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Structuring and decaying of equatorial plasma bubbles simulated by High-Resolution
Bubble model

# Tatsuhiro Yokoyama([1]; Hidekatsu Jin[2]; Hiroyuki Shinagawa[2]; Charles Rino[3]; Charles Carrano[3]
[1] RISH, Kyoto Univ.; [2] NICT; [3] ISR, Boston College

Equatorial plasma bubble (EPB) is a well-known phenomenon in the equatorial ionospheric F region. As it causes sever
scintillation in the amplitude and phase of radio signals, it is important to understand and forecast the occurrence of EPB fron
a space weather point of view. In order to simulate the instability in the equatorial ionosphere, a 3D High-Resolution Bubble
(HIRB) model with a grid spacing of as small as 200 m has been developed. It provides a unique opportunity to characterize
intermediate-scale EPB structure, which was not well resolved until very recently. It was shown that developed structure is
characterized by a two-component power law spectral density which fully supports the reported EPB diagnostics from previous
in situ measurements. Changing the background electric field from eastward to westward after EPBs are fully developed, th
decay phase of EPBs can be simulated. The structures tend to have a single power law and the decay speed depends on
background neutral density.
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Role of pre-reversal enhancement in the generation of equatorial plasma bubble using
observation and model simulation

# Priyanka Ghosh[1]; Yuichi Otsuka[2]; Sivakandan Mani[1]; Takuya Tsugawal[3]; Kornyanat Hozumi[4]; Hiroyuki
Shinagawa[3]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] NICT; [4] NICT

The equatorial plasma bubble (EPB) or equatorial spread-F (ESF) generated during post sunset hours due to the transitit
in the E- and F-layers of the ionosphere are well-known due to their unique nature and adverse effects on communication an
navigation systems. Although the Rayleigh Taylor instability (RTI) is known to be the governing mechanism of EPB, the exact
seeding mechanism is not clear yet. Pre-reversal enhancement (PRE) is believed to be one of the main controlling factor for tt
generation of EPB in spite of its asymmetric distribution and longitudinal variation. However, the relation between PRE and EPB
generation is not explored quantitatively.

In the present study, ionosonde observations at Chumphor?{L098.4E; 0.86N magnetic latitude) in Thailand and Bac
Lieu (9.2N, 105.7E; 0.62N magnetic latitude) in Vietnam are used to calculate the day to day variation of PRE during the
equinoxial months of March, April, September and October of 2011-2013. The observations are compared with the whole
atmosphere ionosphere coupled model Ground-to-topside model of Atmosphere-ionosphere for Aeronomy (GAIA) consisting o
three models (an ionosphere model, a neutral atmosphere model, and an ionospheric electrodynamic model). The virtual heig
(h’F) are manually scaled from the ionograms at time intervals of 5 min between 17:00 and 24:00 LT (LT = UT + 7 h) during 01-
16 March 2011 (equinoxial month) over Chumphon in Thailand. The vertical drift is derived from rate of change of h'F (dh’F/dt
with h’F, above 300 km) is considered as an indicator for vertical motion during the evening time. In case of GAIA model
simulations, the vertical component of plasma drift due to the zonal component of the electric field E at the magnetic equato
is derived using the electric field and magnetic field data (in the eastward, southward and upward direction). The observatio
period (01-16 March 2011) is classified in two categories: EPB occurrence day (8 days) and non-EPB occurrence day (7 days
It is observed that the vertical drift obtained using ionosonde ranges between 50-55 m/s on the EPB occurrence day and 10-
m/s during the days with no EPB. In the GAIA model simulations, the vertical drift varies from 40-50 m/s during the days with
EPB while it ranges between 30-40 m/s during the non-EPB days. The detailed outcomes of the study will be presented.
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Development of GNU Radio Beacon Receiver 2 (GRBR2) — Progress after the satellite
launch —

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

GNU Radio Beacon Receiver (GRBR) is the very successful digital receiver developed for dual-band (150/400MHz) beacor
experiment. We were successfully conducted observations of total-electron content (TEC) of the ionosphere over Japan and
southeast Asia. However, many beacon satellites is now aging, and its number is decreasing. We now have a project to ste
new satellite-ground beacon experiment with new satellite constellations. One of them is TBEx (Tandem Beacon Explorer),
project by SRI International, to fly a constellation of two 3U cubesats with triband beacon transmitters. Another one is a project
of FORMOSAT-7/COSMIC-2 by Taiwan/USA. Well-known mission of COSMIC-2 is GNSS occultation experiment, but the
satellites carry triband beacon transmitters. All of these satellites were placed into low-inclination orbits by one launch vehicle
flight on June 25, 2019. Now intitial checkout of the satellites are underway. We have developed a new digital receiver, GRBR2
for these new satellite beacon. GRBR2 receive four channels of 150/400/965/1067MHz, and realizes many TEC measureme
with the new satellites. We started install of GRBR2 in Thailand, Vietnam, Indonesia, and Taiwan since March 2019. In the
presentation, we will report current status of this new experiment.
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Analysis of VLF Band Waves in the Sq Current System Observed by S-310-44 Soundinc
Rocket

# Ryuichiro Nakamura[1]; Taketoshi Miyake[1]; Keigo Ishisaka[2]; Takumi Abe[3]; Atsushi Kumamoto[4]; Makoto Tanaka[5]
[1] Toyama Pref. Univ.; [2] Toyama Pref. Univ.; [3] ISAS/JAXA, [4] Dept. Geophys, Tohoku Univ.; [5] Tokai Univ.

The Sq current system is one of the ring current which occurs in the lower ionosphere in the winter daytime. It is caused
the specific plasma phenomena such as electron heating and strong electron density disturbance. S-310-44 sounding rocket \
launched from Uchinoura Space Center at 12:00 LT on January 15th to clarify the special phenomena. The rocket passed throu
the Sq current focus, and all the scientific instruments onboard the rocket worked successfully. In this experiment, Electric Fielc
Detector (EFD) observed the VLF band AC electric fields up to 6.4 kHz in the altitude from 100km to 160km. We made the
altitude profile of the electric field spectra, and found clear VLF band waves with the frequencies from 2kHz to 3kHz at the
altitude about 100km, which are observed during the rocket ascent. The Fast Langmuir Probe(FLP)observed that the electrc
temperature increase about 150K larger than the background in this region, and the frequency variation of the VLF band wave
shows good correlation with the electron temperature. According to the polarization analyses, the electric fields of the VLF banc
waves are almost perpendicular to the magnetic field. In addition, the frequency range of this VLF band waves is consisten
with the ion cyclotron frequency. These results suggest that the VLF band waves observed in this experiment are one of the io
cyclotron harmonic waves whose frequencies vary with the temperature ratio of the electron andTherign(©n the other
hand, the frequency variation of the VLF band waves also shows good correlation with the electron density. We are going tc
investigate this correlation, and clarify the heating mechanism of the electrons near the Sq current focus.
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Lower hybrid resonance (LHR) waves around the Sq current focus in the winter lower
lonosphere

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

The plasma waves around lower hybrid resonance (LHR) frequency around Sq current focus in the winter lower ionosphert
was investigated based on the data obtained by sounding rocket S-310-44. In order to clarify electron heating phenomena
the center of Sq current focus in the winter ionosphere, the sounding rocket experiment S-310-44 was launched at 21:00 U
on January 15, 2016 at Uchinoura Space Center (USC). Plasma Wave Monitor (PWM) onboard the S-310-44 was successful
measured plasma waves in a frequency range from 300 Hz to 22 MHz along the rocket trajectory with apex altitude of 160 km
which is also confirmed to be near the Sq current focus by using data from magnetometer chain on the ground. During the flight
harmonic emissions of LHR were found in a frequency range from several hundred Hz to several kHz. Their frequencies change
depending on the ambient plasma density and likely on the ion compositions. They are enhanced at altitude around 100 km i
ascent but not enhanced at the same altitude in descent.

The LHR waves in the ionosphere can be generated by various energy inputs. Baker et al. [2000] reported that LHR emissior
were found in the sounding rocket experiment, and suggested that they are caused by the whistler waves from the thunderstori
on the ground. At S-310-44 launch, however, the nearest weather front was farer than 1000 km distance, and clear inducin
impulsive emissions of lightning were not found with LHR emissions. Cattel and Hudson [1983] suggested that perpendicularly
heated ions, which were found in cusp and auroral regions, can cause flute mode waves near LHR frequency. Several studi
suggested that lower hybrid drift instability (LHDI) can be caused in the inhomogeneous plasma in the ionosphere [Huba anc
Ossakow, 1981] and thin cross field current sheet in the magnetosphere [Yoon et al., 2008]. So, we can consider several ca
didates for causing LHR waves found in S-310-44 experiment: (a) Localized cross field current around the Sq current focus
(b) ions heated by the interhemispheric field aligned current (IHFAC) around Sq current focus, and (¢) inhomogeneous plasm
in the ionosphere. In the presentation, we will also verify the candidates using other data such as electron number density ar
temperature (FLP), DC and AC electric field (EFD), and magnetic field (MGF) onboard S-310-44.
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A comparison between electron and magnetic fluctuations as observed by Swarm
satellites in low- and mid-latitudes

# Toshihiko lyemori[1]; Tadashi Aoyama[2]; Yoshihiro Yokoyama[3]
[1] Kyoto Univ.; [2] Graduate School of Science, Kyoto Univ.; [3] Grad school of Science, Kyoto Univ.

When we apply high-pass filter to magnetic and electron density data obtained by polar orbiting low-altitude satellites such
as the Swarm satellites, small scale magnetic and electron density fluctuations appear in low and middle latitudes. These flu
tuations typically have the period about 10-30seconds along satellite orbit, i.e., about 70-210 km. They are mostly the spatic
structure of electron density and small-scale field-aligned current effects called 'magnetic ripples’, respectively. Magnetic ripples
are supposed to be generated in lower ionosphere by dynamo mechanism caused by neutral atmospheric waves from lower
mosphere. If we trace down to the dynamo layer around 120km altitude from magnetic ripples and compare the electron densit
fluctuations observed on the orbit at the latitude traced down to 120km, in some cases, they correspond better than the correspc
dence on the orbit. This indicates vertical propagation of atmospheric waves which causes both magnetic ripples and electrc
density fluctuations. However, their wave forms of fluctuations are different. In this presentation, we compare the structure of
the fluctuations considering their geographical and seasonal distributions.
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On the electron density structure in the lowest region of the nightside ionosphere

# Takumi Abe[1]
[1] ISAS/IAXA

Electron density structure in the ionosphere has been observed by in-situ and the ground-based instruments for many decad
We have used Langmuir probe and fixed-bias probe on the sounding rocket to measure the local electron density in the ionc
spheric D, E, and F regions. As a result of analyzing several altitude profiles derived from the sounding rocket data, we notice the
a ledge structure of the electron density is observed to exist at the altitude of 80-85 km on the nightside. In this talk, characteristi
feature of the ledge structure will be presented.

It is well known that the ionospheric D region disappears at night because there is no direct irradiation by the sun light.
Therefore, the electron density below 90 km altitude is remarkably lower at night than at daytime. In fact, the sounding rocket
observation shows that electron density in the nightside ionosphere is lower thancBx1bbelow 90 km altitude. In addition,
it is significant that the electron density profile has a very steep positive gradient at a certain alstudegbruptly increases
by more than 10 times in a narrow altitude range. For example, altitude profile of the electron density observed at 23:48 LT or
December 19, 2011 by S-310-40 rocket abruptly increases by about 70 times at the altitude of 92 km. Similar increase was als
observed during S-520-26 experiment, which was conducted at 05:51 LT on Jan 12, 2012. In these data set, the electron dens
was estimated from Langmuir probe measurement. Thus, it is noticeable that the altitude profile has a ledge structure where tt
density abruptly increases by more than a factor of 10 at a certain altitude. Such a ledge structure is found only at night but nc
at daytime.

Such an electron density structure was also observed by other sounding rocket experiments in US (Dickinson et al., 1980
They suggested that the ledge structure of the electron density at night is related to the abrupt fall to undetectable levels in th
atomic oxygen density with decreasing height around 83 km altitude because the atomic oxygen density profile had a simila
spatial structure as seen in the electron density. The common feature is attributed to chemical reaction in the lower D region il
which atomic oxygen, metal, metallic ion, and other primary species play an important role.

In this talk, we present the detail structure of the electron density in the lowest region of the ionosphere and discuss a possibl
implication of the ionospheric chemistry.

Reference
Dickinson, P.H.G. et al., The determination of the atomic oxygen concentration and associated parameters in the lower ionc
sphere, Proc. R. Soc. London, 369, 379-408, 1980
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Comparison of daytime medium-scale traveling ionospheric disturbance between GPS
observation and GAIA simulation

# Sivakandan Mani[1]; Yuichi Otsuka[2]; Priyanka Ghosh[1]; Hiroyuki Shinagawa[3]; Yasunobu Miyoshi[4]; Atsuki
Shinbori[5]; Takuya Tsugawa[3]; Michi Nishioka[3]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] NICT; [4] Dept. Earth & Planetary Sci, Kyushu Univ.; [5] ISEE, Nagoya
Univ.

Traveling ionospheric disturbances (TIDs) are wave-like perturbations of the ionospheric plasma. Depending on the wave
parameters such as wavelength, phase speed and period TIDs are categorised into medium and large scale TIDs. Medium sc
traveling ionospheric disturbances (MSTIDs) have wavelength, phase speed and period in the range of 100-500 km, 100-250 m
and 15-90 minutes respectively. Most often, the MSTIDs propagate towards southeast or south during daytime and southwe
during nighttime, which gives an evidence showing that generation mechanisms are different between daytime and nighttime
Though the observational results show that occurrence of daytime MSTID is maximum during the winter, the day-to-day and
longitudinal variation of occurrence are not yet explored well.

We have analysed total electron content (TEC) data obtained from more than 1,200 GPS receivers in Japan in 2011. T
obtain perturbation component of TEC, which could be caused by MSTID, we have subtracted 1-hour running average fron
the original TEC time series for each pair of satellites and receivers, and converted the slant to vertical TEC. We have define
MSTID activity as dI/I, where dl is the standard deviation of the perturbation component within 1 hour, and | is 1-hour average
absolute vertical TEC. MSTID activity is found to be higher in winter than in other seasons. We have compared the observec
MSTID activity with the MSTID activity obtained from TEC simulated by the GAIA (Ground-to-topside model of Atmosphere-
ionosphere for Aeronomy). To estimate the MSTID activity from the GAIA TEC data, we obtained detrended TEC by subtracting
2-hour running average from the TEC, and calculated standard deviation of the detrended TEC in 2 hours. MSTID activity was
obtained as a ratio of the standard deviation to the 2-hour averaged TEC. Present analysis shows that daytime MSTID activitie
simulated by the GAIA are also higher in winter (December-February) than in other season, indicating that the GAIA succeedec
to reproduce seasonal variation of the MSITD activity during daytime. In addition to this, day-to-day and longitudinal-latitudinal
variation of daytime MSTID activity will also be detailed in the presentation.
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Seasonal differences in fine structures of the Es layer observed by a Ca+ resonance
scattering lidar

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

Calcium ion (Cd) is only metallic ion in the mesosphere and lower thermosphere (MLT) region that can be measured by
resonance scattering lidar. Metallic ions, including*Cariginating from meteors are gathered in a narrow layer by vertical
shear of horizontal neutral wind in the lower thermosphere, forming spofadi€, ) layers. Temporal variation of the Ca
density profiles observed by a €Caesonance scattering lidar with high time and height resolutions can detect fine structure and
time evolution of plasma irregularities in th& layer. A frequency tunable resonance scattering lidar to install and operate it at
Syowa, Antarctica had been developed by the National Institute of Polar Research (NIPR). The lidar has a capability to observ
the MLT temperature profiles and the density variations of minor constituents such as Fe' Kardeaurorally excited N
in the MLT region. In August 2014, it received the first light from™Cim E, layer. After that, we increased the resolution of
the Ca observation and have succeeded in getting the (@afile with time/height resolution of 5 sec/15 m. Also, background
noise was reduced using narrower band-pass filter in an optical receiving system after December 2015. In this study, we sho
fine structures of the Calayer corresponding to son& layer events observed in March, August, September and December in
2015 and 2016 and will discuss differences between summer and winter and some characteristics seen around equinox.
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Simulation on formation mechanisms of various structures of sporadic E layer

# Satoshi Andoh[1]; Akinori Saito[2]; Hiroyuki Shinagawa[3]; Mitsumu K. Ejiri[4]; Shinichi Miyazaki[1]
[1] Earth and Planetary Sciences, Kyoto Univ.; [2] Dept. of Geophysics, Kyoto Univ.; [3] NICT; [4] NIPR

We have developed a three-dimensional numerical model for ionosphere to investigate formation mechanism of sporadic E
Sporadic E is a highly dense plasma layer and often appears in the E-region of the ionosphere. The layer is a critical phenomen
for ionospheric dynamics because it is affected by both atmospheric waves from the lower region and electrodynamics couplin
effect in the ionosphere. The physics of the sporadic E formation is described through the Wind Shear theory. According to the
theory, ions are gathered in the thin layer by the vertical wind shear driven by large-scale atmospheric waves in the thermospher
for example diurnal tides and semi-diurnal tides. Moreover, characteristics of sporadic E reflected shorter period tides and gravit
waves are also observed, but these characteristics have not been investigated fully.

We have used neutral winds data of GAIA model for background parameters in our model, and have succeeded to simulat
multiple structures of sporadic E observed before. Additionally, we have found the variety structures depending on the date o
neutral winds data. In this presentation, we are going to introduce the formation mechanisms of these structures.
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Visualization of two-dimensional structure of Sporadic-E in a wide area by using
air-band VHF radio observations and GPS-ROTI

# Kotaku Kimura[1]; Keisuke Hosokawa[1]; Jun Sakai[1]; Susumu Saito[2]; Takuya Tsugawa][3]; Michi Nishioka[3]; Mamoru
Ishii[3]; Ichiro Tomizawa[4]
[1] UEC,; [2] ENRI, MPAT; [3] NICT; [4] SSRE, Univ. Electro-Comm.

Sporadic-E (Es) is one of the outstanding phenomena in the mid-latitude ionosphere, during which the electron density in th
bottom of E region extremely increases often greater than that in the F region. It is generally known that Es reflects the VHF radic
waves for the Analog TV broadcasting and FM radio broadcasting. Recently, it was suggested that VHF radio waves assigne
for the aircraft navigation system (108-118 MHz) can also be reflected by Es and propagate in a long distance (anomalou
propagation).

Since the beginning of May, 2019, we have been observing VHF radio waves in the air-band frequency range (VOR and ILS
at Chofu, Kure, Oarai, Sugadaira, Onna, and Sarobetsu in Japan. By using these data, we aim at estimating the occurrence of
in a wide area. In addition, we also attempted to detect electron density irregularities within Es using ROTI (Rate of TEC index)
routinely derived from GPS-TEC observations. We combined these two datasets in the same geographic coordinate system a
tried to visualize the two-dimensional structure of Es in a wide area.

During the summer months in 2019, we detected an event of intense Es on July 4th, 2019 in the ROTI map. The Es firs
appeared in the south of the mainland of Japan, and then moved northward. ROTI visualized that the Es maintained its spati
structure elongating in the east-west direction for about 3 hours. In addition, the reflection points of air-band VHF radio waves
well matched the structure visualized by ROTI. This result shows that the monitoring of air-band VHF anomalous propagation is
an effective way to visualize the spatial structure of Es. In the presentation, we will introduce the strong point of the combination
of ROTI and air-band VHF radar observations for visualizing the two-dimensional spatial structure of Es. We also discuss how
the increase of the observation points affects the coverage of the Es visualization.

