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Correlation between earthquake and the anomalous of VHF radio waves indicated by
objective algorithm prediction maps in Shimabara
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Electromagnetic precursors associated with the impending earthquake, such as variations of geoelectric current, total electrt
contents in the ionosphere, and anomalous transmission of radio waves in the VLF or VHF band, have been observed (e.
Hayakawa, 1996). Recently, some researchers have discussed how these precursory phenomena relate statistically to the
pending earthquake (Le et al., 2010, Orihara et al., 2012, Hattori et al., 2013, Han et al. 2014). Anomalous (i.e., beyond thq
line of sight) VHF-band radio-wave propagation is one such claimed short-term precursor; physical preparatory processes
earthquakes may produce/attract electromagnetic scatterers in the area over the source of the impending earthquake (Kush
and Kushida, 2002, Moriya et al.,2010). Hokkaido University has been monitoring this anomalous propagation in several region:
in Japan. On April 14th 2016, an Mw 6.5 earthquake occurred in Kumamoto, which was followed by a nearby greater Mw 7.3
event on April 16th. Just before these events, anomalous propagation of the VHF radio wave from an FM station in Miyazaki
was observed at Shimabara receiving station. Epicenters of these Kumamoto events were between the broadcast and receiv
stations. To evaluate the statistical significance of the tendency that such anomalies precede impending earthquakes in this regi
we made a spatio-temporal map of earthquake alarm (though for only one spatial grid, which is the region between the Miyazak
broadcast and the Shimabara receiving stations) based on the data for 2012 to 2016; after anomaly appears, we turn ON the ale
for a certain period of time L, and thus divide the whole observation period into 'Alarm ON’, 'Alarm OFF’, and 'Undecided
(due to missing data)’ periods. The alarm map was compared with the occurrence of local earthquakes with over M 4.5 afte
declustering. The associated p-value was not low enough to suggest the statistical significance. While, VHF radio wave intensit
is stronger in summer, at the same time, also Sporadic E becomes active that is the phenomenon of increasing electron dens
at ionosphere. Sporadic E has the property of reflecting VHF radio wave, therefore, we compared large strength anomalies wit
analyzed Global Navigation Satellite System (GNSS) data, for example June 20, 2012 and April 3, 2016. The former observet
VHF radio anomaly and Sporadic E simultaneously, otherwise the latter did not occur Sporadic E, only radio wave anomaly.
From above, at least, it is confirmed that the anomaly of April 2016 was not concerned with Sporadic E.

Though it has not yet been accounted for statistical, with thinning out for all anomaly caused by Sporadic E similarly, the data
and value could have a room to be improved.
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Modification of ionosphere before 2011 March 11 earthquake

# koichiro Oyama][1]
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lonosphere disturbance which was seen prior to an earthquake which occurred on 11 March 2011 off the coast of Tohok
was studied. lonosphere data which were used are: atomic oxygen ion density acquired with US satellite DMSP, and maximur
plasma density obtained by ionosondes. Global lonosphere Model (GIM) is used as side evidence to support findings of DMS|
data and ground based data...

Although during the earthquake preparation period, magnetic disturbance is strong, global survey of ground based maximur
plasma density shows that special disturbance is limited to earthquake area. Satellite data (DMSP and GIM) analysis shows thr
important findings before the occurrence of the earthquake; (1) Over geomagnetic equator enhancement of atomic oxygen ic
density is found, (2) midlatitude trough is formed before the earthquake and it moves toward lower latitude as EQ day approache:
and (3) no clear difference of O+ behavior between east and west of the epicenter is identified. Night time NmF2 at high latitude
ionosonde stations such as Khavalovsk, and Beijin shows 2 days oscillation from 5 March and disappears on the 12th March. A
the latitude of the station is lower, 2 days oscillation becomes unclear, and the duration of the appearance is shorter.

In order to explain both ground based and satellite data consistently, one idea of enhanced east/west ward dynamo electric fie
during daytime/ nighttime is discussed. We presume gravity wave of very small amplitude (the period of 20-30 minutes, and
horizontal scale of &gt;1000 km) as a source of dynamo E field modification. Internal gravity wave of extremely small amplitude
cause d by ground motion interacts with planetary scales waves below 10 km, and is amplified.

The 2011 off the Pacific Coast of Tohoku Earthquake (20EEFESILTHIE, 38 K 6.2N, 142% 51.6E )Fif& D &
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D-region ionospheric signatures observed in LF standard radio waves after the 2011 off
the Pacific coast of Tohoku Earthquake
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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 around 70 km
altitude by MF/HF radio sounding method such as ionosondes, because both MF and HF radio waves penetrate at 70 km altituc
in both night and day. In this study, we investigate the D-region signatures associated with the 2011 off the Pacific coast o
Tohoku Earthquake using intensity and phase of LF standard frequency and time signals (SFTSs). The propagation paths are J
Saga (60 kHz, SAG) -Rikubetsu (RKB) and BPC (68.5 kHz, China)-RKB (Japan). Both transmissions mainly propagate over
the Japan Sea. Clear oscillations of the intensity over the SAG-RKB propagation path were observed about 372 seconds aft
the earthquake onset. The period of the oscillations was about 100 s. The oscillations in the phase were not seen clearly. Tl
amplitude of the oscillations were about 0.1 dB. On the other hand, small oscillations of the intensity with the similar periods
were found in BPC-RKB signal. The time difference between the earthquake onset and the SAG-RKB 100 s-oscillations was
consistent with the propagation time of the Rayleigh waves (seismic waves) propagating from the epicenter to the LF propagatio
paths along the Earth surface, plus the propagation time of acoustic waves propagating from the ground to about 70 km altituc
vertically. The occurrence time of the observed 100-s oscillations was agreement with a numerical simulation of acoustic wave
propagation. By considering the propagation delay of the Rayleigh waves at individual radio wave reflection points, observatior
of the LF signals was shown to be consistent with the simulation using the wav-hop radio propagation theory. Thus, we concludt
that the origin of the LF oscillations of the 100 s was the Rayleigh waves. In the presentation, we will discuss the amount of
change of the D-region electron density during the LF oscillations.
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lonospheric volcanology: GNSS-TEC observation and modeling of the 2015
Kuchinoerabujima eruption
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We investigate very low frequency (20 mHz) acoustic wave excited by the 2015 Kuchinoerabujima volcano eruption, Japan
The explosive volcanic eruption produces large pressure changes in the atmosphere resulting in acoustic waves, with a frequer
mainly below about 20 mHz, that reach the thermosphere and induce strongly electron density fluctuation in the ionosphere. W
succeeded in detecting perturbations in the total electron content (TEC) measurements with the Japanese dense array of Glo
Navigation Satellite System (GNSS) receivers, GEONET operated by GSI, and simultaneously pressure changes near surfa
with barometers (AIST, JMA and V-net operated by NIED) and broadband seismometers, (F-net operated by NIED) shortly
after the eruption at 0:59 UT, May 29, 2015. We investigated the frequency components and travel times of the waves to bette
understand and constrain the volcanic source. Our observation suggested that the perturbation propagated with a spherical wa
front, in accord with ray tracing, and contain a pulse at 12 mHz and the acoustic continuous signature at 5 mHz.

We explain the former pulse centered at 12 mHz and visible in the TEC data as the main signature of the volcanic explosior
as it’s also visible in the barometric and seismic observations at the ground; and we explain the signal observed at around 5 mk
as a modal wave that leaks to the ionospheric altitude.

Additionally, we show preliminary results of GNSS tomography (Figure) and normal mode summation for a planet with
atmosphere. The preliminary result is consistent with the ray tracing assuming of a point source located at the volcano positio
and spherical wave propagation proving that volcanic explosion are detectable in the atmosphere/ionosphere by TEC measur
by GNSS.

The results presented in our presentation, could, in the near future, help to locate and constrain the volcanic source.

Acknowledgement: We would thank GSI, JMA, AIST and NIED that provide GNSS, barometer, microphone and broadband
seismometer data.
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lonospheric disturbances associated with volcanic eruptions observed by GPS-TEC an
HF Doppler sounding
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It is reported that ionospheric disturbances are caused by ground and atmospheric perturbations, e.g. earthquakes, tuna
typhoons and volcanic eruptions. Even though the volcanic eruptions excite the atmospheric waves, there are few observatiol
of ionospheric disturbances caused by volcanic eruptions. In this study, we have examined ionospheric disturbances associat
with volcanic eruptions using GPS-TEC and HF Doppler (HFD) Sounding. Since the ionosphere is a dispersive medium, UHF
radio waves, which is used in GPS system, are delayed. This Retardation is dependent on the frequency of the radio wa
and the total electron content (TEC) between satellites and receivers. For example, GPS system mainly uses L1 and L2 bar
From the difference of the delays between L1 and L2 band, therefore, TEC is determined. We analyzed TEC data observed |
GNSS Earth Observation Network (GEONET) which is maintained by Geospatial Information Authority of Japan and assumed
ionospheric pierce points (IPPs) are 300 km altitude. On the other hands, the ionosphere usually reflects HF radio waves. Tt
frequency of the radio waves shifts due to Doppler effect when the reflection height moves vertically. Observing the difference
of the frequencies between transmitted and received radio waves, the vertical motion of the ionosphere can be detected. V
also analyzed HF Doppler sounding which is operated by Center for Space Science and Radio Engineering, The University ¢
Electro-Communications (UEC). The receivers of HFD are located at Kashima (KSM) Kyoto (KYO), Oarai (ORI), Sugadaira
(SGD), Shimizu (SMZ) which receive the radio waves (5.006 MHz) transmitted from Chofu campus of UEC.

We detected ionospheric disturbances associated with Mt. Asama eruption at 11:02 UT on Sep., 1st, 2004, both in GPS-TE
and HF Doppler shift frequency. This eruption is categorized as the vulcanian eruption, which accompanies strong explosions
lonospheric disturbances were confirmed by HF Doppler shift frequency and GPS-TEC, about 9 minutes and about 12 minute
after the eruption, respectively. TEC perturbations showed N-shape variations, the same as TEC responses associated w
earthquakes. HF Doppler sounding showed especially 2 features, one is spiky short period variation in 9 10 minutes after th
eruption, and the other is long period variation in 10 “20 minutes. We examined HFD reflection height using ionosonde locatec
at Kokubuniji and calculated acoustic ray tracing. The calculation results show that the delay of the spiky variation is consisten
with the arrival time of the acoustic waves. We also analyzed spectral intensity of GPS-TEC and HF doppler sounding. Making
spectral intensity map of TEC disturbances by using multiple GPS satellites and receivers, TEC variations at the frequency ban
of 7 "12 mHz are shown at the south of the volcano. This is because the electrons move along the magnetic field lines an
the magnetic field is detected to north-downward in Japan. The spectral intensity calculated by HF doppler shift frequency ha
peak at 3 "5 mHz and 7 "16 mHz. 3 "5 mHz is due to acoustic resonance mode between the ground surface and the low
thermosphere as in variations of TEC associated with earthquakes, too. The perturbations around 7 “16 mHz are also observ
by GPS-TEC data, this caused that the pressure fluctuation excited by the explosion of the eruption directivity propagates to tt
upper ionosphere.

EORHNEESDE, BE, MLk W2 FEOBRICHE, KREUEEIMEL, Chic kb BEiEZEs 5[ & n
ZTehHENTHS. MUEXKISED, KEEEINET S C ERBAISNTWVSD, KU LES T EEREE L OIS
fldZzniz EL I3V, Z T TRIFFE T, MILFENKICPE S EBEEE OZHNT DOV, GPS-TEC (Total Electron Content
& HF R 75— (HF Doppler: HFD 7ZHW T 21T o7z, BHEROBMERE TcH 2 &5, GPSTHWVENS
UHF B IGBIE 232 5. T OFEIIBROREREIKIZET 5729, GPSHED L1, L2 HERKZHANT, HE—2E
JHMOBETEEORME (TEC ZHEET ST EMNTES. AL TIE, E PO GNSSHKERNIS X7 L (GNSS
Earth Observation Network : GEONBETX D EHENZEDOAEFH L, BEIEE®ELIX 300 kmEKE L. —J7, HF
R 75— 3 EBEED HF HENE KNS 2MEEFIH L0 TH S, KEEENELT S L HFHEEIZ Ry 75—
SHREZF, REREZERBOMEEIICE (RyTS5—Y T ) WEC S, BEEO FREREERNS N T
5. AWETIE, BEXUEFERENGEEIN, #2ER (EIBKSM, FHEKYO, KVEORI, EY¥:SGD, #E/K:SM2)
TEZEINZT—REHVE.

20044F 9 A 1 H 11:02UT (20:02LT) DOEBILEMICIHNT, GPS-TEC HF Rvw S —HicEZ#Fhpmitiani. <o
NS T IV A ) RIEK EPHEN B EAAERT, L WIERZIES LW R D 5. FERYT—XICBWT, HF Ry
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BICHES BHELZH TEHRONZLDTHS. CHUHL, HFE R T S5—TlE 2 DDREAR SN, OEDI3ME A9
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Examinations of the ionospheric disturbances associated with typhoons using HF
doppler and a Microbarometer
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Itis reported that the extreme climate phenomena, such as typhoons and tornados, excite the ionospheric disturbances, in ac
tion to those excited by earthquakes. These are caused by the atmospheric disturbances generated around the ground propag:e
to upper atmosphere. However, the studies of the ionospheric disturbances associated with typhoons are very few because tt
amplitudes are very small as compared to the other phenomena. In this study, therefore, we have examined ionospheric al
atmospheric variations associated with typhoons using HF doppler, maintained by the University of Electro-Communications
and a microbarometer located at Numata, Gunma Prefecture.

We have examined the disturbances of doppler shift associated with 3 strong typhoons (No.7, CHANTHU; No.9, MINDULLE;
and No.10, LIONROCK) in 2016. The lowest pressures of these typhoons were lower than 980 hPa and kept their intensity ir
crossing or approaching to Japan. The amplitude of doppler frequency fluctuations increased about 0.2 Hz when the typhoot
were closest to Sugadaira Observatory. In dynamic spectral analyses, it is found that spectral intensity of disturbances at fre
guency from 5 mHz to 40 mHz were enhanced. This means that the disturbances whose periods are about several tens of seco
were dominant. Then microbarometer data also were analyzed in the same methods. Since spectral intensity of atmosphe
pressure disturbances were also detected at 5 mHz to 40 mHz, it is found that atmospheric disturbances caused by typhoc
propagate to upper atmosphere and excite the ionospheric disturbances.

MRS P OWVEEEEBIEEL R AET 2 T EMNRIE TN TV S D, BEPEEFOM L WKRBSICIBW T & EHEELO
FREDPHREINTNS, TNHIERVITNEG NEAKTHRELZZEISN FEEMLIEZCLicXkb38DTHB, LML, &
JEUCPE S BEEREAINIMOBS & R T TNE W T eh 5, RETDIITbNTWERY, Z T TR TIE. Aﬂ
WS BEEEAENICOWT, HF Ry PS—8lll7— 2 &, ML EZRW TN 217572, HF R 7S —BIIEEL
BERKACL>TEHAEINTWASEDTH S, £z, MRULFHIBBRBHTHICKRELZEDTH %,

20164 FICHAELTzB RO S5 B 396 (075, 095, 105) TRt ZiT>7. TNHEOEEIEH.OXIED 980hPal,
FTHELIBOVERETH O, HARICHSE - LRELZBREFREDER 12> TV b DTH 5, £z, HE075L 09
FEENTNHAOB R A S Ht 5 Tl LT 0. 10 SEBIsR Icaa U, sttty 7z Uiz, W
THOANY M TEBEPEE - W#EHIC Ry 75— 7 MEBOMIND IR T & /o, ZEdEEINE & HEAHRIEAH 0.2
Hz#hnU7z, BAF I 7 AR MUVENTlE. 5 — 40 mHzD BIEEGEHI T, SEEEHIC AR RVREO FEM
HEENTEHED, FA0BFEHOEZHNHEE L TWE T L Pbh %, RICHMEILERT— 2 % W TR O 217> 74558,
HF Ry 7S —ll e [EREIC, BRBHAFFICEFHDEIIE N, FDART MUCEB W T EEROFI TEHD MRS Nz,
Tabb, MERMHETRE LI RKREHN L2l U CERBEZIHNRELIEEDEEZDNS,
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Recent progress of EISCA3D (Next-Generation Incoherent Scatter Radar Project for
Atmospheric and Geospace Science) (6)
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EISCAT 3D is the major upgrade of the existing EISCAT mainlamd radars, with a multi-static phased array system composec
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 EISCAT 3D is planned to implement by 4-staged approach, starting from the core sit
with half transmitting power about 5SMW and 2 receiving sites at Kaiseniemi (Sweden) and Karesuvanto (Finland) at the 1st
stage. Sweden, Norway and Finland have successfully allocated their national fundings for the construction of the 1st stage &
2015, and UK has also decided a funding commitment in April 2017. After careful examinations and discussions on possible
future funding senarios, the EISCAT Council has finally decided on 1 June to kickoff the implementation of the 1st stage of
EISCAT 3D from 1st September 2017 to be completed by the end of 2021 including a commissioning of the radar system.

The EISCAT 3D program in Japan, on the other hand, was applied to the Master Plan 2017 of the Science Council of Japan &
a part of 'Study of Coupling Processes in the Solar-Terrestrial System’ (Pl: Prof. Toshitaka Tsuda, Kyoto Univ./ROIS), and has
been granted as one of 28 high-priority programs of Master Plan 2017. In parallel to funding proposals for EISCAT 3D to the
Ministry since 2014, the National Institute of Polar Research started development of the EISCAT 3D transmitter power amplifier
(SSPA) modules to provide in-kind for the 1st stage of EISCAT 3D. In this paper, we overview the current status of the project
and our development for the EISCAT 3D transmitter sub-system.

EISCATRIZ e BINHE: R x—F >, /I z—, T IV R JEE, @A, fE) HEREED T3 EISCAT.3D
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ZERNORBZZ M T —ART7 LA L—X =Y AT LT, I KGN DKGET 1)V F—FRA & Z D580 2R fi#
B Hig 9 EBEER 70y = 7 FTh B, 20084 12 HIZ ESFRI (RMNBFFEEARREG 7 + — S L) Oa— K<y TICER
&N, Framework ProgranD Design Studys & U° Preparatory Phase Study=z#Zic & 0 ARG, EhiztmEiz e U,
JERR 3 M E B K CHREDNEFRTEENT Lz, EISCAT3D & 4 I/ TIEX B E NS5 HE & K> T B0, ZOH
1B D #AE I HX DEIMAT 5 C &% 6 A 1 HD EISCAT fFif I CIERIE Uiz, 20214 12 H R E TIlT (i
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X{EH% 10,0005 (GHY BMW) DFA¥E - 270 tH 9 51l T T RESRZMETIC 7> T\ 5, HARD EISCAT 3D &
SNz ZE R TE TRRFHIERRASE SR O FERIE R &, HARANSED Y A Z—T7522 0 1 7HAKRE
Weatim (4 281F) ICHHRE NIz, AMETEIZEZZHEINTOARWVD, FEERICT [ EhiE. AMEED FlORIZE
R AT LS 24 EHOBEFET T IV L ElE (556) ZED TV, Ai#E T, EISCAT.3D E A0 R
BRI 5 CIC HARDEL D fHAIRI 2 HDIC S 97 %6
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Closely-spaced observations of ionospheric scintillation using GNSS receivers in
Tromso, Norway

# Sayaka Sakamoto[1]; Yuichi Otsuka[2]; Yasunobu Ogawa[3]; Keisuke Hosokawa[4]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] NIPR; [4] UEC

sakamoto.sayaka@isee.nagoya-u.ac.jp

In the terrestrial ionosphere, electron density irregularities may cause variations of signal strength and/or carrier phase i
trans-ionospheric satellite transmission signals received on the ground, which are commonly called ionospheric scintillations
Scintillations are categorized into amplitude scintillations and phase scintillations. Amplitude scintillations are observed as
fluctuations of the signal strength, which are caused by interference between signals diffracted by irregularities. The amplitud
scintillation index is defined as standard deviation of the received power normalized by its mean value. Phase scintillation:
are detected as high frequency fluctuations in the carrier phase, which are caused by variations in the refractive index du
to temporal variations in electron density along the ray path between the satellite and receivers. The phase scintillations ai
normally quantified by the index, which is the standard deviation of the carrier phase. The phase scintillations occur both in
equatorial and polar regions. In contrast, it is known that the amplitude scintillations in the equator are larger than those in the
polar region.

In this study, we investigated GPS scintillations at high latitude using three dual frequency GNSS receivers in Tromso, Norway
The receivers have antennas installed 150-250 m away from each other and record the signal strength and carrier phase. Ph
scintillations are monitored by estimating ROTI, which is the standard deviation of differences of the TEC time-series. We
compared ROTI with the amplitude scintillation index &ccording to previous studies, amplitude scintillations at high latitudes
was not remarkable. However, we observed weak scintillations at high latitude by using low noise receivers in this study. By
comparing $ and ROTI observed for three years, from January 2013 to December 2015&amp;#172;&amp;#172;, we have founc
that both § and ROTI have larger values at night mainly in spring and summer, and thati®ases do not always coincide
with the ROTI increases. Therefore, we investigated increases ah® ROTI on daily basis. The simultaneous increase of
S; and ROTI occurs mainly in the morning and daytime. EitheoBROTI increases mainly in the nighttime. Duration of S
increases tends to be longer than that of ROTI. Moreover, only ROTI increase in the daytime of summer. We have further founc
that duration of $ increases tends to be longer than that of ROTI. In this work, we study cross-correlation coefficients of signal
intensities and drift velocities of the irregularities obtained from each pair of the three receivers, and then we observed increase
of the velocities. In this way, we consider generation mechanisms of the ionospheric irregularities which result in scintillations
in the polar region.
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Characteristics of seasonal variation and solar activity dependence of the geomagnetic
solar quiet daily variation

# Atsuki Shinbori[1]; Yukinobu KOYAMA[2]; Masahito Nose[3]; Tomoaki Hori[4]; Yuichi Otsuka[5]
[1] ISEE, Nagoya Univ.; [2] NIT, Oita College; [3] DACGSM, Kyoto Univ.; [4] ISEE, Nagoya Univ.; [5] ISEE, Nagoya Univ.

