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Waveforms of electromagnetic waves excited by earthquakes and radiated from teh
ground surface

# Minoru Tsutsui[1]
[1] Computer sciences, Kyoto Sangyo Univ

In order to detect electromagnetic (EM) waves which might be related to earthquakes, we had been observing EM noises i
boreholes and above the ground. Although, in the observation, we had detected tremendous number of EM pulses with duratic
of a few millisecond in a frequency range of a few kHz, we could not detect any earthquake-related EM pulse at all. Almost all
of the EM pulses were lightning and artificial ones. The reason why earthquake-related EM pulses could not be detected in th
earth was considered as follows: the amplitude of the excited EM pulses could be strongly decayed during their propagation
in the earth before its arrival at the EM observation site, because the earth’s medium has electrically high conductivity. So we
shifted down the monitoring frequency, from a few kHz to a few tens of Hz. As the result, we detected earthquake-excited EM
pulses in the earth. During the period from December 2011 to March 2013, we confirmed thirteen earthquakes which excited EN
pulses. From relations between magnitudes of these earthquakes and distances between epicentres and the EM observation
we found that the EM waves were excited by seismic waves arrived near the EM observation site, due to Piezo-electric effect i
the earth’s crust.

From March 2013, we began simultaneous observations of EM waves by sensors in the borehole and above the ground, al
the acceleration of seismic waves. At 05:33:17.7 JST April 13, 2013, we had a big earthquake (M6.3) in Awaji-shima island. The
earthquake epicentre was about 115 km from the EM observation site. EM pulse was first detected by the sensor system install
above the ground at 05:33:40 JST, and 13.6 second later, a seismic wave was detected and its excited EM wave in the borehc
This result suggested that the EM wave excited by the seismic wave can readily leak out of the ground surface. These behaviou
of earthquake-excited EM waves were published it in a paper [1].

Since we could not detect any EM pulse at the rupture time of the earthquake shown above, we focused on waveform
at/before earthquake occurrences. Waveforms of anther seismic wave and of its excited EM waves were shown in the figur
below. However, we cannot recognize any specific fluctuations around the official rupture time (06:20:19.1 JST, April 4, 2014)
of the earthquake (M3.3). At the time of 4 second prior to the official rupture time, intense pulses were detected by both senso
systems above the ground and in the borehole, and specific fluctuations were followed for 8.75 second. If we could identify tha
the intense pulse was radiated from the earthquake epicentre, we could regard the EM pulse as a precursor of the earthqua
Now we are preparing the system which can point arrival directions of this kind of EM pulse.

[1] Minoru Tsutsui, Behaviors of electromagnetic waves Directly Excited by Earthquakes, IEEE Geoscience and Remote
Sensing Letters, Vol. 11, No. 11, pp. 1961-1965, 2014. (DOI: 1109/LGRS.2014.2315208, Now Open Access)

goooooOoOoOoOOOOOODOODODODODODODODODODODO 1I0O0MOOOO0O0O00000000000000000C
00000000D00D00000O000000000000000 kKHzOOOOOOOOOOOOOOOOOoOOoOooo
gooooooobobobooooooobobobooooooooobobooobooboobobobobobooooon
ooooooobooboooobOoooobooooooobooobooooobooooboooooboo0oooboooooooooboon
oboooooooboobobooooooooooboboboboooooobOobobobooobobooooooonoa
bobooooooboboboooooooboboboooooboobobobooobooooobOoboboooooboon
goooooboooooboobooogobooooobooooooboobooboboooooo

20110 12000 20130 S0 oooooOooOoOoOoooOooOoOoOooDOoOoOoooDooOooooDbD 2000000
ooooooooooisoooobOobooOb 13goooboooooooooboo0oooooooooobooOogoooD
oboocooooobobooooooobooboboobooooooobO0obooOooooOoobOobobooboooooboOon
gboooobouoboobobooooboobobooooooobooboboboooooobOobobooooobooobOon
goooooooobobobooooooooobobooboooboooobDobobooobooogooDobobooooOoo
gooooooobobooooooooboboboooooooooboboboooobDobobbobobooobooo
oboooooooboobobooooooobooboboobooooooobobooboobooooobooboboobooon
obooobOooooboobooooboobooooobooooboboooonog

0000000000000 000000000020130 40 130 05:33:17.7JSsU 000000000 115km0O
000000 148km0O Me30 D OOODODUDODOOOOOOOOOODODOD 05:3340JSsTO0O0O0OO0OOOOOOOO
00160000000 00D0O0ODO000ODOOOODOOO0ODODOOOODOOOODOOODOODODOOODO
obooboooooooooooooboboboooooooooobooobobobobobooboboobooboooooDbo