B E IO FEIlc BN T, EFRED FHEEZBZ 21 EMAKT 2SR ARTT v 7 EE (Es) &R, HA
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DM T 5N VHF FOERDH ENEFALIMHT 5 Z EAK KHISN TV, SEFEDOIHRIC K > T, HiZHiE @S
WICEID M T H5NTz VHF F7 O (108-118 MH2)E ESIC X > TRHIE N TV 5 T EDaHITRE Nz,
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WEEZ AT % ETHEMETERERD 55 T ARSI Nz, HETIE, MOBHITE L Lk LT, ROTI & fiZefiik
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High latitude ionospheric disturbances in space-born Synthetic Aperture Radar images

# Hiroatsu Sato[1]; Jun Su Kim[1]; Yasunobu Ogawa[2]; Ingemar Haggstrom[3]
[1] DLR; [2] NIPR; [3] EISCAT HQ

We present space borne L-band Synthetic Aperture Radar (SAR) observation of small-scale plasma density irregularities ove
Tromsoe, Norway. Low-frequency SAR systems have been suggested to achieve mapping of ionospheric density distributions |
terms of Total Electron Content (TEC) at a finer resolution than do GPS/GNSS measurements. This study uses Advanced Lar
Observation Satellite 2 (ALOS-2)/Phase Array type L-band Synthetic Aperture Radar-2 (PALSAR-2) system and simultaneous
ground observations. The SAR system detects local change of TEC down to sub-kilometer scale in in 70 km x 50 km acquisitior
frame. Such images are compared with European Incoherent Scatter (EISCAT) UHF radar measurement and 558 nm all s}
images. The irregular electron density is typically characterized by tens of kilometers of band-like structures aligned in the
east-west direction with small patch-like structures. We present a method for estimating the local change of TEC gradient an
the height of ionospheric irregularities by using single-image sub-band data. The results suggest that these observed small sc
density structures are likely to be associated with precipitating electrons in auroral ionosphere.
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Temporal and spatial evolutions of storm enhanced density (SED) as seen in the
GNSS-TEC and SuperDARN radar observations

# Atsuki Shinbori[1]; Yuichi Otsuka[2]; Takuya Sori[3]; Takuya Tsugawa[4]; Michi Nishioka[4]; William A. Bristow[5]; John
M. Ruohoniemi[6]; Simon G. Shepherd[7]; Nozomu Nishitani[8]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya Univ.; [4] NICT; [5] UAF; [6] ECE, Virginia Tech; [7]
Dartmouth College; [8] ISEE, Nagoya Univ.

Temporal and spatial evolutions of storm enhanced density (SED) in the low and midlatitudes during a geomagnetic stori
that occurred on 27-28 September 2017 have been investigated using GNSS (Global Navigation Satellite System)-TEC (Tot:
Electron Content) and midlatitude SuperDARN radar data. The GNSS-TEC data analysis results show that the TEC enhanceme
related to the storm enhanced density (SED) first occurs in the American sectors (11:00-15:00 MLT: magnetic local time) at
high latitudes within one hour after the southward turning of interplanetary magnetic field (IMF). The enhanced TEC region
moves to the mid- and low-latitude regions extending into both the latitudinal and longitudinal directions as the geomagnetic
storm develops. The midlatitude trough with a latitudinally narrow structure is also observed in the higher latitude of the TEC
enhancement. The signature of the TEC enhancement is not only observed in the American sector but also in the, Europea
Japanese, and Australian sectors. During the late main phase of the geomagnetic storm, another TEC enhancement rela
to the equatorial ionization anomaly (EIA) occurs in equatorial and low latitudes and extends to higher latitudes. The two
prominent TEC enhancements due to the SED and EIA finally meet each other at low latitudes. On the other hand, the midlatitud
ionospheric plasma flow observations taken by the SuperDARN radars at Adak Island East (ADE), Adak Island West (ADW),
Blackstone (BKS), Christmas Valley East (CVE), Christmas Valley West (CVW), Fort Hays East (FHE), Fort Hays West (FHW),
Hokkaido West (HKW), and Hokkaido East (HOK) show that large poleward and westward flows with a speed of more than 1000
m/s appear in the noon to evening sectors (12:00-23:00 MLT) after the southward turning of IMF. The intense ionospheric plasm:
flows exist near the high-latitude boundary of SED and inside the midlatitude trough. The location of the plasma flows moves
equatorward together with the SED and midlatitude trough as the geomagnetic storm develops. Sometimes, the large westwa
flow is observable in the TEC enhancement related to SED. From these analysis results of the GNSS-TEC and SuperDARN rad
data, it can be considered that the mid-latitude TEC enhancement related to SED is not generated by the high-latitude expansi
of the EIA, but by the uplifting and westward transportation of ionospheric plasma in the sunlit region due to localized intense
electric field drifts associated with storm-time enhanced ionospheric convection.
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Responses of temperature and ozone to solar proton events in the latest reanalysis da

# Yoshihiro Tomikawa[1]
[1] NIPR

Solar proton events (SPEs) have some impacts on the middle atmosphere through NOx/HOx formation, its subsequent ozol
destruction, and Joule heating. Several observational and simulation studies have reported their impact on temperature a
circulation in the middle atmosphere. However, their impact has never been captured in the meteorological reanalysis dat:
The latest meteorological reanalyses have been developed to assimilate satellite radiance and ozone observations in the up
stratosphere and lower mesosphere, so that they have a potential to reproduce atmospheric impacts of SPEs in those regions. T
study examines whether the SPEs’ impacts on the middle atmosphere can be captured in the latest reanalysis data or not.
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Auroral activity dependence of mesospheric echo power observed by PANSY radar

# Kiyoka Murase[1]; Ryuho Kataoka[2]; Takanori Nishiyama[2]; Koji Nishimura[2]; Taishi Hashimoto[3]; Yoshimasa
Tanaka[4]; Akira Kadokura[5]; Yoshihiro Tomikawa[2]; Masaki Tsutsumi[2]; Kaoru Sato[6]; Yoshizumi Miyoshi[7]
[1] Polar Science, SOKENDAI; [2] NIPR; [3] Communications and Computer Eng., Kyoto Univ.; [4] NIPR/SOKENDAI; [5]
ROIS-DS/NIPR; [6] Graduate School of Science, Univ. of Tokyo; [7] ISEE, Nagoya Univ.

The PANSY radar is the largest atmospheric radar in Antarctica, installed at Syowa Station in 2011, and has been operated |
full-system since 2015. It has observed various atmospheric phenomena in the polar region. One of the interesting aspects
such phenomena is the effect of auroral activity on neutral atmosphere, which provides an important clue to understanding th
possible links between the space environment and terrestrial environment. Even the middle mesosphere is ionized by energe
electrons during an auroral breakup event as recently reported by Kataoka et al. (2019, EPS), in which the PANSY radar detecte
transient enhancement of the VHF echo power, called polar mesospheric winter echo (PMWE). In this study, we statistically
investigate the similar kind of echo power enhancement in the mesosphere using the continuous data of the PANSY radar i
winter seasons during 2017-2018. The auroral activity is categorized by the amplitude of the southward excursion of the loca
magnetic field data at Syowa station, which is a proxy of the amplitude of auroral electrojets. More specifically, the minimum
values of north-south magnetic field component at evening-to-midnight sector are used as the peak time of auroral activity, an
the altitude-resolved mesospheric echo powers are superposed to the peak times to find the averaged picture. As a result
positive dependence of the superposed echo power of PMWE is found against auroral activities. Another interesting finding i
the simultaneous enhancement of a noise level covering wide altitude ranges, which can be interpreted by the contamination
the side-lobe echoes from field-aligned irregularities (FAIS). The rapid growth of the FAIs may be a result of current-convective
instability associated with auroral field-aligned currents. Although we obtained the averaged pictures against auroral activity
our understanding is still far from prediction. We sometimes find no echoes during high auroral activity, and we sometimes find
strong noise without active auroras. We therefore examine such exceptional events in more detail to understand other possibiliti
of the origins of echo power enhancement and the noise enhancement by using other observation data sets at Syowa Station
well as satellite data sets. We also apply a new method to clearly differentiate the noise using the original PANSY echo data t
understand the fundamental properties of FAIs related to auroral activities.
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Visualizing Large-Scale Distribution of the Pulsating Aurora Periodicities: Digital
Camera Observations from the ISS

# Sota Nanjo[1]; Yuta Hozumi[1]; Keisuke Hosokawa[1]; Ryuho Kataoka[2]; Yoshizumi Miyoshi[3]; Shin-ichiro Oyama[3];
Mitsunori Ozaki[4]; Kazuo Shiokawa[5]; Satoshi Kurita[3]
[1] UEC; [2] NIPR; [3] ISEE, Nagoya Univ.; [4] Kanazawa Univ.; [5] ISEE, Nagoya Univ.

Various ground-based and space-based imagers have enable us to capture the dynamical characteristics of aurorae. Howe
it still remains difficult to observe their fine-scale structures in a wide area with a reasonable temporal resolution. For example
the THEMIS All-Sky Imagers (ASI) network succeeded in capturing aurora in a wide area. But, since the temporal resolution of
the ASls is 3 seconds, they are not good at observing rapidly varying aurorae such as pulsating aurora (PsA). In addition, sinc
ground-based observations are affected by the weather, it is rare to be able to observe auroras at all the stations. Space-ba
ultraviolet imagers such as ones onboard the IMAGE and DMSP satellites can observe the large-scale structure, but it is, in tur
difficult to observe their fine structures, as they do not have sufficient temporal resolutions.

The photographs taken with a digital single-lens reflex cameras from the International Space Station (ISS) have sensible spati
and temporal resolutions and a wide field-of-view that can overcome the limitation mentioned above. In recent years, with the
remarkable development of digital imaging technology, it is possible to capture aurorae from the ISS with a temporal resolution
less than 1 second. Besides, the high spatial resolution, that is one of the big advantages of digital camera images, enables u:
distinguish the spatial structure of aurora within 1 km. However, since these photographs are not taken for scientific researct
accurate imaging parameters, such as camera orientation or angle-of-view, are unknown. It is required to estimate them in ord
to map the photographs onto the geographic coordinate system. At the JpGU meeting, we presented methods for calibratir
these imaging parameters and mapping the images. By showing that we confirmed that the accuracy of mapping is sufficient fc
studies of PsA. In this presentation, we will present several case studies to show the spatial distribution of the PsA periodicitie
in a wide area. We discuss what factor controls the temporal variations of PsA based on the wide area visualization of thei
periodicities.
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The development of all-sky imagers on Shirase for aurora and airglow observations

# Naoshi Yagi[1]; Takeshi Sakanoi[2]; Yuta Hozumi[3]; Takuo Tsuda[3]; Akinori Saito[4]; Mitsumu K. Ejiri[5]; Takanori
Nishiyama[5]; Takumi Kera[6]
[1] Geophys. , Tohoku Univ.; [2] Grad. School of Science, Tohoku Univ.; [3] UEC; [4] Dept. of Geophysics, Kyoto Univ.; [5]
NIPR; [6] PPARC, Tohoku Univ.

We developed an All Sky Imager (ASI) which will be installed on Antarctic research ship Shirase to observe aurora and
airglow. In this presentation, we report the development of ASI.

Optical observation with all-sky imager so far has been limited only to the ground. In North America, THEMIS All Sky Imager
Array, which consists of 20 all sky imagers made much progress in understanding of auroral phenomena. On the other hand, |
the Southern hemisphere, while some imagers are working at Syowa Statioh, (8% ), from East of Syowa station to South
of Australia, there are huge blank area of ground-based observations under the aurora and sub-aurora regions due to the Iz
of lands. Moreover, a research on propagation of atmospheric gravity wave associated with polar winds in a latitude direction
which is supported by ANtarctic Gravity Wave Instrument Network (ANGWIN) on the Antarctica, can be better understood from
that blank area on the sea.

In order to cover this blank area of ground-based observations, we developed the high-sensitivity ASI system which will be
installed on Antarctic research ship Shirase. The ASI on Shirase can cover the blank area with optical observation. The AS
can also detect the faint emission of airglow with exposure time of a few minutes. During the time of a few minute exposure,
the shake of Shirase is designed to be canceled by using a 3-axis controlled gimbal. The ASI consists of bandpass filter (centr
wavelength: 630nm), fisheye lens (field of view: 18%6185° , focal length: 2.7mm, F-number: 1.8), 1-inch cooling CMOS
camera (ZWO/ASI-183MMPro 5496x3672pix) and 3-axis controlled gimbal. The camera is operated with LINUX pc, hamed
LIVA-Q2. Automatic camera operation system has been built in the pc. This system achieves automatic adjustment of camer
operational parameters such as time period and interval of taking images, exposure time and gain of image sensor, dependi
on its geological coordinates which can be obtained from GPS. All the observation equipments are stored inside of box with ar
acrylic dome on top of that. The box is going to be installed on the 06th left deck and data logger while data logger system will
be built in the observation room of Shirase.

The calibration test of ASI was conducted at National Institute of Polar Research on July 26th and 27th, 2019, by using
integrating sphere. From the result of calibration tests, we confirmed that ASI can detect emissions from 400R to 200kR with
S/N >100 by adjusting its exposure time to 10s, 30s, and 120s.

In addition, we conducted ground test observation with the ASI at Zao observatory of Tohoku University BN3®’ ), from
lam to 3am on June 13th, 2019 (JST). From images taken with 2-minute exposure and 30 second frame intervals, subtractir
1-hour averaged image as background emissions, we concluded that Ol 630nm emission of airglow was detected with the AS
After 2am, striped structure of airglow with the wavelength of 300km moved to south-westward and the TEC data from GPS
satellites at corresponding time shows good similarity in the structure. From those characteristics, that striped structure indicate
the existence of Medium-scale traveling ionospheric disturbance at that time.

After the installation to Shirase on September and operation verification at the shakedown cruise from the end of Septembe
to October, whole observation system will be completed. From the departure on November and to the return to Japan on Marcl
2020, the observation of airglow and aurora in wavelength of 630nm will be continuously conducted by the ASI. Although the
observation data will be collected on March 2020, a part of the data will be sent on the internet as a thumbnail.

Moreover, additional imagers for N2 1PG emission and Na airglow is going to be installed in 2020 and 2021 respectively so
more quantitative and multiple observations will be conducted.
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Numerical modeling of the neutral mass density anomaly in the cusp region

# Tomokazu Oigawa[1]; Hiroyuki Shinagawa[2]; Satoshi Taguchi[1]
[1] Grad school of Science, Kyoto Univ.; [2] NICT

http://www-step.kugi.kyoto-u.ac.jp/

The thermosphere and ionosphere in the polar region have been studied for a long time. Recent results of the ground and sat
lite measurements have suggested that polar thermospheric and ionospheric dynamics are extremely complicated. In particul
in the auroral region, various processes, such as ion-neutral drag, Joule heating, heating and ionization by particle precipitatio
chemical processes, and diffusion, are strongly coupled. In the auroral region, particularly in the cusp, previous observations hay
shown the neutral mass density anomaly, where the neutral mass density is several tens of percent larger than that of ambient
gions. Previous modeling studies are partially successful in reproducing it under geomagnetically disturbed conditions, wheree
it is also observed under quiet conditions. It is considered that soft electron precipitation and local heating in the F region play
significant roles. However, we still have not understood how such processes contribute to the mass density anomaly in detal
In order to study the mesoscale density anomaly in the cusp, we employ a high-resolution numerical model including various
physical and chemical processes. In contrast to previous studies, it is shown that not only Joule heating but also particle heatir
caused by electron precipitation is important for thermospheric heating. We will report how thermospheric processes such a
electron precipitation and Joule heating contribute to the mass density anomaly using a two-dimensional numerical model.

MU OAE - BEEEIZESRICD > TN RSN TE D, TEOH ERHEENSOBIHNIC KD, ZOXAFIT A
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O ZEEKD, FHTH AT TR XY A —)VoBS & LT, FERGKOERFBEDEE K D L5 109 FAE WG
EEERENETONS, TNE TOBERHEIC K 278 TR, BEARIICEELORWIGAEICOWTIX Z DS 2 H 51
JEHETETWVAN, FRITITHRFICBOWTHEERERFIIBIINEN TS, £/, TOHEOREITIFKT IV
F—DFET DD AR FEORATEMANEEZREEZHS TNE EEZLNTNED, ZTNETNOEMED E DR
EEHEG5T2DONITONTEARIZFHMNIASHTERY . ARWIFETIE. TDXIBAY A —)VORERE 2B DI,
K42 IR YpER - (LERE e B AT SRR BUEE T IV 2 Uiz, ZORE. BBEINAOBE L LT, it e it
720 JoulenBA/Z2 T FEFICK DR FINBAE EETH S T EHHLNICER > TER, A#BHETIE, 220T81EE
TIVERNT, TOX S %M TE T JouleNBAEORFENE BEERERE ORAEIC ED K S ICHFET % DOh 7 E 'R
ili L7zfs SRz i3 %,
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lon-neutral collision frequencies for calculating ionospheric conductivity

# Akimasa leda[1]
[1] ISEE, Nagoya Univ.

http://www.isee.nagoya-u.ac.jp/"ieda/

Molecular oxygen collides with its first positive ion in the earth’s ionosphere. The collision frequency of this particle pair is
used to calculate the electric conductivity. However, for this parental pair there are two collision types, resonant and nonresonan
and the selection of the collision type has been different among previous studies in calculation of conductivity. In the present
study we clarify that the nonresonant collision is essential for this pair because relevant temperatures are low. That is, the peak
the ionospheric conductivity is located at altitudes between 100 and 130 km, where the temperatures of ions and neutral particle
are usually lower than 600 K, for which nonresonant collision is dominant. The collision frequency would be underestimated by
30% if the resonant collision was assumed at 110-km altitude (where the temperature is 240 K). The impact of this difference
on the conductivity is estimated to be small (3%), primarily because molecular nitrogen is much more abundant than molecula
oxygen. Although we have confirmed that the nonresonant collision is essential, we also include the resonant type, primarily ir
case of possible elevated temperature events. A set of ion-neutral collision frequency coefficients for calculating the conductivity
is summarized, including other particle pairs, in the Appendices. Small corrections to the classical coefficients are made.
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Effect of planetary wave on short-term variability in the ionosphere

# Yasunobu Miyoshi[1]; Yosuke Yamazaki[2]; Hidekatsu Jin[3]; Shigeru Fujita[4]; Akimasa Yoshikawa[5]; Shuji Abe[6]
[1] Dept. Earth & Planetary Sci, Kyushu Univ.; [2] Earth and Planetary Sciences, Kyushu Univ.; [3] NICT; [4] Meteorological
College; [5] ICSWSE/Kyushu Univ.; [6] ICSWSE, Kyushu Univ.

Effect of the 6-day planetary wave on short-term variability in the ionosphere has been studied using satellite observatior
(CHAMP and SWARM) and numerical simulation (GAIA). Our analysis indicates that the amplitudes of the diurnal and semid-
iurnal tides fluctuates with about 6-day period through the nonlinear interaction between the 6-day planetary wave and the tide:
This 6-day modulation of the diurnal and semidiurnal tides produces 6-day oscillation of the Equatorial Electro Jet (EEJ) and
Total Electron Content (TEC) through the E-region dynamo process. Moreover, the satellite observation shows that the 6-da
oscillation of EEJ and TEC has strong longitudinal variability. Mechanism for the longitudinal variability of EEJ and TEC also
examined using the GAIA simulation. The relation between the 6-day wave and the geomagnetic variability is also studied.

