation is found especially at Khabarovsk station.

The increase of NmF2 reduces as the location of ionosonde station shifts to lower latitude from Khabarovsk to Kokubuniji. At
the same time 2 days oscillation fades out. Increase of night time NmF2 as well as 2 days oscillation is also recognized fron
March 26 to April 5 during which many earthquakes occur and no geomagnetic disturbance exists.

We tried to explain above findings as due to the enhanced east ward dynamo electric field during daytime and westward electr
field during nighttime, respectively. Interaction between internal gravity wave or sonic wave and planetary wave seems to play
an essential role. To prove this idea, further data analysis of TIMED satellite as well as computer simulation is needed. Finally
we stress the need of satellite constellation in order to obtain the global morphology of ionosphere disturbance and to identif
the mechanism, which at least provides us the material to judge applicability to future earthquake prediction.

201 193 A1 1 HICKET o e KRB OB BB ik B S 2 U 5 \Jz, M U7c 7 — ZIEKEFEFHELED
M S PIC X D5 NTBEZE A A Ve [O+], RSO A /75 L, XU GIM (Global lonosphere ModelF &
%, WEFHiHROSH3H9— 1 3HIZWEEEN T, »D3H7, 8HIFAMEAMEIHR (F10.78#8776;17D DI
mhd o, HEROBEEEOEELOFEZIERT 2132 ORFMZE U, ZOFEREREI NS5, DMS
PR OWEEEIZH 850X ThH H ., EIR EEICIFEASOELE RoNAnT L& THEIN, BREZRFET IR
WU THD BN, 3DOOEBELFENREEINZ, chbid (1) 3A1 1 HOM 1EBRID BIRE - ik
JE b T T DERE ZDOEBEAORE), (2) THIBET 3 &EbNS, PiEE T 7 OFREM DR TA 4 VB EDOH
. (3) BEEURE FZEDMERIE 1 A B EHEINTh 5.

AF /T2 01 142 A5 4 AF THIEEMIC RO DR, £HROILHEIPIO NmF2, ' FE2F v 7 Lz, C
Ot b R E N zFE (9 HIEFRAERHaD SPEZ R S HEN, Eo<F, ()10 3 BEEEERIFNC < b X, Beijin,
I-Cheon, JejuDFE TR 2B D % < IRWHIFHOBIHIFTICHGE U THRBIONmM F 2 DKIEEENAAR SN, ThUSNDRF
T TRV, (5) KhabalovskZ 313 21K 0D NmF2ICiZ - HEMZEIAH 1 EICh > THONS, ERFTIE2
HEIZR SN2 D, ZOHABIAE,

AHIEIC BT 2 MRATRS SR B LA CIB R O X B, WEOmEmEELOHEKICKDEIHINS %, K
ED—fBid 2 0 1 5 F =22 78I (ID: 26113) Ic K b iThbNhiz,
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D-region periodic oscillations observed in LF transmitter signals after the 2011 off the
Pacific coast of Tohoku Earthquake

# Hiroyo Ohya[1]; Yuta Takishita[2]; Fuminori Tsuchiya[3]; Kazuo Shiokawa[4]; Hiroyuki Nakata[5]; Yoshizumi Miyoshi[6]
[1] Engineering, Chiba Univ.; [2] Engineering, Chiba Univ.; [3] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [4] ISEE,
Nagoya Univ.; [5] Grad. School of Eng., Chiba Univ.; [6] ISEE, Nagoya Univ.

So far, a lot of studies for the F-region ionosphere associated with post-earthquake phenomena have been reported, althou
few studies for the D-region ionosphere have reported. It is difficult to observe the D-region electron density by MF/HF radio
sounding method such as ionosondes, because the MF radio waves are highly attenuated in daytime D-region, and HF radio wa\
penetrate into the D-region in both night and day. In this study, we investigate the D-region disturbances associated with the 201
off the Pacific coast of Tohoku Earthquake using intensity and phase of LF transmitter signals. The phase was converted to tt
reflection height of the waves based on Earth-ionosphere waveguide mode theory. The reflection height corresponds to electr
density in the D-region. The propagation paths are Saga -Rikubetsu (RKB) over Japan and BPC (China)-RKB (Japan). Clec
oscillations of the intensity over both propagation paths were simultaneously observed about 372 seconds after the earthqua
onset. Both the intensity and reflection height show oscillations with a period of about 100 s. The one-to-one correspondenc
between the intensity and reflection height was not seen clearly. The changes of the intensity and reflection height for th
oscillations were about 0.1 dB and 50 - 65 m, respectively. The time difference between the earthquake onset and the 100
oscillations was consistent with the propagation time of the Rayleigh waves (seismic waves) propagating from the epicenter t
the LF propagation paths along the Earth surface, plus the propagation time of acoustic waves propagating from the ground 1
68 km altitude vertically. Thus, the LF oscillations of the 100 s may be caused by the acoustic waves excited by the Rayleigt
waves. In addition to the oscillations of the 100 s, the periods of a few tens to 1000 s were identified based on Wavelet analysi
in both the intensity and phase of the two LF transmitter signals. In vertical velocity of seismic waves observed in HID (Hidaka,
Hokkaido) station of NIED F-NET Broadband Seismograph Network, the similar periods of 10 &amp;#8211; 1000 s were seen
in the Wavelet spectra. In the presentation, we will also show the squared coherence of the LF transmitter signals and the seisi
waves.
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Controlling factors of vertical acoustic resonance detected in micro-barometric and
geomagnetic variations

# Toshihiko lyemori[1]; Yoko Odagi[1]; Shigeo Sugitani[2]; Yasuharu Sano[3]; Hiroyuki Shinagawal[4]; Toshimitsu Onol[5];
Yoshikazu Tanaka[6]; Masahito Nose[7]; Masato Iguchi[8]; Kunihito Nakanishi[9]; Tadashi Aoyama[10]
[1] WDC for Geomagnetism, Kyoto Univ.; [2] NICT; [3] Asahi Univ.; [4] NICT; [5] The Board of Education, Niyodogawa
town; [6] Kyoto Univ.; [7] DACGSM, Kyoto Univ.; [8] Disaster Prevention Institute, Kyoto University; [9] Graduate School of
Science, Kyoto Univ; [10] Graduate School of Science, Kyoto Univ.

During large Earthquakes or strong volcanic eruptions, vertical acoustic resonance has been observed by micro-barometri
geomagnetic and GPS-TEC observations. The resonance periods are known to be around 260-270, 220-230, and 190-200 s
onds. On the other hand, the existence of Magnetic Ripples has been found by low altitude magnetic satellites such as CHAM
or Swarm, the origin of them is supposed to be acoustic mode atmospheric waves from lower atmosphere. To add the ev
dence which supports the above idea, we examined statistical distribution of the resonance peaks in both micro-barometric ar
geomagnetic data at several locations in south-west Japan and in Thailand. One of the results is that the resonance period
micro-barometric data is shorter about 10 seconds in Thailand than that in Japan. We also found a common peak around 160 s
We will report other characteristics such as seasonal and local time dependence.

RERHER NN FEOLEICIE, AL GPS-TECKE X UHIEA A B, HiZk & BB DM O &E s EI RN
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BIIIC BRI N T X 7o —77. CHAMP % Swarmfii 2 7% 1< X 2 M5 #7513, Magnetic Ripplest #1451
7z PRSI & & 2 5N 5 MR IR IARETRD, RERIMICIKIZITFEIC, Wb TATREL TS T EHHLY
IZ7x o Tze HEE I NIHFRAE AN 51, 26 s, HFHE— ROKRKEEIDERKREEZ BN, £5 ThNE, &
IRf, i1 T &ML E PSR B IS, 2N 6 KRR EREE IR E NS EROMRDNBIATVSIETTHS
M, MMOBRICEH LT, IRIEVIEFIT/NE WD, AL TRDLLEVEENRETHS EEZIENS, TTT. &
HE— FORKIEEI OB TH 2 E/IERIEHSEN, HEOMKTELH PR SEHOHICEZENTWA T L2, 1
FHAD 47 & ZA T TEFERTT > TEMEAES & CHIRGBIT — 2 Z v, B8O AT 8VE—7 ZiEHN
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N L. 160 HEIc E HIGHIN R NS T b Tz,
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Concentric gravity waves having a feature of a mesospheric bore generated by aurora
activities

# Minoru Kubota[1]; Yuta Yamaguchi[2]; Takenari Kinoshita[3]; Hidekatsu Jin[1]; Yasuhiro Murayama[1l]; Kazuyuki Kita[2]
[1] NICT; [2] Ibaraki Univ.; [3] JAMSTEC

http://mww8.plala.or.jp/bokubokuta/mkubota/

Atmospheric gravity waves in the mesopause region (80-105 km) appears as wave structures in airglow emissions, and ol
servable using optical imaging technique. In this paper, we present observations of concentric gravity waves (CGWSs) by all-sk
imagers at the Poker Flat Research Range (65.1N, 147.4W, magnetic latitude 65.6) in Alaska. The CGWSs appeared in the (
(557.7-nm), Na, and OH airglow images on November 2, 2000 and February 25, 2001. The spatial intensity variations of the
Ol (557.7-nm) airglow exhibit phases opposite to those of the OH airglow. This feature is a distinct pattern of a mesospheric
bore. The wave propagation conditions in the MLT region at this time, which suggest the existence of a duct layer, also suppor
this idea. Rapid aurora enhancements were observed near the centers of the CGWSs. Their timings corresponded to the tin
when the CGWs started to propagate. These findings strongly indicate that the CGWSs having a feature of a mesospheric bo
were generated by aurora activities. To the best of our knowledge, this is the first imaging observation that directly captured th
generation and propagation of an atmospheric gravity wave by aurora activity.

HRRRE S I A 2R 5 R E . OIS E TRET 2 RROCHICHERMEGE & U THN, Y2 %
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Study of atmospheric gravity waves of orographic origin by airglow imaging

# Masahiro Okuda[1]; Hidehiko Suzuki[2]
[1] Meiji Univ.; [2] Meiji univ.

Excitation and propagation processes of atmospheric gravity waves (AGWs) have been widely studied by both an observatio
and modeling schemes to understand an energy and momentum balances in the middle atmosphere. Major sources of AG\
are known to be an interaction between winds and topography like mountains, inhomogeneous thermal absorption due to lan
and sea distribution, active convections in lower atmosphere, and wind shears etc. In particular, AGWs with orographic origin is
though as one of the important factors for a seasonal variation in mesospheric circulation, since the source is fixed to a ground.

An airglow imaging system for OH7-3 band is newly developed and installed in Kawasaki, JapaiN(3E36.5E) in Nov.

2015 to investigate propagation and excitation mechanism of mountain wave over the Kanto plain. Since Kanto Plain is sand
wiched by mountain rich area including Mt. Fuji and the Pacific Ocean, identification of AGWs from orographic origin is
expected to be easy. For example, continuous easterly wind in a surface level would excite mountain waves with zero groun
phase speed over the Kanto plain. Moreover, a simple shape of cross section (i.e. Model like shape) of the source (Mt. Fuji
would make it possible to compare with modeling studies.

In this talk, details of the airglow imaging system and prompt results from observations since Nov. 2015 are presented. Ir
addition, observed occurrences of mountain waves possibly excited by Mt. Fuji are compared with a prediction using a simple
Ray-tracing model.

HRERKUCHT 2 T3V F— - EERICL 2 07T % 5 2 TEELKKEHEOEEREHEEIC OV TR, ThEXT
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Long-term variation of phase velocity spectra of mesospheric and thermospheric waves
observed in airglow images at Shigaraki

# Daiki Takeo[1]; Kazuo Shiokawa[1]; Yuichi Otsuka[1]; Takashi Matsuda[2]; Mitsumu K. Ejiri[3]; Takuji Nakamura[3];
Mamoru Yamamoto[4]
[1] ISEE, Nagoya Univ.; [2] Sokendai; [3] NIPR; [4] RISH, Kyoto Univ.

Using airglow imagers, there have been many studies of atmospheric gravity waves on their wavelengths and horizontal pha:
velocities. Vertical propagation of gravity waves depends highly on their horizontal phase velocities as shown in the dispersior
relation of gravity waves. However, long-term variation of horizontal phase velocity spectra of the gravity waves, which can be
measured by airglow imagers, have not been studied. In this study, we use 3-dimentional FFT procedures developed by Matsu
et al. (JGR, 2014) to analyze the horizontal phase velocity spectra of gravity waves by using 557.7-nm (altitude of 90-100 km)
and 630.0-nm (altitude of 200-300 km) airglow images obtained at Shigaraki MU Observatory (34.8 deg N, 136.1 deg E) over
716 years from October 1, 1998 to July 26, 2015.

Results about 557.7-nm show clear seasonal variation of propagation direction of gravity waves in the mesopause region. The
have two peaks of power spectrum density (PSD) of horizontal phase velocity. One is from 0 to 20 m/s, and the other is fron
20 to 100 m/s. They have different directions for all seasons. Results about 630.0-nm also show two peaks, i.e., one from 0 t
40 m/s, and the other from 40 to 200 m/s that is southwestward for all seasons. In the presentation, we will show more detaile
results for gravity waves with low and high phase velocities.
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Impacts of gravity wave on the Thermosphere/lonosphere simulated by 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

It has been recognized that gravity waves (GWSs) play an important role on the general circulation in the thermosphere. Upwar
propagating GW deposits energy and momentum into the thermosphere, and affects the meridional circulation and atmosphel
composition in the thermosphere. In this study, impacts of upward propagating GWs on the general circulation in the thermo.
sphere are examined using a whole atmosphere-ionosphere coupled model (GAIA). The GAIA contains the region from the
ground surface to the upper thermosphere, so that we can simulate excitation of GWSs in the lower atmosphere, their upwar
propagation into the thermosphere, and their impact on the general circulation in the thermosphere. We have recently develop:
the GAIA with a high horizontal resolution (about 0.5 degree longitude by 0.5degree latitude). In this study, we focus our atten-
tion on seasonal variations in gravity wave activity in the thermosphere. Our simulation result indicates that the GW activity in
the thermosphere is enhanced in middle and high latitudes in the winter hemisphere. GW activity in the winter thermosphere i
strongly affected by variations in the polar night jet in the stratosphere and mesosphere. Moreover, the impacts of thermospher
gravity waves on variability in the ionosphere are investigated.
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Thermospheric Nocturnal Wind Climatology Observed by Fabry-Perot Interferometers
over the Asia-Oceania Region

Akiyo Yatagai[1]; # Shin-ichiro Oyama[2]
[1] Hirosaki Univ.; [2] ISEE, Nagoya Univ.

http://www.st.hirosaki-u.ac.jp/"yatagai/

This study shows the horizontal structure of climatology of thermospheric nocturnal winds at a height of about 250 km in the
Asia-Oceania region for the first time using observations made with Fabry-Perot interferometers (FPIs; optical wavelength of
630.0 nm). The locations of the FPIs used in this study were Shigaraki (Japan, 34.8N, 136.1E), Chiang Mai (Thailand, 18.8N
98.9E), Kototabang (Indonesia, 0.2S, 100.3E), and Darwin (Australia, 12.4S, 131.0E). The observation data underwent qualit
control that involved consideration of cloud information, wind speed value, and the standard deviation of results obtained from
synchronous fringe images; about 30% of observation data from all the four stations were deemed suitable for use. Differen
threshold values were obtained before/after the change of CCD camera of Shigaraki on 30 August 2010.

The nocturnal diurnal changes at Shigaraki according to the local solar time was generally consistent with changes in Chin.
at similar latitudes, although the amplitudes were slightly different. The other three stations showed seasonal changes th:
were continuous with patterns for Shigaraki in each season, and the Chiang Mai and Darwin stations observed seasonal/diurr
changes similar to those observed by stations at similar latitudes on the American continent. Although there were fewer sample
for Chiang Mai, Kototabang, and Darwin in the rainy season compared to that of Shigaraki, the seasonal climatology reportec
here (see the figure attached) can be used to provide a background long-term average status for describing anomalous events
extremes having different causes.

This study is appeared in J.Meteor. Soc. Japan (http://jmsj.metsoc.jp/EOR/2016-026.pdf)
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Changes in the polar lower thermosphere and upper mesosphere related to SSWs abo
Tromsoe, Norway

# Satonori Nozawa[1]; Yasunobu Ogawal2]; Takuo Tsuda[3]; Hitoshi Fujiwara[4]; Masaki Tsutsumi[2]; Yasunobu Miyoshi[5];
Chris Hall[6]; Stephan C. Bechert[7]; Norihito Saito[8]; Satoshi Wada[8]; Takuya Kawahara[9]; Toru Takahashi[2]; Tetsuya
Kawabata[1]; Asgeir Brekke[10]
[1] ISEE, Nagoya Univ.; [2] NIPR; [3] UEC,; [4] Faculty of Science and Technology, Seikei University; [5] Dept. Earth &
Planetary Sci, Kyushu Univ.; [6] TGO, UiTO; [7] IRF, Uppsala; [8] ASI, RIKEN; [9] Faculty of Engineering, Shinshu
University; [10] Science and Technology, UiTo

We have made an EISCAT special experiment using the UHF radar at Tromsoe (69.6 deg N, 19.2 deg E) and the EISCA
Svalbard radar (ESR) at Longyearbyen (78.2 deg N, 16.0 deg E) from 23 UT on February 10 to 20 UT on February 12, 201¢
connecting to an ip2 run (one of EISCAT common programs) conducted from 08 UT on February 5 to 23 UT on February 10. In
those experiments, the UHF antenna at Tromsoe and the ESR 32 m antenna were scanned to derive ion velocity vectors betwe
about 100 and 500 km in the ionosphere. We have succeeded in obtaining 7.5 day length of EISCAT radar data with a 6-hr dat
gap occurring from about 01 to 07 UT on February 7 at Tromsoe. Sodium LIDAR observations, which provided temperature,
winds, and sodium density data between about 80 and 110 km, collocated at the Tromsoe site were also made together wi
(continual) meteor radar and MF radar wind observations in the upper mesosphere between about 70 and 100 km.

Minor Sudden Stratospheric Warmings (SSWSs) occurred (probably) on February 1 and 9, 2016, just before and during the
EISCAT radar observations. Thus, we have analyzed the campaign datasets to investigate changes of temperature and wind:
the polar lower thermosphere and upper mesosphere due to SSWs. Nocturnal mean temperature decreased (i.e., cooling) aro
the SSW peak occurring on February 1, 2016, and the semidiurnal tidal (more exactly, 12 hour variation of winds) amplitude was
reduced around the SSW peak in the polar upper mesosphere. We have compared these results with those of other SSW eve
occurring in January 2012 and 2015. The weakened amplitude of the semidiurnal tide seems a common feature above Troms
around the SSW peaks. To investigate possible causes of these changes, we have investigated GAIA (Ground-to-topside mot
of Atmosphere and lonosphere for Aeronomy) predictions. We will present observational results GAIA results, and then will
discuss possible causes of the reductions.
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El Nino-Southern Oscillation in ionospheric and thermospheric tides

# YANGYI SUN[1]
[1] Chiwaku, Kyushu Univ.

El Nino-Southern Oscillation (ENSO) has been suggested as a potentially significant energy source that effects the Earth
upper atmosphere from the ocean and lower atmosphere. However, solid evidences and physical mechanisms still remain obsc
due to the complex natural of the atmosphere-ionosphere-solar system. In this study, we analyze the 20-year (1996 to 201
simulations of ionospheric plasma density and thermospheric temperature from the Whole Atmosphere-lonosphere Couple
Model (GAIA), and show the ENSO signals in ionosphere and thermosphere. The agreements between the model simulatior
and the satellite observations from FORMOSAT-3/COSMIC and TIMDED/SABER suggest that the ENSO signal generated from
troposphere may affect the SPW4 in ionosphere via the interaction of the DE3 and DW1 in thermosphere.