Geomagnetic solar quiet (Sq) daily variation is observed as a regular waveform at ground magnetometer stations from mid
latitudes to the equator on the dayside. The Sq variation is mainly produced by large-scale ionospheric currents flowing in the E
and lower F1-regions (90-140 km) of the ionosphere. The Sq currents consist of two parts: one is the anti-clockwise current ir
the northern hemisphere, and the other is the clockwise current in the southern hemisphere. They are driven by the ionosphel
electric field caused by the ionospheric dynamo action through interaction between charged and neutral particles in the E- an
lower F1-regions of the ionosphere. Since the Sq currents concentrate in a height range of 90 -140 km, we can find sever:
signals of long-term variation in the upper atmosphere from the analysis of long-term variation in the Sq field. In this study, we
investigate characteristics of long-term variation in the monthly mean Sq variation in the X and Y components (Sg-X and Sqg-Y)
using long-term geomagnetic field data obtained at Memanbetsu (MMB) in mid-latitudes and Guam (GUA) near the equator
from 1957 to 2016 with an aid of the Inter-university Upper atmosphere Global Observation NETwork tools. Especially, we
clarify local time and seasonal dependence of the sensitivity of Sg-X and Sg-Y to the solar activity. In the present analysis, we
used long-term geomagnetic field data with 1-h time resolution obtained at MMB and GUA provided by the World Data Center
for Geomagnetism, Kyoto University. In order to determine geomagnetic quiet days, we referred the geomagnetic activity index
(Kp) with 3-h time resolution provided by the GeoForschungsZentrum (GFZ) Potsdam. In this study, we defined the quiet day
when the maximum value of the Kp index is less than 3 for that day. As a good indicator of solar activity, we adopted the
10.7 cm solar radio flux (F10.7) provided by the Natural Resources Canada. In this analysis, we used the monthly average ¢
the adjusted daily F10.7 corresponding to geomagnetically quiet days. For identification of Sg-X and Sg-Y, we first determined
the baseline of the X and Y components from the average value from 22 to 2 h (LT: local time) for each quiet day. Next, we
calculated a deviation from the baseline of the X- and Y-components of the geomagnetic field for each quiet day, and compute
the monthly mean value of the deviation for each local time. As a result, Sq-X and Sqg-Y show a clear seasonal variation anc
solar activity dependence. The amplitude of the seasonal variation in Sq-X and Sg-Y increases significantly during high sola
activities, and is proportional to the solar F10.7 index. The pattern of the seasonal variation is quite different between Sg-X an
Sg-Y observed in mid-latitudes and equator. The correlation analysis between the solar F10.7 index and Sg-X and Sg-Y show
almost the linear relationship, but the slope and intercept of the linear fitted line depend on both local time and month. This
implies that the sensitivity of the Sq variation to the solar activity is different for different local times and seasons. The local time
dependence of the offset value of Sg-Y at GUA and its seasonal variation suggest a magnetic field produced by inter-hemispher
FACs. From the sign of the offset value of Sg-V, it is inferred that the inter-hemispheric FACs flow from the summer to winter
hemispheres in the dawn and dusk sectors and from the winter to summer hemispheres in the pre-noon to afternoon sectors. T
direction of the inter-hemispheric FAC in the dusk sector is opposite to the prediction by Fukushima’s model. From the slope of
the linear fitted line, we observe a weak solar activity dependence of the inter-hemispheric FACs, which shows that the intensit
of inter-hemispheric FACs has positive and negative correlations in the morning-noon and afternoon sectors, respectively.
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Evaluation of the Sq magnetic field variation obtained by GAIA

# Shigeru Fujita[1]; Yuka Murata[2]; Ikuko Fujii[3]; Yasunobu Miyoshi[4]; Hiroyuki Shinagawa[5]; Hidekatsu Jin[5]; Hitoshi
Fujiwara[6]
[1] Meteorological College; [2] Japan Meteorological Agency; [3] Meteorological College; [4] Dept. Earth & Planetary Sci,
Kyushu Univ.; [5] NICT; [6] Faculty of Science and Technology, Seikei University

Geomagnetic variations reproduced by the Ground-to-topside model of Atmosphere and lonosphere for Aeronomy (GAIA)
are compared with those observed at global magnetic observatory network in dead calm days in order to evaluate accuracy of tl
ionospheric current system calculated by GAIA. The results are as follows:

Correlation coefficients of the magnetic variations between the GAIA and observations are as high as 0.8 for the Y componen
The X and Z components also show good correlation higher than 0.5 in many observatories.

There are some exceptional observatories with the low correlation. In the latitudes of the Sqg current vortex center, the X
component exhibits low correlation. The low correlation for the Y component appears in the magnetic equatorial region.

Essentially, the amplitude of the calculated Sq magnetic variation does not correspond to the observed one because GAl
does not consider induction of the conducting Earth. Calculated intensity of the horizontal geomagnetic variations (X and Y
components) exhibit larger than the observed ones, whereas that of the vertical variation (Z component) shows depressed to t
observed one. This tendency is consistent with the induction effect of the conducting Earth. Thus, we conclude that GAIA
reproduces the ionospheric current system.

As a conclusion, we confirm that the ionospheric current distribution of GAIA is considerably realistic except the amplitude. If
we do not care the amplitude difference, the global patterns of the ionospheric current and ground magnetic variation are regards
as proxies of the observed currents and ground magnetic variations, respectively. Therefore, we can utilize GAIA to elucidatc
unresolved issues about the Sq, for example, the atmospheric effect to the day-to-day variability of the Sq current system. |
addition, it is proved that the Sq magnetic variations derived by GAIA can be used as the first guess of the 3D EM inversion
problem for estimation of electrical resistivity in the mantle transition region. Furthermore, the inversion result will provide the
new ionospheric current system compiled by induction of the Earth. This is one of the ultimately important researches that bridge
the space science and the solid Earth geomagnetism.
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An interpretation on the non-dispersive phase during the Es detected by INSAR

# Masato Furuya[1]; Jun Maeda|2]; Kosuke Heki[3]
[1] Earth and Planetary Dynamics, Hokkaido Univ.; [2] Hokkaido Univ. Library; [3] Hokkaido Univ.
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Maeda et al. (2016, GRL) first succeeded in demonstrating an Es episode in Japan, using both GNSS TEC and an INSAR ima(
derived from the Advanced Land Observation Satellite/Phased Array L-band Synthetic Aperture Radar (ALOS/PALSAR); ALOS
was launched in 2006 by Japan Aerospace Exploration Agency (JAXA). Maeda et al. (2016) could attribute the phase anomalie
in the INSAR image to the Es episode, given the nearly identical location of the phase anomalies in INSAR data to those derive
from GNSS TEC data.

We should note, however, that GNSS TEC is physically distinct from what INSAR phase anomaly indicates, because INSAR
phase includes not only dispersive signal due to TEC but also non-dispersive phase delay that has been mostly attributed to po
molecules in the troposphere. In contrast to the dual frequency measurement by GNSS, SAR imaging has been performed witt
single carrier frequency, and no-operational corrections for ionosphere have been done so far. However, it has been demonstra
that split-spectrum method (SSM) could virtually perform dual frequency imaging, thereby allowing for possibly operational
correction of dispersive effects (Gomba et al. 2016, IEEE TGRS).

Applying the SSM InSAR to two Es episodes in Japan, we observe that small-scale dispersive signals due to the Total Electro
Content (TEC) anomalies are accompanied with non-dispersive signals with similar scale at the same locations. We interpret th
the latter non-dispersive signals would indicate the emergence of nitric oxide (NO) generated by the reaction of metals, Mg an
Fe, with nitric oxide ion (NO+) during the Es. We discuss the implications for the observed Es signals.
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Study on automation of absolute TEC estimation from satellite-ground beacon
experiment

# Yuki Sakamoto[1]; Mamoru Yamamoto[1]; Kornyanat Hozumi[2]
[1] RISH, Kyoto Univ.; [2] NICT

Studies of ionospheric structures by the satellite-ground beacon experiment were conducted mainly in southeast Asia. F
example, meridional chain of five beacon receivers along 100E meridian showed meridional distribution of total-electron conten
(TEC) of the ionosphere, and we revealed time and spatial variabilities of equatorial anomaly (Watthanasangmechai et al, 201-
2015). The data analysis was, however, not easy mainly because of difficulty in estimating bias of the measurement to get th
absolute TEC.

In this presentation, we try to automate the bias estimation and lower the barrier for data analysis. The automatic bias estimatic
is divided in two stages. In the beginning, a rough estimation is done based on a single-station data. It is assumed that the TE
distribution is uniform in a small section of the data, and many bias candidates are obtained from all sections. The bias is thel
selected as the maximum frequent value. The second approach is the multi-station estimation. The basic idea is the same
two-station method, but we tried to find balance between stable bias finding by the Brute-effort way and reduce of computatior
time. We start the bias finding from matching between two stations, and then connect the data to those from the next statior
Finally, the bias values of all stations were selected by the Brute-effort way with limited variation range. This multi-station bias
estimation for one satellite pass takes about 80 s of computation by a usual desktop PC. Results of this analysis for the 100
meridional chain well resemble to those by Watthanasangmechai et al (2014, 2015). We organize these data into one NetCL
format that helps easier use of the data.
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Three-dimensional tomography of ionospheric electron density based on GPS-TEC:
High-speed mass data analysis

# Ryo Mizuno[1]; Mamoru Yamamoto[1]; Akinori Saito[2]; Susumu Saito[3]
[1] RISH, Kyoto Univ.; [2] Dept. of Geophysics, Kyoto Univ.; [3] NAV Department, ENRI

Real-time information of the ionospheric electron distribution is important for the correction of the measurement errors in
satellite navigation. We developed three-dimensional ionosphere tomographic analysis with GEONET and have analyzed in re:
time since April 1, 2016. The aim of this paper is to improve this real-time monitoring system. There are two points to be
improved in this study. The first point is to analyze past data. For analyzing the past GEONET data, we keep the same way as:
the real-time analysis. As the real-time system use 200 selected stations, we selected the same number of stations on January
of each year. Also, in order to improve computation speed of this analysis, we ported our analysis system to the super comput
system A (Camphor 2) of Kyoto University. This super computer consists of 1800 nodes, and each node comprises 68 cores ar
112GB of memory. We assigned 10-day data analysis to each node, and used 37 nodes to analysis one-year data. This wh
one-year analysis takes about 10 hours, which corresponds to about 230 times improvement of the computation time. By usin
this system, we have analyzed GEONET data since 2009. For the data before 2009, there are some problems, i.e., data forn
difference. We now try to overcome these problems. Next, we will compare the tomography results with other observations of
the ionosphere, and assess quality of the tomography analysis. We will also want to increase analysis area by including data fro
Korea and/or Taiwan.
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A study of the global electrical circuit by analyzing atmospheric electric field and ELF
waves data in the polar region

# Yasuhiro Minamoto[1]; Masashi Kamogawal2]; Akira Kadokura[3]; Mitsuteru SATO[4]
[1] Tokyo Gakugei University; [2] Dept. of Phys., Tokyo Gakugei Univ.; [3] NIPR; [4] Hokkaido Univ.

The global electric circuit is an electric current circuit between the ionosphere and the earth’s surface. Lightings and rainfalls ir
active cumulonimbus storm cells are regarded as the generation of an electromotive force in the circuit. In polar region, little air
pollution which disturbs atmospheric electricity observation provides an ideal environment to monitor an ionospheric potential
change. On the other hand, the magnetosphere-ionosphere current system above the polar region might affect the global elect
circuit. Continuous atmospheric electric-field observations have been carried out routinely at Syowa Station (69.0S, 39.6E)
located on East Ongul Island near the continent of Antarctica. First of all, we showed the relationship between atmospheri
electric-field data and meteorological parameters such as cloud volume and wind speed to extract suitable periods for glob
electric circuit analysis. Meanwhile, ELF magnetic field waveform data obtained on West Ongul Island near Syowa station might
indicate the total intensity of global lighting activity. In this study, we attempt to quantitatively discriminate the components of
currents in global electric circuit such as lightings and precipitations. This may contribute to the discussion about the interferenct
between the global electric circuit and magnetosphere-ionosphere current system.
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Comparison between atmospheric electric fields and cloud parameters using a 95-GHz
radar FALCON-|

# Kota Nakamori[1]; Yasuki Suzuki[2]; Hiroyo Ohya[3]; Toshiaki Takano[4]; Yohei Kawamura[5]; Hiroyuki Nakata[6]; Kozo
Yamashita[7]
[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.; [7] Engineering, Ashikaga
Institute of Technology

It is known that lightning and precipitations of rain droplets generated from thunderclouds are the generator of global at-
mospheric 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 electric fields, and the cloud parameter
such as cloud cover, weather phenomenon, have not been yet revealed quantitatively. In this study, we compare between t
electric fields and the cloud parameters, weather phenomenon using a field mill, the 95 GHz-FALCON (FMCW Radar for Cloud
Observations)-l and all-sky camera observations.

In this study, we installed a Boltek field mill on the roof of Engineering Research Building-2 in Chiba University, Japan, (Ge-
ographic coordinate: 35.63 degree N, 140.10 degree E, the sea level: 55 m) on 1 June, 2016 to observe the electric fields. Tl
sampling time and voltage range of the electric fields are 0.5 s and +/- 20 kV/m, respectively. On the other hand, the FALCON-|
has been originally developed by our group, and has observed the cloud parameters throughout 24 hours every day. The refle
tivity and the Doppler velocity of cloud particles can be derived by the FALCON-I with high spatial resolutions (48.8 m). In
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 LT every day. The distance between the field mill and the all-sky camera is 3.75 m, while
the distance between the field mill and the FALCON-I is 76 m.

We developed the automatic procedure to estimate the cloud cover from cloud optical images using the RGB color values
We investigated the dependence of the distance between the field mill and the clouds on the atmospheric electric fields by divic
ing the zenith. We estimated the correlations between the electric fields and the cloud cover at each zenith for 19 days durin
05:00&#8211; 22:00 LT, June, 2016 &#8211; April, 2017. The correlation coefficient for the zenith of 90 degrees was largest
in all the cases. When the zenith extended from 5.5 degrees to 57.5 degrees, the mean electric field and the standard deviat
decreased by 0.18 kV/m and 0.16 kV/m for the cloud cover of 90-100%, respectively. The mean electric field decreased as th
cloud cover increased.

During lightning occurrence at 08:30&#8211; 10:30 UT, on 4 July, 2016, we found two kinds of variations in the electric
fields. One was slow variation due to the movement of thunderclouds, and the other was rapid pulse-like variation associate
with lightning discharges. As for the movement of thunderclouds, the electric fields increased when the anvil was located ove
the field mill, which was opposite direction of the previous studies. This change might be due to the positive charges in the anvi
at more than 14 km altitudes. As for the rapid pulse-like variations of the electric fields, 12 peaks of the electric fields coincided
with the occurrence of the lightning located within 37 km from the field mill using the JLDN lightning data.

On 23-24 November, 2016, we found the variations of the electric fields due to snowfall. In wavelet spectra, the period of the
oscillation was about 66.7 min from about 19:00 UT on 23 November to 03:00 UT on 24 November. In the wavelet spectra of
the cloud reflectivity derived from the FALCON-I, at about 2 km altitude, the periods of the cloud reflectivity were seen to be
about 66.7 min from about 17:00 UT to 20:00 UT on 23 November, 33.3 min from 21:00 UT to 23:00 UT on 23 November, and
50.0 min from 23:00 UT on 23 November to 01:30 UT on 24 November. This was consistent with the period of the electric fields
until around 20:00 UT on 23 November, although the periods of the cloud reflectivity were shorter than those of the electric fields
thereafter.
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Construction of Lightning Observation Network in Asian Countries for the Intensity
Development Prediction of Severe Weather

# Mitsuteru SATO[1]; Yukihiro Takahashi[2]; Kozo Yamashita[3]; Hisayuki Kubota[4]; Junichi Hamada[5]; Eriko Momota[1];
Joel Marciano[6]
[1] Hokkaido Univ.; [2] Cosmosciences, Hokkaido Univ.; [3] Engineering, Ashikaga Institute of Technology; [4] Faculty of
Science, Hokkaido Univ.; [5] Tokyo Metropolitan Univ.; [6] ASTI, DOST

Lightning activity is a good proxy to represent the thunderstorm activity and the precipitation and updraft intensities. Espe-
cially, thunderstorm activity is an important parameter in terms of the energy inputs from the ocean to the atmosphere inside
tropical cyclone, which is one of severe weather events. Recent studies suggest that it is possible to predict the maximum win
velocity and minimum pressure near the center of the tropical cyclone by one or two days before if we monitor the lightning
activities in the tropical cyclone. Many countries in the western Pacific region suffer from the attack of tropical cyclone (typhoon)
and have a strong demand to predict the intensity development of typhoons. Thus, we started developing a new automatic ligh
ning observation system. This lightning observation system consists of a VLF sensor detecting lightning-excited electromagneti
waves in the frequency range of 1-5 kHz, an automatic data-processing unit, solar panels, and batteries. Lightning-excited VLI
pulse signals detected by the VLF sensor are automatically analyzed at the data-processing unit, and the extracted informatic
such as the trigger time and pulse amplitude, is transmitted to a data server via the commercial 3G communications. This obse
vation system will be installed at Guam, Palau, and Manila in the Philippines in this summer. In addition, we are also developing
another type of the lightning and weather observation system, which will be installed at 50 automated weather stations in Metrt
Manila and 10 radar sites in the Philippines. These instrumental development and installation are carried out under the 5-ye:
project (SATREPS). At the presentation, we will show the initial results derived from the lightning observation system and will
show the detailed future plan of the SATREPS project.
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Current status of water vapor observation using digital terrestrial broadcasting waves

# Seiji Kawamura[1]; Hiroshi Hanado[1]; Takeharu Kouketsu[1]; Hiroki Ohta[1]
[A] NICT

We, National Institute of Information and Communications Technology, are developing a method to estimate water vapor
(propagation delay due to water vapor) near ground surface using digital terrestrial broadcasting waves. Our target is to improv
the accuracy of numerical weather forecast through data assimilation. Measuring water vapor, which is the origin of raindrops
enable us to predict severe weather phenomena such as localized heavy rainstorms in urban areas with a longer lead time.
method to estimate water vapor using reflected waves and its results are already reported [1].

In this presentation, we will report (1) estimation of absolute values of propagation delay, (2) a method to estimate angles o
arrival (AOA) of reflected waves, and (3) projects to deploy measurement systems around Tokyo area and their current status.
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[1] Kawamura, S., et al. (2017), Water vapor estimation using digital terrestrial broadcasting waves, Radio Sci., vol.52, pp.
367-377, doi:10.1002/2016RS006191.
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Development of Software-Defined Multi-Channel Receiver System for the Equatorial
Atmosphere Radar (EAR)

# Nor Azlan Bin Mohd Aris[1]; Hiroyuki Hashiguchi[1]; Mamoru Yamamoto[1]
[1] RISH, Kyoto Univ.

Equatorial atmosphere is typically associated with the generation of most active convective motions which caused by ab
sorption of strong solar radiations thus significantly affecting global atmospheric changes. However, the coupling processes i
the equatorial atmosphere which incorporate hierarchical structure horizontally and vertically are still under debate specifically
due to the sparseness of the observational data in the region. Furthermore, all the processes involved in the different layers
atmosphere were typically studied independently without a unified viewpoint which leads to a difficulty to identify the proper
mechanism involved in the atmospheric changes and fluctuations.

Equatorial Atmosphere Radar (EAR) was established in June 2001 by the collaboration between Research Institute for Sustai
able Humanosphere (RISH), Kyoto University and Indonesian National Institute of Aeronautics and Space (LAPAN) to improve
the understanding of the equatorial atmospheric and its dynamical and electrodynamical coupling processes. EAR is a VH
Doppler radar operated at 47 MHz with an active phased-array antenna system and located at the equator at Kototabang, W
Sumatra, Indonesia (0.200S, 100.320E, 865 m above sea level). It uses a quasi-circular antenna array with a diameter of apprc
imately 110 m which consists of 560 three-element Yagi antennas. The maximum output power of the EAR is 100 kW.

Currently, the EAR has only a single receiving channel, and it still manages to produce interesting observations output re
garding the atmospheric turbulence. Furthermore, with the availability of Radio Acoustic Sounding System (RASS) at the EAR
site, it enables the observations of vertical profile of temperature thus make it possible to observe turbulence occurrence throug
continuous observations. The rapid development of multi-channel receiver system in most radar system allows for the imple
mentation of more sophisticated observation technique such as spaced-antenna (SA) and spatial imaging observations. He
we present the initial development of multi-channel receiver system for the EAR using general-purpose software-defined radi
receivers.

The multi-channel digital receiver system will be developed using the combination of Universal Software Radio Peripheral
2/N210 (USRP2/N210) series and GNU Radio which allow the implementation of sophisticated software-defined radar receiver
yet at lower development cost compared to conventional radar hardware. The receivers are synchronized using 10 MHz referen
clock and 1 pulse per second (PPS) signal. Signal processing such as filtering, range gating, and coherent integration will k
performed in real time utilizing a personal computer and GNU Radio software and the data produced will be stored in an externa
hard disk for post processing.

B i
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Comparison of atmospheric fields in the tropical upper stratosphere and lower
mesosphere between multiple reanalysis data

# Yoshihiro Tomikawa[1]; V. Lynn Harvey[2]; John A. Knox[3]; Masatomo Fujiwara[4]
[1] NIPR; [2] UBC; [3] U. Georgia; [4] Hokkaido U.