THERKEFRED 7 Z 32 —Kic KD, EOREOBMELENG [ NE MOV T, CHAMP/SWARM I X
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Dotz WD 6 HFWEAEN, EEXAFEEN LT, BHOMCEEES5Z, HRELTGREZL Y haY oy
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Vertical Structure of Terdiurnal Tides in the Antarctic MLT Region: 15-Year
Observation Over Syowa

# Liu Huixin[1]; 2 HEE: [2]
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Vertical Structure of Terdiurnal Tides in the Antarctic MLT Region: 15-Year
Observation Over Syowa

# Huixin Liu[1]; Masaki Tsutsumi[2]
[1] None; [2] NIPR

The terdiurnal tide (TDT) in the Antarctic mesosphere and lower thermosphere region

is poorly known. This study examines TDT using neutral wind observations at Syowa during years of 2004&amp;#8211;2018.
TDT is found to be a significant tidal component with distinct vertical structures and seasonal evolution. (1) It shows a prominent
height-dependent seasonal variation with phase reversal at 94 km. (2) The vertical wavelength in summer is &amp;#8764;4
km shorter than in winter. These features differ largely from those in the Arctic, indicating hemispheric asymmetry. The phase
structure reveals a dominant upward propagating mode in local summer but superposition of more than one mode in othe
seasons. A downward propagating mode above 94 km in winter suggests Joule heating/ion drag as additional tidal sources
lower atmosphere ones. These results provide new constrains and benchmarks for model simulations that seek to underste
terdiurnal tidal forcing mechanisms in polar regions. We also examine the possible influence of auroral heating on the tides usin
WACCM-X model.

The terdiurnal tide (TDT) in the Antarctic mesosphere and lower thermosphere region

is poorly known. This study examines TDT using neutral wind observations at Syowa during years of 2004&amp;#8211;2018.
TDT is found to be a significant tidal component with distinct vertical structures and seasonal evolution. (1) It shows a prominent
height-dependent seasonal variation with phase reversal at 94 km. (2) The vertical wavelength in summer is &amp;#8764;4
km shorter than in winter. These features differ largely from those in the Arctic, indicating hemispheric asymmetry. The phase
structure reveals a dominant upward propagating mode in local summer but superposition of more than one mode in othe
seasons. A downward propagating mode above 94 km in winter suggests Joule heating/ion drag as additional tidal sources
lower atmosphere ones. These results provide new constrains and benchmarks for model simulations that seek to underste
terdiurnal tidal forcing mechanisms in polar regions. We also examine the possible influence of auroral heating on the tides usin
WACCM-X model.
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Interhemispheric coupling through the equatorial stratosphere

# Ryosuke Yasui[1]; Kaoru Sato[1]; Yasunobu Miyoshi[2]
[1] Graduate School of Science, Univ. of Tokyo; [2] Dept. Earth & Planetary Sci, Kyushu Univ.

http://www-aos.eps.s.u-tokyo.ac.jp/"yasui/

Stratospheric Sudden Warmings (SSWSs) often occur in the winter northern hemisphere (NH). This is accounted for breakin
of the stationary Rossby waves in the stratosphere to form meridional circulation and the adiabatic heating in the polar regiol
(Matsuno, 1970). On the other hand, it is shown that warming appears in the mesosphere and lower thermosphere (MLT) ¢
the southern hemisphere (SH) after an Arctic SSW based on the model simulation (Karlsson et al., 2009). A scenario has bee
proposed to explain the interhemispheric coupling, by considering the modulation of the meridional circulation driven by gravity
wave forcing in the MLT region (Koernich and Becker, 2010; KB10).

However, another scenario can be considered. While the warm anomaly is formed in the high latitudes of NH stratosphere
the cold anomaly is formed across the equator to the low latitude of the SH stratosphere (Semeniuk and Shephard, 2001). Quz
2-day waves which probably give the second-largest wave forcing after gravity wave forcing (Sato et al., 2018) develop in suct
a situation during SSW (e.g., McCormack et al., 2009). The processes also result in warming in the SH upper mesospher
(France et al., 2018). This is a different interhemispheric coupling scenario from the KB10. In this study, we focus on events tha
arise cold anomaly in the equatorial stratosphere, reexamine the interhemispheric coupling from the viewpoint of wave forcing
including both gravity waves and Rossby waves, and elucidate the warm anomaly formation in the SH MLT region.

We use the simulation data from a whole atmosphere model (i.e., Ground-to-topside model of Atmosphere and lonosphere fc
Aeronomy (GAIA)). The analyzed period is 19 seasons from December to March of 1996-2015. The cold anomaly events in the
equatorial stratosphere are extracted, and the central day (Day = 0) is defined as the date when the temperature anomalies fr
climatology at (ON,4.5hPa) and (20S,4.5hPa) are coldest and lower than 2sigma. The results are shown by composite analy:
for the anomaly from the climatology.

The large Rossby wave forcing in the NH stratosphere strengthens the meridional circulation and builds cold anomaly in the
SH stratosphere extending to "40S. On the other hand, the warming in the SH first appears in the lower thermosphere aft
the occurrence of the cold anomaly in the equatorial stratosphere. Second, the warming is observed in the upper mesosphe
These warm anomalies are formed by resolved gravity waves in the lower thermosphere, and by Rossby waves especially t
guasi 2-day waves in the upper mesosphere, respectively. Furthermore, it is also shown that quasi 2-day waves and resolv
gravity waves causing the warm anomalies in the MLT region are generated from mesospheric barotropic/baroclinic instability
and shear instability. These instabilities are caused by primary gravity wave forcing in the SH mesosphere, and these chang
of gravity wave forcing are responsible to the formation of the easterly wind anomaly associated with the cold anomaly in the
equatorial stratosphere. This simulated interhemispheric coupling occurs due to a different mechanism from the KB10 scenaric
Longitudinal structures of the interhemispheric coupling which have not examined by previous studies will be also shown.
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Observations of horizontal and vertical transport of substances in the stratosphere usin
volcanic aerosols over equatorial region

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

The transport of substances between stratosphere and troposphere in the equatorial region makes an impact to the global
mate change, but it has a lot of unknown behaviors. We have performed the lidar observations for survey of atmospheric structul
of troposphere, stratosphere, and mesosphere over Kototabang (100.3E, 0.2S), Indonesia in the equatorial region since 2004.
investigate the transport of substances between stratosphere and troposphere in the equatorial region by data which have b
collected by the polarization lidar, the Equatorial Atmosphere Radar(EAR) ground-based at Kototabang and the CALIOP ovel
nearby Kototabang.

We derived extinction coefficients for ash particles and sulfate aerosol from the polarization lidar data. Volcanic sulfate over
20km were transported upward with branch of the Brewer-Dobson circulation. Large ash particles below 20km descended b
sedimentation.

In June 2014 (4 months after the eruption), aerosol transport in the stratosphere were observed by the polarization lidar
Kototabang. At the same time, strong downward winds were observe by the EAR.

A typical vertical wavelength of the Kelvin wave in the equatorial lower stratosphere is about 10km and the phase of fluc-
tuations propagates eastward and downward with time. Periods are about 15days. Typical Kelvin wave structure was found i
the time-height cross sections of temperature anomalies over Padang and longitude-time cross sections of equatorial temperat
anomalies at 50 hPa ("21km).
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Measurement of sound wave propagation in middle atmosphere by using Momo series
sounding rockets operated by a private company

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

http://www.ele.kochi-tech.ac.jp/masayuki/

Sound propagation in middle and upper atmosphere has been investigated experimentally since 1950-1960's when the ea
stage of sounding rocket development in the world. After recognizing characteristics of altitude profile of the sound speed,
namely, temperature profile in middle and upper atmosphere in more basic sense, atmospheric model studies have been carr
out into the present era. More recently, importance of sound propagation from the ground to the thermosphere, or vise vers:
has gradually been focused on among many topics of the Earth’s atmospheric studies, especially some studies on physics
atmospheric gravity waves (AGW) or infrasound to be propagated upward/downward in these atmospheric spheres. Howeve
experimental studies are extremely limited in these areas because we need high altitude balloons or sounding rockets for in-si
observation in these altitude ranges.

In 2012, we conducted an experiment with using S-310-41 sounding rocket of ISAS/JAXA and altitude profile of sound
attenuation process was investigated. After the early dates of sounding rocket development in Japan, it was the first experiment
investigating sound propagation process in middle and upper atmosphere mainly because the affinity between sound and vacui
space is poor, especially in case of higher altitude in thermosphere to be reached with high altitude rockets of ISAS/JAXA S-
310/S-520 series.

In 2017, Momo series sounding rockets opened a new page of Japanese space exploration as the first sounding rocket develo
totally by a private company, Interstellar Technologies Co. (IST). In 2018, we installed two infrasound sensors with a buzzer
for sound source aboard Momo-2 sounding rocket and tried the similar experiment for sound attenuation and propagation, bt
the rocket was exploded just after the launch. At that time, we measured the shock wave of rocket explosion with the onboar
sensors as well as high accuracy pressure sensors deployed on ground.

In 2019, we also installed the same instruments onboard Momo-3 sounding rocket. In the experiment we operated 10 firework
on ground, before and after the rocket launch, making loud pressure wave impulses to be propagated from the troposphere
stratosphere, mesosphere, and lower thermosphere. The launch of the Momo-3 was successful and it became the first priv:
company'’s rocket reached 100 km altitude border. The apex was 113.4 km and we successfully recorded the sound/infrasoul
signals until 282.5 s from the launch. Moreover, in July 2019, Momo-4 flight is on-going situation within 3 months after the
Momo-3 experiment. Such rapid repetition as well as low-cost launch is considered as significant advantage of the private
company’s rockets.

In this presentation, we will introduce the most recent activities with using the Momo series sounding rockets operated by IST
and its first result of interesting sound propagation characteristics found in the datasets with showing situation of Momo serie:
operation process as well as current environment of a new rocket launch pad in Taiki town, Hokkaido.
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Study of oscillations of atmospheric electric field during snowfall at Chiba, Japan, using
W- and X-band cloud radars

# Hiroyo Ohya[1]; Kota Nakamori[2]; Masashi Kamogawa[3]; Tomoyuki Suzuki[4]; Toshiaki Takano[5]; Kazuomi
Morotomi[6]
[1] Engineering, Chiba Univ.; [2] Electrical and Electronic, Chiba Univ.; [3] Dept. of Phys., Tokyo Gakugei Univ.; [4]
Education, Gakugei Univ.; [5] Chiba Univ.; [6] Japan Radio Co., Ltd.

It is known that cloud-to-ground lightning and precipitations generated from thunderclouds are a generator of global electric
circuit (e.g., Williams, 2009). In the fair weather, the atmospheric electric field at the ground is generally 100 V/m and down-
ward (positive). The atmospheric electric field varies during not only lightning/thunderstorms, but also snowfall/blizzard (e.g.,
Minamoto and Kadokura, 2011). Wave pattern of the atmospheric electric field with the periods of several tens of minutes during
snowfall was first observed in England (Simpson, 1948). The wave pattern of the atmospheric electric field occurred, wher
the snow clouds were nimbostratus (Kawamura, 1961). The oscillations with the period of 20 minutes during snowfall were
observed in Hokkaido, Japan, on 16 January, 1978 (Kikuchi and Inatsu, 1979). When the polarity of the snow particles at the
ground was positive (negative), the atmospheric electric field was negative (positive), which was called as &quot;mirror image
relation&quot;. Based on balloon observations, the mirror image relation became weak with increasing height (Asuma et al.
1988). As the cause of the oscillations, the polarity of snow patrticles arrived at the ground became opposite to that in the bottor
of snow clouds due to corona discharges at the ground (Asuma et al., 1988). However, the mechanism of the oscillations he
not been revealed yet. In this study, we investigate the oscillations of the atmospheric electric field during snowfall of 23-24
November, 2016, using a field mill, the 95 GHz cloud radar, FALCON (FMCW Radar for Cloud Observations)-I that was origi-
nally developed by our group, Chiba University, and a X-band radar (9.4 GHz). We have observed the atmospheric electric fiel
with a Boltek field mill, and cloud reflectivity and the Doppler velocity with the FALCON-I in Chiba University, Japan, (CHB,
35.63N, 140.10E). At 16.2 km southeast from the CHB, a phased array X-band radar operated by Japan Radio Co., Ltd. observ
precipitations/cloud. During the snowfall of 23-24 November, 2016, periodic oscillations in the atmospheric electric field with
periods of 70-90 minutes were observed at four observation sites; CHB, Kakioka (KAK, 36.23N, 140.19E), Tokyo Gakugei
University (KGN, Kokubuniji, Tokyo, 35.71N, 139.49E), and Seikei High School (MSN, Musashino, Tokyo, 35.72N, 139.57E).
The distances of CHB-KAK, CHB-TGU, and CHB-SHS are 64.8 km, 55.9 km, and 49.0 km, respectively. This is the first obser-
vations of similar oscillations in the atmospheric electric field with the periods of 70-100 minutes at different observation sites
separated by a long distance of 50-65 km. The coherence between the atmospheric electric field and FALCON-I reflectivity wa
highest (0.98) at 0-1 km height with the same periods (39.0, 54.6, and 78.0 min.) of the oscillations. The FALCON-I reflectivity
preceded the oscillations at 0.8 km height by 40 min. The phase difference decreased with decreasing the height. At the san
time, various snow crystals (with/without cloud particles and hail) were observed in Kanto region, which means conductive snow
clouds (Araki, 2018). We consider that the oscillations with the period of 78 minutes were caused by that positive/negative snow
particles fell down from the bottom of the snow clouds to the ground alternately. The origin was internal vertical cells in the
show clouds. In the presentation, we will discuss the cause of the oscillations in the atmospheric electric field.
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Relation between Lightning Activities Measured by the V-POTEKA Network and
Intensity Development of 2018 Pacific Typhoons

# Mitsuteru SATO[1]; Yukihiro Takahashi[2]; Hisayuki Kubota[3]; Kozo Yamashita[4]; Jun-ichi Hamada[5]; Joel Marciano[6]
[1] Hokkaido Univ.; [2] Cosmosciences, Hokkaido Univ.; [3] Faculty of Science, Hokkaido Univ.; [4] Engineering, Ashikaga
Univ.; [5] Geography, Tokyo Metropolitan Univ.; [6] ASTI, DOST

Lightning activity is a good proxy representing the precipitation and updraft intensities in thunderclouds. Recent studies
suggest that the monitoring of the lightning activities enables us to easily predict the maximum wind speed and minimum sea
level pressure of the tropical cyclone by one or two days before, though the prediction error of typhoon intensities by the recen
meteorological model is getting worse in the past 30 years. Many countries in the northwest Pacific region suffer from the attacl
of tropical cyclone (typhoon) and have a strong demand to predict the intensity development of typhoons by means of a cost
effective way. Thus, we have developed a new automatic lightning observation system (V-POTEKA) and installed this systen
in the Philippines, Guam, Palau, Jakarta, Okinawa, and Sapporo since September 2017. Using the V-POTEKA data, lightnin
locations are estimated by using the time-of-arrival geolocation software. We have compared the relation between the lightnin
activities measured by the V-POTEKA network and the intensity variation of the 2018 Pacific typhoons. In 2018, a total of 29
typhoons occurred. We selected 11 of 29 typhoon events and conducted cross-correlation analysis between lightning activitie
and typhoon intensities. We confirmed that the time variations of the detected lightning event numbers and typhoon intensitie
(maximum wind speed and center pressure) are highly correlated. Especially, there is clear time lag ("2 days) between lightnin
activities and typhoon intensities in category 1-3 typhoons.

BB RO FRSRICHEOFELEENTE L 3720, FEMHIE, BokE, SREMRMELR I LRBWREE
BDIBLERHEINT VS, TTEVETEARD 1D THAHEMCEH LT, mHIOKRE T IV TR TR EILFEL
M ELTWSD, MEREOTIKEEIZELELLTWS WIS MENH S, chucHl, BENETRET 2 EME
OFREREHT % L, BEORKEE L XEDFEL R 1-2 HANIC THITES LWV S TR RENTWVS, It
KEFEE T, BEPZNCEHE LY ET7RBRIC K2 EEMFEO XS ITRELTWE D, —HOHIEKZ RN TKS
BIHHE S F B T I B i E N TV AIREBITIE RV, BED S RAND T R)VF—RA & B RFSEHREIC BV TEH
ENEELBEZRELTVWE EEZBNET LMD, O TOFRREIEIIOY 7L 2 A LEEHARIZREREL, &
G Tk RIS B RGREFEE TS B KK DML 25 L > T b, TDTDFLIE, HilziaHE 27
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T — 2 5 EPRR RS (TOA) Z2 W TEMER AN E 2 HEE T E 21KHDE > T 5, 20184F1F 29 DB EDFAE
L7eh, Z09 BTEETH > 7z 1LEDOHBEICH LT, mAEME « FbAUE L, V-POTEKAIC X2 ET—X L DK
Firot, 1LEOBEOBEONRIE, H7dV—(1,2,3,4,5D0FNFNT (2,2,3,0,4HTH> ., GEOHLLD
5% 500km D N THAE L7 B 07487z 6 RmICEHE L, BRORKEGE L FULSE & D215 7488,
FFEOHBEN R SN, FRCAH T TV — 1-3 DK - HHEOSE TIEEROZ(EAEEGREFREICK 2 HIZEXRITT
BETFDHIETH > Tzo FEHTIE, TS DN TR O NTHHBTEIC DWW TE L MY %,
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Reassessment of SuperDARN/SENSU near range echoes (2)

# Akira Sessai Yukimatu[1]
[1] NIPR/SOKENDAI

SuperDARN is a powerful and unique tool primarily contributed to space weather research by providing global (polar and
mid-latitude) ionospheric plasma convection and electric field potential map in high temporal resolution of “1-2 min in quasi
real time with its global coverage of international HF radars’ FOVs. It also contributes to vertical coupling of ionised and
neutral atmosphere in middle and upper atmosphere by observing TIDs (traveling ionospheric disturbances), neutral winds, ar
PMSE/PMWE etc in MLT (mesosphere and lower thermosphere) or MTI (mesosphere, thermosphere and ionosphere) regions

SuperDARN near range echoes are important targets especially for lower altitude echoes like those in D and E regions an
those in MLT region. As typical range resolution of SuperDARN radars is rather coarse and HF ray paths bend in ionosphere
obtaining precise height/altitude information is key to understand the physics in the region correctly.

These years SuperDARN community has tried to improve and re-establish the method of interferometer calibration in succes:
Some radars have also started to try higher range resolution using imaging (SDI/FDI) and pulse coding technique etc.

We here try to re-calibrate the interferometer and elevation angles in our Antarctic Syowa SuperDARN SENSU radars date
and to reassess the height information of the near range echoes.

