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Effects of Atmospheric Gravity Waves in the Mesosphere-Lower Thermosphere (MLT)
Region

Toshitaka Tsud4
I'Research Institute for Sustainable Humanosphere (RISH), Kyoto University

Atmospheric gravity waves are generated by a variety of processes including the interaction of surface winds with topography
meteorological disturbances, deep convective storms, geostrophic adjustment of the jet stream, and so on. It is now widel
accepted that the general circulation of the middle atmosphere is maintained with gravity wave drag force. In addition, upwarc
propagating gravity waves play an important role in the coupling processes between the lower atmosphere and the mesosphe
lower thermosphere (MLT) region. We analyzed the behavior of the gravity waves by means of ground-based high resolutior
observations, such as radiosondes, MST, meteor, and MF radars. We also employed the profiles of temperature at 0-40 ki
and electron density profiles observed with the GPS radio occultation missions. We report in this paper comparison of the tim
variations between tropical convection in the troposphere, the gravity wave energy in the stratosphere and MLT region, and sem
annual oscillation in the MLT region. We also discuss a correlation between the distribution of sporadic E layers and mountair
waves over the South American continent.

Keywords: Atmospheric Gravity Waves, Meteor/MF radar, GPS radio occultation, Mesosphere-Lower thermosphere (MLT),
Sporadic E layer, Semi-annual oscillation
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Ultra-Fast Kelvin Waves - Sources, Generation of Preferential Modes, and Effects on the
lonosphere-Thermosphere System

Uma Dag*, C. J. Pah
I'National Central University, Taiwan

It is known that eastward propagating atmospheric Kelvin waves (KW) are produced due to latent heat release in equatoric
regions of deep convections and hence correlate with the outgoing long-wave radiation (OLR). To understand more closely th
generation of KW, especially the ultra-fast KW (UFKW), and the relation between KW and OLR, the horizontal and vertical
characteristics of UFKW have been investigated from tropopause to stratopause regions and in the thermosphere during 20
using temperature and electron density data, respectively, obtained from GPS radio occultations by FORMOSAT-3/COSMIC
constellation of satellites. Significant amplitudes of UFKW were found in the present investigations in the upper stratosphere (4(
to 50 km) during September to November in the temperature retrievals. Simultaneously, the COSMIC electron density retrieval:
were also investigated and similar periodicities in the ionosphere were found showing the effects of lower atmospheric forcing
in the upper atmosphere. We found that the propagation characteristics have little correlation with the mean zonal winds in th
stratosphere, i.e., the quasi-biennial oscillation. Also, OLR over the Indonesian region showed very poor correlation with the
UFKW amplitudes in contrast to earlier studies. This shows that the generation of UFKW is a more complex phenomenon thar
known and needs to be addressed in greater detail. Another intriguing aspect is the choice of modes - wavenumber, period, a
vertical wavelength. What causes a preferential UFKW to be generated during a particular event? These questions regarding t
generation and choice of preferential UFKW will be discussed with more results. How the effects on the ionosphere-thermospher
system depend on the varying characteristics of the UFKW will also be discussed in detail.

Keywords: Ultra-Fast Kelvin Waves, Middle Atmosphere, lonosphere-Thermosphere
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Study of low-latitude ionospheric irregularities with the Sanya VHF radar
Baigi Ning'*, Guozhu Lt
Hnstitute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China

A 47.5 MHz VHF radar with a peak power of 24 kW has been set up at Sanya (18.3 N, 109.6 E, dip latitude 12.8 N), China
in 2009. The radar can work alternately in coherent scatter and all-sky meteor modes for observing ionospheric irregularitie:
and meteor trails, respectively. In the coherent scatter mode, the radar works like a Doppler coherent backscatter radar to dete
ionospheric irregularities. In this study, data from the continuous observations of ionospheric E and F region irregularities are
analyzed. It is shown that the daytime E region continuous echoes descend slowly with a descent rate of 1 km/hour, and are high
correlated with the descending of the bottom height of Es trace (hbEs). The Doppler velocity and spectral width of the echoe:
range from -50 to 25 m/s, and from 20 to 70 m/s, respectively. While at nighttime, the E-region multiple echo layers, echo layer
disruption and upper E-region echo layer generation are frequently observed. On the other hand, the radar observations she
that the quasi-periodic (QP) echoes occurred above 110 km, and coexisted with E region continuous echo layers. The altituc
extent of the QP striations is in a range of about 5-20 km and the duration is about 5-15 minutes. The QP echoes first appear:
at higher altitude and then descended to the height close to the continuous echoing region, with a descent rate of 20-30 m/s a
a period of about 8 minutes. Further, the Doppler velocities of QP echoes change in time and range and are not related to tt
striation slop. The zonal drift velocities derived from radar interferometric analysis of QP echoes show apparent variations with
altitude. Possible factors responsible for the E region continuous and quasi-periodic echoes are discussed. Additionally, the rad
five-beam scanning measurements in east-west direction were used to characterize the longitudinal difference in establishir
the initial conditions for equatorial spread-F (ESF) development. Correlative studies between the large scale wave structure
(LSWS) and ESF activities are presented. It is shown that the LSWS and ESF have nearly a one-to-one relationship when the
layer undergo an abrupt post-sunset rise (PSSR). However, in the absence of the PSSR, the ESF and GPS scintillation did r
always occur following the appearance of LSWS. Sometimes the LSWS events preceded the generation of bottom type spread
(BSF) that did not develop vertically into ESF and radar plumes. This result may indicate that under inexpressive, weak, of
even moderate PSSR conditions, the appearance of the LSWS alone may not be sufficient to produce the post-sunset F regi
irregularities responsible for ionospheric scintillations.

Keywords: Low latitude, lonospheric irregularities, VHF radar
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The role of zonal plasma drift for the F-region dynamo: Lunitidal modulation
Jaeheung PARK, Hermann LUEHR
'Helmholtz Centre Potsdam, GFZ German Research Centre for Geosciences

In this study we describe the average zonal drift velocity of F-region plasma (or equivalently, vertical electric field) as derived
indirectly from the Challenging Mini-Satellite Payload (CHAMP) observations. Two drivers are known for vertical currents
flowing in the equatorial ionospheric F-region: (1) a vertical electric field and (2) the dynamo action of F-region zonal wind.
The efficiency of these current drivers depends directly on local Pedersen conductivity. As for CHAMP, we can estimate the
vertical current density from the magnetometer, the zonal wind from the accelerometer, and local Pedersen conductivity fron
a combination of magnetometer/accelerometer/Langmuir-Probe data. In this way the vertical electric field are determined, fron
which we can deduce the zonal drift velocity of F-region plasma. The obtained velocities are directly compared with the ion
drift meter data onboard the Republic of China Satellite-1 (ROCSAT-1). The correlation coefficient between the observed anc
estimated velocities is about 0.8, the best-fit slope is close to unity, and the best-fit offset is smaller than the range of velocity
variations. The result supports the validity of the indirectly estimated zonal velocity. We apply this method to data from a period
around a sudden stratospheric warming event during which ionospheric parameters exhibit clear modulations by the lunar tide.

