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IONOSPHERE-ATMOSPHERE-OCEAN-CRYOSPHERE-GEOSPHERE INTERACTION
FROM MICROSEISMS AND MICROBAROMS IN ANTARCTICA
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Several characteristic waves detected by seismographs in Antarctica are originated from physical interaction between solic
earth and atmosphere - ocean - cryosphere, involving environmental changes. An infrasound sensor was planted at Syowa Stat
(SYO; 39E, 69S), Antarctica at the International Polar Year. Continuous data in 2008-2009 include background signals (micro:
baroms) with peak with few seconds of its intrinsic period. Signals with same period are recorded in broadband seismograph ¢
SYO (microseisms). Continuous signals are identified as Double-Frequency Microseism-baroms (DFM) with peaks between ¢
and 10 s in whole season. The peak amplitudes of DFM reflect the influence of winter cyclonic storms in Southern Ocean. The
DFM has relatively lower amplitudes during winters, caused by sea-ice extent around the coast with decreasing oceanic loadir
effects. In contrast, Single-Frequency Microseism-baroms (SFM, between 12 and 30 s) are observable under storm conditior
particularly in winter. On infrasound data, stationary signals are identified with harmonic over tones at a few Hz to lower most
human audible band, which appear to be local effects, such as sea-ice cracking vibration. Microseism-baroms are useful pro»
for characterizing ocean wave climate, and continuous monitoring by seismograph and infrasound contribute to FDSN and CTB"
in southern high latitude.
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Radio wave emission from 1 MHz to 18 GHz due to rock fracture and the estimation of
the emitted energy
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Fig. 1 Waveforms from quartzite at 1 MHz-band.
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ULF geomagnetic changes possibility associated with large earthquake.
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interferometric detection of invisible VHF radio propagation possibly associated with

earthquake
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Bostick 1-D Inversion of Magnetotelluric Sounding at Cimandiri Fault, Pelabuhan Ratu,
West Java, Indonesia _ _ _ -
Bostick 1-D Inversion of Magnetotelluric Sounding at Cimandiri Fault, Pelabuhan Ratu,

West Java, Indonesia

Febty Febriarti*, Katsumi Hattort, Peng Hah
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To verify the mechanism of earth currents as sources of Ultra Low Frequency (ULF) electromagnetic emissions associate:
with large earthquakes occurred close to Cimandiri fault, Pelabuhan Ratu, West Java, Indonesia, the subsurface structure ne
Cimandiri fault has been investigated by forty eight magnetotelluric (MT) sites. The MT exploration was carried out during
two weeks, from July 27, 2009 to August 8, 2009. The data were distributed along 13.2 km x 9.4 km profile. One-dimensional
modelling using 1-D Bostick inversion has been applied in this research. The data analysis is going on how and details will be
given in our presentation.

0 0000 : ULF electromagnetic anomalous change, 1-D Bostick inversion, magnetotelluric
Keywords: ULF electromagnetic anomalous change, 1-D Bostick inversion, magnetotelluric
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Coseismic ionospheric disturbances and preseismic TEC anomalies of 2005 Nias an
2007 Bengkulu earthquakes from GPS-TEC
Coseismic ionospheric disturbances and preseismic TEC anomalies of 2005 Nias an
2007 Bengkulu earthquakes from GPS-TEC
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lonospheric Total Electron Content (TEC) is easily derived from the phase differences of the two L band carrier waves of
the Global Positioning System (GPS) satellites. Past GPS-TEC studies revealed various kinds of ionospheric disturbances ori
inating from phenomena in the solid earth, e.g. volcanic eruption [Heki,2006], launches of ballistic missiles [Ozeki and Heki,
2010], mineblasts [Calais et al., 1998]. The 2005 Niasearthquake (Mw 8.7)[Briggs et al., 2006]and the 2007 Bengkulu earthquak
(Mw 8.6)[Gusman et al., 2010] occurred as mega-thrust earthquakes in the Sunda arc, Sumatra, as aftershocks of the 2004 gr
Sumatra-Andaman earthquake(Mw 9.2) [Banerjee et al., 2005].