Some recent papers related to this issue proposed near range echoes in summer midday obtained with Canadian SuperDA
radars seem not from mesopause region altitude but from slightly higher altitude so those echoes might not be PMSEs. Resu
of reassessment of near range echoes in Syowa SENSU radars in more detail and possible potential origins of the echoes will
shown and discussed.
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lon temperature and velocity variations in the D- and E-region polar ionosphere during
stratospheric sudden warming

# Yasunobu Ogawa[1]; Satonori Nozawa[2]; Masaki Tsutsumi[1]; Yoshihiro Tomikawa[1]; Chris Hall[3]; Ingemar
Haggstrom[4]
[1] NIPR; [2] ISEE, Nagoya Univ.; [3] TGO, UiT; [4] EISCAT HQ

We analyzed ion temperature and velocity observed by the European Incoherent Scatter (EISCAT) UHF radar at Tromso
(69.6 deg N, 19.2 deg E) during a stratospheric sudden warming (SSW) that occurred in January-February 2017. The zon
ion velocities at 85-100 km height reversed approximately 8 days earlier than the zonal wind reversal in the upper stratospher
lon temperature at 85-95 km decreased simultaneously with the zonal ion velocity reversal at the same altitude, and vertical io
velocity changes of about +/-2 m/s were also seen from "8 days before the SSW onset. Downward propagation speed of t
vertical ion velocity variation was "0.01 m/s, as well as that of ion temperature variation. We also found that the ion temperature
variations in the daytime were close to those of ambipolar diffusion coefficients derived from the the Nippon/Norway Tromsoe
Meteor Radar (NTMR) data at the same altitude even when geomagnetic activity is moderate. We will discuss energy an
momentum exchanges between ions and neutrals at 85-95 km based on the observational results during SSW.
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Imaging observation of lonospheric Field Aligned Irregularities by the PANSY radar at
Antarctic Syowa Station

# Daisuke Kagawa[l]; Taishi Hashimoto[2]; Akinori Saito[3]; Koji Nishimura[4]; Masaki Tsutsumi[4]; Toru Sato[2]; Kaoru
Sato[5]
[1] Earth and Planetary Sciences, Kyoto Univ.; [2] Communications and Computer Eng., Kyoto Univ.; [3] Dept. of Geophysics,
Kyoto Univ.; [4] NIPR; [5] Graduate School of Science, Univ. of Tokyo

PANSY radar is a large atmospheric and VHF-band radar located at the Antarctic Syowa Station. This radar has the capze
bility of a MST radar which observes mesosphere, stratosphere, and troposphere, furthermore it is capable of observing plasn
guantities in an altitudinal range from 100km to 500km using the ionospheric incoherent scatter (1S). In 2015, the PANSY radat
performed the first ionospheric IS observation in the Antarctica. PANSY radar has a frequency of 47MHz, so it is capable of
observing the echoes of field aligned irregularities (FAI) in E region. If FAl has a space scale of half wavelength of radio waves
they are coherently backscattered, so PANSY radar observes the coherent echoes from 3-m-scale FAI.

Signal processing using adaptive beamforming has been developed, because IS observation of PANSY radar is affected by t
FAI echoes. PANSY radar has the FAI array of 24 antennas in addition to the main array of 1045 antennas. FAI array comprise
of a pair of peripheral linear arrays of 12 antennas, and it can separate the signal from various angles using the directionally
constrained minimization of power (DCMP) algorithm. In fact, by this algorithm, we can observe not only electron density in
the background but also FAI and its motion.

In the presentation, we will show the temporal and spatial variation of FAI by the imaging observation using the PANSY radar,
and will figure out a physical process of FAI generation by comparing these variation to the observation of geomagnetic field ot
satellite.

PANSY L — & — 3O FREHICRE SN TV S K VHF AR L —R2—TH %, AL —F =3B EE .,
R Z 8IS & 3% MST L—%— & L TOMREICnA . EBEEEIETSEEGEL (1S) Z2 VL THEZE 100km7» 5 500km
ICBIT 2T AR ZEIT S EHARETH B, 2015FICIE M TH] & 75 2 BEEE 1S BN B E Nz, F -,
PANSY L — & —3JE 4 47TMHz Z -V TH D E B O R IR RIS (Field Aligned Irregularity: FAI)T 21—
OBBIMNARETH %, FAl WL —X =B ONIEEDEM Ay — )V DL &E R IFa—L Y MELERE T 3729,
PANSY L—X—TlZH) 3m XA —)LD FAl 6D ab—L v k « Ta—OFHIM TN %,

COFAI DS DTI—DIRAICEK S PANSY L—%—0 IS BHHIANOFEIC LT % 78, WIS ©— LB %
W BB UEREDBIR SNz PANSY L—X—IC13 1045AKD7 VT F 5755 AA V7 LAIIA, 28 KRD7 VT F
M55 FAl 7 LANH 5, FAI 7 LAIKKIE 12K DEMIRICEEE N7 LA 7 V70 2B 0. iR
WhE R MEECE DV T EEZHWTEEZAEN S DESEHTE S, DD, CTOFLICED., HROET
BT Tl FAI RZOEEZEHNT 5 2 L EAEETH %,

AFLTIZ, PANSY L—X—IC K% FAl DA A= 2 TEIANC BN THRIE & N7z FAI ORFZE R UZERIZkic DWW
THERL, T2N5 2B 2 B 2. OBl & tid 2 2 LI X - T FAI AEROYBLEREZf#IHT %,
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Near infrared optical observations in the Northern Europe: Extension of dayside aurora
and airglow measurements from the ground

# Takanori Nishiyama[1]; Masato Kagitani[2]; Yasunobu Ogawa[l]; Takeshi Sakanoi[3]; Makoto Taguchi[4]
[1] NIPR; [2] PPARC, Tohoku Univ; [3] Grad. School of Science, Tohoku Univ.; [4] Rikkyo Univ.

Dayside aurora, polar patch, and airglow are key phenomena for the understanding of dayside magnetosphere, ionosphere,
neutral atmosphere coupling process. Those phenomena have been mainly monitored by active/passive radio remote sensing s
as HF/VHF/UHF radar, GNSS receiver, and imaging riometer, but spatial and temporal resolutions by those measurements a
basically not so good in comparison to optical measurements. Near infrared (NIR) wavelength are crucially important becaus
lower background sky radiation by Rayleigh scattering may allow us to conduct ground-based optical observation even in dayside
However, NIR aurora has a total lack of its spectral information with enough resolutions to make a feasibility study in comparison
to that in visible wavelength.

We are planning to install two different type of imaging spectrometers at two observatories in the Northern Europe to evaluate
and establish optical measurements in NIR for dayside aurora and airglow. The detail of the spectrographs is as follows.

Czerny-Turner type imaging spectrometer at Kiruna (67\820.2YE):

It is a narrow field spectrometer with medium-high spectral resolution that mainly consists of a Czerny-Turner type imaging
spectrometer (HORIBA, iHR320) with a gold coated off-axis parabolic mirror, a NIR long-pass filter, two blazed gratings (600
and 150 gr/mm) and 1D InGaAs array (1024 pixels). Spectral range and that per pixel with a 600 gr/mm grating are 119 nm
and 0.11 nm/pixel, respectively. It is going to be installed at IRF Kiruna in the end of August 2019. This spectrometer focuses
on continuous measurements of aurora{NMeinel) and airglow (OH 3-1 band) spectrum around 1.5 microns. Although
auroral emissions in this wavelength is thought to be not so strong compared to airglow, its detailed spectral feature is not fully
understood. On the other hand, P1(2) and P1(4) emissions in OH 3-1 band allow us to estimate OH rotational temperature ne
mesopause. Additionally, the airglow measurement has a possibility to collaborate with an all-sky monochromatic OH imager
planned by IRF/Kiruna and MATS satellite founded by Swedish National Space Agency, which is scheduled for launch late 2019

Meridional imaging spectrometer at Longyearbyen (78\115.553E):

We have designed a new imaging spectrometer for NIR wavelength ranging from 1.09 to 1.25 microns that covers strong
auroral emissions in N~ Meinel band (1.1 microns) and,;NLst Positive band (1.2 microns). It mainly consists of three camera
lenses, a few selectable slits, a NIR long-pass filter, a volume phase holographic grating (950 gr/mm) and 2D InGaAs arra
(640 x 512 pixels). Fast CCTV lenses (F1.4) for security purpose are used as two objective and one collimating lens. FOV
and angular resolution are 55 degree and 0.11 degree per pixel, respectively. If a 30-microns slit is used, wavelength resolutic
at 1.17 microns is 2230, and signal-to-noise ratio for 1 kR emissions can get larger than 1.0 in a few seconds exposure time
Therefore, we can investigate temporal variability of dayside phenomena such as dayside reconnection and pulsating auror
in sufficient sampling rates of a few seconds. After development and calibration, this spectrograph will be installed at The
Kjell Henriksen Observatory/The University Centre in Svalbard. Taking a great advantage of its location, 24-hours continuous
observations can be expected (solar zenith angle lager than 96 degrees) near the winter solstice. Additionally, collaborativ
studies with active/passive radio remote sensing such as EISCAT ESR and GNSS receiver network will be done in near future t
evaluate spatial and temporal characteristics of dayside aurora.
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Spectra of pulsating aurora emissions observed by an optical spectrograph at Tromsoe
Norway

# Chengyu Li[1]; Takuo Tsuda[1]; Keisuke Hosokawa[1]; Satonori Nozawa[2]; Tetsuya Kawabata[2]; Akira Mizuno[2];
Shin-ichiro Oyama(3]; Junichi Kurihara[4]
[1] UEC; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya Univ.; [4] Cosmosciences, Hokkaido Univ.

Pulsating auroras are a diffuse-type aurora, and are characterized by a repetition of brighter (on-phase) and darker (off-phas
auroral emissions with periods of a few to a few tens of seconds. Optical observations for pulsating auroras have been widel
performed for many years. Recent major activities in the optical imaging observation would be, for example, high-speed obser
vations for faster modulations (3-Hz or higher) in the emission intensity of pulsating auroras and ground network observations
in association with satellites in the magnetosphere for investigating source regions of pulsating auroras. While such imagin
observations equipped with some bandpass or cutoff filters are useful for observing some auroral emission lines and bands
specific atoms and molecules. There is relatively less information on optical spectra of pulsating auroras.

In this study, we have been investigating optical spectra of pulsating auroras observed by an optical spectrograph at Tromso
Norway (69.6' N, 19.2° E). The spectrograph is capable of measuring optical emission intensity in mainly visible range from 480
to 880 nm with a resolution of 1.6 nm. The aperture, i.e. F-number, is 4. The field-of-view (FOV) of spectrograph is 0.03x2.00
degrees, which is pointed at magnetic field-aligned direction. The time resolution is 1 second, and thus, pulsating auroras, whic
have periods from a few to a few tens of seconds, are well detectable.

Here, we present a pulsating aurora event from 03:13 to 03:50 UT on 6 March 2017. The event is a relatively long-lasting
event within the FOV of spectrograph, and it allows us to make more data integrations to enhance signal-to-noise ratios. Afte
such data integrations, auroral emission lines, such as Ol 557.7 nm, Ol 630 nm, and Ol 844.6 nm, as well as emission band
such as N2 1PG, were clearly found in both integrated-optical spectra of the on- and off-phases. Then, we calculated a differenc
spectrum between the optical spectra of on- and off-phases to compare these spectra. In the difference spectrum, clear line-li
shapes were found for the emission lines of Ol 557.7 nm and Ol 844.6 nm. On the other hand, a shape of the difference spectru
around 630 nm does not seem to be a line-like shape due to Ol 630 nm, and it seems to be a part of band-like shape of tt
emission band of N2 1PG. In the presentation, we will show these results, and give a discussion on the optical spectra of on- ar
off-phases in more detail.
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Characteristics of the ionospheric variations in the dayside polar region

# Hitoshi Fujiwara[1]; Satonori Nozawa[2]; Yasunobu Ogawa[3]; Yasunobu Miyoshi[4]; Hidekatsu Jin[5]; Hiroyuki
Shinagawal[5]; Chihiro Tao[5]
[1] Faculty of Science and Technology, Seikei University; [2] ISEE, Nagoya Univ.; [3] NIPR; [4] Dept. Earth & Planetary Sci,
Kyushu Univ.; [S] NICT

Some observations have revealed existence of the significant ionospheric variations in the polar cap region. Since the ste
density gradients in the polar cap ionosphere may cause severe problems in radio wave communications, e.g. GPS navigation
trans polar flights, it should be one of important space weather issues to understand variations of the polar cap ionosphere.

The origins of the disturbances are thought to be transport of plasma produced by the solar EUV and/or auroral processe
from the lower latitude (namely, polar cap tongue of ionization, polar cap patches, and blobs) and/or insitu particle precipitation
and heating in the polar cap region. We have observed spatio-temporal variations of the dayside polar cap ionosphere with tt
European Incoherent Scatter (EISCAT) radar system to investigate characteristics of the ionospheric variations in the daysic
polar region and their origins. The EISCAT observations enable us to understand variations of the electron density, electron ar
ion temperatures, and ion drift motion, simultaneously. In addition, simultaneous observations with the EISCAT UHF radar (at
Tromsoe) and EISCAT Svalbard radar (ESR) (at Longyearbyen) are extremely helpful to compare the ionospheric variations ir
the polar cap with those in the auroral regions.

In the present study, we will report on our recent observations with the EISCAT UHF radar (at Tromsoe) and ESR at Longyeatr-
byen in March 2019. The geomagnetic activities during the periods were almost quiet (Kp =1-2). Significant ionospheric distur-
bances were observed in the dayside polar region at around or higher than 80 deg latitude with the ESR 32 m antenna (elevati
angle of 30 deg) on March 18 and 19, 2019, while the quiet ionosphere was observed in the same periods with ESR 42 m anteni
(field-aligned direction) and the EISCAT UHF radar (at Tromsoe). Enhancements of the ion drift velocity and ion temperature
were simultaneously observed with the ESR 32 m antenna during the disturbed periods. These features seem to be similar
those seen in the ionospheric data during geomagnetically quiet periods in our previous observations (e.g., March 2014, 201
and 2018). On the other hand, we observed ionospheric variations during geomagnetically disturbed periods in March 2017
Significant disturbances were observed with the ESR 32 m and 42 m antennas and the EISCAT UHF radar. The ESR 321
antenna observed interesting features of the ionospheric variation during the periods. When enhancements of the ion temperatt
were observed (more than 2000 K), the ion drift velocity was not so large with changing the direction of the motion. When
enhancements of the ion velocity were observed (more than 1000 m/s), the ion temperature was small (about 1000 K).

We will clarify the variations of the dayside polar cap ionosphere during the geomagnetically quiet periods and those during
geomagnetically disturbed period.
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Improvement of GAIA polar input for long-term simulation

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

GAIA, Ground-to-Topside Model of Atmosphere and lonosphere for Aeronomy, is the whole atmosphere model including
interaction with ionized plasma under solar EUV variation and a various waves input using a meteorological reanalysis data. Th
purpose of this study to extend the GAIA to include the magnetospheric variation via electric field deposition at polar region and
auroral electron precipitation using empirical models. We input polar electric potential map based on Weimer model driven by
solar wind and interplanetary magnetic field parameters including saturation effect of cross-polar-cap potential for large potentia
case. Variable auroral precipitation is considered based on emission observation. Estimated Joule heating is comparable with t
observation for the quiet condition. Enhancement of total electron content during the magnetospheric storm event is produce
due to penetration electric field. Application to extreme events and long-term simulation will be discussed in the presentation.

GAIA(Ground-to-Topside Model of Atmosphere and lonosphere for Aeronddy) k& g KSRt — 2 % A
L. XHE D 5 2B £ TORSE & BEEE O RS - (LA ZM ETIVTH S, Ml 5 RGBTy M E
N2 EY - BRIEKGERB X CHKEOIRIUCIE CTRELEL L, ZILOREIICK> TR REROKKIE - BEfEIC
B NIE T, TOEBOMHRZ GAIA ILEDH 57T, KEHRAINCHKTT 2 WeimerEGRERET IVOEA L, 4 —
0 ki F& D AR ETETE IS C T T 2 ETIVORBZEML T3, EMERICETIVTRES Y 2—bhn
BVROBIN E OREE M2 Ulze o, PRBEANDOBEHRAIC KD WU RO R O 28 U R O M
LRI NIz, FERTIE, WilihiA N2 bADOBEH®, EWHEIEICAT 2 ZERICDNWT, iHnd %o
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The variation of F2-peak due to CO2 increase: experiment with GAIA model

# Takamichi Abe[1]; Huixin Liu[2]; Chihiro Tao[3]
[1] Kyushu Univ.; [2] None; [3] NICT

In recent years, the upper atmosphere has been cooling because of long-term increase of carbon dioxide. The ionosphere a
contracts due to C£cooling. Trends in the E- and, Fegion have been revealed by previous studies, with a con-sistent increase
of the peak density, but drop in peak height. The trends gfé¢ak (NmE, hmF;), however, has been found to vary from location
to location and no consensus view has been reached. This is mainly due to the fact that trend causeid By-p€ak is weak
compared to the strong solar and geomagnetic activity, and thus difficult to be separated from observations. Therefore here w
investigate the effects of GQrooling on k-peak with the GAIA model containing from surface to the ionosphere.

The results show that the response of Nn#e-pends strongly on season and local time, with both positive and negative
changes. On the other hand, such dependence in srd#mall, with hmk decreasing globally. The atmospheric composition
(O/IN;) shows a similar perturba-tion pattern to hynFThis indicates that the response of Nynévolves more complicated
processes than hrmFIn particular, we investigate various plasma transport processes.
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Utilizing 4D-var technique to image South African regional ionosphere

# Nicholas Ssessanga[1]; Yong Ha Kim[2]; Mamoru Yamamoto[1]; John Bosco Habarulema[3]
[1] RISH, Kyoto Univ.; [2] Chungnam National University; [3] SANSA

In an endeavor to characterize and model a time-space variant ionosphere through which trans-ionospheric signals propaga
we have developed a strong constraint four dimensional variational data assimilation (4D-var) technique, and used the same
more accurately estimate the South African regional ionosphere (bound latitude 20deg S - 35deg S, longitude 20deg E - 40de
E and altitude 100 -1336 km). The altitude was capped to the JASON-1 satellite orbital altitude for the purpose of eliminating
the plasmasphere contribution hence reducing the computation expense. Background densities were obtained from an empiric
internationally recognized ionosphere model (IRI-2016), and propagated in time using a Gauss-Markov filter. Ingested dat:
were STECs (slant total electron content) obtained from the South African GNSS (Global Navigation Satellite System) receiver
network (TrigNet). The vertically integrated electron content was validated using GIMs (Global ionosphere Maps) and JASON-3
data over the continent and ocean areas, respectively. Further, vertical profiles after assimilation were compared with data fro
a network of ground based regional ionosondes (Hermanus (34.25S, 19.13E), Grahamstown (33.3S, 26.5E), Louisvale (21.2
28.5E) and Madimbo (22.4S, 30.9E). Results show that assimilation of STEC data has a profound improvement on the estimatic
of both the horizontal and vertical structure during quiet and storm periods. Accuracy of the horizontal structure decreases fron
the continent towards the ocean area where GPS receivers are less abundant. Superiority of assimilating STEC is best pronoun
during day time especially when estimating maximum electron density of the F2 layer (NmF2), with a 60% RMSE improvement
over the background values.
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Calculation of the ray paths and propagation times of HF radio waves using the
simulator of HF-START project.

# Ryo Nakao[1]; Hiroyuki Nakata[2]; Hiroyo Ohya[3]; Toshiaki Takano[4]; Kornyanat Hozumi[5]; Takuya Tsugawa[6];
Susumu Saito[7]; Mamoru Ishii[6]
[1] Graduate school of Chiba Univ; [2] Grad. School of Eng., Chiba Univ.; [3] Engineering, Chiba Univ.; [4] Chiba Univ.; [5]
NICT; [6] NICT; [7] ENRI, MPAT

HF simulator Targeting for All user’s Regional Telecommunications (HF-STRAT) is a collaborative project with NICT, ENRI
and Chiba University to provide the information of nowcast of radio propagation. In this project, propagation of HF radio waves
is calculated by ray-tracing. Using the results of ray-tracing, we have determined whether HF radio wave travels between an
two points. To confirm the results of ray-tracing, we have observed the differences of the propagation time of the HF radio
waves transmitted from Nagara transmitter, RadioNIKKEI (35.46N, 140.20E). HF receivers are located at Chiba University
(Chiba, 35.62N, 140.10E), Sarobetu (Hokkaido, 45.16N, 141.74E), Numata (Gunma, 36.62N, 139.02E), Yamagawa (Kagoshim:
31.20N, 130.61E), Ogimi (Okinawa, 26.68N, 128.15E). In the ray-tracing calculation, therefore, we have calculated propagatior
paths and times between transmitter and the receivers. In comparing the propagation time between Chiba and the other receive
it is found that there was a difference of the propagation time between the ray-tracing results and the observations. This i
because it is assumed that ground waves are propagated from Nagara to Chiba. By calculating the loss of electric field streng
between Nagara and Chiba, we found out that the loss of sky wave that is reflected by ionosphere was almost same as that
ground wave. Thus, it is possible that the radio wave propagation between Nagara and Chiba is not ground wave but sky wav
that is reflected by ionosphere or both ground wave and sky wave signals are received simultaneously by receiver at Chib:
As for further calculation, we plan to use the electron density distributions determined by GAIA and GNSS tomography in the
ray-tracing calculation.
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Arrival directions of ionospheric echo received by ionosonde antenna array

# Michi Nishioka[1]; Hideo Maeno[2]; Takumi Kondo[2]; Takuya Tsugawa[1]
[1] NICT; [2] NICT

National Institute of Information and Communications Technology (NICT) has been observing ionosphere by ionosondes
for over 70 years in Japan. In 2017, we replaced the previous ionosondes with Vertical Incidence Pulsed lonospheric Radar
(VIPIR2) ionosondes, which is mainly developed in NOAA. VIPIR2s are automatically operated at four stations at Wakkanai
(Sarobetsu), Kokubuniji, Yamagawa, Okinawa (Ogimi). The biggest advantage of VIPIR2 is the multiple spaced receiving an-
tenna. This antenna array makes it possible to estimate arrival directions of received echo. Methodology of deriving arrival
directions are confirmed using radio waves which is transmitted from already-known locations, such as HF radio broadcasting o
VIPIR2 transmission at other stations. Arrival directions of ionospheric echo of sporadic E-layers (Es) are also derived. In the
presentation, preliminary results of the arrival direction derivation will be shown and possible collaborations will be discussed.