Keywords: equatorial ionosphere, ionospheric dynamo, plasma drift
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Longitudinal and day-to-day variability in the ionosphere from lower atmosphere tidal
forcing

Tzu-Wei Fand*, Rashid Akmae¥, Tim Fuller-Rowell, Fei WU, Naomi Maruyama, George Millward

LCooperative Institute for Research in Environmental Sciences, University of Colot8dace Weather Prediction Center,
NOAA, Boulder, Colorado, USA.

Simulations with the Global lonosphere Plasmasphere (GIP) model driven by Whole Atmosphere Model (WAM) winds show
significant longitudinal and day-to-day variations in the ionospheric parameters. Under fixed solar and geomagnetic activity
levels, the contributions of lower atmosphere tides to the longitudinal and day-to-day variability in the upper atmosphere are
estimated. Larger relative variability is found in the nighttime than in the daytime, which is consistent with observations. The
perturbations from the lower atmosphere contribute about half of the observed variability in the ionospheric F2 peak density un
der moderate solar activity and geomagnetic quiet conditions. Simulations also suggest that the wave-4 and wave-3 longitudin
variations in the equatorial vertical drifts during September are dominated by the diurnal eastward propagating non-migrating
tides with zonal wave number 3 (DE3) and 2 (DE2), respectively.

Keywords: Coupling the lower and upper atmosphere, lonospheric variability, Longitudinal variation of equatorial ionospherere
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MIT: a Chinese Space Mission in Pre-study Phase
Yong Liu'*, Chi Wang, Jiyao Xu
IState Key Laboratory of Space Weather, National Space Science Center

MIT is short for Magnetosphere-lonosphere-Thermosphere Coupling Constellation Mission. It is designed to study the cou-
pling between magnetosphere, ionosphere and thermosphere. The scientific objective of the mission is to focus on the outflo
ions from the ionosphere to the magnetosphere. The constellation is planning to be composed of four spacecrafts, each spacec
has its own orbit and crosses the polar region at the nearly the same time but at different altitude. With different payloads on
board each spacecraft, we will be able to track the polar upflow ions and study the acceleration mechanism at different altitude
Currently the we are investigating the orbit, the payloads and the strategy for the spacecraft. This phase will end in Oct, 2014
then it will compete for next phase selection.

Keywords: lon upflow, magnetosphere-ionosphere coupling, space mission
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Gravity waves in the mesosphere: questions to be solved
Takuji Nakamura*

INational Institute of Polar Research

Gravity waves are known to play key role in forming general circulation and latitudinal temperature structure in the middle
atmosphere, expecially in the mesosphere and lower thermosphere. It is sometimes stressed that short period gravity wav
are more important because of their ability of transporting horizontal momentum upward. However, inertia gravity waves can
transport significant amount of kinetic and potenrial energy and they ctreate turbulent eddy easily, which plays important role of

vertical mixing
due to eddy diffusion. In this paper, we re-visit characteristics of internal and inertia gravity waves and propose issue to be
solved on gravity wave in the mesosphere and lower thermosphere.

Keywords: Mesosphere, Gravity Wave, gravity, wave
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Gravity Waves in the Mesosphere/Thermosphere/lonosphere simulated by a Whole At
mosphere Model

Yasunobu MiyosHi*, Hidekatsu Jif, Hitoshi Fujiward, Hiroyuki Shinagawa
IKyushu University2NICT, 3Seikei University

Behaviors of gravity waves in the thermosphere/ionosphere are examined by using a whole atmosphere model. The domina
period of the simulated gravity waves becomes shorter at higher altitudes due to dissipation processes in the thermosphere, st
as molecular viscosity and ion drag force, indicating that gravity waves with a larger horizontal phase velocity (larger vertical
wavelength) can penetrate into the thermosphere. We also investigate the longitudinal and seasonal variations of gravity wa
activity in low latitudes and upward propagation of gravity waves from the lower atmosphere to the thermosphere/ionosphere
Our results clearly indicate that the longitudinal variation of the gravity wave activity in the mesosphere and thermosphere is
closely related to the cumulus convective activity in the tropics. WE are developing a higher horizontal resolution version (aboult
1 degree longitude by 1 degree latitude) of the atmosphere-ionosphere coupled model (GAIA). Using the high resolution versiol
of the GAIA, we are planning to investigate effects of thermospheric gravity waves on the ionospheric variability.

Keywords: vertical coupling process, gravity wave, numerical simulation
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lonospheric Shock Waves Triggered by Rockets
Charles Lirt*, Jia-Ting Lin', Chia Hung Cheh Yang-Yi Sur¥, Jann-Yenq Li#, Yoshihiro Kakinamt, Huixin Liu*

IDepartment of Earth Science, National Cheng Kung Univer8itystitute of Space Science, National Central University,
3School of Systems Engineering, Kochi University of Technold@ept. of Earth and Planetary Science, Faculty of Science,
Kyushu University

This paper present the unprecedented detail of the two-dimensional structure of shock waves resulting from the rocket transit i
the upper atmosphere using the time rate change of the total electron content (TEC) derived from dense networks of the groun
based GPS receivers around Japan and Taiwan. From the 2-D TEC maps constructed for the 2009 North Korea Taepoding-2 a
2013 South Korea Naro rocket launces, the V-shape TEC shock wave fronts, with period of 100-600 sec, produced by the propu
sive blast of the rocket are seen immediately and propagating perpendicular outward from the rocket trajectory with velocities
between 800-1200 m/s. Along the trajectory, clear rocket exhaust depletion of TEC is seen and it propagates northward with
initial velocity of 155 m/s followed by a reduced velocity of 51 m/s, consistent with the background neutral wind predicted by
an empirical wind model. After the 10-20 minutes of the rocket transits, the bow and stern waves evolved from the initial blast
shock wave front are seen with velocities exceeding 1000 m/s.

Keywords: ionospheric shock wave, rocket exhaust depletion of ionospheric TEC
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630-nm airglow enhancement due to the launch of H-11A rockets
Yuichi Otsukd*, Kazuo Shiokawh Takumi Abé
ISolar-Terrestrial Environment Laboratory, Nagoya Univerditgpan Aerospace Exploration Agency

Depletion of the ionospheric plasma density is known to be made by liquid fuel exhausted from rockets. The plasma depletior
is considered to be caused by the rapid ion-atom interchange reactions of the ionospheitb 8, and H,O exhausted from
rockets, followed by dissociative recombination of the moleculariions. The current paper reports two evens in which enhancemer
of 630-nm nightglow were observed after H-1IA rocket launched from Tanegashima, Japan.

