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Formation of Polar Cap Plasma Hole
#Takahiro Obard
(IPPARC, Tohoku University

In the night side polar cap region, the low density of the ionospheric plasma, called the polar cap plasma hole, was first
studied in 1978. The formation of the polar hole is more often connected to the prolonged recombination in darkness. During
the magnetically quiet condition, the polar hole forms as a result of slow anti-sunward convection across the dark polar cap.
Vertical sounder experiment, which was carried out by Ohzora satellite in 1985, revealed that the polar hole structure appeared
in the night side polar cap, extending down to the peak height ("200km) of the ionosphere. In cases of noon-night passes,
plasma density monotonically decreased from the noon side to the night side, forming deep plasma hole just poleward of the
night side auroral oval. By using the gradient of the slope, we have evaluated loss time constant of O+. Results demonstrated
that the loss time constant is at about 2,000 sec, assuming the weakened convection speed (0.1 km/sec) across the polar cap.
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Improvement of the Auroral Computed Tomography analysis method for each au-
rora type
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Kadokur&)
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Auroral Computed Tomography (ACT) is a method to reconstruct the three-dimensional (3-D) spatial distribution of the
auroral luminosity and the energy distribution of the precipitating electrons from auroral images taken simultaneously at
multiple observation sites. So far, the ACT method has been mainly applied to discrete auroras, and has been clarified to
be effective in estimating their altitude profiles and the energy spectra of the precipitating electrons. It is generally difficult
to reconstruct the 3-D distribution of faint auroral phenomena, such as pulsating auroras, by the ACT analysis. Due to the
development of high-sensitivity imagers, however, there is a growing demand for the use of ACT analysis for the pulsating
auroras. The improvement the ACT method and analysis procedures is required to reconstruct the 3-D distribution of the
pulsating aurora.

In this study, we summarize the ACT analysis method and its key points separately for the discrete auroras and pulsating
auroras. In particular, we focus on the following points: (1) the reduction of the effect of the diffuse auroras, (2) the estimation
of the relative sensitivity between imagers, (3) the determination of the hyper-parameters of the regularization term, and (4)
the validation of the reconstruction results using model auroras. We have also extended the ACT method to more generalized
one, the G-ACT method, which retrieve the 3-D spatial distribution of the aurora (and ionospheric electron density) and the
energy distribution of the precipitating electrons by combining multiple auroral images with ionospheric electron density
observed by radars. We also show the points to be considered when combining optical data and ionospheric electron density
data in this G-ACT analysis.
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Reconstruction of the three-dimensional structure and precipitating electrons of

pulsating auroras by Aurora Computed Tomography

#Mizuki Fukizawd), Takeshi Sakandi, Yoshimasa Tanaky Yasunobu Ogawt,Bjorn Gustavssoh,Kirsti Kauristie®) ,Carl-
Fredrik Enell’,Alexander Kozlovsky, Tero Rait&),Urban Brandstrofi, Tima Sergienkd

(1Graduate School of Science, Tohoku UniverSi§PARC, Grad. School of Science, Tohoku UANIPR/ROIS-DS/SOKENDAI,
(“NIPR,®UIT - The Arctic University of Norway’Finnish Meteorological Institute,EISCAT Scientific Associatiof Sodankyla
Geophysical Observatory, University of Oufl§wedish Institute of Space Physics

Aurora Computed Tomography (ACT) is an inversion analysis method to reconstruct the three-dimensional (3-D) distri-
bution of auroral luminosity and the energy and spatial distributions of precipitating electrons from monochromatic auroral
images obtained with multiple ground-based optical instruments (e.g., Aso et al., EPS, 1998). The ACT method has been
applied to discrete auroras (e.g., Tanaka et al., Ann. Geophys., 2011). On the other hand, it is relatively difficult to reconstruct
the 3-D structure of pulsating auroras (PsAs) by ACT since PsAs generally have low contrast and faint structures. Therefore,
there have been no reports of 3-D reconstruction of PsAs so far.

This study aims (1) to reconstruct the 3-D distribution of the PsA emission intensity and the energy and spatial distribution
of precipitating electrons and (2) to estimate the 3-D distribution of the ionospheric electron density from the reconstructed
volume emission rate.

We used monochromatic auroral images obtained with three all-sky imagers in Skibotn (69.35 degrees north, 18.82 degrees
east), Kilpisjarvi (69.05 degrees north, 20.36 degrees east), and Abisko (68.36 degrees north, 18.82 degrees east) during the
substorm recovery phase in 0-2 UT on 18 February 2018. The observation wavelength is 427.8 nm and temporal resolution is
2 s. We selected PsA patches observed at the observation point of the EISCAT radar in Tromsoe (69.58 degrees north, 19.23
degrees east).

We applied ACT to the PsA patches and obtained the 3-D distribution of the volume emission rate from the auroral images.
The background diffuse auroral emission was subtracted from the auroral images as uniform emission to reduce noises before
conducting ACT. The peak altitudes of the reconstructed volume emission rates were 92-96 km and the full widths at half
maximum were 18-22 km.

The horizontal distributions of the reconstructed precipitating electrons’ average energy were high at the edge of the PsA
patches. The total energy flux of the reconstructed precipitating electrons was proportional to the square of the average energy.
This relationship indicates that the precipitating electrons are accelerated by a filed-aligned electric potential drop at the edge
of the PsA patches (Ono and Morishima, GRL, 1994). To confirm whether these distributions are artifacts from the ACT
analysis, ACT was applied to the pseudo images obtained by solving the forward problem assuming that the precipitating
electrons have a uniform total and average energy distributions on the horizontal plane. The horizontal distribution of the
reconstructed precipitating electrons’ average energy was uniform and not high at the edge of the PsA patch. This indicates
that ACT could solve the inversion problem correctly and that the result obtained from observation data would not be artifacts.

The 3-D distribution of ionospheric electron density was derived from the reconstructed precipitating electrons by solving
the continuity equation for electron density with the steady state assumption. We compared the reconstruction results with
the EISCAT radar data.. The error between them was small when the PSA emission intensity was large. However, the derived
electron density was underestimated compared to that observed by the EISCAT radar as the PsA emission intensity attenu-
ated. Therefore, the electron density was obtained by solving the continuity equation by the Runge-Kutta method without
the steady state assumption. The error at the time when the PsA emission intensity attenuated became smaller. This result
indicates that it is necessary to consider the time constant of recombination between electrons and ions when deriving the
electron density from the volume emission rate of 427.8 nm especially for PsAs having quasi-periodic temporal modulations.

Through this study, we were able to reconstruct the energy and spatial distribution of precipitating electrons that cause PsA
and the 3-D distribution of volume emission rate from auroral images with a wavelength of 427.8 nm observed from three
points on the ground. It is expected that more realistic reconstruction results can be obtained by combining the auroral images
and the 3D observation data of the ionospheric electron density by EISODARdar, which will start observation in the late
2022.
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Simultaneouspulsating aurora and microburst observationswith ground-based
fast auroral imagersand CubeSatFIREBIRD-II

#Miki Kawamurd), TakeshiSakanol) ,Mizuki Fukizawd’ , YoshizumiMiyoshi?) ,KeisukeHosokawa ,FuminoriTsuchiyad’, Yuto
KatoH)),YasunobLOgawé) ,YasunobuOgawa ,Shinji Saitd” ,HarlanSpencé@ ,Arlo Johnso® ,Shin’ichiroOyam&’ ,Brandstorm
Urbar?

(1Ty,2ISEE,NagoyaUniv.,*UEC (*NIPR (ISAS/JAXA,(®NICT,("Univ. New Hampshird® MontanaStateUniversity° Swedish
Instituteof Space Physics

We reporttherelationshipbetweemulsatingauroraandrelativistic electronmicroburstusingsimultaneou®bservatiorof
ground-based fast auroriatagersand the FIREBIRD-IICubeSat fothe firsttime.

Miyoshi etal. (2020)hagroposedhatboth of the 10 keV electronthatgeneratepulsatingauroraandmicroburst(high-
speedmodulationof MeV electronat 1 Hz or higher)arecausedy choruswavespropagatingalongthefield line. However,
simultaneoupulsatingauroraandmicroburstaverenot reportedsofar. In this study,we examinedhe datatakenby ground
opticalauroralEMCCD imagers(100 FPS,BG3 grassfilter) at two locations(Sodankyla67.37degreenorth, 26.63degree
east)andTjautjas(67.31degreenorth,20.73degreesast))andhigh-energyelectrondata("220keV to >1 MeV) obtainedby
alow-altitude(4337632km) satelliteFIREBIRD-II CubeSaFlight Unit 4 (FU4)to clarify therelationshipbetweerpulsating
auroraand microburst. We found oneeventwhenFU4 passedver the pulsatingauroralpatchat latitude 67.1 degreenorth
andlongitude23.1 degreeeast(L = 5.4) during the period from 00:28:16UT to 00:28:19UT on October8 ,2018. FU4
observedhe energy-dispersegrecipitatingelectronsj.e., sub-relativistic/relativistienicroburst,from “210eVto "MeV. On
theotherhand,all-sky imagersobservedhulsatingauroralvariationswith atypical periodof 2 secwith internalmodulations
of 300ms("3Hz). Similar 3Hz modulationsverealsoseenin the high-energyelectronprecipitationsbtainedwith FU4. We
carriedout detailedanalysisof thetimings of the electronprecipitationsn the energyrangehigherthan™220keV thetiming
of the pulsatingauroralemission.We foundthatthe starttime of the pulsatingauroralemissionwas 585 mslaterthanthose
of theelectronprecipitationdn the energyrangehigherthan™220keV. We calculatedhe velocity dispersiorof precipitating
electronswhich havebeentheoreticallyderivedin Miyoshi et al.(2010,2020nnd Saitoet al.(2012),at L = 5.4to explain
the delaysestimatedabove.In this analysiswe assumedhatthe electrondensityn of 10 /cm”3is constan@alongthe same
field line, the sweeprateof therising toneelemento 2 kHz/s,andusedthe dipole magnetidfield model. Thetime accuracy
of FIREBIRD andEMCCD to the UniversalTime is = 55 msand + 10 msrespectively.The estimatedselocity dispersion
curvesreproduceoverall trend of the observedenergydispersionby FU4 andEMCCD. The resultsconfirmedfor the first
time the theoreticalpredictionby Miyoshi et al.(2020)that the relativistic electronmicroburstis a high-energytail of the
pulsatingauroraelectronsandshowthatthe choruswavespropagatingrom the magneticequatorto the high-latitudescause
wide energy electroacatteringrom a few keV to MeV.
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Statistical study of subauroral arc detachment at Athabasca, Canada: new in-

sights on STEVE
#SNEHA YADAVY) Kazuo Shiokaw&, Yuichi Otsuka’,Martin Connor®
(1]SEE, Nagoya Univt2Center for Science, Athabasca Univ.

In the past, individual statistical study of SAR (stable auroral red) arc and STEVE (strong thermal emission velocity en-
hancement) have been carried out at subauroral latitudes (Takagi et al., 2018 and Gallardo Lacourt et al., 2018). However,
detailed comparative statistical study of geomagnetic conditions for different subauroral arcs at a single station is missing
from the literature. A statistical study of subauroral arc with simultaneous emission in red and green-line also remains un-
explored. The comparative statistical study of different arcs is important to understand the specific geomagnetic conditions
under which the arcs develop as red arc, red+green arc, and STEVE. In this study, we present the first comparative statistical
study of subauroral arc detachment from the main auroral oval at Athabasca (magnetic latitude = 61.5 N), Canada, for three
different types of subauroral arcs: pure red arc, red arc with simultaneous emission in green-line (red+green arc), and STEVE.
Based on 15-years (2006-2020) of all-sky imaging observations, this study not only uncovers the occurrence characteristics
of different arcs but also provides important insights into the specific geomagnetic conditions under which STEVE develops.
Red arc was the most common subauroral arc (139 events), followed by red+green arc (44 events), and STEVE (26 events)
was a rare phenomenon. The detachment rate of red and red+green arcs exhibits dependence on both the solar flux and
geomagnetic activity. The detachment rate of STEVE was higher during premidnight, whereas red and red+green arcs were
higher around the midnight sector. The geomagnetic activity was relatively higher for STEVE, the decrease in the AL index
and local X-component magnetic variations were "2-3 times higher for STEVE as compared to other arcs. STEVE shows
a strong association with asymmetric ring current in terms of prominent bay-like enhancement in ASY-H index prior to the
STEVE detachment. Such bay-like enhancement was "4 times higher for STEVE as compared to other arcs. STEVE events
were accompanied by dispersionless injection for both electron and proton flux at the geosynchronous orbit. These results
unambiguously suggest that STEVE develops after the substorm associated energy injection and significant intensification of
asymmetric ring current in the dusk sector.
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Effects of CIR- and CME-driven magnetic storm on ion upflows in the low-altitude
polar ionosphere
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Molecular ions (QT/NO*/N, ) in the ring current of the terrestrial magnetosphere have been observed during the mag-
netic storms [e.g., Klecker et al., 1986; Seki et al., 2019]. These ions originate from the low-altitude ionosphere. In the
ionosphere, upward ion transports (upflows) supply sources of the ions outflowing to the magnetosphere. Since the molecular
ions usually exist in the low-altitude<300 km) ionosphere and can be affected by neutral winds, the generation mechanisms
and properties of ion upflows to transport molecular ions are different from those {¢.6., Ogawa et al., 2010; Yamazaki
et al., 2017]. In particular, their dependence on solar activities is one of the important properties to understand formation
mechanisms of the ion upflows. In a previous study by Ogawa et al. [2019], the characteristicioafupflows in the polar
ionosphere were investigated during CIR- and CME-driven magnetic storms by using EISCAT radars. They reported that the
upflows during CIR- and CME-driven storms have different dependence on magnetic local time. For the CIR-driven storms,
upward ion flux around noon was pronounced, while it was enhanced around midnight during the CME-driven storms. Their
study focused on the ion upflows in the altitude range between 400 and 500 km, whesetl@ dominant species, and
responses of the ion upflows to the different type of magnetic storms in the low-altitude ionosphere, where molecular ions
exist, are far from understood. The purpose of this study is thus to understand effects of CIR- and CME-driven magnetic
storms on ion upflows in the low-altitude ionosphere based on long-term observations of the EISCAT radars.

We used data from the EISCAT UHF radar at Tromso and Svalbard radar at Longyearbyen from January 1, 1996 to Jan-
uary 1, 2016, and investigated statistical properties of ion upflows and ionospheric conditions during CIR- and CME-driven
magnetic storms. We used 5-minute time resolution data when the radar was looking along the local magnetic field line. The
ionospheric parameters such as electron density, ion velocity, and ion and electron temperatures were averaged over 250-350
km altitudes. We screened data to exclude unrealistic values with the following criteria: Absolute value of ion velocity was
less than 1500 m/s, ion and electron temperatures were less than 10000 K, and electron density was madferthan 10
and less than I8 m—3. To understand the similarity and difference between low- and high- altitude upflows, we compared
data at different altitude ranges using results from the previous study [Ogawa et al., 2019]. The results show that the upward
velocity in the nightside at Tromso increased with increasing altitude in the main phase of both CIR- and CME-driven mag-
netic storms. On the other hand, the upward flux in the nightside at Longyearbyen was not enhanced at any altitude after
CIR-driven storms, whereas it increased from the low-altitude region after CME-driven storms. It was also confirmed that any
effect of the magnetic storms that was remarkable at the higher altitudes reported in the previous study [Ogawa et al., 2019]
was not seen in the dayside low-altitude ionosphere at Longyearbyen. In the presentation, we will also discuss dependence
of the low-altitude upflows on ion/electron temperature and density.

References:
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Statistical investigation of polar mesosphere winter echoes by the PANSY radar:
Superposed epoch analysis to substorm activities
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Yasunobu Ogawa?)

(IPolar Science, SOKENDAENIPR (*Graduate School of Science, Univ. of Tok{&0IS-DS

One of the interesting aspects of the polar atmosphere is the effect of geomagnetic activities on the neutral atmosphere.
Polar mesosphere winter echo (PMWE) is a coherent echo observed by VHF radars in the polar region during the winter
period. The enhancement of echo power is influenced by not only the existence of the atmospheric turbulence (Yamamoto
et al., 1986) but also the ionization due to energetic particle precipitation (EPP) during geomagnetically disturbed periods
(Nishiyama et al., 2018). Recent studies reported enhancements of PMWE during substorms corresponding to EPP in a
shorter timescale from several minutes to hours (Kataoka et al, 2019; Tanaka et al., 2019).

In this study, we statistically investigated the dependence of PMWE appearance on EPP during substorms. We used the data
of the mesospheric echo power observed by the PANSY radar (Sato et al., 2014) at Syowa station (39.6E, 69.0S; CGMLAT=-
66.5) in the Antarctic region in two austral winter seasons from 2017. The substorm activity is categorized by the amplitude of
the southward excursion of the local magnetic field at Syowa station, which is a proxy of the amplitude of auroral electrojets.
The timing of the minimum values of the north-south component;(hlis used as zero epoch time, and the altitude-resolved
echo powers are superposed.

First, positive dependencies of PMWE duration to the substorm activities are found during nighttime. The cosmic noise
absorption at Syowa station is larger on average for larger activities, suggesting statistical dependencies of PMWE on ion-
ization due to EPP during substorms. PMWE is enhanced at 75-85 km on average for any activity level, while they reach 70
km before and after the zero epoch time for larger substorms, whgrg id less than -600 nT (shown in the figure). On
the other hand, PMWE in the daytime does not show clear dependence against substorm activities in terms of intensity and
duration. It is suggested that the variation of electron density by EPP, which is much smaller than the background electron
density during the daytime, does not have significant effects on the appearance of PMWE. In this presentation, we will also
discuss the contribution of EPP to PMWE appearance by comparing our analysis to an empirical model for electron density
in the mesosphere.

