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Estimation of cloud base altitude using cloud images captured by

all-sky imagers
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Clouds can significantly affect the Earth's radiation budget and water cycle by changing its various properties. In
addition to cloud microphysical properties, cloud bottom height, which is one of the macrophysical structures of clouds,
has a particularly important meaning for infrared radiation on the surface of the Earth. Cloud base height is also
extremely important in air safety, airborne military operations and surveillance [Vislocky and Fritsch, 1997]. Thus, an
accurate method of estimating the cloud base altitude may provide a better understanding of the effects of clouds on
the Earth's radiative balance, and may provide useful information for improving aviation safety. The following ground-
based instruments can be used to accurately estimate cloud base heights. Radar and lidar can be used to obtain relatively
accurate cloud-bottom heights locally [Takano and Takamura, 2014]. However, they cannot provide the cloud base
height information in wide area. The advantage of satellites is that high-resolution, two-dimensional distributions of
the microphysical and macrophysical properties of clouds may be retrieved on a global scale [Huang et al.,
2006].However, the acquisition of cloud-bottom heights is quite complex and cannot be obtained directly from satellite
observations. 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. However, these methods are mainly
useful for special cloud types (e.g., relatively thin clouds, stratocumulus clouds, convection clouds, etc.). In this study,
we propose an estimation method of the cloud base height using a pair of cloud images observed by all-sky imagers at
two sites. The advantage of all-sky imagers is to be cheaper than radars and lidars. The two all-sky imagers were installed
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 method. 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 between the two maps. The cloud base height is determined when the cross-
correlation coefficients are at their maximum in all cases. In a recent case study, the cloud base heights were estimated
to be 1850 m at 11:45:13 LT on 16 March, 2020. 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 11:00 LT. The
difference of cloud base height between our method and lidar was 10 m. We verified the accuracy of the cloud base
height estimation by simulation. When cloud base heights of pseudo-cloud were set to be 1000 m and 2000 m, the
estimated heights were higher by 100-250 m than the true one. In the session, we will show the results of verification
of the accuracy of the estimation method in details.
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Development of measurement technique for atmospheric turbulence using radar inversion
#Ryosuke Tamura", Koji Nishimura®, Hiroyuki Hashiguchi?
DResearch Institute for Sustainable Humanosphere,?National Institute of Polar Research

Atmospheric radar can observe the height profiles of wind velocities from the turbulent scattering of radio wave. In
theory, it can also estimate turbulent intensity from the Doppler spectral width of the atmospheric radar. In order to
estimate the turbulent broadening s, from the observed spectral width ss, it is necessary to consider other broadening
effects: beam (Speam), shear (Sghear), and time (sgme) broadenings [1]. Namely, s%ub = S%obs = (S%heam + S%hear + Stime) -
However, s, sometimes becomes negative due to the over-estimation of beam broadening. The estimation error of
beam broadening is caused by the assumption that the beam pattern is rotationally symmetric and has low sidelobes.
Especially, for the radar which has an asymmetric beam pattern such as the PANSY radar at Syowa Station in Antarctica,
debroadening is considered remarkably difficult.

Recently, a new radar observation theory which has a potential to be able to estimate the accurate beam broadening
was proposed by Nishimura et al. [2]. In this theory, if we assume that the time functions of turbulent vortex which
scatter the radio wave are uncorrelated between the any different points in the observation volume and its power
spectral expectation is equal, then, the correlation function (CF) of the received signal (R) is equal to the multiplication
of its scattering function (F) determined by the turbulent

strength, two way beam pattern function (G) determined by the wind velocity, and window function (W) determined
by sampling temporal lag [2]. That is R = FGW. It implies that when turbulent strength and wind velocity are unknown,
we can theoretically estimate these parameters by solving the inverse problem.

In this study, we use the MU radar of RISH, Kyoto University to apply this new theory to real radar data analysis. As a
first step, we use wind velocity obtained from Doppler Beam Swinging (DBS) method and estimate the turbulent
broadening. In this case, it is relatively easy to solve inverse problem because the unknown parameter is just the
turbulent strength. In practice, to avoid the affections from the noise and clutters, we estimate the parameter from the
Fourier transform of CFs and optimization is conducted by the least squares method (see figure).

As the next step, we try to develop the debroadening algorithm which deals with the estimation of wind velocity and
turbulent strength. It is expected to be able to analyse more precise wind velocity compared with conventional methods
like DBS or Spaced Antenna (SA) method and turbulent strength.

The new way of observation algorithm can be applied not only to an atmospheric radar but also to a Doppler weather
radar having the interferometer function and has a possibility to estimate the cross-radial velocities.

[1] W. K. Hocking, Measurement of turbulent energy dissipation rates in the middle atmosphere by radar techniques:
A review, in Radio Science, vol. 20, no. 6, pp. 1403-1422, doi:10.1029/RS020i006p01403, 1985.

[2] K. Nishimura, M. Kohma, K. Sato and T. Sato, Spectral Observation Theory and Beam Debroadening Algorithm
for Atmospheric Radar, in IEEE Transactions on Geoscience and Remote Sensing, doi: 10.1109/TGRS.2020.2970200,
2020.
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Estimation of location and charge amount of lightning discharges using electrostatic field

observation network in Metro Manila

#Masafumi Kanno?, Yukihiro Takahashi?, Hiroyo Ohya®, Hiroyuki Nakata”, Mitsuteru SATO, Purwadi Purwadi®,
Hisayuki Kubota®

UScience and Engineering, Chiba Univ.,” Cosmosciences, Hokkaido Univ.,” Engineering, Chiba Univ.,” Grad. School
of Eng., Chiba Univ.,”Hokkaido Univ., Faculty of Science, Hokkaido Univ.

There are many studies on the relationship between cloud convection activity and the occurrence number of the
lightning discharges. Changes in the occurrence number of lightning discharges preceded those in precipitations by
approximately 5 min.[Piepgrass et al., 1982]. Variations in the occurrence number of lightning discharges preceded
those in maximum wind speed of hurricanes topically by one or two days [Price et al., 2009]. Thus, it is expected that
there is a relationship between cloud convection activity and the charge structure in clouds [Sakai, 2014], although that
has not been investigated in detail. Based on the network of vertical electrostatic field observations, the charge structure
in the cloud can be estimated. Charges of -10 to -40 C were neutralized by cloud-to-ground (CG) discharges at the
altitude of 6.0-9.5 km [Jacobson and Krider, 1976]. However, it is difficult to construct a large-scale observation
network with field mill senors because of the cost. The alternative instrument is plate-type capacitive antenna [Blitzer,
2013]. However, the amount of charge could not be estimated with such antenna due to the problem of calibration. In
this study, we carried out a model calculation in order to estimate the horizontal location, height, and amount of
neutralized charge caused by the CG and intracloud discharges using the electrostatic field observation system P-
POTEKA installed in Metro Manila, Philippines under SATREPS/ULAT (Understanding Lightning and
Thunderstorm) project. The P-POTEKA consists of a plate-type capacitive antenna installed at 35 sites in Metro
Manila with an interval of about 5 km. The result of the model calculation suggested that the amount of neutralized
charge and position of lightning can be estimated by correcting the relative sensitivities of the antenna from the changes
in the electrostatic field of the CG discharges if the relative sensitivity for each observation site is within 50 %. In this
presentation, we will explain our method to estimate the charge amount and position of lightning discharges and show
the results of estimation using observation data in detail.
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Estimation of the Relation of Electrical Properties of Lightning with Intensity of Tropical

Cyclones in Western North Pacific
#Shunsuke Niwa", Mitsuteru SATOV, Hisayuki Kubota", Yukihiro TakahashiV
DCosmosciences, Hokkaido Univ.

Prediction of the Tropical Cyclone (TC) intensity such as maximum sustained wind and minimum sea surface pressure
is an important issue for a long time. Previous studies suggested that lightning activity in TCs has a possibility to
improve the accuracy of intensity prediction. Although relationships between lightning frequency and TC intensity
have been investigated in the previous studies, relationships of electrical properties(EPs) of lightning with TC intensity
have not been studied. In this study, we investigated the relationships of EPs of lightning (peak current, charge moment
change (CMC) and charge amount) with five TCs (LEEPI, categoryl; UTOR, category5; MAN-YI, category3, Large;
WIPHA, category4, Large; HAIYAN, category5) over the Western North Pacific. We used the best track data of TCs
provided by Joint Typhoon Warning Center (JTWC), time and location of lightning data provided by World Wide
Lightning Network (WWLLN) and ELF magnetic field data obtained at two stations of Global ELF Observation
Network (GEON), Syowa (69.0S, 39.5E) and Kuju(33.1N, 131.2E) for calculating EPs. In order to compare TC
intensity with lightning parameters, EPs of lightning in the inner core region (100 km from the center of TC, 200 km
for large TCs) and in the rainband region ( 100 km ~ 500 km from the center, 200 km ~ 1000 km for large TCs),
median values of the cross-correlation coefficients and lag time were calculated. In the case of UTOR and HAIYAN
that were intense TCs, the correlation coefficients of peak current and charge amount of lightning in the inner core
with TC intensity were relatively high. In addition, each peak of lightning parameters preceded that of TC intensity by
~ lday. However, there was very weak correlation in TC intensity and EPs of lightning in the rainband of TCs with
category 4,5 including WIPHA. The rainband region of relatively weak TCs (LEEPI and MAN-YI) had the peak of
EPs of lightning 1~2 days before the peak of maximum sustained wind. From these results, EPs of lightning in the inner
core of intense TCs can be a possible indicator of TC development.
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Observations of turbulent mixing in Tropical Tropopause Layer (TTL)
#Momoko Hashino", Hiroyuki Hashiguchi?, richard Wilson?, Shinya Ogino®, Junko Suzuki®
URISH, Kyoto Univ.,”’ Atmospheric sciences,”JAMSTEC

The Tropical Tropopause Layer (TTL) is a transitional region between the troposphere and the stratosphere peculiar
to the tropical zone. In recent years, the importance of elucidating the physical and chemical processes in TTL has
attracted attention, and the international TTL observation project "STRATEOLE-2" will be carried out in 2021 and
2024. The behavior of atmospheric waves in TTL is considered to affect the mass exchange between the stratosphere
and the troposphere. It is said that materials are transported from the stratosphere to the troposphere along with the
breaking of equatorial Kelvin wave, which is known to be predominant in the TTL, which suggest a relationship with
turbulence due to breaking of the wave [e.g., Fujiwara et al., 2003]. However, no studies have shown this relationship
directly from observations, and it can be said that the details of how Kelvin waves influence mass exchange have not yet
been clarified. Therefore, in this study, we analyzed turbulence and mass transport near the TTL region using the data
of the STRATEOLE-2 pre-observation conducted from the end of 2019 and the observation campaign conducted in
synchronization with it.

The observation campaign was conducted from November 21 to December 6, 2019, and ozone/GPS sonde observations
were conducted at the Equatorial Atmosphere Observatory in West Sumatra, Indonesia. The observation data from the
Equatorial Atmospheric Radar (EAR) at the same station was also analyzed. In addition, from November 12, 2019 to
February 28, 2020, part of the STRATEOLE-2 pre-observation data obtained using super pressure long duration
balloons was used. Furthermore, analysis using ERA5 re-analysis data was performed.

The analysis results will be described below. From the sonde profile during the observation campaign, a structure
thought to be equatorial Kelvin wave was found in the zonal wind field and the temperature field. It was observed that
the vertical wind shear increased as the wave amplitude increased, and the shear region also moved downward as the
wave phase moved downward with time. The region of increased turbulence intensity obtained from EAR observation
during the same period coincides with this shear region, and it is considered that turbulence is generated due to shear
instability. At this time, the vertical distribution of ozone changed from a structure with a sharp peak to a structure that
spreads vertically, and it is considered that the turbulence caused vertical mixing of ozone. The figure shows the
turbulence intensity (contour) calculated from the EAR data from January 23 to February 1, 2020, and the altitude
trajectory of a super pressure balloon (blue line) that flew near the EAR during the same period. It is thought that the
balloon was entrained in the turbulent layer and transported downward, suggesting that trace substances such as ozone
in the atmosphere are also vertically diffused by turbulence. On the other hand, it was suggested from those
observations that the turbulent layer is generated when equatorial Kelvin wave transitions rapidly from easterly phase
to westerly phase. A similar consideration has been made in the study of equatorial Kelvin waves using re-analysis data
[Nishi et al., 2007]. We analysed ERA5 data by the same method and found that the period in which rapid transitions
from easterly to westerly detected using ERA5 data was consistent with the period in which the turbulence intensity
observed in the EAR increased, at least at the longitude where the EAR was located. Moreover, it was confirmed that
the distribution of the rapid transition zone of the zonal wind is related to the structure of equatorial Kelvin wave at all
longitudes.

In this study, it was clarified from the direct observation that the turbulent flow caused by equatorial Kelvin wave
transports materials. In the future, we would like to quantitatively evaluate the impact of this transportation.
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Characteristics of Jovian polar atmosphere derived from multispectral and polarimetric

observations

#Shuntaro Yokota", Mitsuteru SATO?, Yukihiro Takahashi®, Seiko Takagi®, Tatsuharu Ohno®, Sato Yuki®
DGrad.Sch.Sci.Hokkaido Univ,?Hokkaido Univ.,Y Cosmosciences, Hokkaido Univ.,Hokkaido Univ.,”Grad. Sch. Sci.,
Hokkaido Univ.

Polarimetric observation is an effective method for determining the particle properties of the planet's surface and
atmosphere. Polarimetric imaging provides information on the intensity of scattered light, which can be combined with
model calculations to constrain particle properties. From this reason, many polarimetric observations of Jovian
atmosphere have been performed so far. Previous studies have shown the distribution of polarization with Jupiter's
latitude, confirming the effects of stripe structure and high-altitude haze [McLean et al., 2017, Schmid et al., 2011].
Polarimetric imaging at high polarization with methane absorption wavelengths is suitable for elucidating the variation
of particle characteristics corresponding to cloud structure. For spectroscopic imaging observations, methane
absorption wavelength have sensitivity at specific altitudes from the upper troposphere to the stratosphere due to the
optical path difference of the reflected light [Karkoschka et al., 1994], and the vertical structure of Jupiter's atmosphere
has been elucidated using multiple methane absorption wavelengths in ground-based telescopes and spacecraft
observations. Previous studies have only observed polarization only a few times a year, and the temporal variation of
particle characteristics has not been clarified. The temporal variability of particle properties in the upper troposphere
and stratosphere, focusing on the spatiotemporal variability of clouds, has not been sufficiently discussed. The
purpose of this study is to observe the motion of the polar upper layer in the Jovian atmosphere and the temporal
variations of the particle characteristics from the polarimetric and multispectral imaging using the 1.6 m Pirka telescope
operated by Hokkaido University and to clarify the convection mechanism of the Jovian atmosphere by comparing the
multispectral imaging data to polarimetric imaging data.

In this presentation, we introduce the results derived from the spectral imaging observations and the polarimetric
imaging observations using the Multi Spectral Imager (MSI) (pixel scale = 0.39 "/ pix) with the band-pass filters of 619
nm, 727 nm, 756 nm, and 889 nm, which is mounted on the Pirka telescope. We conducted the MSI observations
from May 2019 to July 2020. For this observation, we have conducted 21 nights observation and the typical seeing
size was 4 arcseconds. In order to monitor the temporal variations of the cloud/haze structure and their polarimetric
characteristics, it is necessary to simultaneously obtain the multispectral and polarimetric data with every few days
interval. The images at the methane absorption wavelength of 619 nm, 727 nm and 889 nm show bright clouds and
haze layers in Jovian atmosphere due to the higher ratio of scattered light. The deepest methane absorption at 889 nm
shows the strongest polar polarization and strong latitudinal dependence consistent with the results of Schmid et
al.,[2011]. There is a correlation between the polarization and the flux intensity corrected for peripheral attenuation in
the 727 nm and 889 nm imaging. This relationship is strong in the latitudinal direction and it is reflected by the zone
and band structure. We can also see variation of polarization in the longitude direction, and it is possible to be reflected
by the differences in cloud top height and particle composition within each structure. For the observations up to 2020,
we obtained data for several consecutive days and data with intervals of more than one week. From continuous
observations on 29 May (180-260 degrees longitude), 30 May (350-0-70 degrees) and 31 May (130-210 degrees) , we
found no significant temporal variation of polarization with respect to the cloud structure. At the presentation, we will
show the initial results derived from the image analysis and will show the future observation plan more in detail.
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Relationship between frequency of excitation of mountain waves, topography and a dominant
wind

#Satoshi Ishii?, Hidehiko Suzuki®

UDept. of Physics, Meiji Univ.,”’Meiji univ.