Several kinds of meteorological reanalysis data have been used for climate and atmospheric science studies. Their accure
and reality depend on the forecast model and data assimilation method used therein, but they have never been quantitative
evaluated. In order to overcome this problem, the SPARC Reanalysis Intercomparison Project (S-RIP), which is a coordinate
activity to compare all reanalysis data sets, was established in 2012. In this presentation, we will introduce an S-RIP activity or
the evaluation of atmospheric fields in the tropical upper stratosphere and lower mesosphere.
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A case study on mesospheric bore with ISS-IMAP/VISI observation

# Yuta Hozumi[1]; Akinori Saito[2]; Takeshi Sakanoi[3]; Atsushi Yamazaki[4]; Keisuke Hosokawa[1]
[1] UEC; [2] Dept. of Geophysics, Kyoto Univ.; [3] Grad. School of Science, Tohoku Univ.; [4] ISAS/JAXA

We report two mesospheric bore events based-pai@low observation by Visible and near Infrared Spectral Imager (VISI) of
the ISS-IMAP mission (lonosphere, Mesosphere, upper Atmosphere and Plasmasphere mapping mission from the Internation
Space Station). The mesospheric bore is moving front of sharp jump followed by undulations or turbulence in the mesopaus
region. Since previous studies of mesospheric bore were mainly based on ground-based airglow imaging that is limited ir
field-of-view and observing site, little is known about its horizontal extent and global behavior. Space-borne imaging by ISS-
IMAP/VISI provides an opportunity to study the mesospheric bore with wide field-of-view and global coverage. A mesospheric
bore was captured by VISI in two consecutive paths on 9 July 2015 over the south of African contifi&nt 5485 and "18E).
The wave front aligned with south-north direction and propagated to west. The phase velocity and wave length of the following
undulation were estimated to 100 m/s and 30 km, respectively. Those parameters are similar to those reported by previous studi
Anti-clockwise rotation of the wave front was recognized in this event. Another mesospheric bore was captured on 9 May 2017
over the south Atlantic ocean (35 - 43S and 24W - 1°E) with more than 2,200 km horizontal extent of wave front. The wave
front aligned with southeast-northwest direction. Because the following undulation is recognized in the southwest side of the
wave front, it is estimated to propagate to northeast direction. The wave front was modulated with 1,000 km wave length. This
modulation implies inhomogeneity of the phase velocity probably due to the background ducting structure.
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Temporal and spatial variations of storm-time ionospheric irregularities on the basis of
GPS total electron content data analysis

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

It has been well-known that an enhancement of the ionospheric irregularity is caused by auroral particle precipitation anc
high-speed plasma convection. Recently, Cherniak and Zakharenkova [2016] reported strong ionospheric irregularities in th
topside ionosphere during the main phase of a super storm that occurred on March 17-18, 2015 that were associated with stor
enhanced density (SED) formation at mid-latitudes and evolution of the SED plume to the polar tongue of ionization (TOI).
However, since they did not analyzed the GPS data with high time resolution in the low-middle latitudes of less than 40 degree:
(MLAT: magnetic latitude), detailed temporal and spatial evolution of the ionospheric irregularities during geomagnetic storms
remains unknown. In this study, we analyze long-term global observation data of Total Electron Content (TEC) and Rate of TEC
Index (ROTI) provided by NICT in order to clarify the temporal and spatial evolution of storm-time ionospheric irregularities.
ROTI is defined as 5-minute deviation of ROT (Rate of TEC change) which is variation rate of TEC between 30 seconds. The
ROTI data are often used to identify small-scale (3-30 km) irregularities of plasma density. The two dimensional horizontal maps
of ROTI and TEC can be obtained from worldwide GPS data every 5 minutes and 30 seconds respectively. For projecting ROT
and TEC on two dimensional map, we assumed there is ionized single layer at altitude of 300 km. In the present analysis, w
used geomagnetic indices (Kp and Dst) provided by WDC for Geomagnetism, Kyoto University in order to identify several storm
events.

We investigated behavior of ROTI during a large geomagnetic storm that occurred on March 17, 2015 with the minimum Dst
index of -235 nT. This magnetic storm commenced at 05:00 UT on March 17. An intense ROTI enhancement was observes
over North America at 07: 45-11: 00 UT on 17th and from 18:00 UT on 17th to 01:00 UT on 18th. At 07:45-11:00 UT, the
enhanced ROTI region extends in the longitudinal direction and equatorward up to 41 degrees (GLAT: geographic latitude)
From comparison with the UV data of wavelength 135.6 nm by the DMSP satellite, it is inferred that the ROTI enhancement is
caused mainly by particle precipitations at auroral region. At 09:10-10:00 UT, the wavelike structures of the ROTI enhancemen
extending in the meridian direction was seen at the equatorial side boundary of ROTI enhancement. From the results of the H
radar data analysis, it can be thought that the wavelike structures are related to auroral undulations [Nishitani et al., 1994]. A
21:00-01:00 UT, the enhanced ROTI region extend only in the equatorward direction up to 36 degrees (GLAT) at 21:55 UT.
During this period, SED was observed over North America. The enhanced ROTI region coincides with the inner and polar side:
of SED. We further investigated behavior of ROTI during another geomagnetic storm that occurred on January 22, 2012. The
minimum Dst index of this storm is -70 nT. In this case, we do not observe a remarkable expansion of the ROTI enhancement t
mid-latitude. Although SED appeared from Europe to Iceland at 10:30-14:30 UT, there was no ROTI enhancement associate
with this. In order to clarify a statistical view of storm-time ROTI behavior, we investigated local time and latitudinal dependence
of ROTI on the Kp index. The average ROTI map for each Kp with 1-hour time interval was obtained using the ROTI data from
2012 to 2014. Since there were few events of which Kp index was larger than 5-, we examined ROTI map of which Kp index
was from 0 to 4+. The ROTI enhancement corresponding to particle precipitation was always found irrespective of Kp index.
The equatorial boundary of enhanced ROTI region expands to the lowest latitude at 00:00 LT (local time) and shrinks to the
highest latitude at 12:00 LT. There were no ROTI enhancement in mid-latitudes. The equatorial boundary tended to expand t
low latitude as the Kp index increases.
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Observation of equatorial plasma bubbles using ISS-IMAP - Occurrence of bubbles
during geomagnetic storm -

# Hiroyuki Nakata[1]; Akira Takahashi[2]; Akinori Saito[3]; Takeshi Sakanoi[4]; Toshiaki Takano[5]
[1] Grad. School of Eng., Chiba Univ.; [2] Artificial Systems Science, Chiba Univ.; [3] Dept. of Geophysics, Kyoto Univ.; [4]
Grad. School of Science, Tohoku Univ.; [5] Chiba Univ.

http://katla.nd.chiba-u.jp/"nakata/

Equatorial plasma bubbles (EPBSs) are large scale structures of depleted plasma density in the ionosphere. lonospheric irrec
larities are included in EPBs and cause scintillation on wide-band radio waves. In this study, we examined seasonal-longitudine
dependence of the occurrence of EPBs using airglow images obtained by lonosphere, Mesosphere, upper Atmosphere, and Pl
masphere mapping on board In- ternational Space Station (ISS-IMAP).

Since the depletion of electron density is associated with EPBs, EPBs are visualized as black lines in 630-nm airglow image:
The occurrence rate of EPBs is calculated by the number of EPBs over the observation time. The occurrence rate determine
by ISS- IMAP data is high at all longitude (but especially american region) in the equinoctial seasons. This result is consisten
with the occurrence rate determined in the previous study, e.g., the observation using plasma density data on DMSP satellite. C
the other hand, in summer, these occurrence rates are not consistent; the occurrence rate by ISS-IMAP is high at the Americ:
region as equinoctial seasons. We analyze EPB events observed during summer and it is shown that most of these events
subsequently to geomagnetic storm. Since it is reported that penetration electric fields near dusk are eastward and enhance:s
the stormtime occurred in summer, it is considered that prompt penetrating electric fields enhance the growth rate of EPBs.
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GAIA simulations of solar flare impacts on plasma vortex and plasma bubble generation
In the equatorial evening ionosphere

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

In the post-sunset equatorial ionosphere, neutral wind and the steep gradient of plasma density produce a clockwise plasr
vortex around geomagnetic field lines (looking North). The fast upward/poleward drift in the west side of the vortex is a gen-
eration factor of the plasma bubble. Meanwhile, solar flares intensify the EUV and X-ray radiation to decelerate the dayside
upward/poleward drift. The flares could have effects also on the post-sunset vortex, but the effects had not been clarified.

In this study we improved the GAIA, a coupled global atmosphere-ionosphere model, to simulate how the plasma vortex anc
density respond to an X17 flare. As a result, we found the following effects: First, during the intense EUV and X-ray radiation,
plasma density increased in the pre-sunset, drift velocity increased in the counterclockwise direction centering on the terminatc
line, and the density decreased in the post-sunset. After the flare irradiance decayed, the additional counterclockwise drift we
decelerated and the original clockwise vortex carried the density enhancement to the topside/poleward side and the density d
pletion to the bottomside/equatorward side. The drift along the vortex was accelerated from the bottomside/equatorward side t
the west side, and the density depletion penetrated to the topside/poleward side where the drift was decelerated. The velocity a
density structure was maintained until six hours after the beginning of the flare. In the presentation, we will evaluate the effect
of the flare on the plasma bubble with calculating the linear growth rate of the bubble.
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BRIOIRE EnE/EHENEDORY 7 "5 EMMENTVWS, 7 L7 IEERITZD Tk HRED 7 Z X

W 52 BAREMDH B, FTOFHIZIHS MK > TV,

Z AW T, K&E - EEERE S 2ERET IV GAIA ZE L, X17TOKBIL7ICH LTI DT I ARimeE S
FAREENEDLSITIETE2OMCDODNTYIal—yarm@irolz, ZOME, £9, 7L 7k -> Ty
FRD X FROBE DR E > TV B RIE, HHIOT T XA OEENEAL, WOEHITHZIRZEIIC FY 7 R EEIC K
FHEI D DZEEDA SN, HRED T T ABEND Uz, ZTD%, 7L 7KK 2B OEKDINE % &, KD
DRYT "B HED, 7T AT > TRERE RO O & & NG, S D OME s MR AN Eh L
1o MMOKE MK STEANCNT TR Y 7 MEENRET 5 & B, FERDDROE &S EEElcE TH
AL, ZTTREWICRY 7 MEENTED SNz, ZTOMERLEIX T L7 FIMAD 6 Rk £ T x, FEEED Uil 7z,
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Vertical rise velocity of equatorial plasma bubbles estimated from EAR observations anc
High-Resolution Bubble model simulations

# Tatsuhiro Yokoyama[1]; Sudarsanam Tulasi Ram[2]; K. K. Ajith[2]; Mamoru Yamamoto[3]; K. Niranjan[4]
[1] NICT; [2] lIG, India; [3] RISH, Kyoto Univ.; [4] Andhra Univ., India

Equatorial plasma bubble (EPB) is a well-known phenomenon in the equatorial ionospheric F region. As it causes severt
scintillation in the amplitude and phase of radio signals, it is important to understand and forecast the occurrence of EPBs from
space weather point of view. The development of EPBs is presently believed as an evolution of the generalized Rayleigh-Taylc
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 EPBs which shows very turbulent internal structures such as bifurcation and pinching. A
EPBs have field-aligned structures, the latitude range that is affected by EPBs depends on the apex altitude of EPBs over the c
equator. However, it was not easy to observe the apex altitude and vertical rise velocity of EPBs. Equatorial Atmosphere Radze
(EAR) in Indonesia is capable of steering radar beams quickly so that the growth phase of EPBs can be captured clearly. Th
vertical rise velocities of the EPBs observed around the midnight hours are significantly smaller compared to those observed i
postsunset hours. Further, the vertical growth of the EPBs around midnight hours ceases at relatively lower altitudes, wheres
the majority of EPBs at postsunset hours found to have grown beyond the maximum detectable altitude of the EAR. The HIRE
model with varying background conditions are employed to investigate the possible factors that control the vertical rise velocity
and maximum attainable altitudes of EPBs. The estimated rise velocities from EAR observations at both postsunset and midnig|
hours are, in general, consistent with the nonlinear evolution of EPBs from the HIRB model.

FREBEEICEBE N TR, RERAT LY KBTI ANTIVEMINZHEZOMENEL hEifThbN TV, 759X~
INT JTHES JRihiN s 75 A OAHARESE DA UTaicid. BikoORIE, MHOZMAZET) (S vFL—va
V) BWEU S8, GPSHFICK 2E AR EZ KT T ENHILENT NS, BIEETIC, TTRAINTIVD
M NS BT R 3 U TBUEE T V2R L. IR ERRICOWTIHOMCT 2 Z IR L TE Tz, 7
T AT IVORFEIERFRESD, 7T AN\ T IVNESORBIGEENE, ChE TSN TE R TI XN T IVORH
LROHEEINTE 2, T XN HICIR - TeE 2 Fr D70, 38R NAX 3RS HIPHIE Z OFE & Ik
79 %, TIAINT IWEFHARICZORICESSEICE THET D, 20 FREELIERZIIHEEICE > TRELE
t5%, LhL., ZOEREEEBHNNCE 525 LIRS TR EI -T2, FRERTL—F— (EAR) &, Enfic ¥ —
LZEBTEHTENARETH D, FOEREICH S I AN SDLI—D FitEEOZM S, 5 A<NT I
D FFAHERHEET DT EMNARETH D, —H. BT I 2L —arhbld. HAEEMED N TO FAEERHEE T
X3, HEMREBEKERLRICHKET E T I ANTIICDONT, EARBEHIE VI 2 L—yauh b FREERHEE LT
FER. mE RN EW—E2Rd C EARENT,
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Daytime TIDs over Japan by simultaneous ground-satellite observations by the
GPS-TEC network and the CHAMP satellite

# Aysegul Ceren Moral[1]; Kazuo Shiokawa[2]; Huixin Liu[3]; Yuichi Otsuka[2]; Michi Nishioka[4]; Takuya Tsugawa[4]
[1] ISEE, Nagoya University; [2] ISEE, Nagoya Univ.; [3] None; [4] NICT

We report results of the daytime travelling ionospheric disturbances (TIDs) over Japan by simultaneous ground-satellite
GEONET GPS receiver network and CHAMP satellite measurements. We used TEC (Total Electron Content) from GPS dat:
and neutral and electron densities from the CHAMP satellite. For the years 2002 and 2008, we examined total of twenty event:
From the events, fifteen of them have clear southward moving structures while the remaining five have clear northward moving
structures in the GPS-TEC measurements are found. On 2002, simultaneous events are only observed in January (1 event) ¢
February (4 events). All events from 2002 are southward moving events. On 2008, fifteen events are observed (January (3 event
February (5), March (1), May (1), June (1) September (1), October (2) and November (1)). CHAMP satellite measurements shov
quasi-periodic fluctuations for all events in the neutral and electron density data. We selected events with the criteria of CHAMF
satellite crosses at least one clear TID phase front. To determine the both measurements are observing the same wave anc
calculate the phase differences of those measurements, we fitted a sinusoidal function to the data and calculated frequencies :
phase. In this presentation, we report of those TID structures seen in the simultaneous ground-satellite observations by GPS-TE
and CHAMP and identify the source of the daytime TIDs at middle latitudes.
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Study of the character of growth of nighttime medium-scale traveling ionospheric
disturbances observed by GNSS

# Takafumi Ikeda[1]; Akinori Saito[1]; Takuya Tsugawa[2]
[1] Dept. of Geophysics, Kyoto Univ.; [2] NICT

Medium scale traveling ionospheric disturbance is one of phenomenon in ionosphere and has been long studied. Nighttim
MSTID will be caused by Perkins instability, but linear growth time(e folding time) of Perkins instability is very slow as growth
time from random thermal noise.

For this problem, we could solve by the geomagnetic connection between E-region and F-region, and inserting the sporadi
E layer’s polarized electric field as the energy source of growth. However, we have few examples of observational verificatior
whether E-region is connected to F-region when a disturbance occurred. And Perkins instability’s growth rate is independen
from wavelength, but we observe more MSTID events which wavelength is 200km - 400km. Sporadic E layer has less thar
100km periodic structure, which contradicts observation.

Therefore we think it is difficult to claim E-region and F-region connection as growth mechanism. To verify this idea, we
studied the character of growth of nighttime MSTID.

Using this method, we statistically estimated growth rates of nighttime MSTID in japan in summer 2014 observed by GNSS.
We applied three-dimensional spectral method for total electron content grid data ,and estimated propagation velocity. Usin
this velocity, we tracked movement of one wavefront of MSTID, and estimated the fastest growth time of each event by using
wavenumber spectra when tracking. As a result, growth time is slower than 16 minutes. Propagation direction when growth time
is fastest is southwestward(205 deg - 245 deg). Growth time is even faster when 240 degrees. This time is too slow as grow!
time of MSTID, and is within the range of one perkins instability expects.

We will show the detail about the relation between this growth time and both mechanisms, and also present the wavelengt
dependence of growth.
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Analysis of natural electric field and total electron content in the event of MSTID with
sounding rocket S-520-27

# Keigo Nishida[1]; Mamoru Yamamoto[2]; Keigo Ishisaka[3]; Makoto Tanaka[4]
[1] RISH, Kyoto Univ.; [2] RISH, Kyoto Univ.; [3] Toyama Pref. Univ.; [4] Tokai Univ.

Sounding rockets S-520-27 and S-310-42 were launched on July 20, 2013 to measure plasma and neutral atmosphere
multaneously. The launches were conducted while an Medium-Scale Traveling lonospheric Disturbances(MSTID) event wa:
monitored in real-time by the GPS-TEC from GEONET. The generation mechanism of MSTID, which is an interesting phe-
nomenon in F-region and shows wave structures with wavelengths of 100-200 km, was main subject of this experiment. O
particular importance was E/F-region coupling of the ionosphere and the interaction between atmosphere and plasma. The pt
pose of this presentation is re-analysis of natural electric field obtained by the double probe and total electron content (TEC) b
dual band beacon (DBB) in order to deliver basic (and accurate) data for studying generation mechanism of MSTID. Analysis
of natural electric field was completed for S-520-27, and we found that the direction of natural electric field fluctuated toward
the northeast and southwest. This trend is similar to that observed by DMSP satellite (Shiokawa et al, 2003), and agree wit
the growth condition of Perkins instability that is considered contributing to the MSTID development. We will also improve
signal processing of the DBB measurements and discuss 3D structures of electron density by using data from multiple groun
receivers.

20134F 7 H 20 HIC S-520-27, S-310-42 BT v MC K B FERD b, EHEEERE FEME OB KK &tk
SUDNRIRHCBIE N e, FEROFHHE. HRIBUIRMEEREEETL (Medium-Scale Traveling lonospheric Dlsturbances
MSTID) & FEIEN 2 ILPE-FE 3R /T 10 T EDY 100-200kmdD 75 X< HEARMEE DFEAEREMEIC DV T, EEEERE F-E fEI D45
R, PEREDEBEEAKICE Z 2 EOMIATH D, HiED GPSEHIFED & BHEHE2E 7O 7V EA LEZ /;(%
1TV, MSTID OFAEZREEL Ty MT R 29 Uz, AFETIE. S-520-275# 0y v F TRLN-AREL &
2oy MRS NI 2H R E —a Vi ERD 5185 NI TECOT — X Z il L. MSTID 0)3%95%%0)@%0)
DT —2 R M5 L 2HNE T %, BIRELITOMR. BB TR, mMrG0 BIRELDFIE LT
T ENVThoTz, Thid DMSPHE TEIIE N7z MSTID IC£E S Ei5 D J51A (Shiokawa et al, 2003y JHEILCH b, B
ROFREICHFGTBHLEZALN TS Perkins NLEDEICH L TEANTH S, SHicayy b—Hll L —a
IZDWVWTIE, BTN L, HEOZES,D TECHZE S T LT, BFEEOZEMMEIC DOV TELT %,
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Phase velocity distribution of mesospheric and ionospheric waves in airglow images at
Japan: Local time variation and SSW

# Satoshi Tsuchiya[1]; Kazuo Shiokawa[1]; Yuichi Otsuka[1]; Takuji Nakamura[2]
[1] ISEE, Nagoya Univ.; [2] NIPR

Atmospheric gravity waves (AGWSs) transport momentum from the troposphere into the mesosphere and the lower thermo
sphere (MLT). The momentum deposit through wave breaking causes the large-scale pole-to-pole circulation. The vertica
propagation of AGWSs depends on the horizontal phase velocity. Thus, investigation of the horizontal phase-velocity characteris
tics of AGWs is essential for understanding the dynamical variation of middle and upper atmosphere. The propagation directiol
of medium-scale traveling ionospheric disturbances (MSTIDs) seems to be different at different latitudes. However, the caus
which determines their propagation direction has not been sufficiently understood.

A new spectral analysis technique has been developed to obtain power spectra in the horizontal phase velocity by using tt
3-D FFT technique [Matsuda et al., JGR, 2014]. Takeo et al. (JGR, 2017) studied horizontal parameters of AGWs and MSTIDs
over 16 years by using airglow images at wavelengths of 557.7 nm (emission altitude: 90-100 km) and 630.0 nm (200-300 km
obtained at Shigaraki, Japan (32\8 136.YE) which is located at the middle part of Japan.

In this study, we have applied the same spectral analysis technique to the 557.7 nm and 630.0-nm airglow images obtained
Rikubetsu (43.9N, 143.8E), which is at the northern edge of Japan, for 16 years from 1999 to 2014. We compared features of
horizontal wave spectra at Shigaraki and Rikubetsu over 16 years. We focus their dependence on local time and stratosphe
sudden warming (SSW).

In summer, the propagation direction of AGWSs seen in the 557.7-nm images is northeastward regardless of local time at bot
Shigaraki and Rikubetsu. However, in winter, the propagation direction is changed from southwestward to northwestward as timi
progresses from evening to morning at both stations. The meridional wind measured by the meteor radar mode of the MU rads
at Shigaraki changes from northward to southward at altitudes around 95 km from evening to morning in winter. This suggests
that the wind filtering by the mesospheric jet causes the observed local time dependence of AGW propagation directions. On th
other hand, the propagation direction of MSTIDs in 630.0-nm images is southwestward regardless of the local time.