Superposed for AH,,,< -600 nT events during nighttime

100

Noise dug to meteors.

-800 AH variation at Syowa]

-2 -1 0 1 2 3
Time from AH,;, [hour]
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Behavior of Ca+ layer in the mesosphere observed with a resonance scattering li-
dar at Syowa Station

#Mitsumu K Ejiri*-?), Takanori Nishiyamh?), Takuo Tsud& ,Masaki Tsutsuni?),Makoto Abd" Katsuhiko Tsun® , Takuya
Kawahar& , Takayo Ogawa,Satoshi Wad4, Takuji Nakamur&?

(INIPR (2SOUKENDAI,BUEC (*System Design, Tokyo Metropolitan Uni?RIKEN,(®Faculty of Engineering, Shinshu
University("ASI, RIKEN

Layers of metal ions in the mesosphere and lower-thermosphere (MLT) are produced by meteoric ablation. The meteoric
metal ions have relatively long chemical life time in the MLT region and behave as plasma affected by neutral atmosphere
dynamics. In the mid-latitude, the meteoric metal ions, including Calcium iorf \Ga the MLT region are generally ac-
cepted as key species for generation of sporadic f Iéyer in the wind shear theory. Thin €dayer related with the E
layer was often observed at the mid-latitude [Raizada et al., 2012; Ejiri et al., 2019a; 2019b]. Such'thay&ausually
descends in the MLT region while rare cases stay at an altitude of about 100 km for a long time. In contrast’ thiye€a
was observed at Syowa Station (69S, 40E) only one night of 6 nights. One of thita@ears was staying around 90 km
altitude more than 3 hours while €ahemical lifetime was minutes to a few tens minutes estimated by previous studies at
the midlatitude. We estimate a Cdifetime from observation and compare with a lifetime calculated using number density
of neutral atmosphere over Syowa Station by NRLMSISE-00 Atmosphere Model. We will show the results and discuss the
Car lifetime and behavior of the Calayer by background wind in case that number density profile of neutral atmosphere
changes.
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Evaluation of GAIA polar variable model compared with observations

#Chihiro Tad),Hidekatsu Ji® ,Atsuki Shinbor?) ,Hiroyuki Shinagaw& , Yasunobu Miyosh? Hitoshi Fujiward
(INICT,?ISEE, Nagoya Univi?Dept. Earth & Planetary Sci, Kyushu UnifFaculty of Science and Technology, Seikei
University

We are extending the GAIA, Ground-to-Topside Model of Atmosphere and lonosphere for Aeronomy, to include the
magnetospheric variation via electric field deposition and auroral electron precipitation at the polar region and penetration of
the electric field toward mid-to-low latitude. In order to validate the revised model performance in variation of total electron
content (TEC), we compared model outputs with observation results from Global Navigation Satellite System (GNSS) in
both event detail and statistical behavior.

We simulated and analyzed a geomagnetic storm event on September 27-28, 2017. TEC variation and distributions at the
mid-to-low latitude due to penetrating electric field and disturbance dynamo shows good agreement with observations. On the
other hand, there are difference in TEC value and profiles in the polar region between model outputs and observation. Super-
posed epoch analysis of TEC during magnetic storm events over 2019-2020 also shows the similar similarity and difference
with the observation results.

We confirmed that the improvement of the TEC profile in the high latitudes using an electric potential map based on
SuperDARN observations instead of the Wemer empirical model. In this presentation, we will discuss the effect of assumed
auroral energy distribution and improvements.

KRR 0 B 2R T ORERD RSB & EEEE O FE RS - (b Aifiz i < €7 )L TH % GAIA(Ground-to-
Topside Model of Atmosphere and lonosphere for Aeronolay) A B O ZE O 2 3 5 K 5 WEZ1T>
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ZMLE R, HIEEANDOERHEANREZZH TN D, TOWEIMETIVIC K % S T T3 500 0O FERME 2 2 4
%7281, GNSS(Global Navigation Satellite Systein)k % 2% 740 (TEC) ZIX U & T 28I & . FHHlE X UHat
OWBRTHIEZTT> T2,
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M D TEC ARl L TiE. Weimerf(BRE 7 )L Tld 7 < SuperDARNELHIDO KT > > v )L~ TOFIHIC X %
Btk DGR I NIz, HER TR, -0 I XV F—0HOREDHEL ZDOUES, Hmd 2 TETH 5.
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Preliminary analysis of polar-type MSTIDs observed by a 630-nm airglow imager
at Nyrola, Finland

#Masaki Sat® ,Kazuo Shiokawh,Shin ichiro Oyam&, Yuichi Otsuka

(1]SEE, Nagoya Univ.

Medium-scale traveling ionospheric disturbances (MSTIDs) are ionospheric plasma density structures with scale sizes of
100-1000 km and are observable through 630-nm airglow imagers. Shiokawa et al. (2012) and Yadav et al. (2020) reported
high-latitude MSTIDs which move associated with auroral brightenings, based on airglow imaging observation at Tromsoe
(69.6 N, 19.2 E; magnetic latitude: 66.7 N), Norway. Here we call such MSTIDS adlar-type MSTIDs”. However, the
lower-latitude boundary of the polar-type MSTIDs has not been clearly observed. In this study, we analyzed the MSTIDs
observed at Nyrola (62.3 N, 25.5 E; magnetic latitude: 59.4 N), Finland, which is located equatorward of Tromsoe, during
the period from January 23, 2017 to April 29, 2017, and August 18, 2017 to December 30, 2017, using an airglow imager
deployed by the PWING project. The association of geomagnetic disturbances with the MSTIDs was clarified by using the ge-
omagnetic field data obtained by the IMAGE magnetometer chain (https://space.fmi.filimage/www/index.php?page=home).
As the result, we found three polar-type MSTID events. The two of them show clear equatorward boundary of MSTIDs over
Nyrola, while the other one shows a possibility that the MSTIDs expand further lower latitudes. In the presentation we will
report results with longer observation interval and discuss the equatorward boundary of polar-type MSTIDs.

References:
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BERZ e B2 510, /IVT 2 —D Tromse DAKFEERNCAIET 27 2> 5> RO Nyrola (62.3°N, 255°E ;
WAk ©59.4° N) T, PWING 70V 7 MK B REEA A= vk >T MSTID 2Bl L7z, THE T
BrU7ziE, 201741 H 23 HMS 20174 4 H 29 H, 20174 8 H 18 HM5 20174F 12 A 30 HEX TOME T
H%, THIT. | MAGE magnetometerchain (h ttps://space.fmi.filimage/www/index.php?page=hbmiek > Tt E
NIRRT —2ZHWE LT, MSTID O#j& &Y 7 A b— Lk & OHRGHEEL & ORIRZIHEIC Uiz, Z 0
B, ThET3flomiETo MSTID ZRHEL., 2055 261k, =050 22T OB RN - & 0 B
TN, OO 1HIE K DIRE X THD > TOSA[HEEN D 5 T eV o Tz, Ml TIE, XK OB ZHE> Lz
fRNTHER E ZDERERET B TETH %,

References:
Yadav et al. (2020), https://doi.org/10.1029/2019JA027598
Shiokawa et al. (2012), https://doi.org/10.1029/2012JA017928



R0O05-11
Zoom meeting C : 11/1 AM2 (10:45-12:30)
12:00~12:15

wEEHSEFHEICKBKRM Elﬂﬁﬁhﬁ'ﬁaﬁ%ﬁl?ﬁﬁw)*ﬁi&@]HH—:EEI 1

#IE WD, )1 FR D, Rig igE— D, P98 13 2, [P B8 2, Martin Connord),Shevtsov Bori§ ,Poddelsky Igob, 47
JE et o), 5] JEIE © iE skl 0, e T4 ) ﬁéﬁﬂj A 1’ ﬁﬂ FDEEE S, U i D

CEIN ISEE (2 [ Yt AT, (3Athabasca Un|v<4IKIR (5 é{Rk 6 %jtk (7 SR, (5 =it RS

Multi-event study of simultaneous observation of nighttime MSTIDs from the
ground and the Arase satellite

#Kouki Kawai) ,Kazuo Shiokaw&, Yuichi Otsukd’,Akira Kadokura), Yoshimasa Tanak Connors Martid),Boris Shevtso¥,
Igor Poddelsk§, Yoshiya Kasahara, Yasumasa KasaPaFuminori Tsuchiy& ,Atsushi Kumamot®,Atsuki Shinborl) ,Ayako
Matsuokd,lku Shinohar®,Yoshizumi Miyosht)

(11SEE, Nagoya Univi?National Institute of Polar Researththabasca Unit*IKIR, (®°Kanazawa Univ{éTohoku Univ.,
("Kyoto Univ.,(8ISAS/IAXA

Traveling ionospheric disturbances (TIDs) are wavelike structures of electron density in the ionosphere. TIDs are clas-
sified as small, medium, and large scale [Hunsucker, 1982]. The interhemispheric propagation of nighttime medium-scale
TIDs (MSTIDs) has been confirmed by simultaneous observations of ground airglow imagers in both hemispheres [Otsuka
et al., 2004]. Otsuka et al. [2004] suggested that the conjugacy of the electric field along the magnetic field lines played
an important role in the MSTID generation. However, the conjugacy of the electric field associated with MSTID had not
been reported by satellites in the magnetosphere. We have firstly reported simultaneous observation of the nighttime MSTIDs
with an airglow imager at Gakona (62.39 N, 214.78 E) and the Arase satellite on November 3, 2018 [Kawali et al., 2021].
In this event, the electron density fluctuation and the electric field variation measured by Arase were clearly associated with
the MSTIDs. Here, we investigate more simultaneous observations of nighttime MSTIDs with the airglow imagers installed
at high latitudes and the Arase satellite for 4 years from April 2017 to April 2021. We analyze electromagnetic fields and
plasma densities obtained by Arase and compare them with several MSTID events observed by airglow imagers at 10 sta-
tions (Athabasca, Gakona, Kapsukasing, Istok, Zhigansk, Husafell, Magadan, Nyrola, Tromsoe, and Paratunka) deployed by
the PWING project [Shiokawa et al., 2017]. In most cases, we found no clear correlation between MSTIDs and variations
of electromagnetic fields and plasma densities observed by Arase. This result contradicts the fact that most MSTIDs have
conjugation at middle latitudes [Otsuka et al., 2004; Shiokawa et al., 2005; Martinis et al., 2017]. We discuss the possibility
that there is less propagation of MSTID structures from the ionosphere at high than at middle latitudes.
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Statistical analysis of nighttime MSTIDs characteristics using the mid-latitude Su-

perDARN radars
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We analyze the characteristics of nighttime medium-scale traveling ionospheric disturbances (MSTIDs) using the mid-
latitude Super Dual Auroral Radar Network (SuperDARN) radars installed in Japan and the United States. We examine the
longitudinal difference of the relationship between MSTID and solar activity by analyzing long-term data for 11 years, cor-
responding to one solar cycle. We find that the propagation direction is mainly southwestward and rotates clockwise with
progressing local time in Japan and North America. This tendency can be explained by the Perkins instability, which is
considered to be associated with the growth of nighttime MSTIDs and the change in the direction of nighttime mid-latitude
neutral winds. In addition, we reveal a negative correlation between the nighttime MSTIDs amplitude and the solar F10.7
index. This negative correlation can also be explained by the linear growth late of the Perkins instability, which is inversely
proportional to (Hn, v _in, and then to the) solar activity. This study is the first to show the global solar activity dependence
of the nighttime mid-latitude MSTIDs using the SuperDARN data.
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Propagation characteristics of MSTIDs of different altitudes Obtained by HF

Doppler sounding and GPS-TEC
#Yuki Nishiyama) ,Hiroyuki Nakat& ,Hiroyo Ohya) Keisuke Hosokaw#, Takuya Tsugawa,Michi Nishioka?)
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We analyze medium scale traveling ionospheric disturbances (MSTIDs), which frequently occur during daytime in winter
and during nighttime in summer. The period of the MSTIDs is about 15 to 60 minutes. Although it is known that the MSTIDs
are caused by Perkins instability and atmospheric gravity waves, there are some unknown characteristics about the altitudinal
distributions of the MSTIDs. In this study, we examined the characteristics of the MSTIDs using HF Doppler sounding
utilized by the University of Electro-CommunicatiofdJEC) and TEC data from the GNSS Earth Observation Network
(GEONET) of the Geospatial Information Authority of Japan (GSI). The HF Doppler sounding observes the ionosphere at
the altitudes of 150km to 250 km, using 5.006 MHz and 8.006 MHz radio waves transmitted from the UEC Chofu campus.
The TEC observation, on the other hand, observes fluctuations of the plasma distribution of the altitude around 300 km. By
using these data, we analyzed the MSTID that occurred on January 24, 2015. In this study, Doppler frequency data received
at seven sites were used; litate, Sugadaira, Kakioka, Oarai, Sugito, Fujisawa, and Kyoto.

In the HF Doppler observation, similar waveforms were observed at these seven sites for both 5.006MHz and 8.006MHz
during 00:00UT to 06:00UT. Here, we examined the propagation characteristics of MSTIDs using the Doppler frequency
data of 8.006MHz. We calculated the correlation coefficient of Doppler data for any two sites every one hour and determined
the time delay of MSTIDs at each location by identifying the time when the correlation coefficient was the maximum. As a
result, we found that the wave propagated from northwest to southwest.

We also examined the temporal variation of the TEC disturbance, and found that the TEC disturbance also propagated from
northwest to southwest, which is consistent with the propagation characteristics of the HF Doppler observation.

These results indicate that the propagation characteristics at altitudes of 150km and 300 km are similar each other. In the
presentation, we would like to mention the three-dimensional distributions of MSTIDs by comparing 5.006 MHz and 8.006
MHz.
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Relationship between Es and MSTIDs:

Comparison of Doppler shift from HFD and GPS-TEC from GEONET
#Ryo Matsushimd,Keisuke Hosokawa,Jun Saka?, Yuichi Otsuk& ,Mitsumu K Ejiri*),Michi Nishioka") , Takuya Tsugaw#
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Sporadic-E (Es) is a thin layer in the E-region ionosphere ("100 km) which is mainly composed of dense metallic ions and
electrons. Es is known to appear in the mid-latitude region during summer months. Recent theoretical studies and numerical
simulations have suggested that Es plays an important role in generating wave-like structures at F-region altitudes in summer
nighttime, which are known as Medium-Scale Traveling lonospheric Disturbances (MSTIDs). However, there have been only
a few studies investigating the simultaneous observations of Es and MSTIDs at two different altitudes; thus, the coupling of
these two phenomena has not yet been fully confirmed. To overcome this limitation, we employed data from the HF Doppler
(HFD) sounder network in Japan to detect Es and tried to evaluate the E-F coupling, i.e., Es in the E-region and MSTIDs in
the F-region. The HFD system is composed of a transmitting station in Chofu, Tokyo (35.7N, 139.5E) and receiving stations
at 11 places in Japan. Based on these multipoint observations, we derived the dynamical characteristics, such as propagation
speed and direction. A statistical analysis of the propagation characteristics of Es and MSTID was performed using a combi-
nation of HFD and Total Electron Content (TEC) data from GEONET GPS receivers for four years from 2014 to 2017. The
statistical results demonstrate that the propagation characteristics of Es and MSTIDs were similar to each other, suggesting
the occurrence of E-F coupling. However, it has not been confirmed if the variations in the HFD data actually reflect the
behavior of Es (i.e., if the reflection actually takes place at the E-region altitude).

In this paper, we used the Doppler frequency data from HFD to estimate the reflection height of the possible Es traces in
the HFD data. We employed data from Sugito, Saitama (36.0N, 139.7E) obtained in four summer seasons from 2014 to 2017.
At the times of the possible Es reflections in the HFD data, the Doppler frequency plotted in the format of dynamic spectra
showed a train of diagonal lines extending from upper left to lower right across the zero line. The figure shows an example
of the HFD data when Es was observed. The upper panel shows the Doppler frequency for time at 8 MHz and the lower
panel shows the Doppler frequency for time at 5 MHz. These diagonal traces, traversing from positive to negative Doppler
frequency, indicated that the length of the ray-path became shorter first and then, after the crossing across the zero line, it
again got longer. In most cases, the slope of such diagonal lines is too small to be explained only by the vertical motion of
the Es layer; thus, the change in the Doppler frequency represents the change of the ray-path due to the horizontal motion
of Es structures. Clear signatures of diagonal traces were identified in 79 cases out of 122 events where Es and MSTIDs
occurred at the same time. On the other hand, there were only 66 cases of diagonal traces in 193 events where only Es were
observed, and many of the diagonal lines in those cases were relatively unclear. These facts imply that the existence of the
diagonal traces in the HFD data can be used as a proxy for the discreteness of the structures of Es and MSTIDs (i.e., how
the E-F coupling is effectively working for producing clear spatial structures in both the altitudes). The duration of most of
the diagonal structures ranges from 5 to 15 min; the corresponding spatial scale of the structure relatively smaller than the
wavelength of MSTIDs. This suggests that the diagonal traces are manifestation of small-scale Es structures which have been
observed in the past as QP echoes in the coherent VHF radars. In the presentation, we will show the altitude of reflection
estimated from the slope of the diagonal traces in order to further confirm the E-F coupling seen in the statistics.
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Statistical analysis of Medium Scale Traveling lonospheric Disturbances over Japan

based on machine learning
#Peng LIU), Tatsuhiro Yokoyamd,Mamoru Yamamot®
(IRISH, Kyoto Univ.(2RISH, Kyoto Univ.