The objective of this study is to reveal the characteristics of excitation and propagation of mountain waves (MWs).
Imaging observation of OH airglow had been conducted at Meiji University, Japan (35.613 °N, 139.549 °E) from Dec.
2015 to Dec. 2019. Mountainous area including Mt. Fuji locates in west side of the imager, and westerly winds
predominate in the lower atmosphere throughout the year. Therefore, it has been expected that many MWs are excited
in lee side and propagate to upper atmosphere. However, during the 4 years, only 8 events were identified as possible
MWs. On the other hand, Criddle et al. [2011] reports 68 cases of MWs (ground phase velocity <5 m/s) which is
thought to be excited by the Andes. They detected MWs by airglow imaging in Cerro Pachon, Chile (30.2 °S, 70.7 °W)
from Aug. 2009 to Aug. 2010. Comparing with this event rate (68 cases/year), the number of events detected in our
study (8 cases/4 years) is very small. There are two possible reasons why the number was small: (1) The frequency of
MWs excitation is small in the lower layer, and/or (2) MWs do not easily propagate to the upper mesosphere. This
study verified the possibility of the former case. When the over-mountain airflow exists, wavy clouds are often generated
on the lee side. Since over-mountain airflow is essential for the excitation of MWs, a frequency of the wavy clouds can
be considered to be a measure of the occurrence of MWs. The frequency and spatial distribution of MWs over Japan
are investigated by detecting the wavy clouds from color images taken by Himawari-8 meteorological satellite for one
year in 2018. The clouds are detected on more than 70 days a year around the Ou Mountains in Tohoku region, but
just 20 days a year around Mt. Fuji. It is suggested that few MWs are excited around Mt. Fuji [Ishii, SGEPSS Fall
Meeting, 2019]. The differences between these two regions are examined by focusing on the relationship between
topography and horizontal wind in lower atmosphere. Using elevation data provided by Geospatial Information
Authority of Japan and the wind data from the reanalysis data MERRA-2, the relationship between topography and
wind in each area has been investigated. As a result, Tohoku region has a simple topography with the Ou Mountains
running north to south, and the westerly wind blows almost perpendicular to the ridgeline. In contrast, the vast
mountainous area that extends upwind of Mt. Fuji is a very complex terrain. In altitudes from 100 to 1000 m, the wind
was blowing in various directions due to obstacle effects by mountains. From these results, we considered a general
condition for frequent excitation of MWs in mountain area. We suggest "mountain wave hotspots", which is thought to
be the frequent excitement of MWs in the world.
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The effect of heat sources response due to El Nino-Southern Oscillation on MLT solar
thermal tides in GAIA model

#Masaru Kogure?, Huixin Liu?, Hidekatsu Jin®
DKyushu University,” None,NICT

Solar thermal tides are global-scale waves with periods of 24 hours harmonics. They are excited by three heating sources:
insolation absorption of water vapor in the troposphere and ozone in the stratospheric, and latent heat release. Tidal
Wavenumbers and periods are determined by the global distribution of these heating sources, which are governed by
lower atmosphere processes. El Nino-Southern Oscillation (ENSO) is a well known planetary scale phenomenon and
drastically changes the global distribution of water vapor insolation absorption and latent heat in tropical regions.
Liberman et al. (2007) observed an enhanced amplitude of diurnal tide at 90 km altitude during the 1997/8 El Nino
and attributed it to high anomalies of water vaper insolation absorption and latent heat in the tropical central and
eastern Pacific during ENSO. Warner and Oberheide (2014) presented water vapor insolation absorption and latent
heat during the 2010/11 La Nina and compared them to tidal wind response at 100 km altitude. They found that diurnal
nonmigrating tides with wavenumbers 2 and 3 (DE3 and DE2) were the most affected. While the two pioneering works
cover only one EL Nino and one La Nino events, Liu et al. (2017) covered nine ENSO events and showed that seasonal
and latitudinal variation of a diurnal tidal statistical response to ENSO by using 21 years (1996-2016) data-driven from
the Ground-to-topside Atmosphere-Ionosphere model for Aeronomy (GAIA). However, there is still a lack of
understanding of how changes in the heat sources contribute to tidal response to ENSO.

The purpose of this study is to reveal the contribution of changes in heating sources to tidal response to ENSO by using
GAIA model. From the GAIA data, diurnal components of water vaper insolation absorption and latent heat were
estimated base on Yanai (1978) and their responses to ENSO are extracted for the period of 1996-2016. This is
compared to tidal variations presented in Liu et al., (2017), and their correlations are examined.
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Tropical cyclone-generated mesospheric disturbances revealed by the airglow observation of
ISS-IMAP/VISI

#Akinori Saito", Takeshi Sakanoi?, Yuta Hozumi®, Septi Perwitasari®, Takuji Nakamura®
UDept. of Geophysics, Kyoto Univ.,?Grad. School of Science, Tohoku Univ.,UEC,*NICT,”NIPR

Mesospheric disturbances associated with tropical cyclones (TC) have been investigated using the airglow observation
from International Space Station (ISS). It has been widely accepted that the vertical coupling from the Troposphere to
the Mesosphere and the Lower Thermosphere (MLT) region is crucial to elucidate the variations of the upper
atmosphere. Especially, extreme atmospheric events in the Troposphere, such as TC and tornados, are regarded as the
source of the sporadic disturbances in the MLT region. There has been a plenty of researches on the MLT disturbances
associated with the Tropospheric events using the ground-based imagers, GNSS-receiver arrays, and radars. Space-
borne imaging observation is idealistic to elucidate the MLT disturbances caused by the Tropospheric events because
it is not blocked by the clouds in the Troposphere. Visible-light and infrared spectrum imager (VISI) of ISS-Tonosphere,
Mesosphere, upper Atmosphere, and Plasmasphere mapping (ISS-IMAP) mission detected the Mesospheric airglow
from the molecular oxygen in 762nm of wavelength, and the lonospheric airglow from the atomic oxygen in 630nm of
wavelength. In its three years observation, the number of TC that ISS-IMAP/VISI made the conjugate observation was
171. It was found that more than 20% of TC was associated with the mesospheric disturbances that seems to be
generated by TC. The duration of these disturbances was one or two days in spite of the lifetime of TC is longer than
a week. Relation between activity of TC and the Mesospheric disturbances associated with the TC will be discussed in
the presentation.
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Excitation mechanism of ionospheric 6-day oscillation during the 2019 SSW event
#Yasunobu Miyoshi?, Yosuke Yamazaki?
UDept. Earth & Planetary Sci, Kyushu Univ.,?Earth and Planetary Sciences, Kyushu Univ.

A sudden stratospheric warming (SSW) event occurred in September 2019 in the Antarctic region. During the SSW
event, the quasi 6?day wave (Q6DW) was enhanced in the middle atmosphere, and strong 6?day oscillations are
observed in the equatorial electrojet (EE]) and electron density. The 6?day variation in the EE]J has a westward?moving
structure with the zonal wavenumber 1, indicating the influence of the Q6DW. In this study, we investigate the
excitation mechanism of the 6?day variations in the EEJ and electron density b conducting numerical simulations. In
this study an atmosphere-ionosphere coupled model (GAIA) is used. The main results are as follows. The 6?day
variations in the ionosphere are generated not by the Q6DW, but by the tides. The amplitude of the semidiurnal tides
are modulated with a period of 6 days, due to the nonlinear interaction between the Q6DW and migrating semidiurnal
tide. The detailed mechanisms for the 6-da modulation of the tides and its effect on the 6-day variation in the
ionosphere is shown.
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Quasi-6-day oscillation in Sq-EE] current system by atmospheric waves
#Kumi Takayama', Yasunobu Miyoshi?, Akimasa Yoshikawa®’
DKyushu Univ.,»Dept. Earth & Planetary Sci, Kyushu Univ.,’ICSWSE/Kyushu Univ.

Atmospheric oscillations in the Sq-EE] current system using dense geomagnetic field observational sites along 210MM
chain composed of MAGDAS (Global Geomagnetic Observation Network) and observational sites operated by
Geospatial Information Authority of Japan (GIS) were analyzed for a comprehensive understanding of the three-
dimensional atmosphere-ionosphere-magnetosphere coupled system. In this study, we focus on the quasi-6-day
oscillation excited by atmospheric waves from below.

It is known that, the quasi-6-day wave (Q6DW), one of the atmospheric waves, is caused by atmospheric heating by
moist air in the tropical troposphere [Miyoshi and Hirooka,1999] and has a seasonal dependence that strongly develops
in the spring and autumn equinoxes [Liu et al.,2004]. The Q6DW in EE] was verified with the equatorial electrojet
measurements from the CHAMP and SWARM satellites and geopotential height data from the Aura satellite [Ymazaki
et al., 2018]. In addition, the distribution of the quasi-6-day oscillation near the equator was clarified using the total
electron content (TEC) from GPS data and the geopotential height of Aura satellite / MLS measurements. A nearly
one-to-one correspondence between Q6DW activities in the ionosphere and lower thermosphere is also shown by
Yamazaki et al., (2019). However, manifestation of global geomagnetic field disturbances excited by above atmospheric
waves has not yet identified.

To understand global characteristic of the 6-day oscillation in Sq-EE]J current system, we analyzed H components of
magnetic field data of MAGDAS and GSI during 2007 as follows.

(1)Subtract a mean value of the H component magnetic variations observed at the nightside (LT=18-06) from the H
component data of each station to eliminate disturbance components by sun activities.

(2) Apply Principal component analysis for each one month to extract components of Sq-EE] current system from H
components of (1).

(3)Take the inner product between basis function of each component of (2) and H components of (1) at the same time
and apply Bandpass filter in the range of 4.5-7.5 day cycle to extract components of the quasi-6-day variations.
(4)Compare with the variation of the amplitude of Q6DW to clarify the connection between the quasi-6-day oscillation
and Q6DW.

Our results indicate that the quasi-6-day oscillation in the Sq-EE] system has strong longitudinal and latitudinal
dependences, although the Q6DW is a planetary-scale wave.

The excitation mechanism of the quasi-6-day oscillation in the Sq-EE] system is examined using an atmosphere-
ionosphere coupled model (GAIA).
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Development of DC electric field sensor and direct measurement of ionosphere Sq electric
fields

#Minoru Tsutsui
Prof. Emeritus of KSU

A new DC electric field sensor which is available to use in all spaces has been developed. The sensor is quite different
from the mill type electric field sensor which measures electric potentials by gathering charged particles in the
atmosphere. Since a key point of the new sensor is focused on electric equi-potential lines which are usually formed in
orthogonal to the electric field lines everywhere, a linear dipole antenna can be applied to the new sensor.

Profiles of electric potentials around the linear dipole elements (each length of L and the gap of d), when they were set
along a uniform electric field, were obtained numerically by solving the Laplace equation. The result showed that only
two equi-potential lines having a distance L with each other connect to A and B on each center of the linear elements,
respectively, and the potentials V4 and Vg of each element became the same as those of each equi-potential lines. These
two potentials are led to a differential pre-amplifier. Since the output from the pre-amplifier is (Va-Vg), an accurate
electric field intensity at the position of the sensor can be obtained by (V4-V3)/L.

Another important point in the structure of the new sensor is that the entire dipole elements are covered with an
electrical insulating jacket, because the dipole elements have to be protected from attaching of charged particles in the
atmosphere.

For practical measurements on the ground, new sensors of 3-D dipole antennas were installed in an electromagnetically
quiet environment where is in a mountain north of Kyoto city, and started continuous observation at the end of 2016.
A typical example of one day traces of electric fields in 3-D directions is shown in the figure. From two traces of
horizontal electric fields, we found a clear polarization change from south to east at about 2 hour after sunrise, and
lasting with east-ward until the mid-day. After changing the polarization to westward, another large polarization change
to northward appeared at about 2 hour before sunset. Since large fluctuations seen in the figure cannot be seen in rainy-
days, the source of the electric fields would be above the troposphere, it is possibly in the ionosphere. The observed
electric field intensity was 0.16 mV/m at maximum which is about 1/10 of those in the ionosphere which have been
studied by many workers. The field intensity at the ground are consistent with the radiation effect from the ionosphere.
Therefore, the observed electric field is considered to be the result of direct measurements of ionosphere Sq electric
fields.

The result of this research is published in TEEE A from IEE] as Tsutsui and Kaji, A New DC Electric Field Sensor and
Direct Measurements of lonosphere Sq Electric Field.
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Observation Results of DC and AC Electric Field near the Sq Current System by S-310-44

Sounding Rocket
#Keigo Ishisaka?, Takumi Abe?, Atsushi Kumamoto®, Makoto Tanaka®
UToyama Pref. Univ.,”’ISAS/JAXA,?Planet. Plasma Atmos. Res. Cent., Tohoku Univ.,” Tokai Univ.

The Sq current system occurs in the lower ionosphere in the winter daytime. The Sq current system is appeared the
specific plasma phenomenon such as electron heating, strong electron density disturbance. Therefore, it is important
to measure directly the DC electric field and AC electric field (the plasma waves) in the ionosphere. The S-310-44
sounding rocket experiment was carried out at Uchinoura Space Center in Japan on January 2016 in order to investigate
the unique phenomena near the Sq current focus. This rocket passed through the center of the Sq current system. In
addition, scientific instruments that are equipped on the rocket also operated normally. As the results of observation, it
was found that the electron temperature at the altitude from 100 km to 110 km was about 150 K larger than the
background by using the fast Langmuir probe measurement. This suggests an existence of electron heating region in
the Sq current focus. The Electric Filed Detector (EFD), which is one of scientific instrument onboard S-310-44
sounding rocket, was able to observe the DC electric field up to 100Hz and the waveform of the plasma waves up to
6400Hz in the altitude from 100km to 160km during the ascent. We also measured directly plasma in the ionosphere
by the various scientific instruments onboard the S-310-44 sounding rocket.

In this paper, we report on the observation results on DC electric field and low frequency plasma wave spectrum by
EFD onboard S-310-44 sounding rocket. Especially, it was found that the DC electric field intensity is increased at
altitude of about 110km. As for this reason, it is assumed that the electric field accelerates the electrons down, and
collides with the neutral atmosphere around 100 km and electrons are heated. Next, the spectrum of AC electric field
in the frequency range from 2 kHz to 3 kHz look to enhance at the altitude of about 100 km. These electric field
components observe during the rocket ascent only. Therefore, it is possible that the electric field component is the
plasma wave related to the Sq current system. Therefore, we guess the large DC electric field and the spectrum of the
VLF band electric field are related for the Sq current system.

Finally, we discuss about the generating mechanism of Sq current system using the result of the electric field and other
observation result.
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Internal mesh structure design and performance evaluation of ion drift velocity analyzer for

sounding rocket
#Ryuto Hashiba!, Sakiho Ohara?, Takumi Abe®
YHokkaido University,? Tokai University,” ISAS/JAXA

In the ionosphere, the neutral particles and plasmas coexist. The momentum transfer between the neutral particle and
plasma is the important process in elucidating phenomena in the lower ionosphere such as ionospheric dynamo and
plasma density disturbance. However, since satellites cannot fly below 250 km altitude for a long time, the observation
data are limited, and there are only a few reports based on in-situ observations. On the other hand, the sounding rocket
enables in-situ observation in the lower ionosphere. In order to elucidate the phenomena in the lower ionosphere, it is
necessary to observe the neutral atmosphere and ionospheric plasma using an analyzer on the sounding rocket.

