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Effect of IMF-By on variations of ionospheric total electron content at mid-latitudes
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The primary factor that controls ionospheric total electron content (TEC) variation is solar UV/EUV radiations through direct
and indirect processes. The direct effect is the ionization of the thermospheric neutral particles by EUV radiations with wave-
lengths (@ambdg shorter than 102.5 nm. Virtually all photons Bmbda<102.5 nm are absorbed by photoionization and the
absorbed energy splits into the photo-electron channel and the chemical energy channel (ion-electron pair) with the ratio that d¢
pends on the wavelength. Indirect effects of solar irradiance on the ionosphere are through the modification of the thermospher
The recombination of ion-electron pair and the dissociation process of molecular oxygdmy(the Schumann-Runge contin-
uum radiation lambda= 130-175 nm) are the primary heat source of the thermosphere. Changes in temperature and compositior
of the neutral atmosphere, and the atmospheric circulation greatly affect the ionospheric electron density.

Because the relationship between the solar spectral irradiance and ionospheric TEC is highly complex, we applied an artif
cial neural network (ANN) technique that has a great capability of function approximation of complex systems to model solar
irradiance effects on TEC. Three solar proxieg,  SOHO-SEMgs_34 EUV emission index, and MgllL,,_, were the input
parameters to the ANN representing activities at various heights and regions of the solar atmosphere (Maruyama, JGR 201(
Although the trained ANN prediction model was confirmed to work well to predict TEC variations, there remained some errors
as easily expected from the fact that another channel of energy flow from the sun to the earth’s ionosphere in the form of sols
wind was not considered in the model. Thus, in the next step, we have examined effects of magnetic disturbance, which is
manifestation of solar wind magnetosphere energy coupling. For this purpose, thddg and several solar wind magneto-
sphere coupling functions were chosen as an additional input parameter to the ANN-TEC model and we obtained a substanti
improvement in the TEC prediction when the preprocessgihlex was used.

Somewhat minor but interesting effects on TEC variations are expected to emerge when major effects of solar irradiance an
magnetic disturbance have been removed. We analyzed the time series of residual error by using a wavelet transformation, whi
revealed an error characterized by a period of approximately 27-30 days in the summer. Possible origins of the error having suc
a period are (1) insufficient modeling of solar activity effect, (2) lunar tidal forcing, (3) coupling with planetary waves in the
lower atmosphere, and (4) solar wind effect other than geomagnetic disturbances. Regarding the first and second possibilities, t
time series of the error amplitude did not synchronize with the solar rotational modulation of the activity or the lunar age. The
third possibility may not be probable because the penetration of planetary waves up to ionospheric heights is suppressed duri
the summer. We examined solar wind effects in detail.

A various solar wind parameters and their combinations were examined. The best result was obtained when the IMF-By com
ponent and the solar wind velocity were included in the input space of the ANN and the residual error showing the 27-30 day
period during the summer was removed. Parallel use of the solar wind magnetosphere coupling function further improved th
model. Possible explanation of the IMF-By effect is discussed in terms of changes in the thermospheric general circulation pat
tern.

Keywords: TEC, IMF-By, artificial neural network
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Study of gravity waves generated from strong tropospheric convection over Brazil by
using multi-point GPS-TEC data
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Program of the Antarctic Syowa MST/IS Radar (PANSY) - after one year continuous

operation since 2012 —
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Kaoru Satd*, Masaki Tsutsundi, Toru Satd, Takuji Nakamurd, Akinori Saitc®, Yoshihiro Tomikawd, Koji Nishimure?,
Masashi Kohmag, Hisao YamagisHi, Takashi Yamanouchi
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1The University of Tokyo?National Institute of Polar Researctyoto University

The PANSY radar is the first Mesosphere-Stratosphere-Troposphere/Incoherent Scatter (MST/IS) radar in the Antarctic regior
Itis a large VHF monostatic pulse Doppler radar operating at 47 MHz, consisting of an active phased array of 1,045 Yagi anten
nas and equivalent number of transmit-receive modules with total peak output power of 500 kW. lts first stage has been installe
at Syowa Station (69°000'S, 407035'E) in early 2011, and is currently operating with 228 antennas and modules. This pape
reports its scientific objects, technical descriptions, and preliminary results of observations made so far. The radar aims to clarif
the role of atmospheric gravity waves in important polar events such as polar mesospheric clouds (PMC) and polar stratospher
clouds (PSC). The generation mechanism of gravity waves from katabatic winds is also of special interest. Moreover, strong an
sporadic energy inputs from the magnetosphere by energetic particles and field-aligned currents can be quantitatively assessed
the broad height coverage of the radar extending from the lower troposphere to the upper ionosphere. From engineering poin
of view, the radar had to overcome restrictions due to severe environments of Antarctic research, such as very strong wind:
limited power availability, and short period of construction with small manpower. We cleared these problems with specially
designed class-E amplifier, light-weight and tough antenna elements, and versatile antenna arrangements. Although the radal
operating with only about a quarter of the full system, we have already obtained interesting results on the Antarctic troposphere
stratosphere and mesosphere, such as observation of gravity waves and multiple tropopauses associated with a severe snow si
in the troposphere and stratosphere, and polar mesosphere summer echo.
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Study on thermospheric sodium layer using Na lidar data from Syowa Station in Antarc-