R005-24 217 B BERY: 11 B 218 9:55-10:10

Comparison between three types of COSMIC GPSRO atmPrf and radiosonde data in th
equatorial UTLS

# Noersomadi Noersomadi[1]; Toshitaka Tsuda[1]; Atsuki Shinbori[1]
[1] RISH, Kyoto Univ.

We investigate the performance of three types of COSMIC GPS-RO atmPrf profiles. The first is the data retrieved by Full
Spectrum Inversion (FSI) up to 30 km. The second and third are the data released by COSMIC Data Analysis and Archive Cente
(CDAAC) with different version which the newer is 2013.3520 version (GO13) and the older is 2010.2640 version (GO10). This
study aims to analysis the different between those COSMIC GPS-RO dataset and their comparison with radiosonde data focusi
on the tropopause properties in the equatorial region. The radiosonde data used in this research are provided by JAMSTEC duri
CINDY 2011 campaign project from October 1, 2011 to March 31, 2012. The mean difference of cold point tropopause (CPT)
and lapse rate tropopause (LRT) between FSI and GO13 profiles are -0.72 K and 0.55 K, while FSI and GO10 profiles are -0.5
K and 0.19 K, and between GO13 and GO10 are 0.17 K and -0.36 K, respectively. The results indicate that FSI profiles clos:
to GO10 in identifying LRT, and GO10 profiles close to GO13 in pointing CPT. The mean difference of CPT and LRT from
131 collocated radiosonde and those FSI, GO10, and GO13 profiles, within 200 km and 3 hours, are 0.34 K and 0.7 K, -0.3:
K and 0.87 K, -0.20 K and 0.68 K, respectively. The results show that FSI has positive bias and both GO13 and GO10 have
negative bias in detecting the CPT, but all of them have positive bias in identifying LRT. The standard deviation of temperature
profiles difference between radiosonde and those three GPS-RO dataset are similar in the 15-19 km altitude range. Howeve
the average power ratio of cross spectrum of lapse rate temperature between these collocated data show that FSI able to perfc
large normalized frequency of temperature gradient as observed by radiosonde instead the smooth profiles of GO13. The GO:
are similar with FSI below the mean tropopause at 18 km and as smooth as GO13 in the lower stratosphere. This study sugge
that FSI profiles can be considered for investigating the detail structure of atmospheric stability in the upper troposphere an
lower stratosphere.
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Water vapor estimation using digital terrestrial broadcasting waves and its estimation
error

# Seiji Kawamura NICT DBT water vapor R&D team[1]
(1]-

We, National Institute of Information and Communications Technology (NICT), are developing a water vapor measurement
system using digital terrestrial broadcasting wave. Because the delay due to water vapor is quite small, very precise measureme
are needed for the effective observations. Phase fluctuations of local oscillators at radio tower and receivers are essential ert
factors. Therefore, we propose two configurations (A and B) to derive water vapor concentration. In configuration A, we measure
the phase variations of digital terrestrial broadcasting waves at the two receiving points on the line that includes the radio towel
Phase noises of the local oscillator at the radio tower are canceled out by taking the difference. We can estimate net propagati
delay between the two receiving points by synchronization of the receivers’ local oscillators. In configuration B, we observe
phase variations of digital terrestrial broadcasting waves at a single receiving site. If there is a reflector at the opposite sid
from the radio tower, we can receive direct and reflected waves at this point simultaneously using a single local oscillator. Phas
noises of this local oscillator are cancelled out by taking the difference between direct and reflected waves. We can measure
round trip propagation delay between the observing point and the reflector without the synchronization of local oscillators. In
configuration A, the synchronization of two local oscillators is essential. Two local oscillators connected with an optical fiber
can be synchronized vary precisely. We are conducting a proving test in this configuration using an optical fiber and other mean:
In this presentation, we report a method and results of water vapor measurements without synchronization of the local oscillator
(configuration B).

NICT is located at about 29 km westward from the radio tower named Skytree. Three reflectors (R1-R3) are located at abou
1 km, 4 km, and 7 km westward from NICT, respectively. The direct wave and reflected waves from the three reflectors can be
measured at NICT using a single receiving system. Since the power of direct wave is strong, we can receive it by the back-lob
of an antenna. Therefore, the antenna is directed to westward to receive reflected waves by the main-lobe. Taking differenc
between each waves, we can measure the propagation delays in the three areas between NICT and R3. The delay in each ¢
is quite similar and sometimes shows time lags in the time variations, implying that some meteorological phenomena passe
through from west to east. We have ground-based meteorological observatory equipments at two sites, NICT and a point clos
to R3. The delay estimated using digital terrestrial broadcasting wave shows good agreement with that from ground-base
meteorological observation including the time lag.

The possible sources of the estimation error might be a length change of the RF cable, a curve of the propagation patt
rainfalls, winds, and so on. The length of RF cable will be changed due to temperature variation. This effect is canceled out ir
configuration B because the receiving system including the RF cable is unique in this configuration. In configuration A, however,
the temperature variations at different receiving systems will cause the change of the propagation path length. A curve of th
propagation path due to weather condition also changes the propagation path length. At the moment, the effect of rainfalls i
scarcely seen in the observed results. The time variations of the propagation delay sometimes show small fluctuations whot
amplitude is order of 10 ps. The amplitude seems to have some correlation with the wind velocity. Winds seem to be one of the
main error factors in this observation.
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A global view of small-scale perturbations in Mars’ lower thermosphere derived from
MAVEN/IUVS stellar occultation

# Hiromu Nakagawa[1]; Alexander Medvedev[2]; Takeshi Kuroda[3]; Erdal Yigit[4]; Naoki Terada[5]; Kaori Terada[6];
Hitoshi Fujiwara[7]; Kanako Seki[8]; Hannes Groller[9]; Nicholas M. Schneider[10]; Bruce M. Jakosky[11]
[1] Geophysics, Tohoku Univ.; [2] MPS, Germany; [3] NICT; [4] MPI; [5] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [6]
Geophys., Tohoku Univ.; [7] Faculty of Science and Technology, Seikei University; [8] Dept. Earth & Planetary Sci., Science,
Univ. Tokyo; [9] none; [10] LASP, Univ. of Colorado; [11] LASP, CU Boulder

A global distribution of small-scale temperature and density perturbations in the Martian lower thermosphere (100-130 km)
was inferred from the Mars Atmosphere EvolutioN (MAVEN) Imaging Ultraviolet Spectrograph (IUVS) stellar occultations for
the first time. Two comprehensive Martian general circulation models (MGCMs), a gravity wave (GW) resolving MGCM and the
Mars Planck Institute MGCM incorporating a state-of-the-art GW parameterization have been used to interpret the observation:
The main results of this study are as follows:

(1) The observed perturbations demonstrate GW signatures with vertical wavelengths of 10-20 km and amplitudes of up to
% of the mean temperature ("10 K) and 15-20 % of the mean density.

(2) The global distribution of the observed wave potential energy in the lower thermosphere possesses a distinct latituding
structure. Larger values are found at middle- and high-latituded®deg) and a weaker activity is inferred in low latitudes
around the equator. This is contrary to the distribution of GW activity in the lower atmosphere, whose maximum is located in
low latitudes.

(3) Our simulations with the two MGCMs demonstrate that the background winds play a major role in vertical propagation of
GWs generated in the lower atmosphere. They can explain the latitudinal distribution of the observed GW activity in the lower
thermosphere.

(4) The observed perturbations in the lower thermosphere are probably caused by GWs of tropospheric origin penetrate
from below. More IUVS stellar occultation data will help to constrain GW parameterizations, validate Martian GCCMs, thus
increasing perdictive skills of the latter.
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A consideration about the circulation of Venus atmosphere using the images

# Miho Kanao[1]
[1] ISAS

Venus is well known for a planetary atmosphere of the Superrotation, the zonal wind. The sulfuric acid cloud particles are
produced in connection with cloud related components; SO2, SO, and unknown UV absorber, varying temperature and pressu
to altitude. The high opacity due to photon scattering or absorption of cloud particles and CO2 molecules, and UV absorbers mak
it difficult to observe the atmospheric dynamics. Hinode solar observatory imaged the atmosphere of Venus passing across tl
Sunin 2012. The limb imaging with solar radiation makes it possible to observe the radiative intensity having the information of
atmospheric molecules and cloud particles to lower altitude ("60 km). The purpose is to reveal the particle distribution in layerec
cloud to local time and latitude.

The optical multiwavelength observation using BFI leads to the knowledge of cloud particles distribution sorted by particle
size. The number density of cloud related components will be estimated from the images at UV wavelength. The contour line:
of transmittance due to scattering of cloud particles and molecules are suggested the propagation of horizontal wave structure
| study the dynamics of cloud particles and atmosphere asymmetric between morning and evening side shown as the cell
structures in dayside and streak pattern in night side. The vertical and north-south wind velocity of meridian plane is smaller that
that of zonal wind. Considering the weak meridian circulation and the local thermal transformation produced by absorption of
solar radiation, latent heat and energy of chemical reactions as cloud production, the connection from the superroation to clou
layer is studied.
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Simultaneous observations of atmospheric electric fields and clouds using a field mill
and a 95-GHz cloud radar FALCON-I

# Kota Nakamori[1]; Yasuki Suzuki[2]; Hiroyo Ohya[3]; Toshiaki Takano[4]; Yohei Kawamura[5]; Hiroyuki Nakata[6]
[1] Electrical and Electronic, Chiba Univ.; [2] Electrical and Electronics Engineering, Chiba Univ.; [3] Engineering, Chiba
Univ.; [4] Chiba Univ.; [5] Engineering, Chiba Univ.; [6] Grad. School of Eng., Chiba Univ.

Itis known that lightning and precipitations of rain droplets generated from thunderclouds are a generator of global atmospheri
electric circuit. In the fair weather, the atmospheric electric fields are downward (positive), while they are upward (negative)
during lightning and precipitations. However, the correlations between the atmospheric electric fields, and the cloud parameter
such as amount of clouds, the cloud top height, and cloud bottom height, have been not revealed quantitatively yet. In this stud
we investigate the correlations between the atmospheric electric fields and the cloud parameters using a field mill, the FALCOL
(FMCW Radar for Cloud Observations)-I and all-sky camera observations.

In this study, we installed a Boltek field mill on the roof of our building in Chiba University (Geographic coordinate: 35.63
degree N, 140.10 degree E, the sea level: 55 m) on the first June, 2016. The sampling time of the atmospheric electric fields
0.5 s. On the other hand, the FALCON-I has observed the cloud parameters far from about 60 m of the field mill throughout 24
hours every day. The vertical cloud profiles and the Doppler velocity of cloud particles can be derived by the FALCON-I with
high space resolutions (the height: 48.8 m, the horizontal angle: 0.18 degrees = 15.7 m at 5 altitudes) (Takano et al., 2010). |
addition, the images of the clouds and precipitations are recorded with 30-s sampling by an all-sky camera using a CCD camel
on the same roof during 05:00-22:00 JST every day. The distance between the field mill and the all-sky camerais 3.75 m. Durini
12:45 UT, 12 June - 08:50 UT, 13 June, 2016, we found that rain droplets fell with the rate of about 5.53 m/s from about 4 km
altitudes from the vertical cloud profiles with the FALCON-I. The atmospheric electric fields were 0.47 kV/m at 15:27 UT, when
was 3 hours and 2 minutes after the precipitation onset. After that, the atmospheric electric fields decreased down to be -5.€
kV/m at 23:37 UT, during 8 hours and 10 minutes. The upward atmospheric electric fields could be caused by the attachmer
of the negative ions to the bottom of the rain clouds or the charged precipitations. However, the cause of the time difference
of 3 hours and 2 minutes between the precipitations and the decrease in the atmospheric electric fields has not been reveal
Moreover, we analyzed the RGB color values in the observed images and estimated the amount of the clouds during observatior
The fair weather was assumed that the amount of the clouds was less than 10%. During the first June - 10 July, 2016, 20 da
were in the fair weather, and we picked up the atmospheric electric fields in time slot when the amount of the clouds was les:
than 10 %. The mean electric fields were large (1.12 kV/m) during 01:00-04:00 UT, while they were less (0.836 kV/m) during
18:00-20:00 UT. The Carnegie curve, the standard diurnal variations in the atmospheric electric fields in the fair weather, ha
the peak of the atmospheric electric fields at 18:00 UT (Whipple and Scrase, 1936), although our data had the peak at 01:42 U
That is, our data was not similar to the Carnegie curve. The cause may be insufficient data amount, so it is necessary to contint
to observe the atmospheric electric fields in the future. In this session, we will explain the simultaneous observations using th
field mill, the FALCON-I, and the all-sky camera. Then we will show the correlations between the atmospheric electric fields
and the cloud parameters in detail. In addition, we will also report the variations in the atmospheric electric fields during usual
precipitations, local heavy precipitations, and lightning.
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Predictability of the downburst phenomena using the charge amounts of lightning
discharges derived from ELF observation

# Chiharu Shimizu[1]; Mitsuteru SATO[2]; Yukihiro Takahashi[1]; Fuminori Tsuchiya[3]; Yasuji Hongo[4]; Shuji Abe[5];
Akimasa Yoshikawa[6]
[1] Cosmosciences, Hokkaido Univ.; [2] Hokkaido Univ.; [3] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [4] Tohoku
Electric Power; [5] ICSWSE, Kyushu Univ.; [6] ICSWSE/Kyushu Univ.

Lightning discharges usually occur within active thunderclouds, and previous studies suggested that there are close relatiol
between lightning activities and severe meteorological phenomena. Therefore, lightning discharges can be potentially used
a good proxy to predict the occurrence of the severe weather. Especially, as lightning is a discharge phenomenon, it is mol
important to investigate the relation between electrical properties of lightning discharges, such as the polarity, the peak curren
and the charge amount and the meteorological parameters of the severe weather.

Since itis reported that there are comparable relation between lightning current waveforms and ELF magnetic field waveform:
measured at the 300 km distance from the lightning, we evaluated the similarity of the lightning current waveforms measured b
a Rogowski coil installed at Mt. Ogami and ELF waveforms measured at Onagawa observatory. Then, the average correlatio
coefficient and standard deviation between these two waveforms are estimated to be r=-0.84 and sigma=0.14, respectively. Tt
result indicates that there are high similarities between these two waveforms. From these quantitative analyses, empirical equ
tions that enable us to directly convert from the magnetic field intensities into the charge amounts were obtained.

Furthermore, to investigate the relation between severe weather and lightning activities, we picked up 8 downburst events i
2015 according to Japan Meteorological Agency (JMA). Using ELF waveform data obtained at Kuju station in Kyushu and light-
ning data of the Japan Lightning Detection Network (JLDN), charge amounts of the lightning discharges that occurred arounc
the downburst onset were estimated by applying the empirical equations. In addition, precipitation amounts observed by th
JMA C-band radar were also analyzed. At the presentation, we will show the results and discuss the relation between the tim
variation of the lightning charge amount and the onset of the downburst.
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The 27 day solar UV response of middle atmospheric ozone

# Koji Imai[1]; Yasuhiro Murayama[1]
[A] NICT

A correlative study of ozone and the solar UV flux on the time scale of the 27-day solar rotation cycle shows an anomalous
response of the middle atmospheric ozone, which is based on the observation data of Aura/MLS (the Microwave Limb Sounde
on the Earth Observing System Aura satellite [Waters et al., 2006]) ozone version 4.2 and SORCE (Solar Radiation and Climat
Experiment [Snow et al., 2005]) Mg Il index version 10. We used the overlapped observation periods from August 2004 to July
2013, which includes the period of the solar minimum between solar cycle 23 and 24 (see Figure). The analysis shows that th
Mg Il index has high coherency with tropical ozone in the upper stratosphere. We will show the coherency of ozone and the Mg
Il index for the 27-day periods as a function of altitude and latitude in both the solar minimum and middle phases.
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Development of a millimeter-wave spectrometer for Tromso in Norway and
simultaneous observations of NO in both polar regions

# Hiroki Ito[1]; Akira Mizuno[1]; Tomoo Nagahama[2]; Taku Nakajima[1]; Hirofumi Ohyama][1]; Satonori Nozawal[1];
Yasusuke Kojima[1]; Tetsuya Kawabata[1]
[1] ISEE, Nagoya Univ.; [2] STEL, Nagoya Univ.

In the mesosphere and upper stratosphere, it is known that the nitrogen oxides such as nitrogen oxide (NO) and nitrogen dioxic
(NO7) are produced by energetic particle precipitations (EPPs) related to the solar activities (solar proton events, magneti
storms). We have carried out monitoring observations of NO at Syowa Station (Antarctica, 69.00 S, 39.58 E) since 2012 in
collaboration with the Space and Upper Atmospheric Science group of NIPR and revealed two types of temporal variations o
NO above Syowa; one is short-term variation lasting for a few days that is caused by EPPs, and the other is a seasonal variati
that is mainly related to photochemistry (Isono et al., JGR, 2014). EPPs occur at the same time in both the southern and northe
polar regions, while the variation pattern of daytime length is shifted by a half year between the two hemispheres. In order tc
distinguish direct effects of EPPs from indirect effects of the terrestrial origins such as photochemistry and atmospheric transpor
we are going to install a new millimeter-wave spectrometer at Tromso(69.58 N, 19.23 E) in Norway.

The new millimeter-wave spectrometer is based on a prototype of the spectrometer that has been operated at Syowa Station.
the beginning, we will measure the NO emission line at 250.796 GHz. We redesigned the optical system, i.e. an elliptical mirror,
a parabolic mirror, and the liquid nitrogen soaked cold-load as a reference noise source for calibration, since the spectrometer w
originally designed not for the 250 GHz band but for the 100 GHz band. We also made some experiments to evaluate the receive
components such as a local signal sources and intermediate frequency circuits, which affect the receiver noise performant
and liner response between input and output signals. The final assembled receiver system shows a good performance whc
equivalent receiver noise temperature is "60 K (DSB). We plan to start the NO observation at Tromso this winter and we will
make comparative study of observational data both at Tromso and Syowa. We will present more details of the spectromete
system and experimental evaluation results.