There is almost no change in the propagation direction of AGWs at both Shigaraki and Rikubetsu before and after the day
of SSW defined by the peak stratospheric temperature in polar cap {60-3owever, the propagation direction of AGWSs is
changed from southwestward to northeastward at Rikubetsu on the day of the reversal of eastward zonal wiharad 60
hPa (about 35 km in altitude) by the SSW. This propagation direction change was not observed at Shigaraki. The propagatio
direction of AGWs is generally northeastward in summer and southwestward in winter. Thus the present observation sugges
that the zonal wind reversal in the high-latitude stratosphere at SSW causes the seasonal variation of the propagation direction
AGWs in the mesopause region at middle latitudes at "4F6r MSTIDs, propagation direction is not changed before and after
the days with the peak temperature and the reversal of wind by the SSWs.
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Propagation characteristics of mesospheric gravity waves over Syowa and Davis using
OH airglow imager

# Masaru Kogure[1]; Takuji Nakamura[2]; Yoshihiro Tomikawa[2]; Mitsumu K. Ejiri[2]; Takanori Nishiyama[2]; Masaki
Tsutsumi[2]; Taylor Michael J.[3]; Zhao Yucheng[3]; Pautet P.- Dominique[3]; Murphy Damian[4]
[1] Polar Science, SOKENDAI; [2] NIPR; [3] USU; [4] AAD

Gravity waves transport their momentum and energy from the lower atmosphere to the upper atmosphere and cause the mer
ional circulation [Fritts and Alexander, 2003]. A practical forecast model poorly resolves the gravity waves, because the gravity
waves are smaller than a horizontal resolution of the model; the gravity waves are parameterized in the model. However, the p:
rameterizations do not completely represent the effect of the gravity waves. In particular, We have poorly understood their energ
and phase speed over the Antarctic (e.g. Garcia et al. [2016] point out that the modern parameterizations could underestimate t
gravity wave energy by 25%), because the observation studies are few. In order to show the feature of gravity waves over Syow.
we have observed the gravity waves over Syowa (69S, 40E) using some instruments (e.g., lidar and OH imager). In recent yeal
we also compared the gravity waves over Syowa and Davis(69S, 79E), which has similar terrain and meteorological conditior
to Syowa, to show their horizontal variation. Consequently, we found that their vertical variation was different between the two
stations using our lidar [Kogure et al., 2017] and their propagation direction was different using our airglow imagers (but during
only one month) [Matsuda et al., 2017]. Wind filtering or a large scale source difficulty cause these differences, and to reveal thit
unknown origin is need.

We analyzed the OH airglow imager data in 8 months (during March to October in 2016) over two stations by using Matsuda
transform [Matsuda et al., 2014] to investigate propagation directions of gravity wave around 86 km altitude. Consequently, we
found the large amplitude gravity waves with high grand-based phase speed (&It;100 m/s) over Davis, but we did not find therr
over Syowa. The total power of gravity waves over Davis was twice as large as that over Syowa in July and August, but the tota
power over Davis was half as large as that over Syowa in October.

In this presentation, we will show the detail comparison results between the two stations, and we will also discuss the differ-
ence of the grand-based horizontal phase speed and their cause.

KB X, FEAGD D EEAGAANES R « T3V F—2ii L, mitiERE2LE S8 %, COFERICED EF -
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Medium-scale gravity wave perturbations in the bottomside Fregion in tropical regions

# Liu Huixin[1]
[1] UK - B - Hhek

Medium-scale gravity wave perturbations in the bottomside Fregion in tropical regions

# Huixin Liu[1]
[1] None

Thermospheric gravity waves (GW) in the bottomside F region have been proposed to play a key role in the generation o
equatorial plasma bubbles (EPB). However, direct observations of such waves are scarce. This study provides a systema
survey of medium-scale (&It;620 km) neutral atmosphere perturbations at this critical altitude in the tropics, using four years
of in-situ GOCE satellite measurements of thermospheric density and zonal wind. The analysis reveals pronounced features ¢
their global distribution and seasonal

variability: 1. A prominent 3-peak longitudinal structure exists in all seasons,

with stronger perturbations over continents than over oceans. 2. Their sea-

sonal variation consists of a primary semiannual oscillations (SAO) and a

secondary annual oscillation (AO). The SAO component maximizes around

solstices and minimizes around equinoxes, while the AO component maxi-

mizes around June solstice. These GW features resemble those of EPBs in

spatial distribution but show opposite trend in climatological variations. This

may imply that stronger medium-scale GW activity does not always lead to

more EPBs. Possible origins of the bottomside GWs are discussed, among

which tropical deep convection appears to be most plausible.
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Impacts of thermospheric gravity wave on the lonospheric variability 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 variability in the thermosphere/ionosphere
In this study, impacts of thermospheric GWs on the variability in the ionosphere are examined using a whole atmosphere
ionosphere coupled model (GAIA: horizontal resolution 100km). The GAIA contains the region from the ground surface to
the upper thermosphere, so that we can simulate excitation of GWs in the lower atmosphere, their upward propagation int
the thermosphere, and their impact on the thermosphere/ionosphere system. Furthermore, the GAIA includes coupling process
between neutral atmosphere and plasma. This means that GAIA can simulate ionospheric variability excited by the thermospher
GWs. We focus our attention on behaviors of Large-Scale Traveling lonospheric Disturbances (LSTIDs) simulated by GAIA.
The relation between the LSTIDs and thermospheric GWSs are discussed in detail in this study.

TERSKEIRORSE A, BB RN £ TRk UAAB BRI AENC 2 KB 2 MIF L TWA T &M, IFEOHE
ETFIVRCERNC X B8 THLNICE D DDH S, AFETIE. KEEEEEERE ST TV GAIA O E/KEERER (7K
SERASRIER) 100km) & VT, BABIE A, BEEEAHIC B XX T HEIC OV TN THZ, AL THT % GAIA
. SHRED SEE L E TEESATVS D, FERKQ TOEITEOME, BABEANONERRE. BB TORE R ED—
HOWBEZHET 2 EHARETDH B, Tz, PR L BRSO EIEFREZEA TV S 28, BABEHE
HEEABNIC B KITTHEBICOWTEHLMICT BT EDIRETH 5. AWIIETIE, ENEE 1 & KRB B
Gl (LSTID) DOBHHICDOWT, sEMlEfNT 21T o Tz ZOFSHE, HEkEEEURERM O LSTID i, (K& ICmh > TRiET
3 L, LSTID OiRIEIZ. ZFDIEZINEFTI DRI NC &R L., Bl —BT 3ERNESNT, T T, LSTID
DRI DWW TR T 21T o 120 AR TOY R 2 L— 3 ClE. KGN & i S iEns 2 o L
TWAT, KO LSTID 13, FEAGKEROEBENICK ORI N TS ENVghoT, & Hic, BNEEIE
g DOFMIZ b & LSTID OFHIZ L & ORED FE KK Z# & LSTID & OREIC DWW T BT 21T 72,
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Vertical motion of the neutral atmosphere in the winter polar MLT region using the
sodium LIDAR at Tromsoe

# Satonori Nozawa[1]; Takuo Tsuda[2]; Yasunobu Ogawa]3]; Hitoshi Fujiwara[4]; Takuya Kawahara[5]; Norihito Saito[6];
Satoshi Wada[6]; Toru Takahashi[3]; Masaki Tsutsumi[3]; Tetsuya Kawabata[1]; Chris Hall[7]; Asgeir Brekke[8]
[1] ISEE, Nagoya Univ.; [2] UEC; [3] NIPR; [4] Faculty of Science and Technology, Seikei University; [5] Faculty of
Engineering, Shinshu University; [6] ASI, RIKEN; [7] TGO, UiTO; [8] Science and Technology, UiTo

We will present characteristics of vertical motion above Tromsoe (69.6 deg. N, 19.2 deg. E) in the polar Mesosphere-Lowel
Thermosphere (MLT) between about 80 and 110 km, mainly based on sodium LIDAR data. Vertical motion of the neutral
gases in the polar MLT is a peculiar issue, and its understanding is important in terms of substance transport as well as therm
structures. Observations of the vertical wind in the MLT region are rather difficult, because vertical velocities are generally
thought to be about two orders smaller than horizontal wind velocities. For example, observations of vertical winds by radars
(MF and meteor radars) are difficult. Thus, our understanding of the vertical motion in the polar MLT region is still limited. The
sodium LIDAR operated at Tromsoe is capable of simultaneous measurements of wind velocities as well as neutral temperatul
with five directions with a good accuracy (about 1 m/s and 1 K, respectively). By using the LIDAR data (about 2200 hr data)
obtained from October 2012 to March 2017 together with EISCAT, MF, and meteor radar data and auroral image data, we will
discuss the characteristics of the vertical motion in the polar MLT.

We have analysed 77 nights of LIDAR data sets obtained under good conditions. Wave structures are almost always promine
in wind and temperature data sets. We have found several events where the vertical wind blew with strength of about 10 m/s. |
the night of January 14, 2015, the upward vertical wind with an amplitude of 10 m/s was found between 92 and 101 km lasting
for a few hours; the region of vertical wind appearance went down from 101 km to 92 km. During the night, the semidiurnal tide
was strong with an amplitude of 100 m/s. This might suggest that strong vertical motion exists when such waves pass by the ML
region, but it seems like this event was not the case. In another event found in February 8, 2013, upward flows were observe
between 94 and 96 km at the same time for 15 min, while no vertical flows were found at and above 97 km and at and below 9:
km. Of particular interest in the both cases is that a sporadic sodium layer (SSL) appeared nearby the height region where tt
upward vertical wind was observed at the same time (in the case of January 14, 2015) or 15 min later (in the case of Februar
8, 2013). In this presentation, we will address what conditions are needed for the vertical motion occurrence. We will discuss
possible relationships between strong vertical wind occurrence and advent of SSLs, aurora effects or atmospheric stabilities.
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Multi-event study of thermospheric wind variations at substorm onset using an FPI at
Tromsoe, Norway

# Heqiucen Xu[1]; Kazuo Shiokawa[2]; Shin-ichiro Oyama[3]; Yuichi Otsuka[2]
[1] Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya Univ.

http://www.isee.nagoya-u.ac.jp/dimr/members.html

In this study, we focused on high-latitude thermospheric wind variations near the onset time of isolated substorms. Substormr
related energy inputs from the magnetosphere to the polar ionosphere modify the high-latitude ionosphere and thermosphel
For the first time, this study showed the characteristics of high-latitude thermospheric wind variations at the substorm onset. W
also investigated the possibility of these wind variations as a potential trigger of substorm onset by modifying the ionospheric
current system (Kan, 1993). A Fabry-Perot interferometer (FPI) at Tromsoe, Norway provided wind measurements estimate
from Doppler shift of both red-line (630.0 nm for the F region) and green-line (557.7 nm for the E region) emissions of aurora
and airglow. We used seven-year data sets obtained from 2009 to 2015 with a time resolution of 13 min. We first identified
the onset times of local isolated substorms using ground-based magnetometer data obtained at the Tromsoe and Bear Isle
stations, which belongs to the IMAGE magnetometer chain. Totally, we selected 4 red-line events and 5 green-line events take
place at different local times. For all these events, the peak locations of westward ionospheric currents identified by the grounc
based magnetometer chain were located at the poleward side of Tromsoe. Then, we calculated two weighted averages of wil
velocities for 30 min around the onset time and 30 min after the onset time of substorms. We evaluated differences betwee
these two weighted averages to estimate the strength of wind changes. The observed wind changes at these substorm onsets \
less than 49 m/s (26 m/s) for red-line (green-line) events, which are much smaller than the typical plasma convection spee
This indicates that the plasma motion caused by substorm-induced thermospheric winds through ion-neutral collisions is a minc
effect as the driver of high-latitude plasma convection, as well as the triggering of substorm onset. The red-line events shov
increases of eastward winds from the pre-midnight to post-midnight sectors and decreases of northward winds except for th
midnight sector. The green-line events show increases of eastward winds from the pre-midnight to post-midnight sectors, an
increases (decreases) of northward winds before (after) midnight. We discuss possible causes of these observed wind chan
at the onset of substorms based on the mechanisms of thermospheric diurnal tides, arc-induced electric field and Joule heati
caused by the auroral activities that were identified by the cross sections of all-sky images, as well as the IMF-associated plasn
convection model. From these results, we suggest that the high-latitude thermospheric wind variations at substorm onset a
mainly caused by the competition between diurnal tides and plasma convection.
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Recent activities and future plans of NICT ionospheric observations

# Takuya Tsugawa[1]; Michi Nishioka[1]; Hisao Kato[2]; Hiromitsu Ishibashi[1]; Kornyanat Hozumi[3]; Takumi Kondo([3];
Takahiro Naoi[1]; Mamoru Ishii[1]
[1] NICT; [2] NICT; [3] NICT

National Institute of Information and Communications Technology (NICT) has been observing ionosphere by ionosondes anc
GNSS receiver networks in Japan and in the Southeast Asia for monitoring ionospheric condition and researching ionospher
disturbances. Domestic ionosondes have been replaced with Vertical Incidence Pulsed lonospheric Radar 2 (VIPIR2) ionosond
which can separate the O- and X-modes of ionospheric echoes which would improve the accuracy of automatic scaling of th
ionogram. We have tried to detect arrival directions of ionospheric echo using the 8ch receiving antenna array of the VIPIR2. Ir
addition to ionosonde observations, we are providing high-resolution two-dimensional maps of absolute TEC, detrended TEC
rate of TEC change index (ROTI), and loss-of-lock on GPS signal over Japan using the dense GNSS network, GEONET, ol
realtime basis. We have developed ionospheric storm monitoring system based on the realtime observation data and a ne
ionospheric storm scale, I-scale, which is defined using the long-term ionospheric data in Japan. We have tried to develop
routine monitoring system of two-dimensional structures of sporadic E-layer using TEC and ROTI maps. In Southeast Asia, we
has developed the Southeast Asia low-latitude ionospheric network (SEALION) for the purpose of monitoring and researching
severe ionospheric disturbances, such as plasma bubble. SEALION mainly consists of five FMCW ionosondes in four countrie
in Southeast Asia. We are now developing a new FMCW ionosonde system which is GNU Radio based software definec
system. We have a future plan to install a VHF radar and multi-GNSS receivers at Chumphon, one of SEALION stations at
the geomagnetic equator to study plasma bubbles and their effects on precise GNSS positioning. In this presentation, we wi
introduce recent activity and future plan of ionospheric observation in NICT.
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Current status of development of new digital beacon receiver

# Mamoru Yamamoto[1]; Keiichi lwata[1]; Mayumi Matsunaga[2]
[1] RISH, Kyoto Univ.; [2] Tokyo Univ. of Tech.

We have successfully conducted observations of total-electron content (TEC) of the ionosphere using a satellite-to-groun
beacon experiment. A unique dual-band (150/400MHz) digital receiver GRBR (GNU Radio Beacon Receiver) was developec
based on the recent digital-signal processing technologies. Now there are 2 new beacon-satellite projects on the way. One
TBEX (Tandem Beacon Explorer), a project by SRI International, to fly a constellation of two 3U cubesats with triband beacon
transmitters. Another one is a constellation of FORMOSAT-7/COSMIC-2 satellites, also with triband (or quad-band) beacon
transmitters. All of these satellites will be placed into low-inclination orbits by the same launch vehicle in late 2018. This launch
will provide great opportunities to enhance studies of the low-latitude ionosphere. We are now developing the new GRBR systen
that covers all frequencies (150/400/965/1067 MHz) for dual- or triple-band beacon experiment with these satellites. We will

report current status of this development.



R005-P03 215 Poster B¥RY: 108 17H

Observations of auroral spectra in EISCAT radar site, Tromso, Norway

# Takuo Tsuda[1]; Keisuke Hosokawa[1]; Tetsuya Kawabata[2]; Satonori Nozawa[2]; Akira Mizuno[2]
[1] UEC,; [2] ISEE, Nagoya Univ.

We have developed a compact spectrograph, which is capable of measuring optical emission intensity in visible range fron
"480 nm to "880 nm with a resolution of “1.6 nm. The aperture, i.e. F-number, is "4, and the data sampling rate is 1 Hz. We
installed the spectrograph in European incoherent scatter (EISCAT) radar site, Tromso, Norway (69.6N, 19.2E), and starte
unmanned nighttime operation on 4 October 2016. The field-of-view (FOV) of the spectrograph is pointed at magnetic field-
aligned direction. Since then, aurora observations have been done continuously during the last winter. In the presentation, w

will introduce the spectrograph and its observations of aurora in EISCAT Tromso site.
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N2+ resonant scattering light observation in the sunlit topside ionosphere with the
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 4278 mesdhant scattering
in the sunlit topside ionospher&tormer[1955] has summarized his work on sunlit aurora during the period from 1918 to 1943.
He observed the sunlit aurora extending to 700-1100 km altitudes and found the strong emissionBfiés[1949] suggested
that the N emission at 427.8 nm is resonant scattering in the sunlit regigalace and McElro)f1966] supposed that ;N\t
ion is generated in F-region by the charge exchange reaction betwean®N,. Besides, satellite data showedNemission
in the altitude range from 400 to about 1,000 km. The MSX satellite observed firstthe@ission probably caused by N
upflow from the topside ionospher&pmick et al, 1999]. lon upflow is essential for the source of ion outflow observed in the
magnetosphere. Oion upflow occurs mainly during geomagneticaly disturbed conditidMegn et al, 2004,Abe et al, 1993].

While, the molecular ions such asNwas considered to be difficult to outflow from E-region. However, these molecular ions
were also measured at about 10,000 km altitudés: et al, 1993], and the influence of these ions on the magnetic dynamics
and the evolution of planetary atmosphere is important.

Thus, we focus on N 427.8 nm emission data taken by Aurora Spectrograph (ASG) at Longyearbyen, Svalbard (geographic
latitude : 75.2 deg and geographic longitude : 16.04 deg) for 13 years to investigatepflow in the topside ionosphere. In
addition to ASG, we use ESR data if it is operated.

The ASG consists of a fish-eye lens, slit, grism and a cooled CCD detector which covers the wavelength range of 420-73(
nm with a 2.0 nm spectral resolution and field of view of 180 degrees along the magnetic meridian. The ASG have beer
operating since 2000, but measuring™emission 427.8 nm since 2004. In many cases, the field-of-view of ESR directs toward
the geomagnetic field line (elevation angle : 81.6 degrees), and we can get the ion temperature, electron temperature, electr
density and ion velocity from 100 to 600 km with spatial and time resolutions of 2.2-4.5 km and 6s.

The preceding study figured out that there is a high probability that the dutflow occurs in geomagnetically disturbed
condition (Kp=4) Mizuno et al, 2005]. Therefore, we selected the data in the period one month before and after the winter
solstice during from 2004 to 2016 in which we could get the auroral data even in the noon because of the high-latitude of the site
and the Kp indices were greater than 4. As a result, we detected 10 events gfithesdnant scattering light. On 22th January,

2012 (15 UT, Kp=4+), although the auroral arc which has Mesonant scattering light passed over ESR, rfidd upflow was
measured. Furthermore, on 21th December, 2015 (7UT), the stable single auroral arc stayed in the same region for about one ¢
a half hours. Assuming the peak altitude of auroral 630 nm emission to be 250 km altitude, we estimated the altitude profile o
N, emission. We found the auroral 630 nm emission at 250 km altitude correlated well witd2¥ nm emission at altitude

of 300 km and 400 km with correlation coefficients of 0.749, and 0.641, respectively. These suggests thaviilisQenerated

by low energy electrons in cusp region and N2+ is generated by the charge exchange betveaehNpin the lower F-region,

and (2) that N* ion goes upward from F-region (not from E-region).
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Polar cap patches in Antarctica: a statistical analysis with WATEC imagers and Swarm
satellites

# Akiko Kagawa[1]; Keisuke Hosokawa[1]; Yasunobu Ogawa[2]; Akira Kadokura[2]; Yusuke Ebihara[3]
[1] UEC; [2] NIPR; [3] RISH, Kyoto Univ.

Polar cap patches are defined as regions of plasma density enhancements in the polar cap F region ionosphere. The elect
density inside patches is 2 to 10 times larger than the background level. The production of patches is believed to be caused |
intermittent intake of high-density solar EUV plasma on the dayside by the anti-sunward convection. However, we still do not
know if this process is always working and creating patches or not.

In the past, the optical observations of patches were carried out only in the northern hemisphere. This is because it has be:
difficult to install/operate relatively large and expensive equipment in the severe environment in Antarctica. In this study, we
make use of so-called WATEC imagers which are inexpensive and handy airglow imagers. The WATEC imagers have beel
operative at McMurdo (77.5 S, 166.4 E, -79.9 MLAT) and South Pole (90.0 S, -74.7 MLAT) stations. By applying several
noise reduction processes (e.g., image integration) to the original raw images, we succeeded in visualizing polar cap patches
the southern hemisphere. In this study, we try to reveal statistical properties of Antarctic polar cap patches and discuss the
generation mechanisms by comparing it with the past observations in the northern hemisphere. In addition, we use the electrc
density data from the Swarm satellite. Since the Swarm satellites provide high temporal resolution in-situ electron density data, |
is possible to analyze the detailed internal structures of patches and clarify the irregularities in the electron density in the vicinity
of patches.

The temporal resolution of the 630.0 nm observations of the WATEC imagers is 4 sec. After making noise-free images by
averaging consecutive images for 1 minute (15 images), we applied an algorithm for automatically extracting patches to the
images. As a result, we detected 551 events at McMurdo and 283 events at South Pole. Additionally, we separately identifie
patches directly created from PMAF (poleward moving auroral forms) on the dayside, which are 15 events at McMurdo and
130 events at South Pole. For these Antarctic patches, we investigated the UT dependence of their occurrence frequency in t
statistical fashion. At both the stations, the occurrence frequency was larger when the observation points were located on tf
nightside. The reason why there is a time span in which the patches could not be detected in this study was not because tt
period is dominated by daytime high-density plasma but because patch generation mechanism itself was not operating durir
that time. Due to a large offset in location between the geographic and geomagnetic poles (AACGM model) in the southerr
hemisphere, there is some period while the entire polar cap was within the dark hemisphere and intake of daytime high-densit
plasma never happens. On the other hand, patches originated in aurora were detected near the dayside cusp where is the hot
of PMAF. Since South Pole station is mostly located at the cusp on the dayside, those patches were detected more often at Sot
Pole than McMurdo. Since they have detailed structures in the electron density much more than the plain polar cap patches, v
analyzed such internal structures by using the high-time resolution electron density data from the SWARM satellite. We alsc
carried out a statistical analysis of the SWARM electron density data from December 2013 to June 2017 and obtained similar U
variation in the occurrence of high-density plasma in the polar cap as that of the polar cap patches. This again implies that plai
patches are produced by the intake of high-density plasma from the sunlit region. In the presentation, by comparing the derive
statistical properties of polar cap patch in the southern hemisphere with those in the northern hemisphere, we will discuss th
generation process of patches.
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Characteristic of patches during CME and CIR interval by optical observations near the
northern magnetic pole

# Kazu Okamura[1]; Keisuke Hosokawa[1]; Kazuo Shiokawa[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. However, it has not been discussed the relationship between the variations of IMF and the
characteristics of patches. In this study, we focus our attention on the difference in the variation of IMF between periods of CME
(Coronal Mass Ejection) and CIR (Co-rotating Interaction Region). During intervals of CME, plasma convection efficiently
transports the high-density daytime plasma towards the polar cap by the expansion of the high-latitude convection due to th
prolonged southward IMF; thus, huge and bright patches should be observed. In contrast, during intervals of CIR, there ar
observed lots of fluctuations in the IMF orientation, then the corresponding frequent changes in the high-latitude convectior
can chop the TOI (Tongue of lonization) into small patches. The purpose of this study is to clarify the dependence of the
characteristics of patches on the variations in the IMF by comparing patches during CME and CIR.