Medium Scale Traveling lonospheric Disturbances (MSTIDs) are observed as wavelike perturbations of electron density
in the ionospheric F region. One typical MSTIDs observation method is detrended Total Electron Content (TEC) map where
TEC is calculated by signal transmission delay via GPS ground receiver network. However, there is still no automatic pro-
cess method for these detrended TEC maps so far which could distinguish MSTIDs from irregular ionospheric disturbances
intelligently, leading to controversy for external dependency (e.g. solar activity) and deficiency for overall analysis of long-
term MSTIDs characteristics variation. Moreover, previous researches always focus on nighttime MSTIDs because daytime
MSTIDs are more difficult to identify. In this work, we propose a cutting edge deep learning instance segmentation model
based on Mask R-CNN model to detect wavelike perturbations automatically with the precision of 81%, then by new Fil-
tering Criterion, we eliminate isolated perturbations and only waveforms of MSTIDs are remained to derive instantaneous
characteristics (e.g. wavelength), finally by new Matching Criterion, matching waveforms between two consecutive frames
are retrieved for derivation of dynamic characteristics (e.g. propagation velocity). With this procedure, we analyze up to
1,209,600 detrended Japanese TEC maps in 1997-2019 automatically and for the first time to figure out instantaneous and
dynamic characteristics of daytime and nighttime MSTIDs every 10 minutes, which provides accurate observation data for the
verification of MSTIDs generation theory. Our research also reveals the external dependency of instantaneous and dynamic
characteristics by monthly and yearly characteristics average in 23 years, especially the seasonal and solar activity composite
dependency of nighttime MSTIDs occurrence rate is confirmed, which has been an academic controversy for a long time.
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Derivation of ionospheric electron density profile by VIPIR2 ionosonde observa-
tion

#Michi Nishioka),Hideo Maend ,Hiroyuki Yamakaw#& , Takuya Tsugawa,Susumu Sait

(INICT,®NICT,3ENRI, MPAT

An ionosonde transmits radio waves of short-wave towards the ionosphere while sweeping frequencies and measures delay
time until the transmitted radio waves are reflected to the ionosonde by the ionosphere. Normally, the observation data is
recorded as” ionogram” in which the signal strength is indicated with the horizontal axis of the frequency and the vertical
axis of virtual height. The virtual height is derived by multiplying the speed of light by flight time and dividing by two. The
virtual height is different from true height since the propagation speed of the transmission radio wave is a function of the
electron density distribution and the geomagnetic field. In order to obtain the electron density distribution with respect to the
“true height” from the ionogram, a procedure is required in which an echo trace is performed to read the frequency and delay
time of the reflected echo one by one, and the propagation speed is considered and converted to the electron density with
respect to the true height.

National Institute of Information and Communications Technology has been conducting routine ionosonde observations
for many years. In this project, some parameters such as critical frequencies and virtual heights of the E- and F- layers are
automatically derived, however, the echo trace has not been conducted yet. Recently, we developed a technique to trace
ionospheric echoes using machine learning. The traced echoes were subjected to a procedure of deriving electron density
profile against true height using the POLynominal Analysis program (POLAN). In this presentation, we will introduce the
echo trace technique and discuss quantitative evaluations of the POLAN analysis.
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Long-term analysis of electron density observed by the MU radar and

auto-scaled ionosonde data
#Shuto Masudd, Tatsuhiro Yokoyan&,Mamoru Yamamot®
(IRISH,2RISH, Kyoto Univ.3RISH, Kyoto Univ.

The MU radar, located in Shigaraki-Cho, Koka City, Shiga Prefecture,
is a large atmospheric radar designed to observe the middle and upper
atmosphere, and has been observing the ionospheric F region as an
Incoherent Scatter (1S) radar regularly since 1986. The IS radar emits
radio waves into the upper atmosphere and is capable of estimating
various physical quantities in the ionosphere that contribute to the
intensity and spectrum of the scattered waves. Electron and ion
temperatures, plasma drift velocities and echo power are regularly
observed by the MU radar (http://www.rish.kyoto-u.ac.jp/mu/isdata/).
First, we focus on the statistics of the echo power, which is
proportional to the electron density.

The peak echo power measured by the MU radar is calibrated

as the electron density that corresponds to the foF2 measured by
Kokubunji ionosonde.

We compare the electron density observed by the MU radar with

the International Reference lonosphere (IRI) model.

Second, we are planning to build a system that reads ionospheric
parameters from ionograms obtained by Shigaraki ionosonde, most of
which remains unanalyzed.

After removing noise and interference signals, a machine learning model will be
developed to process ionogram images automatically.
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Observation of ionospheric irregularity by using scintillation of VHF to UHF
satellite signals

#Toru Takahashi,Susumu Saitd

(ENRI, MPAT,2ENRI, MPAT

The ionosphere plays an important role as a communication path between a ground-ground and satellite-ground. The ir-
regularity of the plasma density in the ionosphere is often generated from a few tens of kilometers to a few meters. Notably,
irregularities on the scale of hundreds of meters to a few kilometers cause fluctuation in the radio wave transmitted from the
Global Navigation Satellite System (GNSS) satellites. Previous studies presented small-scale ionospheric irregularities were
generated by cascading of the large-scale irregularities. Therefore, it is important to observe large (few km) scale irregulari-
ties simultaneous with small (100 m-few km) scale irregularities.

We receive the VHF (150 MHz) and UHF (400 MHz) beacon signals transmitted from Low Earth Orbit satellites by re-
ceivers based on the software-defined radio (SDR). We plan to install the satellite beacon receiver to observe the scintillation
and conduct a simultaneous observation with the GPS receivers from high to low latitude regions. We developed a SDR-based
beacon receiver based on the GRBR (GnuRadio Beacon Receiver) and installed at Electronic Navigation Research Institute,
Chofu, Tokyo (35.68 N, 139.56 E).

To test the receiver we observe scintillation caused by the sporadic E (ES) layer. The Es layer is known to include kilometer-
scale irregularities to cause quasi-periodic scintillations in the VHF/UHF beacon signals which reflects the spatial structure.
Recently, structures of the Es layers have also been studied with two-dimensional ROTI (the rate of TEC (Total Electron
Content) index) maps and precise TEC measurements based on GNSS signals. We compare the VHF/UHF scintillations
with the Es layer structure inferred from ROTI and TEC analysis. The beacon satellite measurement could be not only an
independent validation of the ROTI/TEC analysis but also provide better view of Es layer irregularities.

In this presentation, we will show initial observation results as well as the comparison of the VHF/UHF scintillation and
ROTI map and discuss the spatial structure of Es layer.
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3-D imaging of daytime mid-latitude sporadic E over Japan with ground-based
GNSS data

#Weizheng FY ,Nicholas SsessanfdTatsuhiro Yokoyamd,Mamoru Yamamotb
(IRISH, Kyoto Univ.

Sporadic-E (Es) is electron density inhomogeneities manifested in the ionospheric E-region (100 km), exhibiting a high
correlation of occurrence with intense trans-ionospheric signal scintillation. Due to the characteristics of its thin-layer ("2
km) and small contributions ("1 TECU) in total electron content (TEC), the three-dimensional (3-D) imaging of Es structure
is challenging. This paper presents a novel two-step computerized ionospheric tomography (CIT) technique to reconstruct
the 3-D structures of mid-latitude daytime Es based on TEC measurements from ground-based Global Navigation Satellite
System (GNSS). To facilitate digital CIT at a high spatiotemporal resolution, we have adopted TEC measurements from a
dense receiver network, GEONET, which contains more than 1000 receivers over Japan.

In the first step, we reconstruct a more accurate F-region structure on a coarse grid, by using a multiplicative algebraic
reconstruction technique (MART) from a smooth background calibrated by empirical orthogonal functions (EOFs). In the
second step, on a fine grid and using singular value decomposition (SVD), the 3-D Es structure is estimated based on the
residuals of electron density in the E-region covering 807180 km in altitude. To vertically constrain the solution, we use
time-dependent EOFs generated from a Chapman model function tuned to manually scaled Es observations from a network
of four ionosondes over Japan. In step-1 (step-2), the resolution is sét {6.4° ) in horizontal, 20 km (1 km) in altitude,
and 15 min (1 min) in time. Three event days of daytime sporadic-E are investigated. Results from simulation and real
observations show that the technique can reconstruct Es structure with a high degree of fidelity, specifically during strong Es
(foEs >20 MHz). From the 2-D horizontal slices at the height of maximum Es, the size, shape, and migration of this fine
structure Es are obtained and found in good agreement with earlier results. The east-west (E-W) aligned frontal structures of
daytime Es are observed to span over several hundred kilometers, last for “30 min, and migrate northwestward in the morning
and southwestward in the afternoon. The simultaneous analyses of reconstructed Es and zonal wind data from MU radar,
further support the Es wind shear theory: at mid-latitudes, the presence, direction, and magnitude of wind shear play a role in
Es morphology. For the first time, CIT based on ground-based GNSS TEC is shown to reproduce the Es-layer altitude time
variation.
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Simulations on the three-dimensional structures of the Es layers around Arecibo
radar

#Satoshi Andoh ,Akinori Saitd") ,Hiroyuki Shinagaw®

(1Graduate School of Science, Kyoto UnfNICT

In this study, we investigated the three-dimensional structure of the sporadic E layer (Es layer) around Arecibo radar
by combining the newly developed three-dimensional ionospheric model with Mg ions and the neutral winds of the global
atmospheric model.

The Es layer is a dense plasma layer occurring in the ionospheric E region. It is widely recognized that the vertical shear of
the horizontal winds is important for formation of the Es layers. In a previous study, we investigated the temporal evolution
of three-dimensional structures of the Es layers around Japan and argued that, below 110 km altitude, the structure of the Es
layer does not reflect the structure of the vertical shear of the horizontal winds because the semi-diurnal tides, which create
vertical shear of the horizontal winds, are weak.

Arecibo radar is located in the geomagnetic mid-latitude zone like Japan (29 degrees geomagnetic latitude north). However,
it is geographically located in the lower latitudes ("18 degrees geographic latitude north), and the behavior of the winds in
the lower ionosphere is different. Therefore, it is necessary to investigate the three-dimensional structures of the Es layers,
because the behavior of the sporadic E can be different.

In this study, we first compared the temporal variation of the electron density profiles observed by the Arecibo radar with the
numerical results. Consequently, it was confirmed that the present numerical model can reproduce the semi-diurnal/diurnal
Es layers observed by the Arecibo radar, especially the diurnal Es layers at low altitudes. Next, we investigated the three-
dimensional structures of the Es layer from the obtained numerical results. As a result, the Es layer has a thin and elongated
frontal structure with a width of "100 km and a horizontal scale of more than 1000 km, which reflects the structure of the
vertical shear of the horizontal winds, even at an altitude of about 100 km. The vertical shear of the horizontal wind was
generated by the diurnal tides prevailing below 110 km altitude in the geographic low latitudes. From the above results,
we found that, in the geomagnetic mid-latitudes where the Es layer tends to occur, the Es layer can show different three-
dimensional structures depending on the geographic latitude corresponding to the geomagnetic latitude where the layers
appear.
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Automated detection of mid-latitude sporadic E using GPS-TEC ROTI and aero-

nautical navigation radio wave data
#Masahiro TakaRi,Keisuke Hosokaw4d,Jun Sakd?,Susumu Saitd
(1UEC2ENRI, MPAT

The sporadic E (Es) layer is a thin layer having dense electron density that appears at an altitude around 100 km. The Es
layer mainly appears at mid-latitudes during the summer months. When the Es layer appears, radio waves in VHF frequen-
cies, sometimes above 100 MHz, may be reflected by the Es layer and propagate over anomalously long distances. It may
cause interference on radio systems such as FM broadcast and aeronautical navigation systems. Therefore, it is necessary
to clarify the mechanism and dynamics of the Es layer. Although the vertical shear in the neutral wind has been accepted
as a basic mechanism of the Es layer generation, the dynamics of the Es layer is still unclear and is still being studied by
observations and numerical simulations.

Recently, two types of mapping techniques, such as Global Positioning System (GPS) Total Election Content (TEC) and
Rate Of TEC Index (ROTI), have been used to detect the Es layer. Recent studies using these mapping techniques indi-
cated that the Es layer often has a frontal structure extending roughly in the east-west direction during the daytime. More
recently, measurements of aeronautical radio navigation signals have been conducted to reveal the location of the Es layer
using abnormal radio propagation phenomena. Combining these observations, it is possible to visualize the spatial structure
of the Es layer. However, detection of the Es events and estimation of their parameters such as front direction and velocity
rely on manual processing. Therefore, it is required to establish a method to automatically detect and analyze the Es layer
characteristics.

In this study, we propose a method to automatically detect the Es layer and retrieve the information on the spatial structure
of the Es layer by applying the Hough transform, which can extract lines in an image to the ROTI map. This method demon-
strated that the detected line segment well captured characteristics of the elongation direction of the Es layer. Furthermore,
we used a map of reflection points of the VHF anomalous propagation to improve detection accuracy in the ROTI map. The
reflection points of the Es layer are selected by setting minimum received powers (-110, -115, -120 dBm). We confirmed that
adding the reflection points of the Es layer to the ROTI map could improve the performance of the Es layer extraction.
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Equinoctial Asymmetry of Plasma Bubble Occurrence and Electro-Dynamics in

South-East Asia
#Yuichi Otsuka’,Prayitno Abadi ,Kornyanat Hozun
(1]SEE, Nagoya Univi2LAPAN, ®NICT

At the Asian longitudinal sector, plasma bubble and GPS scintillation frequently occur in equinox, when the solar termi-
nator is parallel to the geomagnetic field line. Otsuka et al. (2016), who have analyzed GPS scintillation data observed at
Kototabang (0.205, 100.32E; geomagnetic latitude 108), Indonesia in 2003-2004, have shown equinoctial asymmetry
of plasma bubble occurrence. Scintillation occurs more frequently in Mar. equinox than Sep. equinox. Eastward scintilla-
tion drift velocity also shows equinoctial asymmetry. The eastward velocity is larger in Mar. equinox than Sep. equinox.
They have suggested that the eastward drift corresponding to the downward electric field at post-sunset may be related to
the prereversal enhancement of eastward electric field, which could play an important role in generating plasma bubble. To
measure zonal drift velocities of a few hundred meter-scale irregularities associated with equatorial plasma bubbles, we have
operated three single-frequency GPS receivers with their mutual distance of 116, 127, and 152 m at Kototabang, Indonesia
since January 2003. Drift velocities of irregularities were measured using cross-correlation analysis with the time series of
the GPS signal intensity obtained from the three receivers. In this study, the drift velocity data obtained during a period from
2003 to 2021 have been analyzed, and found that the eastward drift velocity is larger in Mar. equinox than Sep. equinox.
This result is consistent with the previous study. We also investigated the solar activity dependence of the eastward drift
velocity, and found that the eastward drift velocity depends on the solar activity largely in Mar. equinox than Sep. equinox,
indicating the equinoctial asymmetry of the eastward drift velocity is intensified with increasing solar activity. To compare
the vertical drift velocity at sunset, virtual height obtained with an ionosonde at Chumphon°(409837E; geomagnetic
latitude 1.3N), Thailand, which is located near magnetic equator is analyzed. The result shows that vertical drift depends on
the solar activity largely in Mar. equinox than Sep. equinox. These result indicates close relationship between the eastward
drift and vertical drift (eastward electric field) at sunset terminator, and suggests that the zonal drift velocity (vertical electric
field) may affect generation of plasma bubbles.
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Analysis of Different Spread-F types and GPS Scintillation Occurrence over Bac
Liu

#SEPTI PERWITASARY Kornyanat Hozunt?,Michi Nishioka?)

(ONICT,2NICT

Equatorial spread-F (ESF) is one of the most important features in space weather because of its significant effect on com-
munication and navigation. Therefore, real-time information on the ESF occurrence will be useful to detect the degradation of
radio propagation conditions. We have developed a method to detect spread-F automatically for SEALION FMCW ionogram
as a part of the plasma bubble alert system project. We used the 4th-degree polynomial fit and median filter to remove the
noise in the ionogram and edge detection to determine the hF and foF2. We calculated the threshold of the non-spread-F
ionogram within 100x100 pixels from the edge of hF and foF2. The Spread-F signature is classified into three categories:
range type (Q), frequency type (F), and mixed-type (M). The validation using manual scaling data shows “80% match. The
seasonal variation shows that all types of ESF are higher at equinoxes. We further analyze the relationship between the
spread-F types and the scintillation by comparing the different spread-F types with the occurrence of GPS scintillation using
the s4 index over Bac Liu (9.30N, 105.71E) in 2019. The analysis is still ongoing, and the detailed result will be discussed
during the presentation.
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Dependence of the occurrence of storm-time plasma bubbles extending to the mid-

latitudes on solar wind dynamic pressure
#Takuya Sofi),Atsuki Shinbor?), Yuichi Otsukd’, Takuya Tsugawd,Michi Nishioka®)
(1]SEE, Nagoya Univi2ISEE, Nagoya Univi?ISEE, Nagoya UniviNICT

We performed a superposed epoch analysis of solar wind, interplanetary magnetic field,

geomagnetic index, and the rate of total electron content (TEC) index (ROTI) derived from global navigation satellite
system (GNSS)-TEC data during geomagnetic storms from 2000 to 2018 (616 events) in order to clarify the dependence of
latitudinal extension of plasma bubbles on solar wind dynamic pressure and interplanetary electric field. In this analysis, we
defined the time of the SYM-H minimum as the zero epoch time. The 616 events were classified according to whether the
integrated value of the dawn-dusk (Ey) component of interplanetary electric field (IEF) for 12 hours before the zero epoch
time exceeded 1000 mV/mmin (high IEF Ey: 308 events) or not (low IEF Ey: 308 events). As a result, it is found that
the ROTI enhancement in the dusk sector extended to more tan §8omagnetic latitude (GMLAT) for the high IEF Ey
subset during the main phase of geomagnetic storms. On the other hand, the ROTI enhancement in the dusk sector for the
low IEF Ey subset extended to only 2092 GMLAT during the main phase of geomagnetic storms. This result suggests
that the ROTI enhancement associated with plasma bubbles can extend to higher latitudes for high IEF Ey subset than for low
IEF Ey, indicating that penetration electric field during geomagnetic storms in the equatorial region increases with IEF Ey.