Mtk O R d XU LA ERE Tl KB T N2 b RREAUR R E DORIGEEIOFEIC K D @ )V F—ki 7-hiiH
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Study of annual variation of gravity wave over Syowa using Rayleigh/Raman lidar from
2011 to 2015

# Masaru Kogure[1]; Takuji Nakamura[2]; Mitsumu K. Ejiri[2]; Takanori Nishiyama[2]; Yoshihiro Tomikawa[2]; Masaki
Tsutsumi[2]
[1] Polar Science, SOKENDAI; [2] NIPR

The gravity waves are generated in the lower atmosphere, propagate upward and transfer momentum and energy to the midit
atmosphere. It has been found that the gravity waves induce large scale meridional circulation and drive the middle atmosphel
away from radiative equilibrium [Lindzen, 1981; Holton, 1982; Matsuno, 1982]. However, we have not completely known the
guantification of gravity wave roles in the middle atmospheric circulation. A Rayleigh/Raman (RR) lidar was installed in January
2011 at Syowa Station, Antarctica (69S,40E). The lidar has measured temperature profiles between 10 and 80 km since Februg
2011.

In this study, we investigated monthly mean gravity wave potential enéfgy it the height range of 15-70 km from May
2011 to October 2015 except for November, December and January. The number of nights used for this analysis is 360 nigh
in five years. Above 30km altitudé&p was maximized during winter in each year. The seasonal dependefgeoyer Syowa
was similar toEp observed at Davis (69S,79E) [Alexander et al., 2011; Kaifler et al., 2014] and McMurdo (78S, 167E) [Lu et al.,
2015]. Below 30km altitudeEp was also maximized during winter in each year. The seasonal dependence was not consistent
with previous radiosonde observations over Syowa [Yoshiki and Sato, 2000; Yoshiki et al., ZpOd}er Syowa in the upper
stratosphere was 30 % smaller during winter of 2015 than that during winter of the other years.

In this presentation, we will focus on the annual variatiorEpf

TFRERKTRAELUENFEE EAEEL. PERKANEEE - T3V F—2fnkd 5, ZOMRIE. PERKDK
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BIZHEN AT TH O, mlisIEECBRIGIA Vi, ZD7z8, ENT IS MiE AL (69S, 40ENC LA
U—/5< Y (RR) T A X —72FiE L, 20114 2 5 EE 10-80kmDXURBHAZT T, B JI%IC K 2 SURIEELZ Bl
LTHEH, BHIELMEL TEIIL T\ 5,

AT, BRI FZ2OE R 15-70kmD H A EERT VY v )V 3oVF— (Ep) 7% 20114E 5 HH 5 20154 10 H
FT (11 12, 1 A%EBRL) Kbz, #HT—2 HEE 3600t TH 5, mFE 30-70kmDIEEEIX, LAY —F 4 X—F
7 D CRaMUE_F220D Ep & sk 72 Jef 71155 [Alexander et al., 2011; Kaifler et al., 2014; Lu et al., 20 581{EL L 7z 26t
KOBHEEHNSEL BICR BNz, 2. B 15-30kmDIEHIEE LA TH 0. T4V > Tz FV € s
72D EpZe sk 1 4TSS [Yoshiki and Sato, 2000; Yoshiki et al., 20085 Mk & Ex 2550 TH > To, FELNE. E
P35 (%1% 40-50 km) T 20154E D4 (5-8 H) MM FITEERT Ep A 3 HIFHE D o 72,
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Development of laser-freq. monitoring system for a resonance scattering lidar -To
measure vertical wind in the polar MLT region-

# Mitsumu K. Ejiri[1]; Takanori Nishiyama[1]; Katsuhiko Tsuno[2]; Chiao-Yao She[1]; Takuo Tsuda[3]; Toru Takahashi[1];
Makoto Abo[4]; Satoshi Wada[5]; Takuya Kawahara[6]; Takuji Nakamura[1]
[1] NIPR; [2] RIKEN; [3] UEC; [4] System Design, Tokyo Metropolitan Univ.; [5] ASI, RIKEN; [6] Faculty of Engineering,
Shinshu University

Large perturbations of vertical winds associated with aurora activities had been observed not only in the upper thermosphel
but also in the lower thermosphere with Fabry-Perot interferometers (FPIs). However, passive observations such as FPI me
surements do not provide the distance to the observation targets. Vertical distribution of vertical wind in the mesosphere an
lower-thermosphere (MLT) region is still under investigation. We are developing a new resonance scattering lidar system a:
a part of a prioritized project of the Antarctic research observations to profile dynamical parameters such as temperature an
wind, as well as minor constituents. The lidar system has a frequency-tunable Alexandrite laser as a transmitter. Vertical win
profiles can be potentially measured by the lidar if the accurate laser frequency is monitored each measurement. Our seeder-la
frequency is well tuned by a calibration using potassium vapor cell while the Alexandrite laser frequency shifts slightly toward
higher frequency from the seeder-laser. So, we are developing a monitoring system of the differences between two laser freque
cies determined using optical heterodyne method; Alexandrite pulsed laser is combined with continuous-wave (CW) seeder-last
in a optical fiber, and the resulting mixing product (beat signal) is then detected by a photo-diode. In this presentation, we
introduce the monitoring system in detail and discuss a possibility of vertical wind measurements using some results of tes
observations in Japan.
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Time and height variability of Fe-layer in the Mesosphere and the Lower Thermosphere
region at NIPR (36N, 140E)

# Takanori Nishiyama[1]; Mitsumu K. Ejiri[1]; Takuo Tsuda[2]; Toru Takahashi[1]; Katsuhiko Tsuno[3]; Makoto Abo[4];
Takuya Kawahara[5]; Satoshi Wada[6]; Takuji Nakamura[1]
[1] NIPR; [2] UEC,; [3] RIKEN; [4] System Design, Tokyo Metropolitan Univ.; [5] Faculty of Engineering, Shinshu University;
[6] ASI, RIKEN

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-projects is entitled 'the global

environmental change revealed through the Antarctic middle and upper atmosphere’. As a part of the sub-project, a Rayleigh/F
lidar (RR lidar) was installed at Syowa, Antarctica {69 39E) in

January, 2011. The operation has been conducted since February 2011 and the RR lidar has kept measuring temperature
files continuously between approximately 10 and 80 km for almost 3 years.

In order to extend the height coverage to include the mesosphere and the lower thermosphere (MLT) region, a new resonan
scattering lidar system with tunable wavelengths lasers has been developed at NIPR in Tachik&Ma {39.#E).

The lidar transmitter is based on injection-seeded, pulsed alexandrite laser for 768-788 nm (fundamental wavelengths) an
a second- harmonic generation (SHG) unit for 384-394 nm (second harmonic wavelengths). The laser wavelengths are tune
into the resonance wavelengths by a wavemeter that is calibrated and validated using a wavelength-stabilized He-Ne laser an
potassium vapor cell for doppler-free spectroscopy. This lidar has capabilities to measure density

variations of minor constituents such as atomic iron (Fe:386 nm), atomic potassium (K:770 nm), calciunTi@98Jam),
and nitrogen ion (N™:390, 391 nm) and temperature profiles in the MLT region. It can also estimate temperature profiles from
the upper Stratosphere to the lower mesosphere using signals of Rayleigh scattering.

In this presentation, we will present time and height variability of Fe-layer in the MLT region. In addition, dynamical and/or
chemical response to Sudden Stratospheric Warming and sporadic E-layer in the MLT region are also discussed.
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Comparison of characteristics of mid-latitude sporadic Na layer observed at China and
Japan

# Makoto Abo[1]; Daishi Sakai[1]; Chikao Nagasawa[1]; Yasukuni Shibata[1]
[1] System Design, Tokyo Metropolitan Univ.

The meteoric metal layers in the mesosphere and lower thermosphere region were observed by the resonance scattering lid
in many site of the world. Thin and high concentration layers called sporadic metal layers were frequently observed in summe
over Tokyo (Nagasawa and Abo, 1995). High correlation between the occurrences of the sporadic Na layers and sporadic E laye
suggests that the neutralization of the Na ion in the sporadic E layers was a source of the Na atoms. We present the compatris
of statistical characteristics of sporadic sodium layers over China and Japan in mid-latitude. Lidar data were obtained at Beijing
(40.2N), Hefei (31.8N), Wuhan (30.5N), Haikou (19.5N), (Dou et al., 2013) and Hachioji (35.6N).

References

C. Nagasawa, and M. Abo, Geophys. Res. Lett., 22,263-266, 1995.

X.K.Dou et al., J. Geophys.Res., 118, 6627-6643, 2013.

rRfsIRE T AR R B E S B TS B R 7 (Na, Ca, K, Fe etd. &8 A 4 > (Ca+) DERINHIBESEL S 1 X —Ic &
D SR TI TN, T OFBHDOKUA « A A M AROSEEL T AIIRGEIC B9 2 HRAEHRMEENTWD, TOMH
HTIE LI LIREIRAE S E— 7 EE D sporadic @B B E NS, FRCHADEZFRCIE sporadic N S U
J& @ sporadic BE OFEABENHLITE N E WV S BIFER [1] 15, HREEICHBWTIEY ¢ » R 7ICHEOTEE Ui
O sporadic BEOMREETH 2 8B/ A > H,. T sporadic @5 FEDY —AIlix % L OMBMEBEN TV, ik
., hEOIEE (40.2N). AE (31.8N). R (30.5N). [T (19.5N)D 4 f&FTT NaD T 1 X—Ellrhbhd K5Ik
D . sporadic Ndg-° thermospheric enhanced MaD#EHVRFED LIS TN TV S [2,3], £ TS, HADHAD
JVEF (35.6N)ICHBNT 1991~19974FIC T o 7 Na T 1 X — il 7 — 2 Lam X ICREE NP EO T — 2 2T, H
ST DR 5 EFTD sporadic NdE D#iaURHEIC DWW TR — U THAEKZT1T o /2, IR U TSR T
EUEE L. I\ EFDEZD sporadic NaE OFEEHEMMMD 4 M N TEWETH 5, @ TEMMOE S
A—% (EiE, E—7@mE, E—7%E, MR IOV TOREREREAN L, ST K2 FE0@ENICDONT
E L ERCE

SR

[1] C. Nagasawa, and M. Abo, Geophys. Res. Lett., 22,263-266, 1995.

[2] X.K.Dou et al., Ann. Geophys., 27, 2247-22573, 2009.

[3] X.K.Dou et al., J. Geophys.Res., 118, 6627-6643, 2013.



R005-P09 215 Poster BER9: 118 21H

FEEEFEH AT — 3 2 b OB K 5 RXOCO KIS IE DHEE

# JUR A0 [1]; 75 BRI [2]; S (2 [3]; 3% HE— [4]; (hile 2 [5]; B8k 4K [2]
[1] 5UK - B« UBERYIPE; [2] AR « B - HUBRPIEE; [3] SRALK - BE; [4] ST HI; [5] JAXA - FHi i

Estimation of global scale airglow structure by observation from International Space
Station

# Yusuke Kitamura[1]; Akinori Saito[2]; Takeshi Sakanoi[3]; Yuichi Otsuka[4]; Atsushi Yamazaki[5]; Yuta Hozumi[2]
[1] Geophysics, Kyoto Univ.; [2] Dept. of Geophysics, Kyoto Univ.; [3] Grad. School of Science, Tohoku Univ.; [4] ISEE,
Nagoya Univ.; [5] ISAS/JAXA

In the ionosphere, it is known to have a tidal structure that temperature and wind change periodically by receiving heat from
the sun. Migrating tides are sun synchronous with their phase and non-migrating tides are not sun-synchronous, and migratir
tides and non-migrating tides are caused by a different source. In the past, wave 4 structure of non-migrate tides, diurnal c
semi-diurnal migrating tides have been observed, and it has been found that the amplitude and phase change by latitude a
longitude . In addition, seasonal and annual changes of the tides have been observed, but its features can not be explained o
by seasonal variation of solar radiation. So It is believed that other mechanisms exist.

In this study, we use 3-years observation data of the airglow of ISS-IMAP/VISI put on the International Space Station (ISS)
from 2012 to 2015. The observation of VISI is carried out in the night and can observe all longitude area in a day. The observec
wavelength is mainly 762nm, 730nm, 630nm, respectively 95km, 90km, 250km in height. Using these data, seasonal and annu
changes of tides are analyzed about each of migrating and non-migrating tides. In addition, the difference due to the altitude
latitude and longitude are also made clear.

BHEE TR D OB 21T TIREERE R & D EBIICZL T 3RS ZF D T EAHIBNT W5, WIWICIZZE
LA KIGFOENE & [R5 migrate’s & D &, Z 5 Tk non-migratelx & DHH D, ZTNENHx 2V — A X RE
TEHEEZLNTWVWS, TNETOMYOERITIEZIRE 4 D non-migratez iy, 1 HJEH> HEL O migraterz i
BRI NTWT, B, BEICK > TREOAZ RMENEITET Moo TW0B, Tz, #lYOFHIZ1L.,
FEERLLBINEN TSN, Z ORI KGR OFFHZ(LIZ ) TIEFHN TE RO T, DA ZXLDMFEET S
EEZBNTWVS,

AL TR, EBETH AT — 3 7 (ISS)ICHE# & N7z ISS-IMAP/VISI D 201240 5 201540 34EM D KRG EDE
W7 —2Z W5, VISI OBlIZEEICITTDN, 1 HTEREEZBHT2 2 e TES, iz, BIREEIZFIC 762nm
730nm 630nmT., FNZNEE 95km, 90km, 250km{FIEDKEXIENBITE %, TNHDT—XZ VTR OF
fiZ b, #2(t% migrate non-migrateDZNZAUCDWTHTT %, £z, MW OEEIC K %iE N, ., BEICKS
FeE & AMICT B,
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A study of the daily variation of mesospheric gravity waves using the MF radar
observation and GAIA modeling data

# Takenari Kinoshita[1]; Yasuhiro Murayamal2]; Seiji Kawamura[3]; Hidekatsu Jin[2]
[1] JAMSTEC; [2] NICT; [3] NICT

The neutral wind velocity data from mesosphere to lower thermosphere observed by MF radar at Poker Flat in Alaska ha
been observed since the late 1990s. The long-term wind velocity data at Poker Flat has been analyzed for 10 years of 19¢
&amp;#8211; 2008 to understand the coupling processes between mesospheric gravity waves and tidal waves in more dete
Climatological 1-day composite plots of semidiurnal components of zonal wind and GW-KE showed that the maximum of
GW-KE occurs at Poker Flat when zonal wind is westward in summer and winter. It was confirmed that the phases betweer
semidiurnal components of zonal wind and GW-KE are locked for more than 10 days in several years. The present study focuse
on the phase lock events observed in winter and examines the daily variation of mesospheric gravity waves using observatic
data and GAIA modeling data. Next, we will discuss whether the observed events are the local events or not.

TIAN « R—H—T T MCRBEENT: MF L—&X—IC & D FEED S REEEIC 51 5 ik EsE T — & A 19904
REBLELIRBIAIE N TVS, BEEFICNE T, BN K S PHFIED Y I D872 % DRI S -8,
104/ (1999~20084F) OEIMT— Z 2l L. FhEREE I3 & ik o HNE X ORHEH O 211> TE iz, Z
DOFER. TFENERM e U TERB X UEAFOREMHE 1% OMHEE) T %)L F— (GW-KE) O} HJEHHEK 77 HY: H#Y O 3
ERFCIRKE 2D T b o, £z, FREMHBIRMEEDOFEICTBNT 10 HEL Bdike U T < ity 78IS s |
N, ARETRAFICRONTZEEREICER L, B NINHO y JHENEERTELCTVE DM EN T
BHEMCT %728, BT —Z2EBXT GAIA TF7I)VT—& %W THRIEE 10 HINZE) 2 SRR TS R A ST %,
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Anomalous ambipolar diffusion observed using meteor radars in the Arctic region

# Masaki Tsutsumi[1]; Yasunobu Ogawa[1]; Satonori Nozawa[2]; Chris Hall[3]
[1] NIPR; [2] ISEE, Nagoya Univ.; [3] TGO, UiTO

Ambipolar diffusion coefficients are estimated through radar echo decay rates of ionized meteor trails. Information of neutral
atmosphere temperature in the lower thermosphere can be further deduced from the ambipolar diffusion coefficient when electrc
and ion temperatures can be regarded the same with the neutral atmosphere temperature.

We found that the ambipolar diffusion was sometimes anomalously enhanced in Arctic meteor radar observations, which wer
very unlikely to be related to neutral atmosphere enhancement. Comparison between collocated EISCAT and meteor radars
Tromsoe showed that enhanced electric field in the lower thermosphere were responsible for the anomalous ambipolar diffusiol
This further indicates that meteor radar observations in polar regions can give a certain measure of electric field in the lowe
thermosphere and even the upper mesosphere, which is very difficult to observe without an incoherent scatter radar.

VHF HORE L — X —F RO CEBRERS» SO a—28HT 5 &, Ta—REOREN 5, mits 1-HiE
FREMEEES NS, BTBIXUA AV ORENHHERGIRE EFE LN EARE LM TICBO T, W MEEIGRE
HPERSURE OHEEICH VA FENFFEEI N T O, PEREED 5 SR ERICIE T B 1iE L— 2 —Z i FEEAE
HOKRAKIREBRIOMEN 2 ENT WS [e.g., Tsutsumi et al., 1994;1996, Hocking et al., 1999;2004]

ERTMHIBIZEATCld, JEiso Fa Ly (69N) BX T A=) NL (78N) ICBWTHE L—Z —Z Wz REREE
HOBHZIEL TV EH, FERKIRELTOFE L I3 E DD TE ZIC  WKIE RS 1L BUREEE R DS R B
ENBTENEShEEo Tz, BRI, BTN 2 RET I—OMERMDEE XD MO TEHLI K3, XFEDY
ZzEdIC R 5N ZOB%IE, s E O0kmiE S ECHERI NEEEIZ LHEE TH S D, @ SOkmFLED FNE
ThETEEHB, FZOMEMAET Y TAVYELVEDE MO LVICBWTHEETH S,

MO LVHREL—X =X, EISCAT L—X—flikic ik SN T, mIEILEEIC 5 2 % EEkE O 25THmIC 47w /a7
BILH D, TNFETICIT> 2 EISCAT L—X—#BIll & OLbfigh 5 1&. FEHEE S OB AR ML BUE RIS Z L T»
ZAREMEME DO TEV. XIo@IRIVF R FRARE FHRERIC K2 EENTZEIR O NRV, EHEELA
NS A T o — B E S T O MM EILEEEENE N E TICBIERS IR0, Wi 7z LB T & 2 5&F 0% >
B MNE E A LT S Te T ED—REEZ BND, ARFERMND, FET I — 7% FW 7o B & R T O BTl
TEEFFTEDEENELND S,
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The influence of the stratospheric QBO on interannual variability in the mesosphere anc
lower thermosphere

# Kohei Yamaguchi[1]; Yasunobu Miyoshi[2]
[1] Earth and Planetary Sciences, Kyushu University.; [2] Dept. Earth & Planetary Sci, Kyushu Univ.