An all-sky airglow imager has been operated at Sata, Japan since 2000 as a part of Optical Mesosphere and Thermosphe
Imaging system (OMTIs). 630-nm all-sky image is taken with an exposure time of 165 sec and time resolution of 5.5 min. At
1639 UT on May 17, 2012, H-lIA rocket was launched from Tanegashima, Japan. At 1647UT, when the H-11A rockets reached the
ionosphere, an enhancement of the 630-nm airlgow intensity was observed by the airglow imager at Sata. The observed airglc
intensity exceeded 2 kR. The airglow enhancement disappeared around 1717 UT. We also analyzed the total electron conte
(TEC) data obtained from GPS receivers of GNSS receiver network in Japan, and found that the TEC depletion occurred at th
same time as the 630-nm airglow enhancement. After another H-IIA rocket was launched at 1117 UT on Sep. 11, 2010, simila
630-nm airglow enhancement was observed by the Sata all-sky imager at 1124 UT. In this presentation, we discuss chemic
reaction causing the 630-nm airglow enhancement due to the gasses exhausted from the rockets.

Keywords: rocket, airglow, ionosphere, plasma depletion
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lonospheric perturbations related to earthquakes
Yoshihiro Kakinamt*, Shigeto WatanaBBe Masashi Kamogawa
IKochi University of Technology?Hokkaido University? Tokyo Gakugei University

lonosphere is disturbed by large earthquakes and tsunamis. When a vertical sudden displacement of the ground and sea surf
caused by the earthquake and tsunami excites acoustic and gravity waves in the atmosphere, the acoustic and gravity way
propagate into the ionosphere and disturb ionospheric plasma. The M 9.0 Tohoku earthquake (Tohoku EQ) was a megathrus
type which occurred on March 11 of 2011 at 0546 UT in the western Pacific Ocean. After the Tohoku EQ, many types of
ionospheric disturbances such as acoustic resonance and gravity wave were observed. Furthermore, large plasma depletion nal
"tsunamigenic ionospheric hole” was observed. Similar plasma deletions were also found in the 2010 M8.8 Chile and the 200«
M9.1 Sumatra earthquakes. This occurs because plasma is descending at the lower thermosphere where the recombinatior
ions and electrons is high through the meter-scale downwelling of sea surface at the tsunami source area, and is highly deplet
due to the chemical processes.

We also found a faster CID propagated at “3.0 km/s only in the west-southwest, while a slower CID propagated concentrically
at 1.2 km/s or slower from the tsunami source area in the Tohoku EQ. Taking the propagation speed and oscillation cycle intt
account, the faster CID was associated with a Rayleigh wave but the slower CID was associated with an acoustic or gravity wavi
The north-south asymmetry of the CID associated with the Rayleigh wave suggests that the Rayleigh wave did not act as a poil
source of the acoustic wave because a point source propagating in all directions produces CID in all directions. Therefore,
superimposed wave front of acoustic waves excited by the Rayleigh wave produced the north-south asymmetry of the faster ClI|
due to the magnetic inclination effect.

Keywords: ionospheric disturbance, GPS-TEC, earthquake, Rayleigh wave, acoustic wave, ionospheric hole
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Possible relationship between Solar Wind Input Energy and Seismicity

Mohamad Huzaimy Bin Juséh, Huixin Liu?, Kiyohumi Yumotc

IDepartment of Earth and Planetary Sciences, Graduate School of Sciences, Kyushu Urfilbagiygtment of Earth and Plan-
etary Science, Kyushu University and ICSWSE, Kyushu University

Solar wind is one of the most prominent features in interplanetary magnetic field (IMF) and acts as a medium for most of
solar perturbations to penetrate into the earth ionosphere. The connection of solar wind and magnetosphere to the ionosphere |
been introduced since early year 1960 by considering the solar wind energy transfer or input energy as a function of solar win
parameters. This energy can cause several space weather events such as aurora, geomagnetic storm and ionospheric disturba
In this paper, we investigate possible influence of solar wind input energy on earthquake events. Our previous statistical analys
on relationship between solar and seismic activities (Jusoh and Yumoto, 2011, Jusoh et al., 2012) has shown high tendency
earthquakes during lower phase solar cycles. However a clear coupling mechanism was not established yet. To connect the so
impact on seismicity, we investigate the penetration of solar wind energy to lower ionosphere and lithosphere during high sola
wind events. In our analysis, the underground polarization ratios for Pc3-5 were analyzed with the occurrence of local earthquak
events at certain time periods. This analysis focuses at Onagawa area, which is one of major seismic regions in Japan.

Solar wind parameters were obtained from the Goddard Space Flight Center, NASA via the OMNIWeb Data Explorer and the
Space Physics Data Facility. Earthquake events were extracted from the Advanced National Seismic System (ANSS) databas
The localized Pc3-Pc5 magnetic pulsations for polarization ratio data were extracted from Magnetic Data Acquisition System
(MAGDAS)/Circum Pan Magnetic Network (CPMN) located at Onagawa station, Japan (N38.43, E141.47). This magnetometel
array has been established by International Center for Space Weather Science and Education, Kyushu University, Japan.

From the results, we observed significant correlations between solar wind input energy and underground polarization ratio ¢
difference earthquake magnitudes and epicenter depths. The details of the analysis will be discussed in the presentation.

Keywords: High Speed Solar Wind, Solar Wind Input Energy, Geomagnetic Pulsation, Underground Polarization ratio, Earth-
quake
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Nighttime electron density enhancements in East Asia
Libo Liut*, Yanyan Zhang, Weixing Wart, Baigi Ning!
LCAS Key Laboratory of lonospheric Environment, Institute of Geology and Geophysics, Chinese Academy

The critical frequency of F2-layer (foF2) and other ionosonde data observed at stations, Okinawa, Yamagawa, Kokubuniji,
Wakkanai, and Sanya in East Asia sector have been collected to study the nighttime behavior of ionospheric F layer at mid
dle and low latitudes. Enhancements in nighttime electron density are frequently present at these stations in pre-midnight an
post-midnight intervals. The results show obvious seasonal and solar activity dependencies in the pattern of the nighttime ionc
spheric electron density enhancements. The pre-midnight enhancements have larger occurrence probability in summer mont
than in winter months, and the post-midnight enhancements have an opposite trend: more likely in winter months than in summe
months. Nighttime enhancement in electron density tends to occur under lower solar activity. Analysis reveals that the effect o
neutral winds is in reasonable agreement with the seasonal and solar activity variations of the nighttime electron density enhanc
ments.

Acknowledgements: lonosonde data are provided from BNOSE of IGGCAS and National Institute of Information and Commu-
nications Technology. This research was supported by the projects of Chinese Academy of Sciences (KZZD-EW-01-3), Nationz
Key Basic Research Program of China (2012CB825604), and National Natural Science Foundation of China (41174137 an
41231065).