We are developing an ion analyzer for the sounding rocket that enables estimation of ion drift velocity and density in
the ionosphere. The analyzer is composed of a combination of RPA (Retarding Potential Analyzer) and IDM (Ion Drift
Meter), which have been used for ionospheric ion observation.

The RPA section enables ion energy analysis by applying voltage to metal mesh grid, and the section is composed of
five mesh grids. The ions are accelerated or decelerated by the voltage applied to the mesh grid. Inside the RPA, it is
desirable that the potential distribution between the meshes is uniform in the tangential direction. However, it is
concerned to be non-uniform. In the case of non-uniform potential distribution, the magnitude of acceleration or
deceleration differs depending on the ion trajectory, which affects the velocity estimation error. Therefore, the potential
distribution in the vicinity of grid was estimated using SIMION, which is software that can calculate the trajectories of
charged particles. In this study, a variation of the potential distribution in a space between two wires and in the direction
vertical to the mesh was examined by changing the wire diameter of the grid, the number of meshes, the aperture ratio,
the applied voltage, and the distance. The aperture ratio is the ratio of the area of the opening to the entire mesh. The
results of the voltage error estimation showed that the error changed linearly depending on the wire diameter and the
number of meshes under condition for estimating the same aperture ratio and the center of the opening. In addition,
on the SIMION, the transmittance of charged particles flowing into the grid was calculated and compared with the
aperture ratio of the grid. The particle transmittance and particle trajectories were estimated when the wire diameter
and applied voltage were changed at the same aperture ratio.

It is also necessary to generate ions that move at a specific velocity on the ground to evaluate the performance of the
analyzer. Therefore, we are developing a low energy ion source. The characteristics of the ions generated by the ion
source are evaluated using the Langmuir probe. Compared to the analyzer, the probe can simply measure the current
caused by electrons and ions flowing into the electrode. The source and the probe were installed in the vacuum chamber,
and the voltage applied to the source was changed to generate ions flow. Then, the change of the current-voltage
characteristic of the probe was investigated. The electron saturation current is usually determined only by electrons,
but if the ion source works properly, the current value in this region is expected to change due to the inflow of low-
energy ions.

In this presentation, the estimation and verification results of the potential distribution of the mesh grid using SIMION
and the electrode design will be discussed. The results of the experiments with the ion source and our future work will
also be discussed.
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Development of a pressure gauge for a study of upper atmosphere
#Takumi Abe", Shigeto Watanabe?, Yuto Tanaka®, Wataru Miyake®
VISAS/JAXA,?Hokkaido Information University,” Tokai Univ., Tokai Univ.

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

Charged and neutral particles co-exist in the lower ionosphere. The former tends to move in a direction different from
the latter, because of a difference in those behaviors against the electromagnetic force. The ionospheric current and
ambipolar electric field existing in this region are attributed to a difference in a collision frequency between ion and
electron with neutral particles. Characteristic phenomena such as traveling ionospheric disturbance and electron
density irregularity are significantly generated due to the diversity of the particles in this region. Sounding rocket is
only the platform which enables us to make in-situ measurement at altitudes from 60 to 250 km because the atmospheric
drag prevents low-altitude satellite from staying in orbit for a long time period. It is desirable to develop an instrument
which provides information on local quantities about charged and neutral particles.

We have started developing a pressure gauge for the sounding rocket to estimate the neutral atmospheric density in the
lower thermosphere. The pressure gauge has two sensor elements; 1) crystal gauge for the relatively higher-pressure
region and 2) B-A (Bayard-Alpert) gauge for the lower-pressure region. The B-A gauge will be turned on under the
pressure below 4 Pa while the crystal gauge is responsible for the measurement at pressures above this threshold. In
our measurement, two identical pressure gauges will be stored in two different shaped containers. The first container
is designed on the basis of Patterson probe, which is known as a closed spherical container with a long tube, from which
gases flow in. In the Patterson probe, incoming gas first collide with inner wall of the tube and lose translational kinetic
energy, and the pressure gauge inside can measure static pressure due to thermal motion of atmospheric particles. The
second one is an open-type cylindrical container. This container is newly developed in this study and has a small inlet
for gas inflow. The internal structure was designed so that it can have high sensitivity in the direction of the incoming
gas flow.

Both of the pressure gauges are expected to install on the top side of payload section of the sounding rocket. Detailed
design of the sensor, container, and electronics will be made within one year. Laboratory experiment to evaluate the
instrument performance will be made afterwards. In addition, numerical simulation to verify the instrumental response
to gas inflow is planned to carry out. The latest status of our instrument development will be described in the
presentation.
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Development of new receivers for HF Doppler sounding utilized by Software-Defined Radio

device

#Hiroyuki Nakata", Yuhei Oki”, Kenro Nozaki?, Keisuke Hosokawa?, Ichiro Tomizawa®, Kumiko Hashimoto®, Ryo
Matsushima®, Hiroyo Ohya"

YGrad. School of Eng., Chiba Univ.,? UEC,YKIU

HF Doppler sounding system has been utilized to examine the behaviors of the ionosphere. To maintain and develop
the system of this sounding system, the knowledge of the analog circuit's hardware is necessary. Recently, on the other
hand, the Software-Defined Radio (SDR) techniques, which can implement various wireless communication methods
using software instead of traditional hardware, has been developed. We can easily establish the equipment for HF
Doppler sounding system by utilizing the SDR devices without the knowledge of the analog circuits. In this study,
therefore, new receivers of the HFD sounding system were developed using SDR devices (USRP N210). The operation
of USRP can be performed by the free software, GNU Radio. The former receivers can observe radio waves at four
different frequencies (5006 kHz, 6055 kHz, 8006 kHz, and 9595 kHz) with 100 Hz sampling. The new receivers were
constructed with comparable specifications. Since the transmission of 9595 kHz has stopped, the new receivers receive
3.925 MHz instead. In the new system, the signal flows into four filters from the source (the signal from the antenna),
and each signal decimated to a 100 sampling/sec rate. By simultaneous observations of the previous analog receiver
and the new digital receiver, the performance of the new digital receiver was confirmed. It was found that the SN ratio
of new digital receivers is much better (about 20dB) than the former analog receivers. I/Q detection and sharp edge
filter brought SDR receivers improved characteristics on interference. We also checked the frequency accuracy of the
observations by examining the Doppler frequency offsets of the SDR radio reception. In most SDR, the offsets of the
Doppler frequency are within about 0.01 Hz. By using the rather low-spec PC for data acquisition, on the other hand,
the offset becomes worse (about 0.09 Hz). Therefore, the spec of PC for data acquisition must be high enough to
receive the four radio waves.

As the future of the HFD observation system, we are now planning to replace the analog receivers to the new digital
receivers, and install the receivers at Sarobetsu and Kyushu area. In addition to the improvement of the transmission
system, we also plan the ranging of the reflection heights by the new system.
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Approach for the construction of SuperDARN imaging receivers using USRP units
#Nozomu Nishitani”, Yoshiyuki Hamaguchi", Tomoaki Hori"
VISEE, Nagoya Univ.

The latest status of the development of the SuperDARN imaging receiver for the Hokkaido East radar using the USRP
units is presented. So far we constructed a 4-channel prototype system (out of the whole 20 channels), which was tested
at the radar site in early July. The full 20-channel receiver system is planned to be attached to the radar and supposed
to be able to simultaneously record the data, both by the original HF radar system and the imaging receiver. Installation
of the imaging receivers will significantly improve the spatial-temporal resolution of the radar data, and make it possible
to monitor several phenomena such as Pc3 pulsation and coseismic ionospheric disturbances, which were not captured
with sufficient spatial- temporal resolution with the preexisting receiver set.
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Reassessment of SuperDARN/SENSU near range echoes (3)
#Akira Sessai Yukimatu
NIPR/SOKENDAI

SuperDARN is a unique international HF radar network originally designed for and primarily contributed to space
weather research by providing global (high to mid-latitude) ionospheric plasma convection and electric field potential
map in high temporal resolution of typically 1 to 2 minutes in quasi real time with its global coverage of international
HF radar's FOVs. It also contributes to vertical coupling of ionised and neutral atmosphere in middle and upper
atmosphere by observing TIDs (traveling ionospheric disturbances), neutral winds, and PMSE/PMWE related echoes
in MLT (mesosphere and lower thermosphere) or MTI (mesosphere, thermosphere and ionosphere) regions.
SuperDARN near range echoes are important targets especially for lower altitude echoes like those in ionospheric D
and E regions and those in MLT region. As typical range resolution of SuperDARN radars is rather coarse and HF ray
paths bend in ionosphere, obtaining precise height/altitude information is key to understand the physics in the region
correctly.

These years SuperDARN community has tried extensively to improve and re-establish the method of interferometer
calibration mostly in success. Some radars have also started to try higher range resolution observation with imaging
(SDI/FDI) and pulse coding technique etc. Some issues for these challenges still remain and have also become clearer
for further improvement for near future.

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

Some recent papers related to this issue proposed near range echoes in summer midday obtained with SuperDARN
radars seem not from mesopause region altitude but from rather slightly higher altitude so those echoes might not be
PMSEs. Results of reassessment of near range echoes in Syowa SENSU radars in more detail and possible potential
origins of the echoes will be discussed.
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Development of satellite-ground ionospheric total electron content (TEC) observation

instruments and methods
#Mamoru Yamamoto”, Susumu Saito?
DRISH, Kyoto Univ.,? ENRI, MPAT

This paper gives an overview of the development status of the observation instruments and methods of ionospheric
total electron content (TEC) by using radio wave propagation from satellites to the ground. The radio wave propagation
in plasma shows higher phase velocity and lower group velocity than those in the vacuume. Since the amount of such
velocity variation is inversely proportional to the square of the frequency, TEC can be obtained by measuring the phase
variation of dual-band radio wave propagation or the propagation velocity of the modulated wave. We have developed
a digital receiver that receives radio waves from a dual-frequency beacon satellite. The observations were carried out
by using dual-band beacon from satellites and the GNU Radio Beacon Receiver (GRBR) that supports frequencies of
150MHz and 400MHz. We have also developed a new digital receiver GRBR-2 which measures the new beacon signal
(401MHz/966MHz) from FORMOSAT-7/COSMIC-2 satellites launched in 2019. Observations with GRBR-2 have
already been continued in Indonesia, Thailand, Vietnam, etc. since September 2019. On the other hand, recently, TEC
observations using GNSS (Global Navigation Satellite System, satellite positioning, that is, a general term for GPS and
similar systems) have been widely implemented. The deployment of GNSS satellites by the United States, China, Russia,
and the EU is progressing, while the price of receivers is dropping dramatically. The price of a dual-fr equency receiver
dropped down to 20,000-30,000 yen. This situation helps development of multiple-points measurement of the
ionospheric TEC. We are now developing a TEC observation system with a receiver board using FOP (a dual frequency
GNSS consultation chip developed by Ublox). In the lecture we will discuss the current status of instrument
development and observations.
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Design of antenna system for rocket GNSS-TEC observation
#Makoto Okumura?, Yuki Ashihara?
UNITNC,?Elec. Eng., NIT Nara

Earth's upper atmosphere is ionized due to X-rays and ultraviolet rays contained in sunlight and it forms cold plasma
region which is called ionosphere. Ionospheric disturbances causes satellite-based communication failure and
positioning error of GNSS. Spatial structure observation of ionospheric electron density is indispensable for elucidating
the generation process.

In ionospheric observations, lonosonde, GNSS-TEC, and other remote sensing methods are generally used. Ionosonde
can observe altitudes below the electron density peak in the F region, and GNSS-TEC can observe the total electron
content on the propagation path between satellite to receiver. However, these do not obtain the spatial structure of the
ionosphere.

At present, we proposed rocket GNSS-TEC tomography method as a new approach to the ionospheric observation. To
evaluate this method, S-520-32 sounding rocket is equipped with a GNSS-TEC receiver and fly over the boundary
between the E and F regions of the ionosphere. Then we can obtain TEC data separated in F region and E region.
S-520 sounding rocket spins at a rotation speed of approximately 1 to 2 Hz to maintain the flight attitude. Generally,
since the antenna has directivity, it is difficult to cover all directions with a single antenna while the rocket body spins.
Therefore, this antenna system prevents the signal lock-off by a way of combining RF signals using multiple antennas.
In this research, we made a ground-based experimental rocket model so that it would not be affected by ground reflected
waves. This presentation shows GNSS-TEC observation results when the number of antennas is 4 or more.
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Development of transmitter and antenna on board of sounding rocket for the TEC

measurement

#Koki Kurokawa!, Mamoru Yamamoto
URISH, Kyoto University.

1

A sounding rocket experiment is planned by JAXA in 2022 for the study of medium-scale traveling ionospheric
disturbance (MSTID). By transmitting dual-band radio beacon with a frequency ratio of 3: 8 from the rocket and
measuring the phase difference between the two signals on the ground, the total electron content (TEC) over the radio
wave path from the rocket to the ground can be measured. To realize this observation, we are now developing the
observation equipment onboard of this rocket. The instruments are a dual-band beacon transmitter of 150MHz and
400MHz and a set of antennas that are installed on the rocket skin. The transmitter needs to output two phase-coherent
radio waves at the same time. As the signal source, we selected Si5338 which is a high-performance, low-jitter clock
generator capable of synthesizing at most four signals with different frequencies. The antenna system consists of four
elements that can transmit both frequencies. The elements must fit the harsh environment (high temperature, intense
vibration, etc.) that is expected at the outside of the sounding rocket at launch. We use inverted-L antenna for 150MHz
with the parasitic element for 400MHz. The antenna material is high dielectric-constant material to reduce the size of
the antenna. This antenna is designed by using electromagnetic-field simulation software called CST. We plan to verify
the error between actual antenna and the simulation model, and conduct the environmental tests.
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Variations in the D-region ionosphere observed in fireballs using VLF/LF transmitter signals.
#Takeru Suzuki”, Hiroyo Ohya?, Fuminori Tsuchiya®, Kazuo Shiokawa®, Hiroyuki Nakata?

UScience and Engineering, Chiba University,” Engineering, Chiba Univ.,”Planet. Plasma Atmos. Res. Cent., Tohoku
Univ.,YISEE, Nagoya 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 that the 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
of the TEC variations was 0.07-0.5 TECU, and the period was 10 minutes. The epicenter of the TID was airburst point
at 20-30 km heights of the meteoroid, and the velocities were 250-660 m/s. However, few quantitative 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, using VLF (very low frequency, 3-30
kHz) / LF (low frequency, 30-300 kHz) transmitter signals. The VLF/LF transmitter signals are reflected in the D-
region ionosphere and 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
JJT (Miyazaki, Japan, 22.2 kHz, 32.05° N, 130.82° E). The receiver was located at RKB (Rikubetsu, 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. The phases of
the JJY40kHz-RKB and JJY60kHz-RKB paths had similar periods of 100-200 s at that time. We consider that these
variations of intensity and phase 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 luminous point (118 km altitude), the VLF/LF reflection point
(90 km altitude) or vanishing 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, 126 s, or 311 s,
respectively. The arrival time (311 s) of the acoustic waves excited from the vanishing point at the 25 km altitude was
in good agreements with the onset of the VLF/LF variations with the period of 100-200 s. The acoustic waves excited
at the vanishing end point propagate upward and may cause the variations in electron density in the D-region
ionosphere. We will also show results of another fireball event over Kanto region, Japan, at 17:32:02 UT on 1 July, 2020,
and discuss the fireball effects on the D-region ionosphere.
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Solar flare effects on the D-region ionosphere using VLF/

LF transmitter signals

#Kodai Yamanobe", Hiroyo Ohya', Fuminori Tsuchiya®, Kozo Yamashita®, Yukihiro Takahashi?, Kazuo Shiokawa®,
Hiroyuki Nakata"

UEngineering, Chiba Univ.,”Planet. Plasma Atmos. Res. Cent., Tohoku Univ., Engineering, Ashikaga
Univ.,YCosmosciences, Hokkaido Univ.,” ISEE, Nagoya Univ.