The QBO is an oscillation of the zonal wind in the equatorial lower stratosphere with a period of about 27 months. It is
well known that the QBO affects the general circulation not only in the stratosphere but also in the mesosphere and lowe
thermosphere (MLT). In this study, the influence of the stratospheric QBO on the general circulation in the equatorial MLT is
examined using long-term simulation data obtained by Ground-to-topside model of Atmosphere and lonosphere for Aeronomy
(GAIA). Our analysis indicates that the zonal mean zonal wind and temperature in the MLT are influenced by the stratospheric
QBO. Moreover, from the viewpoint of the wave-mean flow interaction, we determine the atmospheric waves which make a
guasi-biennial variation in the MLT.

e 2 A FIHRE) (QBO) IR 126D FERMURIA T, SR & IEIAY) 277 HIICAART 2 BG T 2%, ZOW
B MO, - FHENIT LA TS T EARIBACN B, AIZECTIE, BUFE QRO AR - RSB KIS
52BN, A QBO LIRMING—BUNH SN FIERE L, TORINIEDVTHATHI, AikL LT
F. R&E—EEERS ST TV (GAIA) TORMEDHRZHWT, /Rl EZEICE T % 540 (2008— 20124F) D%
W05 7 — ) TAHEFIVT 2 — 3EEMIOZTIZ A Uic, SRR QBO DRI TA /MO S, rh
HECEIERS) . FIRE TR RS 755 C LA h o T, FREICEO T, AUHIE QBOICH - Tl
P BIACIE, B CIE B, TR B R S, 1L TR E O EIRROBLEN 5, T
O - RESHIEBIONE 2 FEAMAETN 5| 2T T AT RE L, BEMICT ST L e Ui, S5I0, HiRE -
HSBARBIC 5 CRIRI & 75 5 RGN DU T, KA P - TR TS 3 C L1 &K D IBNTH
Foo REIEREIUS S HRET 2 TETH S,
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Longitudinal Structure of Ultra-Fast Kelvin Waves observed from Troposphere to
lonosphere

# Hisao Takahashi[1]; Kazuo Shiokawa[2]
[1] INPE; [2] ISEE, Nagoya Univ.

Longitudinal structures of the planetary scale Ultra-Fast Kelvin (UFK) waves (3-5 day period) were studied by using observed
temperature fields from the troposphere-stratosphere (UKMO) and mesosphere(SABER/TIMED), wind fields in the MLT region
(MF radar) and in the thermosphere (Ol 6300/ FPI1), and Total Electron Contents (TEC) in the ionosphere (COSMIC). Among
the several UFK events identified in the year 2011, we observed one event, on August 3 (DOY 215), which propagated from
troposphere over Indian Ocean to mesosphere to ionosphere taking almost 30 days of propagation. The vertical phase veloc
was "8 km/day. The present work demonstrates the source, longitudinal structure of the UFK wave and vertical propagatiol
features.
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Vertical atmospheric coupling studied with a long-term whole atmosphere-ionosphere
simulation, and model validation and update

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

The origins of upper atmospheric variations do not only come from the solar activities and rotation, but also from the Earth’s
lower atmosphere. In order to now-cast and forecast the upper atmospheric disturbances and variations, we have develop
a whole atmosphere-ionosphere coupled model called GAIA. The model incorporates the Japanese meteorological reanaly:s
(JRA) into its lower atmospheric part as well as the daily F10.7 index, in order to reproduce the effects of realistic forcing both
from the lower atmosphere and solar irradiance.

In this study, we report the results of vertical atmospheric coupling using a long-term GAIA simulation, especially about the
effects of stratospheric sudden warming. We will also report the results from several updates of the model, such as improvemel
of ionospheric dynamics and energetics, and increase of model resolution.

o K AR I N L R oM | - B R 2 DR CERDOEDETH D, ZOEELLLTIHEOPuEDRE. i
BIOEIRICHET %, B RKKOBERLSEHORIEIZ, K7 L7k ERGHOEEIAEZE L TA->TL %
I TIEL, HRMEDKSROFELTEALAZED A>T BT EMENTER, HAE, HEERE - 2B ORER
A7 RN EAERNCHER - TR B 7zsbic, HiZKh 52 L E TORMERAEE & BBz H A ICHET 5
KEEEHERESTTIV (GAIA) ZRIRLTER, LT, ETVOMKGEL i, GAIA Z W CHiARGEENY A 27 )L
(19965F~) LIFD Y I a l— 3 VBTV, T—EZXR—AZMEL TV,

AT, TOT—EZRX=ZAFA LT, FERRICE T ZXFTOEILHSNERE T EBEEAKICEDL SIS
B KX T DN AS RS %, Fiz, B DL - BEEETTo 128 T A, SO TS K& WSS
ANOENRIER DD, ETFIVDEREEILZEDZHERH 2 Eah b, BIFERD#HATH 2 ET ) IVERERICD
WTTHIITT %o
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Role of the intrinsic magnetic field on low-to-middle latitudinal
lonosphere-thermosphere dynamics and phenomena simulated by GAIA

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

Intrinsic magnetic field is one of the most important parameters which determine the planetary space environment. The Earth’
intrinsic magnetic field has been fluctuated betweet?-10?2 Am? in the past 0.8 million years and now under decreases at
a rate of "6% per century. In addition to the effect of the intrinsic field decrease on the ionosphere via electromagnetics, the
atmosphere could be also modified by interactions through neutral-ion collision processes. Although CO2 is another candidat
which affects long-term variations of upper atmospheric temperature and wave structures, an evaluation of the effect of magnet
field on the upper atmosphere additionally provides an insight for the role of electromagnetics on the system. This study investi
gates the effect of intrinsic magnetic field on the coupled system using a numerical model, GAIA (Ground-to-Topside Model of
Atmosphere and lonosphere for Aeronomy), which solves physical and chemical dynamics of the whole atmosphere region fror
the troposphere to the exosphere under interactions with the ionosphere.

The model simulation is operated with a reduced (10%, 50%, and 75% of the current value) intrinsic magnetic field referring
to February 2008 when the wave-4 structure was appeared and solar activity was quiet. In order to focus on the low-to-middls
latitude profiles, this experiment excludes the cross-polar cap potential and auroral electron input.

The main results are summarized as follows: (i) Sensitivity of the neutral wind velocity, density, and temperature on the
magnetic field is small, while dynamo electric field decreases and ionospheric conductance and current increase with decreasi
intrinsic field. (i) When magnetic field decreases, several waves are amplified in high altitudes. Plasma motion is less con
strained by smaller magnetic field. The control of magnetic field also works on neutral dynamics and tide through the ion-neutra
interaction. (iii) Diurnal variation of equatorial neutral wind jet is shifted to westward and super rotation velocity decreases to
be "55% when the magnetic field is reduced to be 10%. Since a larger amplitude of plasma motion due to less restriction b
the smaller magnetic field brings more ion-drag effect, super-rotation feature would decelerate more effectively for the smallel
magnetic field case.

WEFAHIE, REFHREZFMOU 2EELE —EBETH 5, HERO TR, #Z 80 HEDMIC 10°2-10%° Am?
OFIPHTZEF L., 1840FEEN 5K 6%/100FE TP L TWV3, TRIHOREINED S L. FHICKIET 3 EEEHEES
CEEEOEM 2@ LT, EHES X OERE S AHEEH Fch 2 KRB EEZR T 5, ThE T BELRFEED
EIAZLOEENZ SR EN TV S D, HERREEIC K 252 85HNE, BHREO Y AT LB 5%EFHEE LTOE
HEH 5, AT, FIOREE~TEEOBEEGKRE AT I 7 ANUBERDPHIZICE > TED X ITHET B hIC
EHHU. GAIA TFI)LEHWTIHEZTT- 7=,

GAIA 3. K& FEICKRHNTT— 22 A1 U, RHFRED 5 BAE F TORKIE & BEEHE O KSR « (L FEfs 2 if <
ETIVTH %, AWIZETIE. APREED EHERE « 20/ ST X —ZICH S NKRHEEN S #Ea7s 20084 2 HD— 7 ARNCD
W, WERE % BIEED 10%, 50%, BX U 75%CZE % TcitExfTo Tz, TRBEICEH T 220, MipERT >
VA NVBXUOA—OSETRDIABREEZERORE THEEZI T2,

BOENAERIILI T TH S, () BT N7z 250 km @& SO EEREEEZ T 5 & PERAUEEDE FREDE
WEARETE N E VDICH L, EISDRAT % L. BA FEEIGIIHG AR EINE < BHBE/KFERIZRE
{Ixotz, (i) mmEOHE « EEERK ORIV N, RSGREDHWIE EIRIEAKE . BRI X 2 EHEAK DO
FOHIIDVNE {Ixote T EIT K B, (i) /MEHOE M & FPEREY =y MIBoHE U, BEHRED 10%0D & & D A—73—
O—7—3 3 VEHEIEB5%CH > oo WGHRENH NI EA LY RT v TORIREPKEL T, X0 RERMICHES N
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D- and E-region ISR spectra measured with EISCAT radar facilities

# Yasunobu Ogawa[1]; Satonori Nozawa[2]; Masaki Tsutsumi[1]; Ingemar Haggstrom[3]
[1] NIPR; [2] ISEE, Nagoya Univ.; [3] EISCAT HQ

The energy from the solar wind is mainly transported to the polar upper atmosphere and causes various phenomena such
auroras characterized by their rapid variability in time and space. Incoherent scatter radar (ISR) located in high latitude is ont
of the most powerful tools to investigate generation mechanisms of such phenomena and their effects on the atmosphere. Tl
ISR basically gives information of plasma parameters between the bottom-side and topside ionospheres. However, the ISR h
several unavoidable limitations to derive ionospheric parameters in the E- and D-region ionospheres, due to limited informatior
of the ISR spectra.

We have investigated ISR spectra in the D- and E-region using the latest techniques of the EISCAT UHF and VHF radars
located in Troms&amp;#248; and EISCAT Svalbard radar in Longyearbyen. Our initial analysis indicates that the EISCAT
Troms&amp;#248; UHF and VHF radars have limitations of plasma parameter derivation below 87-90 and 120 km altitudes,
respectively. We discuss lower limits of reliable ion temperature derivation using the latest pulse coding techniques of the
EISCAT radars, comparing with ambipolar diffusion coefficients derived from the Troms&amp;#248; and Longyearbyen meteor
radar data at the same altitudes under geomagnetically quiet condition.
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A Study on electron temperature distribution inside the sporadic E layer

# Yumika Sakamoto[1]; Takumi Abe[2]; Wataru Miyake[3]
[1] Aeronautics and Astronautics, Tokai Univ.; [2] ISAS/JAXA,; [3] none

A Study on electron temperature distribution inside the sporadic E layer

The sporadic E (Es) layer is a well-known phenomenon and has been studied for a long time. Wind-shear theory is generall
accepted about its generation mechanism. This theory explains an accumulation process of the electron density, but hardly giv
information on thermal energy budget inside the layer. Although the electron temperature is one of the important parameters fc
discussing the thermal energy budget in the ionosphere, very few of reliable electron temperature are available for the discussic
of energy budget inside the Es layer in the past. Thus, there were very few discussions about the thermal energy budget insit
the Es layer.

The sounding rocket 'S-520-29’ was launched from Uchinoura Space Center at 19:10 JST on August 17, 2014. The purpos
of this experiment is to elucidate spatial structure of the Es layer in the lower ionosphere. Langmuir probe installed on this rocke
is capable of making high-speed sampling of probe current, and thereby it is possible to estimate the electron temperature ai
density more than 10 samples per second. In addition, it becomes possible to obtain the temperature and density in shorter tir
interval by adopting a new method of interpolation for obtained current &amp;#8211; voltage relationship. Data calculated by
using such an interpolation based on Langmuir probe measurements suggest that the electron temperature significantly decrea
inside the Es layer with respect to the background temperature. Furthermore, the detailed trend of the electron temperature fro
its boundary toward the center of Es layer was revealed due to the interpolation.

In this study, we will discuss a physical implication of the observed high electron temperature for energy budget inside the Es
layer by conducting numerical calculation. The electron temperature distribution is estimated for various conditions of plasme
density using electron energy equation. In this calculation, we assumed that there exists sporadic E layer at an altitude of 1C
km. In order to discuss electron temperature variation inside Es layer, a peak electron density is assumed to be 10 times, :
times, and 30 times larger than the background density. It was found that the electron temperature tends to decrease inside the
layer where the electron density is more than 10 times larger than the background. According to the numerical calculation, th
decrease of electron temperature is only 2.4 K while the observed decrease is about 450 K. Therefore, a dependence of varic
parameters such as plasma and neutral density on the electron temperature variation inside Es layer is studied. In addition, t
past study was reviewed to investigate a relationship between the electron temperature variation and various parameters. F
example, solar activity dependence of the electron temperature variation inside the Es layer was studied. We will present a rest
from such a consideration.

ARTT v 7 EREIEZERNHDRANCENZ BREETETH D, MO - NS NTE 2. 2O
KIS DWW T wind-shead i —fRICZIF ANSNTWVS A, T OFEHIIE FREOERBREZHIIT 2 & DDOWNERD
BT 2V F—INFICOWTIHE E A ETHRE G275, B, BFREIEEEHE ORI 3V F— I #i#ind 5 FCHE
BHRIRTGA—=RTHBD, BEKWZART T v 7 EBNTOTRICEEEDD 2 E HREBN T — 2 3B 5 N izmis
BIUDMEEL TWERW. Lizh o> TR TORAT 3 )V F—INZIC BT % igamid IEF 1Dz,

Firlx, FR 264 8 HICHT FIFon=8lllar v k S-520- 2955405 > /I a7 Tu— 7 ORHTFT— 2% & &
IZ, ARTT 1w 7 EMNDOE TEIE - IREOEMIEDOWI 21175 > T&Elz. ZOME, ARI T v 7 EFNICBN
T, EBFEEIZNER & OBERHED S HuDI A > TIRED KBS LT L EHRZH S hic Uiz,

FIEHNT, TOZEMGENEDX S BANZ ALK B LD EERT 5128, BFICHT ST F—EA
M UTHEENE L LGS OB HREDHRICOWTORUEF EZ1T> T\ 5. TORHETIE, & 100kmICART T 1y
JERMAET 2 LEL, TOENTRRKETFEENT RIS LT 1045, 2045, 305U G E0E FHRED
fiZesR iz, TORER, BEFEENELZDICONT, HRICHT 2B AHREORIEMRLZIT T > T L E@AN RS
nizh, FORAIEITBIHE T 450K TH 2 DITH U, FHEMETIEH 24K TENKE V. FT T, BUEFIETHH
LTWBELDNIRTA=ZOHT, EOEEZLTHNIE FHRERDIEDPKELL REZNTOVT, HEtEiTo7.
ZIE, BUERIE O THRE L TV ARG OEERIRE, TIAHmDOA 4 ViR, ETNAREEZLI LGS
DB FIRERDENDEEOWTH 217> TW5a. ThHEELT, EDK S EREMHICBO TEFRERDEIK
ELBZEBMITDODNTDFEREITD.

ART T 4y 7 EEBNTOEAREDMICOVTIE, BP0 MBEICGH UK 2MEDIDH D, TNoIcINE SR
WK U TIREDN FRT A5 LRI 256055, NS OEFREBEINIHEEREICERMOEL DL H5H, %
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Simulation of electron density inhomogeneity induced by sprite-producing lightning
discharges

# Mitsuteru SATO[1]; Yasutaka Hiraki[2]; Toru Adachi[3]; Tomoo Ushio[4]; Takeshi Morimoto[5]; Hiroshi Kikuchi[6];
Makoto Suzuki[7]; Atsushi Yamazaki[8]; Yukihiro Takahashi[9]
[1] Hokkaido Univ.; [2] UEC; [3] WIAS, Waseda Univ.; [4] Osaka Univ.; [5] Kinki University; [6] EMC, Osaka Univ.; [7]
ISAS, JAXA,; [8] ISAS/JAXA; [9] Cosmosciences, Hokkaido Univ.

JEM-GLIMS conducted the three-year nadir observations of lighting and TLEs from the ISS and succeeded in detecting 42
sprite events. From the JEM-GLIMS optical data, it is found that sprite location was clearly displaced from the location of
the peak optical intensity of the sprite-producing lighting discharge, which might be related with the return stroke point. The
average and median values of the displacement were estimated to be 13.3 km and 13.6 km, respectively. The final goal of th
study is to clarify the physical mechanism creating such horizontal displacement of sprites from the parent lightning discharge
and determining the horizontal distribution of sprites. Thus, we further analyzed VHF pulse data obtained by the VITF on
board JEM-GLIMS and estimated the source locations of the VHF pulses emitted by the sprite-producing lightning discharge
which enable us to estimate the horizontal development of the sprite-producing lightning currents in the thundercloud. Then, we
have carried out the numerical simulations to estimate the electron density inhomogeneity at the sprite altitude using the FDTI
method. At the presentation, we will show the initial results of the electron density inhomogeneity derived from the FDTD
simulations.

JEM-GLIMS Z[HIEFH AT — a Y 5DFHENE - A7 T4 ME NEERZH) 3EMkG L, 4260754 hd
MHICEIN UTze JEM-GLIMS OYCABIT — 2 5, B AT T4 MO, REERMEICHRS T % LHElE N5
BB CRE E— 7 MBI BICEA TR LA LT EDH L MRS T2 ICEHRZD SRS K O Eld, #
NFN13.3kme& 13.6 kmTH >z AWFHEORKEAEE, CORENEDEIITANZ AL >TREL, AT7I94
F DIKCER M K> THRES TOWBEDONEIHLEMCTEC LICH B, T THLIE, JEM-GLIMSICHEHEN T3
VHF T¥5EF (VITF) OF—X27Z X SICfT L, A7 54 MR UTZERED VHF 7OV ZGHEN E OH#EE 2175 Tz,
E - Z OB ENHBN T — 205, FBENTOKVFEREEBRORIL - ZSREEZHE Uiz, R, KEFERED K
SHUTZERY VAN A T T4 M RAESEICGHRL T 28 FEEEILZRET 5720, FDTDEZHWIZEIEY S 21— 3
VR Tole, T, CTOFDTD YR al—y 3 Y TEbNEVERAZRET S,
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Spectral analysis of ionospheric disturbances associated with typhoons

# Hiroyuki Nakata[1]; Shin-ichiro Hirabayashi[2]; Ryuichi Mashiko[3]; Aritsugu Chonan[4]; Hiroyo Ohya[5]; Toshiaki
Takano[6]; Ichiro Tomizawa[7]; Hiromichi Nagao[8]; Mitsuru Matsumura[9]
[1] Grad. School of Eng., Chiba Univ.; [2] Grad. School of Eng., Chiba Univ.; [3] Faculty of Eng., Chiba Univ.; [4] Engineering,
Chiba Univ.; [5] Engineering, Chiba Univ.; [6] Chiba Univ.; [7] SSRE, Univ. Electro-Comm.; [8] ISM; [9] ISEE, Nagoya Univ.