00000000000000000000000000000000000000000000000000000
000 [1)0
00000000000000000000000000000000000000000000020140 40 40
6:20:29.1JST 000000000000 424km0 0000000 10kmO00O0000 (M3.3)0000000000
00000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
0000000006:20:43.104JST00000000000000000O0000O0OO000OO00 Official rupture
timed (06:20:29.1JSTP 0 0 0000000000000 O0O000O0OOO0O00000 40000000000000
0000000000000000000000008.75000000000000000000000000000
00000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000

[1] Minoru Tsutsui, Behaviors of Electromagnetic waves Directly Excited by Earthquakes, IEEE Geoscience and Remote

Sensing Letters, Vol. 11, No. 11, pp. 1961-1965, 2014. (DOI: 1109/LGRS.2014.2315208, Now Open Access)

Above the ground [W“

........ T————
i s W
I L Bt Bl Fdl E ) mf,ﬂ\wmwmw
| 8.75 sec |
B / ¥ ""‘1” ﬁ,\‘ s "*‘*Awk—awl.i‘w_‘l
@
53) 4sec| | Official rupture time
= laly
= e . .
Tg‘ 06;20:29 M3.3  14sec [ Seismic wave
§ | 06:20:43.104 4 April, 2014
£ | H,,
E
.o T H,

In the borehole



R003-02 00:B O0:110 30 9:25-9:40

201100 0000000000000 bO0000Db0o0bOoboobobOOoooDon
ooog

#00O OO0 [1; 00 00 [2;00 00 8,00 O [4]
[1]000O0F0OO0000;[2100000000;[3]0000000000000;[400000000

Geoelectric potential changes caused by seismic waves, ionospheric disturbances, an
tsunami

# Yuta Nakatani[1]; Maho Nakamura[2]; Toshiyasu Nagao[3]; Masashi Kamogawal4]
[1] Natural and Environmental Science, F, Gakugei Univ; [2] Physics, Tokyo Gakugei Univ.; [3] EPRC, IORD, Tokai Univ.; [4]
Dept. of Phys., Tokyo Gakugei Univ.

We investigate geoelectric potential changes associated with the 2011 M9.0 off the Pacific coast of Tohoku Earthquake on lon
dipoles deployed at several stations in Izu Islands. The geoelectric potential changes originated from seismic waves, ionosphel
E-region dynamo current due to acoustic waves excited by the tsunami and Rayleigh waves, tsunami dynamo and E-regic
dynamo currents due to other ionospheric disturbances, and electric field polarized by tsunami passing through the island we
found. This result demonstrates that geo-electromagnetic changes associated with large earthquake and tsunami are detecte
telluric current measurement with long dipoles.
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Estimation of tsunami velocity field using seafloor electromagnetic data

# Issei Kawashima[1]; Hiroaki Toh[2]
[1] SPEL, Kyoto Univ.; [2] DACGSM, Kyoto Univ.

A pair of earthquakes occurred on both sides of the Kuril Trench on 15 November 2006 and 13 January 2007. The interplat:
underthrust earthquake of the 2006 event (Mw 8.1) had a larger seismic moment than the outer-rise normal fault earthquake
the 2007 event (Mw 7.9) (Fujii and Satake, 2008). Toh et al. (2011) reported that the electromagnetic (EM) variations during
the tsunami passages were recorded about 1 hour after the origin time of each earthquake by a seafloor geomagnetic observat
located about 800km away from the epicenters. The article also reported that the relationship between the EM variations and tt
particle motions of conductive seawater are confirmed using Sanford’s (1971) theory.

However, Sanford’s (1971) theory neglects the self-induction effect and is applicable only to ocean currents moving slowly.
The phase velocity of tsunami in pelagic environments exceeds 200 m/s and hence the self-induction term needs to be consi
ered. Here we report our simulation result on the tsunami-induced EM signals observed at the seafloor based on three-dimensior
(3-D) non-uniform thin-sheet approximation by McKirdy, Weaver, and Dawson (1985). Our newly written numerical code ac-
commodates not only the inducing non-uniform source fields caused by particle motions of conducting seawater at the time o
tsunami passage but also the self-induction effect within the ocean and its conductive substrata. Horizontal particle motions wel
calculated by Fujii and Satake (2008) with two types of hydrodynamic approximation, viz the Boussinesq approximation and the
long-wave approximation.

The calculated EM variations associated with the initial wave of the tsunami at the time of 2006 event are consistent with the
observed ones even by the long-wave approximation, while the numerical predictions do not reproduce the observation associat
with subsequent tsunami phases.