TEHCBSHI 7R T, 704ELL RISz TA A/ VU FIC X 2 BHEEER 2 kEioii LT 0. Z OB R,
TR ORME T — 2 L LT, Fo, EFELEESOREEABRFEE LTEHEN TV, 74 /Y VTR X
TLIHEOEBEERTE TS, 2017FEEN I, FITKETHFE I T X 7 Vertical Incidence Pulsed lonospheric
Radar 2 (VIPIR2Yz IV CTEIN 4 8l (Do BopS, )il KREBD TEHBIIZTT> TV, VIPIR2 DiRD
Fitld, B O7 VT TRZET LA ZBK L TV A TH S, ZET LA T—2ZHVE L. ZEEHROFRTm7ZH#E
ET BT ENTES, AFETIE. FEROHMETHCENS. MBS DA A /Y TFIRMEHEZ VT, EIEEDE
FIHEEFEOZ U ZHERT 2, Flo. ART T4y 7 EFNSOTO—FPRGMEHEL., 14/ VT RHVIZA
RIT 1w 7 EREYy TOMEROERAGEN 2T %0 T, 5% D VIPIR2 D7 —ZIEHGIEIC OV T E i %o
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Estimated technique of electron density profile from ionogram using the full wave
calculation

# Tetsuo Fukami[1]; Isamu Nagano[2]; Ryoichi Higashi[1]
[1] NIT Ishikawa Col.; [2] Kanazawa Univ.

It is difficult to investigate the lower ionosphere directly as the altitude is lower than satellite orbit. lonograms are effective
data to know the lower ionospheric conditions from the ground. The ionogram is made by pulse wave intensities of the ionosond
and shows frequency characteristics of the virtual hefigltialculated by time delay of the pulse wave received after traveling in
the ionosphere. So, the ionograms have information of both virtual heights and reflection coefficients on observation frequencie:
With the textbook, only the virtual heiglit' derived by the ray theory is considered in relation to the electron density profile [1].
We suggest a method that estimate the virtual height from the electron density profile and the collision profile by the full wave
calculation [2]. Our method can simultaneously obtain the reflection coefficients. We checked the availability of our method
from the simultaneous experiment of the rocket and the ionogram at Kagoshima Space Center [3].

On the other hand, The International Reference lonosphere (IRI) can give the electron density profile at latitude, longitude an
time [4]. We investigated difference between measured ionogram at the Kokubuniji site [5] and theoretical ionogram calculatec
by the IRI profile for one example [6]. The theoreti¢dlvalues of the E and F2 layer is nearly agreement with the obsérved
values, but the theoretical values of the F1 layer is not agreement.

In this presentation, we show estimated technique of the electron density profile from ionogram using the full wave calculation
for this example.

[1] Budden, K. G.: The propagation of radio waves, Cambridge Univ. Press (1985).

[2] Fukami, T., I. Nagano and J. MacDougall: Proc. of ISAP 1996, 685-688 (1996).

[3] Fukami, T., I. Nagano and R. Higashi: Proc. of PIERS 2018 in Toyama, pp.2129-2133 (2018).

[4] International Reference lonosphere 2016, https://ccmc.gsfc.nasa.gov/modelweb/models/iti0lehp

[5] lonospheric Sounding Data in JAPAN, http://wdc.nict.go.jp/ISDJ/ionospheric-signal.html

[6] Fukami, T., I. Nagano and R. Higashi: SGEPSS 144 in Nagoya, R0O05-P23 (2018).
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Automatic detection of Spread-F on ionogram using Machine Learning

# Junji Shimizu[1]; Hiroyuki Nakata[2]; Hiroyo Ohya[1]; Toshiaki Takano[3]
[1] Engineering, Chiba Univ.; [2] Grad. School of Eng., Chiba Univ.; [3] Chiba Univ.

lonospheric irregularities referred to as equatorial spread-F are very important phenomena in terms of radio wave propagatio
because their spatial scales are from centimeters to tens of kilometer and they affect wide-band radio waves. Therefore, the
influence the reliability of satellite-ground communications, navigation systems and so on. The ionogram is one of the importan
observation system of spread-F. If spread-F in the ionogram is detected automatically by developing an excellent machine learnir
system, real time detection of spread-F could be replaced with automatic detection by developing an excellent machine learnin
system. Therefore, we have developed an automatic detection of spread-F in the ionogram using machine learning.

In this study, we prepare ionograms observed at 4 observatories (Wakkanai, Kokubunji, Yamagawa, Okinawa) utilized by
National Institute of Information and Communications Technology. As for learning data in preparing the classifier, we use 200
events of spread-F observed at Okinawa in May, 2018. We made classifiers using feature quantities obtained by HOG(Histogra
of Oriented Gradients) feature extraction.

Using the classifier to detect spread-F in the nest of ionograms of Okinawa in May 2019 which are not used as learning date
a detection rate at about 90%. In the presentation, we will present the comparison with another observation point at the san
period and another period at the same observation point.

TREAT Ly R F EFHIN 2 BEEEOAHAIEZ, BHEOEREE VI B SIFFICERZHE TH S, ALY RF
WS BEEEEELOZEM A r — Vg Y F A— MU S TFa A=V TH D, A OERICEE 25X %, Lz
MoT, TNEEFHEEM BEE, 77— a vy AT LA EDEBEECERER 52 5,
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FTIHDONTVBEDT, BNTEHEEE Y AT L 2T S LICE>TAT Ly R FOREZHIMRHICEE#Z %
TEMNTENE, UTIWEALALDOAT Ly R FOMBEAHEICKER S, ZT T, BWEEZHWTAE /T I LHhDRAT
L R FzHEMHT 2 FEZFE L

AT, TEHREEZREEDNER LTV 3 4 DO/ N, E95E, ()il D) cBlillcniz14+ /75
LD SEEEFIE L ORIOXT Ly REDNBNTWAR AL/ 7T LB L, SRIOFEERTIE. ALy FFERE
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HOG(Histogram of Oriented Gradient&)" 1341 % fii & D L) i /7 [r D 73 A 72 Fitgia & U TR 3 7258 Loy Bids 2 7R
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DORHERME S NIz, 72K T ERHHO B OB AL R ORI DR & DIEFERICOWTHREZIT9 TETH %,



R0O05-P14 |/IF RAZ—815 BERS: 108 24H

Xilinx £t ZYNQ-7000 SoCGx W72 FMCW A4 /Y VT « 7' b XA TORIF

# LIRS B [A]; SR 15 [2]; H1 st [4]; i ~F 4]
(4] 18 SRR (2] NICT

The development of the FMCW ionosonde prototype system based on the Xilinx
ZYNQ-7000 SoC

# Hiromitsu Ishibashi[1]; Takumi Kondo[2]; Takuya Tsugawa[1]; Mamoru Ishii[1]
[1] NICT; [2] NICT

NICT'’s portable and low-power FMCW (Frequency Modulated Continuous Wave) ionosonde system has been under operatio
for over 10 years as part of the SEALION (Southeast Asia Low-latitude lonospheric Network) project. Because of system
deterioration and frequent lightning damages in Southeast Asia monsoonal region, it becomes difficult to maintain the systen
and keep observations. Therefore, the development of a new ionosonde system is urgent issue for us to improve the SEALION

The first attempt has been already presented at the SGEPSS 2016 fall meeting: we successfully got ionograms using a hybi
system that incorporates current FMCW ionosonde and Ettus Research USRP N210. After that, for the purpose of the control
current peripheral units, we also tried X300 USRP which has the GPIO interface (SGEPSS 2017 fall meeting). However, becaus
we found some fatal technical problems, we were forced to abandon our FMCW ionosonde replacement plan using the USRP.

This presentation is a subsequent follow-up report for these past 2 years. We will show the newly developed prototype o
FMCW ionosonde system based on the Xilinx ZYNQ-7000 SoC with hardware and software programmability. In addition,
we will present the self-built transmitting module with the control PC of Raspberry Pi 2 which successfully functions as the
replacement of current FMCW ionosonde transmitting system.
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Statistical study of the growth rates of Medium-Scale TID observed with GPS-TEC

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

We think two mechanism, E-F coupling and Perkins Instability, will relate to growth for nighttime-MSTID in mid-latitude
[Tsunoda and Cosgrove., 2001 ; Perkins., 1973]. Linear growth rate of perturbation intensity of Pedersen conductivity expecte
from E-F coupling is around 15 minutes [Yokoyama et al., 2009], which is far shorter than one expected from Perkins Instability
[Fukao and Kelley, 1991 ; Miller et al., 1997 ; Shiokawa et al., 2003]. However, Es layers spatial and temporal scale is less thar
100km and 15min [Maeda et al., 2013 ; S.Saito et al., 2007].They are diffrent drom MSTID’s ones, which are 200-400 km and
around 2hours [Otsuka et al., 2011].To decide which instability is responsible for growth of nighttime MSTID, the growth rate
of MSTID was observationally determined with ground-based GPS network data.

We statistically investigated the growth rate of nighttime-MSTID in Japan in 2014 observed with GPS-TEC. The growth rate of
nighttime -MSTID observed was 1.0 - 620 10-4 s-1 during 1800LT-2400LT in summer.Linear growth rate of Perkins instability
in summer was 1.0 - 6.X 10-4 s-1 during 1800LT - 2400LT, so they were less than one of the E-F coupling instability.In
presentation, we talk the detail about the relation between growth rates and two mechanisms, also growth rate and solar activity
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Latitudinal Variation of Total Electron Content Observed by a World-Wide GNSS
Receiver Network

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

Latitudinal variation of the plasma density in the F region is characterized by Equatorial lonization Anomaly (EIA), which
is a phenomenon that the ionospheric plasma density is lager around +/-15 deg. than at magnetic equator. In this study, v
investigate latitudinal variation of Total Electron Content (TEC) observed with Global Navigation Satellite System (GNSS)
receivers. Using carrier phase and pseudorange data of dual frequency Global Navigation Satellite System (GNSS) signals, to
electron content (TEC) along ray paths between satellites and receivers are obtained. We have analyzed the GNSS data provic
by the International Geoscience Services (IGS), the University NAVSTAR Consortium (UNAVCO), Scripps Orbit and Permanent
Array Center (SOPAC), and other global and regional data centers (more than 50 data providers in all). Absolute values of TEC
are obtained from removing the inter-frequency biases from the original TEC by a method of Otsuka et al. (2002). In 2018, in
the solar minimum conditions,
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Relationship between the magnitude of Sakurajima eruptions and the disturbance of
GPS-TEC

# Kiyoto Shoji[1]; Hiroyuki Nakata[2]; Hiroyo Ohya[3]; Toshiaki Takano[4]; Takuya Tsugawa[5]; Michi Nishioka[5]
[1] Electrical and Electronic, Engineering, Chiba Univ; [2] Grad. School of Eng., Chiba Univ.; [3] Engineering, Chiba Univ.;
[4] Chiba Univ.; [5] NICT

It is reported that ionospheric disturbances are caused by ground and atmospheric perturbations, e.g. earthquakes, typhoc
and volcanic eruptions. Even though the volcanic eruptions excite the atmospheric waves, there is little reports of ionospheri
disturbances caused by volcanic eruptions. Therefore, in this study, we analyzed the ionospheric disturbances caused by volcal
eruption using Total Electron Content (TEC) determined by GNSS system. And we estimate the propagation energy caused &
the volcanic eruption from the data of the infrasound meter and estimate the TEC disturbance.

We analyzed TEC data observed in GNSS Earth Observation Network (GEONET) which is maintained by Geospatial In-
formation Authority of Japan. Considering the effect of the difference in the direction between the propagation direction of
atmospheric waves and geomagnetic field/the sight direction from GNSS receiver to the satellite, there is a positive relation be
tween the magnitude of the eruption and TEC disturbances. An inverse correlation between the distance from the crater and t
TEC disturbance was also appeard.

In this study, we have also tried to estimate the TEC disturbance from the magnitude of the eruption. Assuming that the prop
agation of the acoustic wave by the volcanic eruption is a spherical wave, the amplitude of the acoustic wave can be estimate
from the infrasound data of Higashi-Korimoto and the distance from the crater. The amount of TEC disturbance is estimatec
from the amplitude of the acoustic wave and the electron density in the pierce points. In the presentation, we will show the resul
of this estimation.

HIERHE. ML AR EDO FEOBIRICEN, REUEEINA T, U K> TEBBEEELNG | S T2 T LA
HNTWVS, KU, KEIEEIDAE LS C &3S NTOEM, KLt S EEEEELOBIFIIE Zh
ELZ LRV, ZTTAIZE TR, KLUEMISHE S BEEE OZEICOWT, 27 74 (Total Electron Content{, N TEC))
ZHWTIRNT Ule, Fio, ZHRETOMED B AL X B a3 )V F—Z2H#HEE L. TEC DETmOHEE Z il 7z,

KILWPKIC & 5 BB & LT, kB THA LTkl 4 S (200745 1 A 2 H 9KF 557 (UT). 20094 10H 3
H 7K 455 (UT). 20124E 9 H 19 H 1§ 753 (UT). 20144 2 H 12 H 20 2153 (UT)) IS TEC ZENT DV T fRhT
UTzo RKUEEBIDIH ML, Wi, GPSOMRR DT IC K 2508 filE LTSGR, AKILEADORIE TECEH) &
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R, fEkr Uiz 4 FHNTDOWTRILBEATHRAE U T RKUEEN DRI X 5 TEC OABROHEE ZidA Tz, AILEAIC
X B E BRI & U TRIOHIRICER S 2 LAE U, 24REHT—% GRE) & X005 OFHREX b Hili s TOEK
DIRMENHEE TE %, TOIRMMOKRE E L BEEEFHEME D TECOLHRZHAEE T 5, HEEXTIE, TOMRICD
WCBRE TETH 5,
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Examination of the ionospheric perturbations associated with H-I11A rocket launching
using HF Doppler sounding

# Junpei Yamazaki[1]; Hiroyuki Nakata[2]; Hiroyo Ohya[3]; Toshiaki Takano[4]; Keisuke Hosokawa[5]
[1] Chiba Univ.; [2] Grad. School of Eng., Chiba Univ.; [3] Engineering, Chiba Univ.; [4] Chiba Univ.; [5] UEC

Since rocket launches generate the atmosphere waves, it is reported that passage and exhaust plumes associated with ro
launches generate TEC perturbations observed by GEONET data (e.g. Furuya and Heki 2008; Lin et al., 2014, 2017). On th
other hand, there are few studies about ionospheric perturbations associated with rocket launches away from rockets’ trajectorie
Because of the disturbances due to exhaust plumes don't appear in the distance from the trajectories, we can extract those ¢
to the atmospheric waves. Using HF Doppler sounding, therefore, we analyzed ionospheric perturbations associated with H-11/
(No.25 and 26) whose trajectories are relatively far from the Japanese islands. The Doppler sounding system is utilized b
the University of Electro-Communications. In this system, the radio waves of 5 MHz and 8 MHz are transmitted from Chofu
campus of University of Electro-Communications and those of 6 MHz and 9MHz are from Nagara transmitter of Radio NIKKEI.
In this study, the Doppler shifts data observed at Sugadaira, Oarai, Kakioka, Fujisawa and Kyoto were used. In those data, tt
perturbations of Doppler shifts associated with H-1I1A (No.25 and 26) were observed about 35 minutes after the launches. It i
confirmed that this delay corresponds to the propagation time of the infrasound wave from the rocket to observation points onc
reflected on the ground. In both event, the periods of the disturbance of Doppler shift were 1007200 s(5710 mHz). The Dopple
shift perturbations were clear when the infrasound wave reached the observation point after reflection on the ground as compar
to the case where the infrasound wave reached the observation point directly. The time of the perturbations of Doppler shifts ¢
high altitude were faster than that of at low altitude. Therefore, it denoted that infrasound wave propagated from high altitude tc
low altitude.

TREVEREDOO v MTHE EFIC S KAUEEIRPEXUEIC X O TECE#HNFHET S & H GEONETT—XIC K %
fRFTRS R E LTS TN T3 (e.g. Furuya and Heki 2008; Lin et al., 2014, 2017 'K R >3 HA F2e% @i L7=h%, H
A FZe@E LR a sy MSOWTHRED S EEN T AEIC 3503 2 BEEE OZ 83D TIREFIN DRV, =5l
KUC X BEFHBE NG W28, KRKIEENCIES ZEFOH 2B TE2HHeH 5, ZT T, AW TIEIHF Ky 75 —#
HZEHWT, H-IA a2y b (255,26 5) F15 EFICfES . oy M) S Eeis ik 7= (i C o Bl o 228 7z fiitht
Utzo AWIETHH Uz HF By 75 —#l X7 LIFEBEBSCEERETHEHAIN TV 2 DT, EE AT ELGEE AR
i+ 273X (5 MHz, 8 MHz) & T 4 HIREMGEEFT (6 MHzZ, 9 MHZ) Th %, 2 ARWIZETIX. i+ v /78X KD
EFEENTZ5MHz & 8 MHz, T V4 HIREWABAT K DXEE NIz 6 MHZ & 9 MHz ZFNF N, B, RUE. Aifikd.
FEIR, FEBOXBIISN TRELRBO Ry TS—7—2 Vi, ZOE, arv MIE EFHSHK 35 5%Ic Ky
F— 7 MNCEHPMERI Nz, TORZIEaY v MK O A URSEEDHIE T 1 [ SHEICER AICEE LR &
—H LI W, BEOLA MLAY T XOMRENTz, £z, TNHOZEH)E 100~200%) (5~10 mHz) DA T
FEREN FRLTVWBE TN, EE5D0AMNY FTHIMERE Nz, Ry I— 7 ORI, a2y R 5D0FED
BB AICERE UK 0 &, 1 eI S8 U TBRINCRE U728 DI 5 DR EN o Tz, iz, ZHIOFERE
Mo, KEEXDEEEEOLEFDIZI N, K 10~20M RN VR TE Iz, 2O b, a7y MIfES Lk
EEENSEEENERL TS EEZOEND,
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Analysis of ionospheric TEC fluctuation excited by H-IIA rocket launches

# Tsuyoshi Takegawa[1]; Hiroyuki Nakata[2]; Hiroyo Ohya[3]; Toshiaki Takano[4]; Takuya Tsugawa]|5]; Michi Nishioka[5]
[1] Chiba Univ.; [2] Grad. School of Eng., Chiba Univ.; [3] Engineering, Chiba Univ.; [4] Chiba Univ.; [5] NICT

It is known that atmospheric waves arisen by massive earthquakes, typhoons and volcanic eruptions cause the ionosphe
variation. In recent years, ionospheric fluctuations excited by rocket launches have been confirmed (e.g., Furuya and Hek
2008; Lin et al., 2014, 2017). In association with Taepodong 2 launch, TEC fluctuations were appeared due to the chemice
reaction with ionospheric plasmas and the exhaust of the rocket about 5 minutes after the launch (First wave). Subsequentl
TEC fluctuations were observed about 30 minutes after the launch (Second wave). To examine the ionospheric disturbanc
apart from the trajectories of rockets, in this study, TEC fluctuation due to the launches of H-11A rocket No.25 and No. 29 were
examined using GEONET data. The first waves of the TEC fluctuations were confirmed around hundred kilometers from the
rocket trajectory 5 minutes after launch of both of H-11A rockets, as was the case for Taepodong 2. The first waves appeared &
large decreases in TEC, while the second waves were fastly oscillating patterns.