In this study, we investigate the coseismic ionospheric disturbances (CID) and pre-seismic TEC anomalies of these two eartt
guakes, the largest earthquakes whose ionospheric disturbances have never been studied in spite of available GPS data.Contint
GPS data in Sumatra and nearby islands are taken by the SUGAR (Sumatra GPS Array) network,which is designed by membe
of the Tectonics Observatory at Caltech and the Indonesian Institute of Sciences (LIPI).The sampling rate of the network is 2
minutes, sparser than 30 second sampling usually employed in other GPS networks.

CIDs have relatively short time scales, and we model temporal changes in TEC with polynomials of time and subtract them tc
isolate short-term changes in TEC. To investigate spatial characteristics of CID,e.g. propagation speed of such disturbances, \
calculated sub-ionospheric points (SPP), ground projections of theionospheric piercing point of line-of-sights assuming a thir
layer of ionosphere at altitudes “300 km. CIDs are detected clearly in signals of three satellites 25, 27 and 28 in the Bengkul
earthquake. Satellite 25 and 27 was located in the western sky during this time interval and moving from north to south. Becaus
of relatively high elevation, their SIPs are close to the GPS sites. Disturbance signals moved north-westward from the epicentr
gradually changing their shapes. The signals showed that the disturbance started with a positive pulse (i.e. TEC increase), bei
consistent with the earthquake mechanism [Astafyeva and Heki, 2009]. Apparent velocity of CID was calculated from their ar-
rival times at different point. They were estimated as 0.74, 0.77, and 0.82 km/s with satellites 25, 27 and 28, respectively, and th
propagation started from the centre of uplift about 15 minutes after earthquake.These velocities are consistent with one anoth
within their uncertainties, and suggest that they were acoustic waves excited near the epicentre and propagating in the ionosphe
F layer (i.e. not by the Rayleigh surface wave).

CID of the largest aftershock (Mw7.9) of the 2007 Bengkulu earthquake was also studied. By analysing the phase dataofth
satellite 21, we found thatacoustic-wave-origin CID with amplitude of 0.04-0.35 TECU propagatedas fast as about 0.60 km/s.

Next we investigated if there are preseismic TEC anomalies similar to the 2011 Tohoku-oki earthquake [Heki, 2011] before the
2007 Bengkulu earthquake. The disturbances are sought by three satellites (25,27 and 28) following the procedure of Ozeki ar
Heki [2010] (modelling vertical TEC by cubic polynomials of time).We found that clear pre-seismic TEC enhancement occurred
about 60 minutes before the earthquake just like other M9 class earthquakes reported by Heki [2011].

The Nias earthquake occurred to the west of the Sumatra Island at 16:09:36 UTC, 28 March, 2005. We found that the TEC tim:
series over a few hours period before and after the earthquake have been disrupted by severe plasma density luctuation known
plasma bubbles. This event is commonly seen in low latitude regions after sunsets [Li et al, 2009; Chu, 2005].

Figure a. (Left) SIP trajectories of the satellites and its error time series after the Bengkulu earthquake (right). B. (left) TEC
disturbances by satellite 25 and its SIP trajectories (right)

0O0000:GPS, TEC, lonosphere, Coseismic, Preseismic
Keywords: GPS, TEC, lonosphere, Coseismic, Preseismic

1/2



Japan Geoscience Union Meeting 2012 /0)
(May 20-25 2012 at Makuhari, Chiba, Japan) 0; =
©2012. Japan Geoscience Union. All Rights Reserved. Iapa n

Geoscience
nion

SCG69-P06 go:booboboobo 00:50 240 17:15-18:30

2/2



Japan Geoscience Union Meeting 2012 ~® ,
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]p

Geoscience
Union

SCG69-P0O7 go:booboboobo 00:50 240 17:15-18:30

000000000000000000000000000000000000
Key parameters for definite detections of earth-origin electromagnetic pulses
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VHF radio wave transmission anomaly associated with 2011 off Urakawa EQ (Mw6.2)
observed at multiple sites
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We have observed VHF band radio-wave propagation anomaly beyond the line of sight prior to earthquakes (EQ echo) sinc
September 2003 at Erimo area in Hokkaido, northern Japan. EQ echoes have documented more than 40 times at the Erir
Observatory (ERM) prior to earthquakes that occurred in the Hidaka mountains since then. To confirm a region where the EQ
echo simultaneously observed for each earthquake, we have installed four observation sites with approximately 8 km spacin
in the Erimo area since September 2011. Four way antennas were installed at every 90 degrees to detect an arrival direction
EQ echoes at RSK (8km away from ERM in NW) and TYO (8km away from ERM in SE) site and six way antennas (every 60
degrees) were installed at FYS (16km away from ERM in NW). We also installed the electric field mill to monitor a static electric
field of atmosphere at FYS and TYO.