As for 2007 event, the EM variations accompanied by distinct subsequent tsunami phases are partly simulated by the Bous
nessq approximation. However, the amplitudes of the calculated EM variations were about half of those of the observation ir
both hydrodynamic approximations used here.

The disagreement between the calculation and the observation probably stems from the assumed tsunami velocity field, fc
there were no tsunami waveform observatories near the seafloor geomagnetic observatory when the two tsunamis occurred.

We, therefore, estimate the tsunami waveforms that explain the observed EM variations. The waveforms are calculated by Co
nell Multi-grid Coupled Tsunami Model (COMCOT, Version 1.7), which employs linear water equations and applies the method
to mimic physical dispersion by numerical dispersion proposed by Imamura et al. (1988) to weak dispersive waves over slowly
varying bathymetry. The EM observatory locates in the open ocean where the bathymetry slowly varies so that the dispersio
effect of the tsunami was recovered in the case of 2006 event. As for the 2007 event, the dispersion effect was larger and hen
this model was not sufficient to reproduce the dispersion of the latter event. This implies that seafloor EM data can be used t
recover tsunami velocity fields at least for weakly dispersed tsunamis.
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Detection of micro-tsunamis by using Vector Tsunameter

# Yozo Hamano[1]; Hiroko Sugioka[2]; Noriko Tada[2]; Hiroaki Toh[3]; Takuto Minami[4]
[1] JAMSTEC; [2] IFREE, JAMSTEC; [3] DACGSM, Kyoto Univ.; [4] Geophysics, Kyoto Univ.

We developed a new type of offshore tsunami meter called Vector TsunaMeter (VTM) for the purpose of providing early and
reliable information on the generation and propagation of tsunamis in order to predict the tsunami impact at the coastal ares
The VTM observes and records three components of the geomagnetic fields, two horizontal components of the electric fields ar
tilts, and a differential bottom pressure for more than a year at sea floor up to 6000 m of water depth. The VTM is designed tc
detect the temporal variations of sea level change, and particle motion associated with the tsunami passages. Arrival time, arriv
direction, and phase velocity of tsunamis can also be calculated from the observed record of the VTM. These characteristic
of tsunamis observed at deep ocean far from the coastline are very useful to forecast the arrival time and the size of tsunam
before the tsunami reaches the coastline. The first seafloor observation of VTM was made during 2012-2013, in which the
VTM was installed by KR12-18 cruise of R/V KAIREI on November 20, 2012 at 25 45.94N, 137 00.48E, depth=4894m, and
recovered during KR13-02 cruise on February 9, 2013. The VTM continuously record the data sets of, Bx, By, Bz, Ex, Ey,
TiltX, TiltY, and Bottom Pressure from Nov. 20, 2012 to the recovery time, i.e. Feb. 9, 2013. Three days before the recovery
date, a Mw=8.0 earthquake occurred at the Solomon islands (10.738S, 165.138E) on 2013-02-06 01:12:27UTC. The earthqua
generated tsunamis, which hit near Solomon islands and caused damages to human beings and houses. Since the main ener
the tsunami propagates along the north-east to south-west direction from the epicenter of the earthquake, the tsunamis obsen
at Japanese coast were low. At the observational site of VTM, amplitude of the first wave is as small as 1 cm, but the VTM
clearly records the variations of sea level change for more than several hours after the tsunami arrival around 2013-02-06 08:4
UTC. This observation indicates the resolution limit of VTM is less than 1 mm of sea level change.

The next seafloor measurement of VTM started on March 13, 2014, in which the VTM was installed during KS14-2 cruise
of R/V Shinsei-maru. We installed the VTM on the seafloor at 38 14.0 N,&amp;#160;143 35.13 E, depth=3420.1 m, and, after
the installation of VTM, we deployed the Wave Glider on the sea surface around the VTM site, and started real-time monitoring
of the seafloor VTM signal right after the installation. During the real-time observation period, we succeeded in detecting the
micro-tsunami from the Chile earthquake. The Chile tsunami was generated by the Mw=8.2 earthquake , occurred on 2014-04-C
23:46:46 UTC, at 95km (59mi) NW of Iquique, Chile (19.642 S 70.817 W) . The tsunami arrived at the VTM site in the early
morning of April 3, 2014. Since the arrival of the tsunami was expected about a day beforehand, we could observe the tsunan
with the VTM of tsunami mode, in which the tsunami signals with 10-second sampling interval was transferred to the land station
every one minute. Although the tsunami signal at the VTM site is very small, and the amplitude of the first wave is as small as
0.1 cm, the arrival of tsunami was clearly detected by the DPG raw data at around 06:00 LT. After applying the high pass filter,
the pressure variation faithfully reproduce the wave form of the tsunami. The amplitude of the tsunami signals in the north-soutt
component of the electric field and the east-west component of the magnetic field is much higher than the other componen
indicating the tsunami arrived form the east direction.