tica
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Takuo Tsud&*, Xinzhao Chd, Takuji Nakamurd, Mitsumu Ejirit, Taku D Kawahara
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The neutral metallic atom layers (such as sodium, iron, potassium layers) are normally distributed at a height range of 80-11
km (in the upper mesosphere and lower thermosphere). Resonance scattering lidar observations of these metallic layers have b
used as an important tool for investigation of the upper mesosphere and lower thermosphere. On the other hand, ground-bas
observations of the neutral atmosphere at higher altitude (above 110 km) are quite limited. Recently, observations of iron layer
above 110 km up to 155 km have been reported from an iron Boltzmann lidar at McMurdo Station (77.8S, 166.7E) in Antarctica.
Such high-altitude metallic layers (so-called thermospheric metallic layers) is currently well-unknown phenomenon, and has
possibility to greatly improve our understanding of the lower thermosphere.

Intensive sodium temperature lidar observations were carried out at Syowa Station (69.0S, 39.6E) in Antarctica between 200
and 2002 as a part of JARE observations. From the observational data, we investigate thermospheric sodium layer (above 1
km). In this presentation, we will report a thermospheric sodium layer event (up to 130 km) observed on 23 September 2000. I
this event, the lidar detected significant signals not only from 80-110 km but also from 110-130 km. More detailed analysis has
provided the temperature and the sodium-density measurements at this height range up to 130 km. The estimated sodium den:
reached about tens of c at around 120 km. The temperature profile in the thermospheric sodium layer was fairly comparable
to that from the NRLMSISE-00 model. Furthermore we will discuss relationship between the thermospheric sodium layer and
background ionospheric condition during the event.

Keywords: Sodium layer, Thermosphere, Syowa Station, Antarctica
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Concentric rings of gravity waves in the mesosphere observed by the OMTI network in

Japan

ooo™oooothoooot!
Shin Suzuki*, Kazuo Shiokawd, Yuichi Otsukd
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!Solar-Terrestrial Environment Laboratory, Nagoya University

Atmospheric gravity waves significantly contribute to the wind/thermal balances in the mesosphere and lower thermospher
(MLT) through their vertical transport of horizontal momentum. It has been reported that the gravity wave momentum flux
preferentially associated with the scale of the waves; the momentum fluxes of the waves with a horizontal scale of 10-100 km ar
particularly significant.

Airglow imaging is a useful technique to observe two-dimensional structure of small-scH® (km) gravity waves in the
MLT region and has been used to investigate global behaviour of the waves. Solar-Terrestrial Environment Laboratory, Nagoy
University has made long-term airglow imaging observations in the world using the Optical Mesosphere and Thermosphere
Imager (OMTI) system. On 10 December 2002, concentric rings of gravity waves were observed simultaneously by all-sky
imagers of OMTI in Japan located at Shigaraki (34.9N, 136.1E), and Rikubetsu (43.5N, 143.8E). The airglow structures, whict
were well-defined and formed a coherent wave pattern expanding from the southeast, were identified over 8 hours (1235-204
UT or 2135-2947 LT). This unique event will give us new insight into the lower and upper atmosphere coupling.

In the presentation, we will report initial results on the concentric gravity waves on 10 December 2002 and discuss their
possible source in the lower atmosphere.
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A study on a humidity estimation method using the side-lobe emission from a wind pro-

filing radar
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Shigeru Inak&", Jun-ichi Furumotb, Hiromu Sekd, Toshitaka Tsudg Hiroyuki Hashiguchi, Masahito Ishihara
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Adaptation to Extreme Weather Conditons and Resilient Society, Kyoto University

This study aims to develop a new method to observe water vapor horizontal distribution using a side-lobe emission of the 1.:
GHz-band wind profiling radar (WPR). The phase delay of the received side-lobe emission is mainly due to the refractive index
fluctuation along the propagation path. In the atmospheric boundary layer, the temporal and spatial non-uniformity of water va:
por determines the refractive index fluctuation. Main scope of the study is to extract humidity information from the atmospheric
phase delay of side-lobe emission from a WPR. Horizontal humidity distribution can be derived by the data assimilation into
numerical prediction model.

The receiver system and data analysis algorithm were developed. A software radio, USRP N200 with an RX daughter boar
was employed to detect side-lobe emission received by an antenna. A Rubidium frequency standard and a 1 pps signal sour
of GPS receiver were used for accurate estimation of phase delay variation. The frequency stability of a crystal oscillator, whick
is generally employed for a reference frequency source of WPR, is insufficient for the accurate estimation. We proposed a ne\
method to compensate the frequency uncertainty of WPR by using data of the additional receiver nearby the WPR site.

IQ data detected by USRP N200 are transferred to the control PC via Ethernet. The program written in IDL language extract:
the temporal variation of the phase delay from the received 1Q signal. In order to achieve good performance even in low SNF
conditions, we developed an algorithm using STFT (Short-term Fourier transformation) aiming to remove noise in undesirec
frequency range.

The developed system is promising to derive humidity information from side-lobe emission from various WPRs such as the
operational WPR network in Japan (WINDAS (WInd profiler Network and Data Acquisition System)).

ooooob:0coboobooooo,bobooooboobo,00b00boo,ob0oboobobooo,b0bo0,b00040

go
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