It has been known that intensity and phase of very low frequency (VLF, 3-30 kHz)/low frequency (LF, 30-300 kHz)
transmitter signals significantly change due to intense ionization by solar flares [e.g., Mitra, 1974; Thomson et al.,
2005]. The duration of the D-region enhancements due to X-ray is easier to be estimated using the VLF/LF waves,
because the relaxation time for recombination in the D-region ionosphere is short to be within ~100 s [e.g., Ohya et
al., 2015]. In this study, we investigate solar flare effects on the D-region ionosphere using VLF/LF transmitter signals.
The transmitters used in this study were NWC (21.817S, 114.167E, 19.8 kHz), JJI (32.05N, 130.82E, 22.2 kHz),
JJY40kHz (37.37N, 140.85E), JJY60kHz (33.47N, 130.18E), and BPC (34.63N, 115.83E, 68.5 kHz). The receivers
were PTK (Pontianak, Indonesia, 0.003N, 109.367E), SGR (Sasaguri, Japan, 33.632N, 130.505E), RKB (Rikubetsu,
Japan, 43.45N, 143.77E), and SRB (Saraburi, Thailand, 14.528N, 100.910E). The analyzed 16 M-class solar flares
occurred in 2015. The changes in the VLF/LF phase had a weak correlation with the maximum X-ray flux of solar flares.
Based on wave-hop method, there were three kinds of sky waves for each propagation path. By the wave-hop method,
the resulting electric field strength of the ground wave (direct wave of LF signals) and sky waves of 1-hop, 2-hop, 3-
hop, ..., and 10-hop can be calculated. For the three kinds of propagations, the largest electric field strengths of the sky
waves were 1-hop, 2-hop, and equivalent 1- and 2-hop one. If the D-region height uniformly decreased along whole
propagation paths during solar flares, the amplitude of the phase variations for the 2-hop sky waves would be larger by
two times than that for 1-hop one. We corrected the differences of the phase due to the hop number. In the session, we
will show the results in detail and discuss the solar flare effects on the D-region ionosphere.
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Study on a possible detection of short-term variations in mesospheric ozone caused by large

solar flares
#Tomoo Nagahama', Akira Mizuno", Taku Nakajima
VISEE, Nagoya Univ.

We report on the short-term variability of mesospheric ozone, which may be due to the radiation of a large solar flare.
The chemical composition of the Earth's atmosphere is affected by a variety of events related to solar activity. The
mesosphere, in particular, is a neutral atmospheric region that is most likely to be affected by solar activity due to its
near-space environment. Among the various solar activities, solar flares are intense bursts of radiation that come from
the release of magnetic energy associated with sunspots, typically within a few minutes to hours. During the event, the
solar X-ray and UV radiation largely varies, which is expected to have an impact on the chemical composition of the
Earth's atmosphere. To assess the impact on the chemical composition, short-term variations of mesospheric ozone
during solar flare effects (SFEs) listed by Observatori de 'Ebre, Spain, were investigated by using the data of a ground-
based millimeter-wave radiometer, which is operated by ISEE, Nagoya University, at Rikubetsu, Hokkaido since 1999,
and we found two possible events (June 4, 2004 and May 5, 2015) of ozone variation in upper stratosphere and lower
mesosphere that may be associated with SFEs. The maximum variability of the ozone was estimated as -4% at 45 km
altitude in June 4, 2004 and +13% at 61 km in May 5, 2015, respectively, and they are about the detection limit of the
measurement. However, to confirm these events, we performed the same analysis using the global AURA/MLS ozone
data (version 4.2) and did not detect any significant variation for either event. This result suggests that a typical large
solar flare of M to X class is unlikely to have a significant impact on the chemical composition of the middle atmosphere.
In the presentation, we report on the detailed characteristics of the temporal variation of mesospheric ozone and solar
X-ray and UV fluxes during the event as well as analysis methods including event selection.
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A comparison of global rainfall distribution with amplitude of magnetic ripples and wavy

structure of electron density
#Toshihiko Iyemori”, Tadashi Aoyama"?, Yoshihiro Yokoyama®
DKyoto Univ.,”F-Factory,”Grad school of Science, Kyoto Univ.

The magnetic structure with amplitude less than a few nT and spatial scale of around 100 ? 200 km commonly observed
by low-altitude satellites along their orbit is named as "magnetic ripples" (Aoyama et al., 2017). They are mainly
observed on the dayside in low or middle latitudes, and they are expected to be the results of lower atmospheric
disturbance such as cumulous convection. Not only the magnetic ripples but also the wavy structure of electron density
fluctuations is observed by the Swarm satellites. Although the magnetic ripples and electron density fluctuations do not
necessarily appear at the same location on the satellite orbit, preliminary results suggest that some of them are caused
by the vertically upward propagating atmospheric waves, i.e., acoustic mode waves. If the atmospheric waves are
generated by the strong cumulous convection, we expect a correlation with the region of strong rainfall. In this
presentation, we shall show a comparison of global distribution of magnetic ripples and that of electron density
fluctuations with the global rainfall distribution obtained by the JAXA/GSMaP project.

[Acknowledgment] The Swarm satellite data have been provided by the Swarm Science and Validation Opportunity
Project (ID: 10230) under the ESA. The global rainfall data have been provided by the JAXA/GSMaP project.
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Examination of the ionospheric perturbations propagation associated with H-IIA rocket

launchings
#Junpei Yamazaki", Hiroyuki Nakata”, Hiroyo Ohya®, Toshiaki Takano?, Keisuke Hosokawa®
YChiba Univ.,”’Grad. School of Eng., Chiba Univ.,” Engineering, Chiba Univ.,” Chiba Univ.,”UEC

It is reported that passage and exhaust plumes associated with rocket launches generate TEC perturbations observed
by GEONET data (e.g., Furuya and Heki 2008; Lin et al., 2014, 2017). The ionospheric perturbations associated with
rocket launches were caused by the shock waves and the delayed waves. The delayed waves are referred to as the
acoustic waves reflected on the ground, but the mechanism of the delayed waves is still incompletely understood.
Using HF Doppler sounding, therefore, we analyzed ionospheric perturbations associated with H-ITA launches (No.25
and 26) whose trajectories are relatively far from the Japanese islands. The Doppler sounding system is utilized by
the University of Electro-Communications (UEC). In this system, the radio waves of 5.006 MHz and 8.006 MHz are
transmitted from Chofu campus of UEC were observed at Sugadaira, Oarai, Kakioka, and Fujisawa were used. In
those data, the perturbations of Doppler shifts were observed about 35 minutes after the launches. It is confirmed
that this delay corresponds to the propagation time of the infrasound wave from the rockets to observation points once
reflected on the ground. In both events, the periods of the disturbance of Doppler shift were 100~200 s (5~10 mHz).
The amplitude of Doppler shift perturbations were clear when the infrasound wave reached the observation point after
reflection on the ground as compared to the case where the infrasound wave reached the observation point directly.
The Doppler shift perturbations could divide two packets. One is the packet A that the perturbations observed faster.
The other is the packet B that the perturbations follow the packet A. In case of packet A, the perturbations of Doppler
shifts at high altitude were reached earlier than that at low altitude. Therefore, it denoted that the infrasound waves
propagated from high altitude to low altitude. In case of packet B, the perturbations of Doppler shifts at both high
and low altitudes were observed at almost the same time. It can be considered that the infrasound waves propagated
the observation points horizontally.
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Analysis of spatial distributions of coseismic ionospheric disturbances using HFD
#Tomoaki HorikiriV, Hiroyuki Nakata?, Hiroyo Ohya®, Keisuke Hosokawa®

UChiba University Graduate School of Science and En,?Grad. School of Eng., Chiba Univ.,” Engineering, Chiba
Univ.,YUEC

It is known that ionospheric disturbances are caused by acoustic waves or atmospheric gravitational waves generated
by ground motions or tsunamis that propagate to the ionosphere altitude after large-scale earthquakes. The propagation
characteristics of ionospheric disturbances associated with earthquakes have been studied by using GPS observations.
The horizontal propagation of ionospheric disturbances, is examined . On the other hand, its vertical propagations sre
little reported. Since HF Doppler sounding system, which is operated by the University at Electro-Communications, is
enable to receive the four radio waves simultaneously, three-dimentional distributions of rarious ionospheric
disturbances can be examined by this system. In this study, we examined the 3-dimentional distribution of ionospheric
disturbances associated with earthquakes by using the HF Doppler sounding system.
The HF Doppler observation (HFD) used in this study enables us to observe variations at several altitudes using
different transmission frequencies (5.006, 6.055, 8.006 and 9.595 MHz). At first, we examined the ionospheric
disturbances associated with the earthquake occurred at Hamadori, Fukushima Prefecture on April 11, 2011.
In the data observed at litate, where the HFD reflection point is the closest to the epicenter, the largest fluctuations of
Doppler frequencies about 1.5Hz at 5.006MHz and 2.6Hz at 8.006MHz were observed. At Kakioka, where 6.055 MHz
data was available, the frequency variation was about 1.2Hz. The ionospheric reflection altitudes for each frequency
were calculated using the International Reference Ionosphere (IRI), and the reflection altitudes of the radiowaves
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.
From these results, is is confirmed that the fluctuation in association with the earthquake whose magnetude is 7.0
spreads over 240 km from the epicenter. By examining the other events, we will study the relation ship between the
magnetude of the earthquake and the spread of the coseismic ionospheric disturbances.
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Vertical profiles of ionospheric disturbances caused by the tsunami of the Tohoku earthquake

using GPS occultation observation
#Ryosuke Fushimi®, Hiroyuki Nakata®, Hiroyo Ohya®
UScience and Engineering, Chiba Univ.,?Grad. School of Eng., Chiba Univ.,”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 tsunami. The characteristics of the ionospheric disturbances horizontally propagating
after large earthquakes have been examined by using a network of ground-based GPS receivers. On the other hand, the
vertical propagation of ionospheric disturbances especially due to tsunamis is rarely reported. 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. 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). We analyzed density profiles observed within 3 hours after the passage of the tsunami focusing on the north
Pacific Ocean. Extracting the fluctuation components from observed values of ionospheric electron densities using
Chapman model, Short-wavelength fluctuations were observed compared to those observed on land. Fluctuation was
also seen in the data observed near the Hawaiian Islands. However, the fluctuation is similar to the data observed on
quiet days, further detailed analysis is necessary.
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Ionospheric observations by Equatorial Atmosphere Radar during annular eclipse in
December 2019

#Rieko Takagi", Tatsuhiro Yokoyama", Mamoru Yamamoto", Kornyanat Hozumi?
DRISH, Kyoto Univ.,”’ NICT

The area of the Earth's atmosphere above an altitude of about 80 km is called the ionosphere, where molecules and
atoms are partially ionized. Since the electron density varies depending on altitude, time, and location, radio waves
passing through the ionosphere are delayed or refracted, which cause satellite communication failures and degrade GPS
positioning accuracy. It is required to monitor and predict ionospheric conditions accurately. A phenomenon called
150-km echoes is VHF radar backscatter echoes observed in the daytime near 150 km of the equatorial ionosphere.
Although the generation mechanism of 150-km echoes is not yet clear, two types of echoes are known to exist: one from
a naturally enhanced incoherent scattering (NEIS) process, which has alow SNR and SNR-dependent Doppler spectral
width, and the other from the unstable growth of field-aligned irregularities (FAIs), which has a high SNR and SNR-
independent Doppler spectral width. We study the equatorial ionospheric variations during the annular solar eclipse
on Decembrer 26, 2019. It is known that a solar eclipse reduces the amount of sunlight when the moon passes in front
of the sun in the daytime and affects the electron density distribution. We observed ionospheric irregularities in the E
region with the Equatorial Atmosphere Radar (EAR) in West Sumatra, Indonesia, and the background ionospheric
conditions with the ionosonde network in Southeast Asia. The annular solar eclipse occured above the EAR between
10:18 and 14:08 local time, with the maximum obscuration at 12:11.

We conducted a special ionospheric observation by the EAR from December 25 to 27, 2019 with high time resolution
by focusing on the ionospheric E region. 150-km echoes were observed on the 25th and 27th, but not on the 26th, the
day of the eclipse. The eclipse might suppress the occurrence of 150km echoes. The E-region echoes were observed on
all three days at around 100 km altitude. Echoes were seen over a wide range of times around 90 km, and sometimes
echoes were observed around 110 km. The Doppler velocity of the E-region echoes fluctuated about thirty minutes
before the beginning of the eclipse. Doppler velocities became lower from about 9:30 to 11:30, increased from about
11:30 to 13:30, and then decreased again after about 13:30. Scatterplots of SNR and spectral widths for 150-km echoes
show a population with a high SNR and SNR-independent Doppler spectral width on the 25th and 27th when 150-km
echoes occurred. This suggests that the 150-km echoes observed by the EAR are produced by FAIs. Echoes from the
NEIS could not be detected due to the lack of sensitivity of the EAR. The results of ionosonde observations show that
the critical frequency of the F layer fluctuated with about an hour delay from the variation of the obscuration at all sites.
Taking advantage of what we observed with two beams during the eclipse, we will synthesize the beams and analyze
the east-west and north-south components of Doppler velocities. In addition, we will comprehensively analyze the
results of previous EAR observations.
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Response of ionosphere and thermosphere to solar irradiance variations
#Hidekatsu Jin", Yasunobu Miyoshi?, Chihiro Tao", Hiroyuki Shinagawa', Hitoshi Fujiwara®
UNICT,”Dept. Earth & Planetary Sci, Kyushu Univ.,»Faculty of Science and Technology, Seikei University

Solar flares cause its irradiance variations, which result in increase of ionospheric electron density as well as
thermospheric heating and expansion. One of the aims of PSTEP project is to construct a hazard map of space weather
effects on human activities in space. For this purpose, we have changed the solar irradiance model used in a whole
atmosphere-ionosphere coupled model GAIA so it can treat temporal solar irradiance variations in X to EUV bands. In
this presentation, we present several simulation results of solar flare events to discuss validation of physical and chemical
processes in the ionospheric and thermospheric responses to flares, and their effects on atmospheric drag and radio
propagation.
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Upgrade of equatorial plasma bubble simulation toward coupling with GAIA model.
#Taichi Komoto", Tatsuhiro Yokoyama"
VRISH, Kyoto Univ.

In recent years, as space development has advanced, high-precision, high-reliability communication, positioning, and
navigation using GPS etc. are being put to practical use. The ionosphere is a transition region that connects the lower
atmosphere and space, in which many artificial satellites orbit, and at the same time, that affects satellites radio waves
and causes delays. The effect of radio wave delay due to the ionosphere becomes large relative to the required accuracy,
and in order to correct it, there is a strong demand for understanding of the physical process of the ionosphere, the
current situation, and its prediction. However, the observation means of the ionosphere are limited, and only limited
temporal and spatial information can be obtained. Therefore, simulation is an effective means. Plasma bubbles are
phenomena that occurs at low-latitude ionosphere. Low density region rises like bubbles due to the instability of the
density stratification. Since the inside of the bubbles is very unstable and contains irregular structures, it has a great
influence on the radio waves propagation. The purpose of this study is to connect the local ionospheric numerical model
and the global ionospheric numerical model in a hierarchical manner, using their strength and making up for their
shortcomings, and to develop a numerical model that can predict the plasma bubbles generation self-consistently. This
is expected to be useful for understanding the relationship between various spatial scale phenomena and plasma bubbles
generation. At this stage, we succeeded in converting the local ionospheric numerical model to whole longitude and
confirmed the convergence of the calculation of electrostatic potential. The boundary condition at the top boundary is
modified by giving a sine wave (a wavelength per day) that is considered to be similar to real longitudinal electric field
variation. The obtained electric field distribution is in good agreement with the vertical drift velocity that could be
calculated from the IRI model.
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Effect of rapidly growing equatorial plasma bubbles on midlatitude region
#Tatsuhiro Yokoyama', Hiroyuki Shinagawa?, Hidekatsu Jin?, Yuichi Otsuka®
DRISH, Kyoto Univ.,”’ NICT,”ISEE, Nagoya Univ.