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, 82.9MLAT). We are able to carry out 24h continuous measurement at an almost fixe
point near the magnetic pole.

In this study, we analyze two intervals on December 10, 2015 under the influences of CIR and December 14, 2015 under th
influences of CME during which patches were observed in Eureka and Resolute Bay simultaneously. The method of the analys
is 1) make keograms, which is time-series of the north and south cross-section of all-sky images, and movies from all-sky image:
2) extract patches from all-sky images and keograms by visual inspection, 3) find the number of patches, average luminosity an
average occurrence interval and compare these values between the cases of CME and CIR. On December 10, 2015, the num
of patches is 27, the average luminosity is 208 Rayleigh, and the average occurrence interval is 24 min. On December 14, 201
the number of patches is 20, the average luminosity is 265 Rayleigh, and the average occurrence interval is 22 min. We predicte
that the occurrence interval of the patch can be different due to the difference in the variation of IMF between the cases of CME
and CIR. However, it was found that the observed number of patches, average luminosity and average occurrence are almost t
same between the two cases.

Regarding the average luminosity, of course the IMF variations during the CME and CIR can affect the characteristics of the
high-latitude plasma convection, but in both cases the convection expands large enough to capture the daytime plasma into t
polar cap; thus, there is almost no difference in the characteristics of patches between CME and CIR. During interval of CME.
plasma convection stably transports the high-density daytime plasma towards the polar cap by the expansion of the high-Ilatituc
convection. Even during intervals of CIR, plasma convection regularly transports the high-density daytime plasma towards the
polar cap from one direction by the stable of the positive IMF By. Because stable transportation of the high-density dayside
plasma is possible in both cases, there is almost no difference in the number and average occurrence of patches during the CI
and CIR period.

This result suggests that the characteristics of patches depend more on the location of terminator than the variations in IMF.
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Statistical characteristics of polar cap patches in Eureka, Canada: dependence on UT,
season and IMF By

# Michitaro Nagata[1]; Keisuke Hosokawa[1]; Kazuo Shiokawa[2]; Yuichi Otsuka[2]
[1] UEC; [2] ISEE, Nagoya Univ.

Polar cap patches are regions of high density plasma in the polar cap F region ionosphere. The electron density within patch
is 2 to 10 times higher than that in the surrounding region. It has been suggested that patches are produced by long-distan
transportation of high-density plasma from the dayside sunlit area towards the dark central polar cap region by the anti-sunwar
convection during negative Bz conditions. Polar cap patches have been observed in many places in the polar cap. To dat
however, most stations were located at magnetic latitudes around 80 degrees. Thus, continuous observations at a fixed point
the magnetic coordinate system have not yet been done due to the rotation of the Earth. This makes it difficult to follow the
statistical characteristics of patches, especially seasonal and UT dependence of their occurrence.

In order to observe patches near the magnetic pole continuously, we have been operating an all-sky airglow imager (ASI) o
Optical Mesosphere Thermosphere Imagers (OMTIs) in Eureka, Canada (80.0 N, 85.9 W, 89 MLAT). The ASI has three optical
filters, but we only use 630.0 nm airglow images taken every 2 min to observe polar cap patches. The imager at Eureka ca
observe a region near the magnetic north pole from an almost fixed point in the magnetic coordinate system; thus, it is nov
possible to monitor the polar cap ionosphere for 24 hours during a period near the winter solstice.

In this study, we investigate the occurrence distribution of polar cap patches by using data from Eureka and clarify the factor:
controlling the generation of patches. In particular, the results are compared with numerical simulation of Bowline et al. [1996]
which employed TDIM model to predict the occurrence distribution of patches. Since their simulation assumes the transportatior
of dense plasma from the dayside as a generation mechanism of patches, if the statistical results are consistent with the simulati
we will be able to prove the suggested process for the production of patches.

We have used 630.0 nm all-sky images from two winter seasons from 2015 to 2017. The amount of data used is 87 day
in 2015 and 89 days in 2016, respectively. We automatically identified the appearance of patches from the time-series of th
optical intensity at zenith and made a list of patches. Then, we manually checked all the patches in the list and discarde
other phenomena such as polar cap aurora which were miss-identified by the automated detection. By using this list of patche
we analyzed how the occurrence of patches depends on UT, season, and IMF. As a result, the seasonal/UT dependences
patches derived from the current statistics are consistent with those simulated by Bowline et al. [1996] during the southwarc
IMF conditions. This indicates that patches are created by the transportation of dense plasma from the dayside. In contrast, t
seasonal/UT dependences of patches do not agree with the simulation during the northward IMF condition. This suggests th
patches are generated by a different process, probably direct creation of dense plasma due to particle precipitation, during tl
northward IMF conditions. We also investigated the dependence of patch occurrence on the IMF By statistically. When the IMF
By is positive, the number of polar cap patches was twice of that in the negative IMF By cases. This is probably because the
pattern of plasma convection is more appropriate for patches to be transported toward the magnetic pole during the positive IM
By conditions.
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Electric field modulations in the ionosphere induced by pulsating aurora

# Toru Takahashi[1]; llkka I. Virtanen[2]; Keisuke Hosokawa[3]; Yasunobu Ogawa[1]; Anita Aikio[2]; Hiroshi Miyaoka[1]
[1] NIPR; [2] Univ. Oulu; [3] UEC

A pulsating aurora (PsA) is a quasi-periodic modulation of the auroral luminosity with a period from a few seconds to a few
tens of seconds. It is well known that the intensity of the PsA is typically excited by the precipitation of electrons in the energy
range from a few keV up to a few tens of keV. The high energy electrons release their energy into the ionosphere by modulating
the ionospheric parameters such as electron density.

In a previous study, ion velocity variations harmonized with PsA were observed by SuperDARN radar. The main cause behinc
this phenomenon has been considered to be the polarization of the electric field, which is generated by the enhancement
the ionosphereic conductance inside PsA patches. A previous EISCAT radar observation has revealed the response of electt
density and Hall conductance to the appearance of the pulsating auroras. However, it is still not clear what is the exact relationsh
between the variations of the direction of the electric field, the ionosphereic conductance, and the optical pulsation.

On November 9, 2015, the EISCAT Tromsoe UHF and VHF radar operated with the KAIRA instrument installed at Kilpisjarvi,
Finland. This simultaneous observation provided the electric field in the F region, the electron density/temperature, and ior
velocity/temperature with a temporal resolution of 5-sec. PsA patches were captured by the all-sky camera at Tromsoe fror
02:00 to 02:25 UT, with a predominantly period of 12 seconds. In this time interval, we found that the Pedersen conductance
increased when during of the PsA ON phase. Furthermore, the electric field direction turned from south-eastward to south
westward while the southward electric field slightly weaken as the Pedersen conductance increased. Thus, the direction of tt
electric field inside of the PsA patches appeared to be north-westward. This direction was consistent with the polarization of the
electric field created by the enhancement of the Pedersen conductance. In this presentation, we will summarize these results ¢
explain the generation mechanism of the polarization electric field caused by the PsA.
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PBI numerical simulationthe’the interaction of aurora streamer and aurora oval’

# Yusuke Aoyagi[1]; Akimasa Yoshikawa[2]
[1] SEE; [2] ICSWSE/Kyushu Univ.

In this study, we numerically investigate nature of PBI, which take into account evolution of the electric conductivity and the
induced electric field.

PBI (Poleward Boundary Intensification) which occurred at the poleward boundary of nightside aurora oval has been consid
ered to be the ionospheric manifestation of the distant reconnection in the magnetotail so far[Lyons.2011].

Recently, Ohtani&amp;Yoshikawa [2016] proposed new model of PBI that Field Aligned Current (FAC) accompanied by the
fast polar cap flow excited the upward polarization FAC as the PBIs at the conductivity gradient region when it approaches the
aurora oval. In their model, the polarization FAC is calculated under the electrostatic approximation with given conductivity dis-
tribution. In this study, we work on the advanced problems that Ohtani&amp;Yoshikawa [2016] have not yet take into account.
Two main points of important physical element are not considered in the previous model.

The first point is the time evolution of the electric conductivities. The polarization FAC excited by approaching aurora streamer
to the aurora oval produces plasma density fluctuation by current closure and accelerated electron precipitations, which leads
changes of conductivity. The second point is introduction of the induced electric field. Ohtani&amp;Yoshikawa [2016] use the
electrostatic approximation for calculating ambient electric field of fast polar cap flow, however, existence of Hall effect at the
ionospheric E-layer, simultaneously produces both electrostatic and induced electric fields. For self-content treatment of PBI
evolution, we need to take into account the induction electric fields in the plasma density drift process.

In this presentation, we will introduce detail of our advanced PBI model and am going to report an initial result of new simu-
lation.
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Tsunami-generated electric current system in the ionosphere constrained by simulation
of tsunami motional induction

# Takuto Minami[1]; Hiroaki Toh[2]; Hiroshi Ichihara[3]
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Earthquakes and tsunamis cause a variety of electromagnetic (EM) phenomena. Especially, tsunamis trigger two major ph
nomena: (1) tsunami motional induction, where EM variations are generated by conductive seawater moving in the geomagnet
main field, and (2) tsunami-atmosphere-ionosphere (TAI) coupling, where rapid sea surface deformations due to tsunamis cau
atmospheric gravity waves reaching ionosphere and driving electric current system there. Although both phenomena are i
portant because of their potential to contribute to tsunami early warning, it is sometimes difficult to distinguish these effects in
magnetic data observed at ground/seafloor observatories, based on the frequency or the starting time of the variations (Minan
2017). To identify these effects, we require an accurate model for either of tsunami motional induction or of TAI coupling. How-
ever, magnetic variations obtained from previous TAl simulations are not reliable at ground level because they do not include
the effect of conductivity structure of the Earth’s interior and of conductive seawater (e.g., Kherani et al., 2016). On the other
hand, it is known that EM variations due to tsunami motional induction are not affected significantly by conductivity structures
beneath the seafloor (Shimizu and Utada, 2014), which allows us to calculate the fields accurately when a reliable tsunami sour
model is available. We have already developed a three-dimensional simulation code for EM fields generated by tsunami motion:
induction. In this study, we try to constrain the form of electric current system in the ionosphere from the perspective of ground
and seafloor magnetic observations, by subtracting the effect of tsunami motional induction, for the case of the 2011 off the
Pacific coast of Tohoku earthquake tsunami.

We first calculated tsunami seawater velocity by using the modified COMCOT code (Kawashima and Toh, 2016) with an
existing source model (Satake et al., 2013). Secondly, our developed code was applied to calculate EM fields associated wi
tsunami motional induction. Finally, we subtracted the obtained magnetic variations due to motional induction from the observec
magnetic data at the on-land observatory, ESA, and the seafloor one, B14, which are located at 180 km west and 200 km east
the epicenter, respectively. As a result, we found that ESA and B14 have the opposite peak in the eastward component at 1~
15 min after the tsunami origin, while they have similar negative peaks in the downward component at 15 - 20 min. For both the
eastward and downward peaks, each peak at ESA precedes that at B14 by a few minutes. Note that we have already subtrac
the magnetic variation not related to the tsunami from the magnetic data by using magnetic transfer functions between B14 ¢
ESA, and the Memambetsu observatory. The resulting variations at ESA and B14 can be accounted for by a pair of southwar
and northward electric currents in the ionosphere that exists respectively in the west and east of the epicenter and propagat
outward. Although the distances from the epicenter to ESA and B14 may corresponds to the peak-time differences, we need 1
investigate the effect of induction associated with the conductivity structure of the Earth’s interior and conductive seawater.

In the presentation, we show the magnetic variations at ESA and B14 due to tsunami-generated electric current system in tt
ionosphere, which are obtained after subtraction of the estimated effect of tsunami motional induction. Furthermore, we plan t
report some results of attempts at representing the variation associated with the TAI coupling by a numerical simulation with the
pair of southward and northward electric current in the ionosphere mentioned above.

EOCHIEE « i OFERNCIE, SRRERAANEENE TS, mTE, EREEOFRERIIE, kD BRI
TS L THEUBIEER AT TR (e.g., Tohetal., 201U iz, NI & 2 H/KEZHH S | E it 3 K& E K
IVEEEICEES S C L THEU B BEBEE X A T E3E (e.g., Tsugawa et al., 201DHI5N TV, TND ~DDHRIL,
W NG H I THAOISHAMAGF S NS EELBR TH SN, L - HEOBHIRLSG 7 — 2icBW\ T, ZEIL
ZEIBAGAERZD S ERLORRZ KB % DN EERIGEHH S (Minami, 2017) GEFORIRRED =ik, kil
TODHBNT N OERERETIVIRETH D0, HEIC X 2 EHE X 1 e ROBEEIX. chETtokc
5. FEFRMEROBESIZEEREZER L TH 59, il - BEREHOT—2 L His 5 DLW (e.g., Kherani et al.,
2016) fy7. BEEIC K BUHER A FEMRE, HE - 2 DVOBKUREEREDE 2 3 L A LZIT RN T ENHIS
NTHY (e.g., Minami et al., 2015; Shimizu and Utada, 20145 ¥ 72 3% € 7 VORI ATREZR &I id. BUERT R 2
WCHILE - KRG ABIZREE R S HBT 5 EDAEETH 5, Fikld. TNETIC=ITARERELEZ R LTS
A FEDEMGFIAI— FZ2ENEL TS, AW TIE. 201149 5 HA TR A 2 050, X 1 F €5t
BRSHR 2 L - WIKOBIIRGG T — 2 572 Ly < T & T, T — X Ol Bl BRI R 5 £ Z21H 5
MU, EHIT, HEA NV MHhOBEEENOBIR DM Uit L - KRS T — 2 iz 5 2 L2 g LT,

AW TR E T, BHEOHE Y — AE T )L (Sakake et al., 2013F I T, fE1IE COMCOT 21— R (Kawashima and Toh,



2016 KB 2 a L— 3 U 1o T, R, 185 NIipkdifElg 2y — A & UT =BG B 2110, Bt
B A FERHEOBHIGEE Uz, SR I NIEER A T THROMIGZE 2, Biiisui ok FESTH 2714
(ESA), WiTHC, BHFRHMIOUFERTNA B1AD 522 Ly Wi, EiRAE% 1 2 &amp;#12316;1 5 77EIC ESA & B14
DHFGRT DTS (ESATHM X, BI4THMX) DE—7Z2FDOT &, £z, HEREXK 1 5&amp;#12316;2 07714
IZ. ESA L B14DEHE FrIZ oA FEEOHE GhE L) O¥—27Z2FDO EBHLN Rz, TabBEmEIIMIC
BT, IKERGDE—T DIRIC, SHERTDE—I7HBEN TN %, (ZT T, ESA Bl4ADT—Zh 51X, HEHUHH
P BEHE U R WAV IR A 22 8 50 72 . 2 p 8L s & O transfer functiodz WV TZE LS W TH 5,) T ORGEHRIE.
ERAHS ESA. B14F TOHEEMNIZIZF T (ESAE TH 180 km B14ETHI200km TH B0, WHTHRELE—
SomlbER (FEHNC P & EIR. AN LM E B/ M. HED S ZL RN E IR Uz 2 GET UL, EMNN
ICHHATE %, MEHAROLH E— 7 ORFNIIKF - SREK D & 6. ESADEDFATL TV, DY — 7 REIDfE
FUCIE. JEED S DREEEZ 1 T, BEUKTH B H/KIC K B8RSR S il igia N S BnE L £ 2 5N 5%,

AFELTIE, ESA L BLABIHISZHOIC, HEETER A FERRIC K G AE 2P L - BT —2h 521
FloizkicEHN S, HIGRROEBMHEERIC X 2L 2N T %, iz, KR TIESH%. L ThRERER5E
BEENOREILEFREZBEFETEI L, ESAL BI4ADEFHY— 7 OHEEERAZ TETH L. TOMEE O/ TRE
Lz,



R005-P11 215 Poster B¥RY: 108 17H

S-310-445 K81 K % SqETRTITD DC/IAC BRI

# b F2E [1]; BB B3 [2]; EA R [3]; Hrh L [4]; &)1 BHIE [5]; A3 | Hakid [6]
[1] &R - 15 [2] T A X AFHREADIZT, [3] ALK - B - HUERVIRE, [4] SRiEX - 18k, [5] % U; [6] JUK - B - Huzk

DC and AC Electric Field Measurements near the Sq Current System by S-310-44
Sounding Rocket

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

The Sq current system occurs in the lower ionosphere in the winter daytime. The Sq current system is appeared the specif
plasma phenomenon such as electron heating, strong electron density disturbance. S-310-37 sounding rocket had been perforr
in the past, however it was not possible to observe the electric field component. It is one of the reasons that the photo electrc
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 outsid
of the region where there becomes the photo electron around the rocket body, the influence of the photo electron can be reduce
Therefore, the antennas need a length as long as possible to observe the electric field. Accordingly, the antennas of S-310-
sounding rocket is 4m tip-to-tip that is twice as length than the antennas of S-310-37 sounding rocket. The purpose is to reduc
the influence of the photo electron moreover to measure the electric field more accuracy.

It was carried out S-310-44 sounding rocket experiment at 12:00 LT on January 15, 2016. This rocket passed through th
Sq current focus. In addition, scientific instruments that are equipped on the rocket also operated normally. The electric filec
detector was able to observe the DC electric field up to 100Hz and the waveform of AC electric field up to 6400Hz in the altitude
from 100km to 160km. There was not seen the effect by photo electron in the DC electric field data. The observed DC electric
field is included in the induced electric field (v x B electric field) in addition to the natural electric field. The v x B electric field is
caused by the rocket to pass through the magnetic field. It is necessary to remove the v x B electric field from the observed data
order to determine the electric field vector near the Sq current system. The v x B electric field is calculated by using the attitude
of the rocket and the magnetic field data from the IGRF. The DC electric field reached a maximum 15 mV/m at altitude 110 km
and then decreased as the altitude increases. The spectrum of AC electric field in the frequency range from 2 kHz to 3 kHz loo
to enhance at the altitude of about 100 km. This electric field component observe during the rocket ascent only. Therefore, i
is possible that the electric field component is the plasma wave related to the Sq current system. It was found that the electrc
temperature at the altitude from 100 km to 110 km was about 150 K larger than the background by using the fast Langmuir prob
measurement. This suggests an existence of electron heating region in the Sq current focus. Therefore we guess the large |
electric field and the spectrum of the VLF band electric field are related for the Sq current system.

We will derive the vector of the DC electric field and VLF plasma waves, and then investigate whether the large electric field
is affecting the electron heating region in the Sq current focus.
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DC electric field measurement in the ionosphere during MSTID occurrence

# 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 Janua
2012. The purpose of this experiment is the investigation of the bonding process between the atmospheres and the plasma in 1
thermosphere. This rocket was launched during medium scale traveling ionosphiric disturbance (MSTID) occurrence. MSTID
is a large wavy structure of electron density in the northwest - southeast direction. It is correlated with the DC electric field.
The S-520-26 payload was equipped with Electric Field Detector (EFD) with two set of orthogonal double probes. Inflatable
tube antenna (ITA) and ribbon antenna (RA) were equipped in order to measure the electric field. The antenna length of ITA i
5.0 meters, and the antenna length of RA is 2.4 meters. The tips of each boom were attached the electrodes to the probe, an
performed observe the electric field by measuring the electric potential difference between the probes.

The rocket passes through the magnetic field, so it observes the induced electric field (v x B). Therefore, the observed electr
field includes the DC electric field and the v x B electric field, so it is necessary to subtract the v x B electric field. Accordingly,
the v x B electric field was calculated using the rocket attitude data, magnetic field data and so on. In addition, we convertec
the v x B electric field from the geographical coordinate system to the spin coordinate system using the spin component, an
subtracted the v x B electric field of the spin coordinate system from the observation data. Furthermore, we removed the spi
component from the subtracted data, and we removed pulse noise by photoemission using the moving average. Then, we deriv
the DC electric field vector in the ionosphere.

We analyzed the electric field data during from 180 seconds to 380 seconds at altitude from about 254 to 297 km. This
is because, the observation started time of the rocket’s attitude data was 180 seconds, and the DC electric field could not |
observed due to lithium emission at the time of rocket descent. There was the difference of the 1/4 wavelength in the wave forr
of two electric field strength observed from ITA and RA. This result indicates that the two antennas are extended orthogonally.

As aresult of calculating, we derived DC electric field. The direction of the DC electric field vector changed from the southwest
to the northeast direction. The intensity of the DC electric field was about 0.2 “5.6 mV/m. Specifically, the intensity of the DC
electric field is about 0.2 "1.0 mV/m at an altitude about 254 "284 km (during an ascent), about 1.5 “3.8 mV/m at an altitude abou
285 7297 km (during an ascent) and 297 “290 km (during a descent), and about 2.5 "5.6 mV/m at an altitude about 289 254 kr
(during a descent).

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. From the analysis results, the direction and intensity of the DC electric field differed between ascendin
and descending. For that reason, | think that the magnitude of electron density at each observation point is different. In th
future, we will investigate the plasma dynamics in the ionosphere by comparing the result with the data of other observatior
instruments.