Recently, coseismic ionospheric disturbances (CIDs) are examined in detail in relation to the coupling between the ionospher
and the neutral atmosphere. In addition to CIDs, the ionospheric disturbances excited by extreme weather are also observed.
this study, we have examined ionospheric and atmospheric disturbances caused by typhoons, using HF doppler (HFD), which
maintained by The University of Electro-Communications, and a microbarometer located at Sugadaira, Nagano Prefecture. |
analyses of HFD data, perturbations of doppler shift were observed in 10 of 23 events where typhoons come closer to Japa
The amplitude of perturbation are about 0.2 Hz. By dynamic spectral analyses, it is found that spectral intensity of perturbation:
at frequency from 5 mHz to 50 mHz were enhanced. Here Typhoon No0.18 and No.26 in 2013 are examined in detail, with
atmospheric pressure data obtained by a microbarometer in Sugadaira. Since spectral intensity of atmospheric pressure pertur
tions are also intensified at 5-50 mHz, it seems that ionospheric disturbances are caused by atmospheric perturbations occur
by Typhoons. As for temporal variations of spectral intensity of HFD at 1, 4, 30 mHz, the spectral intensity at 30 mHz were
clearly enhanced when typhoon No0.18 and No.26 passed japan, but not at 1 mHz and 4 mHz. Spectral intensities of HFD an
atmospheric pressure at Sugadaira reaches its peak at the same time when the barometric perturbation at Sugadaira reache
maximum. In order to reveal correlation between ionospheric disturbances and atmospheric perturbations caused by typhoons
is important to calcuate the atmospheric perturbations using a numerical simulation.

EAETIE, FEREE & PR E OFEEICREE U, MBI PE S BEEEAENCDOWT, MR LIARENE X SIE>
TEED, HIEBEOHZ 5T, SEEPHEAFEOE L WASRHERICEB N T EHEEIL BN TV S, AL TCldHEmIC
AHHU. HFD 81, #&UEFHT X b BUS éhtr—ﬁ%ﬁﬂm’c MZEOBRICHES ZENC DWW T 217> 7. HFD B
HNTDONT, 23BIDHEMMD 5 5 10BN T, BEEEE - @EEHIC Ry 75— 7 b OIRIBICEH 2R TE Tz, £
CNSOEHITIE, FEPEBITIC XK D, 5-50 mHzD iEQ“C BEGEIEFFIC AT MVEED ERAHR SNz, RIZ HFD
BT OZHEEZRE & U THE 20134 1855, 20134 26 5D 2 HHNCODWTHRHCEH L. MAUERHT— 2 ZHWCH
FROfENT 21T o 7o Z OFEH, HFD USSR & FIRRIC, BEEEARHCEZEMNEIIE N, ZDAXRYT MUVE[ERROHRIEKT
Z#Z2RmLTWAT b oz, TOT eMH, HFD BBV TEMIE Nic RO B EAH)IE, fEIC X
DAECUKRKIEED FERIER LT EICKB8DEEZ NS, R, REFEEIR L &R & TEENGEVD RS
Nz EMSH, 1. 4, 30 mMHZTDRARY MVREDREZILIC DWW T Z T o720 AT v 7 AXRT MUCE R
H5NIzE DI, 30MHZTDARY MVRED A E - L EFEETH S D, ZTOE—JIEIMEKEFICH T B AT MU
REOE—TRE L IFIEF R LTz 1. 4 mHZ TOAXRY bV, wmf?rf%ﬂtci%ﬁiﬁﬂém&ﬁ\ HFD &1 ©
BZNEETEE TR A>T, TNEDEICDVTIE, KRREBIOBMEE X O, WRETS TETH 5,
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The ionospheric disturbances associated with volcanic eruptions observed by GPS-TE(
and HF Doppler

# Aritsugu Chonan[1]; Hiroyuki Nakata[2]; Hiroyo Ohya[3]; Toshiaki Takano[4]; Ichiro Tomizawa[5]; Takuya Tsugawa[6];
Michi Nishioka[6]
[1] Engineering, Chiba Univ.; [2] Grad. School of Eng., Chiba Univ.; [3] Engineering, Chiba Univ.; [4] Chiba Univ.; [5] SSRE,
Univ. Electro-Comm.; [6] NICT

Itis reported that ionospheric disturbances are caused by ground and atmospheric perturbations, e.g. earthquakes and typhoc
Even though the volcanic eruptions excite the atmospheric waves, there are few observations of ionospheric disturbances caus
by volcanic eruptions. In this study, we have examined ionospheric disturbances associated with volcanic eruptions using GP
TEC and HF Doppler (HFD).

We analyzed TEC data observed by observed in GPS Earth Observation Network (GEONET), which is maintained by Geospz
tial Information Authority of Japan. Each pairs of satellites and receivers determines the value of TEC every 30 seconds. In thi
study, TEC data whose mask angle is larger than 30 degrees is used. We calculated the spectral intensity of TEC perturbatio
by Fast Fourier Transform (FFT). We analyzed 19 volcanic eruptions in Mts. Asama, Ontake and Shinmoedake since 2000. As
result, the disturbances of TEC by volcanic eruption were detected in 2 events. Both events are the eruptions in Mt. Asama wit
medium-size explosion. The centers of the variations of TEC are located south of the volcano, which is the same as the case f
earthquake. Therefore, the generation of the ionospheric perturbation associated with volcanic eruptions is the same process
that for the earthquakes. On the other hand, the disturbances of TEC at the frequency band of 7 12 mHz are shown, which
higher frequency than earthquakes.

We also analyzed HFD data transmitted from the Chofu campus of The University of Electro-Communications for 16 events
in Mt. Asama. We used the data observed at Sugadaira which is the nearest observation point from Mt. Asama. As a resul
variations of TEC were detected in 3 events. In these events, the spectral intensity has remarkable peaks at 35 mHz and 8~
mHz. The peak at 3“5 mHz is due to acoustic resonance between the ground surface and the lower thermosphere as showr
variations of TEC associated with earthquakes. The perturbations around 8 “18 mHz are also observed by GPS-TEC data, tf
caused that the pressure fluctuation excited by the explosion of the eruption directivity propagates to the upper ionosphere.

HEDHEE & FTEAR TORRITIENRGEINEL, Chc KD EEBEEIL S ENsEMsNTY
B, NMIUEKISEOVKEEEIAE T 2 T SIS NTWE A, AU HE S EEEELOBIIFENIZ ZNZ E L <k
V. ZFTTARMIZE T, MUEAIHE S BEERE O Z SOV T, GPS-TEC(Total Electron Contenff— % & % K 7
< — (HF Doppler: HFD) 7 FlW Tl 217 - 2.

GPS-TECT—% %, EtHFIGZD GPSHIKHERNI > A7 L (GPS Earth Observation Network : GEONED)X b EH &
NZEOEHWE. TECT—RIFEHE—2ZEHOXRTICHEWTEI I NS, fi#icid, GEONETDAZ(E K4 12004,
fEAA 30 ELL LD 30MMET — 2 Z Ve, @l T — Y T (Fast Fourier Transform : FFTE K O A7 ~VigE%
HH LU, TECOZEZMGE LTz, BATHS5IE, 200040 IR, 8L KO, BilkiE CRE Lk 19556 &
Uiz, %53, 1956 2 Hp T AU S TECEEIDBRH S Nz, Wi HERIEBORRILIC I 2 TH
%. TECEHIVINE IO AITHEZETH D, HEDRE LHETHS. U LEFNE 7 712 mHzO E R T
MREE NIz, THIEHIERHICENE N2 DX D BVEEHTH 5.

EHIC, GPS-TECK W Z#h i SNz 2 Fhlz 3o, HREILTHAE Uk 16 FlZ 351, BEGEEREDOR
B Ry 75— (HFD) 81l 7 — 2 Z VTR 21T o 72, SATICIEERIIIA ISR B IEWBIIE TH 5, H D 5.1280
OEFMT— 22z, (58, 16 H6H 3 FHITEEMDMER S Nz, FFT 2/ L 725655%, 375 mHzO®HEK & 8 718 mHz
OFRICZFNTNE—IDRENSMEAICH 5Tz, 375 mHzOZENIHIEIC,ES TECEFH TR 27T, HimnZ:
BhiC K D FA LTz B D336 & REEAE & ORNICEH CIAS SN TEMRER L &0, EHEE TlRNTRZEL Tl 5T ki
HET 3. kb, KUIEXIHES TECEHE[ARDO XA A LEEDT LN RBENS. L L, GPS-TECTIRZ
FHARLNT, ZOFEKICOWVTIISHEFARNTO L LEDNH S, 8718 mHzOFHKIC R ENZ ¥ —71X, WENOIEFRIRE
WICHR L, MEKOIERIC K D E CRENEIHNEBIC D722 DTREWVWNEEZSNS. £z, GPS-TECC XS
T TR LN 7712 mHzOEF E[RIFRODE D L 52Tz 8EZ 5NS.
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GNSS-TEC observations of infrasound excited by a volcanic eruption: Inference of
wave front geometry and acoustic wave energy

# Yuki Nakashima[1]; Yosuke Aoki[2]; Kiwamu Nishida[2]; Kosuke Heki[3]
[1] Natural History Sciences, Hokkaido Univ; [2] ERI, The Univ. of Tokyo; [3] Hokkaido Univ.
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1. Volcanic infrasound propagating in the upper atmosphere

Volcanic eruptions excite various oscillations depending on various factors. Very low frequency infrasound (-5 mHz) can reach
the upper atmosphere and are often observed as ionospheric fluctuations. We can see three types of ionospheric disturbances
cited by volcanic eruptions: (1) acoustic trap mode (e.g. Dautermann et al., 2009ab GJI/JGR; Nakashima et al., 2016 EPSL
(2) atmospheric internal gravity wave (e.g. Ogawa et al., 1982 JATP; Robert et al., 1982,JGR; Igarashi et al., 1994 JATP) an
(3) traveling acoustic waves come from volcanic explosion (e.g. Heki 2006 GRL). The third one is important to improve our
knowledge of acoustic energy by volcanic explosions because we cannot detect infrasound propagating upward by baromete
deployed on the ground.

We found ionospheric disturbances made by the Kuchinoerabujima volcano eruption on 29 May, 2015, using the GNSS-TEC
method. This case is similar to the 2004 Asamayama volcano explosion (Heki, 2006), and we tried to estimate the energy of th
acoustic wave. In this presentation, we will compare TEC perturbations and surface pressure changes.

2. Observations and analyses

We use 1 Hz-sampled GEONET data (GPS/GLONASS) from stations in Southwest Japan. Conversion from slant-TEC tc
vertical-TEC was done using the minimum scalloping (Rideout & Coster, 2006 GPS Solut).

In order to evaluate acoustic energy in the ionosphere, we need to know the wave front geometry precisely from the follow-
ing two viewpoints. At first, we should account for coupling between acoustic wave and ionospheric electron movements tha
strongly depends on geomagnetic field. This is important to convert from TEC perturbation to pressure changes in the neutrz
atmosphere. Secondly, we have to integrate the energy density along the wave front to estimate the acoustic energy (Johns
2003, JVGR; Dautermann et al., 2009a). This is why we want to know the wave front geometry in the ionosphere.

We used apparent velocities calculated from cross correlation function of the TEC disturbances to infer the wave front geom
etry. Previous studies discussed wave fronts calculated by ray-tracing (e.g. Heki 2006; Dautermann et al., 2009a; Rolland et a
2013 GRL). However, ray tracing may be inappropriate to such a case because it assumes very short wave length compared w
the scale height. Accordingly, we estimated the incident angles from the apparent wave velocities assuming that the ionosphe
is a thin layer located at 300 km above the surface (thin-layer model).

3. Wavefront geometry and acoustic energy

We derived incident angles, and they were similar to those we obtained by ray tracing. In addition, we found that the inci-
dent angles inferred in this way had significant dependence on azimuths. We need to find out whether it is real or an apparel
phenomenon caused by stations-satellites-wave geometry. We are now trying to estimate the energy, but it varies around tl
estimated value for the 2004 Asama volcano cas&’ (18 eki, 2006). We will consider the effect of wind or the geometries. We
will compare the TEC and barometer records to estimated comprehensive energy in this presentation.
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Analysis of spatial distributions of total electron content variations associated with
earthquakes
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It has been reported that ionospheric disturbances occur by giant earthquakes. This is because the acoustic wave and atr
spheric gravity wave excited by ground perturbations or tsunami propagate into the ionosphere.

In the previous studies, the perturbations of total electron content (TEC) associated with earthquakes have been confirme
by the frequency analysis of time-series data of TEC observed in Japanese GPS receiver network (GEONET). In this study, w
have analyzed the latitudinal and longitudinal distributions of TEC variations by gaussian fitting. We examined the correlations
of both spatial distributions of TEC variations with the magnitude. lonospheric pierce points are assumed to be located at th
height of the 350 km are determined. We calculated the spectral intensity in each frequency bands by the fast Fourier transfor
processing. We analyzed the 6 earthquakes of more than M6.8 that occurred around Japan since 2000.

As a result of the analysis, it is confirmed that the latitudinal distribution of TEC variations is highly correlated with the mag-
nitude, while longitudinal one is not. In the events that occurred along the coast, however, the disturbances due to the groun
perturbations were appeared.Therefore, the further examinations are necessary to make clear the relationship between the spe
distributions and the magnitude.

EOKHIEEF A & D BEEEEL AT 2 T e AMEIN TV S, THUIHIEIC X im0 ZFodic X b 74 L
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A development of software defined FMCW ionosonde based on the GNU Radio
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[1] NICT; [2] NICT

NICT'’s portable and low-power FMCW (Frequency Modulated Continuous Wave) ionosonde system has been under operatio
for over 10 years at 5 sites in 4 countries in Southeast Asia: Chiang Mai and Chumphon (Thailand), Kototabang (Indonesia)
Bac Lieu (Vietnam) and Cebu (Philippines). This ionospheric observation network, called as the Southeast Asia Low-latitude
lonospheric Network (SEALION), has basically been operated remotely via the internet. However, because of system deteriore
tion and frequent lightning damages in Southeast Asia monsoonal region, it becomes difficult to maintain the system and kee
observations. In addition, supply of some of important ICs, such as the FPGA embedded in FMCW ionosonde, will be stopped ir
the near future. The development of a new ionosonde system is necessary to improve the SEALION. We have started developir
a GNU Radio based software defined FMCW ionosonde system using the Ettus Research USRP X300 as a software defin
radio (SDR) platform. The additional frontend unit is also necessary to keep using peripheral units of current FMCW ionosonde
system.

As for the receiving system, we have successfully gotten ionograms using the transmitting system of current FMCW ionosond
and the Ettus Research USRP X210 in place of X300. In this presentation, we will present the progress of the system designin
and development of the software defined FMCW ionosonde system.
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Evaluation of the altitude resolution in Rocket GPS-TEC Tomography method
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As an approach to observe an electron density profile in the ionosphere, there is the remote sensing method called GPS-TE
method, which calculates the total electron counts (TEC) on the transmission path of GPS wave, from its propagation dela
time. By applying tomography analysis on TEC values in multiple paths, which have one dimensional information, the electron
distribution profile can be earned as two dimensional data, and this method is called GPS-TEC tomography method. Howeve
this method has a defect, that it has nothing more than low resolution in the altitude direction because the paths of TEC value
are biased in altitude direction.

In order to enhance the altitude resolution, we have proposed “Rocket GPS-TEC Tomography method”, which applies to-
mography analysis on the TEC values earned by the GPS-TEC receiver on the sounding rocket. Compared to the convention
GPS-TEC tomography, this method can observe TEC values in horizontal paths, as the sounding rocket navigates around tl
lower ionosphere except the underside of it. By this approach, we assumed that altitude resolution of the tomography result wil
improve.

In this paper, we verify the efficacy of the proposed method through simulation experiment. In particular, we calculate the
observed TEC value based on the predicted rocket trajectory and an assumption ionosphere model. The sinogram, which
necessary for tomographic analysis, is built with the observed TEC value. The reconstruction ionosphere model can be obtaine
by analyzing the sinogram. And we evaluate the efficacy of the proposed method with comparing the assumption and the recol
struction ionosphere model.
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System Development related to the 3D ionospheric tomography with GEONET
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Recently, we successfully started the 3-dimensional (3D) tomography analysis of the ionosphere over Japan in near real-tirr
bases. The service is based on the GPS-TEC data from the GEONET. We continue developing the 3D tomography system
the following ways; One is to analyze existing GEONET data, and the other is the web-based data handling service. The forme
includes the 3D tomography on demand, and the development of 3D tomography database. The latter is necessary to help us
to acquire 3D image of the ionosphere. We will show design and current status of these developments.
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Improvement of a method to obtain absolute total electron content using dual-frequency
GPS receiver

# Keita Yamawaki[1]; Yuichi Otsuka[2]; Kazuo Shiokawa[2]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.

The dual frequency radio signals of the Global Positioning System (GPS) allow measurements of the total number of electrons
called total electron content (TEC), along a ray path from GPS satellite to receiver. TEC obtained from carrier phase is accurate
but absolute value of TEC is unknown because initial phase of the GPS signal is unknown. Using the pseudorange of the GP
data, absolute value of TEC can be obtained although instrumental biases are included in the TEC. Otsuka et al. (EPS, 200
have developed a method to remove the instrumental biases to obtain absolute TEC by using a least squares fitting procedu
In this method, it is assumed that the hourly average of vertical TEC is uniform within an area covered by a receiver; this aree
approximately corresponds to a surrounding of 1000 km. This assumption is valid at mid-latitude, but at equatorial region, spatia
gradient of TEC is larger, which could cause estimation errors. In this study, we have improved this method by considering spatia
gradient of hourly-averaged vertical TEC, and have applied improved method to the GPS-TEC data at low-latitudes, where th
equatorial anomaly exists. Comparison between the original and improved methods shows that residual for the least-square fittir
procedure in the improved method is reduced to 50% in the original method. We also have found that latitudinal gradient of TEC
is consistent with that associated with equatorial anomaly.