Equatorial plasma bubble (EPB) is a well-known phenomenon in the equatorial ionospheric F region. As it causes
severe scintillation in the amplitude and phase of radio signals, it is important to understand and forecast the occurrence
of EPB from a space weather point of view. In order to simulate the instability in the equatorial ionosphere, a 3D High-
Resolution Bubble (HIRB) model has been developed. It provides a unique opportunity to study the development of
EPBs under various conditions. During a severe space weather event, intense penetration electric fields are expected
even in the equatorial ionosphere. If the penetration electric fields enhance the pre-reversal enhancement of the
eastward electric field in the dusk sector, the growth rate of the Rayleigh--Taylor instability is greatly intensified to
force EPBs to reach very high apex altitude. Such EPBs can reach midlatitude regions along the flux tubes with very
high apex altitude and cause communicaton/navigation outage in midlatitude. We will expand the simulation domain
of the HIRB model to cover the midlatitude region, for example the latitude of Tokyo area, and estimate the background
conditions under which EPBs can reach and affect the midlatitude ionosphere. H" ion should be included in addition
to the original NO* and O* ions. Previous observations of such extreme events will be compared with the simulation
results.
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GPS Total Electron Content Observation of Plasma Bubbles Surviving in the Daytime during

Recovery Phase of Geomagnetic Storm
#Yuichi Otsuka?, Atsuki Shinbori?, Takuya Sori?, Takuya Tsugawa®, Michi Nishioka®
VISEE, Nagoya Univ.,”ISEE, Nagoya Univ.,”’ NICT

Plasma bubble is a localized plasma density depletion in the ionosphere. The plasma bubble is generated at the magnetic
equator through the Rayleigh-Taylor instability and extend to higher altitudes and latitudes with a structure elongating
along the magnetic field line. For the generation of plasma bubble, eastward electric field pay an important role. In
general, plasma bubbles are generated at the evening terminator, survive during nighttime, and disappear after sunrise
due to the plasma production by solar EUV radiation. During magnetic storms, the plasma bubbles can be generated
around midnight and/or near sunrise. In this study, we found that plasma bubbles generated near sunrise reached
middle latitudes during a recovery phase of geomagnetic storm, and survived until noon.

We have analyzed GPS data in Japan to investigate temporal variation of horizontal two-dimensional distribution of
total electron content (TEC) during a geomagnetic storm on May 28 2017. Dst index reached -125 nT at 08 UT on
May 28, 2017. TEC depletions extending up to approximately 38° N in the meridional direction appeared sequentially
over Japan around 20 UT on May 28 (05 JST on May 29), when TEC rapidly increased at sunrise due to the solar EUV
radiation. The TEC depletions could be caused by plasma bubbles. The TEC depletions disappeared around noon on
May 29. In this event, the plasma bubbles over Japan survived for approximately 7 hours in the sunlit condition. The
background TEC was approximately 15 TECU at 20 UT on May 28 (05 JST on May 29) when the plasma bubble
appeared over Japan, and approximately 12 TECU during 00-04 UT (09-13 JST) on May 29. In this event, the plasma
density in the ionosphere did not increased after the plasma bubble appearance over Japan so that the plasma density
during daytime would not be large enough to fill the plasma depletions caused by the plasma bubbles. This could be a
reason why the plasma bubbles survived during the daytime in this event.
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Occurrence feature of plasma bubbles during geomagnetic storms using long-term GNSS-

TEC data
#Takuya Sori", Atsuki Shinbori?, Yuichi Otsuka®, Takuya Tsugawa®, Michi Nishioka®
VISEE, Nagoya Univ.,”ISEE, Nagoya Univ.,” ISEE, Nagoya Univ.,”NICT,”NICT

Plasma bubbles are generated in the bottomside F region of the nighttime equatorial ionosphere after sunset by the
Rayleigh-Taylor instability (RTI) mechanism [e.g., Farley et al., 1970; Kelley, 2009]. The growth rate of RTI depends
on an intensity of eastward electric fields and an ionospheric altitude, and enhances with an increase of both parameters.
The pre-reversal enhancement in the evening sector of the equatorial ionosphere, that is, an eastward electric field
intensified at sunset, is believed to be the major contributor to a significant enhancement of the RTI growth rate
[Rezende et al., 2007]. On the other hand, during a geomagnetic storm, the two main disturbance electric fields
responsible for changes in the equatorial plasma drifts and current perturbations are the prompt penetration electric
fields and the ionospheric disturbance dynamo electric fields, respectively. Although each electric field is believed to
contribute to the generation of the equatorial plasma bubbles in the dusk and dawn sectors, respectively, the statistical
view of the response of the plasma bubble generation to the storm-time electric fields has not yet been established. In
this study, we analyzed total electron content (TEC) and rate of TEC index (ROTI) [Piet al., 1997] data obtained from
global navigation satellite system (GNSS) receivers over the world during 2000?2018 to investigate temporal and spatial
variations of storm-time plasma bubbles and clarify causes of them.

We defined the SYM-H variations with the minimum value of less than -40 nT as a geomagnetic storm event, and
identified 652 events during 200072018. For these storm events, we investigated the relationship between temporal
and spatial variations of ROTI and other parameters (solar wind and geomagnetic indexes) in these events with a
superposed epoch analysis. In this analysis, we defined the time of minimum value of SYM-H index as the zero epoch.
As a result, an enhanced ROTI region appeared within 200 in geomagnetic latitude (GMLAT) between 19.5 and 0.5
MLT (magnetic local time) under the geomagnetically quiet conditions before the onset of the geomagnetic storms.
During the main phase of the geomagnetic storms, the enhanced ROTI region expanded to the higher latitude. The
upper limit of the latitude tended to increase with an increasing intensity of the geomagnetic storms. After that, the
enhanced ROTI region moved to the post-midnight sector with time and another enhanced ROTI region appeared in
the post -midnight to dawn sectors between 2 and 5 MLT during the recovery phase. On the other hand, the enhanced
ROTI region in the dusk sector weakened within 150 (GMLAT) and was confined only between 20 and 22.5 MLT
during the recovery phase.

Averaged ROTI values at the magnetic equator increased between 19 and 20.5 MLT during the late main phase of
geomagnetic storms, corresponding to the enhancement of an averaged dawn-to-dusk component of interplanetary
electric field. During the recovery phase of geomagnetic storms, the averaged ROTTI values at the magnetic equator
increased between 1 and 6 MLT while those at the magnetic equator decreased between 19.5 and approximately 1 MLT.
Fejer et al. [2008] reported that the prompt penetration electric field is directed westward between the midnight and
dawn sectors (0?7 h local time) and eastward between the dusk and midnight sectors (18?24 h local time). The
disturbance dynamo electric field is directed eastward between the dusk and dawn sector (21?7 h local time) and
westward in the dusk sector (18?21 h local time).

From these results, the plasma bubbles can be generated in the dusk sector due to the under-shielding prompt
penetration electric field (eastward electric field) during the main phase of geomagnetic storms. Due to the over-
shielding prompt penetration electric field or disturbance dynamo electric field, they can be generated in the post-
midnight and dawn sectors (eastward electric field) and suppressed in the dusk sector (westward electric field) during
the recovery phase.
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Automatic detection of Spread-F on ionogram using Machine Learning
#Junji Shimizu", Hiroyuki Nakata?, Hiroyo Ohya", Toshiaki Takano"
YGrad. School of Eng., Chiba Univ.

lonospheric irregularities referred to as equatorial spread-F are very significant phenomena in radio wave propagation
because their spatial scales are from centimeters to tens of kilometers, and they affect wide-band radio waves.
Therefore, they influence the reliability of satellite-ground communications, navigation systems, and so on. The
ionozonde is one of the important observation systems of the ionosphere. The spread F is the scattered traces in the
ionogram, which is a visualization plot of the received data by ionosonde. Convensionally, the detection of spread-F in
the ionogram is done manually by naked eye. If spread-F in the ionogram is detected automatically by developing an
excellent machine learning system, real time detection of spread-F could be replaced with automatic detection by
developing an unique machine learning system.  Therefore, we have developed an automatic detection of spread-F
in the ionogram using machine learning.

In this study, we used ionograms observed at Okinawa throughout 2018 utilized by National Institute of Information
and Communications Technology. In this presentation, as learning images, we prepared 100 images of frequency type
spread F, 100 images of range type spread F. As traces other than spread F, we also utilized 50 images of normal E
region traces and 50 images of F region traces. These data were increased by adding noise in 8 ways. These images
were trained for each class using an object detection method called YOLO (You Only Look Once).

Using the trained data to detect spread-F in the nest of ionograms of Okinawa in 2018 which are not used as learning
data, we confirmed identifying about 80% of frequency type and about 70% of range type.
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Improvement of automatic scaling technique of ionospheric parameters using O/X separated

ionograms
#Michi Nishioka", Hideo Maeno", Takuya Tsugawa', Mamoru Ishii"
DNICT

National Institute of Information and Communications Technology (NICT) has been observing ionosphere by
ionosondes for over 70 years in Japan in order to monitor ionospheric conditions. Currently, four ionosonde systems
are routinely operated at four stations at Wakkanai (Sarobetsu, Hokkaido), Kokubunji (Toykyo), Yamagawa
(Kagoshima), Okinawa (Ogimi, Okinawa). Automatic scaling of an ionogram, which is a diagram of time-of-flight
against transmitted frequency, is one of the important techniques for real-time monitoring. The automatic scaling
technique has been developed and implemented since the late 1980s. It has developed through trails and errors,
however, the complexity of the ionospheric echoes which both Ordinary mode (O-mode) and Extra-ordinary mode (X-
mode) exist makes it difficult to scale them properly. In 2016-2017, we replaced our ionosonde system with a new
system, Vertical Incidence Pulsed Ionospheric Radar 2 (VIPIR2) ionosonde. One of the advantages of VIPIR2 is a
receiving antenna array, which makes it possible to separate O-mode from X-mode by utilizing in-phase and quadrature
data. The O/X mode separated ionograms are used for automatic scaling with artificial intelligence (AI) technique. The
Al model is trained using manually scaled data and the corresponding ionograms for four stations. The method was
validated with one-year foF2 data in 2018 for four stations. The scaling accuracy is improved from 80.0% to 99.8%.
The successful rate of scaling is also improved from 0.26MHz to 0.12MHz for foF2. The new auto-scaling method is
applied from Jan. 2020. The auto-scaled parameters are provided through our web site in real-time:
http://wdc.nict.go.jp/TONO/HP2009/ISD]J/auto_txt.html. In presentation, we will overview the new automatic scaling
procedure and give some example which is now possible to detect automatically using the new automatic scaling tool.
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Complementing regional ground GNSS-STEC computerized ionospheric tomography (CIT)

with ionosonde data assimilation
#Nicholas Ssessanga", Mamoru Yamamoto", Susumu Saito?, Akinori Saito®, Michi Nishioka®
URISH, Kyoto Univ.,”? ENRI, MPAT,?Dept. of Geophysics, Kyoto Univ.,NICT

The accurate probing of the three-dimensional (3-D) structure of the ionosphere endures a unique set of challenges
that include, for example, high campaign costs, poor distribution of instruments and collected data, and geometric
limitations. To remedy these challenges, over the East-Asian sector (covering 110?160 E and 10 260 N, and extending
from 80 to 20,000 km in altitude) a near-realtime regional 3-D computerized ionospheric tomography (CIT) technique
has been developed using a plethora of GNSS (Global Navigation Satellite System) observations of total electron
content. Prior to in-operation applications, studies validated the CIT results using ionosonde, middle-upper
atmosphere radar and occultation data and found the technique to adequately reconstruct the regional ionosphere
vertical structure, however, with room for improvement in estimating the peak height and avoiding physically unrealistic
negative densities in the final solution. We present preliminary results from a technique that addresses these issues by
incorporating CIT results into a data assimilation (DA) technique. The DA technique adds ionosonde bottomside
measurements into CIT results, thereby improving the accuracy of the reconstructed bottomside 3-D structure. More
specifically, on average CIT NmF2 and hmF2 get an above 60% improvement. Further, during analysis, ionosphere
electron densities are assumed to be better described by probability log-normal distribution, which introduces the
positivity constraint that is mandatory in ionospheric imaging.
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Relationship between the locations of the mid-latitude trough and plasmapause by global

GNSS-TEC and Arase satellite measurements

#Atsuki Shinbori", Yuichi Otsuka?, Takuya Tsugawa®, Michi Nishioka®, Atsushi Kumamoto®, Fuminori
Tsuchiya®, Shoya Matsuda®, Yoshiya Kasahara”, Ayako Matsuoka®

VISEE, Nagoya Univ.,”ISEE, Nagoya Univ.,”’ NICT,?Dept. Geophys, Tohoku Univ.,”Planet. Plasma Atmos. Res.
Cent., Tohoku Univ.,”ISAS/JAXA,”Kanazawa Univ.,YKyoto University

The equatorial plasma density structure in the vertical direction above the F-region of the ionosphere shows a gradual
decrease with an increasing L-value and the plasma density sharply decreases around L = 4-6. This boundary and the
inner region with a high plasma density has been called the plasmapause and plasmasphere, respectively (Carpenter,
1966). The plasmapause is formed at the location of counteraction of corotation and dawn-to-dusk convection electric
fields in the magnetosphere (Nishida, 1966). Therefore, when the convection electric field is intensified associated with
geomagnetic disturbances, the plasmapause moves toward the Earth. On the other hand, the mid-latitude trough is
characterized by a significant plasma depletion in the F-region of the ionosphere at sub-auroral and mid-latitudes below
the auroral oval. The structure of the mid-latitude trough shows a latitudinally narrow density depletion with a wide
longitudinal extent. The mid-latitude trough is believed to be formed by four processes: flow stagnation (Kelley, 2009),
transportation and frictional heating by SAID/SAPS (Spiro et al., 1979), auroral particle precipitation and the
replenishment of plasma from the nighttime plasmasphere (Roger et al., 1986). These two structures in between the
ionosphere and inner magnetosphere are generally believed to appear on the same magnetic field line. Recently,
Shinbori et al. (2018) also reported that the location of the plasmapause almost agrees with that of the mid-latitude
trough minimum during a geomagnetic storm that occurred on April 4 2017 from a comparison between the electron
density in the inner magnetosphere obtained from the Arase satellite and global navigation satellite system (GNSS) ?
TEC observations. In this study, we analyze long-term observation data of global GNSS-TEC and electron density in
the inner magnetosphere obtained from the Arase satellite with high time and spatial resolutions to clarify the
relationship between the locations of the plasmapause and mid-latitude trough minimum during geomagnetically quiet
times, main and recovery phases of geomagnetic storms. In this analysis, we identify the mid-latitude trough minimum
as a minimum value of GNSS-TEC at sub-auroral and mid-latitude regions, and determine the plasmapause as an
electron density decrease by a factor of 3-5 or more within 7L < 0.5 in the inner magnetosphere. As a result, the position
of the plasmapause does not always coincide with the mid-latitude trough minimum in all magnetic local time (MLT)
sectors under all geomagnetic conditions. During the geomagnetically quiet periods, the mid-latitude trough minimum
is located at a lower geomagnetic latitude (GMLAT) of the plasmapause except for the evening sector (16?19 h, MLT).
This implies that the mid-latitude trough and plasmapause may not be on the same magnetic field line. On the other
hand, during the main phase of geomagnetic storms, the mid-latitude trough minimum and plasmapause move toward
a low-latitude region with day-night and dawn-dusk asymmetries and the correlation becomes highest, compared with
other geomagnetic conditions. This suggests that the formation of the mid-latitude trough and erosion of the
plasmasphere occur on almost the near magnetic field line due to an enhancement of convection electric field and sub-
auroral polarization stream during the main phase of geomagnetic storms.
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Correlation between AGWs and MSTIDs in airglow images obtained in Hawaii and their

relation with the tropospheric upward flow
#Hideto Naito", Kazuo Shiokawa", Yuichi Otsuka?, Hatsuki Fujinami”, Takeshi Sakanoi?, Akinori Saito®, Takuji

