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Electromagnetic waves radlated from the ground
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[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.

[2] M. Tsutsui, T. Nakatani, M. Kamitani and T. Nagao, Polarization and propagation property of electromagnetic pulses in
the earth, in Proc. IGARSS, 2011, pp. 838-841.
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Three-dimensional forward calculation of magnetotelluric responses using a mesh-fre

particle method.
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Accurate forward calculation of electromagnetic induction in the earth is essential for quantitative modeling of subsurface
resistivity structure. The expression of complicated topography and bathymetry in the three-dimensional (3D) model should b
carefully handled for accurate numerical calculations, but frequently ignored, unfortunately. For example, a widely-used 3D
inversion code of magnetotelluric (MT) data is based on the finite difference method (FDM), in which the 3D model consists
of assembly of rectangular blocks. Therefore, a smooth relief on the ground can be expressed as stair-like hills and valley:
Previous studies indicated that such step-wise approximation of topography yields large calculation error of MT responses. Th
finite element method (FEM) can include the smooth topographic relief in the 3D model, while the selection of proper mesh
configuration for FEM is a hard task for users.

In this research, | developed an new 3D MT forward calculation method with

with MPS(Moving Particle Semi-implicit) method, one of the mesh-free calculation methos. The main purpose is the proper
expression of topography / bathymetry in the 3D resistivity model. The MPS method is a particle method and is developed for
the simulation of incompressible flow by Koshizuka and Oka (1996), and has been tried to apply for the one-dimensinal anc
two-dimensional MT problems. | use the MPS method for the 3D simulation of electromagnetic induction in this study. In the
forward calculation, electric field and magnetic field are defined at each particle in a calculation model. MT responses are thel
calculated on an arbitrary point (on the surface, on the seafloor, and even in the earth). The results of MT forward calculatior
indicate enough accuracy and capability to calculate MT responses with complicated topography.
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Accuracy evaluation of MT response calculated with Particle Method
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3-D forward calculation and inversion of magnetotelluric data using the meshes including
the actual topography
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The author developed a 3-D MT inversion code using unstructured tetrahedral elements and a tool to make computationz
meshes including the actual topography from digital terrain data.

It is important to consider topographic effects in interpreting observed data of magnetotelluric (MT) method. Without ignoring
these effects, it is, therefore, possible to misinterpret subsurface structures because the observed data from MT surveys can
strongly affected by the topography around the survey area. The most straightforward way to take account of these effects is 1
incorporate the topography explicitly in the computational grid used in forward calculation and inversion, and this method can
be applicable to a wider range of surveys.

Among space discretization methods, the finite element method using the unstructured tetrahedral element is considered to
one of the most effective method to include topography in computational grids, because it can represent topography precisel
without using too many elements, and a number of robust meshing algorithms have been proposed such as Delaunay triangulati
method and the advancing front method.

The forward part of the developed inversion code uses the edge-based tetrahedral element to calculate the electromagnetic fit
on the earth’s surface. The inversion code can use the impedance tensor, the vertical magnetic transfer function and the phe
tensor as observational data, and it estimates the subsurface resistivity values by updating them using Gauss-Newton method.

To make 3-D computational mesh of model, the tetrahedral mesh generator TETGEN (Si 2007) was used. This progran
constructs a tetrahedral mesh by the constrained Delaunay triangulation method from an inputted piecewise linear comple
(PLC). Thus, in order to make a 3-D mesh containing topography, the author developed the program which makes the PL(
including the topography. First, this program makes the 2-D mesh including land-sea boundaries by the 2-D constrained Delaunc
triangulation method from the data of coast lines. Next, the altitude of the water depth of each node of the mesh is interpolate
from topographic data by the inverse distance weighting method, and then outputs the 3-D PLC containing the topography.