Keywords: ionosphere, nighttime enhancement, low latitude
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East-west differences in F-region electron density at midlatitude: comparision betweer
the US and the Far East regions

Bigiang Zhao*
HINSTITUTE OF GEOLOGY AND GEOPHYSICS CHINESE ACADEMY OF SCIENCES

The global configuration of the geomagnetic field shows that the maximum east-west difference in geomagnetic declinatior
of northern middle latitude lies in the US region (about 32 degree), which produces the significant ionospheric east-west coa:s
difference in terms of total electron content (TEC) first revealed by Zhang et al. [2011]. For verification, it is valuable to inves-
tigate this feature over the Far East area where also shows significant geomagnetic declination east-west gradient but smal
(about 15 degree) than that of US. The current study provides evidence of the longitudinal change supporting the thermospher
zonal wind mechanism by examining the climatology of peak electron density (NmF2), electron density (Ne) of different al-
titudes in the Far East regions with a longitude separation of up to 40-60 degree based on ground ionosonde and space-ba:s
measurements. Although the east-west difference (Rew) over the Far East area displays a clear diurnal variation similar to the L
feature, that is negative Rew (West NeEast Ne) in the noon and positive at evening-night, the observational results reveal more
differences including: 1) The noontime negative Rew is most pronounced in April-June while in US during February-March.
Thus for the late spring and summer period negative Rew over the Far East region is more significant than that of US. 2) The
positive Rew at night is much less evident than in US, especially without winter enhancement. 3) The magnitude of negative Rev
tends to enhance toward solar maximum while in US showing anti-correlation with the solar activity. The altitude distribution of
pronounced negative difference (3007400 km) moves upward as the solar flux increases and hence produces the different so
activity dependence at different altitude. The result in the paper is not simply a comparison corresponding to the US results bu
raises some new features that are worth further study and improve our current understanding of ionospheric longitude differenc
at midlatitude.

Keywords: middle latitude ionosphere, east-west difference, Far East region
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lonospheric response to high-speed streams at solar minimum
Jing Liu*, Libo Liu!
LINSTITUTE OF GEOLOGY AND GEOPHYSICS CHINESE ACADEMY OF SCIENCES

To demonstrate high-speed stream effects during the recent deep solar minimum year 2008, we have analyzed manual
scaled foF2 and hmF2 at Jicamarca and total electron content (TEC) in the equatorial ionization anomaly (EIA) region over
the America longitudinal sector. Our results reveal that a prominent 9-day oscillation appears in the hmF2 and foF2 at the diy
equator. The 9-day oscillation amplitudes of foF2 are not always positively correlated with TEC in the equatorial ionosphere anc
they show non-linear dependence on the intensity of geomagnetic disturbances. With the outputs of Fejer and Scherliess [199
empirical model, we found that this periodicity is also present in equatorial vertical drifts caused by disturbance dynamo electric
field (DDEF) but absent in the drifts due to prompt penetration electric field (PPEF). DDEF effects on the equatorial periodic
variations alone are not sufficient to explain the observed phenomena; other mechanisms, such as thermal expansion/contract
and neutral composition changes, are also the plausible causes of the periodic oscillation in the equatorial ionosphere. Furthe
the complicated patterns appear in the 9-day band-pass-filtered TEC perturbations in the EIA region, and they are quite differel
from the patterns of global coherent thermospheric oscillations triggered by high-speed streams. We also found that the latitudin:
variations of band-passed-filtered TEC present different behaviors involving tilt latitudinal configuration, anti-phased correlation
between the crests and trough, and south-north asymmetry, which vary as a function of season, local time, or even from event
event.
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Relationship between plasma bubbles and spatial gradient in ionospheric TEC
Susumu Saittr, Takayuki Yoshiharh, Yuichi Otsuk&
LElectronic Navigation Research Institut§TEL, Nagoya University

The ionosphere is one of the serious error source in global navigation satellite systems (GNSS). Spatial gradients in ionospher
total electron contents (TEC) makes it difficult to correct ionosphere induced error by differential GNSS techniques.

Plasma bubbles are known to accompany sharp TEC gradient. Its frequent occurrence is a serious issue in advanced applicati
of GNSS. Plasma bubbles includes plasma irregularities with various scale sizes and the correspondence between the large sc
plasma depletion and the sharp TEC gradient is not clear.

In this study, spatial gradients in TEC are observed by five GNSS receivers distributed with distances 0.4-1.6 km at Ishigak
(about 20 deg. magnetic latitude), Japan. Large scale plasma depletions are observed by an all-sky airglow imager located
Yonaguni (about 100 km west of Ishigaki). Detailed comparison between the TEC gradients and airglow intensity maps are
conducted to reveal where the sharp TEC gradients exist in plasma bubbles.

Keywords: Plasma bubble, lonospheric TEC, Spatial gradient in TEC, Lows latitude ionosphere, GNSS
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Studies of the polar upper atmosphere from observations and GCM simulations
Hitoshi Fujiwara*, Satonori Nozaw Yasunobu Ogawa Yasunobu MiyosHi, Hidekatsu Jih, Hiroyuki Shinagawa

IFaculty of Science and Technology, Seikei Universigplar Terrestrial Environment Laboratory, Nagoya Univeréigational
Institute of Polar ResearchDepartment of Earth and Planetary Sciences, Faculty of Sciences, Kyushu Univéattgnal In-
stitute of Information and Communications Technology

Various types of ionospheric and thermospheric variations, which would result from the solar phenomena, e.g, the sola
flare/CME, have been found from various ground-based and satellite observations. However, details of the variations of the
polar cap ionosphere, thermospheric wind and density variations are still unknown because we have little understanding of er
ergy inputs into the polar thermosphere/ionosphere. Recent satellite observations, e.g., CHAMP observations, have reveals
thermospheric density variations caused by significant solar energy injection into the polar themosphere and ionosphere. Son
IS radar observations also have revealed ionospheric signatures of energy inputs into the polar region due to changes in tl
solar wind. Comprehensive studies by observations from space, ground-based ones, and numerical simulations will enable us
understand the polar thermosphere and ionosphere quantitatively. In order to understand variations of the polar ionosphere fro
the solar minimum to maximum periods, we have made EISCAT experiments in January 2011, March, 2012, and March 2013
For example, ionospheric variations were observed during solar flare and CME events on March 12, 2012. These EISCAT dat
clearly show an example of the solar wind, magnetosphere, and ionosphere coupling. In addition to the EISCAT observation:s
we will also investigate variations of the polar thermosphere during periods of significant solar activities from GCM simulations.

Keywords: thermosphere, ionosphere, polar region, solar wind
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New mechanisms of thermospheric mass density anomaly around the dayside cusp regic

Mitsuru Matsumuré®, Satoshi Taguchi

LCenter for Space Science and Radio Engineering, University of Electro-CommunicaGoadyuate School of Informatics and
Engineering, University of Electro-Communications

CHAMP satellite observations have revealed that the thermospheric mass density statistically enhances in the cusp region.
this presentation we provide new mechanisms of the density anomaly. A numerical model of nonhydrostatic and compressibl
atmosphere coupled with ionosphere is used to investigate the response to a 2-cell convection pattern in ion distribution produce
by only solar EUV. It is found that vertical upwelling and horizontal compression of neutral air around the cusp at 400 km
altitude result in the neutral density anomaly. The upwelling is caused by heat transfer from ions to neutrals. Distribution of ion
drift velocity and ion density naturally confines the region of the highest heating rate to the cusp. The compression is caused b
horizontal momentum transfer from ions to neutrals. lon drag and the resultant neutral flow converge at terminator near the cus;
Both of the mechanisms provide a causal explanation of seasonal variation, solar wind and solar EUV dependences of the dens
anomaly.