GPS(Global Positioning Systerf*£h 5. 1575.42 MHzk 1227.60 MHz®D 2 DD JEFEDOERE ML EIN TV S, &
BRI S b X BRI HARTEROMBEE IR A0, BEEEIRE < Kb, TOENMSDThDORE
E. BIHOSIWED 2 FIK B U, B ORI DTS X< O RICHHT S, 16> T. 2 DDEEEDER
ZRETZHEICKD., BHE-ZEREICIFEET 2 7 I XD &, D% D 2FE 4 (Total Electron Content; TEGE H.
32N TE %5, GPSOMEERENIMHT— 2 BHEMENS TECIK, FOEHNTOWTIFFITHEEICHEEI NS
W, WEB A DO WIARAHN R ZA 728, TEC OMOHEIT RO 5 NEV, —F5, SRR 5RO 5N S TECITIX, 5
ZAEFEDON—F T 2 7 IGERT 254 7 A (JHEEENA 7 ) DEENS E WS BENH B Z EHMHISEN TV, Otsuka
etal. (EPS, 2002)%, T D/ NA 7 R 2H#eE U, TEC DMl Z kD 2 HEEBFE L T EH, TOHETIER. &
BRERIEICONT, RTOEENSEDLNS TEC O—KHPEIMEIE. FLWERELTWD, ThUE. KEARICH
1,000kmD#HiHN T TEC DZERIZFNZNERELTVWSB T LA %, TONREIZ. THETIE. HENEBWIELTH
ZH, MR ERR RIS B 12 B /RE B AL C B HEEHT Cld. TECOZEMEHNKEL, TOR EHh B RTINS,
T D, HEEKKREE Tl Mool TEC OHEEREIZHILTH e EZ 6N %, T T, AW TIE. HoxHi TEC
ZHEE S HEMRICHE VT, TEC DZEMLE 2 EE T 2 W B 211> 7cs TOWRR LTz RER TR SN GPS-TEC
T— I UTeAS SR, Moot TEC &3A 7 Z7%23RD B BT O N IEIC BV T, BEZKEMEEICT ST &N
TE, £z, BoNTREARIE. FEEE OFEICK S TECOZEMARZEREL TWVB T EHHEND STz,
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Development of ionospheric TEC observation model from single frequency GPS signals

# Atsushi Matsui[1]; Win Zaw Hein[1]; Yoshitaka Goto[1]; Yoshiya Kasahara[1]
[1] Kanazawa Univ.

lonospheric delay in GPS signal is one of the important information sources to probe electron density distribution in the Earth’s
ionosphere. Total electron content (TEC) along signal paths is accurately estimated by using two different frequency GPS signa
because only ionospheric delay depends on frequency among errors in GPS ranging. Dual frequency GPS receiver is, howev
expensive. In this study, we developed an estimation method for ionospheric TEC distribution using multiple single frequency
GPS receivers. The method is expected to realize ionospheric TEC observation at low cost.

In the method, ionospheric effect is extracted by removing errors except for ionospheric delay from difference between real an
observed distances in the GPS. The GPS signals are assumed to be measured at observation sites whose locations are accur
known. In order to obtain TEC distribution from single frequency GPS signals, it is necessary to separate effects of ionospheri
delay and receiver clock errors in the difference in distance. We then constructed an observation model that TEC is assumed
vary smoothly for space and time, and the receiver clock error is for time. In addition, we adopted an accurate elevation angls
model with a parameter of height of ionosphere. We used a least squares method to find the optimum parameters. By comparil
estimated TEC distribution with that from dual frequency data obtained by GEONET (Japanese GNSS observation network), i
is confirmed that the developed method works well during geomagnetic quiet periods.

BHE OB FHREZBNT 2 FEO—DE LT, GPSESOBRILZFIHT 2 /iENDH %, GPSOREAED W CHEHMEE
IED R AW 2RO e D, 2 JHIKD GPSESORIMIC X b, BIKICIh - 2B S EOR/ME (TEC) % Hs
JECeHT 5T EMTES, —J7. 2JEEDOZEBRISMTHLEDBRABIIEIATTERVE VS BEND S, AHET
3. 27 1 EREZERE VT GPSESZZINENT % C LT, BEED TEC iz sHIIT 2 Fikeird s &
FHWNE TS, 1EEZEMKICKD TECEHIZRHT S C Lic kb, 2 @D GPSZEMMEM N T & im0 IIc B0
TH GPSOEMEA T % T EMWVAREIC /A% LIRS N B,

151 GPSIESIC X 2t EENE. ERES Cabll U7z 2 -2 Ol ) & SOl o=, 5, &
BRI LN DR IR TELGIK TETHEEIN G, AOFHENE LT, HaEful, HE 7oy 7, ShmnEEIE,
SIVFISA, ZEBMESZT LU TREK I Oy 7% F5N%, COSBEEFEEHE 7Oy 71OV TR, FEiE
JERHS T TRy F A= MVATROEAIC KRS, —fRICHHE TECIE, BA—FUh5 10 A—FLVOfEIC/ES C &
M5, TECHIE LWV S BURICHBW THEHUEB OMRAIBEHT S LN TE S, INVFRADOEEZ, M ATBX
CBMEOEEIC K DR EE B X1 Uice AEX D, 1/ GPSIESIC X% TEC HAHE ORI, BT
ERZER IOy JIRERERAEE LTETIVEL, ZNEEWDICHNIIRET 2 WS EICRE TE S, miE
DFEFUL, BRI 2 F O FETH %,

AWFETIE, TEC MM ZE M B X TR U TH S MCEF L, D OBZERD T 1y J iR LTS
INCZEENT % LS 22 « ARG E 2 IE LI ET IV ERER L, EFIVEBRENR/NE 55 X 5 IR %11
I TR E STz, iz, BEEEEOMAMKFEEE LT, BEESEENNT A2 LK ERMERET VEZERAL
Tzo HAD GPSZ SN (GEONET) CHUG &Nz T —RICH L TATERZBEH L TES N TEC L ZEHK 7oy 7
DEFTDVT 2 JHRDOT—R LR LIz & T A, BEEEOBENAGDZLDE L < mWNHRNIC DV T, —EDk5
T TEC DHEEITHRIN L T3 T LD RERE NIz,
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Improvement of the electron density automatic estimation algorithm in the ionosphere
lower region

# Ryota Nakazawa[l]; Taketoshi Miyake[2]; Keigo Ishisaka[3]
[1] Information System, Toyama Pref. Univ.; [2] Toyama Pref. Univ.; [3] Toyama Pref. Univ.

In the lower ionosphere, the approximate electron density profile can be estimated from the comparison between these ol
servation results obtained by sounding rocket and propagation caracteristics calculated with Full wave method. This estimatio
process, which is so-called &quot;wave absorption method&quot;, has some problems. At first, we have no clear standard fc
comparing observation results and propagation characteristics calculated with Full wave method. In addition, we have to iterat
many times correcting the electron density profile by handwork, calculating propagation characteristics with Full wave method
and comparing observation results and calculated propagation characteristics. This iteration takes too long to estimate approp
ate electron density profile. To reduce these problems, we developed an application to realize automated estimation of electre
density profile by analyzing radio wave propagation characteristics.

In the past of the research, they were estimated electron density by automated estimate

application. In the result, | realized high accuracy estimation because error was within 1.2 dB in all estimated area. And it car
estimate at short time. However there was a large fluctuation of the electron density in low-altitude part. This is impossible in
actual observation. So, we did consideration andimprovement to algorithm.

BHEE NEEI OB FRESE NG EHET 2 FELE LT, ary M X 2 EBE-EIDE CH D EEZ BN
TWAH, EE 40km~80km D/ — X a—Y %[ TEDTERVEETIE T O— 7K I X S EEENDARAEETH
%, TOEBEETIX, Hi B S OBIGRE S EOMA 2B L TZOWEREL) OB FEESESMERET S, £V
BIRIGED B R O AN EFRBERNGETH S L EZTVD, BRTIGEZRD X 5 ATFIECEFBEHE 21T
o FIMWE LIEBFREEENGH S Full wavelE% W CEIREOMMREAZFHET S, Xicar v hEETELN
T B & LElE U C B IR O P ARE & BIIED —23 ., e Lie BFEENZYTHS LM TES, —8 Lk
Mo lema, iU TR ONTAERICE L DOWTEFREEESE MM ZEIE L, EIRE OBIHE & Bl EZ 1R L 1 —3
S TEIREZHET S, TOFIEDS B, BIRE OBIIE & BRI D ik I X U 755 & 0 D& 72 T
KT THD, ETFEEOBIEICKERNNNE L WS RENH S, £z, BUME & BEmEZ Lhid 5 BRI e &1 7R 5
ERTNEWVWSEEED S,

BEDHFRICBWTERRINGED BEYET7 VT X L2 O THEERTT> T2, T ORE., #EEfEm k020 1.2dB
LINOREN DRI TOHEZRE Uiz, LA L, KEEBICE N TEFREEORBREZHNREEL TV, Thid
EEWTREELSNEVEHRTH D, TOHTIXHENEERZHT C LI kEh->Tz L F 2%, AL TIRBIFEN A
HEERERZ T K 5127V T XL, B Z21T-> 7z,
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Radar and GPS Observations of Mid-Latitude lonospheric Irregularities in Japan and
Korea

# Yuichi Otsuka[1]; Kazuo Shiokawa[1]; Mamoru Yamamoto[2]; Takuya Tsugawa[3]; Michi Nishioka[3]; Young-Sil Kwak[4];
Hyosub Kil[5]
[1] ISEE, Nagoya Univ.; [2] RISH, Kyoto Univ.; [3] NICT; [4] KASI; [5] APL

We have carried out simultaneous observations of field-aligned irregularities (FAIS) in the F region using MU radar at Shigaraki,
Japan and KASI 40.8 MHz radar in Korea. F-region FAIs were observed with both radars on the nights of July 11, 12, and 14,
2016. From comparison of occurrence time of FAIs observed with both radars, we have found that FAIs over Korea is delayec
approximately 2-3 hours from those observed with the MU radar. We have also analyzed total electron content (TEC) data ir
Japan, and found that MSTIDs propagating southwestward with a phase front elongating from NW to SE appeared during thi
F-region FAIl events on the three nights. In this study, using GPS-TEC data in Korea, we will investigate difference of the FAI
occurrence time in Korea and Japan.

IR TRRASIR RIS E (Field-Aligned Irregularity; FANE, BERRICT - 72 BEEE 7' A OBEEETH O, TNET
ISR THE L TV 3 58K MU L—X—Ic X > TERIIDTONTETE Y, F il FAL IZERERICHE
BEDENT EDHLNICE>TWVS, L L. BEFSCFHFBFAZEN (Korea Astronomy and Space Science Institute;
KASI) IC & > T VHF i GEE R 40.8MHz) D L — X — DV ENCEE S N, Sl BB E N5 &, FAl TO—%
ABEREOZRT « HGIFA(ER T O— DR EGEICE LT, 1R MU L— X —TRIIIE N T E 7z FHEE FAI L1385 5%F
ORI Nz, AWIFETIE, MU L—X—Ic X% F il FAI OBTHI% 20164 7 H 11-14H ORI TV, 58 E KASI
D 40.8MHz L — &' — & F 7@l FAI O[FFFEHNC 7 H 11,12,14H 0 3B Lz, 3l &, lil—X—Ic k> T FHE
I FAI BEIIE Nzhd, FERZNE, PIChE T 28%E L —X =05 MU L—F—K 0 & 2-3RRREE, > 2, F
Too HAREPIC H T HIEERE A EE i L T 5 GPSEZEHEM D 7 — 2 b 5 27 141 (Total Electron Content; TECEHH L.
TEC DKot fiZziiiz & T A, FAIDBIIE Nz 3L &, LA SHEICOTUSHHZE B, FEib A sk
9% TECEFHH HA 2B E Nz, ThUd, EFRERICHHEICBINE N5 i BIAAE R 3 BB 5L (Medium-Scale
Traveling lonospheric Disturbance; MSTI & D, F 8 FAIl (X MSTID IZff 25 piaEEGZIc X > TERESNBE LEZ 5N
%o ABIZETIX, HEICHRE SN GPSZEKT — 2 BV, WE FZ2cB) % TECEHEHFHNS  ic kD, Wil—
A —TENE N7z FAI ORFEZDJFINC DV THHNS,
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Estimation of growth rate of mid-latitude MSTID observed by GPS

# Takafumi Ikeda[1]; Akinori Saito[1]
[1] Dept. of Geophysics, Kyoto Univ.

We compared differential of MSTID activity (Saito et al.,1998 , Kotake et al., 2006) at Wakkanai,Kokubunji,and Yamagawa
with 1 hour average of critical frequency of Sporadic E layer observed on lonozonde in summer at 2014 . As a result, relative
coefficients were greater than 0.6 anywhere.

We also investigated the tendency of before midnight and midnight,and relative coefficients at midnight were smaller than one:
at before midnight.Mean differential were also smaller . We would talk about these physical process , geophysical dependenc
annual dependence, and relation to neutral wind and so on.

HEEE FEK T, I AROPIREDNREL, BEILTOWLONXLHALBNS, TOXSBHEDON, ZE/H A
r— )V 100-1000kmD & D& AR B L EE Bt EL (MSTID) L PEIEIN TV 5, HAINZ i EIX 100-300km JEHHIE
40-60mMinTH %, MSTID IZBERNCHEETZEDEEMICRET 22D E TERBERIPEERS EENTED, K"EICHE
T25ED1F, N—F VARG EMNO E HE-F Ay ) VK BBHCE>TELR EEZENTWS, i,
HRNCHAET S MSTID (&, HICHERNE L, 23-00LTIHRIED R E BV E WV I FMEHIEENH %, R MSTID DOk
g ODRKEZSEARTT v 7 ERBOBLZORICIIAHBARGZEDNH S & N TV, MSTID DIRIEDKEICDOWTIZET IV
fENT 720 C TEAIITON T WS, LA L, BHNCKBHELIH X D TN TWHEWy, KIFZEO L, %R MSTID O
IBOREE, AKRTT 2w 7 EEEOHNBEREFAETSZC L THS,

20144E 5 OIS ERRRE, HENL ESE. 1)1 EZE TR Uiz MSTID OIRIEDOKERE & ART T v 7 EBO%G
BIRICODOWTIRT Uiz, 9., il GPSZEMMTEII L7 L1, L2 ONAHEEZFIF L, 2% 75 E (Total electron
content)DZE B N OHEHEDIH 21T > 720 RIS, BIEREIZSTIC 412, —RfD O—0lT — 2T DWT, e £
EHOHMED L ERIE Uz, LeO—RNC B B0 5 B, BhiE% MSTID O E#RE L EE Lz, The, 7%
I VT THEINENTZART T 2y 7 EBORFEIEE O 19LT h'5 02LT I ZHHBIRGRZ A Lz, Z Of5HR.,
HHBIRENT 0.6 BB Z T W o FH. 19-21LT. 22-02LT O = DOEIHAC DWW T RO ERIT > 12 & T A, HiEDOH
BIREUZ 0.7 22 Tz —/5, %E & 0.6 iR T, MR RKEEE & aiE I LD o 7z, T O sl ik eE
Lahnolz, 25Tk, TOMBRBGROYIEENE I A . HEER RO, KRG EMKIEE, PrER& & DR
FREFECODVWTIRE TS TETH S,
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Analysis of the ionospheric irregularity in North America using GPS-TEC

# Toshiki Sugiyama[1]; Yuichi Otsuka[2]; Takuya Tsugawa[3]; Michi Nishioka[3]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] NICT

There are about 2200 dual-frequency GPS receivers in North America. The GPS receivers provide the data of carrier phase al
pseudo-range measurements at two frequencies every 30 seconds. Phase and group velocities of the GPS signals are adval
and delayed, respectively, by electrons in the ionosphere. So the Total Electron Content (TEC) along the entire line-of sigh
(LOS) between receiver and satellite can be derived by analyzing the GPS data. Although the integer cycle ambiguities and th
both satellite and receiver biases must be obtained to obtain the absolute TEC, we don’t determine these unknowns because
focus on the changes of TEC in this study.

We used the Rate of TEC change Index (ROTI) to detect the ionospheric irregularities. ROTI is the standard deviation of Rate
of TEC (ROT) in 5 minutes, and ROT is the changes of TEC in 30 seconds. The two dimensional maps of ROTI can be obtainec
from all available GPS data in North America. For projecting ROTI on the two dimensional map, we assume that there is the
ionized single layer at altitude of 300 km. The spatial resolution is:«@.7%(degree) in latitude and longitude.

A magnetic storm occurred on 17 March 2013. It continued from 09 UT on 17 March to 08 UT on18 March. Dstindex reached
a minimum of -132 nT at 21 UT on 17 March. Enhancement of ROTI were seen around 45N-50N(degree) at 09-13UT and 22-
23UT. To investigate mechanisms causing the ROTI enhancement, we used the two dimensional map of the detrended TE
which is derived by detrending TEC with one-hour running average for each satellite-receiver pair. During the first enhancemen
of ROTI, we found the trough region on the detrended TEC map. The enhancement of ROTI was observed at the polewar
edge of the trough and within the trough. The second enhancement seems to be attributed to the storm-enhanced plasma den
(SED). SED was found as the region where TEC is enhanced from southeast to northwest. The enhancement of ROTI we
observed at the poleward of SED region. In this study, we examine mechanism of the ionospheric irregularity causing the ROT
enhancement.

JEKITIEH) 200030 2 JH GPSZEMIREIN TS, TNHD GPSZEKIX, GPSHENLEEFEINS D
DS DER 225 L, 30 I E WA & LB D 7 — 2 Z5dik L T\ %, GPSERIZ., EHEEHOE FIc
Ko THAHHEE DS & BEEE DFIENE U 5728, WokPhitH & SHUBEREZ fifiiTd 2 C LIC K - TR L 2 EROM
I & % 4% 1= (Total Electron Content; TECGEHIIE S 2 2 &N TE S, GPST—Z W 53Rz TECICIX, i &2 ERK
DN—R T 2 IR T BN T ADBEENZ D, AT, HE TECOZMCEIFERT 3728, N7 A%
EET DR EIEIT,

BHEE I U S EFEEOEILZRNRS 728, TECD 30K T L D%y TH 5 ROT (Rate Of TEC changef#tH. L.
ROT O 5 /7 0fEHE R T & % ROTI (Rate Of TEC change Inde@ i \7z, JLKICH B TR TOZEMEHREICK ST
"JonrT—2h 56, JEKERD ROTI OIKE Rt fikZ1ds T N TE S, TNETNORE-ZEKE TR LN
ROTI 27K eI 59 2 B8, 1222 300kmIC E#EE NS 5 EARE Uiz, Zei/ ARG ERRE 0.75/+0.75E T
H%,

20134F 3 H 17 FICHAE L iiAUaE. DstsEhY 17 H 21UTICE/ND-132nTE %D, 17HDO 09 UTH S 3 H 18HD
07 UT A EThiWL o TORKEDFHNCH 2% 09-13UT & DstHMINC 7 - 2B D 22-23UTIC, b 45-50F ()
I ROTI DA R SNz, D ROTI DM RKDFERZFINS 728, UL TECT—2ZHWV., TNTNOHE-Z(E
K TH SN TECH S 1B EIEI 25 Wit EZ Tz, ROTI & RIS, JK EZ20 TECRAZDKFE Ryt
&R Tzs TECIRZDIKE RITHERM 5. 09-13UTICHBWN T, JtfE 40-50 I BHPEICE T B TEC D il
MHBNTz, TOTECOWDHIEKIZ. 57 EEZ 5N, ROTIOKE ek e Higd 3 Lic kb, ROTI DY
KiZ b T 7OWNEIBRCBHIOBERPETRONS T e nhoiz, £z, 22-23UTTlE. storm-enhanced plasma density
(SED)IC KB EEZENS, MED SILFEICIET % TEC D RFEIA R 5Nz, ROTI DK Rye/mfi & Higd % T
LlC& b, ROTIDEEKIF SEDOBII TR ENS T Vo Tz, A TIE. ROTI DAz 2 9 H BB EELO K
BRI DWW TELRT S,
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Empirical models for forecasting ionospheric condition using a machine learning
technique

# Michi Nishioka[1]; Takuya Tsugawa[l]; Takashi Maruyama[1]; Mamoru Ishii[1]
[1] NICT

Forecasting ionospheric condition is important for space weather operation, especially for predicting propagation delay of the
radio waves in the ionosphere. National Institute of Information and Communications Technology (NICT), Japan, develops ar
ionospheric forecasting system of total electron content (TEC) and occurrence of ionospheric disturbances. Although sever:
empirical and theoretical models have been developed in a decade, no model is available for forecasting TEC or ionospher
disturbances over Japan. In the presentation, we will show the current status of the TEC and ionospheric disturbance mode
which is constructing using a machine learning technique. For the TEC forecasting model, absolute TEC values for each day ove
Japan were projected on a two-dimension TEC map, that is, a local-time and latitudinal map. Then the time-latitudinal variation
was fitted by using the surface harmonics. The coefficients of the expansions were modeled by using a neural network techniqu
For the learning process, we used absolute TEC value from 1997 to 2014. At first, solar UV/EUV and seasonal parameters al
optimized for input parameters by constructing a quiet model (Q-model) for all days when K-index was less than four. Then solat
wind/geomagnetic activity index are added as inputs by constructing a disturbed model (D-model) for days when K-index was
four or more than four. Thus, daily two-dimensional TEC maps can be obtained from both Q- and D- models for any days when
the input parameters are available. In our TEC forecasting system, weather Q- or D-model is applied for the day is determine
based on K-index predicted by NICT space weather center.