20124F 1 H 12 H 05HF 51497 (IST IR BRN.ZHFHZ MBI 5 S-520-265 #8107 v ST S L
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Effect on the space-borne synthetic aperture radar observation by medium-scale
traveling ionospheric disturbances

# Akinori Saito[1]; Takafumi Ikeda[1]; Takuya Tsugawal[2]
[1] Dept. of Geophysics, Kyoto Univ.; [2] NICT

The effect on the space-borne synthetic aperture radar (SAR) by medium-scale traveling ionospheric disturbances (MSTIDs
has been investigated using the ALOS/PALSAR data and ground-based GNSS data. The radio wave of synthetic aperture rade
on satellites propagates through the ionosphere, and its propagation speed is delayed according to the ionospheric plasma den
and the radio wave frequency. The delay affects the observation of SAR when there is the intense gradient of the ionospheri
plasma density with the scale-size of SAR’s field-of-view. At mid-latitudes, MSTID causes this ionospheric gradient. The high
occurrence rate of MSTID makes frequent interference of the space-borne SAR observation by the ionospheric structures. T¥
ionospheric effect is intense in the L-band SAR, such as ALOS/PALSAR and ALOS-2/PALSAR-2 because of its lower frequency
than the other space-borne SAR. A proxy of the ionospheric disturbances was newly developed to evaluate the ionospheric effe
on the space-borne SAR. The ionospheric disturbances were evaluated by the total electron content observation by ground-bas
GNSS receiver network. The proxy is used to select the SAR measurement that has small ionospheric effect. This helps tf
selection of pair of scene for interferometric SAR. In the presentation, the effect of MSTIDs on the SAR observation, and the
proxy to select the ionosphere-free scene are discussed.
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Statistical analysis of magnetic-field variations associated with MSTIDs using data
difference at two adjacent stations

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

MSTID (Medium-Scale Traveling lonospheric Disturbance) is a phenomenon in which disturbances in the ionospheric electror
density propagate. Nightside MSTIDs generally propagate in the southwest direction and have wavelengths of 100 to 300 knr
moving speeds of 50 to 100 m/s, periods of 0.5 to 1.5 h, and amplitudes of 5 to 15% [Shiokawa et al. 2003]. For an MSTID
event, Shimono [master thesis, 2016] For an MSTID event, Shimono [master thesis, 2016] performed cross-correlation analyse
of sets of two TEC timeseries data [acquired from NICT GPS-TEC database] above a magnetometer; as a result, he obtainec
propagation speed consistent with that estimated from the 2D movie of TEC, as expected. On the other hand for the magnet
field, he used the difference between the data from two adjacent magnetometers; the reason for using the difference was
eliminate global-scale perturbations. By using these magnetic difference data, he obtained the propagation speed which was t
same, within the error range, as that obtained from the TEC data.

In this study, we removed some arbitrariness existing in the above-summarized previous research. The method to remove tl
arbitrariness was to include error estimates in the calculation. As the method to estimate errors, we used the bootstrap methc
As a result, in selecting a peak in the calculated cross-correlation function, it became reasonable to select one of the peaks whc
error bars overlapped.

Improvements were also made in the method of calculating the propagation speed. That is, we calculated the correlatio
function of two sets of difference data from two adjacent station pairs, the time lag from the correlation function, and the
propagation speed from the distance between the two station pairs and the time lag. (In Shimono [2016], the distance betwee
two station pairs was not considered in selecting station pairs for propagation-speed calculation.)

In this paper we analyzed an event different from the event of Shimono [2016]. The number of magnetic-field stations usec
for the analysis was seven.

At the meeting we will also present the analysis results of 12 other events, and we will compare the results from the 13 events

MSTID (Medium-Scale Traveling lonospheric Disturbaricg Sit {7 B REEEELD &, SEHEEE 3 E OBELME
W 2B THD, HALZETHERINCHELIT 2 MSTID E—RANC P S TCAERE L. 3% E 100~300km. B E3#4E 50~
100m/s. J&HA 0.5~1.5h, #RilE 5~15 % T& % [Shiokawa et al. 2003]

FEATHIZE [ R, B I8V T, MSTID 1 ARV MZDWTC, HAENDOW G OT—Z O, £z, WiEt
E7Z20 TEC 7—% [NICT GPS-TECT —Z\— R X O HiF] Dk, DNENZitbNn, ZD MSTID DIEHRDMEEHGH
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7t TEC movieh 5 REEE 5N 5 D L RO EHCEENE SNz, —)7. WARTOT =2 DN TIE, 2 8T Ol T—
RO EFHB BB R L R BB ZEZIFETO 2 15XTICB N CFIEEa ko e, BT cidk. chdr/7a—n
IVIEHEAEB T DEBICK D EDEHEZ . 2 1T TOWYGET— 2 DEDZEBARTICDONWTRD, ZNZHWTHE
Rt 2 7o T2 & T A, WIS N IEIEME SN, ZOEMEE I L53d TEC 77— 2 M 53R Tl & iR O HiPH T —
MUize LA L., FATHIZEORES T, MHAEMBERIRERIC WL TETOZREELE-> Tz,
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OFEFIELE LTI T = ATy THEEMH Uz, TOMRE, T5—N—DP4—N\—F v T 5L TOMAHE (E—
7)) BHRFEOFENEEFO LM TE, E— 7 OBROGENZERMICTHMITES X 51k > T2,

Ko, GIEHERITRO D DBSGEIRART O AEDOEIEICERE 2T 7. BRI, BT Tl £ 9 51
MEBRDZBNERT 2D, BEERTICOWTEDEST— % & HEEL T TOEST— 2 h S A MBI E 5T
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Relation between the sequential occurrence of plasma bubble and the pre-reversal
enhancement of eastward electric field

# Prayitno Abadi[1]; Yuichi Otsuka[2]; Kazuo Shiokawa[2]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.

We analyze the 3-m ionospheric irregularities and the height variation of equatorial F-region observed by the Equatorial
Atmosphere Radar (EAR) at Kototabang (100.3E, 0.2S, dip. Lat.: 10.1S) in Indonesia and ionosondes at Chumphon (99.3E
10.7N, dip. Lat.: 3N) in Thailand and at Bac Lieu (105.7E, 9.3N, dip. Lat.; 1.5N) in Vietham, respectively, during March-
April from 2011 to 2014 to investigate the relation between the sequential occurrence of the equatorial plasma bubble (EPB
in the period of 19-22 LT and pre-reversal enhancement (PRE) of evening eastward electric field. Our initial findings can be
summarized as follows: (1) the zonal spacing of two EPBs ranges from less than 100 km up to 1000 km with a maximum
occurrence around 100-300 km, and this result is consistent with the previous study [e.g. Makela et al., 2010]; (2) the probability
of the sequential occurrence of the EPB enhances with the increase of PRE strength; (3) the zonal spacing of the sequent
occurrence of the EPB is less than 300 km for the weaker PRE (lower than 30 m/s), whereas the zonal spacing is more varie
for the stronger PRE (higher than 30 m/s). We note that the PRE strength is an important factor for the sequential occurrenc
of the EPB. Though we also consider another factor, that is the zonal structure of seed perturbation, and the zonal spacing
the EPBs may fit with the wavelength of the zonal structure of seed perturbation. We particularly attribute the result (3) to the
effects of PRE and seed perturbation on the sequential occurrence of the EPB, that is, we suggest that the weaker PRE col
cause the sequential occurrence of the EPB when the zonal structure of seed perturbation has a shorter wavelength. For furt
investigation, we will analyze the zonal structure of seed perturbations using a network of GPS receivers in the western part c
Southeast Asia. We will analyze the zonal wavy structure in the TEC as a manifestation of the seed perturbations.
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Simultaneous optical observations of plasma bubbles from multiple stations

# Kohei Takami[1]; Keisuke Hosokawa[2]; Susumu Saito[3]; Yasunobu Ogawal4]; Chia-Hung Chen[5]; Yuta Hozumi[2];
Akinori Saito[6]; Kazuo Shiokawa[7]; Yuichi Otsuka[7]
[1] none; [2] UEC; [3] NAV Department, ENRI; [4] NIPR; [5] Earth Science, NCKU; [6] Dept. of Geophysics, Kyoto Univ.; [7]
ISEE, Nagoya Univ.

Plasma bubbles are regions in the nighttime equatorial F-region ionosphere where the electron density is significantly de
pleted. Plasma bubbles are known to affect the accuracy/stability of GNSS (Global Navigation Satellite Systems) because th
steep gradient and small-scale irregularities within or in the vicinity of bubbles can disturb GNSS signals propagating through
the ionosphere. The 630.0 nm airglow observations with ground-based all-sky imagers have been used for imaging the twc
dimensional structures of plasma bubbles in the last two decades. However, such systems are typically large and expensive; th
it has been difficult to carry out large-scale imaging of plasma bubbles from multiple stations. If we could use small and low-cost
cameras distributed in multiple stations, it would be possible to visualize the large-scale structure of plasma bubbles.

In this study, we evaluate the feasibility of multi-point observations of plasma bubbles by small and low-cost all-sky airglow
cameras. For this purpose, a low-cost airglow camera has been tested at Ishigaki (24 N, 124 E) in Japan since August 2014. Tt
system consists of a small camera (WAT-910HX), a fisheye lens and an optical filter for the 630.0 nm airglow. Both the exposure
time and temporal resolution of the measurement is 4 s. One of the problems of the low-cost airglow camera is its low S/N
ratio due to thermal noises because the CCD of the camera is not cooled. On this point, we confirmed that such thermal noise
significantly decrease by integrating raw images for a few minutes. At the same time, however, the integrated images can b
blurred because plasma bubbles move with a speed of approximately 100 m/s. By taking the trade-off between the improveme
of S/N ratio and blurring effect by the image integration into account, an integration of 30 images ("120 s integration time) was
found to be appropriate for observations of bubbles with the low-cost camera. In this case, the estimated S/N ratio was about 1
dB. We also derived the S/N ratio of a cooled-CCD imager of OMTIs operative at the same site and it was approximately 37 dB.
This means that the performance of the low-cost airglow camera cannot exceed that of conventional cooled-CCD imagers. How
ever, the spatial structure of plasma bubbles seen in the OMTIs images are well identified even in the low-cost camera data. |
addition, by subtracting 1-h averaged background image from the current image, we succeeded in imaging the detailed structu
of plasma bubbles by the low-cost airglow cameras.

We also tried to observe large-scale structures of plasma bubbles by combining the low-cost camera in Ishigaki, another all-sk
imager in Tainan, and the VISI instrument of ISS-IMAP. We simply combine 630.0 nm airglow data from these instruments. In
the presentation, we introduce two examples of simultaneous observations of plasma bubbles. On February 14, 2015, a plast
bubble was observed at the same time with the low-cost camera in Ishigaki and VISI. On March 13, 2015, same traces of plasi
bubbles were imaged simultaneously from Ishigaki and Tainan for a few hours. By investigating these two events, we clarify how
the imaged spatial structure of plasma bubbles is dependent on the viewing geometry and discuss the feasibility of large-sca
optical imaging of plasma bubbles from multiple stations on the ground and space.
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PLEICHZ T, GHEHO/NVRGH AR T EEBICRE SN TV SGEI CCD A XTI K 5 FEHI. ISS-IMAP @ VISI
IC KBNS OFEEENZHAG DT, NI IVDIREA A= 2 THEDRERHENIC DOV T EMALZIT> TV 5,
BHBISITZ N TN 48, 1858, 1 OB ZR > TH b, SEIEIEE 630.0 nmD KXOEH % V72, 20154
2 H 14 HITHED/NF X5 L ISS-IMAP VISIIC X - T, 20154F 3 H 13 HICIFAHEBEBEDA A=V vIic&>T, 7
FRARNT VRSB E N TV S, BETRERZNFTNOEFNCONT, TITXNNTIVOIBIR, HIE = R Ui
RAERE L, HBHSED S DRIEA A=V 7 DT 4=V T4 BREEST %, # EoEEME, & U i e
WS T XNT I ERIET 256, HEOGICE > TRATIELESZ T ENTFREINED, B3 2/ EDR
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Examination of vertical profiles of ionospheric disturbances associated with earthquakes
using GPS radio occultation measurement

# Yuta Inoue[1]; Hiroyuki Nakata[2]; Hiroyo Ohya[3]; Toshiaki Takano[4]
[1] Grad. School of Sci. and Eng., Chiba Univ.; [2] Grad. School of Eng., Chiba Univ.; [3] Engineering, Chiba Univ.; [4] Chiba
Univ.

It is reported that ionospheric disturbances are caused by giant earthquakes. One of the causes is the infrasound wave exci
by surface waves propagated on the ground from the epicenter. The characteristics of the ionospheric disturbances horizonta
propagated after large earthquake have been reported by using a network of ground-based GPS receivers. On the other hand,
vertical propagation of coseismic ionospheric disturbances are rarely reported.

In this study, to examine vertical propagation of the ionospheric disturbances, we have examined electron density profile:
observed by GPS radio occultation measurements by FORMOSAT-3/COSMIC satellites. The profile data is available at CDAAC
(COSMIC Data Analysis and Archive Center) utilized by UCAR (University Corporation for Atmospheric Research).

We analyzed the earthquakes whose magnitude is larger than M7.9 during April 2007 and January 2017. Density profile:
obtained within 30 degrees of latitude and longitude and 1 hour of earthquakes are analyzed. To extract the coseismic distu
bances, we calculated the mean value of the electron density in the vertical direction using five-point data (corresponds to abo
10 km) and determined the disturbance from the difference between the mean value and the raw data. Variations of about 50(
electrons per cubic centimeter at both altitudes of about 620 km and 360 km were observed in association with earthquake of |
7.9 occurred off Samoa at 17:48 on 29th September 2009 (UTC). We will present propagation velocity of the seismic waves fromn
the horizontal distances from the epicenter to the observation point to compare the theoretical values with the differential data.

REW B AEIC KO, EHEEILDRET S 2 EMME I N TS, ThUE, HmEZEPHEEIC K 0B SN
RRKES DN EHEEE X Toid 279D TH %, MEREBOBRET TONEAORMEEE, GPS-TECEH
HREZHWTHLNIENDDH AN, B MOERRZHEZ 72HlE 7m0,

ZT T, AWML, HEICHES BEEELOZHICOWT, FrCEEAmOZkciEH L, FORMOSAT-3/COSMIC
BRI K D GPSENBRHEIN THEONIBETREDESE T QT 7 A IV T —R2 DN EiTo1, BT&EI QT 7 A IVT—
%1%, UCAR(University Corporation for Atmospheric Researth}k 0 #H & 1T\ »% CDAAC(COSMIC Data Analysis and
Archive Centery»» 5 AT L7z,

20074 4 AN 5 20174 1 H O 104 THRAE Lz M7.9 DL EOMIEREFT5E L, BREHLE U TR
30 ELANDOHIEEF LA LI X TICHUS S NTe T — 2 2 L, Mt z1r o7, 28zl 288, 1§oNcBTHE
E7aT7 7 AT —2ZHNT, @EHANC 5 MOT—% (FEE 10 kmiHHY) ZHWTHEEZRD, 1850721
HEITLDT— 2 L DFERRD, B2 Lz, —fle UT, mEMARD 20094 9 A 29 H 171 48 I Y ET
CHA LTz M7.9 DHIEEIC X % 2DDEIZRZPIET—ZICBNT, Hi/E 620 km & 360 kmTHJ 5000 el/cni DIFRIFRE
DEFMR SNz, BETIE, BRHYSBHIS X TOHEED S EoHE 2 RO RIS OV TR 3,
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Corelation between ionospheric altitude and the disturbance of the Pedersen conductivi
In observation of LF radio waves

# Kojiro Machi[1]; Hiroyuki Nakata[2]; Hiroyo Ohya[3]; Toshiaki Takano[4]
[1] Grad. School of Sci. and Eng., Chiba Univ.; [2] Grad. School of Eng., Chiba Univ.; [3] Engineering, Chiba Univ.; [4] Chiba
Univ.

Low Frequency (LF) radio waves are reflected in the lower ionosphere. The phases of received LF radio waves vary with the
lengths of ray paths when the reflection height moves vertically. Therefore, the height variation of the ionosphere is observe
by the phase of received LF radio waves. The method for the observation of the lower ionosphere is very rare. Since the LI
observation is one of the useful method for the observation of the lower ionosphere, it is expected that it supplies important dat
for examining the lower ionosphere. This study examines the characteristics of the phase change of the LF Standard-time ar
Frequency Signal Emission. The observation target is the standard radio waves of 60 kHz, which are transmitted from Hagane
yama station. The radio waves are observed by crossed loop antenna at Numata, Gunma Prefecture and Sugadaira, Nag
Prefecture.

In sunrise and sunset time, it is expected that the phase of the sky waves vary extremely as the height of ionosphere varie
However, the variation is small because the signals of both sky and direct waves are mixed. Therefore, the sky wave was separa
using the polar coordinate representation of the received radio wave. The variation of the ionospheric height was calculated fror
the phase of sky waves, and this was compared with the variation of conductivity. For example, daily variation, on Apr. 4, 2016,
show that the height variation in ionosphere(12 km) is nearly twice that in pedersen conductivity of ionosphere (7.8 km). On
the other hand, the variation pattern of reflection height is similar to seasonal and daily variation pattern of the conductivity.
Therefore, it is consiedered that the reflaction height is influenced by the conductivity. The difference of the height variation may
be caused by the following two reasons; 1) the absolute height of the ionosphere is assumed in calculating the height variatic
of the ionosphere, and 2) the spatial resolution of the conductivity derived by IRl model is not enough to express that of real
ionosphere.

LF %Eﬁ(&ciTﬁﬁﬁﬁﬁl’C}iﬁﬁké TEHEPEERELIC X o THEEEESEAZET % & B ONGFEENEE L, BK O
R ENZILT %, TOW, ZESNZEROMMAEZE( 35728, LF tHEBIRONMALE 2803 % C & THEE S
[EOZEZBHIT S C LR %, REREHEEZBINIS 2 /515 T < LR H B siilida HAasiiiio 15T
HY, FEREHE 5T % F CEERT— 2 ZIRMLT 2 LI NS, Z T TR 25 TlE LF B OMAHZ LD

5 EEHEENC BT 2 S BEEEEL ORI OIS DWW TS 2 175 72 BIHISE 60 kHz DREHEFE ] T, i4F i3 AR &
BWIROEEOIIARILTH %, AW TSRS REHT &, EWE EHTEFEFICZE A28 L Crossed Loop
AntennaiC X A8l 7Z17 -5 7z,

BT, BERD DHERMAE 2B U, BT > 7 FICRES RN &, BB T S U TR 2 22/ O /T
WREEIND, TDD, INEZREET 20ELND S, HO W, HOAHE TCIZEHEEGENAKEL LTS e b,
ZEREONMHE RELSE(LT S LEZ SN, £ T T, MR Lm0 52382 EROBOH, HOADT—2%
M FERE ARG B T & CZEM 2 B Utz 0Bl U 7 ZE R ONIAHZ b B, St O @2 ZHH L, Z02 b mE
FEDZ 7 LG U Tz, Mgl & 22RO B DWW T, 2R ORREENHIE I L NEWzs, /A DB 52
9, K USRRED HETHEED HRTWa, HE(LDORIE LT, 20164 4 H 4 HOEHEE O & EZ1 kI 12 km T, =
HE OmER ik 7.8 kmT, 2 5L < & - 7z, BB aZ BN ISR R S Nz, FMIZRIC BT, FRICHBED
RoNizT &b, LF HEHEER O GHIEEHIC K O FERZ T T0B T e hbhd, LFHEINC X D& Ulz&E
b L RS Vﬁ@.—;ﬁ?ﬁﬂ:h_‘ﬁb‘ T, 2R VEWVWHAR SNz, TN, LE O EEZ{LOHEE DR, Hont = B 2K
ET 2 RENHBT &, ETIVDREETORHDIHRENZTNEIEI LSBT EREZEND,
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Analysis of propagation characteristic of MF band radio waves observed by S-310-40
sounding rocket

# Daiki Oka[1]; Keigo Ishisaka[2]; Takumi Abe[3]; Atsushi Kumamoto[4]
[1] Toyama Pref. Univ.; [2] Toyama Pref. Univ.; [3] ISAS/JAXA,; [4] Dept. Geophys, Tohoku Univ.

It is possible to receive a distant AM radio broadcast at night that cannot receive it in the daytime. This is because D layel
disappears at night. MF band radio waves which have been absorbed by D layer are reflected by E layer. Therefore, MF bar
radio waves propagate in the distance.

We observed radio wave of NHK Kumamoto 2nd broadcasting (873 kHz) which cannot be received in the daytime at Uchinoura
Space Center during the period from November 24 to November 28. As a result, we found time that radio wave intensity ha:
been decreased sharply from 2 to 4 hour of after sunset. As one of the reason, we guessed that a region of high electron dens
occurred on lower ionosphere at night. Therefore, we launched S-310-40 sounding rocket at Uchinoura Space Center on
December 23:48 (JST) in order to investigate an abnormal radio wave propagation at night. The rocket was equipped witl
LF/MF band radio receiver (LMR). The LMR received 4 radio waves of 873 kHz (NHK Kumamoto 2nd broadcasting), 666
kHz (NHK Osaka 1st broadcasting), 405 kHz (Minami Daitou radio navigation beacons), and 60 kHz (JJY). Moreover, this
rocket carried the fast Langmuir probe (FLP), the impedance probe (NEI) too. In this study, we investigate the propagatior
characteristics of radio waves and estimate the electron density profile by the intensities of 873 kHz and 60 kHz radio waves. i
addition, we compare the electron density estimated from the LMR and the electron density observed by FLP and NEI. In the
propagation characteristics of radio wave, we calculate the propagation vector of radio waves by using a Doppler shift frequenc
calculated from the characteristic wave components obtained by the frequency analysis. Radio waves received by the soundil
rocket are influenced by the polarization, the magnetic field of the Earth and Doppler effect. Therefore, it is possible to obtain
characteristic wave components by the frequency analysis, and then we can calculate the Doppler shift frequency. Then, w
solve Bookers equation by using the propagation vector, and estimate an electron density profile. Consequently, we can obtai
the propagation characteristic of radio wave when radio waves propagated unusually, and we can estimate electron density in t
ionosphere. As a result of estimation of electron density profile in ionosphere, electron density in lower ionospherel@as 2.3
cm~3 at an altitude of about 106 km, and it was one order lower than the normal electron density. we think that 873 kHz radio
wave propagated to the space without being completely reflected at reflection altitude. If it had such the propagation, we estimat
that the radio wave cannot be received in the place where the radio wave can be received normally at night.

i BICHBWT AM U GEEZE LTS L, Eﬁuiﬁiég&ﬁf%&miﬁ#%@ﬁL%&%KEE?%L
EBHDL. TNRERICBWOTERE O D BAEH L, DETRINENTWHhEHERD ERIC K> TR EN,
NI Z2NETHS.