Nakamura?
VISEE, Nagoya Univ.,?Grad. School of Science, Tohoku Univ.,*Dept. of Geophysics, Kyoto Univ.,NIPR

Atmospheric gravity waves (AGWs) and medium-scale traveling ionospheric disturbances (MSTIDs) are important
wave phenomena in the upper atmosphere, since they can control global dynamics of the atmosphere and affect GNSS
positioning. These waves can be visualized through nighttime airglow imaging. Matsuda et al. [JGR, 2014] proposed a
method of deriving the horizontal phase velocity of the power spectral density of waves found in images using three-
dimensional Fast Fourier transform. Matsuda et al. [JGR, 2017] applied this method to the airglow images obtained at
Syowa (6908, 400E), Davis (690S, 780E), McMurdo (780S, 1670E), and Halley (760S, 270W), the Antarctic. Takeo et
al. [JGR, 2017] applied the method to the airglow images obtained at Shigaraki, Japan (350N, 1360E). Perwitasari et
al. [AnnGeo, 2018] applied the method to the airglow images obtained at Syowa, Shigaraki, and Tomohon, Indonesia
(10N, 1220E). Tsuchiya et al. [JGR, 2018, 2019, 2020] applied the method to the airglow images obtained at Rikubetsu,
Japan (440N, 1440E), Athabasca, Canada (550N, 2470E), and Magadan, Russia (600N, 1510E). However, there have
been no study of using this method for airglow images obtained at Hawaii whose latitude, longitude, and orography are
greatly different from the above observation points. In this study, we applied the analysis method of Matsuda et al.
[2014] to the airglow images obtained at wavelengths of 557.7 nm and 630.0 nm during the three years from 2013 to
2016 at Haleakala (210N, 1560W) in Hawaii. The purpose of this study is to clarify the characteristics and generation
mechanism of AGWs and MSTIDs.

We investigated the source of AGWs from the tropospheric upward flow using seasonal averages of reanalysis data
in the troposphere. As a result, the upward flow in the troposphere was not strongly observed in the area where the
wave source was expected. This is probably due to significant day-to-day variabilities of the tropospheric upward flow
which are averaged if we take the seasonal averages. Thus we also used the tropospheric upward flow for each event
which is obtained every 4 hours. As a result, the correspondence rate between the upward flow in the troposphere and
AGWs was ~70%. This is because of active convection in Hawaii which is located in the subtropical zone. Dependences
of the correspondence on season and propagation direction are not discernible in the statistics. These results are
consistent with the result reported by Perwitasari et al. [AnnGeo, 2018] that AGWs above Tomohon do not have a
specific propagation direction and were caused by upward flow. In the presentation we will also report the
correspondence between the upward flow in the troposphere and the power spectral density of AGWs.

The power spectral density of MSTIDs was strongest in winter and the waves propagate mainly in the east-west
direction. We consider the possibility of generating these MSTIDs by AGWs in the thermosphere. We investigated the
source of the AGWs in the thermosphere from the upward flow in the troposphere using seasonal averages of the
reanalysis data. The upward flow in the troposphere was not strongly observed in the east-west direction of Hawaii.
Thus we also used the tropospheric upward flow for each event which is obtained every 4 hours. The correspondence
rate between the upward flow in the troposphere and MSTIDs was about 68%. This is because of active convection in
Hawaii which is located in the subtropical zone. Dependences of the correspondence on season and propagation
direction are not discernible in the statistics. We will also report the correspondence between the upward flow in the
troposphere and the power spectral density of MSTIDs and the relation between the power spectral density of
mesospheric AGWs and MSTIDs.
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Multi-event analysis of MSTIDs using airglow images at high latitude and the Arase satellite
#Kouki Kawai", Kazuo Shiokawa", Yuichi Otsuka?, Shin-ichiro Oyama"-?'V; Akira Kadokura®, Yoshimasa Tanaka?,
Yasumasa Kasaba?, Satoko Nakamura', Yoshiya Kasahara®, Atsushi Kumamoto®, Masafumi Shoji”, Fuminori
Tsuchiya®, Ayako Matsuoka®, Shun Imajo", Yoichi Kazama®, Shiang-Yu Wang®, Sunny W. Y. Tam”, Tzu-Fang
Chang?”, B.-J. Wang®, Kazushi Asamura®, Satoshi Kasahara”, Shoichiro Yokota!”, Kunihiro Keika?, Tomoaki Hori",
ChaeWoo Jun", Yoshizumi Miyoshi"

VISEE, Nagoya Univ.,”National Institute of Polar Research,” Tohoku Univ.,YKanazawa Univ.,”Kyoto
Univ.,”Academia Sinica,”National Cheng Kung University, Taiwan,”JAXA,” Tokyo Univ.,'”Osaka Univ.,'"University
of Oulu, Finland

Additional co-author: Tku Sjinohara (Institute of Space and Astronautical Science, Japan Aerospace Exploration
Agency)

Medium-scale traveling ionospheric disturbance (MSTID) is the electron density fluctuation in the ionosphere, which
can have a big influence on the satellite positioning errors. The spatial scale of MSTID is ~100-1000 km. The MSTIDs
generated by the E-region?F-region coupling and Perkins instabilities show mirrored structures at magnetically
conjugate points in both the hemispheres [e.g., Otsuka et al., GRL, 2014]. If the electric field variation associated with
the MSTID propagates along the magnetic field lines to the opposite hemisphere, it can be measured by a satellite
situated on its way of propagation in the inner magnetosphere. The simultaneous observations of MSTID by airglow
imagers and ionospheric satellite has been reported by Shiokawa et al. [JGR, 2003]. However, there are few studies on
the plasma and field measurements of MSTIDs at magnetospheric altitudes, except for one event reported by our
previous study (Kawai et al., JpGU-AGU2020, 2020). In this study, we give multiple examples of simultaneous
observations of MSTID made by airglow imagers being operated at Gakona (62.39 N, 214.78 E), Alaska, and Husafell
(64.67 N, 338.97 E), Iceland, and the Arase satellite in the inner magnetosphere. We investigate the MSTIDs observed
by the airglow imager at Gakona on November 3, 2018 and February 26, 2019 and at Husafell on January 26, 2019 in
detail. We find that the electric field and electron density variations observed by the Arase satellite are related to the
structure of the MSTID observed in the 630.0-nm images. We discuss characteristics of plasma and electric and
magnetic fields in the inner magnetosphere based on the observations by the airglow imagers and Arase.
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Statistical analysis of seasonal and solar activity dependences of MSTID occurrence using the
SuperDARN Hokkaido pair of radars

#Wataru Hazeyama", Nozomu Nishitani", Tomoaki Hori"
VISEE, Nagoya Univ.

We presented the latest results of the statistical analysis of medium-scale traveling ionospheric disturbances (MSTIDs)
using the SuperDARN Hokkaido pair of (HOP) radars data. We applied the three-dimensional fast Fourier transform
algorithm developed by Matsuda et al. (2014) to the dataset and studied diurnal and seasonal variations of propagation
directions of MSTIDs and solar activity dependence of the MSTID power spectrum density (PSD). The nighttime
MSTIDs propagate mainly southwestward whereas some of them propagate northward, and the daytime MSTIDs
propagate mainly southward. On the other hand we also found the negative correlation between the PSD of MSTIDs
and solar activity. However, our result of daytime MSTIDs propagation direction seems to be affected by radar field-
of-view boundary effects. Attempt to remove these effect is now in progress.
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Propagation direction analysis of MSTIDs observed with TEC map using 3D spectral analysis

method over North America

#SEPTI PERWITASARI, Takuji Nakamura?+®, Takuya Tsugawa, Michi Nishioka, Yoshihiro Tomikawa®-¥, Mitsumu,
K. Ejiri?®, Masaru Kogure®, Hidekatsu Jin, Chihiro Tao

NICT,”NIPR,¥SOKENDAIL*Kyushu University

We applied a novel three-dimensional spectral analysis method to GPS-TEC map over North America to study the
propagation direction of daytime and nighttime MSTIDs. This method automatically calculates phase velocity spectrum
and directionality of MSTIDs. We focus on the period of high MSTIDs occurrence, June-July 2006 for nighttime and
November-December 2006 to study daytime MSTIDs. We divided the North America into west (100-130 deg W, 25-
55 degN) and east (70-100 deg W, 25-55 deg N) part. Our results show MSTIDs propagations exhibit strong
longitudinal variation as a function of local time and daily variation for both daytime and nighttime MSTIDs. The
daytime MSTIDs dominant propagation direction is southward in the west and southeastward in the east part,
respectively, with an average speed of 50-300 m/s. The local time variation shows that the MSTIDs activity peaks
around 10-16 LT in west and 10-14 LT in east part. The combination of wind filtering and source location likely controls
the propagation direction seen in longitudinal and local time variation. For nighttime MSTIDs, the nightly average of
the spectrum in the west part shows that the propagation is shifted westward with a phase speed of 50-200 m/s. The
magnetic declination (~20 deg E) seems affecting the orientation of the phase fronts, resulting in westward motion. In
the east part, the average nightly spectrum shows that the dominant propagation is southwestward with a phase speed
of 50-150 m/s. We do not see significant effect of magnetic declination (4 deg E-16 deg W) to propagation direction.
The MSTIDs activity peaks around 20-02 LT and 20-00 LT for west and east part, respectively. We will discuss the
results more in details during the presentation.
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Propagation characteristics of Sporadic-E and MST1IDs: Statistics using HF Doppler and

GPS-TEC data
#Ryo Matsushima®, Keisuke Hosokawa®, Jun Sakai”, Mitsumu K. Ejiri*, Michi Nishioka®, Takuya Tsugawa®
DUEC,?NIPR,*NICT

Sporadic-E (Es) is a thin layer in the E-region ionosphere (~100 km) composed of dense metallic ions and electrons.
Es is known to appear in the mid-latitude region during summer months. Extremely high electron density within Es
sometimes reflects radio waves in VHF frequency range, especially above 100 MHz. Such a Es-related reflection of
radio waves causes anomalous long-distance propagation of waves leading to radio interferences of
commercial/navigation signals. Thus, Es is one of the important ionospheric phenomena which should be studied in
the framework of space weather applications. 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 Ionospheric Disturbances (MSTIDs). However, there have been only a few studies
investigating the simultaneous observations Es and MSTIDs appearing in the E and F regions, respectively. Such a
situation is primarily due to the lack of instruments that can directly observe Es in summer night time. To overcome
this limitation, we employed data from 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 ~10 places in Japan. Based on such multi-point
observations, we can derive the dynamical characteristics of Es layer, for example, its moving speed and direction.

In this paper, we carried out a statistical analysis of the propagation characteristics of Es and MSTIDs observed in the
nighttime by combining HFD and Total Electron Content (TEC) obtained from the GPS receivers of GEONET (GPS-
TEC) data for 4 years from 2014 to 2017. We made use of Es reflection data from the HFD receivers in Sugito, Saitama
(36.0N, 139.7E), Fujisawa, Kanagawa (35.3N, 139.5E) and Sugadaira, Nagano (36.4N, 138.3E). By using this triangle
observation, we succeeded in deriving the horizontal speed and direction of the motion of Es. In addition, we estimated
the phase velocity of MSTIDs seen in the simultaneously obtained maps of GPS-TEC with the same triangle
observation procedure. The speeds of Es and MSTIDs were commonly less than 100 m/s in most cases and the
propagation direction of most of Es and MSTIDs was southwestward. This result is consistent with the statistical
characteristic of nighttime MSTIDs in the previous studies. More importantly good correspondence between the
propagation characteristics of the two phenomena confirms that Es and MSTIDs move in tandem with each other,
further suggesting that Es plays an important role in the generation process of MSTIDs.
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Numerical simulation of electrodynamic effects on occurrences of the mid-latitude sporadic E

layer
#Satoshi Andoh", Akinori Saito", Hiroyuki Shinagawa?
YGraduate School of Science, Kyoto Univ.,’ NICT

The effect of the electric field on the structure of the mid-latitude sporadic E (Es) layers is investigated by a three-
dimensional local ionospheric model combined with the neutral wind and electric fields from the whole atmospheric
global model GAIA. Es layers are high-density metallic ion layers appearing in the lower ionosphere. It is widely
accepted that vertical shears of the horizontal neutral winds play a key role to the formation of Es layers. On the other
hand, the effect of the electric fields on the Es layer structures has been extensively studied especially in the equatorial
and low-latitude ionosphere. However, effects on the Eslayers in the mid-latitude ionosphere has not been investigated
because the electric fields there are weaker than that in the other latitudes.

In this study, Es layer simulations in two cases are conducted by using the three-dimensional local ionospheric model;
the neutral winds are used as inputs for Case 1 and the neutral winds and the electric fields for Case 2. The neutral
winds and electric fields are obtained from GAIA model. The simulations show that the occurrence rate of the Es layers,
especially in the morning, increases due to the electric fields. Heights of the simulated Es layers are compared to those
of the Es layers observed by ionosonde to investigate the relation between the Es layer structures and the electric fields.
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Characteristics of calcium ion layer observed with resonance scattering lidar at Syowa in

Antarctic

#Mitsumu K. Ejiri"®, Takanori Nishiyama®, Takuo Tsuda?, Katsuhiko Tsuno®, Makoto Abo?, Takuya Kawahara®,
Takayo Ogawa®, Satoshi Wada®, Takuji Nakamura®®

UNIPR,?UEC,”System Design, Tokyo Metropolitan Univ.,YRIKEN, RAP,”Faculty of Engineering, Shinshu
University,’SOKENDALI

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 in the MLT region are generally accepted as key
species for generation of sporadic E (E;) layer in the wind shear theory. Calcium ion (Ca*) is one of meteoric metal ion
and only one ion, which can be measured its vertical profile from the ground by a lidar sounding. The close link between
the E; layer and metal ion layer has been shown also by simultaneous observations of the Ca* lidar and radars [Raizada
et al., 2012; Ejiri et al., 2019]. Annual variation of the Ca+ vertical distribution observed at Kuhlungsborn in 1997-
1998 showed existing a permanent Ca* layer between 90 and 100 km through the year though it was sometimes rather
weak [Gerding et al., 2000]. Recently, the Whole Atmosphere Community Climate Model incorporated a large database
of neutral and ion?molecule reaction kinetics of calcium (Ca) species (WACCM-Ca) simulated the seasonal Ca* layer
globally [Plane et al., 2018]. However, the results cannot be verified well yet because observation lacks except at the
mid-latitude in the northern hemisphere.