Keywords: cusp, thermospheric mass density anomaly, CHAMP satellite
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Strom-time characteristics of 630 nm airglow intensity associated with polar-cap patches
Jun Sakdi*, Keisuke Hosokawa Satoshi Taguchj Yasunobu Ogawa
LUniversity of Electro-Communication$National Institudte of Polar Research

Observing the optical intensity of 630 nm airglows() radiated from polar cap patches with all-sky imagers is an important
method to understand the dynamics of the F-region ionosphere at polar latitudes. A series of all-sky images provides informatio
about spatial distribution of electron density structures and their motion as well as relative magnitude of F region electron density
To interpret these data quantitatively we need to know the height profile of airglow emission, namely the volume emission rate
(Vg30), Which cannot be obtained by ground-based optical measurement. It is knowgyghatdroportional to the peak electron
density of the F region (NmF2) but is inversely correlated to the height of the F region peak (hmF2). This suggests that some
ionosonde or incoherent scatter radar observations of NmF2 and hmF2 inside the field of view (FOV) of an all-sky imager may
help us estimate the height profile of3 over the FOV of the imager. However, sincggy is largely dependent on neutral
gas profiles, particularly on molecular oxygensj@nd molecular nitrogen (N profiles, it is not easy to estimate the peak
emission height from regular ionospheric observations. Furthermore, during a disturbed period, when both neutral gases and tl
ionosphere are significantly lifted, estimating the emission height can be more complicated.

In this study, we examine the optical intensity of 630 nm airglow associated with polar cap patches during a magnetic storn
that occurred on 22 January 2012. Optical intensity is measured by an all sky imager located at Longyearbyen, Svalbard. The tin
variation of the optical intensity is compared with the time variation of the F-region electron density observed by the EISCAT
Svalbard Radar (ESR). The observegg lariation is in good agreement with the NmF2 variation, agglik inversely correlated
with the hmF2, which is consistent with the known relationship betwggn NmF2 and hmF2. To estimate the height profile
of V430 we adopt a simple ¥, model using MSIS-modelled neutral gas profiles and IRI-modell&didd profile. Optical
intensity is calculated by height-integrating thgsy and the result is in good agreement with the observation. The modelled
V430 calculations for several magnetic storms, ranging frogp=D nT to -400 nT, revealed that (193} is strongly affected by
scale heights of molecular gases, (2) peaky\height is determined by F region height but usually lower than hmF2, and (3)
under disturbed conditions lifted:@ends to enhanceg, while lifted N, tends to quench it, and the overall outcome is increased
lg30. This set of conclusions indicates that special care, in particular for the height profiles of ionized and neutral densities, mus
be taken when we interpret airglow observations during severe magnetic storms.

Keywords: polar cap patch, 630 nm airglow, ionosphere, magnetic storm
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The longitudinal variation in daily mean thermospheric mass density
Jiyao Xu*, Wenbin Wang, Hong Gao

IState Key Laboratory of Space Weather, Center for Space Science and Applied research, CAS?HipmAljitude Obser-
vatory, National Center for Atmospheric Research, Boulder, CO 30307, USA.

In this work, we use thermosphere mass density data inferred from the accelerometer measurements made by the GRAC
(480 km) and CHAMP ("380 km) satellites to study the longitude structure of the daily mean thermospheric mass density unde
the quiet geomagnetic condition (A@d0). Daily mean is performed on these data so that the effects of tides are removed. The
results show that the thermospheric mass density is not uniform in the zonal direction, and there are strong longitude variatior
at all latitudes. The maximum of the daily mean mass density is always around the aurora zone which suggests that these lo
gitudinal variations are most likely the result of auroral heating which includes Joule and particle heating. The largest relative
longitudinal changes of the daily mean thermospheric mass density occur at high latitudes from October to February in the
northern hemisphere and from March to September in the southern hemisphere. The high density regions extend toward low
latitudes and even into the opposite hemisphere. This extension is mainly confined to the longitudes where the magnetic pole
are located. Thus the relative changes of the daily mean thermospheric mass density have strong seasonal variations and st
an annual oscillation at high and middle latitudes but a semi-annual oscillation around the equator. There is asymmetry betwee
two hemispheres in the longitude variations in the thermospheric mass density: they are stronger in southern hemisphere th:
in northern hemisphere. The mass density data observed by the GARCE and CHAMP satellites between 2003 and 2008 shc
similar characteristics at the two different altitudes.

Keywords: thermosphere, auroral heating, Joule and particle heating, The longitudinal variation
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lonospheric Response to Stratospheric Sudden Warming Studied by Realistic Whole Atm
lonosphere Coupled Simulation

Hidekatsu Jitv*, Yasunobu MiyosHi, Huixin Liu?, Hitoshi Fujiward, Hiroyuki Shinagawh
INICT, 2Kyushu University3Seikei University

It has been known recently that the effects of stratospheric sudden warming (SSW) appear not only within the middle atmo-:
sphere but extend even to the upper atmosphere. SSW itself is known to occur as a result of the interaction between the upwa
propagating planetary waves and background meridional circulation. The interaction basically occurs in the polar stratosphert
On the other hand, recent observation and modeling studies have shown that tidal property at low latitudes as well as glob:
thermal structure change in the upper atmosphere in response to stratospheric warming. Physical processes have not been
tablished yet for the connection between the polar stratosphere and the upper atmospheric variations. In this study, we utilize
a whole atmosphere-ionosphere coupled model, named as Ground-to-topside model of Atmosphere and lonosphere for Aero
omy (GAIA). The model has recently assimilated meteorological reanalysis data (JRA25, provided by Japanese Meteorologice
Agency) so it could reproduce upper atmosphere driven by realistic lower atmosphere. The comparison of the model result witl
satellite observations has shown that the model successfully reproduces general features from the drastic change of the po
middle atmospheric dynamics during the major stratospheric warming in 2009 and the predominant semidiurnal behaviors o
ionosphere and thermosphere as its response. The detail analysis of the model result has revealed that the ionospheric variati
are mainly caused by the (2, 2) and (2, 3) modes of the semidiurnal migrating tide which originally enhanced in the middle
atmosphere due to the change in the global circulation. Cases of other SSWs are also studied.