R003-05 00:B O0:110 30 10:10-10:25

goduobodooobbbuooouobobooooobobboon

#0000 [1; 000 [1;00 00 [2]
[1]000000;[2100000000

Crustal resistivity structure around the Japan Median Tectonic Line Izumi-Kongo fault
zone

# Ryokei Yoshimura[1]; Itaru Yoneda[1]; Yasuo Ogawal2]
[1] DPRI, Kyoto Univ.; [2] VFRC, Titech

The fault geometry, especially dip angle, and structural heterogeneity are important information for estimation of strong grounc
motion and evaluation of earthquake size. In order to pursue the sophistication of such estimation and evaluation for the Jape
Median Tectonic Line Izumi-Kongo fault zone, we plan to carry out wideband magnetotelluric (MT) surveys along three profiles,
two are across the lzumi segment and the other is across the Kongo segment. Along the previous seismic survey line (Sato
al, 2007), wideband MT measurements at 6 sites were performed in January, 2014. We calculated MT responses from hundre
to 0.1 Hz using only nocturnal data after remote referencing to the Esashi observatory (Geospatial Information Authority of
Japan) and inverted the data in TM mode using 2D inversion code (Ogawa and Uchida, 1996). Our 2D resistivity model showet
consistency with seismic reflectors (Sato et al, 2007) and north dipping structural tendencies from surface up to several kilometel
depth. In this presentation, we will show the outlines of our research project and report the result of 2D inversions. Additionally,
we will introduce new surveys now underway.
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Age-dependent cooling model for oceanic mantle and electrical conductivity beneath the
northwestern Pacific

# Kiyoshi Baba[1]; Noriko Tada[2]; Pengfei Liang[1]; Luolei Zhang[3]; Hisayoshi Shimizu[4]; Hisashi Utada[3]
[1] ERI, Univ. of Tokyo; [2] IFREE, JAMSTEC,; [3] ERI, Univ. Tokyo; [4] ERI, University of Tokyo

Oceanic upper mantle beneath the northwestern Pacific has large-scale lateral heterogeneity that is impossible to attribute
just an age-dependency of the thermal structure based on a cooling of homogeneous mantle with age. This surprising fact w
revealed from seafloor magnetotelluric (MT) data collected in three areas, northwest (Area A) and southeast (Area B) of the
Shatsky Rise, and off the Bonin Trench (Area C), through the Normal Oceanic Mantle Project and the Stagnant Slab Project
One-dimensional structures of electrical conductivity representing each area show significant difference in the thickness of th
upper resistive layer that may be interpreted as cool lithosphere. The thickness of the layer that is more resistive than 0.01
m~! is about 80 km for Area A, about 110 km for Area B, and about 180 km for Area C. The conductivity below the resistive
layer is similar to about 0.03 S for Areas A and C but a slightly higher than it for Area B. The thermal structures for the
lithospheric age representing the areas (130, 140, and 147 Ma for Areas A, B, and C, respectively) predicted from a simple plat
cooling model are almost identical and thus cannot reproduce such variations in electrical conductivity.

In this study, thermal and compositional states of the mantle beneath the three areas were investigated to discuss the cause
the variations. Combination of five model parameters, electrical conductivity of crust, mantle potential temperature, thickness o
thermally conductive plate, and,® and CQ contents in the asthenospheric mantle were searched by forward modeling and the
chi-squared misfit between the MT responses observed and predicted were assessed with 95% acceptable level. The possibi
of partial melting was taken into account by comparing to the solidus of peridotite that is reduce®tand CQ. We assumed
that the mantle conductivity may be represented by the mixture of hydrous olivine and hydrous carbonated melt. The result
shows significant difference in the thickness of thermally conductive plate apd@tent among the three areas, suggesting a
possible influence of a mantle up-welling associated with the formation of the Shatsky Rise to the mantle beneath Areas A an
B although these areas are away from the bathymetric anomaly.
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Rotational invariants of the magnetotelluric impedance tensor with galvanic distortion

Tawat Rung-Arunwan[1]; Weerachai Siripunvaraporn[2]; # Hisashi Utada[3]
[1] Mahidol Univ., Thailand; [2] Mahidol University, Thailand; [3] ERI, Univ. Tokyo

As shown by Szarka and Menvielle (1997), a complex magnetotelluric (MT) impedance tensor having 4 independent com-
plex elements (8 independent real elements) has 7 independent rotational invariants. For example, determinant invariant sca
impedance is most often used in MT studies both on land and at seafloor. Here we consider a case where impedance has galva
distortion: i.e., there is distortion of the electric field due to near-surface, small-scale lateral heterogeneities of the electrica
conductivity.

