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Direction finding of ULF geomagnetic data at Tarumizu station, Kagoshima Prefecture

0000 ™, HanPeng 00O OO0 L, 00 OO 2
Yuki Ishiguro'*, Peng Hah, Katsumi Hattori, Kiyohumi Yumotc

lopooooo0,?200000000000000
LChuba Univercity?SERC, Kyushu Uivercity

19970 000000000000000000VULFO0ODOO0O0OO0O0ODOODOO [Hattorietal.,2002] 00000000
ocooooo0 400o0oo000oooooooo0o0oDOoo0ooDobOOoUbbD 20o000DbOO0OoODODOOODOOOO
oboooboooooobooooobooooonoo

O00000000000000 19950 1000 20060 120000000000 BO,BOOOO (LTO0:00°04:00)
000000 0.0lHzZDOODOOOOOOOOODOOOUOOODODOO0OOO0OODOOODOOODOOO/O0DO0O0OLOOoOD
goobooboobobooobooobobooboooobooboooboobobooobooboobboboboooo
06 0 arctan(BO/BO)+90° 000000000 OOOOOOO180° 0000000 OOOOG OB +180° 0000
oood

O0o0ooooooooo 1vaasgoooooooooooooooo0oooooooooooboDooboooooooo
gbooooooobobooooobooboboooooooboobobobooooooobOobobooobooooobon
goooooboobooboobobooboobooboobobooboboboboobooboobboobooboo
gbooboobooboobooboobobbobbooboobooboobooboobooboo



Japan Geoscience Union Meeting 2011 d "
(May 22-27 2011 at Makuhari, Chiba, Japan) J _

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U“m
SCG069-03 00:304 O00O:50 240 17:00-17:15

Natural Tme OO0 O DO O0000O
Natural time analysis for sandplie model

oooo ™ ooothoooot
Masahiro Uend*, Masashi Kamogawa Seiya Uyeda

lopooooooo0o,200o00o0
IDpt. of Phys., Tokyo Gakugei Univ?Japan Academy

Seismicity as a critical phenomenon has been actively discussed by many authors (e.g., Bak and Tang., 1989; Turcotte, 199
Sornette, 2000; Rundle et al., 2003; Keilis-Borok and Soloviev, 2003). It has been shown that seismic electric signals (SES) an
EQs reveal dynamic evolution characteristic to critical stage when their time series is analyzed in the framework of natural time
which was introduced by the Varotsos’ group (e. g., Varotsos, 2005; Varotsos et al., 2002). The possible usefulness of natur:
time analysis in predicting catastrophic events has been demonstrated not only for the subjects of our immediate concern, but al
for other critical phenomena, including sudden cardiac death (Varotsos et al., 2004; Varotsos et al., 2005). Here we investigat
sandfile experiment by using natural time analysis.
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Three dimensional arrival directions of electromagnetic pulses in the earth
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Signal Discrimination of ULF Electromagnetic Data with Using Singular Spectrum Anal-
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The VHF radio wave transmission anomalies propagated beyond line of site prior to earthquakes (hereafter termed EQ-echt
have been observed more than 20 times from 2004 at the Erimo observatory (ERM) in Hokkaido, Northern Japan. A statistica
relationship between magnitude of preceding earthquake (M) and total duration time of the EQ-echo (Te) has been propose
in this area (Moriya et al.2009). To confirm a region where the EQ-echo observed for each earthquake, we installed anothe
3 observatories with approximately 5 km spacing in the surroundings of ERM ; Fuyushima (FYS), Rusaki (RSK) and Tohyoh
(TYO).

In consequence, the EQ-echoes have been observed at least one observatories prior to 7 earthquakes (totally 9 earthqua
M>3.9 occurred) between 2009 and Oct. 2010. The logarithm relationship between M and Te for these 7 earthquakes showe
similar relationship proposed by Moriya et al. (2009).