Calculating the propagation time of the sound waves from the points on the trajectories of the rockets, the time of first wave
correspond to the arrival times of directly acoustic wave from the trajectories of rocket.

The second waves of the TEC fluctuations which have higher frequency than first waves were confirmed around hundre
kilometers from the rocket trajectory 30 minutes after launch of both of H-IIA rockets. The time of second wave correspond to
the propagation times of the acoustic wave reflected once on the ground from the trajectories of the rockets.

FTATHIZE R D, ERHESDHE, AU & Vo 2RI OBIRIC > TRAIREIMNAE T, U K D Bk L)
MEIERTEND T ENHBNTV S, EFETEOT v MK > TORMBABIHERENTH D, FATIZETH TR
R 2510 K % BHEEZ B #i ST % (e.g., Furuya and Heki, 2008; Lin et al., 2014,201ZE4 A 5 5 /) 1%IC
HEEATOHE & LTaT v hOPERIC X > TOLEKIGH S E DD, Z b’(%%%j‘b\%f’] 3014158 D ERR
ENTWVD, ZTTABIETIEH-IA T4y k 255 29505 FIFICtES TECEFH D%, GEONETT—Z %
b"CTTO Tzo TORER, H-NIA Ty ROFEH S 57%Iicay v MIGEX D) 100 kmD g, TECOKZ A &

TEMEBAEFOEFEINHENE N, FHFHEDOL A b L—y X D 2RI Nz, a2y b oBE
L@ﬁb\% TEC ELf /S CHEESHMeR T 25 & —T % T e RIS Nz, £z, a7y DS 3077141

B LEARZE B E T O NS T NV TS & RIRRICHERE S NPz, F 728 I D BIERFR 2 55— & FRIRRICET R Uz

T A, HmIC 1 e H Lz ORERR E —R L7z EDHLE MR > T,
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Simultaneous observation of traveling ionospheric disturbances using LF radio wave
observation and GPS-TEC

Kojiro Machi[1]; # Hiroyuki Nakata[2]; Hiroyo Ohya[3]; Toshiaki Takano[4]; Takuya Tsugawa[5]; Michi Nishioka[5]
[1] Grad. School of Sci. and Eng., Chiba Univ.; [2] Grad. School of Eng., Chiba Univ.; [3] Engineering, Chiba Univ.; [4] Chiba
Univ.; [S] NICT

We had observed the LF Standard Time and Frequency Transmission to determine the height variation of the lower lonospher
The Standard Time and Frequency Transmission at the frequency of 60 kHz, which is transmitted from Mt. Hagane station, wer
observed by crossed loop antenna at Sugadaira, Nagano Prefecture. Separating the sky wave and the ground wave from
received wave, the variation of the ionospheric height was estimated from the phase variation of the sky wave.

In this study, we analyzed the height variation of the ionosphere whose frequency is about 0.3 mHz. This frequency corresponc
to that of Traveling lonospheric disturbances (TID). Using the wavehop method, the LF wave is considered to propagate frorm
Mt. Hagane to Sugadaira with a single reflection at the ionosphere. We examined the TEC variations in the mid-point betweel
Mt. Hagane and Sugadaira in association with the height variation in the lower ionosphere and found that the amplitudes of thes
variations have a linear relationship each other. Therefore, there is a relationship of ionospheric fluctuations between the lowe
and upper ionospheres.
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Examination of ionospheric disturbances associated with earthquakes using HF Dopple
and seismograph

# Natsuki Ono[1]; Hiroyuki Nakata[2]; Hiroyo Ohyal3]; Toshiaki Takano[4]; Keisuke Hosokawa[5]; Takuya Tsugawal6];
Michi Nishioka[6]
[1] Electrical and Electronic, Chiba Univ.; [2] Grad. School of Eng., Chiba Univ.; [3] Engineering, Chiba Univ.; [4] Chiba
Univ.; [5] UEC; [6] NICT

It is reported that ionospheric disturbances occur after giant earthquakes. One of the reasons for these disturbances are
infrasound wave excited by ground motions.

The infrasound wave propagates upward and produces perturbations of the electron density in the ionosphere. Such pertt
bations are also detected by a network of ground-based GPS receivers as TEC perturbations. Using these TEC perturbatio
horizontally propagation of the ionospheric disturbances from the epicenter is examined.

In this study, the coseismic ionospheric disturbances are examined using HF Doppler (HFD), GPS-TEC and seismometer da
(F-net). The HF Doppler sounding system used in this study is enable to observe the vertical speed of the ionosphere in th
midpoint between the transmitter and the receiver at four different altitudes.

We have found that the Doppler shift data obtained in Sugadaira observatory fluctuated in the events where the seismic ir
tensity is larger than 6 lower and the magnitude is larger than M6. When the maximum ground velocity observed by Onishi
seismometer, which is located closest to the reflection point, is larger than 2 mm/s, the long period fluctuation (3 - 20 mHz)
dominates but decays as the distance between the observation point and the epicenter increases. In addition, in 3 cases wh
ionospheric disturbances in the different altitudes were observed by HFD, the long period fluctuation was dominant and the sho
period fluctuation (21 - 50 mHz) was attenuated as the reflection points become higher. This is because the acoustic wave excit
by the seismic wave tend to attenuate at high altitudes.

KB HE O FEAE BRI A B EIC K 0 A4 U7o S R V1 D VR B PE & Tt U SBBE PR LA AE 4
T EMHMENTNS. AWIZETHWS HF Ry 7S5 —@ll (HFD) Tld, ¥i7x %4514 (5.006 6.055 8.006 9.595
MHz) OB E NS T & TEBOEE TOEEZENT S EWEETH 5. F 7RO GNSSHEEHEIHIS A
7 L» (GNSS Earth Observation Network : GEONET)& D & E N2 GPS-TECD 7 — ZIC & [ARRICHIEIC A 5 2B h e
BENBT D, BiSKEREARIZLAT O LA R (F-net) OHIEEIIE 77— & (HFE) Z&bE T, HmE#Hic X 5E
HEEEEL A OB H U 2175 T2,

20044 LIRS U T2 ERE 6 59, M6 DL EDOHIE 8 A NV R T, BRI TBHENE Ry 75— 7 b F—RICEHN
RE NIz, EHIC Ry TI—FT—ZOEWBN 217> 12, BIROKG I E > & WA HIER TR S Nzt
HAFEEDRAMED 2mm/isk D & KEVWHIETIEX, Ry 79—y 7 FOEFICBW TERIADZTEKS (3 - 20 mHz)
ML, B R L B ROEEEDEEN S 1D, BEMOZBBONIHE T M MRENe. Ko, HEOREEEIC
BOTETHDER T 7 3FHITIX, BRONGEEN EHZICON, ERWAETN IS, EE\ETNS (21 -
50 mHz)IFE L7z, CAUSHIEER DI U7 S id @O EREIE E SIS TRE T 2709, & EE TR
%7 (8.006 9.595 MHZ)D K 75— T hF— X TREHMRELIz L EZ 5N 5.

BHEHIEER R U GPS-TECT —Z & b8 THRIMEWN 217> THB D, BETEZORRICOVWTEHRET S TETDH
%.
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Analysis of DC Electric Field in Sq current Observed by S-310-44 Sounding Rocket

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

In the winter daytime, the Sq current system is generated in the ionosphere of about 100km at mid latitude. Unusual plasm
phenomenon such as electron heating and strong electron density disturbance occur in the Sq current focus. In order to investige
the S-310-44 rocket was launched in Japan in January 2016. The rocket passed through the Sq current focus, and all the on-bo
observation instruments were worked well. The rocket was equipped with Electric Field Detector (EFD), and the DC electric
field (DC to 200 Hz) at the Sq current focus was observed.

The electric field observed by EFD is a mixed electric field of a natural electric field and an induced electric field generated
when the rocket passes through the magnetic field. The rocket’s attitude data is used to transform the induced electric field fror
the geographic coordinate system to the spin coordinate system, and the induced electric field is subtracted from the synthet
electric field obtained by EFD to calculate the natural electric field. The coordinate system of the natural electric field is convertec
from the spin coordinate system to the geographical coordinate system by transforming it again with attitude data. From thes
procedures, the DC electric field vector at the Sq current focus is estimated.

In this research, DC electric field vector was estimated at rocket ascent (altitude about 97km to 160km). The altitude at whict
the Sq current system is supposed to occur is around 97km to 107km. The natural electric field value at altitude of about 110kr
can be confirmed that the intensity is increased, because it is assumed that the electric field accelerates the electrons down, ¢
collides with the neutral atmosphere around 100 km and electrons are heated.

We are going to investigate the generation mechanism of the high temperature electron region generated near the center of t
Sq current system, by comparing the natural electric field vector to the electron density and the electron temperature.

ZZEDRM, FEERK 100km DO EEEERE RIS T SqEETTRMFEE U, SqEiitRHL Tl EE TINEARR O E S HEELSE O

FeR 79 A BIGHHA T 2. TN ORRIR T T A BIG 2 ii#d % 72IC 20164F 1 AIC S-310-445 881 v
FOTHB EF S NTz. 1y M SqEFSRAOZIEE U, B E MBS T X TIERICEEL . vl y MCIE®E
SEIHNELE EFD DS E N TEH D, Sq@ER 0D DC & (DC™200Hz)Z &1l L 7z.

EFDIC &> THIAIE NICERIEARES L 0y v MO 2@l d 2 2 & TRAET 2iA8EEOGKER TH 5. £
DIz, HREGZ RO B 12D, WiGT—2 L0y y SORPLEE D SiFEELOEZEHT 2. 2L T, 07y hOR
BT — 2 O CRBE R A B EEER D © A YV AERICART 5. 72 UC,EFDEIAD S5 5 NI A RGER D HifE
HBEZHE L. ARELZENT 2. ARBHOBIERZ LT — 2 2 HWTHEANT % 2 & T, A VEERN Sl
FREERERICERIT 5. TN HDFEL) 5, SqEIRH.OD DCEHANY ML zEH T 5.

AT, 1y b ERE (FEEK 97km-160km)ic 1) % DC BIERT MV Uz SQEIRRMFELET S L TN
TV EEIZH 97km-107kmiE TH 5. TOFHEDELENT MLz % & 110kmiEid TEGOENRKEL Z> T3
T ENEERTE . CRRESGHE 72 PRSI S T, BrOPEARRICHEZET 5 2 & TEFIMANEI > TV
EHENIT B .

51%1%, 185N DCEHNY MV B FREDE HRE LKL, KOFELUWIEN 2175 T & T SqEfRRPLFIRIC
FAT B EilEE TR O T E A = X LOffHZ Higd .
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Analysis and evaluation of the neutral wind profile in the lower thermosphere using
images of TMA released from S-520-27 rocket

# Yuki Otsuka[1]; Masa-yuki Yamamoto[2]
[1] Engineering, KUT; [2] Kochi Univ. of Tech.

1. Research background and purpose

The altitude profiles such as the plasma density or the neutral atmospheric density in the lower thermosphere varies with th
solar activity, the season, and/or local time. Such fluctuation causes various problems that affect on telecommunication or orbi
of the satellites. However, we do not understand the mechanism for causing these problems. Our laboratory has participate
experiments of observing neutral window profiles in the lower thermosphere with JAXA and NASA in this decade.

In this study, our purpose is analyzing the neutral wind profile in the lower thermosphere by using sequential images of
Trimethylaluminium (TMA)observed in the rocket experiment in July 2013. Also, we tried to calculate the wind profile by
applying several methods and evaluate by comparing with each results.

2. Outline of rocket experiment

In July 20, 2013, JAXA conducted a sounding rocket campaign. The purpose of this experiment is investigating the elec-
tromagnetic interaction and the total picture of ionization, the neutral atmosphere interaction which act in the middle latitude
ionosphere. Two rockets, S-310-42 and S-520-27, were launched at Uchinoura Space Center (USC). S-310-42 released TV
and S-520-27 released Lithium (Li). And luminous clouds of TMA and Li were observed at multipoint on ground and an airplane.

3. Method of wind profile calculation

We calculate wind profile with images of TMA observed in the rocket experiments. We analyze the images taken at the airplane
(Fig. 1) and USC (Fig. 2)because TMA were clearly identified in these images and a sequence of long time optical observatiol
was conducted at these observation points.

Process of wind profile calculation is as follows

1) Calculating the center axis of TMA illumination by polynomial approximation or skeleton extraction.

2) Calculating the relative azimuth/elevation changes between two images of the center axis of TMA.

3) Calculating the migration length of TMA from the relative azimuth/elevation changes and the trajectory information of the
sounding rocket.

4) Calculating wind profile from the migration length of TMA and the passage of time between two images.

4. Results and consideration

The calculated result of the wind profile with observation images at USC is shown in the figure 3. The opened circles show the
result by polynomial approximation and the closed circles show the results by skeleton extraction. The results are the average
wind velocity between 23:05:24 (JST) and 23:06:20 (JST) in July 20th, 2013. We can find the strong windshear at an altitude
range from 85 km to 100 km.

In the altitude range less than 90 km, there is a difference between the results by polynomial approximation and those b
skeleton extraction. It is thought that the cause of the problem is in the applying program, and currently we are trying to make &
revision of it.

5. Summary and future plan

In the analyses, we calculated wind profiles by using observation images taken at USC. In near future, we are going to corre«
the errors of lens distortion and tilt of the camera setting. Also, we are going to analyze not only the images taken at USC bu
also those at airplane. And we are going to calculate two dimensional wind profile by applying triangulation technique.
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Fig. 3 The results of calculation wind profiles by two methods

Fig. 2 Observed TMA image at USC
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Solar X-ray effects on the D-region ionosphere using tweek atmospherics

# Kodai Yamanobe[1]; Hiroyo Ohya[2]; Hiroyuki Nakata[3]; Toshiaki Takano[4]; Kazuo Shiokawa[5]
[1] Chiba University; [2] Engineering, Chiba Univ.; [3] Grad. School of Eng., Chiba Univ.; [4] Chiba Univ.; [5] ISEE, Nagoya
Univ.

It has been known that intensity and phase of very low frequency (VLF, 3 - 30 kHz)/low frequency (LF, 30 - 300 kHz)
transmitter signals significantly change due to intense ionization by solar flare X-ray [e.g., Mitra, 1974; Thomson et al., 2005].
The duration of the D-region enhancements due to X-ray is easier to be estimated using the VLF/LF waves, because the relaxati
time for recombination in the D-region ionosphere is short to be within “100 s [e.g., Ohya et al., 2015]. Tweek atmospherics
are VLF/Extremely Low Frequency (ELF, 0.3-3 kHz) electromagnetic waves that are originated from lightning discharges and
propagate for a long distance with reflecting between the Earth’s surface and bottom of the ionosphere. It is possible to estima
the electron density at the reflection height in the lower ionosphere using the tweeks. The D-region electron density in wide
area can be estimated by the tweeks compared with limited propagation paths of transmitter signals. In this study, we investiga
solar X-ray effects on the D-region ionosphere using tweeks. We analyzed the daytime tweek atmospherics observed at Mosh
(44.37N, 142.27E), Japan. To investigate the X-ray effects on the D-region ionosphere in more detail, the observation time o
the tweeks has been improved from four minutes every hour to 59 minutes every hour since 18 June, 2019. In addition, th
sampling frequency was changed from 20 kHz to 40 kHz. During 00:00-06:00 UT on 1-5, 29 July and 12-14 September, 2013
the tweek reflection height had a weak negative correlation (the correlation coefficient: -0.42) with X-ray flux observed by the
GOES-13/15 satellites, which suggests that electron density in the D-region ionosphere increased with increasing the X-ray flu
In this presentation, we show variations in the tweek reflection height before and after solar flares.
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Several studies for the F-region ionosphere associated with volcano eruptions based on GPS-TEC data have been reportec
far (e.g., Heki, 2006; Dautermann et al., 2009; Heki et al., 2010). These studies reported that acoustic waves excited by volcar
eruptions reach up to the F-region ionosphere and caused F-region perturbations. After eruption of the Kelud Volcano, Indonesi:
in February 2014, acoustic resonance between the Earth’s surface and lower thermosphere was reported based on TEC data
the seismic wave data (Nakashima et al., 2015). However, little studies on the D-region ionosphere associated with volcan
eruptions have been reported. In this study, we investigate the D-region effects of eruptions of Sakurajima volcano (31.59N
130.66E), Japan, and Eyjafjallajokull (63.63N, 19.63W), Iceland, using intensity and phase of VLF/LF transmitter signals. The
VLF/LF propagation paths used in this study were JJY60 kHz - TWN (Taiwan), JJI (22.2 kHz) - TWN, and NRK (37.5 kHz) -
NYA (Norway). As for eruptions of Sakurajima volcano at 04:11 UT on June 6, 2014, based on wavelet spectra, the variations
of both intensities (JJY60kHz - TWN and JJI - TWN) had a frequency of 2-6 mHz during 04:12-04:30 UT after the eruptions.
We compared the VLF/LF variations with atmospheric pressure data obtained by an infrasonic meter observed by Sakurajim
Volcano Research Center, Kyoto University, and seismic waves in the NIED F-net data (FUK, STM, and SBR) located close to
the JJY-TNN path. The atmospheric pressure and vertical velocity of the seismic waves had the similar frequencies of 2-10 mH
during 04:12-04:47 UT. As for eruptions of Eyjafjallajokull at 05:55 UT on April 14, 2010, the intensity of transmitter signals
(NRK- NYA) increased by about 2 dB after the eruption. Frequencies of 0.8-1.5 mHz and 2-10 mHz appeared during 06:12-
06:18 UT. The variations in the VLF/LF intensity with the common frequencies of the 2-10 mHz for two eruption events could be
caused by acoustic resonance between the Earth’s surface and lower thermosphere, or by acoustic or atmospheric gravity wa
generated by volcanic eruptions. However, variations in the VLF/LF intensity with the frequencies of 0.8-1.5 mHz have not
been reported so far. In the presentation, we will show the results of these eruption events and discuss the cause of the VLFI/L
variations in more detail.
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Improvement of estimation method for propagation distance of tweek atmospherics

# Masafumi Kanno[1]; Hiroyo Ohya[2]; Kazuo Shiokawa[3]; Hiroyuki Nakata[4]; Toshiaki Takano[5]
[1] Science and Engineering, Chiba Univ.; [2] Engineering, Chiba Univ.; [3] ISEE, Nagoya Univ.; [4] Grad. School of Eng.,
Chiba Univ.; [5] Chiba Univ.