We apply a model of galvanic distortion proposed by Groom &amp; Bailey (1989), in which distorted impedance tensor is ex-
pressed by a product of the site gain, three elementary real tensors (the twist, shear and anisotropy) and the regional (undistorte
impedance tensor. If we calculate the determinant invariant Zdet of distorted impedance, it is shown that amplitude (or apparer
resistivity) of Zdet is biased downward by twist and shear. This property is inconvenient when we use the determinant invariant:
to estimate a regionally averaged (background) 1-D profile (e.g. Berdichevsky, 1980).

Recently we examined the behavior of another (less well-known) rotational invariant, the sum of squares (ssq) of impedanc
elements, ssq(Z) = Zxx"2+Zxy"2+Zyx"2+2yy"2. The effective 1-D scalar impedance is derived as, Zssq = [ssq(Z2)/2]"(1/2). Then
we found that Zssq is not biased by distortions (shear, and anisotropy) but only by site gain (static shift). This means that, i
we have many MT measurements in a region, a reasonable estimation of regional 1-D background model can be obtained |
inverting averaged Zssq (not Zdet) over all stations. Such a 1-D model is convenient for various aspects of MT analyses as
good starting and/or a priori model.

Another finding is that the ratio of corresponding apparent resistivities (rho-ssq/rho-det) will always be greater than unity
under the presence of galvanic distortion. If the regional structure is 1-D, the ratio Zssg/Zdet will be a real number (phase=0)
otherwise it will be a complex number. Thus these quantities (ratio and phase) can be used as an indicator for the presence
galvanic distortion and 3-dimensionality of regional structure, which tells us the right treatment of a given dataset.
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Three-dimensional inversion of magnetotelluric data using unstructured tetrahedral
elements

# Yoshiya Usui[1]
[1] Earth and Planetary sciences, Tokyo Tech.

3-D magnetotelluric inversion code using unstructured tetrahedral elements is newly developed in order to correct topographi
effect by directly incorporating it in computational grid. Electromagnetic field and response functions are distorted at the ob-
serving sites of magnetotelluric (MT) method due to undulating land surface. Without correcting the distortion, we can wrongly
interpret subsurface structure. Of the two method proposed to correct topographic effect, the method incorporating topograph
explicitly in the inversion is applicable to wider range of survey data than the correction method since the latter requires some
assumptions. For forward problem, it has been shown that the finite element method using unstructured tetrahedral element
useful to incorporate topography because it can represent complicated object precisely and robustly with relatively fewer ele
ments. In this paper, using the newly developed code, the author shows the applicability of the unstructured tetrahedral eleme
to MT inversion

The inversion code calculates electromagnetic field on the earth with the edge-based tetrahedral element. And it searches t
subsurface resistivity and components of distortion matrix of each site as model parameters. In inversion, the code iterativel
updates the models to minimize the object function consisting of the data misfit, the model roughness and the strength of galvan
distortion using the Gauss-Newton method. And, the code is parallelized with the OpenMP/MPI hybrid parallel programming.

The newly developed code was applied to synthetic data of the model including topography. As a result of the inversion,
anomalies of true model were recovered correctly. This result showed that inversion using unstructured tetrahedral elements
useful to interpret resistivity structure correctly instead of topographic effect.
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Resistivity imaging of source regions of Iwaki and N-Ibaraki normal faulting sequences

# Makoto Uyeshima[1]; Yasuo Ogawa[2]; Masahiro Ichiki[3]; Weerachai Siripunvaraporn[4]
[1] ERI, Univ. Tokyo; [2] VFRC, Titech; [3] RCPEYV, Grad. School of Sci, Tohoku Univ.; [4] Mahidol University, Thailand

Following the 2011 Tohoku-Oki earthquake, M9.0, several areas of the inland Japan were activated due to significant chang
of the stress field. Among all, intense swarm-like seismicity associated with shallow normal faulting was induced in Ibaraki and
Fukushima prefectures in the boundary area between Kanto and Tohoku districts, Japan. In order to elucidate a structural moc
of electrical resistivity in this region and to get insights on causes of those induced earthquakes, MT surveys were performed il
Jan. 2012 and from Dec., 2013 to Jan. 2014, by using Phoenix and Metronix wideband MT instruments.