In addition, EQ-echoes were simultaneously observed at three observatories, ERM,RSK and FYS, before earthquake in H
daka Mountains at 10 Mar. 2009 (M=4.1). Although the wave forms of the EQ-echoes were similar in each record, the initial
time and duration time of each EQ-echo were different in some minutes each other. To detect arrival direction of the EQ-echo
six-ways antennas were installed at every 60 degree in FYS since 2009. By using this multi-way antennas, we estimated tt
arrival direction of EQ-echo before the earthquake that occurred at 14 Oct. 2010 (M=5.5). Although this method seemed captur
changes of arrival direction of EQ-echoes in duration time (from 120 to 170 degrees from the north), this estimated directions
were different from the direction of epicenter (about 0 degree) and the Hiroo broadcasting station (about 80 degree). Thes
time lags of EQ-echoes and change of arrival direction may suggest the expanding or moving of scattering object which affect
appearance of an EQ-echo.
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and its preliminary result
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VHF electromagnetic (EM) waves cannot usually propagate long distance because they penetrate through the ionosphere. Th
can reach far away receivers beyond the line-of-sight only when reflection and scattering due to ionospheric or atmospheric dis
turbances happen. According to Fujiwara et al. (Geophys. Res. Lett., 2004), appearance of anomalies in the atmosphere beft
earthquakes (EQs) has been verified through observation of anomalous transmission of VHF EM waves beyond line-of-sight
The cross-correlation between the EQ occurrences and the anomalies shows that the appearance of anomalies was significal
enhanced within 5 days before EQs. Preliminary one-month observation has been done in Hualien, Taiwan, for observation c
VHF anomalous transmission possibly associated with EQs. Taiwan is one of best place for the statistical study of EQ-relate:
phenomena due to active seismicity. Suitable place for FM transmission observation is restricted due to FM radio station jam
In eastern Taiwan, less artificial noise may be expected because of only small city existence. Different allocation of FM radio
in Taiwan and Japan contributes to less radio wave interference. In our observation, anomalous VHF propagation beyond line
of-sight during heavy thunderstorm activities was measured. Besides non-transient (the order of minutes to hours) anomalot
VHF propagation caused by Es-layer reflection and radio duct, anomalous propagation lasting for a few hours during a heav
thunderstorm was found. A calculation of ray tracing did not support this refraction due to thunderstorm-scale duct. Our further
investigation implies that this reflection may be caused by scattering of VHF radio wave inside the thundercloud.
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The summary of the research of seismo-electromagnetic phenomena observed by the ©
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Earth Watch Safety Net Research Center of Chubu University has established electromagnetic observation network in orde
to study seismo-electromagnetics. We have observed ULF/ELF electromagnetic waves in order to catch the emissions from tt
focal region of earthquakes. And we have observed VLF electromagnetic waves at Kasugai in order to measure the change of tl
propagation characteristic in the ionosphere and atmosphere disturbed by the energy from the epicentral region.

In this study, we talk about the result of the observation by this network. Anomalous ULF emissions and excitations of Schu-
mann resonances were observed at Nakatsugawa station in the case of the 2004 Mid-Niigata Prefecture and 2007 Noto Hant
earthquake. And we found some ULF emissions propagated from the direction of the epicentral area of 2007 Noto Hantou eartt
guake. However, in the case of the 2008 Iwate-Miyagi Nairiku earthquake and 2009 Suruga-Bay earthquake, we could not foun
anomalous ULF/ELF signals, and could not find ULF electromagnetic waves possibly propagated from the epicentral areas. Bl
we found some changes of the propagation characteristic of VLF electromagnetic waves before these earthquakes.

The observed ULF/ELF/VLF anomalies possibly associated with earthquakes were not so convincing enough to forecast th
earthquakes at this stage. These anomalies observed by ULF/ELF/VLF ranges would be only a little hint of the mechanism an
scenario of the generation of the seismo-electromagnetic phenomena. And so we need more event studies, further observati
and interdisciplinary research.

This multi-point observation network is now supported by Academic Frontier Project for Private Universities: matching fund
subsidy from MEXT, 2006-2010.
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Keywords: seismo-electromagnetics, ULF/ELF/VLF observation, Schumann resonance
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