Furthermore, the 308 events showing the integrated IEF Ey value of more than 1000-m\ifthigh IEF Ey) were
also classified according to whether the integrated value of solar wind dynamic pressure for 12 hours before the zero epoch
time exceeded 2350 nPanin (high pressure: 154 events) or not (low pressure: 154 events). The ROTI enhancement in the
dusk sector extended more thar? 30 GMLAT for the high pressure subset during the main phase of geomagnetic storms
while that for the low pressure subset extended up to orthiR&MLAT. The time-integrated values of IEF Ey for 12 hours
before the zero epoch time were 1777 m\#/min for the high pressure and 1722 mV/mmin for the low pressure. This
observational fact implies that the ROTI enhancement associated with plasma bubbles can extend to higher latitudes for high
pressure subset than for low pressure although the time-integrated values of IEF Ey for two subsets were comparable. It is
suggested that the intensity of penetration electric field during geomagnetic storms can be stronger as the solar wind dynamic
pressure becomes large. Therefore, not only IEF Ey but also solar wind dynamic pressure play an important role in the plasma
bubble extension to middle latitudes.
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Study of ionospheric large-scale wave structure related to equatorial plasma bub-

ble from COSMIC-2 dual-band beacon experiment
#lssei Teradd,Mamoru Yamamotd

(IRISH, Kyoto Univ.(2RISH, Kyoto Univ.

Plasma bubbles (electron density depletion regions) occur in the ionosphere at low latitudes. They are known to occur
immediately after sunset around the vernal and autumnal equinoxes. As a precursor to their occurrence, large-scale east-west
electron density fluctuations with wavelengths ranging from 100 to 1000 km, called Large Scale Wave Structure (LSWS),
are known to appear in the ionosphere. In previous studies, we succeeded in detecting the LSWS using the dual-band beacon
(DBB) experiment with C/NOFS satellite. The orbital inclination of C/NOFS was 13 degrees, which was suitable to the
study. However, it was difficult to capture the temporal and spatial structures of the LSWS because the number of satellites
was only one and the observation frequency was limited as less than once every 90 minutes. In the present study, we use the
DBB experiment with COSMIC-2 that is a constellation of six satellites with the orbital inclination of 24 degrees. COSMIC-2
increases the frequency of observations to about once every 15 minutes, allowing us to reveal changes in the temporal and
spatial structures of the LSWS. In calculating the ionospheric Total Electron Content (TEC) from the DBB signals, it is nec-
essary to estimate the instrumental bias. We use the two-station method to find the bias. Our DBB receivers are located in
Bangkok, Ho Chi Minh City, and Chumphon, and their observation range is from East longitude 90 degrees to East longitude
120 degrees and from North latitude 20 degrees to South latitude 2 degrees at the IPP (lonospheric Piece Point) altitude of
350 km. Assuming that a satellite path is the event when the satellite is located over the horizon from one station, about 800
satellite paths are observed per month at each observation site. The number of satellite paths is reduced to about 400 if we
count events of successful two-station absolute TEC determination. We are finding the LSWS occurrence from the data, but
there are still a lot of room for further study, such as the window function of the moving average and how many points should
be averaged. We will report the structure of the LSWS by summarizing the analysis up to the time of presentation.
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Principal component analysis for Component Separation of Geomagnetic field
data

#Kumi Takayam& ,Akimasa Yoshikaw&

(IKyushu Univ.(2ICSWSE/Kyushu Univ.

Principal Component Analysis (PCA) is a statistical method that converts and reduces correlated multivariate data into
a small number of uncorrelated variables called "principal components”. In this study, we used this method to derive the
basis functions for each station and for each month from the ground magnetic field data of the MAGnetic Data Acqusition
System/Circum-pan Pacific Magnetometer Network (MAGDAS/CPMN) during magnetic quiet days in 1992-2004, and con-
structed a method to reconstruct daily variations using these basis functions.

By using this basis function, the magnetic field variation can be separated into the "fundamental component” which in-
dicates the daily variation of the geomagnetic field and the "higher-order component” which indicates the disturbance com-
ponent. In this study, the fundamental component is extracted by superimposing the first to fifth principal components, and
the higher-order component is defined as the disturbance component observed by subtracting the fundamental component
from the original data and superimposing it on the daily variation component. The global structure of each component was
successfully extracted by visualization using the equivalent current method.

As a result of visualizing the each principal component in the fundamental component, we found that the first princi-
pal component has a structure similar to that of the daily variation of the geomagnetic field (Sg-EEJ current system), the
second principal component and the third principal component has a structure similar to that of the (2, 2)-mode of the at-
mospheric tide with wind upwelling and suction near the equator and the (2, 4)-mode with wind upwelling and suction
near mid-latitudes. These results strongly suggest that the principal component analysis is a useful method to elucidate the
ionosphere-atmosphere vertical coupling.

FERGH (PCA &k, HBOHZEEET— %% TFERT) EPHIN S B OO RN 2 UK
T EMATTFED—DTH S, R TIETDOFEZHVT, 1992~20044F D BRI BT * v T — 72 (MAG-
DAS/CPMN) DRESKIER R ENC B 2l EREG T — 20 6. BB & H ORI ZEH L, < ORKMEEZ H
WCHZES) 2 BT 2 T2 L,

COREBIEZ WS T & T BGAD) 2 A O HA b 2R T TR L EELK D ZRd TR
BT BT e TED, AW TR, BEAKDZ, 51 TN EH 5 M E crRERGDE T L, SRy
HILDT— AN HHARK S 2 L&, HELRICER UL TN N2 B L8R U TR it 217>
Too HICFEMBIRLEEHOZAHBEC KD, ZNTNORH DT a— Vst $ % T LIk Lz,

BICHARBAICEENS ER G 2 E L7 L7cRER,. 58 1 ER7 3O HAS) (Sq-EEJERR) . 452 F
B57. 5 3 FERNEARERHIICBDIEE H U & AR NS % KEHIY D (2, 2) E— RN UHERE 30° (HiLic mODiEE
HUERWVIABDD S (2, 4) E—RDELHENE LLIZZDMGIC K> TENZNERE) X N5 ERikEE & - iE 7z
FOoHZEHEOMI Lz, TNHOMRIE. FRD WDV EREE— K& E NS ZHT 2RI DO FIETH S
C ez R LTWV5,

2003/12/18 only 3rd

Local Time




R005-27
Zoom meeting C : 11/2 AM1 (9:00-10:30)
9:00~9:15

A study of plasmaspheric electron content variations during a magnetic storm

using the GPS total electron content data
#Zhiyu Cherd), Yuichi Otsukd),Kazuo Shiokaw& ,Atsuki Shinborl), Takuya Sori), Takuya Tsugawa,Michi Nishioka?)
(1]SEE, Nagoya Univi2NICT

By using dual-frequency Global Positioning System (GPS) data, the value of total electron content (TEC), which is an
integration of the electron density along a ray path from satellite to receiver, can be measured. However, the measured TEC
contains not only TEC values but also the inter-frequency biases inherent with satellites and receivers. In order to obtain
absolute TEC, these biases need to be removed. Previous research (Otsuka et al., 2002) has developed a technique to estimat
the absolute TEC using a least square fitting technique with an assumption of a single layer. However, the estimated absolute
TEC sometimes shows negative values at equatorial region. This may be caused by the estimation error for the absolute TEC.
In the current technique, the plasmasphere is not considered. The plasmaspheric electron content (PEC) could be included in
the estimated biases. Therefore, in this study, we have analyzed the bias data obtained from approximately 9,000 receivers
in the world to investigate PEC during a magnetic storm on March 17, 2013. The Dst index reached a minimum of -132 nT
at 21 UT on March 17, 2013. Ten days’ average of bias data during magnetic quiet days on March is calculated as reference
value for each receiver to investigate effects of the magnetic storm. Standard deviations of biases during quiet days are used
to investigate the stability of biases. The standard deviation of the biases for most of the receivers ranges 0-2 TECU, denoting
that the biases are stable for day-to-day variation and that PEC variation during magnetic storm can be investigated. By
subtracting reference value from the biases on the day during the magnetic storm, PEC variations at different longitudes and
latitudes during the magnetic storm are investigated. The results show that during the main phase of magnetic storm, the PEC,
on average, decreased by 1.69 TECU in Japan, by 0.95 TECU in Europe, by 0.77 TECU in Australia and by 0.61 TECU in
North America, indicating that the PEC decrease has longitudinal dependence. Most of the PEC recovers during the period
from March 18, 2013 to March 20, 2013.

Key words: total electron content; global positioning system; bias; plasmasphere
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Statistical behavior of large-scale ionospheric disturbances during CIR/CME-driven

storms as seen in 20-year GNSS-TEC data
#Atsuki Shinbort), Takuya Sor’, Yuichi Otsuké’, Takuya Tsugawd,Michi Nishioka®)
(1]SEE, Nagoya Univi2ISEE, Nagoya Univi?ISEE, Nagoya UniviNICT

To investigate the differences of statistical behavior of global electron density in the ionosphere during geomagnetic storms
driven by different solar wind structures of corotating interaction region (CIR) and coronal mass ejection (CME), we con-
ducted a super epoch analysis of interplanetary magnetic field (IMF), solar wind, geomagnetic indices (AE and SYM-H),
and global navigation satellite system (GNSS) - total electron content (TEC) data for 20 years (2000-2019). In this study, we
analyzed the ratio of the TEC difference (rTEC) for 663 geomagnetic storms with the minimum SYM-H value of less than
-40 nT. The rTEC is defined as a difference between the storm-time TEC and averaged quiet-day TEC normalized by the
quiet-day one. Further, we identified 318 and 345 geomagnetic storms driven by CIR and CME, respectively. As a result, the
characteristics of global rTEC variations did not show a significant difference between CIR-driven storms and CME-driven
storms, but the magnitude of the rTEC variations and their duration time were different. Specifically, the rTEC enhancement
related to the mid-latitude storm-enhanced density (SED) base and plume was much smaller for CIR-driven storms than that
for CME-driven storms. The amplitude of the rTEC depletion at mid-latitudes and high latitudes also was larger for CME-
driven storms. The main reason is that the large amount of electromagnetic energy inputs to the high-latitude ionosphere
during CME-driven storms because the magnitude of the Bz component of the IMF and SYM-H index is larger for CME-
driven storms than for CIR-driven storms. On the other hand, the duration time of the rTEC enhancements in the nighttime
auroral zone and equatorial region was much longer for CIR-driven storms than for CME-driven storms. The mid-latitude
trough also continued to appear equatorward of auroral oval for a long time for CIR-driven storms. However, the duration
time of the rTEC enhancements related to the SED base and plume in the daytime mid-latitude ionosphere was shorter for
CIR-driven storms than for CME-driven storms. The main reason is that high-speed stream with the Alfvenic oscillation of
the Bz component of the IMF after the passage of CIR persists for several days and electromagnetic energy continues to input
to the magnetosphere and ionosphere, which causes the consecutive occurrence of substorms during the recovery phase of
CME-driven storms. This implies that the condition of negative storms persists for a long time and it takes longer time to
recover the pre-storm condition for CME-driven storm events.
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Development of measurement system of rocket-ground total electron content (TEC)

#Mamoru YamamotB,Koki Kurokawa)
(IRISH, Kyoto Univ.(?RISH

This presenation reports the development of measurement systems of ionospheric total electron content (TEC) from the
sounding rocket to the ground. It is to transmit two radio signals at coherent but different frequencies. In the ionospheric
plasma, the radio wave’s propagation velocity is related to the frequency. By detecting the phase variation between two sig-
nals, we estimate TEC along the radio propagation path. This time we developed a transmitter and antennas of the dual-band
beacon (DBB) experiment at 150MHz and 400MHz frequencies. The transmitter generates 1W at both frequencies based on
a unique phase-locked loop LSI Si5338 that can generate at most four different timing signals that are almost perfectly phase
coherent. We developed a compact inverse-L type antenna that is attached on the skin of the JAXA ISAS soudning rocket
S-520-32. One unit transmits both 150MHz and 400MHz signals. By attaching four antennas around the rocket, we transmit
a circular polarized DBB signals to the ground. On the ground, we will use GNU Radio Beacon Receivers (GRBR) that is
the very successful inplimentation of software radio for the measurement of satellite-ground TEC. The rocket experiment is
planned in July/August 2022 from JAXA Uchinoura Space Center. In the presentation we will show design of the rocket
instruments and preparation status of the experiment.
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Development of low-cost TEC observation system of using multiple GNSS constel-

lations
#Koji Kawakam#),Mamoru Yamamot8,Susumu Saitd,Nicholas Ssessantja
(IKyoto Univ.,2RISH, Kyoto Univ.*ENRI, MPAT

The ionosphere is located at about 100 to 1000 km altitudes. It is part of the atmosphere that is partially ionized. The elec-
tron density is fluctuated owing to the perturbations from the lower atmosphere and/or the solar activity. Depending on the
distribution of electrons, the ionosphere causes reflection and absorption of medium- and short-wavelength radio waves, and
cause delay of propagation at very high and ultra high frequency radio waves. Severe fluctuations of the ionospheric density
can cause positioning failures by the Global Navigation Satellite System (GNSS) such as GPS, or other satellite-to-ground
communications. They also cause problems short-wave radio communication as it depends on the reflection of the radio wave
by the ionosphere. In order to avoid obstacles of those, it is necessary to observe and analyze the electron density in the
ionosphere and build a highly accurate prediction model.

The electoron density is observed by analyzing the total electron content (TEC) that the radio waves passed from the satel-
lite to the receiver. However, GNSS modules that can receive two-frequency signals are required for the measurement of
the TEC. Such GNSS modules used to be very expensive (about a few millions of Japanese Yen). In recent years, on the
other hand, an inexpensive, but multi-channel GNSS module appeared in the market at about tens of thousands of yen for the
purpose of high-accuracy positioning.

In this presentation, we report the accuracy of this inexpensive module (u-blox F9P module) in TEC observation. However,
the accuracy of TEC obtained by the module has not been well evaluated. Since the internal structure is not disclosed, we
evaluated the accuracy by conducting actual observations. We compared the results with those from the GEONET receivers
operated by the Geospatial Information Authority of Japan. In actual TEC observation, we developed a system to estimate
TEC from the observation data. In order to highly accurate data, we have implemented a function that removes low elevation
angle data, which is greatly affected by multipath error, and detects or corrects cycle slips.

In GPS, the estimation error of phase TEC was 5.7 TECU or less. Since the FOP module supports multiple GNSS constel-
lations, we collect similar results with different GNSS constellations, i.e., QZSS, GLONASS, Galileo, Beidou, etc.
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Airglow and Total Electron Content observations on the Antarctic research vessel

"Shirase”

#Saki Yamashind,Akinori Saito"), Takeshi Sakandi, Takuo Tsud&, Takeshi Aok#) ,Mitsumu K Ejiri¥), Takanori Nishiyam#,
Takahiro Nacl),Masato Nagahara Yuta Hozum¢)

(IDept. of Geophysics, Kyoto Unit2PPARC, Grad. School of Science, Tohoku URNJEC (*NIPR®NICT

Optical observations of the ionosphere have been conducted by ground-based all-sky imagers, and the ionosphere located
over the ocean have not been observed sufficiently, so there are observational gaps over the ocean. In the southern hemisphere
where the ocean account for a large proportion, the gaps have been particularly large. We conducted optical observations of
the ionosphere from the ocean using vessels in order to eliminate these gaps and to evaluate the differences in phenomena
between the northern and southern hemispheres and the effects of land and ocean on the ionosphere. In the 61st and 62nd
Japanese Antarctic Research Expedition (JARE), the all-sky imagers were installed on the Antarctic research vessel "Shirase”,
and optical observations were conducted on its route. The observation period was from November 2019 to March 2020 for
the 61st JARE, and from November 2020 to February 2021 for the 62nd JARE. In the 61st JARE, one imager was installed to
capture the 630.0nm wavelength emission with an exposure time of 19 seconds, and in the 62nd JARE, two imagers were in-
stalled to capture the 630.0nm and 670.0nm wavelength emission with an exposure time of 9 seconds. These two wavelengths
respectively correspond to the atomic oxygen emission in the F-region of the ionosphere, and the aurora emission from nitro-
gen molecules and airglow emission from OH molecules in the E-region. In the 63rd JARE from November 2021 to March
2022, we plan to observe airglow and aurora with two imagers at 630.0nm and 760.0nm, using the same system as the 62nd
JARE, except for some improvements in the observation system. This 760.0nm wavelength emission also corresponds to
the emission from nitrogen molecules. "Shirase” makes a round trip once a year between Japan and the Syowa Station in
Antarctica, always passing through the equatorial anomaly zone at low latitudes and sailing under the southern auroral zone
for a long time. In the 61st JARE we succeeded in observing airglow in the low latitudes and aurora in the Antarctic Ocean.