JEVLSIR « N ZIHFH 2 RIBIIIAT (USC)IZ BT, BRIIZRZETERWHIEMENIZE el NHK BEAR 2 fGXE N
(873kHz)ZZ W T, 20114 11 H 24 HA 5 28 HICHMIF T, HEHITH SR OB ZEFHE21To72. T DRE,
HRRICHB W TR 274 R ORIZ EEIRE N 2SR T2 L EDH D, %@Mkﬁsnnu B ZEINEWT
EMERE NI, TOFERKO 1D LT, KEOBRE NTEKIcBVTEET ﬁﬁﬁbﬁ”muﬁibtzﬁﬂé
N3. 22T, RECBIZEBHROBFEMEZFTEST S E2HMNL, 2011412 H 19 H 23K 487 (IST)ICERE
VN2 T EHZERBIATD 5 S-310-405 I r v F T LIPSz, AT T v MCiZE - i SR 2EHK
(LMR) ME#iE N T b, 873kHz(NHKHEALS 2 fil5X), 666kHZ(NHK AR 1 /%), 405kHz(EE K BERRf 7 E—a
Y), GOKHz(@EUEDEN) EBiN=ZE S NIz, Fiz, Bllllary MalX, &#HI V72 a—77a—7 (FLP), 1V E—X
VAT —7 (NEI) B EINz. AL TIE, 873kHz & 60kHz B DZETE 2 W, BIMEHS O &
UEBETEESEMOREEEITS. BIGIREEOMNT T, JEIREEITIC X 0 ZEBIN BRI EL, DBl 7z
T—=RZME Ry I T—2 T MeitAT % 2 LI K> THREDOERAN Y MVzERkD 3. Blillary S 2ET 58RI, H
BRI & BIROIRIEOME, a2y FOMREEE L HIIC XD ET S Ry 7RI X 0 FRENZT 5. ZD7k
b, H&ﬁ%ﬁk&bxmbt@&#%%ﬁﬁ&\%kbéu&#T ElixD, F/fi—v7F%ﬁ%¢%L&ﬁT%
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MEENS, ZoFFx k2 «m%w_ CEZBNS. ZLT, TOXI Kzl TWized 5L, @EKRMEICERZ
ZETEZHMBNT, BEHIZETE L GoeTHEEINS.



R005-P20 215 Poster B¥RY: 108 17H

ERTFH AT —3 3 5O X 2 KEOED KRR E OH#HEE

# LRSS S [1]; 75 B [1]; P 8 [2]; R ke [3]; tLiks 24 [4]; BEAT K [5]
[1] HUEBA « BE - JUERPIRE, [2] BALK - BE; [3] £ KT HIWE; [4] JAXA - S, [5] &l

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

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

We analyzed the dependence of large scale structure of night time 630nm airglow on the season, latitude and longitude usir
ISS-IMAP/VISI observational data from the International Space Station. The airglow data was compared with the total electron
content(TEC) data by the IRl model, and the airglow data by the IRl model and the MSIS model. ISS-IMAP/VISI is an airglow
imager on board the International Space Station. The airglow was observed about three years from August 2012 to August 201
It takes the nadir images of the airglow in 630nm, 730nm and 762nm. The 630nm airglow emit around 250km altitude, and the
enhancement of emission by the midnight temperature maximum(MTM) is observed after midnight. MTM is a thermospheric
neutral temperature anomaly at the midnight and propagates poleward after midnight. It was also reported that MTM is deper
dence on longitude known as wave 4. We confirmed dependencies of the 630nm airglow on local time and longitude by statistice
analysis using VISI observational data of three years. The neutral wind is proposed to have an influence on latitudinal variatiot
of the MTM, but this is not reproduced in the airglow estimation by the IRl and MSIS models. We identified the MTM events
with ISS-IMAP/VISI observational data, and compared it with airglow by the IRl and MSIS models. The influence of the neutral
wind and electric field on latitudinal variation of airglow will be discussed in the presentation.

FEEFH AT — 3 H 5D ISS-IMAP/VISI OERIT— 272 FIW T, I 630nmik A E R IRERE S DO ZRHT « FaEE -
BIEANDEAAEIC DOV THMT L. IRl 7)) X % Total Electron Content(TEGYP IRl 7 /L & MSIS E7 /LI X % KK
HOHEEM E i LTz, ISS-IMAP/VISI 1Z 20124F 8 A5 20154F 8 A & TOH 3EMICHO W EBEFHAT—Y 3
ICHEE NI RKOEDOENER TH %, REKAMZAWVTHEE 630nm 730nm 762nm7x & DRKOECZEERI L TWiz, i
& 630nmO RXOLIEE & 250kmAE THIEL T O, ERFLIE Tid Midnight Temperature Maximum(MTM)C X % %
KW ENETWVB, MTM ZEFEIHETREORED LRI 2HS T, local imeD#f & & &I ISR
5T ENHIGNTEHD, wave 4055875 & DREMRFHEEEMEN TV 5, ISS-IMAP/NVISI D 3 F R OB O/
fERTIC X O, IHE 630nmIZRIRGIE RGO local time 1z R FEARTE I ORI DWW TS %, £z, MTM
DREFENTITIE I DO HRPEEDE S N L TV B EEZ BN TSN, IRIETIVE MSISET )V Z Wz KA
OHEETIZ T O Fi7% 5 FLLHHTETE LT, ISS-IMAPNVISI DEHIT— 25 MTM DA XY b &REL, ET7)V
LR T % T & TR EGD RGO CDIEENRICE R 2508 ERT %,



R005-P21 215 Poster B¥RY: 108 17H

HUERER BN X A2 HIERT VR RDE=ZY V7

# AR RS [1]; 80K 72 [2]
[1] BHiEK; [2] BE R

Monitoring of the Earth’s albedo by an earthshine observation

# Yumi Sudo[1]; Hidehiko Suzuki[2]
[1] Meiji Univ.; [2] Meiji univ.

Spectroscopic observations of the earthshine: an irradiance on the Moon surface from the shining Earth, is known as the one
methods to indirectly measure the Earth’s albedo. As the results of the observations of the earthshine, it has been found that tl
Earth’s albedo decreased between 1984 to 2001, and turned to an increasing trend between 2001 and 2003 [Palle etal., Scier
2004].Such variations on Earth’s albedo are thought as a result of change in the mean cloud amount over the Earth. Change
the Earth’s albedo is one of the important factors as well as an internal factor such as greenhouse effects which cause a glok
environmental change since it can directly modify the total amount of incoming energy from the Sun to the Earth.

In this study, a spectrometer for the earthshine has been developed to achieve stable and continuous monitoring of the Eartt
albedo from ground. The spectrometer can be combined with any telescopes and consists of a CCD camera and a gratil
spectrometer (Hamamatsu Photonics PMA-12 C10027-01). By using this system, image of the Moon within a field of view of
the telescope and spectrum from an arbitral area in the image can be simultaneously obtained. A total of six nights from Janual
to July, 2017 has been conducted by using the spectrometer and a small telescope in Kawasaki City and Hokuto City, Japa
The earthshine spectrum is converted to absolute radiance by using a calibration data obtained with an integrating sphere, a
corrected for atmospheric extinction. Then, the absolute radiance spectrum of the earthshine at the top of atmosphere is divids
by the Moon albedo to obtain irradiance at the Moon surface from the shining earth. The irradiance is proportion to an apparer
area of the bright surface of the Earth viewing from the Moon. Finally, a mean albedo of the earth at the observation time is
deduced by correcting this geometry and normalized by known solar radiance flux at the Earth’s surface.

In this talk, details of the observation system, analysis methods, and the prompt results of the Earth’s albedo observation wil
be presented.

HiBROD H FRHI/» B OYEhY H i 2 BR 5 9 HIBRIRZ /0 C BN S 2 C LI X - T, HIBRD T VAR REHEE TS T N TE
%, [Palle etal., Science, 2004F 5 & N7z HIERIERINC X ZHIBR 7 VX REZ 2 Y T OFERTIX, 19844Fh 5 2001
T THIER 7 VAR RAMEK R L, 20014Eh 5 20034ED RN 1 & OMEADEE LIz T EAHEEINTWVS, TORKKA
DUEDELTEALNTZON, HERZE S TAIEEDEH TH S, HERT VR FOZEHENE, HERNA TSNS )V
F—RBZEBEZEIE 720, Tu—YVIREREAH 25 | TEREE LT, REINRA XD E DN
CNUEETH S,

Z T CAWIZLTIE., HIBRBBOH 5 CBIINC X 2 HIBR 7 LR ROE= %Y v 72 EMRZE UCEKT % 2 & 2 HiE
LT\ 5, B LI HIERIBBIN A O edEEid, RO RAERL S & D nfETh b, HEFFERH D CCD A AT LAl
kgFotes CUHR) THRINTWVS, AREETIEA XA—VIBREDERZ FRFCIRETE, AlA A—YHOMFE
HEOMEEN S DARY MIVEHIST 5T ENARETH S, TNE T, 2017FE 1 AH S 20174 7 Ah 5 F TITHE/I[IE
JUEs T, (LALURA A IS B THEBRIG BTN 251 6 W (ki 2 e, Fo&if 4 W) S L7z, HIEREE A Mvid, B
BRIC K BHGIE T — 2 & b s Ic S HE N, KKOGC KA WIEERR-0b, HE 7 VA RTHT S LT, Hf
BT AHERHIRAD 5 OIREICEEIT 2 EWNA[RETH 5, T ORI A MmO 5 ik ZBked 7z & & OHIER H IR O
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Observations of Transient Luminous Events on Maui, Hawaii - Preliminary Results -

# Kazuyo Sakanoi[1]
[1] Komazawa Univ.

Video camera observations of transient luminous events related with lightning in thunderstorms were conducted on Maui(156W
20N), Hawaii from 2016/10 - 2017/08.

Preliminary Results of those observations will be introduced in this presentation.

20164F 10 H~20174 8 HICHB VT, KENT A SR T A S (156W, 20N) ICBWTHEZE L= TOREHSR (R
FA MTIN—2 v N OBlZIT> Tz FFZEETHENSINT AFEE TR, EEEHEZ U ETEHTIEEL,
AT A4 VEORFMHEIZENEEZZONTED, ATI74 Ml INETITDNTVERY, LA LENS, Vv A
FUTav T s Yoy FEREINSBGIE, BHETERETLZTENDM o TV,

ARETIE. ETAHATIKEEITAEL SO FEMITE SN, BHIOR TS A NTIV—V 2w DT —ZRIC
DNT, NTATEIAIE NS NS OGO ZRERNT 3,
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Development of a Sapphire Faraday filter for the daytime observation of the sodium lidat
at Tromso

# Takuya Kawahara[1]; Satonori Nozawa[2]; Norihito Saito[3]; Takuo Tsuda[4]; Satoshi Wada[3]; Toru Takahashi[5]; Tetsuya
Kawabata[2]
[1] Faculty of Engineering, Shinshu University; [2] ISEE, Nagoya Univ.; [3] ASI, RIKEN; [4] UEC; [5] NIPR

An Nd:YAG laser-based sodium temperature/wind lidar was developed for the measurement of the northern polar mesosphe
and lower thermosphere at Tromsoe (69.6N, 19.2E), Norway. The highly stable laser system is first of its kind to operate virtually
maintenance-free during the observation season (from late September to March) since 2010. To upgrade the system to daytir
observation, we plan to use a Faraday filter for the ultra-narrowband optical filter. The problem of the filter is its transmission
stability that is potentially sensitive to the chemical reaction between high-temperature atomic Na vapor and a Na cell glass. W
solve this problem by making the cell with Sapphire. Sapphire is extremely chemically stable material. In this talk, we present
the idea of Sapphire cell, the problems to solve, and a new Faraday filter design.

v z—- baLY (JtFE69E) 1T % EISCAT L—&F—H A F T, HLWEF NV D LIRE - BT A X —THi
RO Z M LT3, 2010FEICBIIZRIB L TH 5. (1) 1/1000 pmDkiEis L —I I ERIEE T 5 —hVx ik
JUAETEE. (2) BAHPICTEFRESR ORI AE, QYN YV T OREREZZO MK L2 ZEDBRICK D IEET S
A AV BT NERY BT ORIESARE) | 75 &3 UHERBIBIIZKE L T/, ThEEBNCRESY 3
eI, PO NET NV E (T 77— 74»9)@%K%@JLT®%OL®tbhﬁ74wﬁmﬂ¢®ﬁ
EMEDRETH D, 77577 —T7 4V XBADMENIZ. 74V RICHWSF YT LBV ERTF BT LEKED
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Current status of observations with a new frequency-tunable resonance scattering lidar
Syowa Station in Antarctica

Mitsumu K. Ejiri[1]; # Takanori Nishiyama[1]; Katsuhiko Tsuno[2]; Takuo Tsuda|3]; 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

The National Institute of Polar Research (NIPR) is leading a prioritized project of the Antarctic research observations. One of
the sub-project is entitled the global environmental change revealed through the Antarctic middle and upper atmosphere. Profilin
dynamical parameters such as temperature and wind, as well as minor constituents is the key component of observations in tt
project, together with a long term observations using existent various instruments at Syowa, Antarctica (69S). As a part of the sut
project, we developed a new resonance lidar system with multiple wavelengths. The lidar has a capability to observe temperatu
profiles and variations of minor constituents such as Fe, K, Ca+, and aurorally excited N2+. The lidar system installed at the
Syowa Station by the 58th Japan Antarctic Research Expedition (JARE 58). In this presentation, we will report current status o
the lidar observations at Syowa and show primary observation results.

PRI 2 IO T ERZ M2 D HEE T 2 BB O T, g - BEERSEIFREY 77—< 11
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(&It;"70-80km) DIRET O T 7 A I EBRHIL TWIL AV — /"SI X —EBH L, BllEEE X 5IC B2, B
JEREUCE TIAT, X0 EEETORKENREOIEE, A —a FiEEN LS 4 A4 MG E AT LT KA R OFH
RGN . BEERRTORAL 1% AL ERZ B U RROZ# I E & 52 5L, BENTREZHEREL S 1
R—DFEIT>TE, RERICWEHEENZOTLFY Y RI Ak « L—Y =L 2 GillRESREZHANTED, 1V
Vv arvy—R—DOEEZWEEFTHIET S & T, FEAWE LT 768-788 nm 5 2 il & LT 384-394 nmdD
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Development of MU radar real-time processing system with adaptive clutter rejection

# Kohsuke Kubota[1]; Hiroyuki Hashiguchi[2]; Mamoru Yamamoto[2]
[1] RISH, Kyoto Univ.; [2] RISH, Kyoto Univ.

Strong clutter from a hard target such as a mountain, a building, or an airplane often cause problems of observations witl
atmospheric radars. In order to suppress the clutter, it is effective to use norm-constrained and directionally constrained min
imization of power (NC-DCMP), which makes null toward the direction of the clutter. It has been applied to the Middle and
Upper atmospheric (MU) radar, but it was processed in off-line. We successfully implement the clutter rejection by NC-DCMP
into the on-line processing system of the MU radar. Accordingly, the recording amount of observation data can be reduced
However, NC-DCMP mainly suppresses the clutter from a stationary target such as a mountain or a building, but it is insufficient
to suppress the clutter from a moving target such as an airplane. This study introduces the new clutter rejection system of th
MU radar, which can suppress both the ground clutter and the airplane clutter.

We have applied the NC-DCMP real-time processing to the MU radar since November 2015. However, as mentioned above
NC-DCMP is insufficient to suppress the clutter from a moving target such as an airplane. In the previous study, a two-stage
NC-DCMP has been proposed as a method to suppress the airplane clutter. This method consists of two procedures: First, &
plane clutter reproduced using the NC-DCMP based on the estimated arrival direction of the airplane echo is subtracted fror
the original received signal. Next, ground clutter is suppressed using NC-DCMP. In the previous study, real-time processinc
is impossible, because all directions are searched to estimate the arrival direction. Therefore, we consider limiting the searc
area of the arrival directions by using Automatic Dependent Surveillance-Broadcast (ADS-B), which is the system in which the
airplanes broadcast various information such as positions, altitude, and speed with high accuracy. We compared the latitud
longitude, and altitude by ADS-B to the estimated result of Capon method, which estimates the direction of the airplane clutter
As a result, the location information data by ADS-B is useful for estimating the arrival of the airplane clutter.

KRL—Z—BHNCBNT, Y1 Fu—T7 TREINZIPEEN SO a— GEIET T v 2—) OfiZEEN 5
Dra— (fizEkr v 2 —) DRATLO—LHES L TREHEREZIILEIE S L WS MENDS. 7Ty 22—
METFH L LT, NC-DCMP(Norm-Constrained and Directionally Constrained Minimization of PoWdi£ <, 4+ 75
A VB VT MU L—X—OERBRT—ZIEA L, GRTHBH T EMEIEENTLS. NC-DCMP LiE, FriDT;
ISR 2 I8EZ A AHERICK O RS, BICY A FARY FVORE ST 2MHICK D A1 0 —T ORIRZ -EF
Ltk %, 2RothziMes 27 X774 77 7 Ok 7 )V 3V AL TH 5.
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Z—OEPRTAHEEICBR LT, F2EZERRELTWD. RIRTE, V7IVEA LT Ty Z2—HEZ T2 AT LD
FEZHIEL TV BT, iz s T v 2 —OPRKHRIHORE 21T OB O S#E b 2175 EN D % .
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Simultaneous observations of atmospheric structure with UAV and the MU radar

# Hiroyuki Hashiguchi[1]; Takashi Mori[1]; Hubert Luce[2]; Lakshmi Kantha[3]; Dale Lawrence[3]; Tyler Mixa[3]; Richard
Wilson[4]; Toshitaka Tsuda[5]; Masanori Yabuki[1]
[1] RISH, Kyoto Univ.; [2] Toulon-Var University; [3] Univ. of Colorado; [4] LATMOS-IPSL, Pierre and Marie Curie
University; [5] RISH, Kyoto Univ.

http://www.rish.kyoto-u.ac.jp/ hasiguti/

Turbulence mixing is an important process that contributes to the vertical transport of heat and substance, but it is difficult to be
observed because its scale is very small. The atmospheric radar transmits the radiowave and receives backscattered echoes f
turbulence to measure wind velocity profiles with high time resolution, so it has advantage in the observation of atmospheric
turbulence. The MU (Middle and Upper atmosphere) radar is the atmospheric radar located at Shigaraki, Koka, Shiga Prefectur
has the center frequency of 46.5 MHz, the antenna diameter of 103 m, and the peak output power of 1 MW, and has been operat
since 1984. In 2004 it is upgraded to enable radar imaging observation which provides us the improved range resolution dat:
The MU radar can be most accurately image the turbulence structure and is the most powerful tool to study the relationshi
to meso-synoptic scale phenomena. For example, although atmospheric turbulence due to the Kelvin-Helmholtz instability i
known to occur in strong wind shear region, continuous turbulence structure under the cloud base has been imaged by the M
radar.

In recent years, small unmanned aerial vehicle (UAV) has been attracting attention as an observation tool of the lower at
mosphere. As Japan-USA-France international collaborative research, ShUREX (Shigaraki, UAV-Radar Experiment) campaig
using simultaneously small UAVs developed by the University of Colorado and the MU radar has been carried out in June of
2015-2017. The UAV is a small (wing width about 1 m), lightweight (about 1 kg), low cost (about $1,000), reusable, autonomous
flight possible using GPS, and it is possible to obtain a high-resolution data of the turbulence parameters by the temperature se
sor of 100-Hz sampling, in addition to temperature, humidity, and barometric pressure data of 1-Hz sampling. Take-off and
landing of the UAV was carried out at a pasture in 1-km southwest from the MU Observatory. The flight method previously
programmed in advance takeoff before, it is also possible to change the flight method after takeoff according to the situation. |
is possible to continuously fly about one hour.

The time-altitude cross-section of the echo intensity obtained with the range imaging mode of the MU radar and temporal
variations of UAV altitude and temperature measured by the UAV are shown in the figure. At 15:50-16:10, the UAV was flying
horizontally, but large temperature variations were observed. Temperature variations correlated with the vertical fluctuation o
the strong echo layer existing around the flight altitude, and a good correlation was found with the vertical flow observed by the
MU radar. From the vertical profile of the temperature measured by UAV in the following time period, it is confirmed that a deep
temperature inversion layer existed and a strong echo layer accompanied it. By modeling the measured temperature profile a
assuming that the temperature profile varies up and down according to the echo layer, temperature variation was reproduced.
was almost consistent with the observation result.
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The influence of the stratospheric QBO on the general circulation in the mesosphere an
lower thermosphere

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

The Quasi-Biennial Oscillation (QBO) is an oscillation of the zonal wind in the equatorial lower stratosphere with a period
of about 27 months. In this study, impacts of the stratosphere QBO on the general circulation in the mesosphere and lowe
thermosphere (MLT) are examined using long-term simulation data obtained by Ground-to-topside model of Atmosphere anc
lonosphere for Aeronomy (GAIA). Our analysis indicates the stratospheric QBO affects the zonal mean zonal, meridional anc
vertical winds in the MLT region through the modulation of upward propagating tides. Moreover, impacts of the stratospheric
QBO on interannual variations in the minor constituents in the lower thermosphere, such as NO, are also discussed.

UE 2 4E RSN (QBO) &R FZ2 D NEREKEEI T, HE & EIENK 277 AR TR T 285 TH %, HobLDifst
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Vertical transport of Kelut volcanic stratospheric aerosols observed by the equatorial
lidar and the EAR

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

The transport of substance between stratosphere and troposphere in the equatorial region makes an impact to the global clim
change, but it has a lot of unknown behaviors. We have performed the lidar observations for survey of atmospheric structure ¢
troposphere, stratosphere, and mesosphere over Kototabang (0.2S, 100.3E), Indonesia in the equatorial region since 2004. Ke
volcano (7.9S, 112.3E) in the Java island of Indonesia erupted on 13 February 2014. The CALIOP observed that the eruptio
cloud reached 26km above sea level in the tropical stratosphere, but most of the plume remained at 19-20 km over the tropopau:

By CALIOP data analysis, aerosol clouds spread in the longitude direction with the lapse of time and arrived at equator in 5
days. After aerosol clouds reached equator, they moved towards the east along the equator by strong eastward equatorial winc
QBO.