We first estimated impedance tensors and induction vectors with the aid of the BIRRP code (Chave and Thomson, 2004) at tt
same sets of periods (from about 0.03s to 1000s) for both of the wideband MT instruments. We also combined the 3-D MT anc
induction-vector (IV) inversion code by Siripunvaraporn and Egbert, 2009 and the 3-D phase-tensor (PT) inversion code by Patr
et al., 2013 to yield a 3-D PTIV inversion code. This modification aimed at finding a 3-D resistivity model free from influences
of the static or galvanic effects.

We applied the PT-1V 3-D inversion code to the Iwaki and N-lbaraki datasets. In order to investigate the influence of the initial
model on the final structural model, we did several inversion runs with initial resistivity values ranging from 20 to 2000 Ohm-m.
All the inversion runs could get respective final models with RMS of about 2. Although some differences in the final models
are detected, overall characteristics and scales (in length and intensity) are similar for all the final models. Generally, induce
earthquakes are distributed in the higher electrical resistivity zones. We delineated a separate low-resistivity anomaly directl
beneath the hypocenter of the M7.0 Iwaki earthquake indicating crustal fluids in this region. Together with previously obtained
seismic image (Kato et al., 2013), we hypothesize that strong crust underwent structural failure due to the infiltration of crustal
fluids into the seismogenic zone from deeper levels, causing the Iwaki earthquake.
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Resistivity structure around the 2011 earthquakes bellow Mt. Fuji volcano, Japan

# Koki Aizawa[1]; Makoto Uyeshima[2]; Yusuke Yamaya[3]; Hideaki Hase[4]; Yasuo Ogawa[5]
[1] SEVO, Kyushu Univ.; [2] ERI, Univ. Tokyo; [3] GSJ, AIST; [4] KSVO, Tokyo Tech; [5] VFRC, Titech

On March 15 2011, 4 days after the Mw 9.0 megathrust Tohoku-Oki earthquake, the Mw 5.9 earthquake occurred beneath th
southern flank of Mt. Fuji volcano. The aftershocks and the coseismic ground movement showed that the rupture is the left-laterz
strike-slip with a strike of N24E at an approximate depth of 7713 km. Beneath the northern flank, the rate of micro-earthquakes
increased gradually after the Tohoku earthquake. These earthquakes were on the approximately North-South trending line acrc
the volcano, implying the earthquakes occurrence is guided by the structure. In this study, we show the electric resistivity struc
ture around the focal zone of the earthquakes.

The MT data were obtained in the three campaigns. Between August and September 2009, audio-frequency band (10,000
Hz) data was obtained to map the structure at shallow ("3 km) level of the volcano. From June to December 2011, the broad-bar
(20070.001 Hz) MT data was obtained to elucidate the deep structure around the seismicity, then followed up by the observatio
in April-May 2012. Typical recording duration for one site is 1 night in the 2009 survey, and 3 weeks in the 2011-2012 surveys.
In addition to these data, we also used the broad-band MT data recorded on 2002-2003 along the ENE-WSW line (Aizawa et al
2004). By using these data, we estimated the resistivity structures by using the 2-D (Ogawa and Uchida, 1996) and 3-D inversio
codes (Siripunvaraporn et al., 2009) on the assumption that the structure did not significantly change during 2002-2012. Thi
assumption was confirmed by the comparison of the sounding curves of the sites where the MT data was recorded both in 20(
and 2011. The results show that the moderate (107100 ohm-m) conductive zone corresponds to the location of the seismicity, ai
suggest that the earthquakes occurred on the relatively fractured zone.
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Definitive geomagnetic data at Yatsugatake geoelectromagnetic observatory in 2013

# Tsutomu OGAWA[1]
[1] ERI, Univ. Tokyo

Yatsugatake geoelectromagnetic observatory (YAT) has been in operation as a reference station of the geomagnetic field fi
detecting and discussing tectonomagnetic and volcanomagnetic field variations. Definitive geomagnetic data at YAT in 2013 ar
obtained with baseline values determined by monthly absolute measurement, opened for the first time since the establishme
of the observatory in 1970. Compared with the provisional data of which the baseline values are treated as constants, seasol
changes in the data which amounts to approximately 1minpp in the declination and 4nTpp in the vertical component are cor
rected in the definitive data. The definitive data show that the annual rates of the geomagnetic field change at YAT in 2013 ar
approximately -2min for the declination, -4nT for the horizontal component, +52nT for the vertical component and +37nT for
the total intensity, respectively
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Confirmation of precise numerical 3-D forward calculation of subsurface structure for
loop-loop induction method

# Shinya Sakanaka[1]; Ame Thato Selepeng][2]
[1] International Resource Sciences, Akita Univ.; [2] Engineering and Resource Science, Akita Univ.