With the aid of the inversion code and the meshing tool, the author will perform forward calculation and inversion using

the mesh including actual topography to evaluate the topographic effects precisely and interpret subsurface resistivity structure
accurately.
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3D Electrical Resistivity Imaging beneath Kyushu by Geomagnetic Transfer Functions

and Network-MT Response Functions
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The Kyushu Island in the Southwest Japan Arc has many Quaternary active volcanoes, which exist along the volcanic fron

of N3OPE-S30W, in relation to the subduction of the Philippine Sea Plate (PSP). The volcanoes are located in northern and
southern regions of the island, and no volcano is located in the central region between the two volcanic regions of the island. W
have performed three-dimensional (3-D) inversion analyses to obtain a lithospheric-scale electrical resistivity structure (model
beneath the entire Kyushu Island by using a data set of Network-Magnetotelluric (MT) response furtdsitanet|al, 2015].
One of two major findings from a distribution of conductive anomalies in the model is that the volcanoes in the northern and
southern volcanic regions have two different origins bordering the non-volcanic region at deep depths. Secondly, the degrees
magmatism and the relative contributions of slab-derived fluids to the magmatism vary spatially in the one non-volcanic and twc
volcanic regions.

A shallow depth resolution of the lithospheric-scale resistivity model, however, was too low to examine small-scale resis-
tivity structures of the crust because of the period range between 480 and 40,960 s of the Network-MT data. Thus we hav
started to perform 3-D inversion analyses by using a data set of geomagnetic transfer functions whose period range is from 2
to 960 s to obtain a resistivity structure model, in which we can examine smaller-scale structures. The geomagnetic transfe
functions were determined at 167 sites in the Kyushu district. Original raw data sets for the geomagnetic transfer functions
were measured at the entire Kyushu island and several islands off the western coast of Kyushu frentol9890s [e.g.,

Handa et al. 1992; Shimoizumi et al, 1997; Munekane et al.1997]. In this presentation, we will show a new electrical resis-
tivity model, which is obtained through a two-stage inversion process as follows. We determine a resistivity structure mainly at
a shallow depth by applying 3-D inversion analyses for the geomagnetic transfer functions of 20-960 s first and then determine
lithospheric-scale resistivity structure by applying 3-D inversion analyses for the Network-MT response functions of 480-40,960
s, which is based on values of the previous resistivity model determined by using the geomagnetic transfer functions. In the
two-stage inversion process, we use two types of DASOCC inversion &adeLjnvaraporn et a/2004;Uyeshima et al.2008;
Siripunvaraporn and Egber2009].
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Temporal Resistivity Change of Crustal Resistivity Structure Before and After the 2011
Tohoku Earthquake
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The NE Japan was under the EW compression and localized strain distributions were observed along the Ou backbone rangt
which were responsible for generating the large inland earthquakes. The coseismic displacement of the 2011 off the Pacific Cos
of Tohoku Earthquake (M9) released EW compressional strain and generated EW extension over the region. This earthquake h
a great influence crustal dynamics in NE Japan. In particular, the seismicity around the Naruko area has sharply decreased. T
GPS displacement show extension deficit (Ohzono et al, 2012), i.e. the Ou backbone rage shows less EW extension compar
to the surroundings, because of the anomalous viscosity under the Ou backbone range. INSAR detected the subsidence of
geothermal regions around the Naruko area (Takada and Fukushima,a 2013). These suggest existence and migration of crus
fluids after the M9 earthquake.

MT is suitable to detect the fluid migration in the crust, as the resistivity is sensitive to the existence an connectivity of fluids,
although they are minor components in the fluid bearing rocks. The previous profile MT dataset over Naruko volcano were
obtained in 2003 (Asamori et al., 2010) and we tried to repeat MT measurements at the same places in 2013. Altough we tried t
measure at the same spots, the locations are not exactly the same. In particular, we worry about the difference in the near surfe
local structures of the 2003 and 2013 sites. To overcome this difficulty, we used phase tensor (Caldwell et al, 2004) as respon:
functions, which are insensitive to galvanic distortions of the near-surface local structure. To evaluate the temporal changes, it |
important to show the errors of the phase tensors. For this, we used boot-strap method with 1000 realizations. We compiled tf
difference ofx, 3, pmax,¢min with error bars for all the period range. We found some consistent differences in the phase tensor
parameters.