In the 62nd JARE, however, Shirase” changed its route due to COVID-19 and hardly passed under the auroral zone, so
observations of aurora were not conducted. On the other hand, airglow was observed in the 62nd JARE as well as in the 61st
JARE. Although some route changes from previous years are planned for the 63rd JARE, it is expected that both of airglow
and aurora will be observed. A GNSS receiver was newly installed in our system in the 62nd JARE, so Total Electron Content
(TEC) observation was also carried out. The mesospheric gravity wave was observed from 670.0nm wavelength airglow, the
ionospheric electron density structure at 250km altitude was observed from 630.0nm wavelength airglow, and the ionospheric
electron density structure was observed from GNSS TEC. By comparing these observations with other satellite and ground
observations, we evaluated observations of the upper atmosphere from the vessel with our system and analyzed the changes
in the upper atmosphere over the ocean.
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ELF/VLF Monitoring of the Hayabusa-2 Sample Return, 2020

#Takashi WatanaBgMiki Kobayash?), Yasuo KatoP ,Hiroyo Ohyd) , Kazuo Shiokaw& ,Kazuhiro Suzuky, Team Hayabusa-
25

(INICT,(®Nippon Meteor Societ{?Institute for Space-Earth Environment Resedfe@raduate School Engineering, Chiba
University(®Japan Aerospace Exploration Agency

Keay (1980) proposed that anomalotisound” upon display of a very bright meteor (fireball) will be caused by the elec-
trophonic hearing of strong ELF/VLF radio noise apparently coming from the fireball appearing in the upper atmosphere.
He also proposed that anomalous hearing reported upon re-entry of spacecraft will be caused also by ELF/VLF radio noise
of the descending spacecraft. No observational evidence of the radio emission was reported yet for the several re-entries of
spacecraft. We planned this observational project to detect the ELF/VLF radio emission and associated anomalous sound
for the re-entry of the Hayabusa-2 return capsule, taking place in the southern part of Australia on 6 December 2020 (JST).
A loop antenna with a set of ELF/VLF amplifiers, a digital audio recorder (TASCAM DR-70D, 48000 samplings per sec),
and a GPS time signal generator was used. The actual observation was performed by members of JAXA's Hayabusa-2 team.
The environmental ELF/VLF noise was successfully recorded for about 1 hour includingfitedall phase” of the capsule
return, taking place in the interval of 02:28 - 02:29 (JST) at an altitude approximately ranged from 100 to 40 km. The linear
distance of the return capsule from the observational site was ranged from 400 km to 60 km in this phase.

Several examples of weak radio bursts with a typical duration of 10 msec having a relatively flat spectrum were found in the
fireball phase. The waveform and the frequency spectrum of an example are shown in Fig. 1. These radio bursts also showed
a very weak dispersive nature. These characteristics suggest that the radio bursts were originated near the observational site,
in a range of 100 - 200 km. Strong electric discharges of the highly charged capsule and turbulent slipstream of the ionized
ablated gas formed in the fireball phase are suggested to generate observed ELF/VLF radio bursts.

Keay, C. S. L., Anomalous sounds from the entry of meteor fireballs. Science, 210, p 11, 1980.

Fig. 1: An ELF/VLF burst observed at 02:56 (JST) in the fire-ball phase of the Hayabusa-2 return capsule (indicated by a
red box in the left-hand panel), and the spectrum of the burst (right-hand panel).
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D-region ionospheric effects of fireballs occurred in Hokkaido using VLF/LF trans-
mitter signals

#Takeru Suzuki,Hiroyo Ohy&) ,Fuminori Tsuchiy& ,Kazuo Shiokaw& ,Hiroyuki Nakat&’

(1Science and Engineering, Chiba Universtfgngineering, Chiba Univ3Planet. Plasma Atmos. Res. Cent., Tohoku
Univ.,*ISEE, Nagoya Univ\®Grad. School of Eng., Chiba Univ.

Meteors and fireballs are known to ionize the D-region and lower E-region ionospheres at 80-120 km heights [Davies,
1966]. The fireballs are meteors whose magnitude of brightness is larger than -4 based on the IAU (International Astronomy
Union) definition. TID (traveling ionospheric disturbance) associated with the Chelyabinsk meteoroid in Russia was reported
based on GPS-TEC (total electron content) observations [Perevalova et al., 2015]. The amplitude and averaged period of the
TEC variations were 0.07-0.5 TECU (1TECU=Zf@lectrons/), and 10 minutes, respectively. The epicenter of the TID
was airburst point at 20-30 km heights of the meteoroid, and the TID velocities were 250-660 m/s. As for D-region variations
associated with meteoroids/meteors/fireballs, periodic variations in the phase of the transmitter signal (the frequency of RBU
transmitter:66.67 kHz, Moscow, Russia) were observed after the Chelyabinsk meteoroid [Chernogor, 2015]. However, few
guantitative studies for the D-region ionosphere associated with meteors and fireballs have been reported. In this study, we
investigate the variations in the D-region ionosphere during a fireball occurred in Hokkaido at 11:55:55 UT on 18 October
2018, using VLF (very low frequency, 3-30 kHz) / LF (low frequency, 30-300 kHz) transmitter signals. The transmitter
signals are reflected in the D-region ionosphere and intensities of the received signals are sensitive for variations in electron
density in the lower ionosphere. The transmitters used in this study were JJY40kHz (Fukushima, Japan, 37.37 N, 140.85 E),
JJY60kHz (Saga, Japan, 33.47 N, 130.18 E), and JJI (Miyazaki, Japan, 22.2 kHz, 32.05 N, 130.82 E). The receiver was lo-
cated at RKB (Rikubetsu, Hokkaido, Japan, 43.45 N, 143.77 E). Periodic variations of 100-200 s were identified by a wavelet
transformation of the signal intensities for the JJY40kHz-RKB, JJY60kHz-RKB, and JJI-RKB paths at about five minutes
(12:01 UT) after the fireball. We consider that these variations of intensity were caused by the D-region variations due to
acoustic waves in the atmosphere excited by the fireball. If the acoustic waves were excited at the beginning point (118 km
altitude) or end point (25 km altitude) of the fireball, the propagation times of the acoustic waves from the exited point to the
LF reflection point at 90 km height over RKB were calculated to be 138 s or 311 s, respectively. The arrival time (311 s) of
the acoustic waves excited from the end point at the 25 km altitude agreed with the time lag between the fireball and onset
of the VLF/LF variations with the period of 100-200 s. From the onset of the VLF/LF variations, we estimated the location
where the variations in the D-region initiated along the paths. The estimated location was close to the RKB. The VLF/LF
variations would be caused by acoustic waves excited at the end point. The acoustic waves obliquely propagated from the
end point (25 km altitude) up to the D-region height (90 km altitude) at the south point of the RKB receiver.
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D-region ionospheric signatures associated with the 2015 Nepal earthquake using

LF transmitter signals

#Tekkan AkasHi ,Hiroyo Ohy&),Fuminori Tsuchiy& ,Kenro Nozak}) ,Hiroyuki Nakat&

(1Engineering, Chiba Uni¥2Engineering, Chiba Uni¥3Planet. Plasma Atmos. Res. Cent., Tohoku UMEC (°Grad.
School of Eng., Chiba Univ.

In the D-region ionosphere, oscillations of LF (low frequency, 30-300 kHz) transmitter signals with a period of 100 s
were reported about five minutes after mainshock of the 2011 Tohoku earthquake [Ohya et al., JGR, 2018]. This is only
one report for coseismic disturbances in the D-region ionosphere. In this study, we investigate the D-region ionospheric
variations associated with the 2015 Nepal earthquake using LF transmitter signals that reflect in the D-region ionosphere.
The mainshock of the Nepal earthquake (Mw 7.9) occurred at 06:11:26 UT on April 25, 2015. The propagation path was
BPC (68.5 kHz, 34.63N,115.83E) - TKN (Takine, Fukushima, 37.34N, 140.67E). Intensity and phase were observed with
a sampling time of 0.1 s. We compared time variations between the LF transmitter signals and vertical velocity data of
seismometers provided by IRIS (Incorporated Research Institutions for Seismology), USA. It was found that the received LF
signal showed changes in the amplitude of +/-0.1 dB and phase of +/-1 degree change, respectively, after 1294 s after the
mainshock of the earthquake. Based on wavelet analysis, a periodic component of about 100-300 s was seen in both the LF
signals and seismic velocity at arrival time of acoustic waves excited by Rayleigh waves. The coherences between the LF
variation and the seismic velocity were 0.90 and 0.77 for amplitude and phase, respectively, which were significant at the 95%
confidence level. If the acoustic waves were excited at the midpoint of BPC-TKN propagation path by the Rayleigh waves
that propagated horizontally from the epicenter, and propagate upward up to the D-region height 70 km, the propagation time
from the ground to 70 km height would be 225 s. The propagation time of the Rayleigh wave calculated from seismograph
data was 1057 s, and the whole propagation time of the Rayleigh and acoustic waves was 1282 s. The arrival time of the
acoustic waves is 06:32:48 UT. This is in good agreement with the start time of the LF oscillation. We also used the wave-hop
method to estimate the change in the reflection altitude. The results showed that the reflection altitude changédcy
which corresponded to changes in the amplitude of +/-0.1 dB and phase of +/-1 degree change, respectively.
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Vertical profiles of ionospheric disturbances caused by the tsunami of the Tohoku

earthquake using GPS occultation observation
#Ryosuke Fushimi,Hiroyuki Nakat& ,Hiroyo Ohy&)
(1Science and Engineering , Chiba UfGrad. School of Eng., Chiba Unit?Engineering, Chiba Univ.

It is reported that ionospheric disturbances are caused by large earthquakes. One of the causes is the infrasound wave
excited by surface waves and/or tsunami. The horizontal propagations of the ionospheric disturbances after large earthquakes
and tsunami have been examined by using a network of ground-based GPS receivers. As concerns the vertical propagation
of ionospheric disturbances, on the other hand, gravity waves excited by the tsunami were detected using TEC data obtained
by GPS radio occultation observations [Coisson et al., 2014]. However, there are still several unknowns about the variation
of the vertical profiles of the ionospheric disturbances. In this study, to examine the vertical propagation of the ionospheric
disturbances due to tsunamis, we have examined electron density profiles observed by GPS radio occultation measurements
of FORMOSAT-3/COSMIC satellites. The data is provided by CDAAC (COSMIC Data Analysis and Archive Center). We
analyzed the ionospheric disturbances caused by a tsunami associated with Tohoku Earthquake (M9.0) occurred at 5:46:18 on
11th March 2011 (UTC). Based on the simulation result of tsunami propagation provided by the NOAA, we selected density
profiles observed within 3 hours after the passage of the tsunami. In the previous study, we used the Chapman model to
extract the fluctuating components. On the other hand, in this study, we applied the wavelet transform directly to the vertical
profiles of the electron density to determine the spectrum intensity of the ionospheric disturbance as a function of wavelength.
In the data points observed in the northeast direction from the epicenter near the Kamchatka peninsula, the spectrum intensity
in the wavelength range of 8 to 32 km was enhanced more strongly over the altitude range of 200 to 450 km compared to
the quiet days. In the data points observed in the southeast direction from the epicenter, the spectrum intensity was smaller
than that of the data observed in the northeast direction from the epicenter, but the spectrum with a wavelength of 32 km was
strongly detected over the altitude range of 200-450 km compared to the quiet days. In the previous analysis method, it was
difficult to see the long-wavelength fluctuations associated with the tsunami due to the fitting error with the Chapman model,
especially for the data observed in the southeast direction from the epicenter, but the analysis method in this study makes it
easier to see the fluctuations for the wavelength longer than 32km.
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Analysis of 3-dimensional spatial distributions of coseismic ionospheric distur-

bances using HFD

#Tomoaki Horikiri),Hiroyuki Nakat& ,Hiroyo Ohya),Keisuke Hosokawa

(IGraduate School of Science and Engineering, Chiba WGrad. School of Eng., Chiba Unii?Engineering, Chiba
Univ.,“UEC

Since acoustic waves and/or atmospheric gravitational waves generated by ground motions and/or tsunamis associated
with large earthquakes propagate upward, the coseismic ionospheric disturbances occurs. The horizontal propagation of
ionospheric disturbances is examined by using GPS observations. On the other hand, the vertical propagations of the co-
seismic disturbances are rarely reported. Since HF Doppler sounding system(HFD), which is operated by the University at
Electro-Communications, is enable to receive the four radio waves (5.006, 6.055, 8.006 and 9.595 MHz) simultaneously,
three-dimentional distributions of various ionospheric disturbances can be examined by this system. In this study, there-
fore we examined the 3-dimentional distribution of ionospheric disturbances associated with earthquakes by using the HF
Doppler sounding system. In this study, we examined the ionospheric disturbances associated with the earthquake occurred
at Hamadori, Fukushima Prefecture on April 11, 2011(the location of epicenter is at latitude 36 degrees 33 minute north,
140 degrees 24 minutes of east longitude). The largest disturbances of Doppler frequencies ware observed at litate which is
the closest to the epicenter. The vertical velocities of neutral atmospheric particles at the ionospheric reflection height were
estimated as, 59.3 m/s for 5.006 MHz and 56.3 m/s for 8.006 MHz. The variation of Doppler frequency at Kakioka was about
1.2Hz which corresponds to 34.9 m/s for the vertical velocity. The magnitude of the disturbance decreased as the distance
form the epicenter increased. By using the International Reference lonosphere (IRI), the reflection altitudes of the radio
waves received at Sugadaira were found to be about 193 km at 5.006 MHz, 230 km at 6.055 MHz, and 240 km at 8.006 MHz.
To determine the propagation path of the disturbance, we calculated the arrival times of the disturbances in the case that the
disturbances arrived directly from the epicenter as an acoustic wave and the case that the an acoustic wave generated by the
Rayleigh wave propagated from the epicenter excite the ionospheric disturbance. As a result, the observed disturbances in
the HFD are considered to be caused by the latter case. From these results, it is confirmed that the disturbances propagated
over an distance of about 240 km from the epicenter of a M7 earthquake.
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Development of a low energy ion source for ion drift measurements
#Sakiho Ohard, Takumi Abé) ,Wataru Miyaké)
(ITokai Univ,2ISAS/JAXA,3Tokai Univ.

The ionosphere is the region from about 70 km to 1000 km above the Earth’s surface. It is composed of neutral particles
without charge, and charged particles (plasmas) generated by extreme ultraviolet and X-ray radiation from the Sun. The
motion of plasma particles in the ionosphere is influenced by the Earth’s magnetic field, while collisions between ions and
neutral particles are also important. Such collisions resultin a momentum transport between ion particles and neutral particles,
and are related to various phenomena such as ionospheric disturbance in the ionosphere.

In the F region of the ionosphere, the F1 layer has the largest electron density, while ion and electron tend to diffuse through
the atmosphere in the F2 layer. Ambipolar diffusion occurs because of the unbalance of gravity and pressure. lons in this
region have a drift motion in the direction perpendicular to the electric and magnetic fields. Thus, ions are known to make
complex movement due to momentum transport occurring in this region.

The purpose of this study is to develop an advanced instrument to measure 3D ion drift velocity in the lower ionosphere.
ISAS/JAXA has been developing such an instrument which can be installed on sounding rocket. To calibrate a performance
of the instrument, it is necessary to prepare plasma environment in which ion particles are coming into the instrument with a
speed of several km/s, which corresponds to the speed of a sounding rocket or satellite.

The average temperature of ion particles in the ionosphere is known to be about several hundred K, which corresponds
to several hundred m/s in terms of thermal velocity. Considering the speed of the sounding rocket is about 172 km/s during
its ballistic flight, it is an assumed situation that the ions are coming into the instrument with a bulk velocity of 172 km/s.
Therefore, for this purpose, we will have to develop a source that can generate drifting ions with a velocity of several km/s
(kinetic energy of several eV).

We have so far tried to generate drifting ions by applying a voltage to a mesh grid in the ion accelerator, and to make
measurements of the ion current with a Langmuir probe. As a result, when the voltage applied to the accelerator was changed,
the electron temperature and density obtained from Langmuir probe current-voltage characteristics seemed unchanged, but
the saturated electron current changed significantly depending on the applied voltage. Since ions with relatively large energy
(more than 1 eV) may affect the saturation electron current, the change observed in the saturation electron current region
may be due to the accelerated ions. To further study this possibility, we are going to measure the energy distribution of the
accelerated ions in detail using the instrument under development.