Tweeks are very low frequency (VLF) / extremely low frequency (ELF) waves radiated from a lightning discharge and prop-
agate in the Earth-lonosphere waveguide for a long distance. As the most important characteristics, tweeks have frequent
dispersion that the frequency rapidly falls down from 10 kHz to 2 kHz during several tens of milliseconds. So far, the cutoff
frequency and the horizontal propagation distance of tweeks were estimated by curve fitting on dynamic spectra drawn by th
maximum entropy method (MEM). However, the rapid variations in the frequency at the arrival time and overlapping tweeks
caused the low estimation accuracy. The accuracy of the lightning location estimated from tweek atmospherics is low to be 6!
km [Santolik and Kolmasova, 2017], while the accuracy of lightning location for the lightning discharges of world-wide lightning
location (WWLLN) data is high to be less than 10 km [Rodger et al., 2005]. In this study, we propose a new method to estimate
tweek propagation distances and compare the results from the new and previous methods. The new method uses conversior
non-linear dispersion equation to a linear equation. The linear equation would be more useful for estimating the propagation dis
tance, even if attenuation around the cut-off frequency is large. As a result of evaluation by pseudo-tweeks using this method, th
error of the propagation distance was estimated to be 6.8%. In this presentation, we show the new method for tweek propagatic
distance in detail and discuss its accuracy.
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Diminished occurrence of afternoon counter electrojet in certain longitude sectors and
seasons

# Dupinder Singh[1]; Huixin Liu[2]
[1] Faculty of Science, Kyushu Univ.; [2] None

Dupinder Singh, Huixin Liu, S. Gurbubaran

Equatorial electrojet (EEJ) is a narrow band of current flowing eastward in the dayside ionosphere around the vicinity of
the geomagnetic equator. Occasionally, the EEJ reverses from its normal eastward direction to westward during daytime. Th
reversed EEJ is known as counter electrojet (CEJ). CEJs occur mainly during morning and afternoon hours and is referred to :
morning CEJ (MCEJ) and afternoon CEJ (ACEJ) respectively.

We derived the occurrence pattern of ACEJ from a chain of ground magnetic observations in the vicinity of the geomagnetic
equator. It is found that the occurrence of ACEJ is diminished in certain longitude sectors and seasons. These results a
discussed in context with the observed electrojet and tidal patterns from CHAMP satellite and TIMED Doppler Interferometer
(TIDI) respectively. We also attempt to compare these observations with GAIA simulation results.
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Development of low-latitude ionosphere observation technique with dual-band beacon
experiment from TBEx and COSMIC-2 satellites

# Nobuhiro Ujihara[1]; Mamoru Yamamoto[2]
[1] Communications, Kyoto Univ.; [2] RISH, Kyoto Univ.

In the low-latitude ionosphere, plasma bubbles are frequently generated, and it is known that they occur immediately afte
sunset of the ionospheric altitude in the equinox. Behavior of plasma bubbles is complex, and thus has been studied very muc
From total electron content (TEC) observations with C/NOFS satellite (Orbit inclination: 13 degrees) revealed that the plasme
bubble is associated with the ionospheric large-scale fluctuation of several 100 km wavelength in the east-west direction, whic
is called Large-Scale Wave Structure (LSWS). The plasma bubble is generated more often when the LSWS amplitude increase
As there was only one C/NOFSsatellite, the observation frequency was only every “90 minutes, which limited in capturing space
time structures of LSWS. On June 25, 2019, two new satellite, TBEx (constellation of two units) and COSMIC-2 (constellation
of six units), were newly launched. If beacon TEC measurement is available from all these satellites, the observation frequenc
can reach every 15 minutes, which helps much to study the space-time structure of plasma bubbles and LSWS. The purpose
this study is a development of observation method using these two beacon satellites. We conducted orbital simulation of ne\
satellites, the development of received signal analysis software, the design and installation of the receiver, and the examination
processing method of observation data. In the presentation, we will report on examination of processing method of observatio
data.
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& UC, FBHEPEIC Large Scale Wave Structure (LSWSYTE N 2 B PG/ M D EE 100kmic N S KBRS R ZENEN S .
R E OBIANCRHE U7z CINOFSHE (WudEbiRfg 13 E) 5l b ¥ —a V@lillh 5 B Total Electron Content
(TEC) ZRD SN, LSWS & 7T XN TI)IVOREHMNIS M /A D, T 51 LSWSDIRIENE AT B & I TT AT
IVOFERERDEKT 5 T e b o7z, Lh L CINOFSHERIZ LD IR TH - I=728, BISHE LK 90 03 & Vi<,
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WTHRET 5.
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Current status of the project to investigate ionospheric effects on GNSS in Southeast Asi

# Takuya Tsugawa[1]; Kornyanat Hozumi[2]; Punyawi Jamjareegulgarn[3]; Pornchai Supnithi[3]; Susumu Saito[4]; Yuichi
Otsukal5]; Shinichi Hama[6]; Takahiro Naoi[1]; Mamoru Ishii[1]
[1] NICT; [2] NICT; [3] KMITL; [4] ENRI, MPAT; [5] ISEE, Nagoya Univ.; [6] NICT

NICT have started a research project to investigate ionospheric impacts on GNSS positioning/navigation including precise
positioning technique using quasi-zenith satellite (QZSS) since 2017. In this project, we have studied ionospheric effects ol
individual positioning techniques (single frequency, DGPS, and RTK-PPP) and consider methods to mitigate and/or preven
the positioning errors under severe ionospheric conditions such as large ionospheric storm and plasma bubble. In the lov
latitude region such as Southeast Asia, one of the most important ionospheric phenomena is plasma bubble. Plasma bubb
can cause ionospheric scintillation on GNSS signals which pass through the plasma bubble structures due to ionospheric plast
irregularities inside the structures. The GNSS scintillation would result in the loss-of-lock on GNSS signals in the worst case.
Therefore, it is important to precise observation of the plasma bubble structures and identify which satellite-receiver path suffer
from the structures for verifying the plasma babble impacts on GNSS positioning.

In this project, we have proceeded to install a VHF radar at Chumphon (Thailand) and multi-GNSS receivers (TEC and
scintillation monitors) at Chumphon, Bac Lieu (Vietham), and Cebu (Philippines) at the magnetic equator. The VHF radar
consisting of 18 Yagi antennas will use the frequency of 39.65MHz with 25kHz bandwidth. The radio license in Thailand
has been approved in June 2019 and will be installed in November-December in 2019. The multi-GNSS receiver, Septentri
PolaRx5S, have been installed in Chumphon in June 2019. The other two receivers will be installed in Bac Lieu and Cebu ir
August-September in 2019. In this presentation, we will report the current status of the project.
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Comparison of plasma bubble drift velocity observed by ground GPS and those
simulated by GAIA model

# Hiroto Takahashi[1]; Huixin Liu[2]; Yuichi Otsuka[3]; Hiroyuki Shinagawa[4]
[1] Earth and planetary science, Kyusyu Univ.; [2] None; [3] ISEE, Nagoya Univ.; [4] NICT

Knowledge of the zonal drift velocity of plasma bubbles is important for real-time forecast of plasma bubble occurrence. In the
equatorial region, the ExB drift is responsible for the eastward motion of the background plasma. It is considered that the plasm
bubble travels at the same speed as the background plasma. In this study, we estimate the drift velocity of irregularity associate
with the equatorial plasma bubble using three single frequency GPS receivers at the equatorial atmospheric radar (EAR) si
at Kototabang in Indonesia (0.20 S, 100.32 E; geomagnetic latitude 10.6 S). This velocity is then compared to the zonal drif
velocity reproduced by the GAIA model, to examine the consistency of the two. If the consistency is good, the GAIA model can
be used to predict the arrival time of plasma bubbles at locations eastern of Kototatabang. The predicted arrival time of plasm
bubbles are verified by using the GPS scintillation observation at Pontianak (0.02 S, 109.3 E; geomagnetic latitude 9.8 S), locate
800 km east of Kototabang.



R005-P31 |/IF RAZ—815 BERS: 108 24H

75 XINT)VEE ﬁ%ﬂi B TV R A LNEREY A7 LORFE

TEH 35 [1]; ST 3Rk [1]; /N1 2342 [2]; AR Bkt [1]
[1] TEHGEETHZTRERS; [2] MdtiF

Development of the ground-based real-time all-sky imager for plasma bubble monitoring

# Takahiro Naoi[1]; Kaori Sakaguchi[1]; Yasunobu Ogawa[2]; Yuki Kubo[1]
[1] NICT; [2] NIPR

The development of the ground-based optical observation system for monitoring of equatorial plasma bubbles is shown. Wi
manufactured the system with catalog items only, so that it was made much cheaper than the general products were. As deg
dation such as by the solar radiation at day time needs not mind for the low-cost product, the system is suitable for full-time
monitoring observation. This system has been installed at YAMAGAWA radio observation facility of NICT (National Institute
of Information and Communications Technology) on the 13th February 2019 and started observation.

Plasma bubbles are irregular and low-density regions generated locally in the equatorial and low-latitude ionosphere. Plasn
bubbles usually begin to appear around sunset near the magnetic equator and propagate eastward having with structures alig
with the magnetic field. Plasma bubbles occasionally reach Japanese latitudes under high solar activity or certain geomagne
storm conditions. Satellite communication and navigation are often disrupted by irregularities in the ionospheric plasma density
The evaluation and forecast of such plasma density irregularities are regarded as a critical issue for stable communication ar
precise navigation.

We chose 630.0 nm atomic oxygen emission to identify the plasma bubbles. The airglow has the brightness at the point abot
50 km below the peak of the F layer. When plasma bubbles appear in ionosphere, the number of the atomic oxygen and electrc
are rapidly decrease. As a result, the intensity of the glow is weakened and the one like a dark shadow is recognized there. Tt
propagation velocity and spatial change can be known by the consecutive imaging with high-sensitivity camera. Our new sys
tem was installed at the roof of the main two-story building’ 1" 17°N 130?36™58°E, in the YAMAGAWA facility, Ibusuki,
Kagoshima, Japan. Because the geomagnetic latitude there is relatively low compare to the geographical latitude, plasma bubb
are observable from the facility.

The system includes optics, housing, and control parts. The optics consists of a color (WAT-221S2) and a monochrome (WAT
910HX) high-sensitivity cameras with wide field-of-view fish-eye lens (TV1634DC). As a 630.0 nm filter is mounted in the
monochrome camera, we can distinguish easily between the bubbles and clouds. The exposure time is 1/60 sec and the num
of the integration is 256 times, so that the cameras show the images about every 4.3 seconds which are sent to a video encot
(M7014). The encoder received the analogue data and send them to a control PC 14 times per minute through the internet. Tl
data are captured at night time from 5 p.m. until 5 a.m. every day. Concerning the housing, we adopted a plastic box (PL20-44
for outdoor use. Two acrylic domes were attached on the top of the box and sealed for waterproofing. The camera sets, vide
encoder, and a power tap were installed in it. The PC saves the image data in the external HDD and transfers them to NICT
Koganei headquarters in real time. The transferred data are processed into movies automatically which enable us to recognize
bubbles easily. Besides, the calibration experiment for the monochrome camera with 630.0 nm filter was done at NIPR (Natione
Institute of Polar Research). Here, we report the results of the observation at YAMAGAWA but also discussion about the absolute
sensitivity and comparison among the similar observations.
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The horizontal phase velocity and PSD distribution of mesospheric and ionospheric
waves observed in airglow images in Hawaii

# Hideto Naito[1]; Kazuo Shiokawa[1]; Yuichi Otsuka[1]; Takeshi Sakanoi[2]; Akinori Saito[3]; Takuji Nakamura[4]
[1] ISEE, Nagoya Univ.; [2] Grad. School of Science, Tohoku Univ.; [3] Dept. of Geophysics, Kyoto Univ.; [4] NIPR

Atmospheric gravity waves (AGWs) and medium-scale traveling ionospheric disturbances (MSTIDs) are important wave phe-
nomena in the upper atmosphere, since they can control global dynamics of the atmosphere and affect GNSS positioning. Mz
suda et al. [JGR, 2014] proposed a method of deriving the horizontal phase velocity and propagation direction of the powe
spectral density of waves found in images using three-dimensional fast Fourier transform. However, there has been no report
apply this method to airglow images obtained at low latitudes near the equator. In this study, we applied the analysis method ¢
Matsuda et al. [2014] to airglow images obtained at wavelengths of 557.7 nm and 630.0 nm during the three years from 201.
to 2016 at Haleakala (20.70N, 203.70E) in Hawaii. We clarified the statistical features of AGWs and MSTIDs near the equator,
and compared them with features seen in Japan reported by Takeo et al. [JGR, 2017] and Tsuchiya et al. [JGR, 2018], where tl
latitude, longitude and orography are greatly different those of Hawaii.

The three-year average of the phase velocity spectra of AGWs observed in airglow images at wavelength of 557.7 nm show
that there was no difference in the zonal propagation between summer and winter. In Japan, however, it is known that th
propagation direction is eastward in summer and westward in winter. We reported this result in JpGU2019 and discussed thi
difference due to latitudinal variation of mesospheric jet wind which controls AGW propagation through wind filtering effect.

The MSTIDs observed in airglow images at a wavelength of 630.0 nm shows that the power spectral density (PSD) was
strongest and the waves propagate mainly in the east-west direction in winter. To explain this seasonal variation in power spectr
density, we calculated maximum linear growth rate of Perkins instability [Perkins, JGR, 1973] with considering the effect of
seasonal variation of thermospheric neutral wind in Haleakala and its magnetic conjugate point, as was done by Duly et al. [An
nGeo, 2013]. We found that the seasonal variation of PSD cannot be explained by the neutral wind. This seems to be consiste
with the previous suggestion by Yokoyama et al. [JGR, 2009] and Narayanan et al. [JGR, 2018] that the sporadic E layer i
more important to produce nighttime MSTIDs at middle latitudes. Regarding the east-west propagation of MSTIDs in winter,
we made detailed event study using zonal keogram, and found that there is no plasma bubble mixed in the eastward propagati
and the observed waves has larger wavelengths and less continuity compared with MSTIDs observed in Japan.
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Relationship between mesospherical airglow disturbance and occurrence of equatorial
plasma bubbles

# Ryota Okada[1]; Akinori Saito[2]; Takafumi Ikeda[2]; Hiroyuki Shinagawa[3]; Takuya Tsugawa[3]; Takeshi Sakanoi[4]
[1] Earth and Planetary, Kyoto Univ.; [2] Dept. of Geophysics, Kyoto Univ.; [3] NICT; [4] Grad. School of Science, Tohoku
Univ.

762 nm airglow data observed by lonosphere, Mesosphere, upper Atmosphere and Plasmasphere mapping mission from t
ISS / Visible and near Infrared Spectral Imager (ISS-IMAP/VISI) to investigate relationship between mesospheric gravity waves
and the occurrence of Equatorial Plasma Bubbles (EPBs). EPBs are depletion of electron density in the equatorial ionospher
According to the previous study EPBs can be generated through the Rayleigh-Taylor (R-T) instability in the ionosphere. Medium-
scale gravity waves with horizontal scales of a few hundred kilometers in the bottom side of the F region have been frequently
suggested to play a key role in EPBs seeding. Gravity wave occurrence may depend on seasonal and longitudinal variation al
may have oscillation whose period is few days. This several days oscillation of gravity wave may affect the variation of EPBs
occurrence that can not be explained only by the R-T growth rate. Previous research of concentric gravity waves (CGWSs) usin
observed by ISS-IMAP/VISI shows more mesospheric CGW events occur in the west side of the African continent than the eas
side of the African content. It indicate occurrence of CGWs is different between nearby areas. Objective of this study is to
elucidate relationship between mesospheric gravity waves and longitudinal dependence of EPB occurrences. ISS-IMAP/VIS
was operated for three years from September 2012 to August 2015. ISS-IMAP/VISI observed the airglow in the nadir direction
on the nightside with two FOVs facing 45 degrees in the forward and backward of the orbital direction. We analyzed 762nm
airglow data and compared with occurrence rate of EPBs and Growth rate of R-T instability. Occurrence rate of EPBs using
Rate of TEC Index (ROTI) that is standard deviation of differential of GPS-TEC. Growth rate of R-T instability was calculated
by using parameters from Ground-to-topside model of Atmosphere and lonosphere for Aeronomy (GAIA). In this study, we
investigated relationship between occurrence of EPBs observed by GPS-TEC data, linear growth rate of the R-T instability in th
ionosphere obtained with GAIA, and mesospheric gravity wave activities observed by ISS-IMAP/VISI.
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Polar mesospheric clouds observation by the visible band of Advanced Himawari Image
on Himawari-8

# Yuta Hozumi[1]; Takuo Tsuda[1]; Yoshiaki Ando[2]; Keisuke Hosokawa[1]; Hidehiko Suzuki[3]; Takuji Nakamura[4]; Ken
T. Murata[5]
[1] UEC,; [2] Dept. of Comp. and Network Eng., The Univ. of Electro-Comms.; [3] Meiji univ.; [4] NIPR; [5] NICT

Polar mesospheric clouds (PMCs) consist of water-ice particles, and have been observed near the summer polar mesopat
region. Production and disruption of PMC are sensitive to the background mesospheric state, such as temperature and wa
vapor conditions. Its distribution is strongly affected by the background wind. Hence, PMC is a good proxy of the thermal
structure and dynamics at the high latitude summer mesosphere. Observations of PMC have been widely performed by variol
methods from the ground as well as from the space. However, these past methods have some limitations, especially in local tin
coverage or observational continuity to monitor the long-term PMC activity.

Recently, we reported that PMC emission layers are captured in the limb of the Earth in the full disk image taken by the
Advanced Himawari Imager (AHI) onboard Himawari-8 [Tsuda et al., Atmospheric Measurement Techniques, 2018]. PMC data
from the geostationary orbit satellite have great advantages on the wide and stable field of views and the local time coverag
PMC observation by Himawari-8 is expected to provide new information on the PMC studies, majority of which are based on
the ground-based or low-orbit-satellite observations. In the presentation, we report the PMC signals in the visible band of AHI.
The blue visible band (Band No: 1, Central wave length: 470 nm) is the most suitable band for the PMC observation in the 16
bands of AHI. We analyzed the band to examine the PMC signatures in it. The spatial structures and the local variations will be
presented. The detection capability, especially the limit of sensitivity, of AHI on the PMC observation will be also discussed.
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Horizontal scale dependency of the mesospheric disturbances observed by
ISS-IMAP/VISI

# Akinori Saito[1]; Yuta Hozumi[2]; Takeshi Sakanoi[3]; Ryota Okada[4]
[1] Dept. of Geophysics, Kyoto Univ.; [2] UEC; [3] Grad. School of Science, Tohoku Univ.; [4] Earth and Planetary, Kyoto
Univ.

The horizontal structures of the mesospheric disturbances have been widely investigated with ground-based all-sky image
(ASIs). The wave characteristics, such as wavelength and propagation velocity, are derived from sequences of two-dimension
images of the mesospheric airglow. It is reported that the horizontal wavelength of the mesospheric structures has a maximu
between 10 km and 30km. The structures whose wavelength is longer than 100 km are, however, difficult to be observe
by ground-based ASls because of the limitation of ASI's field-of-view. Visible and near Infrared Spectral Imager (VISI) of
lonosphere, Mesosphere, upper Atmosphere and Plasmasphere (IMAP) mission onboard the International Space Station (IS
observed the mesospheric airglow structures from 2012 to 2015. It covered the wave length range from 500nm to 900nm. Th
airglow of 730nm (OH, Alt. 85km), 762nm (02, Alt. 95km), and 630nm (O, Alt. 250km) were mainly observed besides the other
airglow, such as 589nm (Na) and 557 (O). The 762nm airglow from the molecular oxygen is used to investigate the mesospheri
structures. The size of the field-of-view is 600km in the direction perpendicular to the ISS trajectory, and longer than 10,000km
along the trajectory. The observed airglow disturbances are categorized in three scales. The scale dependency of the mesosph
disturbances will be discussed in the presentation.