A new resonance scattering lidar system with frequency-tunable alexandrite laser was developed by the National
Institute of Polar Research (NIPR) and installed at Syowa Station (69S, 40E) by the 58th Japan Antarctic Research
Expedition (JARE 58). Density profiles of Ca* in the MLT region over Antarctic were successfully observed 6 nights in
total in September and October, 2017 and 2018. The Ca* layers observed at Syowa showed similar altitude of peak (~94
km) and layer width (~7 km) with Kuhlungsborn (54N, 12E) in spring while Ca* density at Syowa seems slightly smaller
than that at Kuhlungsborn. Sporadic Ca* (Ca*,) layer with higher density than several hundred cm™ was not seen in
our observations at Syowa in spring while the Ca™; layer is often observed at the mid-latitude in the northern hemisphere.
Ca* column abundance observed at Syowa was one order smaller than that predicted by WACCM-Ca. This is

qualitatively consistent with Plane et al. [2018] that WACCM-Ca tends to overestimate Ca* measurements made by
lidar.
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Sporadic Fe layer event simultaneously observed by a resonance scattering lidar and an MF
radar at Syowa station (69.0S, 39.6E)

#Takanori Nishiyama'-?, Mitsumu K. Ejiri"?, Takuo Tsuda®, Katsuhiko Tsuno®, Takuji Nakamura"?, Makoto
Abo?, Takuya Kawahara®, Masaki Tsutsumi’-?, Takayo Ogawa®, Satoshi Wada®

UNIPR,?The Graduate University for Advanced Studies, SOKENDAIL»UEC,*RIKEN,*System Design, Tokyo
Metropolitan Univ.,”Faculty of Engineering, Shinshu University

Metallic layers, which ablate from meteoroids, are known to be formed between 80 and 105 km in the terrestrial
mesopause region. Meteoric species such as Fe, Mg, and Na exist as atoms in the layers and their dynamical and
chemical variability have been investigated by resonance scattering lidars [Plane et al., 2015 and references therein]
and satellite-borne measurements [e.g., Fan et al., 2007; Dawkins et al., 2014; Langowski et al., 2015; Tsuda et al.,
2017]. Sporadic E layer, Es layer, is characterized as a thin layer with enhanced electron density and mainly observed
by incoherent scatter radars and ionosondes. Mg* and Fe™ ions are regarded as dominant ion components in Es layers
due to their long lifetime [Kopp, 1997] and, therefore, sporadic metallic layers are believed to play important roles in
forming Es layers. Suggested generation mechanisms of sporadic metallic layers in polar regions are as follows: vertical
ion converge and neutralization due to wind shear [e.g., Nygren et al., 1984] and ionospheric electric field [e.g.,
Kirkwood and von Zahn, 1991], convergent vertical neutral wind associated with atmospheric gravity waves, and
sputtering from meteor smoke particle layers [von Zahn et al., 1987].

We identified sporadic Fe, hereafter FeS, event on June 5, 2018 at Syowa station (69.0S, 39.6E), Antarctic, that was
observed by a resonance scattering lidar [Ejiri et al., 2019]. This FeS event can be summarized as follows: a center
altitude and FWHM of the FeS layer are 90 km and 5 km, respectively. Duration was about 3 hours. Geomagnetic
activity was quiet during this event and co-located ionosonde demonstrated intermittent Es activity. Apparent growth
rate, which is defined in Alpers et al. [1994], is 1.5 %/min implying that development of the FeS is quite slow. During
the FeS event, neutral wind data with from an MF radar at Syowa is available. Meridional and zonal wind profiles at the
moment of FeS peak density around 17 UT show strong horizontal wind shear (du/dz is positive and dv/dz is negative),
which is consistent with Es layer forming in the southern hemisphere [Chu et al., 2014]. We tried to explain the
observed FeS by wind shear theory since ionospheric electric field (less than 10 mV/m) during the FeS can be neglected.
Ion-neutral collision frequency for Fe* was estimated by an empirical model of Voiculescu and Ignat [2002],
NRLMSISE-00, and IGRF-13. In addition, vertical ion velocity and its temporal variations were calculated in
consideration of magnetic declination [Yu et al., 2019]. Magnetic declination angle at Syowa station is -51 degree
and, therefore, should be taken into account. Estimated vertical ion velocity, w;, and vertical gradient of wi, dwi/dz, were
both negative near 12 UT. In particular, dw;/dz reached at -0.012 m/s/km, that is comparable to simulation result of
Yu et al. [2019]. It is also consistent with strong Es (foEs ~ 5 MHz) observed by ionosonde at the moment. However,
near 17 UT when FeS peak density was observed, both w; and dw;/dz were positive and favorable for vertical ion
divergence. This implies that FeS peak was not caused by vertical ion velocity shear at this moment. Our analysis
suggests that Fe* converge associated with negative dw;/dz might take place about 4 hours earlier than FeS appearance
and subsequently neutralization of Fe* led to the observed FeS forming. Above 90 km Fe* lifetime ranges from a few
minutes to 10° s with altitudes [e.g., Plane et al., 2015]. It seems to be roughly consistent with the delayed appearance
of FeS. We will examine this scenario based on wind shear theory by further analysis and a simple 1-D numerical
simulation.
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Statistical study of Sporadic Sodium Layers (SSLs) above Tromsoe (3)

#Satonori Nozawa", Takuo Tsuda?, Norihito Saito?, Takuya Kawahara?, Satoshi Wada®, Yasunobu Ogawa®, Hitoshi
Fujiwara®, Toru Takahashi”®, Tetsuya Kawabata, Chris Hall”, Asgeir Brekke”

VISEE, Nagoya Univ.,»The University of Electro-Communications,”’ RIKEN Center for Advanced
Photonics,”Shinshu University,” NIPR,%Seikei University,” University of Oslo,’ ENRL”UiT The Arctic University of
Norway

This study is the first statistical study of Sporadic Sodium Layers (SSLs) differentiating in-situ generated SSLs from
advected SSLs at high latitudes, and has evaluated conditions necessary for generating a SSL. Based on about 3000
hours of sodium density data obtained with the Tromsoe sodium LIDAR over 7 seasons (October-March) between
2012 and 2018, we have identified 36 events of SSL in the polar mesosphere and lower thermosphere (MLT) region
(80 ? 110 km). By using an advantage of five directional simultaneous measurements, we have derived movement
velocities of SSLs using detection times (i.e., arrival times) at five positions by assuming that a SSL has a linear front
perpendicular to the movement direction and moving at a constant speed. Then, we have compared the movement
velocities with wind velocities obtained with the sodium LIDAR. The movement directions of SSLs are dominantly
from south-eastward to south-westward except for 3 events: Most SSLs moved southward in the meridional direction.
No wind data are available for four events out of the 36 events. Based on comparison of the velocities, we have found
that 28 out of 32 events (88%) are likely classified to be advection events, while 4 events are left for candidates of in-
situ generation events.

We have evaluated generation mechanisms for “in-situ” events. The event observed on January 21, 2015 is categorized
as such an “in-situ” event. The SSL for the night appeared around 21.3 UT and lasted for about 3 hours at the five
directions. Time-height development of the SSL is similar at five directions: A high sodium density region gradually
moved down from 103 km to 97 km as time went by. Favoured wind directions are observed where the SSL appeared:
Westward/northward winds can derive sodium ions downward. Furthermore, southward E-field existed for the interval,
and could drive sodium ions downward. The winds and the E-field must play a major role to generate the SSL. We will
summarize observational results, and discuss generation mechanisms of SSLs.
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Study of atmospheric stability in the polar MLT region by using Tromsoe
sodium LIDAR data

#Sakiho Maeda", Satonori Nozawa', Takuya Kawahara?, Norihito Saito®, Takuo Tsuda®, Satoshi Wada®, Toru
Takahashi®”, Tetsuya Kawabata?, Chris Hall®

VISEE, Nagoya Univ.,”Faculty of Engineering, Shinshu University, ’RIKEN Center for Advanced Photonics,
RIKEN,YUEC,”Department of physics, UiO, TGO, UiT,”ENRI

We have studied the atmospheric stability in the polar upper Mesosphere and Lower Thermosphere (MLT) region (80
-105 km) above Tromsoe, Norway (69.6 degrees north, 19.2 degrees east) based on 2500 hours of sodium LIDAR data.
To investigate the atmospheric stability, we have evaluated the convective instability and shear instability using
temperature and velocity data (3 min and 0.5 km resolutions) obtained over 8 seasons from October 2012 to March
2019. For the quantitative evaluation, we have introduced the probability of instability [Zhao et al., JASTP, 65, 219-
232, 2003]. By using this probability, we have investigated these instabilities and discussed the characteristics and
factors of the instability region.
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Real-time monitoring of polar mesospheric clouds utilizing Himawari-8 full disk images
#Takuo Tsuda", Yuta Hozumi", Yoshiaki Ando", Keisuke Hosokawa', Hidehiko Suzuki?, Takuji Nakamura®, Ken T.
Murata®

DUEC,»Meiji univ.,’NIPR,”NICT

Polar mesospheric clouds (PMCs) or noctilucent clouds (NLCs) consist of water-ice particles, which can be produced
in summer at the mesopause region, mainly at high latitudes. Since the first report on PMCs in 1885, various methods
have been used to perform PMC observations. Optical observations by ground-based cameras, imagers, or lidars are
often limited by weather conditions because a clear sky is required for such observations. Hence, satellite observations
from space are valuable for more continuous observations, which enable significant systematic data coverage. Thus,
many PMC observations have been done by low Earth orbit (LEO) satellites. By contrast, there are only few reports of
PMC observations by geostationary Earth orbit (GEO) satellites, which includes Meteosat First Generation (MFG)
and Meteosat Second Generation (MSG). These GEO satellites can provide full-disk images including the Earth's limb,
which would give valuable opportunities for PMC observations by continuous limb-viewing from its almost fixed
location relative to the Earth.

In this presentation, we will introduce PMC observations by the Japanese GEO meteorological satellite Himawari-8,
that has been in the regular operation since 7 July 2015. In particular we will show our PMC detection method for
application to the Himawari-8 data, which consists of two-step detections. The first detection is as follows. We calculate
positions in each pixel of Himawari-8 full-disk image, as tangential points in the limb viewing. Then, based on the
calculated position, we produce spatial averaged emission intensity data for each bin with 17 latitude and 1-km altitude,
and thus height profiles in the averaged emission intensity are obtained at each latitude. We define a threshold based
on a dark level determined from the the emission intensity above 90 km, and extract PMCs which have significant
emission intensity compared with the threshold. In the second detection, in order to extract weaker PMC emissions,
we remove emission profiles only due to atmospheric scattering (i.e., Rayleigh scattering) using polynomial
approximation. After that, by setting a smaller threshold, weaker PMCs are extracted. This method is currently applied
to real-time Himawari-8 data, and a website showing real-time PMC activity will be opened to the public shortly. This
kind of data product would be of benefit for research on various PMC science.
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Polar mesospheric cloud structure tracking with data from the meteorological satellite

Himawari-8

#Yuta Hozumi", Takuo Tsuda", Yoshiaki Ando", Keisuke Hosokawa', Hidehiko Suzuki?, Takuji Nakamura®, Ken T.
Murata®

DUEC,»Meiji univ.,?NIPR,YNICT

A cloud tracking technique is applied to polar mesospheric cloud (PMC) data from the Geostationary-Earth-Orbit
(GEO) meteorological satellite Himawari-8 to examine the diurnal PMC variations. While previous PMC observations
from the ground and Low-Earth-Orbit (LEO) satellites have a limitation on local time coverage, observations from the
GEO satellite provide a great opportunity to study the PMC variability with all local time coverage and a wide field of
view. The band 1 (the blue band, 0.47 um) data of the Advanced Himawari Imager (AHI) onboard Himawari-8 is
resampled to the horizontal versus vertical grids data on the Earth-s limb with the grid-box size of 10 km (horizontal)
and 5 km (vertical). A pattern matching technique is applied to the PMC peak radiance of the resampling data, and the
horizontal movement of PMC along the transverse direction to the line of sight is derived. The horizontal movement
shows diurnal and semi-diurnal variations with a mean westerly movement of about 10 m/s. The westerly mean
movement is consistent with the horizontal wind derived from PMC images taken with the Cloud Imaging and Particle
Size instrument (CIPS) on the Aeronomy of Ice in the Mesosphere (AIM) satellite, and the wind of HWM14. The
horizontal movement of PMC observed by Himawari-8 is likely to be subjected to wind advection.
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Numerical simulation of polar mesospheric cloud emissions observed by Himawari-8

#Yoshiaki Ando", Takuo Tsuda", Yuta Hozumi", Keisuke Hosokawa', Hidehiko Suzuki?, Takuji Nakamura®, Ken T.
Murata®

DUEC,»Meiji univ.,’NIPR,”NICT

Recently, we reported that polar mesospheric cloud (PMC) emissions can be observed by Himawari-8, the Japanese
geostationary earth orbit (GEO) meteorological satellite. The full disk images of Himawari-8 provide PMC emissions
in the Earth's limb region, which allows us to perform continuous PMC monitoring from a fixed point, the GEO orbit,
more routinely. It is noted that the intensity of the measured PMC emissions does not indicate directly the number
density of PMC particles because the emission intensity captured by the sensor is the sum of PMC emissions along the
satellite line of sight and the scattering cross section of PMC particles depends on the size and the scattering angle due
to configuration of the sun, the earth, and the satellite. Therefore, a numerical simulation is necessary to identify PMC
parameters such as number density, radius distribution, and their spatial distribution, from Himawari-8 observation
data.

In this study, we develop a numerical simulation method to reproduce the emission intensity observed by the Himawari-
8 with a given PMC distribution. In the proposed method, the PMC particles are assumed to be lossy dielectric spheres
because the size of PMC particles is considerably smaller than the observation wavelengths, which are three visible
bands: blue (0.47 um), green (0.51 um), and red (0.64um). For this case, the exact solution of scattering cross section
is given by Mie theory. We use the common assumption regarding particle size distribution, which is given as a log-
normal form. The light traveling in the atmosphere is attenuated due to scattering by air molecules and PMCs, which
is also considered in the proposed method. The attenuation due to the air molecules (described by Rayleigh scattering)
is calculated from number density and temperature of the air molecules, which are given by the NRLMSISE-00
atmospheric model.