BB OZ TN T GPSKEEIN D EIMEICHER 52 510, ZOLE#HZTHIT R ENEFEENTNEH, HLZOD
LA 2 FECO BB OBEE R A THIT 3 E TV XAV, EHEEHEE (NICT) T3, BB E 7K
(Total Electron Content, TEC ¥t A7 LN A, EEHEESS 72 X< /37 )V ORA 7% T3 2 EHE 1l s 27 L
EHFEL TN S, EBHBEREO THITT IOV TIE, 1997FEH 5 20144 % TO 18457 GEONETIC X % TEC Bl
REROTEMZEE 21TV, ETIVEREE Lz, BHEEOFHREE R Lo, 184FE5 07— 2 2 ilAERH (K
B 3LLT) EHESHEELH (KRN 4LLE) O 2FfHIC DT, i CHIGEMZH TV, %8 CHIGIEELH €

WAERRH BT VL UTze IS, KBRS 75 E ORI « HEEHEELODI ST A—27% AJIST A—=2L LTNA
THIRESBELE T IV Y. Uiz, NICT T, TOXIITHERLZET IV EHWV, TECOD 24T HIZI 7> TWnd, A
FRETIE, RET IV Z AW TZEEHE RO TR OWTHET %,
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Finger-like structure along the trailing edge of polar patches: two-dimensional numerical
simulations and ESR observations

# Toru Takahashi[1]; Yasutaka Hiraki[2]; Keisuke Hosokawa[2]; Yasunobu Ogawa[1]; Jun Sakai[2]
[1] NIPR; [2] UEC

Polar patches, which are regions of dense electron density in the polar cap F region ionosphere, have been frequently observ
during southward interplanetary magnetic field (IMF) conditions. One of the interesting subjects in the studies of polar patches
is their fine-scale structure. Recently, finger-like structures along the trailing edges of polar patches have been detected by usil
all-sky airglow imagers. Previous studies proposed that the finger-like structures are generated through the gradient drift inst
bility (GDI). In those papers, it was further suggested that the GDI should make the density gradient across the trailing edge les
steep due to interchange stirring of plasma. As a result, there should exist an asymmetry in the gradient between the leading ed
and trailing edge of patches. To confirm these hypotheses, we have performed a two-dimensional numerical simulation of pole
cap patches.

In the simulation, electric field of 50 mV/m and geomagnetic field of 50000 nT were employed as background conditions.
Under the conditions, finger-like structures having 10 km scale-size appeared along the trailing edge of patches, and then tt
gradient in the leading edge was much steeper than that in the trailing edge. We also found that the Pederson conductivity sit
nificantly contributed to the production of the finger-like structures. In order to verify these simulation results, it is necessary to
confirm whether the simulation conditions (e.g., Pederson conductivity, primary electric field, and gradient in the plasma density)
were reasonable.

In this presentation, we will show these simulation results and comparison of simulation condition with the Pederson conduc-
tivity, electric field, and gradient in the plasma density observed by EISCAT Svalbard radar (ESR) operative in Longyearbyen.

R—F— %y FIIMe O EEEE Fisic RN s, EFEENERO 2,5 I0GXTHALZHEHTH S, K—
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Interhemispheric asymmetry of polar cap patches: statistics with low-altitude satellite
data

# Yu Yatsukal[1]; Keisuke Hosokawa[1]; Huixin Liu[2]
[1] UEC; [2] None

Polar patches are regions of localized electron density enhancement often observed at the F region altitude in the polar c:
region. They are believed to be produced through transportation of solar EUV plasma in the dayside sunlit area towards the centr
polar cap by the anti-sunward polar cap convection during southward IMF conditions. The electron density within patches car
be 2 to 10 times of that in the surrounding region since the background electron density in the winter time dark polar cap regior
is generally very low. In-situ electron density measurements by low-altitude polar orbiting satellites have not been used for
observations of patches, except for those performed by using 14 months of data from the DE-2 satellites. In particular, systemat
statistical analysis of patches using large in-situ measurements has never been carried out so far. In this study, we statistica
analyzed the long-term in-situ electron density measurements by the CHAMP satellite for almost 10 years from 2000 until 2009
This study aims at clarifying the dependence of patch occurrence on solar activity, season and IMF (Interplanetary Magneti
Field) orientation. In particular, based on statistics in both hemispheres, we intend to focus on the interhemispheric asymmetr
in various characteristics of patches.

For this purpose, we developed an automated algorithm for extracting patches from the in-situ electron density measuremen
at the topside F region altitude during the polar cap crossings of CHAMP. By applying the algorithm to the 10 years dataset,
we succeeded in extracting 20,986 individual patches. Statistical analysis of these patches shows that the occurrence probabil
and the electron density within patches depend strongly on the solar activity and season. We also found that the occurrence
patches shows clear UT dependence, which could be explained by the offset between the geographic and magnetic poles.
the southern hemisphere, the occurrence rate of patches is only a half of that in the northern hemisphere. We suspect that tl
interhemispheric asymmetry in the patch occurrence is caused by the difference in the offset between the geographic and magne
poles. In addition, it was revealed that patches tend to appear on the dawn side (dusk side) polar cap when the upstream IN
By is negative (positive). This implies that not only the generation process but also the transportation of patches are depende
on the orientation of IMF. Such information is of particular importance in modeling/predicting the effect of patches on the trans-
ionospheric satellite communication environment. In the presentation, we discuss the predominant generation mechanism
patches by taking into account the derived UT dependence and interhemispheric asymmetry in the patch occurrence.

R—T =y Fl&, BEHREEE 75 FELL FICE S 2 Muef s EERERE O F il TEIHE N 2 RTINS E TR DME R U 72
WO ETHB, Kinh S OMIGRERNREGT (EUV) I X O EB#EE Nz HIGREE O @& 75 A hY, IMF Bz (K7D ED
RHC RS 2B SRAIAND 7T A5 Ko Ty MUt A\BRINCE D IAE NS C LIC K> TERESNE EEZD
NTW53, ZWMGEEO HIEHEE CIROEERMIC X % 75 X ERMTONEND T, — RISy FROE FHEIHKL
BoTWb, ZTDizd, BRETHRELIKRT DL, Ny FRHNHOETEEIL 2505 10f5IGET S EE5DN TN 5,
i EE R E A R R O E R RN K %78y F OB, #@ZEIC DE-2 (Dynamics Explore 2 2 1C X 25 144 AR
DT —=ZEANTULMTONTEE T, Fic. BELLEICh 2 BHBIO T — 2 % W - KRR HRAT oR 721 Th
NV, £z, TNETO/y FICBT 2283 ILEERME O A2 x5 & U TITbN T E 29, FERMRE
IZBT 2730 FOMEHITEEIZHA S NIz > TWRW, AT, CHAMP 21 X 2 E & LRI T N7z 2000
M S 20094 £ TOR 10 ERNC N SEBIN T — 2 Ze TN i@t U, REdbiFERIC 60 2 e S FFAEBE O 4F
Zb. FEZb, B X OREHEZEM 70 OBSE 2L IMF) IS 2&FEZIHSMNCT 52 & 2HNE T 5,

AFRTERLEEY—7RET7IIVT) ZLZHWT. CHAMP 2 DEFRIEERT— 25, R—F—3y FHH
L BN 2RO ROETFHE L., RFINCE FEEOAL TV E—7 o EMZT 10, 7Sy FD A
NV PR NRERR Uz, TORER. 209866103y F 2T MW TER, KOT, fERLIZAXRY BU R D
52800 FOBIISERE ., /Xy FHOTE S ROE FREDOHLOER(b, FEMELOMGHRIT Z1To Tz ZTORR, /Sy F
DOHBIFES, WEBOBEFHEIE., KEHEENCH T 25 MKIFEIEDNH 5 T E MR TE Tz, 7z, Xy FOHBIHEIC
AR UT IR DB C bbb oz, Thid, MR AMICA 72y B2 EICE>T, Ay FDY—
ATHBREAIER TS X< & MR O IAEREDS UT ICXK > TR T 2 bIicHnNTWwWS EEZH5N%, C
N, mPERTIRICEER & X Thiue Sy FOBISE I EARETH S T L LM A>Tz, Thid, |
JIROHIERR & GO A 71y IR TEAZ T LICK 8D EEZITWVS, Ny F KR L& ED CHAMP
FEONIE L IMF By i ORIOBH#MEZ NIz T A, JLEERTR SN2 78y Fid. IMF By KD IEDSEIE A 75l
2, BDGEEFAMNC/ Sy FOHRBFEENHO M aHO Z R85 2 e nh o7z, THUX. IMF By OFFSICKIEL T,
M R BB AR D /S 22— 2 DIERIFRIC 2 % T LICERRICBIEL TWa, X7z, T2\ FOFREREZE M 774 D IMF By



IS AR, FFERTIRES DR ACED T EEMEMNIC R 0Tz, HERTIE, NS OFEHEITRIR, KHcr
BRI D78y F ORI R BN B IEIRIEZESE T 2 T & T, 78y FOERES K TMEANOHERED, LD X5 Yt
ERISERK L TW2 D Zikim 9 %o



R005-P35 215 Poster BER9: 118 21H

F—aIDFREEL GPSY VF L—3 g v OREIIC DV T DI EHEHT

# Ik B AE [10; AT ek [10; 3% BE— [2]; /M1 2315 [3]; fH [+ [4]; i i [3]; Hrp 1517 [5]
[1] BRI [2] FK T [3] MthE; [4] HOA - B - Hh2K; [5] TR

Relationship between aurora and GPS scintillation: a statistical analysis

# Yusaku Kato[1]; Keisuke Hosokawa[1]; Yuichi Otsuka[2]; Yasunobu Ogawa]3]; Yoko Fukuda[4]; Ryuho Kataoka[3];
Masayuki Tanaka[5]
[1] UEC; [2] ISEE, Nagoya Univ.; [3] NIPR; [4] Dept. Earth & Planet. Sci, Univ. Tokyo; [5] Tokyo Institute of Technology

In this paper, we investigate the relationship between aurora emission and the magnitude of the GPS scintillation indice:
through large-scale statistical analysis using image recognition based on machine learning. We make use of data from an a
sky color digital camera and GPS scintillation monitoring system in Tromsoe, Norway (69.60N, 19.20E). Through the statistical
analysis of observations for 4 years, we found that phase scintillation increases and amplitude scintillation decreases when aurot
appear on the ray-path of the GPS navigation signal. In the statistics, scintillation data in the morning and afternoon periods wer
investigated in a separate manner. Since diffuse (discrete) auroras occur more frequently in the morning (afternoon) period, th
statistical analysis enabled us to examine the association between GPS scintillation and the form (i.e., diffuse or discrete) c
aurora. As a result, it was found that amplitude scintillation decreases during intervals of diffuse aurora and phase scintillatior
increases during those of discrete aurora.

When diffuse auroras take place, the electron density increases in the bottom of the E region at 100 km altitude and the shaj
of diffuse aurora is known to be more uniform than that of discrete aurora. This means that the spatial structure of the ionospheri
electron density becomes more uniform during intervals of diffuse aurora. We suppose that this process can explain the decrea
of amplitude scintillation in the morning side. In contrast, when discrete auroras appear, a layer of enhanced electron densit
is distributed in a wide range of altitude up to lower F region. This implies that the GPS navigation signal travels through the
region of enhanced/disturbed electron density for a long time. If the phase refractive index changes with time, then the phas
of the received signal is disturbed, and eventually the level of phase scintillation increases. This mechanism can account for th
increase of phase scintillation during intervals of discrete aurora.
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High-speed imaging of aurora and classification analysis of aurora with deep learning
technique

# Herbert Akihito Uchida[1]; Ryuho Kataoka[2]; Yoko Fukuda[3]
[1] SOKENDAI; [2] NIPR; [3] Dept. Earth & Planet. Sci, Univ. Tokyo

We are going to introduce the observation plan of ongoing high-speed imaging of aurora using high-sensitivity cameras, an
a new method of analyzing aurora image data based on deep-learning technique. The high-speed imaging of aurora by using
scientific complementary metal-oxide semiconductor (SCMOS) camera started in 2014 at Poker Flat, Alaska. The observation c
both dynamic spatial variation and rapid temporal variation in high resolution lead us to conclude the better understanding of th
generation mechanism of, such as high speed flickering or pulsating aurora, and rapidly variating fine-scale structures of auror
In January 2016, the high-speed imaging up to 320 fps based on the accurate time information of GNSS had been demonstrate
and the synchronized observation of aurora with high time precision in remote locations become possible. We are going to insta
the high-speed synchronous imaging system with a high-sensitivity Electron Multiplying CCD (EMCCD) camera to Iceland,
Canada, and Syowa station in Antarctica. Further, the amount of data obtained by the high-speed imaging is increasing year
year. As a new method for analyzing large amounts of data, we will show how to classify the type of aurora using a deep learning
technique in this poster.
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lon upflow with observing N2+ resonant scattering light by Auroral Spectrograph

# Yu Endo[1]; Takeshi Sakanoi[2]; Yasunobu Ogawa[3]; Masato Kagitani[4]
[1] Geophysics, Tohoku Univ.; [2] Grad. School of Science, Tohoku Univ.; [3] NIPR; [4] PPARC, Tohoku Univ

We report the ground-based optical remote-sensing of molecular ion upflow by measuring 427,8 nesdhant scattering in
the topside ionosphere using the data obtained with the Aurora Spectrograph (ASG) at Longyearbyen, Svalbard for 13 years. Ic
uplow plays an important role on ion outflow which provide oxygen and other heavy ions from the ionosphere to magnetosphere
A plasma upflow speed at the topside ionosphere is typically less than 1 km/s, with which ions cannot reach at escaping velocit
(11km/s) from the Earth, and therefore additional acceleration processes should be required. In fact, in addititnetth€avy
ions such as N™ and NO" were also observed in the magnetosphere during geomagnetically disturbed condition (e.g., Yau et al.,
1993), and escape processes of the heavy ions are still open question. Satellite optical remote-sensing of 427.8 nm demonstra
the clear dependence of the 427.8 nm intensity on geomagnetic activities. However, the ground-based optical observation
427.8 nm emission associated with the ion upflow has never been reported so far.

To measure the N resonant scattering emission caused by ion upflow, we examined the ground-based data taken with the
ASG in Longyearbyen, Norway (Geographic latitude : 75.2 deg and geographic longitude: 16.04 deg). The ASG consists ¢
fish-eye lens, slit, grism and a cooled CCD detector which covers the wavelength range of 420-730 nm with a 2.0 nm spectre
resolution and field of view of 180 degree along the magnetic meridian. We found 65 events during the period from 2004 to
2016 on which the Kp indices were greater than 4 for more than 9 hours. Furthermore, we extracted 25 events in the period on
months before and after the winter solstice. Considering the geometry of geomagnetic field and the field-of-view of ASG, we car
regard the auroral distribution in the southward direction as the auroral height profile assuming a single auroral arc. Since it i
reasonable that the 557.7 nm emission is only caused by aurora, and it can be used as a reference of auroral appearance. Tht
the 427.8 nm emission distribution is enhanced compared with the 557.7 nm emission profile, additional emission process, suc
as the resonance scattering in the sunlit region, is required. We found that such typical enhand@d 8 nm emission events
on December 20 and 21, 2015. The 427.8 nm emissions extended to the side of higher altitude than the 557.7 nm aurora arou
7:20 UT on December 20. Besides, on December 21 event, the 427.8 nm emission was stronger at high altitudes compared wi
the 557.7 nm aurora trend around 4:10 UT.
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Longitudinal variation of hemispheric asymmetry of topside ldentent observed by
ISS-IMAP/EUVI

# Yuta Hozumi[1]; Akinori Saito[1]; Atsushi Yamazaki[2]; Go Murakami[3]; Ichiro Yoshikawa[4]
[1] Dept. of Geophysics, Kyoto Univ.; [2] ISAS/JAXA, [3] ISAS/JAXA; [4] EPS, Univ. of Tokyo

Longitudinal variation of hemispheric asymmetry of topside™Hmntent in the solstice seasons of 2013 are studied with
data of He" resonant scattering obtained by Extreme Ultra Violet Imager (EUVI) onboard the International Space Station (ISS).
EUVI provides a data set of the column density offHabove the ISS orbit altitude. The data set provides a unique opportunity
to study He+ distribution in the topside ionosphere from a different perspective of past studies using in-situ measurement dat:
During the solstice seasons, an enhancement sfd¢ddumn density in the winter hemisphere is observed. The magnitude of this
hemispheric asymmetry shows a longitudinal variability. Around the June solstice, the hemispheric asymmetry was greater in th
longitude sector where the geomagnetic declination angle is negative and smaller in the longitude sector where the geomagne
declination angle is positive. Around the December solstice, on the other hand, this longitudinal variation of the asymmetry
magnitude had opposite tendency. The hemispheric asymmetry of the effective neutral wind well explains this behavior of He
The field-aligned component of neutral wind in the F-region is varied in longitude under the presence of finite geomagnetic
declination angle and large zonal wind. These results suggest that the transport of ions in the topside ionosphere is strong
affected by the~ -region neutral wind.
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Response of the thermospheric wind to electromagnetic energy inputs from the
magnetosphere

# Lei Cai[1]; Shin-ichiro Oyamal[1]; Anita Aikio[2]; Heikki Vanhamaki[2]; lIkka I. Virtanen[2]
[1] ISEE, Nagoya Univ.; [2] Univ. Oulu

Electromagnetic energy transferred from the magnetosphere to the high-latitude ionosphere is one of important sources th
drive the electrodynamics and dynamics in the coupled ionosphere-thermosphere system. Based on measurements by the EL
pean Incoherent Scatter (EISCAT) radar in Tromso, we studied dependences of electromagnetic energy exchange rates on:
magnetic local time (MLT) and the geomagnetic activity in the E-region ionosphere. We found that the neutral wind play an
important role in the partition of electromagnetic energy. Most of the electromagnetic energy is converted to Joule heating, bu
some residual parts can be consumed for accelerating the neutral wind in the lower thermosphere. Partition process of the ele
tromagnetic energy highly depends on altitude according to the height profile of neutral winds.