In June 2014 (4 months after the eruption), aerosol transport from the stratosphere to the troposphere were observed by t
polarization lidar at Kototabang. At the same time, we can clearly see down phase structure of vertical wind velocity observec
by EAR (Equatorial Atmosphere Radar) generated by the equatorial Kelvin wave.

We investigate the transport of substance between stratosphere and troposphere in the equatorial region by data which he
been collected by the polarization lidar at Kototabang and the EAR after Kelut volcano eruption. Using combination of ground
based lidar, satellite based lidar, and atmosphere radar, we can get valuable evidence of equatorial transport of substance betw
the troposphere and the lower stratosphere.

BLIFTREE FDOA >V Ry 7 « &3 (0.2S,100. 3E D EARY A MCHBW T, HIBRKG OB ICEE LY
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Study of mountain waves in middle and upper atmosphere by airglow imaging beside Mt
Fuji

# Masahiro Okuda[1]; Satoshi Ishii[2]; Hidehiko Suzuki[3]
[1] Meiji Univ.; [2] Meiji Univ.
; [3] Meiji univ.

The objective of this study is to understand propagation and generation mechanisms of mountain waves which play a majc
role in middle and upper atmospheric dynamics. An airglow imaging observations have been conducted to capture the signatur
of mountain waves in the upper mesosphere since Nov. 2015 at KawasakiN333B.3E), Japan. Since the observation
site located at the center of the Kanto plain which is sandwiched by mountain rich area (including Mt. Fuji) and the Pacific
Ocean, occurrence of abundant numbers of mountain wave events would be expected. OH Meinel (7-3) band in the near infrare
wavelength ("890 nm) is chosen for the imaging observation to reduce the contaminations caused by artificial lights from the
central area of Tokyo.

The data on clear nights from Nov. 2015 to the present have been checked. However, only two events of a wave structure wit
zero apparent horizontal phase speed (i.e. mountain wave) have been identified during the period.

To verify the observation results, a ray-tracing calculation have been conducted. In the ray-tracing, we assume that the highe
mountain, Mt. Fuji as an excitation source of mountain waves. A re-analysis meteorological data, MERRA-2 is adopted as &
background atmosphere. As a result, it is found that mountain waves generated by Mt. Fuji with shorter horizontal wavelengtt
(&lt; 20km) are difficult to reach the OH layer due to reflection and absorption in the path over the entire season. This result
is consistent with the observation since we mainly focused on the wave structure with horizontal wavelength of an order of
FWHM of Mt Fuji ("10km) in the analysis. On the other hand, the model indicates that mountain waves having larger horizontal
wavelength (&gt; 20 km) can reach the OH layer, especially in March and October. Therefore, re-analysis of the imaging date
by focusing on longer wavelength components (&gt;20km) would increase the detection numbers of mountain wave events.

In this talk, behavior of the mountain waves over Kanto Plain is discussed based on the results of the observations and Ra
tracing. The image analysis method to deduce stable wave structures with longer wavelength will be also discussed.
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Seasonal variations of small-scale waves in the martian lower thermosphere

# Hiromu Nakagawa[1]; Alexander Medvedev[2]; Takeshi Kuroda[3]; Erdal Yigit[4]; Naoki Terada[5]; Kaori Terada[6];
Hitoshi Fujiwara[7]; Kanako Seki[8]; Paul Hartogh[2]; Hannes Groller[9]; Roger V. Yelle[10]; Franck Montmessin[11];
Nicholas M. Schneider[12]; Bruce M. Jakosky[13]
[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] University of Arizona; [11] LATMOS; [12] LASP, Univ. of Colorado; [13] LASP, CU Boulder

Small-scale gravity waves (GWSs) are recognized as an important part of the terrestrial climate system. They affect the dynan
ics, composition, and thermal structure of the terrestrial middle atmosphere and thermosphere. On Mars, similar important rol
of GWs of tropospheric origin in the middle and upper atmosphere is being increasingly appreciated.

Since October 2014, comprehensive studies of the Martian atmosphere have been performed with NASA's Mars Atmospher
and Volatile EvolutionN (MAVEN) mission. In-situ measurements of the upper atmosphere, down to 130 km, revealed that the
wave structures ubiquitously exist in ions and neutrals in the upper thermosphere. Numerical simulations were able to reproduc
these structures qualitatively and explain them by GWs propagating from below, but also found a certain degree of discrepanc
between numerical modeling and measurements. Wave structures, which are presumably associated with GWSs, have also be
detected by remote sensing with Imaging Ultraviolet Spectrograph (IUVS) at altitudes between 30 and 150 km. IUVS measure
ments provide opportunities for investigating possible links between GWs in the Martian troposphere and thermosphere. In thi
paper, a global distribution of small-scale temperature perturbations in the Martian lower thermosphere (100-130 km) associate
with GWs has been obtained from stellar occultation measurements by MAVEN/IUVS obtained between March 2015 and Jan
uary 2017. It includes the campaigns which were performed in the season of Ls 315, 22, 64, 124, 159, 186, 227, 262, and 29
The dataset covers all longitudes, and latitudes between 60S and 40N.

Over all campaigns, more than 100 profiles that have altitude sampling better than 5 km and whose altitude coverage is large
enough to detect waves between 100 and 130 km. The observed perturbations demonstrate wave signatures with vertical wa
lengths of 10-20 km and amplitudes of up to 10% of the mean temperature and 15-20% of the mean density. Large amplitud
waves are broadly found in low and middle latitudes. It is not correlated with those at the lower atmosphere (lower than 30 km),
where potential energy of GWs peaks in the tropics.

Two comprehensive Martian general circulation models (MGCMS), a GW resolving MGCM and the Max Planck Institute
MGCM incorporating a state-of-the-art whole atmosphere GW parameterization have been used to interpret the observation
MGCS simulations demonstrate that the background winds play an important role in the vertical propagation of GWs generate
in the lower atmosphere, which can explain the vertical decay of the orographically-generated GW harmonics in the tropics. Thi
is a known phenomenon which occurs due to a preferential filtering by alternating mean winds in low latitudes. On the other
hand, westerly zonal jets in high latitudes favor vertical propagation of harmonics with intrinsic phase speed (lower than zero)
These waves penetrate to the upper atmosphere with minor attenuation, grow in amplitudes and create the regions of enhanc
GW activity in high latitudes. Unfortunately, the IUVS did not cover high latitudes in this period, it is important to further vali-
date GW processes in high latitudes with further observations in the future. Seasonal variations of GW activity were addresse
in detail.

GWs are expected to induce vertical mixing in the martian upper atmosphere by driving global meridional circulation via mo-
mentum deposition and by generating turbulence. The vertical mixing induced by such high-altitude waves should play a crucia
role in the control of the homopause, which separates the homosphere and the heterosphere. The location of the homopat
influences the thermospheric composition and thereby the species escaping to space. Here, we will also discuss the relations|
between GW activity and observed homopause height by MAVEN.



R005-P31 215 Poster B¥RY: 108 17H

HHEE AR T T v &7 NaJd & KR5S & OBIFRICEI S 2 fiatrfisT

3T KL (1 PR 5[]
2] HHA - AT LFFA

Statistical analysis on the relationship between solar activity and mid-latitude sporadic
Na

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

The meteoric atom layers produced in the mesosphere and lower thermosphere are closely related with temperature structu
wind field, atmospheric waves, ion and electron density distribution. As a valuable tracer of this area, they have been observe
by the resonance scattering lidar. As a characteristic phenomenon in this region, metal layer which have narrow width and hig
peak density called sporadic metal layer is observed. The sporadic Na layer frequently observed in summer at Hachioji(35.6N
in Japan and Beijing(40.2N) in China in mid-latitude [1,2]. The sporadic E layer is also frequently occurred in this area. This
suggests that the neutralization of the Na ions in the sporadic E layers is a source of the Na atoms. However, the sporadic N
layer at Hefei(31.8N), Wuhan(30.5N) and Haikou(19.5N) in China are frequently observed in winter where the sporadic E layer
is hardly occurred [2,3]. There remains many unknown production mechanism of sporadic metal layers.

On the other hand, the influence of solar cycle on the critical frequency of the sporadic E layer (foEs) are reported. Zuo e
al. show that foEs are correlated with the solar activities in daytime and anti-correlated at night using data of Alma ata (43.2N),
Maui (20.8N) and Boulder (40.0N) [4]. Pezzopane et al. also show the results of a high correlation between solar index anc
foEs during daytime [5]. Therefore, we investigated the relationship between solar cycle and foEs using the ionosphere data
Kokubunji, and analyzed relationship between the parameters of the sporadic Na layer and solar cycle using data of sporadic N
observed at Hachioji between 1991 and 2001.
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FRRRE - RSB REEICE R E NAREREOSEE AR, PREBER L OMREME, G, K&OEE), 14
Y, BTEENEEICEEICBBRL TS D, COSEHBOEEL ML —TL LTI X=X 28N THbNT
W3, T OHEBOREINZBIS L LT sporadic@E &N 5, BRMSC E—IHEORmOSEENEINIE 1
%. W TH 5 HAD/\FEF (35.6N)HE DL (40.2N) T3 E ZIC sporadic N OFEASERED EW & W S Bl
R[1,2]L, oD sporadic BEDFAEMENEHNT LD, HFREEZEICBONTE Y« Y R 7ICK D ER S N izEEE
J& sporadic BE DR EZETH 2@ A A4 > H, 1tk sporadic @i 7@ DY — Rk % L OFMEEEINTVS. L
ML, HTEOAAE (31.8N) Hi¥ (30.5N) 1 (19.5N) Tld sporadic BE DI ESENMENETICE, SHEIC sporadic Na
JEDBIHIENTED [2,3], sporadich: /@i DFE ERMEII AR TERMINZ KD Z 0.

—J7 sporadic E JEOEGFNERE (foEs) & RFAEBHIDORIRICEET 2028 TONTED, ZuoS5IE7 < IL7T 1 (43.2N),
<Y (20.8N) HILX— (40.0N) TEHD foEs & ARHEFNEICIZEDMHEIN, KD foEs & KRHEBIFEIC IZ B DB
NHz T L&ERLUI[4. £z Pezzopand g1 2V 7D —= (41.8N) TEERD foEs & KFFEBIEEIC iR IEDFHRY
NH2 zRUTz[5]. % THEFKLIGEITFOERET— 2 2 AW TRUHEENE L foEs L OBRZIINS L L T
12, 1991F~2001FI/\ETTT A X —Ic X D BlE Nz sporadic NdE D7 — % % T, sporadic Ndg D/ 8T A —
Z— G, @, Mk, B &RGREHRE & ORGRIC DWW TGN 2175 7z,
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Modeling of ionization and NO production by precipitating particles in the polar lower
thermosphere

# Hitoshi Fujiwara[1]; Yasunobu Miyoshi[2]; Hidekatsu Jin[3]; Hiroyuki Shinagawa[3]; Chihiro Tao[3]; Satonori Nozawal4];
Yasunobu Ogawa[5]; Ryuho Kataoka[5]; Huixin Liu[6]
[1] Faculty of Science and Technology, Seikei University; [2] Dept. Earth & Planetary Sci, Kyushu Univ.; [3] NICT; [4] ISEE,
Nagoya Univ.; [5] NIPR; [6] None

In order to understand cooling of the thermosphere during/after geomagnetic storms and coupling between the upper and low
atmospheres, impacts of precipitating particles on the polar mesosphere and thermosphere should be investigated. For exam|
some researchers reported the overcooling in the upper thermosphere due to enhancements of nitric oxide (NO) during the recc
ery phase of severe geomagnetic storms. In addition, some recent observations have revealed the mesospheric and stratospt
ozone depletion by NO produced in the lower thermosphere and mesosphere during enhancements of particle precipitation. The
studies suggested energetic, radiative, and chemical coupling between the thermosphere, mesosphere, and stratosphere thrc
precipitating particles into the lower thermosphere and mesosphere. We have investigated the coupling processes from obs
vations of the polar ionosphere/thermosphere and mesosphere with the EISCAT radar system and Na lidar and from numeric
simulations with GAIA (Ground-to-topside model of Atmosphere and lonosphere for Aeronomy). In this presentation, we will
show some examples of the ionospheric variations obtained from the EISCAT observations and modeling of ionization and NC
production in the polar lower thermosphere. The EISCAT observations on March 27, 2017 shows enhancements of the electrc
density in the 70-100 km altitude range, suggesting the NO production in the region.

EBEAE DO KRGS HIEFER S AA - FERK OB Z BT 2 E T, FERENE « R EAORE MR 1058 7x
FARD T EIZHEEHRED 1 DL E> TV 5, FlZIEE., KREAURICHE S —HE(EEE2E (NO) DEIRIC K > THIER T TN B

SURAITEAH T D _EEBEE OEIGHNC DOV T, WL DD DI EMENTE /2, iz, NS Z 3 IVF—2fi> /&
M?O) CEAC X B - iJERE T OA Y DB S MR > TE R, TNHDRIZEIC K D, MUsADRE ]
TOREIC X > T, BE - BEEE 2O T 3V F—8EE < @ BN, KRG < (8%« 2R EOEGINEMEHRE LTED
TWaZ L, BEERAL - FERKOEEERICE PR OB KA TO SRR RB I NT WS, AT IV—T
TiE, EROZ3xIVF— - 120 7%, F F-mdsi il G itz B9 % 7= dIc, Ml T EISCAT L— & —#lilll. Na<
A R —BHEHET % & &I, KK - BEEFSESETIV (GAIA) ICK AT I 2 L—a U RFELTE T, Hlx
X, 20174E 3 H 27 HD EISCAT L— X —&lITi&. B8 70-100 kmic BWTEFREOHANEENzC &5, T
DEEICRA LT TR T OB KX - TEEBZFHNEZ 2 L L 8IC. NOEREELE U TV ENTFHEEINS,
AT, EISCAT L—X—Ic K28 & L&, BEED TWBBE MR TFOET Y VTS OW TN T %,
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Characteristics of winter time mesosphere echoes over Syowa and Davis in the Antarcti
obtained using PANSY and MF radars

# Masaki Tsutsumi[1]; Kaoru Sato[2]; Toru Sato[3]; Damian Murphy[4]
[1] NIPR; [2] Graduate School of Science, Univ. of Tokyo; [3] Communications and Computer Eng., Kyoto Univ.; [4]
Australian Antarctic Division

Characteristics of winter time mesosphere echoes have been investigated over Antarctic stations of Syowa (69.0S, 39.6E) a
Davis (68.6S, 78.0E) using PANSY radar at Syowa (47 MHz) and MF radars at Syowa (2.4 MHz) and Davis (1.94 MHz). At
Syowa low altitude MF radar echoes below about 70 km showed a similar seasonal, day-to-day and local time variations witf
those of the PANSY radar. Polar mesosphere winter echoes (PMWES) by the PANSY radar and the low altitude MF echoe:
mostly coexisted appearing during day time and also for a few hours after sunset, while summer echoes in the lower heigt
region were absent in both radar observations suggesting a close relationship in the generation mechanisms of 47 MHz and Z
MHz echoes. In other words winter time low altitude MF echoes can be used as a proxy of PMWESs in VHF. A preliminary
comparison between Syowa and Davis MF radar winter echoes showed clearly different day-to-day variations suggesting ths
PMWESs have a longitudinal structure.

Angles of arrival of Syowa MF echoes were estimated using the interferometry capability of Syowa radar and showed a more
isotropic nature in winter. Because gravity wave activity is much higher in winter than in summer over Syowa [Yasui et al.,
2015] and also over Davis [Dowdy et al., 2007], higher turbulence energy in winter caused by gravity wave breaking may be
responsible for the generation of the winter echoes and their isotropic behaviour. Comparison of gravity wave activity and MF
echo power will further be conducted.
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Measurement of a fractal dimension of clouds by imaging and lidar observations

# Eiiji Hirota[1]; Hidehiko Suzuki[2]
[1] Meiji Univ.; [2] Meiji univ.

The shape of atmospheric clouds is strongly related with its generation mechanism, advection history, and background atmc
spheric parameters. Certain types of the clouds are also empirically known as a presage of a specific meteorological condition
a near future. Thus, categorizing cloud shapes by eye inspections is one of the important works for observers in a weather static
Although precise classification of clouds is useful for estimating both current and future atmospheric conditions, this kind of an
observation can be conducted only by well-trained observers. An objective classification of clouds based on a cloud image an
an algorism would greatly benefit nonprofessional people by providing local weather information to them. In addition, linking
atmospheric parameters and shape of ordinal clouds in troposphere and lower stratosphere would provide many insights for u
derstanding the atmospheric conditions in region with non-ordinal clouds such as polar stratospheric and mesospheric clouds.

In this study, a fractal dimension: a geometrical parameter representing complexity defined for shapes with self-similarity
through the wide range of the scale, is focused on as a possible proxy for the cloud classification. First measurements of tt
fractal dimension of tropospheric clouds had been conducted by Lovejoy [1982] and many inspired works have been reported u
to Today [eg. Batista-Tom&amp;aacute;s etal., Meterological Soc, 2016; Lohmanna et al., Solar Energy, 2017]. Most of these
works have showed fractal dimensions determined from cloud images projected on two dimensional planes. This means th:
they only use horizontal cross section of a cloud shape for a determination of the fractal dimension. Thus, horizontal and vertica
cross sections of cloud shape are simultaneously measured by imaging and lidar observations to improve the robustness of t
cloud classification in this study.

In this talk, the result of the measurements of fractal dimensions of cumulus (Cu) and altocumulus (Ac) with imaging and lidar
methods conducted during June to August 2017 in Kawasaki city, Japan will be presented.

EDIBREIZZOREANZ AL E, BRAKORAB XCEEHE L. BiR) OBBEZKML TS, /. §F
EOGEBREOTIE LTHRAETZEREEMONTWVWS I D, ZOfE (HHER) ZRET 5 Lid. K8k
Mz « TT 2 L TEEL RS, EOMBORE « GliI A ADRREICHE O TS NIZBIFIc X 2 HHEIC K-
TITbNTWa, TOHENEDOFET —2IE LICHDEAHMICH RN, FICBET 2 EMAERZE L TW0Rn—fi
DANTE, ZEOFEEWRD T, TORTE[MEZNS T ENTE, ZTOBRORKOHERE TR EDEHRESRS T &H
AIREIC 7R %, FTo. EOIK & SRLUIRBRICHIE ISR Z R hid. EORIRZ S EE/ ST A—2 gD
DOFED 1 DE LTHHTZT LN TESLLEADND, THICHRRKDZA T I I AL ERIROBZRICEET 551
R, TREZERICEZNEV LEEEE> T REICFEEST 2 P EEOMAEEE) ORIROERN 5. B!
D LD EFEEK O KK T A—2—=H#ET 5 ETEEIDEEZ NS,

ZTTAMATIE. TOEEREE, A A=V TR T A X—BIC X 57— 2 ZlAEbE. XOERNIC
119 FEOFEZHIEL TW5, AL TIIEDRM AR TH % H AHLIE (Lovejoy, Science, 19821CEH L. 't
FPITFE (A A=V B XU LIDAR) 12 KB EDIRIRNER R SIRESICIROEM S DI TH 5 7 7 7 2V otz ErE
TEICEHL, ZOMEEIROBENR R ERLT %, TNETIKEEDT F 7 Z)VRUTICERH L, EOnHz
AT EATIIZRIZ S B A (] % 1E [BatistaTomas (2016)F [Lohmanna(2017)]. W& A X —IF —RITIHDN Tk T
WIHRGE D HADNTICHE E > TVB T M5, RFFETIEA A—VEIIIZT T, T4 X—BINC X2 EERIR Gh
EWTEER) OFEHREEO AND T & TEE - Bz XD LSBT 2 FEOFEZ LTS,  AETIE. W
REUT, HAKERF Y 2SR GE)IRIIET) T 201745 6 AN S 20174 8 HOMAMICHE L7z 1 X —F &
UA A=YV 7 ORIFBHNC X > THEL N, @& 1km~10km DOFEE & ERIEIC DWW T, T ORMANRE (757
ZOVRTT) 72 UL U 7e R 2 IS 9 %
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Monitoring of charge and discharge in thunderstorm based on electrostatic measuremel
and radio observation in ELF- VLF bands

# Kozo Yamashita[1]; Hiroyo Ohya[2]; Jun-ichi Hamada][3]; Hiroyuki lwasaki[4]; Yasutaka Wakatsuki[5]; Yukihiro
Takahashi[6]; Jun Matsumoto[3]
[1] Engineering, Ashikaga Institute of Technology; [2] Engineering, Chiba Univ.; [3] Geography, Tokyo Metropolitan Univ.; [4]
Education, Gunma Univ.; [5] Science, Ibaraki Univ.; [6] Cosmosciences, Hokkaido Univ.

Recently, several networks to monitor lightning activity have been newly constructed to utilize lightning data for nowcast of
severe weather associated with thundercloud, such as heavy rainfall, tornado, and downburst. By using established observati
network, activity of cloud-to-ground (CG) lightning discharge whose electromagnetic radiation is enough strong has been mainly
monitored. One of the most remarkable progresses in the recent lightning observation is a total lightning observation, whict
makes it possible to detect not only CG lighting discharge but also intracloud (IC) lightning discharge. Preceding studies indicate
that IC lightning discharge occurs in the early stage of thunderstorm activity. Detection of IC would be one of the most effective
ways for the nowcast of thunderstorm activity that causes severe weather.

Main interest of this study is the relationship between electrification and discharge in thundercloud. For early detection
of thunderstorm activity, detection of electrification before lightning discharge is examined. As an observation of lightning
discharge, electric field associated with lightning discharge is measured with radio observation in ELF-VLF bands and slow
antenna system. As a monitoring of thunderstorm electrification, measurement of electrostatic field is carried out. Sensors t
measure electrostatic and electric fields have been already distributed in the Kanto region, Japan. In this presentation, results
simultaneous measurement of electrostatic and electric fields during summer season in 2016 are summarized.
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