Keywords: stratospheric sudden warming, modeling, ionosphere, thermosphere, middle atmosphere, atmospheric tide
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Upper atmosphere response to stratosphere sudden warming: local time and height d
pendence simulated by GAIA model

Huixin Liu'*, Hidekatsu Jif, Yasunobu MiyosHi, Hitoshi Fujiwar&, Hiroyuki Shinagawa
IKyushu University, JapadNICT, Japan?Seikei University, Japan

The whole atmosphere model GAIA is employed to shed light on atmospheric response to the 2009 major stratosphere suddt
warming (SSW) from the ground to exobase. Distinct features are revealed about SSW impacts on thermospheric temperatu
and density above 100 km altitude. 1. The effect is primarily quasi-semidiurnal in tropical regions, with warming in the noon
and premidnight sectors and cooling in the dawn and dusk sectors.2. This pattern exists at all altitudes above 100 km, with it
phase being almost constant above 200 km, but propagates downward in the lower thermosphere between 100-200 km. 3. T
northern polar region experiences warming in a narrow layer between 100 — 130 km, while the southern polar region experience
cooling throughout 100 — 400 km altitudes. 4.The global net thermal effect on the atmosphere above 100 km is a cooling of abou
-12 K. These characteristics provide us with an urgently needed global context to better connect and understand the increasi
upper atmosphere observations during SSW events.

Keywords: Thermosphere temperature, Stratosphere Sudden warming, vertical coupling
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Response of northern hemisphere ionosphere to 2009 January SSW

Koichiro Oyama*, Jhong-Ting Choty Jia-Ting Lir?, Mei- lan Hsué, Yi Syuan Wi, Huixing Liu?, Charles LiR, Kiyofumi
Yumotc*

IPlasma and SpaceSscience Center, National Cheng kung univiiDsipartment of Earth Science, National Cheng Kong Uni-
versity,3Department of Physics, National Cheng Kung Unibergiggushu University

Effect of the sudden stratospheric warming which occurred in January 2009(SSW2009) on the ionosphere is studied by usin
COSMIC ionosphere data.The SSW2009 shows the highest temperature increase for recent 7 years. The temperature increa
steeply from 215K on the 19 January, 2009, peaks on 23rd January, and then gradually reduces. While the temperature increase
10hPa shows the maximum in the longitude zone of 30E-30W during the period 19-30 January. We take SSW days as the peric
from 19- 28, and compare the data before SSW (356D0OY2008- 1809).Very similar temperature variation pattern of SSW is see
in 150E- 150W which is opposite side of 30EW, although the temperature increase is less. Increase of atmosphere temperatt
which is seen in higher latitude, gradually reduces as we go to midlatitude, and it becomes finally lower than non SSW day ir
low latitude.Here we mainly used COSMIC ionosphere data (NmF2, height of maximum electron density and height profile). We
study local time and latitude dependence in the longitude regions above in northern hemisphere.Variation of ionosphere (GIN
TEC, COSMIC TEC, NmF2 by COSMIC ) changes almost in phase in all latitude zone as well as in local time; Period of the
change of NmF2 (maximum electron density) in low and higher latitudes corresponds to the period of reduction or increase o
atmospheric temperature respectively. In low latitude (0-40 degrees), reduction of NmF2 occurs except 9-12 LT in the morning
Height of NmF2 increases in the morning, and reduces in the afternoon. In the higher latitude (25-40), NmF2 shows reductior
before 12 LT, including evening, and starts increase in the afternoon. Height of NmF2 shows reduction in the afternoon. In the
latitude of 25-45degrees and 30-50 degrees, the height increase still continues like in lower latitude (0-40 degrees). There is
region in mid latitude where reduction of NmF2 is not recognized or small. This latitude zone seems to coincide with the region
where no atmospheric temperature variation is not recognized during SSW period. These ionospheric features is also recogniz
in the longitude of 150EW, which suggests that the ionospheric behavior seen for 2009 SSW might represent the typical SSV
feature. It is therefore advised that data analysis should be done for SSW2010. The features are explained das the reduction
neutral density in low latitude, and increase of neutral density on higher latitude. In lower latitude, intensified dynamo electric
field due to the semi diurnal tide seems to play an essential role. On 26-32 DOY, NmF2 4 x105 elec/cc to 1 x105 els/cc only
during 06-09 LT. Similar but less remarkable ionospheric features can be seen in the longitude band of 150E-150W. This speci
phenomena which is seen in these two longitude bands , but not in another longitude zones, is explained due to semidiurnal tid
which intensifies at 06-09 LT.

Reference

Oyama et al., under communication J. Geophys. Res.

Keywords: NmF2, COSMIC, SSW, lonosphere, Plasma Drift
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Seasonal and Local Time Variation of lonospheric Migrating Tides in 2007-2011 FORMO¢
3/COSMIC and TIE-GCM TEC

Loren Chang*, Charles Lirft, Jann-Yeng Liti, Nanan Balah, Jia Yué, Jia-Ting Lir?

Hnstitute of Space Science, National Central University, Taiw&m®partment of Earth Science, National Cheng Kung Univer-
sity, Taiwan,?Atmospheric and Planetary Science Department, Hampton University, USA

In this study, we examine the seasonal and interannual variation of the major migrating tidal components in total electron
content (TEC) observations from the FORMOSAT-3/COSMIC GPS occultation satellite constellation from 2007 through 2011,
and their contributions to local time variation in the mid- to low latitudes. We find that the zonal time mean TECs as well as the
absolute amplitudes of all of the examined tidal components show a strong positive relation to changes in F10.7 due to the 1
year solar cycle. The relative importance of these components to the local time variation of the ionosphere away from maximun
background values differs, with the relative amplitudes of DW1 and TW3 components inversely related to solar activity, while
SW2 shows some signs of positive correlation. The features of ionospheric local time variation produced by individual migrating
tidal components are consistent from year to year, with DW1 forming the equatorial daytime peak in TEC, SW2 corresponding tc
the generation of the equatorial ionization anomaly (EIA) crests, and TW3 contributing to the equatorial TEC trough. Numerical
experiments using TIE-GCM are also performed to determine the sensitivity of the ionospheric migrating tides to upwards prop-
agating migrating tidal components from the neutral mesosphere and lower thermosphere (MLT). The zonal time mean TEC
decrease when MLT tidal forcing is applied, and are particularly sensitive to the MLT DW1. The majority of the ionospheric
SW?2 response is attributable to the MLT SW2 component, and enhances the poleward shift of the EIA crests by amplifying the
equatorial fountain. TW3 in the model is generated through both in-situ photoionization and nonlinear interaction between DW1
and SW2.