The developed simulation method shows a good agreement with observed data. It is demonstrated that number density
and particle size distribution can be uniquely identified by using data observed with multiple wavelengths. The
developed method enables us to retrieve spatial distribution and particle size distribution of PMCs from Himawari-8
data.
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Relationship between polar mesospheric clouds and energetic electron precipitation from the

magnetosphere

#Keisuke Hosokawa", Takuo Tsuda", Yuta Hozumi", Yoshiaki Ando?, Hidehiko Suzuki®, Takuji Nakamura®, Ken T.
Murata®

YUEC,?The Univ. of Electro-Comms.,”Meiji univ.,NIPR,”NICT

Polar Mesospheric Clouds (PMCs) are optical phenomena produced through scattering of solar illumination by icy
particles formed at altitudes of 82-85 km during summer months. Since PMCs are composed of icy particles, the
frequency of their occurrence varies depending on both the temperature and the water vapor concentration at the
mesospheric altitudes. In recent years, there have been a few studies demonstrating a decrease in the frequency of
PMCs during the Solar Proton Event (SPE) associated with large flares (e.g., von Savigny et al., 2007). Although the
mechanism linking SPE and PMCs still remains unclear, these studies have suggested that energetic particles released
through short-term variations at the Sun (e.g., flares) may modify the mesosphere environment (possibly through low-
altitude ionization and subsequent chemical processes) and suppress the development of PMCs (Winkler et al., 2012).
In this study, we focus on the Energetic Particle Precipitation (EPP) as an another agent causing low-altitude ionization
and discuss its effect on the activity of PMCs. We statistically analyzed the occurrence of PMCs derived from the
continuous optical observations from the Himawari-8 satellite at the geostationary orbit (Tsuda et al., 2018), and then
examined the correlation between EPP and PMCs. Recent studies have shown that sub-relativistic electron
precipitations from the magnetosphere, that is the main part of EPP, are often observed in the morning sector, well
synchronized with the appearance of pulsating aurora (PsA) (Miyoshi et al., 2015). It has also been suggested that such
low-altitude ionization caused by EPP can lead to the destruction of mesospheric ozone (Turunen et al., 2017). In the
presentation, we discuss whether a similar causal relationship exists between EPP and PMCs.
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An event study of the thermospheric response at a pseudo breakup during geomagnetically

quiet conditions

#Shin-ichiro Oyama"?®, Atsuki Shinbori", Yasunobu Ogawa®, Mirjam Kellinsalmi?, Tero Raita®, Michael
Rietveld®, Aikio Anita?, Heikki Vanhamaki?, Kazuo Shiokawa", Ilkka Virtanen®, Lei Cai”, Abiyot Workayehu?,
Marcus Pedersen?, Kirsti Kauristie?, Takuo Tsuda®, Boris Kozelov?, Andrei Demekhov?, Alexander Yahnin?,
Fuminori Tsuchiya'”, Atsushi Kumamoto'?, Yoshiya Kasahara'?, Ayako Matsuoka'?, Masafumi Shoji”, Mariko
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VISEE, Nagoya Univ.,”Space Physics and Astronomy Research Unit, University of Oulu,”National Institute of Polar
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Oulu,”EISCAT,”KTH Royal Institute of Technology,® The University of Electro-Communications,”Polar
Geophysical Institute,'” Tohoku University,'"Kanazawa University,'?Kyoto University,'¥Kyushu Institute of
Technology

A geomagnetically quiet-time (Kp=0+) pseudo breakup event on 20 February 2018 was investigated to examine the
Magnetosphere-lonosphere-Thermosphere coupling at auroral to subauroral latitudes in the Scandinavian sector using
multiple ground-based instruments and spacecraft. Coinciding with appearance of the pseudo breakup at 71-73 MLat
at approximately 21 MLT, a red arc emerged at the ionospheric trough minimum located at 68 MLat (L?7.1). The
ionospheric trough was scanned meridionally by the Swarm A and C spacecraft, and the measurements clearly showed
an electron temperature peak (~15,000 K) at the trough minimum. We concluded that causality to produce the red arc
was the heat flux transferred from the plasmapause similar to generation of the stable auroral red (SAR) arc. Different
from the SAR arc, the red arc was found at the onset time. The red arc may represent a moment of SAR arc birth, which
is generally masked by bright dynamic aurorae. The new feature is named the ephemeral auroral red (EAR) arc. Ion
velocity measured by the Swarm A showed westward flow of about 1700 m/s in the trough but at the equator side slope
and the flow speed at the trough minimum was almost 0 m/s. This suggests that the polarization electric field may not
have been spatially uniform throughout the trough. A Dynasonde deployed at Tromsoe (67 MLat, which is located near
the equatorward trough edge) measured westward turning of the F-region ion velocity at the pseudo breakup. The
collocated Fabry-Perot interferometer (FPI, 630.0 nm) also detected westward wind acceleration following the ion
velocity change with almost no delay but with some relative speed. For an approximately 20-min interval after the
pseudo breakup, Un?Vi was negative, which suggests that the mechanical energy of the neutral particles was transferred
to the plasma in the ionosphere, contributing to the Joule heating rate at a moment of sudden magnetospheric electric
field change at the pseudo breakup. Here Un and Vi are the neutral wind and ion velocity, respectively. However, after
this interval, Un?Vi turned to be positive. The Dynasonde-FPI comparison suggests that the thermospheric wind was
prompt to respond to the substorm-induced ion velocity change even in the low plasma density trough, and that inertia
of the neutral particle plays a partial role to generate the thermal energy.
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3D tomography reconstruction of pulsating auroral emission intensity from ground imaging

and radar data

#Mizuki Fukizawa", Takeshi Sakanoi?, Yoshimasa Tanaka®, Yasunobu Ogawa®, Bjorn Gustavsson®, Kirsti
Kauristie®, Carl-Fredrik Enell”, Alexander Kozlovsky®, Tero Raita®, Urban Brandstrom?, Tima Sergienko”
YGraduate School of Science, Tohoku University,” Grad. School of Science, Tohoku Univ., NIPR/ROIS-
DS/SOKENDAIL®*NIPR,?UiT - The Arctic University of Norway,”Finnish Meteorological Institute,”"EISCAT
Scientific Association,¥Sodankyla Geophysical Observatory, University of Oulu,”Swedish Institute of Space Physics

Pulsating aurora, which has a quasi-periodic modulation in its emission intensity, is commonly observed in the broad
magnetic local time period from just after a substorm onset near the midnight to noon sector. Observational and
theoretical studies showed that pulsating aurora is caused by precipitating electrons which scattered into a loss cone
due to the cyclotron resonance with chorus waves. The precipitating electrons caused by chorus waves mainly cause
ionizations in the ionospheric E region since their typical resonance energy is from a few to tens of keV. Theoretically,
it is also expected that chorus waves can resonate with sub-relativistic (>~1 MeV) electrons. Miyoshi et al. (2015)
reported that electron density enhancements were clearly identified even at an altitude of 68 km in association with a
pulsating aurora. Hosokawa & Ogawa (2010) presented that an appearance of Pedersen current layer carried by
electrons in the ionospheric D region during a pulsating aurora and Gillies et al. (2015) showed the existence of field-
aligned current during pulsating auroral patches.

In this study, we aim to reconstruct the current structure associated with pulsating auroras by mainly using
“generalized-aurora computed tomography (G-ACT, Tanaka et al.,, 2011)" method. First, we applied “the aurora
computed tomography (ACT, Aso et al.,, 1998) method" to reconstruct the three-dimensional (3D) structure of
pulsating aurora patches from multiple monochromatic auroral images. The ACT method has been applied to
reconstruct the 3D structure of discrete auroras (e.g., Aso et al., 1998) but it is difficult to reconstruct that of pulsating
auroras because their shape is ambiguous and they appear at close distances with each other. Here, we give the first
result of the 3D structure of pulsating auroral emission by the ACT method. We analyzed an event in which relatively
bright and isolated pulsating auroral patches were simultaneously observed by all-sky imagers at Skibotn, Kilpisjarvi
and Abisko during a substorm recovery phase during the period of 0?2 UT on 18 February 2018. The observation
wavelength and temporal resolution of the all-sky imagers were 427.8 nm and 2 s, respectively. We set the origin as the
geographic latitude and longitude at the ground of the center of target auroral patch, the x-axis as antiparallel to the
horizontal component of the geomagnetic field, the y-axis as eastward, and the z-axis as anti-parallel to the geomagnetic
field. The simulation region was —50 to 50 or —75 to 75 km for the x-axis, —100 to100 km for the y-axis, and 80 to
180 km for the z-axis to include the target patch. The 3D structures of three pulsating auroral patches were precisely
reconstructed by solving a problem of minimization of posterior probability with the Gauss-Newton method based on
the Bayesian model. The reconstructed emission altitudes are 887102 km and the thickness was 2714 km. The accuracy
of reconstruction will be evaluated by computer simulation using model aurora, and by simultaneous EISCAT radar
data. In the future, we will examine the current structure associated with pulsating aurora patches by reconstructing
energy and spatial distributions of precipitating electrons from electron density data obtained with EISCAT radar and
using the IMAGE magnetometer network and neutral atmospheric model MSIS.
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Imaging observation of lonospheric Field Aligned Irregularities by the PANSY radar at

Antarctic Syowa Station

#Daisuke Kagawa!, Taishi Hashimoto?, Akinori Saito", Koji Nishimura?, Masaki Tsutsumi?, Toru Sato®, Kaoru
Sato?

DEarth and Planetary Sciences, Kyoto Univ.,”National Institute of Polar Research,”’ Communications and Computer
Eng., Kyoto Univ.,Y Graduate School of Science, Univ. of Tokyo

Program of Antarctic Syowa MST/IS radar (PANSY radar) is the large atmospheric and VHF-band radar located at the
Antarctic Syowa Station. This radar has the capability of observing plasma quantities at altitudes of 100-500km using
the ionospheric incoherent scatter (IS). In 2015, the PANSY radar performed the first ionospheric IS observation in
the Antarctica.

This has a frequency of 47MHz, so it is capable of observing the echoes of field aligned irregularities (FAI) in E-region.
If FAI has a space scale of half wavelength of radio waves, they are coherently backscattered, so the PANSY radar
observes the coherent echoes from 3-meter-scale FAI in E-region. In order to suppress contamination from the FAI
echoes during the IS observation by the PASNY radar, Hashimoto et al. (2019) developed a signal processing using
adaptive beamforming. The PANSY radar has the FAI array in addition to the main array, and it can separate the signal
from various angles using the method based on directionally-constrained minimization of power (DCMP) algorithm.
In fact, using this method we can observe E-region FAI and its motion.

In December 2017, FAI imaging observation was performed, and periodic-like echoes were detected with global Pc5
pulsations. Studies and observations of Pc5 and FAI are performed before. For example, Wang et al. (2019) provided
measurements of 2-dimensional structures of dayside Pch waves utilizing?coordinated observations by the THEMIS
satellites and the all-sky imager at South Pole, and F-region FAI observation by the SuperDARN also detected?periodic
echoes for the same period as one by the PANSY radar. The former, however, reported the events only at nighttime
and the latter cannot measure detailed spatial structures because of its HF frequency. Therefore, utilizing the PANSY
radar, it is expected that we can provide observations also at daytime and measurements of spatial structures of the FAI
occurring with Pc5 pulsations.

However, it is found that FAI imaging using the Capon method cannot measure the spatial structures accurately. FAI
echoes are generally observed if the conditions that radio waves are perpendicular to FAI are satisfied, but the imaging
also shows the "ghosts" which were?mistakenly observed as?FAI in?the non-echoing region. This problem occurs
probably because objects?in the grating lobes which are in the FAI array radiation pattern are not identified. So, we
should develop the new imaging method which removes the effects of them and provides accurate spatial structures.
The new method is based on the CLEAN algorithm, and in the iteration the responses of the non-mainlobe region in
the radiation pattern of the FAI array, such as grating lobes and sidelobes, are suppressed, which gives the imaging of
FAI detected by the mainlobe without contamination of noises.

In the presentation, we will show the new FAI imaging method which removes the effects of antenna radiation pattern,
and gives accurate and high-resolution spatial structures of FAL. Moreover, performing the imaging using this method
we try to find out physical processes of FAI generation.
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Ion?Neutral Collision Frequency Models for the F-region lonosphere
#Akimasa leda
ISEE, Nagoya Univ.

The Earth's F region ionosphere is dominated by the collision between atomic oxygen and its first positive ion. An
accurate corresponding collision frequency model is necessary to understand the ionosphere. However, the widely used
classic Banks theoretical model typically provides a collision frequency that is 30% lower than the expectation from
ionospheric observations. Accordingly, the classic collision frequency is often adjusted by multiplying it by a constant
known as the Burnside factor. This correction-factor model adopted the classic model as its basis due to a
misunderstanding that the classic model was based on a laboratory experiment; that is, the correction factor was
originally meant to compensate for laboratory contamination.

In this study, we construct a collision frequency model based on the laboratory experiment. We find that the resultant
laboratory-based model is consistent with ionospheric observations. In this construction, we have determined that the
impact of laboratory contamination is small (7%) and is mostly canceled by a misinterpretation regarding the
conventional definitions of energy. Thus, the 30% difference is mainly caused by a theoretical error in the classic model
itself. This error is energy-dependent and corrected by the later wide-energy theoretical model. Thus, the classic model
cannot be corrected by a constant and should be replaced by the later model.
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Statistical properties of ion upflows in the low-altitude ionosphere observed by the EISCAT

radar
#Masayoshi Takada", Kanako Seki?, Yasunobu Ogawa®
DEarth and Planetary Science, Tokyo Univ.,”’ Dept. Earth & Planetary Sci., Science, Univ. Tokyo,” NIPR

Molecular ions (O,*/NO*/N,*) in the ring current of the terrestrial magnetosphere have been observed during the
magnetic storms [e.g., Klecker et al., 1986; Seki et al., 2019]. Since the molecular ions usually exist in the low-altitude
(< 300 km) ionosphere, an efficient upward ion transport (upflow) overcoming the loss by dissociative recombination
is needed to supply them to the magnetosphere. However, the mechanisms that cause such an ion upflow at low-altitude
are not clearly understood. As candidate mechanisms, some heating and acceleration processes such as ion frictional
heating and small scale instabilities by soft particle precipitations have been investigated. Previous study showed that
none of them was efficient enough [Peterson et al., 1994]. The purpose of this study is to understand properties of the
ion upflows in the low-altitude ionosphere and their generation mechanisms based on long-term observational results
of the EISCAT radars.

We used data from the EISCAT Svalbard radar at Longyearbyen from January 1, 2006 to January 1, 2016 and surveyed
statistical properties of ion upflows in the low-altitude ionosphere. We selected data obtained at altitudes between 200
and 400 km, when the radar was looking along the local magnetic field line. Then, an ion upflow event was defined
based on the following criteria: (1) Above the lowest altitude where the upward velocity becomes > 50 m/s, the flow
velocity continues to be upward (> 0 m/s) up to 400 km altitude. (2) The average velocity between the lowest to 400
km altitudes is > 50 m/s. (3) An ion upflow event must continue for 2 minutes or more. The ion upflow events were
identified in ~5 % of the selected field-aligned data in the 200-400 km altitude. The statistical results show that the ion
upflows were observed during periods of relatively high AE index (> 200 nT), which means that geomagnetic activities
affected the occurrence rate of ion upflows in the low-altitude ionosphere. On the other hand, the ion upflows were
observed in the positive and negative SYM_H conditions. The result indicates that ion upflows were occurred both
during the magnetic storms and non-storm periods. The most of the ion upflow events were observed when the average
electron temperature exceeds 2000 K in the 200-400 km altitude. The detection probability of the ion upflow events
become high when the average ion temperature was enhanced to more than 1500K in the 200-400 km altitude. It
suggests that the electron temperature enhancement is a necessary condition for the ion upflow from the low-altitude
ionosphere, while the ion temperature increase is also important to cause the upflows in many cases. In the presentation,
we will also report on dependence of the ion upflows on the solar activities.

References:

[1] B. Klecker et al., Discovery of energetic molecular ions (NO* and O,*) in the storm time ring current, Geophys.
Res. Lett., 13, 632-635, 1986

[2] K. Seki et al., Statistical Properties of Molecular Ions in the Ring Current Observed by the Arase (ERG) Satellite,
Geophys. Res. Lett., 46, 864378651, 2019

[3] W. K. Peterson et al., On the sources of energization of molecular ions at ionospheric altitudes, J. Geophys. Res.,
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Modeling of EUV light scattered by oxygen ions and comparison with observation
#Shin'ya Nakano", Yuta Hozumi?, Akinori Saito®
UThe Institute of Statistical Mathematics,”? UEC,*Dept. of Geophysics, Kyoto Univ.

An imager of ISS-IMAP observed extreme ultraviolet (EUV) at 83.4 nm, which is scattered by oxygen ions (O+), even
in the umbra of the Earth. However, the single scattering of solar EUV radiation in the upper atmosphere does not well
explain the observation. We are developing a computational model for simulating multiple scattering of EUV by O+
ions. This model simulates EUV flux using a Monte Carlo method in which trajectories of a large number of EUV
photons are computed. The scattering cross section is determined according to the O+ distribution and ion temperature
which are given by the IRI model. The change in the EUV frequency of a photon is assumed to obey a Gaussian
distribution which is derived from thermal motion of O+ ions. For simplicity, the mean of this Gaussian distribution is
assumed to be independent of the EUV frequency before the scattering.

We have simulated EUV flux in the ionosphere using our Monte Carlo model and compared with some observational
results. At present, EUV flux is not necessarily well reproduced. However, some features of EUV flux on the nightside,
which were observed by the EUV imager of ISS-IMAP, are reproduced by assuming a large scattering cross section.
The prospect for estimating O+ density distribution will also be discussed.
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