The loop-loop induction method is one of electromagnetic exploration tools using a pair of transmitter and receiver coils for
subsurface electrical structure. The loop-loop method is sometimes called as slingram method.

Although there are some kinds of manufacture instrument for the loop-loop method, we are now rather taking Geonics EM-
34-3 into consideration. EM-34-3 has a pair of coils with 64 cm diameter and three lengths of coil separation cables, ie. 10 m, 2(
m, 40 m. The exploration depth for the low induction number like as the loop-loop method is depending on the coil separation
of transmitter and receiver. The exploration depths of EM-34-3 are from 7.5 m to 60 m for each length of separation and type o
coil alignment.

Traditionally, the loop-loop method has been mainly used for reconnaissance survey and the 1-D analysis (McNeil, 1980) ha
been popularly adopted.

We sometimes faced on the negative apparent conductivity as observed value at high conductivity or high contrast of electrice
structure areas. 1-D analysis of the loop-loop method is convenient but not able to apply to the negative apparent conductivit
because 1-D electric structure never produces the negative apparent conductivity.

Now we focus on the theory of 3-D forward calculation introduced by Perez-Flores et al. (2012). They show the equations for
apparent conductivity for types of coil alignments of VMD (vertical magnetic dipole) and HMD (horizontal magnetic dipole).
The equations can calculated the apparent conductivity for complicated 3-D structure and can be used for even negative appare
conductivity. Perez-Flores et al. (2012) show some kinds of result for the structure models but we cannot know exact numerice
calculation. We make consideration of pragmatic numerical calculation and find out succeeding method at present.
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Locality of geomagnetic transfer function in long-term variation in Japan

# Masahiko Takeda[1]
[1] Data Analysis Center for Geomagnetism and Space Magnetism, Kyoto Univ.

Geomagnetic transfer function at several pbservatories in Japan was studied in the period of since 1985. Although mo:s
of the long-term variations are common at most observatories, and some of them are probably caused by the solar activit
variation, different behavior of the variation was found at some observatories, which may be caused by time variation of the loca
conductivity structure in the earth.
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Improved Line Source Model for self-potential variations during Nojima water injection
experiments

# Hideki Murakami[1]
[1] Natural Sciences Cluster-Science Unit, Kochi Univ.

Repeated water injection experiments have been done at the Nojima fault, which is responsible for the 1995 Hyogoken-nank
earthquake (Mw6.9), to research the healing process of the fault. During experiments we have observed self-potential variatior
around a water injection borehole and estimated the time variation of hydraulic parameters around the fault. Observed sell
potential variations during the experiments can be explained with streaming potentials due to the flow of the injected water
Negative anomalies of self-potential appear on the ground surface around the injection borehole because the change in se
potential in the aquifer is conducted to the whole part of the borehole through the iron pipe, which acts as a line source of electri
current. However, during recent experiments positive changes of self-potential observed far away from the borehole. Thes
changes are not well explained by the previous simple model. We must introduce the positive electric charges, which are ignore
in the previous model, to explain the observations. We propose the improved model for self-potential variations associated witl
water injection experiments.
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The calculation of geomagnetically induced electric field by using FDTD method

# Aoi Kimura[1]; Yusuke Ebihara[2]; Yoshiharu Omura[3]; Takashi Kikuchi[4]
[1] RISH; [2] RISH, Kyoto Univ.; [3] RISH, Kyoto Univ.; [4] STEL, Nagoya Univ.

We have calculated geomagnetically induced electromagnetic field which is induced on the surface or underground by usin
frequency-domain analysis such as Fourier’s transform. It is surely valid for a horizontally equable ground structure, or it is
not good for complex ground structure like Japan area. To calculate exact field, we have to use a method that can count
complex ground structure. In this time, we have FDTD to calculate geomagnetically induced electromagnetic field, and we ge
the distribution of electromagnetic field and current of grounds. In this result, we can observe how coast line effect occurs, an
we can evaluate how conductivity, magnetic permeability contribute to the distribution of electromagnetic field and current.
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An Evaluation of High Resolution Observation System Using HTS-SQUID
Magnetometer

# Yuta Katori[1]; Kan Okubo[1]; Tsunehiro Hato[2]; Keiichi TANABE[2]; Akira Tsukamoto[2]; Nobuhito Onishi[3]; Chikara
Furukawa]3]; Shinji Isogami[4]; Nobunao Takeuchi[5]
[1] Graduate School of System Design, Tokyo Met. University; [2] ISTEC; [3] TIERRA TECNICA,; [4] Fukushima National
College of Technology; [5] Res Cent Predict Earthq Volcan, Tohoku Univ.