Keywords: FORMOSAT-3/COSMIC, TIEGCM, atmospheric tides, migrating tides, ionosphere, mesosphere lower thermosphere
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Annual/Semiannual Variation in the Thermosphere and lonosphere
Liying Qian'*, Stanley C. Solomdn Alan G. Burns, Wenbin Wang
'High Altitude Observatory, National Center for Atmospheric Research

Thermosphere neutral density derived from long-term satellite drag data exhibits an annual/semiannual variation, with max
ima near the equinoxes, a primary minimum during northern hemisphere summer, and a secondary minimum during souther
hemisphere summer. This annual/semiannual variation is also evident in thermosphere composition (O/N2) measured by tt
Global Ultraviolet Imager (GUVI) instrument on the TIMED satellite. Recently, we obtained climatology of the daytime peak
density and height of the ionospheric F2-region GPS radio occultation measurements by the Constellation Observing System f
Meteorology, lonosphere, and Climate (COSMIC) for the years 2007?2010. The COSMIC data shows that low-latitude NmF2
was dominated by annual/semiannual variations, where NmF2 had maxima near the equinoxes, a primary minimum near th
June solstice, and a secondary minimum near the December solstice, and that these annual/semiannual variations extende
mid-latitudes. These thermosphere and ionosphere measurements were compared to simulations by the NCAR Thermosphe
lonosphere-Electrodynamics General Circulation Model (TIE-GCM). Model reproduction of the annual/semiannual variations
in both the thermosphere and ionosphere was significantly improved by imposing seasonal variation of eddy diffusion at the
lower boundary. Eddy diffusion represents turbulent mixing processes, which are mainly caused by gravity wave breaking ir
the mesopause region. These gravity waves are generated in the troposphere, propagate upward, and break in this region. Si
changes in turbulent mixing processes affect both the thermosphere and ionosphere by altering the proportion of atomic an
molecular gases, the consistent results support the proposition that lower atmospheric forcing can change composition in tt
thermosphere, and this composition change is a major driver of the annual/semiannual variation in both the neutral and ionize
components of the coupled system.

Keywords: thermosphere/ionosphere, neutral density/neutral composition, F2 peak electron density, annual/semiannual variatic
eddy diffusion, gravity wave breaking
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The response of thermosphere and ionosphere to forcing by geomagnetic activity an
lower atmospheric waves

Wenbin Wang*, Alan Burng, Liying Qian', Satn Solomoh
IHigh Altitude Observatory, National Center for Atmospehric Research

The National Center for Atmospheric Research-Thermosphere lonosphere Electrodynamics General Circulation Model (RTIE!
was run to simulate the response of thermosphere wind and temperature to changes in solar-terrestrial environment. We first i
vestigate thermosphere-ionosphere response to variations in the energy and momentum inputs from the magnetosphere un
various solar wind conditions. It is found that there were significant enhancements of the westward neutral winds at low anc
middle latitudes around 190 km during and after a storm. A diagnostic analysis of the model outputs shows that momentun
advection from high latitudes to low and middle latitudes was the major cause of these neutral wind changes and that the specif
altitude range in which these changes occurred was related to the height distribution of the total momentum forcing. We thel
examine the day-to-day variability of the ionosphere to study its correlation with geomagnetic activity and lower atmospheric
waves. It is found that at middle and high latitudes, the ionosphere appeared to respond directly to the solar-wind/geomagnet
activity forcing at high latitudes, with the day-to-day variability having similar spectral peaks as those in solar-wind and geo-
magnetic activity. At the geomagnetic equator and in the equatorial-anomaly region, the ionosphere showed more complicate
day-to-day variability, suggesting the effect of the interplay of the nonlinear interaction between geomagnetic activity and lower
atmospheric waves.

Keywords: Neutral wind, Neutral temperature, lonospheric density
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Study of ionosphere-thermosphere coupling using the SuperDARN Hokkaido radar
Nozomu Nishitani*, Tadahiko Ogaw’ Akira Sessai Yukimatt; Masaki Tsutsunti, Katsuya Sakoyama
ISTEL, Nagoya Univ.2NICT, 3NIPR

The SuperDARN Hokkaido (East) radar has been operating for more than 6 years, and yielding many new scientific findings
Several of them are related to ionosphere-upper atmosphere coupling such as traveling ionospheric disturbances (TIDs), cose
mic ionospheric disturbances and so on. One of the recent topics is the retrieval of neutral wind velocity in the mesosphere an
lower thermosphere, using meteor trail echoes. In this paper, latest result of the study of ionosphere-thermosphere coupling usil
the SuperDARN Hokkaido (East) radar, together with the progress report of the newly funded Hokkaido West radar, will be
presented.

Keywords: SuperDARN Hokkaido radar, ionosphere-thermosphere coupling, TID, coseismic disturbance, neutral wind, midlati-
tude ionosphere
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Lithium Release Experiments in the Thermosphere
Shigeto Watanaldé, Takumi Abé, yuuki furuta, Yoshihiro Kakinami, Masa-yuki Yamamotb
'Hokkaido University?JAXA/ISAS, 2Kochi University of Engineering

Neutral wind in the thermosphere is one of the key parameters to understand the ionosphere-thermosphere coupling proce
JAXA/ISAS launched successfully S-520-23 and S-520-26 sounding rockets from Kagoshima Space Center (KSC) on Septemb
2,2007 and January 12, 2012, respectively. The rocket experiments are called WINDs (Wind measurement for lonized and Net
tral atmospheric Dynamics study) Campaign. The purpose is to investigate the momentum transfer between neutral atmosphe
and plasma in the thermosphere and ionospheric E and F-regions. The rocket has installed Lithium Ejection System (LES) as we
as instruments for plasma drift velocity, plasma density and temperature and electric and magnetic fields. The atomic Lithiur
gases were released at altitudes between 150km and 300km in the evening for S-520-23 and at altitude of “100km in the mornir
for S-520-26. The Lithium atoms were scattering sunlight by resonance scattering with wavelength of 670nm. The neutral wind
and atmospheric gravity waves in the thermosphere were estimated from the movements of Lithium clouds observed by CCI
imagers on ground. From the diffusion of Lithium clouds, we estimated neutral density and temperature in the thermosphere. I
this presentation, we will include the initial results of Lithium release experiments in Kwajalein EVEX campaign by US-Japan
collaborating rocket experiments.

Keywords: ionosphere, thermosphere
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S/N estimation for Lithium release experiments under daytime and moonlight conditions
Masa-yuki Yamamott', Miguel F. LarseR, Takumi Ab€, Hiroto Habi#, Shigeto Watanalie Mamoru Yamamotd
IKochi University of Technology?Clemson University?ISAS/JAXA, *Hokkaido University? RISH, Kyoto University

In order to measure thermospheric wind profile, chemical release experiments by sounding rockets have been used in the
decades. Tri-methyl-aluminum (TMA) is usually used in E-region wind measurements, however, for the F-region altitude, it
cannot be adapted because of its fast diffusion in the upper thermosphere higher than 160 km. One of the promising methods
measure the F-region wind profile is chemical release of Lithium. The Lithium release has an advantage for its brightness witt
sunlit condition at a target altitude range, but in a dark sky condition on ground. Thus, we have conducted the Lithium release
experiments by using JAXA sounding rockets in these years under twilight sky conditions in evening and dawn. However, the
advantage of using Lithium can be extended to the daytime and midnight conditions, when good S/N of the Lithium emission
can be proven.