Although most of the electromagnetic energy dissipates in the E region, the energy dissipation rate per unit mass has a pe:
in the F region due to the exponential decrease of the neutral density. As a result, neutral temperature, density, and neutral wit
velocity have stronger response in the upper thermosphere. We utilize Fabry-Perot interferometer (FPI) with the wavelength ¢
630.0 nm in Tromso to measure the neutral wind velocity in the F region. We will show clear westward acceleration of winds in
the evening sector in association with large electromagnetic energy inputs and auroral activities. The mechanism of acceleratic
has not been fully understood yet. lon drag force is usually thought to be the dominate force. On the other hand, Joule heatin
can increase the pressure gradient that contributes to the wind acceleration. The relative importance of the two forces will b
discussed.
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Sub-kilometer simulation of equatorial plasma bubble and comparison with satellite
observations

# Tatsuhiro Yokoyamal[l]; Robert F. Pfaff[2]; Claudia Stolle[3]; Shin-Yi Su[4]
[1] NICT; [2] NASA/GSFC; [3] Helmholtz Centre Potsdam; [4] National Central University, Taiwan

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 from :
space weather point of view. The development of EPB is presently believed as an evolution of the generalized Rayleigh-Taylo
instability. We have already developed a 3D high-resolution bubble (HIRB) model with a grid spacing of as small as 1 km and
presented nonlinear growth of EPB which shows very turbulent internal structures such as bifurcation and pinching. Recen
upgrade of the HIRB model has made it possible to conduct the simulation with sub-kilometer grid spacing. The simulation
results can be compared with various in situ satellite observations such as plasma drift velocity, plasma density, magnetic fielc
and their structures and power spectra, e.g. from the C/NOFS, ROCSAT, CHAMP, or Swarm missions. Our initial results show
encouraging agreement between model results and observational data.

BHED TS X< 1E, Z OEBHFHAL E OB & > T RENTV ST, PHERK L BHER KO E R
FRRIS % T &\ TEHEE OB 2 FR S B L CIERICEE TH B, MEEEREIC BT, AERT Ly R FT
5 XNT WV EIHENBBROWZA G < D BITONT VB, 7T RRINTIUCHED Rl T S R B8 O AR
WA UTaicid. BIRORIE, MHOZMELSE) (0 FL—ay) WELS, GPSFIC K 2B HIEICHE
GshEE R BT T LB NTV S, BHEZTIC, 75 AT )L OB kS % BB A 7x 3 JOTEdi e 7L
ERIF L. FESIEREBIIC OV TSN T 5 C EICHRIILT &z, 79 ARNTVORIIERFER. 75 X3
TIVEROREGEI %, ChETIKBHIINTERL TS XAINTVORME B HEINTE L, & OISz s
175 7201C, 2 RAE 0.5kmUL FE Tl EX87e 2 32 L— 3 VAR L, ZORR, 75 X< OFHIHIRN
BDIST—AXRT BV, @ED N THIBEBHIOMR L N EW—R2/Rd T DML LR, AEE T,
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Three-dimensional ray tracing for an understanding of Large-Scale Wave Structure
(LSWS) and Equatorial Plasma Bubble (EPB)

# Kornyanat Watthanasangmechai[1]; Takashi Maruyama[2]; Mamoru Ishii[2]; Takuya Tsugawa[2]; Susumu Saito[3]; Mamoru
Yamamoto[4]; Akinori Saito[5]
[1] NICT; [2] NICT; [3] NAV Department, ENRI; [4] RISH, Kyoto Univ.; [5] Dept. of Geophysics, Kyoto Univ.

Day-to-day variability of plasma bubble, which is influenced by LSWS and EIA, have been closely investigated and clarified
by integration of all existing ground- and space-based ionosphere-monitoring resources in Asia-Oceania region. Plasma bubb
is considered as the most severe and urgent issue for civilian communication and navigation. | am developing a radio propagatic
simulator based on three-dimensional raytracing to elucidate the underlying physics of plasma bubble seeding and its characte
istic, and to determine plasma bubble position from the direction finding of transequatorial propagation or TEP.

Day-to-day variability of plasma bubble, which is influenced by LSWS and EIA, have been closely investigated and clarified
by integration of all existing ground- and space-based ionosphere-monitoring resources in Asia-Oceania region. Plasma bubb
is considered as the most severe and urgent issue for civilian communication and navigation. | am developing a radio pror
agation simulator based on three-dimensional raytracing to elucidate the underlying physics of plasma bubble seeding and i
characteristic, and to determine plasma bubble position from the direction finding of transequatorial propagation or TEP.
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Observation of plasma bubbles with a small and low-cost airglow imager

# Kohei Takami[1]; Keisuke Hosokawa[2]; Susumu Saito[3]; Yasunobu Ogawal4]
[1] none; [2] UEC,; [3] NAV Department, ENRI; [4] NIPR

Plasma bubbles are regions in the nighttime equatorial F-region ionosphere where the plasma density is significantly deplete
locally. Plasma bubbles affect the accuracy of GPS positioning because of its steep gradient in the total electron contents ar
associated small-scale irregularities can disturb GPS signals propagating through the ionosphere. 630.0 nm airglow observatio
with ground-based all-sky imagers have been used for imaging two-dimensional structures of plasma bubbles in the last tw
decades. However, such systems are typically large and expensive; thus, it has been difficult to carry out global imaging o
plasma bubbles from multiple stations. If we could use small and low-cost imagers for 630.0 nm airglow measurements, it woulc
be possible to image the large-scale structure of plasma bubbles by combining many imagers.

In this study, we evaluate the feasibility of observations of plasma bubbles by using small and low-cost all-sky airglow imagers.
For this purpose, a low-cost imager has been tested at Ishigaki (24 N, 124 E) in Japan since August 2014. This system consic
of a small camera (WAT-910HX), a fisheye lens and an optical filter. The observation interval is 4 s. One of the problems of
this low-cost observation is low S/N ratio due to noises of the non-cooled CCD with a small aperture. By averaging raw images
for a few minutes and extracting 1-h average background image from the average image, we succeeded in imaging the detail
structure of plasma bubbles. When the magnitudes of depletion in brightness in the raw images were 25, 50, 100 and 150 R, S/
ratios were estimated to be 0.4, 0.9, 1.8, and 2.7, respectively. If we use 2 min average images, S/N ratios were 2.9, 5.8, 11.6, a
17.4, respectively. This indicates that if we use longer interval for averaging, S/N ratio increases. However, the processed imag
can be blurred because plasma bubbles move with a speed of approximately 100 m/s. By comparing the interval of averagin
and the imaged structure of plasma bubbles, it is determined that 2 min average interval is appropriate for observations of plasn
bubbles with the low-cost imagers.

In March 13, 2015, the low-cost imager detected plasma bubbles whose moving velocity gradually decreased. The eastwal
drift velocity estimated with an assumed emission altitude of 250km changed from 100 m/s to 40 m/s. In the presentation, we
discuss the possible cause of this reduction of the drift velocity of the plasma bubble. In addition, we investigated variation
of amplitude scintillation of GPS signals, which is characterized by S4 index, during intervals of plasma bubbles detected by
the low-cost imager. It was found that the S4 index suddenly increased when the satellite passed across the plasma bubbl
especially at their leading edges (eastern edges).

TREBEEEIC BN T, FHEBOEBEBFEEDRICRE SR LICEEMNBIIIE NG Db, TOEEO 2T
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T X B REOEEEDRAMEIT B, (18 THA %, SEIdJEAME. S =25 50, 100, 150 ROEFHITDWVT SIN
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Statistical Study of Equatorial Anomaly Structure with CHAMP

# Yuki Watanabe[1]; Keisuke Hosokawa][1]; Huixin Liu[2]
[1] UEC; [2] None

lonospheric electorn density distribution is known to have two peaks at around 12,3 degree magnetic latitude. Such a pair c
band-like electron density enhancement at low latitudes is called equatorial anomaly (EA). EA is believed to be generated throug
the plasma fountain effect caused by the daytime eastward electric field near the magnetic equator. Since trans-ionosphel
satellite communications including GPS navigation system are sensitive to the ionospheric electron density, it is important tc
model/predict the daily variation of EA. To date, however, the prediction and daily variation of EA have not been well established.
Although EA is a global phenomenon, many of the previous studies have investigated the behavior of EA by using a fixed single
point ground-based measurement. Besides, most of the past studies are based on analyses of case examples. Therefore, stati:
analyses of EA using global satellite data is highly demanded to figure out the spatial distribution of EA.

The purpose of this study is to investigate the specific feature of EA based on in-situ observations of the topside F regior
electron density by the CHAMP satellite. Six-years electron density measurements from 2001 to 2006 were analyzed in :
statistical fashion. To investigate the latitudinal profile of EA in detail, we have developed an algorithm which can retrieve the
latitude of two peaks of EA every overpass of CHAMP across the magnetic equator. By using such a database of the latitudine
separation of EA, seasonal and annual variations of the EA were derived more quantitatively than the previous studies. |
addition, the latitudinal separation of the two EA peaks was found to depend on Kp, Dst and the sign of the IMF Bz. Furthermore,
it was found that the peak densities of the two EA crests are not always symmetry, and the EA has longitudinal variation. Sucl
asymmetric structures and latitudinal dependencies might be related to the occurrence of plasma bubbles.
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Electric Field Measurements Project in Sq Current by S-310-44 Sounding Rocket

# Yuka Ataka[1]; Keigo Ishisaka[2]; Takumi Abe[3]; Makoto Tanaka[4]; Atsushi Kumamoto[5]; Akimasa Yoshikawa[6]; Hiroki
Matsushita[7]
[1] Toyama Pref. Univ.; [2] Toyama Pref. Univ.; [3] ISAS/JAXA, [4] Tokai Univ.; [5] Dept. Geophys, Tohoku Univ.; [6]
ICSWSE/Kyushu Univ.; [7] Earth and Planetary Sciences, Kyushu Univ.

The Sq current system occurs in the lower ionosphere in the winter daytime. The center region of the Sq current systen
is appeared the specific plasma phenomenon such as electron heating, strong electron density disturbance. S-310-44 sounc
rocket equipped with each instrument, and was launched toward the center of the Sq current system. The rocket observes t
physical quantity for the investigation of the specific phenomenon. As similar experiment, S-310-37 sounding rocket had beet
performed in the past, however it was not possible to observe the electric field component. It is one of the reasons that the pho
electron caused by the sunlight that is irradiated to the rocket body, and affect the electric field observations. It is very difficult
to remove the influence of the photo electron from the observed data. If it is possible to put the electrode of the electric field
sensor outside of the region where there becomes the photo electron around the rocket body, the influence of the photo electr
can be reduced. Therefore, the antennas need a length as long as possible to observe the electric field. Accordingly, the anten
of S-310-44 sounding rocket is 4m tip-to-tip that is twice as length than the antennas of S-310-37 sounding rocket. The purpos
is to reduce the influence of the photo electron moreover to measure the electric field more accuracy.

It was carried out the S-310-44 sounding rocket experiment at 12:00 LT on January 15, 2016. This rocket passed through ne:
the center of the Sq current system. In addition, scientific observation instruments that are equipped on the rocket also operat:
normally. There was not seen the effect by photo electron in observed the electric field data. This data is a major clue. Ther
was not seen the effect by photo electron in observed the electric field data. Here we analyze the electric field data obtaine
in the S-310-44 sounding rocket, we describe the derivation result of the critical the electric field vector in the elucidation of
the Sq current system generating mechanism. The EFD was able to observe the electric field in the altitude of 160km fron
100km. It is an important clue for the Sq current system generating mechanism elucidation. The observed data are included |
the induced electric field that induced caused by the rocket to pass through the magnetic field in addition to the natural electri
field. In the present study, calculates the induced electric field using orbital information of the rocket and IGRF to determine the
nature electric field vector and to remove the induced electric field from the observed data. Here we analyze the electric fiel
data obtained in the S-310-44 sounding rocket, we describe the derivation result of the critical the electric field vector in the
elucidation of the Sq current system generating mechanism.

AR IS BT EEEE T Tl SqEIRR & MHEN 2B RE L, ZOHMBTICIEE g, mWE S
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Electron density profile estimated from the propagation characteristics of radio waves by
S-520-29 sounding rocket

# Keigo Ishisaka[1]; Yuki Ashihara[2]; Atsushi Kumamoto[3]; Takumi Abe[4]; Junichi Kurihara[5]
[1] Toyama Pref. Univ.; [2] Elec. Eng., Nara NCT.; [3] Dept. Geophys, Tohoku Univ.; [4] ISAS/JAXA; [5] Cosmosciences,
Hokkaido Univ.

S-520-29 sounding rocket experiment was launched from Uchinoura Space Center (USC) at 19:10 JST on 17 August, 201
This rocket is equipped with the LF and MF band radio receiver(LMR) in order to observe propagation characteristics of LF
and MF band radio waves during the rocket flight. The LMR received three radio waves of 873kHz (JOGB), 666kHz (JOBK)
and 60kHz (JJY) from the ground stations. In these sounding rocket experiment, the LMR was working properly, and it could
successfully observe propagation characteristics of three radio waves. Them, we analyzed the doppler shift frequencies of rad
waves. From these analyze, we measured the electron density profile in the ionosphere. The measured electron density prof
consisted with the observed electron density profile obtained with other instrument.

In this presentaion, we will explain the results of LF and MF band radio waves observations and the electron density profile
in the ionosphere obtained to analyze the doppler shift frequencies of radio waves by the S-520-29 sounding rocket. Then, w
compare the measurement electron density profile with the other instrument.
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DC electric field measurement in the mid-latitude ionosphere by S-520-26 sounding
rocket

# Atsushi Yamamoto[1]; Keigo Ishisaka[2]; Makoto Tanaka[3]; Mamoru Yamamoto[4]; Takumi Abe[5]
[1] Information Systems Engineering,
Toyama Prefecture University; [2] Toyama Pref. Univ.; [3] Tokai Univ.; [4] RISH, Kyoto Univ.; [5] ISAS/JAXA

S-520-26 sounding rocket experiment was launched at Uchinoura Space Center (USC) in Japan at 5:51 JST on 12 January,20
The purpose of this experiment is the investigation of the bonding process between the atmospheres and the plasma in tl
thermosphere. The S-520-26 payload was equipped with Electric Field Detector (EFD) with two set of orthogonal double
probes. In the sensor unit of EFD, ITA (inflatable tube antenna) and RA (ribbon antenna) were equipped. The tips of eact
antenna were attached the electrodes to the probe, and it performed observe the electric field by measuring the electric potent
difference between the probes. Observation data was amplified by the preamplifier, and it was transmitted to the ground static
from the main electronics unit.

The electric field that a rocket observes is the natural electric field and the VxB electric field. Therefore, in order to determine
the nature electric field, it is necessary to calculate the VxB electric field from a rocket velocity and the magnetic field data, and
subtract the VxB electric field from observed electric field. Then, removing the spin component from the natural electric field,
and it performs a moving average for removing pulse noise by photoemission. From these steps, we will derive DC electric fielc
vectors on the geographic coordinate system in the ionosphere.

In this study, we analyzed the electric field data during from 180 seconds to 380 seconds after rocket launched. There wa
the difference of the 1/4 wavelength in the wave pattern of two electric field strength observed from ITA and RA. This result
indicates that the two antennas are extended orthogonally. In addition, we confirmed the direction of the VxB electric field. Then
we understood that the direction of the VxB electric field changed from north-northwest to the east-northeast while it inclined
on diagonally upward. Moreover, we understood that the magnitude of the VxB electric field grew large as change into the
east-northeast direction.

In this study, we analyzed DC electric fields in ionosphere using electric field data observed by EFD which carried by an S-
520-26 sounding rocket. In the future, we will remove the induced electric field and the spin component from the observed value
of the electric field, and derive the vector of natural electric field. In addition, we will provide the basic data for the elucidation
of the plasma dynamics in the ionosphere.
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Receiving AM radio broadcast on the ground, we can receive a distant broadcast at night that cannot receive it in the daytime
This is because D layer disappears at night, MF band radio wave which have been absorbed by D layer is reflected by E layer ar
MF band wave propagates in the distance. However, phenomenon that the broadcasting cannot be received has been confirme
Kagoshima Prefecture at night. In order to investigate the occurrence of it, we measured the radio wave of NHK Kumamoto 2nc
broadcasting (873kHz) which cannot be received in the daytime at Uchinoura Space Center at night. As a result, we confirme
that radio wave intensity decreased from 90 to 150 minutes after sunset in the winter night. As one of the reason, we guesse
that a region of high electron density occurred on lower ionosphere. Therefore, we launched S-310-40 sounding rocket &
Uchinoura Space Center on 19 December 23:48 (JST), in order to investigate abnormal radio wave propagation at night. Th
rocket was equipped with LF/MF band radio receiver. LM/MF band radio receiver received 4 radio waves of 873 kHz (JOGB),
666 kHz (JOBK), 405 kHz (Minami Daitou radio navigation beacons), 60 kHz (JJY). Moreover, this rocket was the fast Langmuir
probe (FLP), the impedance probe (NEI) too, we observed the electron density profile with them. In this study, we analyze the
propagation characteristics of radio wave and estimate electron density profile by the radio wave intensities of 873 kHz and 6
kHz radio waves. In analysis of the propagation characteristics of radio wave, we calculate the propagation vector of radio wave
by using a Doppler shift calculation obtained by frequency analysis.In estimation of electron density profile, we solve Booker's
formula by using Doppler shift calculation, and estimate electron density profile. Consequently, we can obtain the propagatior
characteristic of radio wave when radio waves propagated unusually, and we can estimate electron density in ionosphere. Fro
the result of estimation of electron density profile in ionosphere, we confirm whether a region of high electron density occurred
suddenly on lower ionosphere, and identify the cause of abnormal propagation of MF band radio waves.
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