Next, we ate going to use a simulation program to investigate the reason why the saturation electron current changed with
the applied voltage and to simulate a trajectory of the ions accelerated by the electric field which is generated by applying the
voltage to the mesh grids. In addition, we will discuss in detail the conditions on which an ion drift velocity becomes close
to that of the sounding rocket.
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Relative importance of possible sources on density perturbations in the Martian
thermosphere and ionosphere

#Hiromu Nakagawa ,Nao Yoshid& ,Shotaro Sakai, Yuki Haradd&) ,Kaori Terad& ,Naoki Terad® ,Hitoshi Fujiward), Takeshi
Imamurd&),Kanako Sekd

(IDep. Geophysics, Grad. Sch. Sci., Tohoku UmGgophysics, Tohoku Uni¥Dept. Geophys., Science, Tohoku
Univ.,(*Dept. of Geophys., Kyoto UniV¥>Geophys., Tohoku UnivSDept. Geophys., Grad. Sch. Sci., Tohoku URi¥aculty
of Science and Technology, Seikei Universitfhe University of Tokyd?Dept. Earth & Planetary Sci., Science, Univ.
Tokyo

Atmospheric waves are recognized as an important part of the upper atmospheric system. This work offers the in-depth
compositional study of wave perturbations in density profiles in the Martian thermosphere and ionosphere. Recent missions
revealed highly variable nature of the Martian upper atmosphere, which is the reservoir region for atmospheric escape to
space. Large-amplitude perturbationssQ %) of density and temperature ubiquitously exist in the Martian thermosphere
(Bougher et al., 2015; Yigit et al., 2015; Terada et al., 2017; England et al., 2017; Nakagawa et al., 2020) and ionosphere
(Mayyasi et al., 2019). The excitation sources of density perturbations in the Martian thermosphere and ionosphere are still
open question. There are two possible sources to drive the perturbations: (1) atmospheric waves propagating from lower
atmosphere, and (2) energy injected from above by external forcing, such as solar wind (SW), and solar energetic particle
(SEP). In order to constrain the possible sources to drive perturbations, we examine the in-situ observations of CO2, N2, O,
CO2+, and O+ density perturbations by NGIMS onboard MAVEN. Longer-wavelength perturbations caused by atmospheric
gravity waves presumably from below are dominant in both dayside and nightside in thermosphere. The relative perturbations
between CO2 and CO2+ indicates the thermosphere-ionosphere coupling. The effective thermosphere-ionosphere coupling in
perturbations can be found in dayside northern hemisphere. On the other hand, ion-specific perturbations can be additionally
identified in dayside southern hemisphere. In nightside, ion-specific perturbations are notably significant rather than dayside,
especially in southern hemisphere. This is the effect of the crustal magnetic field in southern hemisphere, which possibly
leads perturbations by precipitating electrons of the solar wind. Negative correlation between CO2+ and O+ perturbations
caused by photochemical reactions can be found only in dayside. Photochemical imprint in dayside ionospheric perturbations
suggests slow perturbations, longer than photochemical lifetime at these altitudes (10-100 sec), originated from thermospheric
composition, in addition to fast perturbations with well in-phase between CO2+ and O+. Fast perturbations which immedi-
ately fluctuate all species in phase, presumably caused by precipitating electrons is the main driver especially in nightside
ionosphere. This result coincides with the notable decrease of positive correlations between CO2 and CO2+ perturbations
toward nightside, which suggests less coupling in perturbations between thermosphere and ionosphere in nightside.
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Day to day variability of neutral density in the thermosphere observed by GOCE

satellite
#Sayuka NakayamaHuixin Liu?
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Day to day variability of neutral density in the thermosphere observed by GOCE satellite

Sayuka Nakayama, Huixin Liu
Earth and planetary science division, Kyushu university, Japan

It is well known that extreme space weather events (e.g., intense geomagnetic storms) cause day-to-day variabilities of
neutral density and wind in the ionosphere/thermosphere system (IT system) (Liu et al(2021)). On the other hand, the density
and wind in the IT system are variable even during the quiet time. During quiet times, the IT system is strongly influenced
by the lower atmosphere. In J.G.Charney(1990), the summer circumpolar anticyclone and the winter circumpolar cyclone
in the upper stratosphere and mesosphere are little influenced by lower atmosphere motions. Energy may escape into the
mesosphere near the equinoxes, when the upper-atmosphere zonal flow reverses. Therefore, effects from lower atmosphere
to upper atmosphere are so important. However, it is poorly understood that quantitative roles of the lower atmosphere and
outer space to the IT system variability are during quiet times.

This study will show the day-to-day variation of the neutral density observed by GOCE satellite during quiet tinies (Kp
3). Also, we will compare the neutral density with F10.7, Kp, and wind in the lower atmosphere to reveal whether the main
driver of the neutral density is impacts from the outer space or the lower atmosphere.
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Thermospheric wind response to ionospheric variations at a pseudo breakup dur-

ing geomagnetically quiet conditions

#Shin ichiro Oyama®*) Heikki Vanhamaki ,Lei CaP),Anita Aikio? ,Michael Rietveld , Yasunobu Ogawa, Tero Raitd) ,Mirjam
Kellinsalmi® Kirsti Kauristie?),Kozelov Borig), Atsuki Shinborl) ,Kazuo Shiokaw&, Takuo Tsud®, Takeshi Sakand)
(1ISEE, Nagoya UniviZUniv. OuluPEISCAT,*NIPR,°SGO, Univ. Oulu’FMI,("PGISUEC,°PPARC, Grad. School of
Science, Tohoku Univ.

Thermospheric wind response at F-region altitude to a sudden westward turning of the ion velocity at high latitude was
studied by analyzing data obtained during a conjunction event with Fabry-Perot interferometer (FPI; 630 nm), Dynasonde
and Swarm A/C satellites in northern Scandinavia. The event was found during a period of geomagnetically quiet conditions
with Kp of 0 to 1 through the night, but some auroral activity in the north. From the Swarm measurement, the ionospheric
trough was identified at 70-72N. The collocated FPI and Dynasonde measured thermospheridJjjvierats ipnospheric
plasma velocities\(), respectively, at the equatorward edge of the trough. A notable scientific message that was revealed by
this study is a possible role of the thermospheric wind in the energy dissipation process. Ndgafivedicates that kinetic
energy of the thermosphere is dissipated into the ionosphere by particle collisions, and this can occur when the thermospheric
wind is not able to follow instantly a sudd&change due to inertia. At a pseudo breakup during the conjunction event, the
Dynasonde-measurédsuddenly changed the direction from eastward to westward within 10 min. The FPI-medsuasd
also accelerated westward after the pseudo breakup, but its development was more gradual thelhsbahafu remained
eastward for a while after the pseudo breakup. During this transition interval of about 1@ mid, was negative. An
irresistible force of the thermosphere such as seen in this study should be found frequently at high latitudes because sudden
direction change iV is a typical ionospheric feature at the substorm onset. Sidsh 0¥ may be used as the indicator to
find time and location where the thermospheric inertia plays a role in the energy dissipation process.
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Evaluation of climatological features of global thermosphere and ionosphere re-
produced by a whole atmosphere-ionosphere model GAIA

#Hidekatsu Jil, Yasunobu MiyosH?,Chihiro Tad’,Hiroyuki Shinagaw® ,Hitoshi Fujiward)

(INICT,?Dept. Earth & Planetary Sci, Kyushu Uni¥Faculty of Science and Technology, Seikei University

Temporal and spatial variations in the ionospheric electron density and thermospheric mass density can have significant im-
pacts on radio communications between ground and space, GNSS navigations, orbits of satellites and space debris, and so on.
In order to nowcast and forecast upper atmospheric variations and disturbances, a whole atmospheric model, GAIA, has been
developed. A number of minor and major revisions have been made to the model since the previous major update in 2013,
including addition of ion compositions and chemical reactions, revisions of ion dynamics and energetics equations, replace-
ment of input solar irradiance model, and so on. For validation, we compared monthly averaged variations of thermosphere
and ionosphere reproduced by the previous and current versions of GAIA with global observations of upper thermospheric
mass density by satellites (CHAMP, GRACE and SWARM) as well as with global and local ionospheric observations by
GNSS-TEC and ionosondes. The results suggest that the current version of GAIA generally reproduce better climatological
variations of thermosphere and ionosphere as compared with the previous version. However, we also found that there are
still disagreements between GAIA and observations, in the ionospheric variations in some regions and local times. We will
make some numerical experiments and further comparisons with observations to identify which factors in the model lead to
the disagreements with observations. We will report how the latest version of the model can reproduce averaged features of
thermosphere and ionosphere, and discuss subjects to be improved in the future.
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Impacts of the 2019 September SSW event on the thermosphere/ionosphere
#Yasunobu MiyosH?, Yosuke Yamazaki
(IDept. Earth & Planetary Sci, Kyushu Uni¢GFZ/Potsdam

A sudden stratospheric warming event occurred in September2019 in the Antarctic region. During the SSW event, the
guasi 6-day wave was enhanced in the middle atmosphere, and strong6-day oscillations are observed in the thermo-sphere
and ionosphere. Using an atmosphere-ionosphere coupled model GAIA and GPS/TEC data, impacts of the 6-day wave on the
6-day oscillation in the thermosphere/ionosphere. Our results indicate that a westward-moving 11-h wave with zonal-wave
number 3 and a westward-moving 13-h wave with zonal-wave number 1 are generated by the non-linear interaction between
the migrating semidiurnal tide and the 6-day wave. These secondary waves play an important role on the 6-day oscillation
in the thermosphere/ionosphere. Furthermore, a 29-h standing oscillation, which is generated by the non-linear interaction
between the migrating diurnal tide and the 6-day wave, is also important. The detailed mechanism of the 6-day oscillation in
the ionosphere will be shown.
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Impacts of CO2 doubling on momentum balance in the thermosphere.
#Masaru Kogur® ,Huixin Liu"),Chihiro Tad
(IKyushu University.>NICT

A CO2 increase causes global cooling in the thermosphere. Numerical models predict that a doubling of the CO2 mixing
ratio leads to "50 K neutral temperature cooling and "50 % neutral density drop in the thermosphere (e.g., Dickinson, 1989;
Solomon et al., 2018). Also, observation studies support this cooling thermosphere due to the CO2 increase (Ogawa et
al., 2014). While the CO2 increase impact on the neutral temperature is understood well, its impact on the thermospheric
dynamics is poorly understood. Liu et al. (2020) investigated the impacts of CO2 doubling on the dynamics of thermosphere
using the whole atmosphere model Ground-to-topside Atmosphere lonosphere model for Aeronomy (GAIA). The zonal mean
zonal wind in the lower thermosphere is accelerated eastward in June except for middle latitudes. The meridional circulation
in June, the summer to winter circulation (southward) in an altitude range of 120-300 km is strengthened. However, the
dynamic mechanisms for these changes in the thermospheric circulation are still unclear.

This presentation will show the change in the momentum balance and discuss the mechanism responsible for the dynamical
response to the CO2 doubling by investigating changes in the momentum balances in June between the 350 ppm CO2 and
700 ppm CO2 run data, which are the same data as Liu et al. (2020).
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Statistical relationship between amplitude of magnetic ripples or electron density

fluctuations and rainfall below the Swarm orbit
#Toshihiko lyemor), Tadashi Aoyamd, Yoshihiro Yokoyam@&
(IKyoto Univ.,(2F-Factory,>Swedish Institute of Space Physics

In the mid- and low-latitude ionospheric F layer on the dayside, magnetic field and electron density (Ne) fluctuations with
a spatial scale of several tens of kilometers to several hundreds of kilometers are almost always observed. The amplitudes of
fluctuations are as small as 1 to 2 nT and 1 to 2% or less of Ne, respectively, and it is presumed from the analysis so far that
the cause is the waves caused by the lower atmosphere. However, the type of wave (sound wave or internal gravity wave)
and its generation and propagation are not clear. The origin of atmospheric waves is not only meteorological phenomena,
but also earthquakes and volcanic eruptions, but from the fact that they are observed almost all the time, it is presumed that
meteorological phenomena are the main origin. Among them, cumulus convection and associated rainfall are considered to
be the main candidates for atmospheric wave generation. Because there is no global atmospheric wave observation that can be
compared with satellite observations, we use the global rainfall map (GSMaP) published by JAXA as a proxy of atmospheric
wave activity and compare with the amplitude of magnetic ripples and electron density fluctuations observed by the Swarm
satellites. Hourly data of global rainfall directly below the satellite orbit are compared with amplitude of magnetic ripples and
electron density fluctuations. On the dayside, there are similarities between the global distribution of these amplitudes and the
distribution of rainfall, but it cannot be concluded whether or not they are related only by the similarity of the distributions.
Therefore, the amplitudes of magnetic ripple and electron density fluctuation along the Swarm satellite orbit with and without
rainfall were compared. As a result, statistically, the amplitude tend to be about 10% larger in the case with rainfall than in
the case without rainfall.
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Development of a pressure gauge for study of upper atmosphere on sounding
rocket

#Yuto Tanak& , Takumi Abé),Wataru Miyake)

(1Tokai Univ.(2JAXA/ISAS

We are developing a pressure gauge for installing on the sounding rocket to estimate a number density of neutral atmo-
spheric particles in the lower thermosphere. A brief overview of our instrument development will be presented in this paper.

Both charged particles and neutral particles are known to coexist in the lower thermosphere. Many characteristic phenom-
ena occur because of those different behaviors against electromagnetic force. While radar and other remote sensing technique
measure the upper atmosphere indirectly, sounding rocket is the only way which enables in-situ measurement. We are devel-
oping two types of vacuum gauge containers with structures such that are sensitive/insensitive to the relative velocity of the
neutral atmosphere observed on the sounding rocket. The values obtained from these containers will be compared to estimate
the number density of neutral atmosphere. In general, the velocity of the sounding rocket is faster than the thermal speed of
the thermospheric neutral particles, and therefore the container structure must be designed so that the translational energy of
the particles produced by the rocket movement can be lost.

The first container is designed on basis of Patterson probe, which is known as a close-type spherical container with long
tube. In this shape, the translational energy can be lost once the incoming gas collides with the inner wall of the tube. If it can
be assumed that the temperature of the incoming particles is the same as that of the container, we can estimate the number
density of neutral atmosphere from the pressure by using the gas state equation. The second container is open-type cylindrical
container. This container is designed so that the pressure obtained by ion gauge inside the container can change depending on
incident angle of the gas to the orifice on the container surface. The possibility of estimating the direction of the neutral gas
with this pressure gauge system is now being considered. In this presentation, the second container design will be discussed
in detail.

To determine the shape of the cylindrical container, we carried out the pressure measurement using Space Science Chamber
in JAXA Sagamihara Campus. This facility provides an environment of the lower thermosphere with a pressureR#.10
The container was placed inside the chamber and nitrogen gas flow was blown towards the orifice of the container. Then,
the pressure inside the container was continuously monitored while it was rotated on a spin table to examine the pressure
variation with a change in the incident angle of gas. If the pressure change is relatively large, it will be useful for estimating
the incident angle. Then, we have made three prototypes of cylindrical containers to find a suitable structure.

Crystal ion gauge consisting of crystal gauge and B-A gauge is adapted as the pressure gauge in our development. Crys-
tal gauge can measure pressure above 4 Pa. When the pressure decreases down to 4 Pa, the pressure gauge changes fro
crystal gauge to B-A gauge mode automatically. The B-A gauge is a vacuum gauge suitable for observation in high vacuum
environments and can measure down to%@a. This vacuum gauge can be used for a wide range of measurements from
atmospheric pressure environments to high vacuum environments.

These pressure gauge will be installed on the top side of payload section of the sounding rocket. In this presentation, We
will focus on results of pressure measurements.
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Detection of polar mesospheric clouds utilizing Himawari-8/AHI full-disk images
#Takuo Tsud®, Yuta Hozum?®), Yoshiaki Andd’,Keisuke Hosokawa,Hidehiko Suzuki’ ,Ken T. Murat& , Takuji Nakamur®,
Jia Yue) Kim Nielserf), Yasunobu MiyosH

(TUEC2NICT,®Meiji univ.,*NIPR,°NASA GSFC{°UVU, ("Dept. Earth & Planetary Sci, Kyushu Univ.