The EQ-echoes have been observed simultaneously in these sites associated with off Urakawa EQ (Mw 6.2) that occurred
19:25, 24 Nov. 2011. Larger EQ echoes were documented on 21 and 22 November, which were 2 or 3 days before the earthqual
at FYS, ERM and TYO in every direction. Although some of EQ echoes were observed in same time at these sites, but some ¢
them were appeared with time rag of duration in each EQ echo among these sites. We discussed what these time rags mean
considering possibilities of generation and moving of scattering objects.

goooo:ogoo,bobooo,ogoon
Keywords: Radio wave transmission, earthquake forcasting, seismo-electromagnetics
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Preseismic TEC changes for Tohoku-Oki earthquake in comparisons between simulatior

and observations _ _ _ _ _
Preseismic TEC changes for Tohoku-Oki earthquake in comparisons between simulatior

and observations
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Earthquake precursors can be used for earthquake prediction to reduce the loss of resources and human lives. Pre-earthqu
ionospheric signatures have been reported by many scientists. Among those, Zhao et al., [2008] and Liu et al., [2009] reporte
that the total electron content (TEC) may anomalously decrease or increase up to 5 - 20% several days before 2008 Wenchu
earthquake (Mw7.9). Recently, Heki [2011] found that, "40 minutes before the Tohoku-Oki earthquake (Mw9.0), the Japanest
GPS dense network detected clear precursory positive anomaly of TEC. Similar preseismic TEC anomalies were also observe
in the 2010 Chile earthquake (Mw 8.8), 2004 Sumatra-Andaman (Mw 9.2) and the 1994 hokkaido-Toho-Oki (Mw 8.3) [Heki,
2011]. The finding of TEC variations near epicenter lacks the physical mechanism to explain those pre-earthquake ionospher
signatures.

In this presentation, we propose a mechanism to couple the pre-earthquake activity with the TEC anomalies. Before the bree
of rocks in the main shock of earthquake, rocks are continuously subjected to stress. The stressed rocks can activate positi
holes as charge carriers and generate electric currents along the stress-gradient direction with current density [Freund, 201
The outflow of positive charge carriers from the stressed rock sets up a potential difference, which causes the unstressed rock
become positively charged relative to the stressed rock. The mobile positive charge carriers inside the unstressed rock repel ec
other electrostatically and will be pushed toward the surface. The positive charges carriers are accumulated over Earth surfac
and associated electric field can drive current upwardly through atmosphere into ionosphere. We formulate an electrical couplin
model for the stressed rock-Earth surface charges-atmosphere-ionosphere system [Kuo et al., 2011]. A three-dimensional atnr
spheric current system and a NRL ionosphere simulation code [Huba, 2008] are used to study the ionospheric dynamics bas
on the atmospheric electric fields and currents.

For the simulations of Tohoku-Oki earthquake, we assume that the stressed associated current started ~ 40 minutes before
earthquake, linearly increased, and reached its maximum magnitude at the time of rocks breaks in the main shock of earthquak
Provided by geolocations of GPS stations in Japanese dense network and corresponding flight tracks of GPS satellites, TE
variations calculation uses the ray tracing method for our ionospheric simulations. The simulation results are compared to th
observed TEC anomalies for available nearby GPS satellites. We will demonstrate simulations with different sizes of fault regior
and stressed current density over Earth surface. One of simulations is shown in figure. The panel (a) show the dTEC observatic
[Heki, 2011], while panel (b) for our simulations. The similarity and differences between TEC observations and simulations will
be discussed in this presentation.

