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Direction finding experiments of infrasonic and audible waves by multiple-sites arrayed
sensors
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Infrasound and audible sound propagation in atmosphere is one of the open fields of the atmospheric science. These wav
as well as atmospheric gravity waves that can propagate vertically up to the thermosphere is important in energy transportatic
way among ground, ocean, troposphere, stratosphere, mesosphere, and thermosphere. These waves can possibly be a seed «
servable waves in thermosphere or ionosphere as many kinds of horizontal waves observed by optically or electromagnetically .
each fixed altitude, suggesting these waves might be a key of atmospheric studies in vertical interactions. Many kinds of source
in naturally and artificially on ground, ocean, or troposphere like volcanic eruptions, earthquakes, tsunamis, artificial explosions
traffic of vehicles and planes can emit audible sound and infrasonic waves, however, examples of direction finding experiment
by multiple-sites arrayed infrasound sensors in mesoscale region have been limited.

In order to observe and confirm source directions and coordinates of infrasonic waves from Sakurajima volcano and twc
sounding rocket launches from Uchinoura Space Center (USC), JAXA, we deployed 8 infrasound sensors as two 3-Sensors ¢
rays with triangles of about 50 m separations at Miyazaki University and Kinkowan High School and 2 independent sensors
at Kagoshima National College of Technology and USC/JAXA from Dec. 16, 2011 to Jan. 16, 2012. During the experiment,
the Sakurajima volcano was very active and many volcanic eruptions were reported by Japan Meteorological Agency with eac
maximum pressure value observed at nearest volcano observatory within 5 km from the source (vent position), whereas, JAXA
sounding rocket S-310-40 was launched from USC at 23:48 on Dec. 19, 2011, and S-520-26 rocket was at 5:51 on Jan. 12, 201
respectively. Apparent infrasonic waves by Sakurajima eruptions were recorded by Chaparral Physics Model-2 and Model-2.
sensors with Hakusan LS-8000WD and LS-8800 data loggers as well as SAYA A/D boards with PC at each site. We develope
software for the direction finding. Based on the analyzing software, these infrasonic waves were successfully confirmed as th
waves from Mt. Sakurajima by comparing between the vent position of Mt. Sakurajima and the results of direction findings. In
this talk we will present a summary of direction finding experiments and the next step of multiple-sites arrayed observation of
infrasound in Japan and Antarctic.

Acknowledgements: The authors are grateful to Drs. Kouji Maeda and Makoto Yamauchi (Miyazaki University), Drs. Hiro-
masa Nozawa and Manabu Shinohara (Kagoshima National College of Technology), Dr. Takumi Abe (JAXA), and Mr. Hitoshi
Hinokuchi (Kinkowan High School).
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Coupled interaction of earthquake nucleation with deep gases and seismo-EMs
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Recently electromagnetic phenomena have been considered as a promising candidate for short-term earthquake predicti
And especially passive ground-based observation of ULF (ultra low frequency) geomagnetic signatures is considered to be th
most promising method for seismo-magnetic phenomena study due to deeper skin depth. In order to clarify the earthquake
related ULF magnetic phenomena, a sensitive geomagnetic network has been installed in Japan and plenty of data associa
with moderate-large earthquakes have been accumulated. In this study, we have analyzed geomagnetic data observed during
past decade in Kanto area, Japan.

First, the ULF magnetic signals at the frequency 0.01Hz have been investigated. We have applied wavelet transform analys
to the 1Hz sampling data observed at three magnetic observatories in Boso Peninsula (Kiyosumi, Uchiura, and Fudago) and I:
Peninsula (Seikoshi, Mochikoshi, and Kamo) , respectively. The signature at the 0.01Hz frequency band has been revealed a
daily average energy has been computed. In order to minimum artificial noise, we only use the midnight time data (LT 1:0074:00)
And to remove influences of global magnetic perturbations, we have developed another method to obtain reliable backgroun
based on principal component analysis (PCA). Three standard geomagnetic stations (Memambetsu, Kakioka, and Kanoya) o
erated by the Japan Meteorological Agency have been selected as reference stations and PCA method has been applied to
yearly energy variation of the 0.01Hz signals at the three stations. The first principal component which contains more than 95%
energy is considered to be global background.

After comparing the results at the stations in Boso and Izu Peninsula with global background, it is found that there are severe
local energy enhancements which only appear in Boso or Izu area. Especially for the case studies of the 2000 Izu Island eart
guake swarm and the 2005 Boso M6.1 earthquake, significant anomalous behaviors have been detected in Z components.

Finally, we have applied superposed epoch analysis (SEA) to the above results and make a statistical study. The statistic
results have indicated that before an earthquake there are clearly larger probabilities of anomalies than that after the earthqual
For Izu area, three weeks and few days before statistical value of anomalies is significant; for Boso region, around ten and fe
days before it is significant.

O 0000 : ULF seismo-magnetic phenomena, statistical study
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Seismo-ionospheric Anomalies of the GPS TEC Observed before the 11 March 201
M9.0 Tohoku Earthquake
Seismo-ionospheric Anomalies of the GPS TEC Observed before the 11 March 201
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In this paper, the total electron content (TEC) derived from ground-based GPS (global positioning system) receiving networks
are used to observe the seismo-ionospheric anomalies and traveling ionospheric disturbances associated the 11 March 2011 M
Tohoku earthquake. To identify the pre-earthquake anomalies, the TEC of the global ionosphere map (GIM) is examined. The
Thermosphere lonosphere Electrodynamics General Circulation Model (TIEGCM) is applied to simulate the observed anomalies
The observation shows that the TEC over the epicenter significantly enhances on 6-8 March 2011, 4-2 days before the earthqual
The spatial analysis further demonstrates that the enhancement anomaly specifically and persistently appears in the northe
epicenter area. Simulation results well agree with the observations, which suggest that the electric potential around the epicent
has been distorted and significantly affect the TEC during the earthquake preparation period.

00000 : Seismo-ionospheric Precursor, GPS TEC, 2011 M9.0 Tohoku Earthquake
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Detection of ultra-micro cracks associated with the great Tohoku Earthquake by means c

an electromagnetic means
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Analysis of geomagnetic field changes with tsunami generation in the 2011 Tohoku Earth

guake
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Variation of GPS total electron content after accident of Fukushima | nuclear power plant

damaged by tsunamis
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Recently, pre-seismic ionospheric disturbances have been often reported. One of proposed speculations which produce t
disturbance is that atmospheric conductivity is enhanced by pre-seismic radon emission. The speculation is based on the rep
that plasma density at the F2-peak was enhanced after the nuclear accident at Three Mile Inland, which radioactive materials w
vented. Unfortunately, radioactive materials have been also emitted from Fukushima | nuclear power plant damaged by tsunam
generated by the M9.0 off the Pacific coast of Tohoku earthquake. The radioactive ray is stronger in the Fukushima accident tha
in the Three Mile Inlad accident. Therefore, the Fukushima accident is good opportunity to verify the speculation. In this paper,
we investigate total electron content (TEC) before and after the Fukushima accident using a ground-based receiving networ
of GPS Earth Observation Network (GEONET) in Japan. Both small enhancement and disturbance of TEC were observed ove
the nuclear power plant after the radiation was suddenly enhanced on March 14 of 2011. However, similar signatures were nc
detected in the other sudden radiation enhancements. Moreover, enhancement and disturbance did not last for more than an h
over the nuclear power plant. Therefore, the results indicate difficulty that radioactive materials disturb the ionosphere even whe
such circumstance exits.
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total electron content
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