To advance polar mesospheric cloud (PMC) observations by Advanced Himawari Imager (AHI) onboard the Japanese
geostationary-Earth-orbit (GEO) meteorological satellite Himawari-8, we have developed a PMC detection method for ap-
plication to the Himawari-8/AHI full-disk images. The PMC detection method consists of two steps, which are for detection
in stronger PMC signals by the first step and for detection in weaker PMC signals by the second step. By using this two-step
detection, we eliminate false detections as much as possible, and enhance detection sensitivity. As the results, the PMC detec-
tion sensitivity by Himawari-8/AHI is well comparable to that by Cloud Imaging and Particle Size (CIPS) onboard Aeronomy
of Ice in the Mesosphere (AIM). This suggests that new PMC dataset from Himawari-8/AHI would be of benefit for research
on various PMC science in the future.
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Results of NLC observations during 2020 to 2021 in Hokkaido and progress on

development of the imager for NLC.
#Yuriko Nakamur# ,Bengau PeH,Hidehiko Suzulk¥),Satoshi Ishii,Kazuyo Sakandi,Kaori Sakaguch?,Nozomu Nishitar?,
Katsushi lwamot® , Taku Takad® , Takuo Tsud®,Yuta Hozum#), Yasuhiro Murayam&, Tadahiko Ogaw#, Yasushi Fujiyoshy

(IMeiji univ.,?Komazawa Univ(?NICT,“ISEE, Nagoya Univ?Monbetsu cityS Tokyo Metropolitan College of Industrial
Technology,”UEC,8ILTS, Hokkaido Univ

It is important to know an exact occurrence rate and spatial distribution of noctilucent clouds (NLCs) in middle latitude
region. An expansion of an NLC region toward lower latitudes is thought to be a result of progress of the global warming. A
network of digital cameras has been operated in Hokkaido (43.2 N -44.4N), Japan since Jun 2010 in order to monitor NLCs in
the middle latitude region by several research groups of Japanese institutes and universities. They reported the first detection
of NLCs from multiple sites in Hokkaido, Japan in Jun 21, 2015 [Suzuki et al. 2016]. However, there had been no reports
of NLC detection through 2016 to 2019 from Hokkaido despite continuous observations after the first event. The silence of
NLC activity in Japan had been abruptly broken by 4 times detections from multiple sites in Hokkaido in 2020. Successively,
very faint NLC signature are captured simultaneously from two sites of Hokkaido on Jun 22, 2021. This is the first case in
two senses. First, this is the first case that NLCs had been detected multiple days in single season (2020). Second, this is
the first case that NLCs had been detected in two successive seasons (2020 and 2021). We present these results and discus
possible causes by comparing the ground-based observations and global atmospheric parameters from satellites. In addition,
we also focused on the single event captured in 2021 (Jun 22). The NLC signal captured in this day was quite faint and hard
to recognized by glancing of the image. Fortunately, we could find this feature by careful check of image data. Simultaneous
images taken from Rikubetsu and Monbetsu also increased robustness of the NLC detection. Such faint signals are thought to
be rather dominant in middle latitude region (i.e., lower latitude limit of NLC occurrence). Thus, we have started to develop
a new imaging system which can capture the faint signals from NLCs with high signal to noise ratio even under the bright
sky background condition. The design of the imaging system and a result of test observations are also presented in this talk.
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Spectral analysis of the phase velocity distribution of AGWs and MSTIDs in air-
glow images at Darwin: Initial results

#Takuma Tsubdi,Kazuo Shiokaw!, Yuichi Otsuka’, Takuji Nakamur# ,Daivid Anthony Neudeg

(1]SEE, Nagoya Univi2NIPR (®*Adelaide Univ.

Atmospheric gravity waves and medium-scale traveling ionospheric disturbances (MSTIDs) in the upper atmosphere affect
the atmospheric circulation and the radio-wave transmission, respectively. These waves can be observed in nocturnal airglow
images. Thus, spectral analysis of airglow images provides propagation direction and power of these waves. However, such
spectral analysis of airglow images have not been done yet for stations in the southern hemisphere except for Antarctica. In
this study, we studied the horizontal phase velocity distribution of atmospheric gravity waves and MSTIDs, by applying the
3-dimensional spectral analysis method of Matsuda et al. [2014] to the airglow images obtained at Dant$) (I2LDE)
in Australia from 2001 to 2007 and from 2011 to 2019. Horizontal phase velocity spectra of mesospheric gravity waves
in airglow images at a wavelength of 557.7 nm show that the power spectral density is strongest in summer, with a strong
tendency to the south in the meridional direction and to the east in the zonal direction. This may be due to the variation in
the location of intertropical convergence zone (ITCZ) in the troposphere, which is a possible source of atmospheric gravity
waves. Horizontal phase velocity spectra of MSTIDs in airglow images at a wavelength of 630.0 nm show that the power
spectral density is stronger during solar quiet periods and for waves propagating northwestward. These features can be ex-
plained if the observed MSTIDs are caused by the ionospheric Perkins instability. We speculate that the MSTIDs propagating
other directions can be generated by atmospheric gravity waves.
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Atmospheric instabilities in the polar upper mesosphere (2)
#Satonori Nozawa, Takuya Kawahara,Norihito Saitd),Satoshi WadH, Takuo Tsud& , Tetsuya Kawabata,Chris HalP’
(11SEE, Nagoya UniviZFaculty of Engineering, Shinshu UniversiBRAP, RIKEN(*UEC,°TGO, UiT

The sodium LIDAR at Tromsoe (69.6N, 19.2E) has been operated for 9 years since October 2010. For the first two
winters, we have observed neutral temperature and sodium density between about 80 and 110 km. Since October 2012, wind
measurements have been made together with the both measurements. Utilizing these temperature and wind data, we have
calculated Brunt-Vaisala frequency (N) and Richardson number (Ri) to study the atmospheric instabilities between about 80
and 110 km above Tromsoe. Using those values, we have calculated probabilities of the static instab@jty the
dynamic instability (0= Ri<0.25) that can be used for proxies for evaluating the atmospheric instability. We have addressed
what makes the atmosphere unstable: possible relationship with gravity wave activity, semidiurnal tidal amplitude, solar
activity (F10.7 index), and geomagnetic disturbance (local K-index) is investigated.

In this talk, in particular we will focus on (1) horizontal spatial extent and duration time of the static unstable region, and
(2) dependence of the static and dynamic instabilities on the semidiurnal tidal amplitude.
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Variability of the semidiurnal tide in the polar lower Thermosphere at various ge-
omagnetic activities

#Hirotaka Koyam& ,Satonori Nozawd, Yasunobu Ogaw,Asgeir Brekké)

(1ISEE, Nagoya Univi2ISEE, Nagoya Univi3NIPR (*Science and Technology, UiT

We will present variability of the semidiurnal tide in the polar lower Thermosphere (93-119 km) above Tromsoe, Norway
(69.6N, 19.2E) based on 33 years of EISCAT UHF radar data at various geomagnetic activities under different seasonal (sum-
mer and winter) and solar activity (F168:75, 75<F10.7<150, 156<F10.7) conditions. The neutral wind velocity data are
used with time and altitude resolutions of 6 minutes and 3-4 km, respectively. The wind data are averaged according to time
and altitude for different conditions, and semidiurnal tides re derived using the averaged wind data under various conditions,
and then are compared with each other. Main results are as follows: (1) As the solar activity is higher, the amplitude of the
semidiurnal tide increases regardless of season and solar activity. (2) Local time of maximum of the semidiurnal tide under
conditions of 5<Kp is about 2-hr ahead of that under conditions ok (3) Geomagnetic activity dependence in winter is
stronger than in summer.
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Estimation of horizontal wind structure in the Antarctic MLT region based on MF
radar

#Masaki Tsutsumi, Taishi Hashimot® ,Koji Nishimura?) , Toru Satd’,Masashi Kohm#&,Kaoru Saté

(INIPR,2RISH, Kyoto Univ.(]ILAS, Kyoto Univ.,(*Graduate School of Science, Univ. of Tokyo

MF (Middle Frequency) radars have been used to measure wind velocity in mesosphere and lower thermosphere based on
correlation analysis techniques [e.g., Reid, 2015]. The motion of atmosphere weakly ionized by solar insolation is measured
in the technique. The ionized atmosphere is usually horizontally stratified, and radar echoes from such layered atmosphere
are mostly obtained in the vertical direction. However, there also exist echoes coming back from large off-vertical angles.
Meteor echoes are such type of echoes often detected at night (winter time in the polar region) mostly above 80 km. Because
of the low radio frequency (2-3 MHz) the duration of MF radar meteor echoes is two orders longer than that of VHF meteor
echoes. Thus, meteor echoes can sometimes dominate the MF radar echoes when the background atmospheric ionization is

relatively low. These meteor echoes have been used to compensate the known problem of MF radar correlation technique
above about 90 km [Tsutsumi and Aso, 2005].

We have recently scrutinized the MF radar meteor measurement technique and found that wind velocity can be estimated
with a time resolution as good as 10 min under preferable ionospheric conditions. Such a resolution is remarkably high as
meteor wind measurements. Horizontal structure of wind field can be further estimated within the horizontal region of 200

x200 km (see Figure). Estimation of momentum flux deposition may be possible using the method proposed by Hocking
[2005].

The obtained results are to be verified by comparing with those observed by the co-locating
PANSY radar [Sato et al, 2014].
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Figure: Two- d:mensuoual struciures ofhonzunlal wind velocity at 88 km ah-lude observed on May 1, 2015 uver Syowa station (695, IFE), Antarctic. The horizondal r&gmn of 300
% 300 km is shown, Each wind vector is estimated using echoes detected within the comesponding sub-region with dimensions of 50 x 50 km
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Development of the meteor radar functionality on the PANSY radar to reinforce
wind measurements in the Mesosphere

#Taishi Hashimotd ,Masaki Tsutsumi,Koji Nishimura?), Toru Satd),Masashi Kohm#& ,Kaoru Sat®

(INIPR,2RISH, Kyoto Univ.3ILAS, Kyoto Univ.,(*Graduate School of Science, Univ. of Tokyo

Program of Antarctic Syowa MST/IS radar (PANSY radar) is a large VHF atmospheric radar installed at the Syowa Station
(69.0S, 39.6E). The PANSY radar measures three-dimensional wind fields through the Troposphere to Mesosphere using the
Doppler Beam Swing (DBS) technique, converting the radial wind velocities from four oblique beams and one vertical beam
into vertical, zonal, and meridional wind velocities. However, since the primary source of radar echoes in the Mesosphere is
the ionized atmosphere generated by solar radiation, the availability of the wind measurements is mostly limited to daytime,
especially in winter.

To reinforce wind measurements in the Mesosphere, a supplemental meteor-radar functionality has been developed and
installed on the PANSY radar in March 2021. Generally, meteor radars do not have as high temporal or range resolution as
MST radars but provide more continuous horizontal wind measurements regardless of time and seasons. Also, this system
uses subsidiary meteor echoes scattered in sidelobes of the transmitted radio waves while in the wind measurement using the
DBS method. Hence, wind fields estimated by the standard DBS method and meteor radar functionality are simultaneously
available and complement each other.

In this presentation, the system description of the new meteor radar functionality on the PANSY radar will be reported,
followed by some preliminary results.
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Observation of minor constituents in the middle atmosphere with millimeter-wave

spectroradiometer in Tromsoe, Norway

#Taku Nakajim& ,Hirofumi Gotd"), Tomoo Nagahamia, Satonori Nozaw4, Shin ichiro Oyam&, Yoshizumi MiyoshP), Tetsuya
Kawabatd ,Kazuji Suzukl),Yasusuke Kojim& ,Ryuiji Fujimori*),Akira Mizuno")

(11SEE, Nagoya Univ.

Energetic particle precipitation (EPP) due to solar activity such as the solar proton event or magnetic storm occur in polar
region. These particles create odd nitrogen (NOx) and odd hydrogen (HOx), which can affect the neutral chemistry of the
middle atmosphere, and will in turn impact ozone concentration (e.g., Turunen et al., 2009). We developed and installed a
millimeter-wave spectroradiometer in Syowa station, Antarctica in 2011 under the collaboration with NIPR, and so far, the
monitoring observation of ozone and nitric oxide (NO) has been implemented. In this research, we found the short-term spo-
radic enhancement of NO column density due to mainly energetic electron precipitation as well as seasonal variation due to
photochemical reaction by sunlight (Isono et al., 2014). Moreover, the peak values of NO column density, which are observed
every winter season, has large variation based on the long-term monitoring observation (Nagahama et al., SGEPSS, 2018).
However, we cannot separate the effects of the EPP, photochemistry, and atmospheric transportation from these variations.
Therefore, we have planned the simultaneous observation in the northern hemisphere and comparison of changing in both po-
lar atmosphere for approaching this problem. The initial observation of ozone and NO in Tromsoe, Norway located at Arctic
region have been already reported (Ito et al., SGEPSS, 2016; Mizuno et al., JpGU, 2018). Although the long-term monitoring
observation has not been currently started in Tromsoe due to some troubles in observational instruments, we obtained a pilot
observational data of NO from December 26, 2018 to March 10, 2019 (Goto et al., SGEPSS, 2021).

In this presentation, we will report a briefly introduction of observation plan and current situation in Tromsoe. Moreover,

a new research project "Eneargetic Particle Chain” in ISEE, Nagoya University for 7 years beginning this fiscal year will be
explained.
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A study on the relationship between NO column density and high-energy electrons

based on the mm-wave observation at Tromsoe

#Hirofumi Gotd),Tac Nakajim& ,Tomoo Nagaharia, Satonori Nozaw4,Yasusuke Kojim&,Tetsuya Kawabata Ryuiji
Fujimori) ,Kazuiji Suzukl, Yasunobu Ogaw,Akira Mizuno")

(11SEE, Nagoya Univt?National Institute of Polar Research

We have carried out millimeter-wave spectroscopic observation of minor constituents in the middle atmosphere such as
nitric oxide (NO) and ozone at Syowa Station (69.8039.83E) in Antarctica since 2012 to study the effects of energetic
particle precipitation into the polar regions induced by the solar activity. In addition, similar steady observation is about to
start at Tromsoe, Norway (69.34, 19.14E) in the Arctic region to obtain further understanding of the differences between
the two polar regions (Nakajima et al., SGEPSS, 2021).

In this presentation, we will present the results of short-term test observation of NO at Tromsoe, Norway over 17 days from
January 23 to February 4 and February 17 to February 20, 2019. Then we will report the results of correlation study between
the observed NO column density and proxies of geomagnetic activities and energetic particle precipitations. To calculate the
NO column density, two emission lines of F = 5/2-3/2 (250.815594 GHz) and F = 3/2-1/2 (250.816954 GHz) of the hyperfine
structure lineg I1 1/2J = 5/2-3/2 were used. F = 7/2-5/250.796436 GHx emission line used for the analysis of NO at
Syowa Station (Isono et al. 2014) was not used in this analysis due to outside interference. The atmospheric temperature in
the region where NO is present was assumed to be a constant 200 K as well as the previous research. The average error in the
column density estimated from the random noise in the data isl@8 cm~2. During this period, there were two increases
in column density for about three days, with peaks on January 27 and February 240%6.5m~2 and 9.7+10'* cm~2,
respectively.

In comparison with the Dst index, there was a sharp decrease in the Dst index from January 31 to February 1, before the
peak of the NO column density on February 2, suggesting that NO may have increased due to electrons accelerated by the
geomagnetic disturbance. Next, we compared the NO column density with the electron flux data obtained by the MEPED 0
telescope in the six POES/METOP satellites. For the comparison, we used the L-value and MLT of the satellite observations
to select the electron flux data that were most likely to precipitate onto Tromsoe. As a result, it was found that the NO column
density increased after the increase in electron flux observed by the satellite. Furthermore, the electron fluxes at energies of
>40 keV,>130 keV,>287 keV, and>612 keV were analyzed for correlation with the NO column density, and the correlation
coefficients were found to be 0.5, 0.4, 0.6, and -0.1, respectively, indicating #&t keV has the highest correlation. This
suggests that the range 287 keV has the most influence on the variation of the NO column density.
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Exploring interannual and long-term variability of the stratospheric ozone using

the Aura/MLS Level3 dataset

#Tianliang Yang?), Tomoo Nagahanta
(1Graduate School of Engineering, Nagoya UniveritgEE, Nagoya Univ.

We present the interannual and long-term characteristics, especially the over-two-years components, of the global strato-
spheric ozone and the variation mechanism by using the Aura/MLS Level3 Ozone dataset. Among the stratospheric inter-
annual variations, QBO (quasi-biennial oscillation) is a well-known phenomenon that the stratospheric zonal wind upon the
equatorial region changes its direction in about every 13 months (e.g. Baldwin et al., 2001). In this study, using the Aura/MLS
Level3 ozone data (version 4.2) which is the daily binned zonal average every 4 degree in latitude, the temporal variations
of ozone were separated into three components with different time periods of less than 2 years, 2-to-5 years and more than 5
years, using the digital filter method by Nakazawa et al. (1997), and their characteristics of the time variability were obtained
for each pressure level and latitude.

The obtained 2-to-5-years component of ozone in the equatorial region shows a significant feature of temporal variation
whose amplitude is estimated as 7.4% of the average in 2010, associated with the zonal wind QBO. In addition, a remark-
able phase reversal of the ozone variation at around the pressure level of 15 hPa (25 km) was clearly seen, being consistent
with previous results (e.g. Bai et al., 2021). This indicates that the present analysis method was found to produce results
comparable to those of the previous studies. In addition to the equatorial region, a prominent QBO-like signal was detected
in the polar region around the latitude of 80 degree in north and south, and these maximum and minimum occur during the
polar summer. We found that the amplitude of the polar QBO-like signal varies from year to year: the signal over the Arctic
region is amplified in 2009-2014 period and 2018-2020 period with an amplitude of about 3.6%°9.1% of the average in 2010,
although that in the Antarctic region was in 2007-2011 and 2016-2020 with an amplitude of about 4.2%79.3% of the 2010
average.

In the presentation, the further details of the characteristics of the interannual and long-term variations of the stratospheric
ozone, their connection with the QBO in the equatorial region and other contributors such as solar activities and Arctic Os-
cillation to the QBO-like signal will be discussed.

References

Baldwin, M. P., et al. (2001), The gquasi-biennial oscillation, Rev. Geophys., doi:10.1029/1999RG000073.

Nakazawa, T., et al. (1997), Two curve fitting methods applied t¢/€@2 FLASK data, Environmetrics,

doi:10.1002/(SICI)1099-095X(199705)&397::AID-ENV248>3.0.CO;2-C.

Bai, X. Y., etal. (2021), Anomalous changes of temperature and ozone QBOs in20057 from radiosonde observation
and MERRA-2 reanalysis, doi:10.26464/epp2021028.