O O 0O 0O O : Tohoku-Oki earthquake, Pre-earthquake ionospheric signatures, anomaly of TEC
Keywords: Tohoku-Oki earthquake, Pre-earthquake ionospheric signatures, anomaly of TEC
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Geoelectric potential difference measurements at the Nii-jima and Kozu-shima Islands

00000000 Yhooooh,oooz?ooo0O38
NAGAO, Toshiyasti*, TAKEUCHI, Akihiro!, ORIHARA, Yoshiaki, KAMOGAWA, Masash?, UYEDA, Seiy&

!DpoDoD0OD0D00O000000,2000000,300000
IEarthquake Prediction Research Center, Tokai UniverSikyo Gakugei University? Japan Academy

We re-started geoelectric potential difference measurements at the Kozu-shima and the Nii-jima Islands since February 201
under the research program of "Observation and Research Program for Prediction of Earthquakes and Volcanic Eruptions
During our previous observations of the geoelectric potential difference at the Kozu-shima Island in Japan under the RIKEN
research program (International Earthquake Frontier Research program). 19 anomalous changes (ACs) were detected. Th
possible relations with nearby earthquakes were statistically significant.

In the presentation, we would like to introduce our current observation systems and characteristic records before and afte
the M9 Tohoku EQ. At this moment, any earthquake wittx 810 did not occur near the islands except induced seismic activities
which occurred just after the M9 Tohoku EQ. We have never detected any clear AC as of January 2012.

gooobo:0oo0o0og,ood
Keywords: Geoelectric Potential, Kozu Island
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3-D structure analysis of ionospheric anomalies associated with the 2011 Off the Pacifi

Coast of Tohoku Earthquake
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Hypocenter Depth Evaluations of Earthquakes Using Geomagnetic Data in Taiwan
Hypocenter Depth Evaluations of Earthquakes Using Geomagnetic Data in Taiwan

Chieh-Hung Chelt, Han-Lun Hsd, Strong Wen, Katsumi Hattort
CHEN, Chieh-Hung*, Han-Lun Hsd, Strong Wen, Katsumi Hattort

Hnstitute of Earth Sciences, Academia Sinica, Taipei 115, Taiflastitute of Geophysics, National Central University, Jhongli
320, Taiwan?Institute of Seismology, National Chung Cheng University, Chiayi 621, Tai®@naduate School of Science,
Chiba University, Inage, Chiba 263-8522, Japan

!nstitute of Earth Sciences, Academia Sinica, Taipei 115, Taitlastitute of Geophysics, National Central University, Jhongli
320, Taiwan?Institute of Seismology, National Chung Cheng University, Chiayi 621, Tai#@naduate School of Science,
Chiba University, Inage, Chiba 263-8522, Japan

When earthquakes with similar magnitudes occur at different depths, severe seismic hazards are generally in response to sh
low ones. Although many studies report that timing, location and magnitude of forthcoming earthquakes could be forecasted
estimation of hypocenter depth should also be taken into account to achieve complete perception against seismic hazards.
this study, the Parkinson vectors, which tend to orient along materials with relatively-high conductivity, are computed by using
3-component geomagnetic data recorded in central Taiwan via the magnetic transfer function. The "skin effect” is further in-
corporated into the analytical process to understand associated depths of the Parkinson vectors when they are computed by d
filtering at distinct frequency bands. Orientations and magnitudes of the Parkinson vectors are compared with epicenter azimutt
and hypocenter depths of 16 earthquakesx#5.5) between 2002 and 2005, respectively. When effects of sea water and tec-
tonic structure are removed, the results show that the azimuth distribution of the Parkinson vectors is mainly concentrated ¢
directions of epicenter azimuths 15 days before earthquakes. Projection depths, which are determined by using the depth with tl
largest difference between the magnitude distribution of the Parkinson vectors 10 days before earthquakes and within an enti
study period, generally yield a differenee30 km with hypocenter depths. This would be used to roughly evaluate hypocenter

depths of forthcoming earthquakes.

O O 0O 0O 0O : Hypocenter depth, Magnetic transform function, Skin effect, Parkinson vectors
Keywords: Hypocenter depth, Magnetic transform function, Skin effect, Parkinson vectors
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The electromagnetism change just before the earthquake and the cause
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phe, Underground propagation of ULF, The need of the earthquake information generalization
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lonospheric Variations Associated with the Great East Japan Earthquake Disaster
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