This study addresses the performance evaluation of high-resolution geomagnetic field observation system using HTS-SQUI!
(high-temperature-superconductor based super conducting quantum-interference-device) magnetometer.

By our past study, it was suggested that the geomagnetic variation signal accompanying fault movement, whose sources a
the piezomagnetic effects, is very small, therefore development of a high-sensitive magnetometer system is very important.

Since March 2012, we have observed 3 components of the geomagnetic field using a HTS-SQUID magnetometer at Iwak
observation point in Fukushima, Japan.

In this study, we compare the signal observed by HTS-SQUID magnetometer with that of our flux-gate magnetometer at IWK
and that of Kakioka Magnetic Observatory, and investigate the sensitivity and the resolution of the signal. Additionally, we show
the geomagnetic signals observed during earthquake occurrences at Iwaki observation site.
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Geomagnetic field variations associated with the 2011 off the Pacific coast of Tohoku
Earthquake

# Ikuko Fuijii[1]; Hisashi Utada[2]; Hideyuki Hirahara[3]; Jumpei Ogi[4]; Fuyuki Takahashi[5]; Megumi Kaito[4]; Yasuhiro
Minamotol[6]
[1] Meteorological College; [2] ERI, Univ. Tokyo; [3] Kakioka,JMA,; [4] none; [5] Kakioka Magnetic Observatory; [6] Kakioka
Magnetic Observtory, JIMA

Geomagnetic field variations observed at 19 sites from December, 2010 to April, 2011 were analyzed to investigate signal
associated with the 2011 off the Pacific coast of Tohoku Earthquake that was occurred at 5:46 UT on March 11, 2011.

As a first step, we attempted to remove variations of main field and ionospheric/magnetospheric origin from the data which ar
uncorrelated to the earthquake. A procedure using a stochastic filter and one using a Kalman filter were tested resulting in larg
residual amplitudes at distant sites from a reference site. Log-term variations in the residual were relative to that of the referenc
data in the stochastic filter approach and that make it difficult to investigate a long-term variation associate with the earthquake.

The Empirical Orthogonal Function method (EOF, or also known as the Principal Component Method) was applied to the
data set. Data gaps shorter than 30 minutes were temporally filled in the EOF analysis so that a larger portion of the data we
analyzed. The time period used in the EOF analysis ranged from December 1, 2010 to March 11, 2011. Four (X, Y, Z and F) ol
two (X and Y) components were used.

Choices of the components or a small portion of the sites made no fundamental difference in the results. We briefly describ
our results below.

No particular dominant modes were seen in the eigen values of the covariance matrix.

Spatial distributions of the first and second modes suggest that these are in-pahse variations in the Japan region. The thi
mode shows latitude dependency in the Y component except the Chichijima observatory. Higher modes are dominated by a fe
components. Therefore, variations whose spatial scales are smaller than the Japan region are scattered in the higher modes.

The residuals is computed by removing the first and second modes from the data.

No unusual variations are seen at first glance before the earthquake occurred. A trend variation just before the earthquak
which is claimed in GPS-TEC variations, is subtle.

Three vector components at Esashi changed at the same time as the earthquake, but no changes are seen at 19km-apart M
sawa suggesting it is not of earthquake origin. The geomagnetic field at Kakioka slightly changed then, but effects of earthquak
tremors might be remained according to the observation record at Kakioka.

The geomagnetic field at the eastern Japan started to slowly vary just after the earthquake. It might be difficult to detect ¢
variation of mechanical origin out of this change, because Utada et al. (2011) and Zhang et al. (2014) showed the magnetic fiel
changes when the tsunami occurred off shore.

The F component at Kakioka increased with unknown cause before the starting time of the GPS-TEC variation of tsunam
origin.

The geomagnetic variations at most of the sites show variations at or after the starting time of the GPS-TEC variation of
tsunami origin and those variations seem to be consistent with the GPS-TEC variation.

No substantial variations in the Z component are seen when the tsunami arrived at the sites of Honsyu island. That at Chichijim
shows a clear periodic variation after 6:40 UT. A small variation caused by Tsunami induction may be seen in the F difference
between Kakioka and Kitaura.

As a rough summary, pre- and coseismic changes are not substantial and the variation of Tsunami origin is detected.
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