R005-56
Zoom meeting C : 11/3 AM1 (9:00-10:30)
9:45~10:00

Sporadic, large gravity wave events over Syowa Station

-Comparison between the PANSY radar and the ERAS reanalysis-
#Lihito Yoshida),Yoshihiro Tomikaw&2),Mitsumu K Ejiri’-?) Masashi Kohm& ,Kaoru Saté
(IPolar Science, SOKENDAENIPR (2Graduate School of Science, Univ. of Tokyo

Gravity waves (GWSs) are atmospheric waves whose restoring force is buoyancy. They are originated mainly from moun-
tains, jet-front systems, and convection, and can modify a global wind structure through momentum transport and deposit.
They do not only decelerate the upper part of the mesospheric jets, but also affect the horizontal winds in the lower strato-
sphere, and contribute to drive the global meridional circulation. However, GW observations are usually not enough to verify
their behaviour in the Antarctic, due to the harsh environment. In addition, GWs have a wide range of horizontal wavelength
(i.e., from several km to several thousand km) and period (i.e., from Brunt-Vaisala period (approximately 5 minutes) to iner-
tial period (over 12 hours), which makes it difficult to reproduce GWs in the entire frequency range even in the state-of-the-art
atmospheric models in spite of the recent increase of the model resolution. In order to implement the effect of subgrid-scale
phenomena into the models, which are not explicitly represented, GW parameterizations are introduced. In general, nonoro-
graphic GW parameterization assumes nearly constant wave sources and instantaneous upward propagation, but in reality the
wave sources are not constant and GWs propagate horizontally as well (Sato et al., 2009; Geller et al., 2013; Plougonven
et al., 2020). Thus it is required to constrain the GW effect in the models based on observations which cover the whole
frequency range of GWs and estimate the GW momentum transport in the Antarctic.

Intermittency, a measure of how transient or intermittent a GW event is, has recently received much attention. Even if the
total amount of momentum flux is the same, continuous, small amplitude events deposit momentum to higher altitudes, while
sporadic and large amplitude events deposit momentum to lower altitudes. As a result, the structure and strength of the driven
meridional circulation depend on the GW intermittency (Hertzog et al., 2008). In Antarctica, intermittency has been studied
using super pressure balloons (Hertzog et al., 2012) and the Program of the Antarctic Syowa MST/IS radar (PANSY radar) at
Syowa Station (Minamihara et al., 2020), suggesting differences in the characteristics of intermittency due to different wave
generation mechanisms and wave filtering.

Our purpose of this study is to investigate the characteristics of GWSs for sporadic and large amplitude events that can have
a large impact on the overall momentum transport, and also to investigate how well the reanalysis data reproduces the GWs
events in the Antarctic. We used the PANSY radar for the observation data and the ERAS reanalysis for the reanalysis data.
The PANSY radar, which was installed at Syowa Statiof §6@0E) in 2011, observes vertical profiles of three dimensional
winds in the troposphere and lower stratosphere with high accuracy and fine temporal and vertical resolution (Sato et al.,
2014). Itis the only instrument in the Antarctic that enables us to capture GWs in the almost entire frequency range. The
ERAGS reanalysis is the latest meteorological reanalysis dataset provided by the European Centre for Medium-Range Weather
Forecasts. The ERAS data is distributed at 137 vertical levels from the surface to 0.01 hPa with a horizontal spacing of 0.25
degree every 1 hour.

We use three dimensional winds of the PANSY radar and the ERA5 reanalysis during the period of October 2015 to
September 2016, in which the PANSY radar was continuously operated (Minamihara et. al.,2018). The inertia-GWSs are
extracted by applying a bandpass filter with a cutoff period of 4-24 h and a cutoff vertical wavelength of 0.8-8 km. As a
result, we found many similar wave-like structures between the PANSY radar and the ERAS reanalysis.

In order to examine the propagation characteristics of inertia-GWs, we use a hodograph analysis. It utilizes the feature that
the hodograph (i.e., vertical change of the horizontal wind vector drawn in the zonal and meridional wind space) becomes
an ellipse, in which the amplitude, intrinsic period, vertical wavelength, phase velocity, and group velocity of GWs can be
estimated. Although the hodograph analysis generally has an ambiguity of horizontal propagation directiof, loye180
exclude it by comparing direct estimates of the ground-based wave period from the time and altitude section.

We will discuss the similarities and differences between the PANSY radar and ERA5 and seasonal variations of sporadic
GW events over Syowa Station.
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Revisiting models of TKE dissipation rates from UHF and VHF Doppler radar
spectrum width from theory and UAV data

#Hubert LUCE),Hiroyuki Hashiguch? ,Lakshmi Kanth& ,Abhiram Dodd#),Dale Lawrenc® ,Masanori Yabuk}
(IRISH2RISH, Kyoto Univ.(3Univ. of Colorado{*University of Colorado Boulder

Shortly after the development of Stratosphere-Troposphere VHF radars and UHF wind profilers, analytical models have
been proposed to estimate turbulence kinetic energy (TKE) dissipation rate from Doppler spectrum width. TKE dissipa-
tion rate is a fundamental parameter indicative of the strength of turbulence. The commonly used models were recently
assessed from comparisons with Unmanned Aerial Vehicles (UAV) data collected during Shigaraki-UAV-Radar EXperiment
(ShUREX) campaigns (2016-2017) at Shigaraki MU observatory (Japan). Applied to the VHF Middle and Upper atmosphere
(MU) radar and to the UHF LQ7 wind profiler, these models failed to reproduce accurately UAV-derived dissipation rates
and a simple model based on dimensional analysis provided the best agreements. However, the latter raises conceptual issues
and its applicability must be understood. New insights have been obtained by expending theoretical derivations based on
energy budget equations for expressing the temperature structure parameter in terms of outer scales of turbulence (Basu and
Holtslag, 2021). These derivations lead to a possible interpretation of the efficiency of the simple model and to a generalized
expression of the dissipation rate models allowing us to identify the domain of applicability of the commonly used model for
turbulence in stratified conditions.
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Development of an automatic procedure to make a log of a sky condition from

successive images of night sky.
#Satoshi Ishii,Hidehiko Suzuld’,Nozomu Nishitan
(IMeiji Univ., ?Meiji univ., ®ISEE, Nagoya Univ.

For optical observations from ground, it is important to precisely know a temporal and spatial distribution of clouds to
judge the data quality. In this study, we developed an automatic procedure to make a log of the sky condition (distribution
of lower clouds which obstacle signals from upper sky) from successive images of night sky. Since the field of view (FOV)
of photometers and spectrometers tends to be narrow, it is difficult to distinguish the actual fluctuations in signals from the
occultation effect by the lower clouds. Thus, a sky condition is often checked by an image data acquired by collocated imagers
for nocturnal luminous phenomena such as aurora and airglow. However, it costs too much by means of time and effort to
manually check huge data set. Moreover, a criterion to judge a sky condition highly depends on an inspector. If an outstanding
method to judge a condition of night sky by using image data taken by a fixed imager is established, it is useful to extract valid
data from huge data set and be a powerful tool for statistical analysis with long-term data. Unlike daytime, night sky images
have poor color contrast between clear and cloudy areas. It means that a method using color information is difficult to be
applied. Therefore, we have developed a method to determine the spatial and temporal distribution of clear sky using stars. In
ground based image observations, the elevation and azimuth angle of the FOV are fixed. If the information for an observation
situation (latitude, longitude, and observation time) is known, the positions of stars in the FOV can be estimated from the star
chart (star positions in an equatorial coordinate system). Then, it is possible to determine the presence or absence of clouds
from night sky images, by checking presence of a star image in predicted area. Since star images present in almost whole sky,
a spatial distribution of cloud can be determined with a resolution corresponding to mean angular distance between available
stars. In this talk, we present the method to automatically make a log of a sky condition from successive images of night sky.
We also show initial result of this method obtained by applying the procedure to images of night sky acquired by an imager
operating to monitor the SuperDARN radar system in Rikubetsu, Hokkaido. Comparison between results by our method and
results based on a manual inspection is also performed to shows robustness and effectiveness of the developed method.
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Estimation of cloud base height and cloud cover from all-sky cloud imagers
#Atsuya Nemotd ,Hiroyo Ohy&), Toshiaki Takan® , Tamio Takamur& ,Alessandro Damiafi,Hiroyuki Nakat&
(1Science and Engineering, Chiba Universttigngineering, Chiba Univ2Chiba Univ.(*CEReS Chiba Uni\?Grad. School
of Eng., Chiba Univ.

Cloud base height has been observed by radiosondes, radars, and lidars (ceilometer). Radiosonde observation is carried
out only twice a day at 00:00 and 12:00 UT over the world, and observation sites are limited (for example, 16 sites in Japan).
Wilheit and Hutchison [2000] also proposed a method to retrieve the cloud base height by combining passive microwave
brightness temperature and infrared cloud top temperature. Lidars can be obtained relatively accurate cloud base heights
locally [Takano and Takamura, 2014]. However, they detect only the overhead cloud base height. The advantage of satellites
is that two-dimensional distributions of the microphysical and macrophysical properties of clouds may be retrieved on a global
scale with high resolution [Huang et al., 2006]. However, the acquisition of cloud base height cannot be obtained directly
from satellite observations. On the other hand, column resistance of global electric circuit increases by 10 % with increasing
cloud cover based on simulation[Zhou and Tinsley, 2010], although quantitative verification has not been performed by
observations yet. In this study, we propose a method for estimating cloud base height and cloud cover using all-sky imagers
at two sites. The advantage of all-sky imagers is that they are cheaper than radars and lidars. Cloud observations have
been performed by the two all-sky imagers on the roofs of Engineering Research Building 1 (35.6246N, 140.1037E) and 2
(35.6266N, 140.1040E) in Nishi-Chiba campus in Chiba University, Japan. The distance between the two all-sky imagers is
216 m. The all-sky imagers have equisolid angle projection. The estimation method of the cloud base height is described
below. When the cloud base height is assumed in the range of 500-2500 m with step of 50 m, the two cloud images are
projected to each map. Then we calculate cross-correlation of RGB and binarized values between the two maps. The height
that the cross-correlation coefficients show maximum value is adopted as the cloud base height. We verified the estimation
accuracy of the cloud base height by simulation. When we made several pseudo-cloud images in the cloud base height range
of 500 - 3000 m with a step of 500 m, the estimation errors were 0 - 30 m. The errors are very low, because spatial resolutions
of visible spectra for the Himawari-8 satellite and X-band radar network are 1 km and 250 m, respectively. Applying our
estimation method for observation data, the cloud base height was estimated to be 1987 m and 1937 m in the cases of the
RGB and binarized values at 11:45:13 JST on 16 March, 2020, respectively. The cloud base height was observed to be 1860
m by a lidar installed by the National Institute for Environmental Studies (NIES) in the same campus in Chiba University at
11:45:00 JST. On the other hand, we improved an automatic procedure to estimate nighttime cloud cover from cloud optical
images using the RGB color values. The nighttime judgement conditions of the RGB values for clouds were changed from
daytime one. In the session, we will show the results of verification for the accuracy of the estimation method and relationship
between cloud cover and atmospheric electric field in details.
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Response of thunderstorms, rainfalls and snowfalls to global electric circuit in
Kanto area using W-band cloud radar FALCON-|

#Hiroyo Ohya), Masashi Kamogaw, Tomoyuki Suzuki, Toshiaki Takan® ,Kazuomi Morotomf)

(1Engineering, Chiba Univ2University of Shizuokd?Education, Gakugei UniVAChiba Univ.(®*Japan Radio Co., Ltd.

Global electric circuit (GEC) is a huge capacitor between the Earth’s surface and lower ionosphere. Thunderstorm is
main generator of the GEC (e.g., Rycroft et al., 2000). Air current flows upward from a thunderstorm cloud top toward the
ionosphere and flows in the lower ionosphere horizontally. Then the air current flows from the lower ionosphere down to
the Earth’s surface in fair weather and flows in the Earth’s surface. The current flows from the ground into the thunderstorm
generator, and the GEC closes. The currents are 0.1-6.0 A, with an average between about 0.5 and 1 A per thunderstorm
cell (Blakeslee et al., 1989). Correlation between atmospheric electric field in Antarctica and thunderstorm rainfall was 0.54
(Lavigne et al., 2016). In Kanto area, large oscillations in atmospheric electric field with a period of 78 minutes during
showfalls of 24 November, 2016 were reported, which was caused by vertically convective cells in the snowclouds (Ohya et
al., Scientific Reports, 2021). However, it is not still clear how clouds affect the GEC quantitatively. In this study, we reveal
response of thunderstorms, rainfalls, and snowfalls to the GEC in Kanto area using W-band (95 GHz) cloud radar, FALCON
(FMCW radar for cloud observations)-l. FALCON-I is a cloud radar with high spatial and sampling resolution developed
at Chiba University, Japan. The field mills at Chiba University (CHB, 35.63N, 140.10E), Kakioka, Ibaraki (KAK, 36.23N,
140.19E), Koganei, Tokyo (KGN, 35.71N, 139.49E), and Musashino, Tokyo (MSS, 35.72 N, 139.57E); the FALCON-I at
CHB; and a X-band phased array weather radar (PAWR) operated by Japan Radio Co., Ltd. (XBR, 35.52N, 140.23E), Japan
are used in this study. The distances between CHB and KAK, KGN, and MSS are 64.8, 56.4, and 49.5 km, respectively. There
were 79 events that the atmospheric electric field largely varied during thunderstorms and snowfalls from June 2016 to June
2018. Around end of precipitations that continued for 11.5 hours, the atmospheric electric field largely decreased at CHB at
23:30 UT on 4 June, 2016. During precipitations on 21 June, 2016, the atmospheric electric field oscillated with a period of
about 20 minutes. During snowfall of 27 March, 2017, the atmospheric electric field largely varied, but not oscillated. At
that time, the snowclouds had complex structure at heights of 0.5-6.0 km. In this session, we will show the response of these
weather phenomena in detail.
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Relation between lightning activities measured by the V-POTEKA network and
typhoon intensity development

#Mitsuteru SATQO), Yukihiro Takahast?,Hisayuki Kubotd),Glenn Vincent C. Lope?

(IFaculty of Science, Hokkaido Unit?Faculty of Science,Hokkaido Unit?Faculty of Science, Hokkaido Unit*ASTI,
DOST

Many countries in the western north Pacific region suffer from the attack of tropical cyclones (typhoons) and have a
strong demand to predict the intensity development of typhoons by a cost-effective ways. Recent studies revealed that
the lightning occurrence number in tropical cyclones shows clear relation to the intensity development of TCs. Thus, we
have developed a new automatic weather and lightning observation system (V-POTEKA) and deployed this system in the
Philippines, Guam, Palau, Jakarta, Okinawa since September 2017. Using the V-POTEKA data, lightning locations are
estimated by using the time-of-arrival geolocation algorithm. We have compared the relation between the lightning activities
within the typhoon area measured by the V-POTEKA network and the intensity development of the western north Pacific
typhoons in the period of 2018-2020. Although a total of 81 typhoons occurred in these 3 years, we selected 46 typhoons
in this study and conducted cross-correlation analysis between lightning activities and typhoon intensity development. We
confirmed that the time variations of the detected lightning event numbers and typhoon intensities (maximum wind speed
(Vmaz) @and minimum pressure (B,,)) are correlated (R=0.50 for,Y,. and R=0.57 for B,;,,) and that there is clear time
lag between lightning activities and typhoon intensities (+33 h fpr,and +36 h for B,;,), which means the peak of
lightning activity comes first and the peak of the typhoon intensity comes next. We also found that the time lag in the weaker
typhoons is smaller than that in the stronger typhoons. However, as for the super typhoons (category 5 typhoons), this relation
is not always clear. At the presentation, we will show the detailed results derived from this cross-correlation analysis and
discuss the possible explanation for these characteristics.
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e/ fHBERER D B 2 T EMHE MR > TV D, ZF T THAW. FRICHBIXS - BREBRNY A7 L (V-POTEKA)
EHFEL, 20179 ANL TV E Y, FT L, I8TA, AV R 7, I Uy PR O BTG 8
ORISR TRERIICEBIING %2 2w h Y — 7 B L CE T2, V-POTEKA OFEREBIBINT— & & FSkmii 2
He AW TEREORENE T 1B EICHIMET 5V AT LZRERL TW5, AW TIE. 20184Eh0 5 2020
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Scope and progress of ULAT/SATREPS project for extreme weather monitoring
in Asia

#Yukihiro TakahasH?,Mitsuteru SATO),Hisayuki Kubota),Jun Matsumotd ,Algodon Meryl

(THokkaido Univ.(>Tokyo Metropolitan Univ.

ULAT/SATREPS is for realizing precise real-time monitoring and issuing alert for extreme weather, such as torrential
rainfall or typhoon. We are developing a ground observation network with lightning sensors and trying to establish semi
real-time operation of micro-satellites to capture the typhoon and thunderstorms. In this project, we apply two technologies,
1) the lightning activity monitoring with the ground-based lightning networks with 12 sites for VLF radio wave measurement
in nation-wide of Philippines and with 50 sites for electrostatic field measurement in Metro Manila together with infrasound
sensor and automated weather station, and 2) the 3 dimensional capturing of thunderstorms by the on-demand operation of
50-kg micro-satellites. ULAT project was started in 2017 and the installation of the ground lightning observation station with
automated weather station was completed by about 70 percent of the original plan and the continuous recording was started.
About satellite observation, we succeeded in making detailed 3-D cloud structure model near the center of the typhoon with
micro-satellite and aircraft. We plan to carry out the coordinated observation using the ground networks and micro-satellite
for the quasi real time monitoring of extreme weather in the next summer season. This research was supported by Science and
Technology Research Partnership for Sustainable Development (SATREPS), Japan Science and Technology Agency (JST) /
Japan International Cooperation Agency (JICA).
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