R005-P36 |/IF RAZ—815 BERS: 108 24H

Mesospheric temperature derivation using ISS-IMAP VISI data

# Ryo Murakami[1]; Akinori Saito[2]; Takeshi Sakanoi[3]; Yuta Hozumi[4]
[1] Earth and Planetary Science, Kyoto University; [2] Dept. of Geophysics, Kyoto Univ.; [3] Grad. School of Science, Tohoku
Univ.; [4] UEC

Satellite observation data of the airglow spectrum is difficult to analyze because its wavelength resolution is inferior to ground
observation data. In this research, we analyze data of the airglow emission in the mesosphere observed by the visible and ne
infrared spectral imaging device (VISI), which is an observational instrument mounted on the International Space Station (ISS
for the ISS-IMAP mission from 2012 to 2015 to estimate the temperature of the mesospheric OH layer around 85 km. It is
known that the relative existence distribution of rotational levels follows the Boltzmann distribution determined by OH rotational
temperature when OH molecules make a transition between vibrational levels. This method has been applied for the ground-ba
OH airglow observation. In this research, we apply this method to observational data from VISI to obtain OH temperature in the
wider area than that observation from the ground-base. We use the spectral mode data. The spectral mode data was focused ¢
region of interest (ROI) to observe the emission spectrum of airglow, and the observation data was recorded along with the spati
position information. Multi wavelength data of OH airglow near 828nm are processed to suppress the influence of salt-and-peppe
noise derived from cosmic-ray and white noise derived from observation equipment. Thereafter, in order to compensate for th
resolution in the wavelength direction of the spectrum diagram, we fit it with a Gaussian function and estimate temperature by
linear regression, and derive the temperature and evaluate it.
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Study of the mountain waves above Kanto plain by an airglow imaging observation

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

Imaging observation of OH airglow from Meiji University, Japan (35.84,339.549E) has been conducted to study propa-
gation and excite mechanisms of mountain waves since Dec. 2015. Since this observation site locates in the middle of the Kan
plain surrounded by rich mountains, many mountain waves are expected to be detected. However, an observed occurrence
the wave events which has zero phase speed to the ground is only 6 events between Dec. 2015 and Jun. 2019. In additic
observed mountain waves have typical wavelengths between 10 and 30 km and rarely have longer wavelength (100 km) [Ish
et al., 2018]. Moreover, some of the observed wave-like structures are likely to be the ripple structures [Okuda, 2017]. The
possible reasons for this rareness of mountain wave signatures in observed airglow images are (1) The occurrence of excitati
of mountain waves in the lower atmosphere is rare, and/or (2) most of excited mountain waves in the lower atmosphere ar
difficult to propagate up to the airglow layer. To verify these hypothesis, occurrence and properties of mountain waves excited ir
the lower atmosphere are examined by using color images taken by Himawari-8 meteorological satellite. Cloud image taken b
Himawari-8 often shows wave-like signature in a lee side of the mountain area. These are considered to be the mountain wa
structures excited as a result of the interaction between lower atmospheric wind and mountains. Wind speed and direction at tt
time can be referred from the re-analysis meteorological data, MERRA-2. Thus, by comparing the wind at lower atmosphere
and properties of wave structures (direction of wavenumber and dominant wavelength) deduced from the Himawari-8 image, th
relationship between wind speed at mountain height and dominant wavelength of the excited mountain wave is obtained. Thi
relationship is considered to be valid even under clear night and thus an initial properties of excited mountain waves at lowe
atmosphere during the airglow observation can be estimated. Possibility of propagation of this excited mountain waves to uppe
atmosphere is then verified by Ray-tracing method by using MERRA-2 data as a background atmosphere. In this study, resul
of the verification to check whether observed mountain-wave-like signatures in airglow images are propagated from neighborin
mountains or not are presented.

AW T, BISPE 2B d 2 1L ORI OfRIAZ 5 L 20154F 12 H X O, #Z)IIR 1T IC H
BIHBERFZEHEF v > 73A (35.613N,139.549E) ZHlH & L1z OH KROEA A=YV TERIE#GE L T3, Thidl
WAL AT E 2S5 2 S, IEEOMEERNZ KT 2 Lz TH %, LHL, T
NE TOBIGER D & XA R 2 R T2 R O KRKE TGS SR E N T2 DD, ZOHEIL 20154 12
HED 20194 6 HOWIRIT 6 HNICEE > T3, Ty A A=V v —OHE LARED R — VO EiEEE it %
fRfriE e VT, EREME (~100km Ofith it 7zh [4H, 2018] Bl N3 2 DEEiZZNh XD &/NhE VR
F—=ILDED (10-30km MENT EWBHSNICER > TE, & 5HIC [HH,2018]Ic KAUXNAr — )L OFEEDHIT IE A
BERED—FTHSV v TIVHEENTO R RN H 5, HHRFESN2IE EHHER O KGO ANDAEIREI D 7m0 B
el T, (1) 2828 FEAKTCIHFRIMRE S NS FEEME, (2) FEAK CHHEREIIRE S N3 PR
HEETIERLTTHY, D2 DOHMANEZBNS, T T T, AUIZETIE 2018FEICHBIF 20 F b D 8 SORHEHD
EEGIHEBICIHN S IEESE O 2170, FEICET 2 IS O HBERE & m T m ot Zia Lz, &5
12, T OfRNTER L BBIRNTT— 2% MERRA-2D RNEET— X ZET 5T LT, EDX S REHEDERC, E@;%&
WE. WHOILEED FERRICHREEND O ERHE Uz, ARETIE. TOBGRMEDN. KEOLEBIINTRERED
WIERRHCBWTESRIZN TV &IRE L. RROCHEGEHICH T S Nz iz Eh & Bbhn 260, 4RO EEIC K -
TR E Nz SR DMER L TE D TH I EMGE LTz, T75bbB, AV MED FERS D EGHE DIEH
Mo, FEKRZ TR ENZIEEID/ST A—2— GERORIAE. 7)) ZED. T OWFBMNKZOCE X Tlat
T B ENZ, MERRA-2ZERIGELELA ML= Y TFREICK OMEE LR ZHE T %,
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Study on machanism of short-term variations of chemical composition in mesosphere
using a Lagrangian chemical transport model

# Shingo Nakanishi[1]; Tomoo Nagahama|2]; Akira Mizuno[2]; Taku Nakajima[2]
[1] Particle and Astrophysical Science, Nagoya Univ.; [2] ISEE, Nagoya Univ.

Mesospheric chemical composition largely varies caused by environmental changes from the earth inside and outside. Rece
studies reported enhancement of NOx and HOx and ozone depletion in the polar mesospheric region at a large solar proton eve
These suggest that precipitation of other high energy particles such as a high energy electron from the magnetosphere also t
influence on the chemical composition in the mesosphere. For these reasons, we have installed millimeter-wave spectrometers
Rikubetsu-cho, Hokkaido (Japan), Syowa Station (Antarctic), Atacama (Chile), Rio Gallegos (Argentine) and Tromso (Norway),
and have been observing steady atmospheric minor molecules such as Ozone, NOx, HOx and ozone-depleting substances in
stratosphere and mesosphere to understand the atmospheric composition changes caused by natural phenomena such as Ene
Particle Precipitation (EPP).

In addition to these observations, we have been developing a Lagrangian chemical transport model, which is suitable for
simulation of a sudden and a local event to evaluate the influence of the atmospheric composition mechanism in the stratosphe
and mesosphere. Our developing model is an extension of the Lagrangian particle dispersion model (FLEXPART) by incorporat
ing meteorological fields data and chemical reactions in the mesosphere. FLEXPART can analyze a trajectory from the groun
to about 40 km in altitude using the reanalysis data of NCEP and ECMWF as meteorological fields input data. In this study,
we incorporated a new reanalysis dataset (MERRAZ2) as meteorological fields input data to extend the analysis range toward tt
mesosphere, and as a result, trajectory an analysis ranging from the ground to about 80 km in altitude can be made. Moreov
only OH reactions are considered in FLEXPART, although it needs to calculate non-linear chemical reactions separately in thi
study because chemical reactions caused by EPP include not only reactions by natural molecules but also ion-molecular reactic
ionization, dissociation and ion recombination, and so on. For this reason, we incorporated chemical reactions of the stratosphe
and mesosphere in FLEXPART using Kinetic Preprocessor (KPP) which is chemical reaction computation software. Now, we
can simulate for 10 days in 40 hours (about 2 days) using our desktop PC.

In this presentation, we will report the details about time and distribution changes of NO and ozone at some EPP events a
well as the results of comparison between our developing model and Whole Atmosphere Community Climate Model (WACCM)
and so on about distribution change.

FRRERE O K& MR D THIRIE. Z T TORGBEINI N T Lh SHIBRNNOEISET O B2, KELEHT 5,
IFENTHEEFIC X ZBMD 5. KBFEENCHEIN U 7z @ T %)V F— ki 7 OHIBR KGN D KB [% O A (Energetic
Particle Precipitation: EPPIZ & 2 Mt 0 NOx *® HOx H#ihn& Z U K 24 Y Y ORI ENTE D, [ARED
T EDAIENEE 7O D THE, FHEORBIRIVF—RTORD CHBERIHBEL TR 5T ENTFRINS, 7
TTCHAF. cnFcicdumEkenny, it (FEf) . 7 2a<mEi (FU) UF - AV IR (TIVEVF V),
LY (J)VDx—) I IVEDCBINEEEZRE L, BJEE - B4 >R NOX « HOx, * Y v EhiEY e %
DREKW RS FOEFBN 2TV, BT RIVF—RFOIRD THEHEDHIRBISRIC K 5 KA REBIEEICEE T 2015t 2
DTS,
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Eiiotee TOETIVIET VT VY a BT TV (FLEXPART) ZiiiE L, FB OGRS T — % (LGB~ %
B DIAATZE DTH %, FLEXPARTIIER(E, K845 DA > 7y b7 —2% & LT NCEP & ECMWF Ok 77— 2 HVF
TE., MR 5 &S 40km E TIREMMANT D ATRETH 200, RO SRTH 2 MBI T ENTVERN, FT THRL
. Y ab—y g VHEIPZPREE TR T 570, #Hific A 7y b7 —% & LT MERRA2 [kt 7 — 2 Z2 Fil
TEBXDIHHRL.. HZED 5 &R 80km X TOIRBMRAENT N AIREL 7> 72, 7o, FLEXPART Tl 2 RIGIERE &
LT OHICKBIHEDAZERL TVEH, EPPEFIC KB ARIBRE T, T FOMIGTET TR, A4 20T
[RGB - fREE A VERS SR EZ BT O. LIRS Z HRETR T 2 0805 5, T THRLIE. (LK
JSETEY 7 b7 £ 7 T%H % Kinetic PreprocessofKPP) 7% FLEXPART ICHAATS C & ¢, WJEE - hRIEIC I % &Ml
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Observational evaluation of temperature and wind perturbations associated with
small-scale gravity waves

# Shin Suzuki[1]; Satonori Nozawa[2]
[1] Aichi Univ.; [2] ISEE, Nagoya Univ.

The Tromsoe Na lidar operated by the Institute for Space-Earth Environmental Research, Nagoya University has monitore:
wind and temperature structures associated with auroral activity in the high latitude upper atmosphere since 2010. Althoug
the observations are limited during the winter night, the lidar detected atmospheric wave signatures with period of a few hour:
and temperature change related to the wave propagation with high precision (less than 1K). Furthermore, this lidar started five
direction observation from 2012: horizontal distance between the beam positions are 58 km or 22 km at a height of 100 km an
the observational setup can detect smaller-scale perturbations.

In this study, we tried to identify small-scale (less than 100 km) and short-period (less than 1 h) gravity waves by using
the Tromsoe Na lidar. Gravity waves contribute significantly to the wind field and thermal balance in the mesosphere and
lower thermosphere (MLT) region because they vertically transport horizontal momentum from the lower atmosphere. It is
also pointed that, in particular, smaller-scale and shorter-period waves tend to transport larger momentum. Small-scale gravi
waves in the MLT region are mainly studied with airglow imaging measurements. The airglow measurements, however, canno
observe temperature and wind perturbations directly, which are necessary for the estimation sfmementum flux. Based
on temperature and wind perturbations with the five-direction lidar, we evaluate dynamical effect of small-scale gravity waves
propagating in the upper atmosphere quantitatively.

In this presentation, we will report some initial results derived from simultaneous measurements of the lidar and airglow
imaging in 2013-2016.
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The relation between the intraseasonal oscillation in the MLT and the stratospheric
QBO/SAO

# Mizuki Akiyama[1]; Yasunobu Miyoshi[2]
[1] Earth and Planetary Sciences, Kyushu Univ; [2] Dept. Earth & Planetary Sci, Kyushu Univ.

Recent satellite observations, such as HRDI/UARS, have revealed intraseasonal oscillations of the zonal wind with period:
from 20 to 120 days in the equatorial mesosphere and lower thermosphere (MLT). In this study, using an atmosphere-ionosphe
coupled model (GAIA), we investigate the detailed characteristics of intraseasonal oscillation variation using the global data of
the GAIA model and its correlation with between the stratospheric quasi-biennial oscillation (QBO) and the stratospheric semi-
annual oscillation (SAO). First, our analysis indicated that the oscillation with periods from 18 days to 36 days are significant
in low latitudes (30S-30N) between 80 and 120 km heights. Furthermore, the amplitude of the intraseasonal oscillation in the
equatorial MLT has strong seasonal and interannual variations. For example, the amplitude of the intraseasonal oscillation has
maximum during January-February in 2011, whereas the amplitude has a minimum during September-December in 2010. Ot
analysis showed that the amplitude of the intraseasonal oscillation is enhanced (attenuated) during the easterly (westerly) phe
of the QBO and SAO. In the next step, we study the relation between the amplitude of intraseasonal oscillation and atmospher
wave activity, such as tides and equatorial waves.

WTEOEEE (HRDI/UARS) 1C & b FRIE O HEE K O R EARENC 38U T 20 HA S 120 H EHIO 5P m o0 2R i N
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R R 2 RN, & IR EITE 2 4 JE FAHREN N O i B AR RS & OAHEI 2 B8 L THTz, I UHIC2 00 7THENDS
20 1 BAEICDWVT, AT MUt 2R L. IREEHN 18HN 5 3 6 HOZEHHBE L TWE T EWMnhot, &
T2 B OFEEE - @E D S BENIRINIFEE 3 0 Eh 5tk 3 0 EOFEEE. SE 80N 5 1 2 0 km DHEIK
TEETWVS T DR TE Iz, RICTHJEEME 2 4F 5 FAHRE) S O R BB AEIRED & OB DWW TRMT 217 o 720 2R
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Reproducibility of gravity waves over the Antarctic in the ERA5 meteorological
reanalysis

# Lihito Yoshida[1]; Mitsumu K. Ejiri[2]; Yoshihiro Tomikawa[2]
[1] Polar Science, SOKENDAI; [2] NIPR

Gravity waves are generated by mountains, jet streams, etc., and propagate into the mesosphere, which decelerate the me
spheric jet stream. Although this effect is essential in long-term forecast and climate change prediction, it needs to be imple
mented in models through gravity wave drag parameterization because of its smaller spatial scales than the model grid. Howeve
it is still incomplete because of no horizontal propagation in the gravity wave drag parameterization scheme and lack of observe
tions in the Antarctic region. Even the latest climate models cannot sufficiently reproduce the timing of polar vortex breakdown.
Therefore, it is planned to perform meteorological observations of the Antarctic lower stratosphere with superpressure balloon:s
which can estimate the momentum transport by gravity waves. Since superpressure balloons move along with an air parcel on
constant density surface, this observation is the only way to obtain information of momentum flux and kinetic / potential energy
for the entire period range (approximately 5 minutes to more than 10 hours) of gravity waves.

On the other hand, increasing resolution of the latest objective and reanalysis data encourages us to estimate the moment
flux and energy of gravity waves from them. It is reported that the European Centre for Medium-Range Weather Forecast:
(ECMWEF) operational analysis reproduced the horizontal distribution of momentum flux due to gravity waves, which was simi-
lar to but smaller than the observations by a factor of 3-5. It is probably because small-scale gravity waves cannot be represent
in the ECMWF model. In addition, it is pointed out that the gravity wave drag due to small-scale gravity waves cannot be suffi-
ciently reproduced in the WACCM model because the horizontal and vertical wind speeds do not follow the power law near the
limit of the horizontal resolution of the model.

In this research, spectral features and gravity waves in the latest meteorological reanalysis data ERAS are compared with val
ous observations, and evaluated in their reproducibility (i.e., altitude and period dependence, and orographic and non-orograpt
difference). The primary purpose of this study is to carry out a preliminary survey of gravity wave features in ERA5 for com-
parison with the planned superpressure balloon observations in Antarctica around 2021. Since the previous research compa
superpressure balloon observations from September to December 2010 with the ECMWEF operational analysis, we will investi
gate differences in gravity wave reproducibility using ERA5 during the same period. We also compare them with the data of
brightness temperature disturbances obtained by AIRS onboard NASA's satellite Aqua. In addition, we plan to compare then
with gravity wave spectrum of the whole frequency range obtained by the PANSY radar at Syowa Station in Antarctica.

BHAPIFIHEER Y oy MR ERIRE 50T PREEE CEELTHEEY oy MamzcE S Y 5, COBERE
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Geomagnetic activity-related Na layer and CNA variations observed over Syowa,
Antarctic

# Takuo Tsuda[1]; Takuya Kawahara[2]; Yoshimasa Tanaka[3]; Mitsumu K. Ejiri[4]; Takanori Nishiyama[4]; Takuji
Nakamura[4]
[1] UEC; [2] Faculty of Engineering, Shinshu University; [3] NIPR/SOKENDAI; [4] NIPR

Metallic layers, such as Na, Fe, Mg, K, and Ca layers, exist in the mesosphere and lower thermosphere (MLT). The heigh
range of the MLT region corresponds to the ionospheric D and E regions, and in the polar region energetic particles precipitatin
from the magnetosphere can often penetrate into the E region and even into the D region. Therefore, the influence of energet
particles on the metallic layers is of interest regarding changes in atmospheric composition accompanied by auroral activity o
geomagnetic activity.

In the present study, we have performed a statistical analysis on geomagnetic activity-related Na layer responses using N
density data, together with cosmic noise absorption (CNA) data. Those data were obtained from simultaneous observations
Syowa, Antarctic (69.0S, 39.6E) in 2000-2002. Utilizing the ground-based observational data, we can investigate local-time
characteristics in the geomagnetic-related Na layer response, while it was difficult to see local-time variations in such Na laye
responses from the statistical investigation by our previous work because of its dataset obtained from the polar orbit satellite.

As the results, it is found that the Na densities around the topside of Na layers tended to decrease but the CNA tended t
increase during geomagnetic active days. The amounts of Na density responses, i.e., Na density decrease or Na loss, wi
increasing with magnetic local time (MLT) from dusk hours to dawn hours, and those of CNA responses, i.e., CNA increase,
were also increasing with MLT. Thus, there were clear negative correlations between the Na density and the CNA variations
These MLT characteristics would be observational evidences for the the Na loss induced by the energetic particle precipitatio
during geomagnetic active days.
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Na lidar at Tromso and discussion about the observed vertical wind velocity offset

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

An Nd:YAG laser-based sodium temperature/wind lidar was developed for the measurement of the northern polar mesosphe
and lower thermosphere at Troms&amp;#248; (69.6N, 19.2E), Norway. The Na lidar is able to measure vertical wind velocity
(generally thought to be 0 m/s) but our data in the past show the wind offset of 5-10 m/s at any altitudes. The wind velocity is
largely dependent on the laser frequency locking accuracy and its locking stability during the observation. So we examined th
past wind data, extract the wind offset in each observation day and discussed about the laser locking accuracy or stability. In th
presentation, we show the results.
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