In 2011, we tried to measure the Lithium emission in daytime by using a NASA sounding rocket at Wallops islands, Virginia
(VA), U.S., but it failed. The problem has been gradually understood by ground tests and estimation and it might be occurrec
by failure of Lithium release itself by the on-board Lithium Ejection System (LES) as well as unexpected dense haze over eas
coast of VA. By improving the LES especially for its burning system by Termite reaction as well as newly applying a small
airplane of NASA (named NASA-8) for photographing from 7,500 m altitude, we conducted a test experiment by using NASA
Terrior-Improved-Orion sounding rocket (41.107).

The Lithium release experiment of the test flight rocket was successful. Based on the preliminary analyses, the emission in a
altitude range of 115-130 km was brighter than 1.5 MR that was obtained by the WIND-1 campaign in Japan at about 230 krr
altitude. In Japan, we have a plan to observe midnight wind profile at about 200 km altitude by using moonlight of full moon
condition with using an airplane of JAXA in summer of 2013. In this talk, we will introduce our results and findings for Lithium
release experiments and the S/N of the imaging will be discussed.

Keywords: Lithium release, sounding rocket, thermospheric neutral wind, S/N ratio
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Improvement of Retrieval Accuracy of lonospheric E Region Electron Density from GPS
Radio Occultation Technique for COSM

Yen-Hsyang Chtr, Ching-Lun St
Hnstitute of Space Science, National Central University

It is widely accepted that the use of GPS radio occultation (RO) technique to retrieve ionospheric E region electron density
suffers major disadvantage of considerably large retrieval error. In this study, we propose a method to significantly reduce th
GPS RO retrieval error of the ionospheric E region electron density. On the basis of IRl model and orbital data of the COSMIC
satellites, we first calculate the calibrated total electron content of the GPS signal piercing through the IRl model. The calibratec
total electron contents for IRl model during the simulated radio occultation of the COSMIC satellites are then converted into the
electron density profile in accordance with Abel transformation. The simulated retrieval errors of the E region electron density of
the IRl model are estimated by calculating the difference of the electron densities between IRI model and the simulated GPS R«
retrieval. After subtracting the simulated IRI retrieval error from COSMIC-measured electron density, we find that the resultant E
region electron densities are in general agreement with the ionosonde measurements. With this procedure, the GPS RO retrie
accuracy of the E region electron density can be greatly improved by a factor ranging from 1.5 to 8, depending on season an
geomagnetic latitude region.

Keywords: GPS Radio Occultation, E Region Electron Density, Retrieval Error, IRl Model
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Relation between the local equatorial electrojet and global Sqg current calculated fron
different longitude sectors

Nurul Shazana Abdul Hamid, Huixin Liu®, Teiji Uozum#?, Kiyohumi Yumot@

LGraduate School of Science, Department of Earth and Planetary Sciences, Kyushu University|dggaational Center for
Space Weather Science and Education (ICSWSE), Kyushu University, Japan

The equatorial electrojet (EEJ) is a strong eastward current flowing in a narrow band along the magnetic dip equator. Thic
current interacts with the global Sqg current before decreases to zero near 3 degree dip latitude at both hemispheres. In this stu
we examined the relation between the local EEJ component and global Sq current component obtained using two stations methc
Analysis was carried using the new equatorial electrojet index, EUEL, calculated from geomagnetic northward, H, componen
from different longitude sectors. The magnetic EEJ strength is calculated as the difference between the EUEL index of the
magnetic dip equator station and the EUEL index of the off magnetic dip equator station located beyond EEJ band. The globe
Sqg component is then obtained by subtracting the EEJ component from the EUEL index. Long term data from 2005-2011 art
used in this study. The relation between these currents component are then examined from four particular aspects. The first asp
is the daily and seasonal variations of both currents components. The result shows that the amplitude of local EEJ compone
is always higher than the global Sq component. The second aspect is the day to day variation of these currents obtained fro
auto-correlation function. The third aspect is the dependence on solar activity represented by the 10.7cm solar radio flux (F10.7
The F10.7-EEJ correlation is found to be slightly higher in 2011 compare to other years. The last aspect is the longitudina
dependence where a comparison is made between the mean of daily amplitude of both currents from different longitude sector
The correlation between these daily currents component is then quantified using calculated correlation coefficient.

Keywords: equatorial electrojet, Sq current, EUEL index, F10.7, correlation analysis

1/1



Japan Geoscience Union Meeting 2013 ‘e < ;’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

PEMO06-32 Room:304 Time:May 22 12:30-12:45

Global characteristics between the EEJ and neutral wind in the MTI region
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The equatorial electrojet (EEJ) is a huge eastward current which flows at the dayside equatorial region of the Earth’s ionospher:
in a narrow channel (+-3°5 degrees in latitudinal range). The EEJ current is observed as an enhanced magnetic variation of tt
horizontal component of geomagnetic field at the dayside magnetic dip equator. The main mechanism of EEJ is an effect c
polarization electric field in the E region of the ionosphere at the dip equator caused by the horizontal magnetic field at the
magnetic equator [e.g., Forbes, 1981]. In a recent study, many researchers show the results which comes to relationship t
neutral wind and EEJ [e.g., Fang et al., 2008, Aveiro et al., 2009]. However, lack of the long-term comparison analysis of
geomagnetic field and wind data obtained from ground magnetometer and atmospheric radars, the detailed relationship betwe
the EEJ and neutral wind fluctuations in the mesosphere and lower thermosphere (MLT) regions has not yet been revealed.

In our previous study, we compared the long-term variation of geomagnetic field data obtained from ground magnetomete
and neutral wind data obtained from medium frequency (MF) radar. These instruments were located at the equatorial regior
As a result, we found that the relationship between the variations of zonal wind and the residual-EEJ showed a clear invers
correlation. Here, the residual-EEJ is defined as the deviation from the second order fitting curve between the EUV flux and th
EEJ amplitude. These results suggest that the vertical current (Jz), which is generated by the dynamo action due to the zor
wind perpendicularly across to the background magnetic field, changes the Cowling conductivity derived under the condition of
Jz=0. This trend is observed in not only the Asia Pacific region (close to the radar) but also the South Africa region (far from the
radar site). We also performed the frequency analysis to quantitatively define the relationship of zonal wind and residual-EEJ
and found that both of the neutral wind and residual-EEJ have almost the same dominant frequency with a small difference. |
addition, we perform the comparative analyses with neutral wind data observed from the satellite, and found the neutral winc
disturbance has the same dominant frequency around the equatorial region.

To more clarify the relationship of ionosphere-aerosphere coupling at the equatorial region, we analyzed more neutral winc
data estimated from the radars (MF, EAR, and meteor), and more magnetometer data observed around the equatorial region. T
radars have been operated by Research Institute for Sustainable Humanosphere, Kyoto University, and the magnetometers bel
to MAGDAS managed by International Center for Space Weather Science and Education, Kyushu University. The analysis perio
is from 1990 to the current. In addition, we perform the comparative analyses between the observational and simulation resull
at the MLT region. These results allow us to solve the Cowling conductivity including the neutral wind effect, and offer new
insight into the study of ionosphere-aerosphere coupling at the equatorial region.
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