F—TU— R HH, FZE, < 7% b7V 7 X 6T V)b, Bidk
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Electrical conductivity imaging of "Normal Oceanic Mantle”
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Teo F10REHIT—2 D5 60EHIZK L TUY TV VT LT —RET VFIAVT VT T 0 VR ZHEH L
TEOMHIBRICY B> TV T LT —2DgHh 5. HEkD 60BFHIT— X THEE L1z MT L AR AD 40070 & D
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FHXr a7 b THESNIINEENIROEE (CHEE) TOETIVICEERS EEEICHEN, &0 5 FHUIHER DO
REEETH %,

A. B. CHHED PN MEAEAENE,. ZNZFNH 130, 140, 147MaTH b, TL— MAHETIUCHE DL &, Th
5 OERFEIC X BIREREDEWIZIERIT/NE W, LD > T 3iOBLLEEEET T IVOER, H—k~<Y bU
DO L— MGHIETIVOERZETHHT S T L I3EH L,

F—T— R ifgrE B > MoV, JEEARCEE, KB TRE, < 7R F TV Uik, ERURE RS
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Electromagnetic investigation into the mantle transition zone in the Normal Oceanic Man-
tle project
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=0 EFOS% 20124 9 AIC&E L, 20144 9 AICRIN L7z, —D D EFOSIZ EEMIIHR 2 fERIC BN THED KXWV
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Development of geomagnetic total force models by applying Natural Orthogonal Compo-
nent (NOC) method
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2R L TWd. NS OEREIHIT — 2 & —FHSHEOBRN S, HARZE OS2 BICR U TR D
TER » DRENT VS, HEKIE ST T V] L0 FEZHOTERNENTWS. TOETVIE, HAS
F O SORFHIZ L &2, HROERBN T —2 & —FHKHAEO T — 20 oHE T 2 FEIC K > TEREN S ET IV
T, ANTIFEN RO DOFETEZ VT WS, 2078, WKIEKOWFR D RREGFHRA LR >TED, FHO
HIZ BT E 2 DV OBIHIRHINCON L TBIREZ X 5 LR TERWY. £ THHE, AFE=RT 5 Lick->
T, KOMDEREEDREZFFDETIVOMER AT, ET WSR2/ L L, Bixs 20T —% (2]
T—R, MK =T —%) 26 2O RN ETIVEIERL, ZNENZAT—ET )V, NXT MLVETIVEL
Te. BETIVIEORNGED 728, —k & SSAMGEEZIT > ek, A AT —ET IV T 2.6nTORED, N7 FILET )V
T3 InTORENMFON. MERLIZET )V, & LIUEAORHENBINOT—2D F LY FRRAICHW LT 2,
HROBINA T, 20114 3 H 15 HOFRMEHFHIZEIC K> TR > T E TV HMAIIRICK 5 £ D L b B K2
MIABICHERE CTE S X DIk o Tt

F—T— R BRI, BRESTET IV, BREAERE, #X
Keywords: Principle Component Analysis, Geomagnetic total force model, Natural Orthogonal Component, Geomagnetic charts
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H AR JEA D M SRR 2 LR D ZE [ /i A 2 R LS % O & DD ik
A method of representing standard secular variations around such as Japan

ok L 1
YAMAZAKI, Ken'ichi '*

U RTEROREAR ST R IS & > & — i AT

IMiyazaki Observatory, Disaster Prevention Research Institute, Kyoto University

iR a2 NiE OB E LTH 5D LS DIRMERTT IV EMEN, FRCBHSBEE OO I 2SR e Lizs D
FHBEHIE S E TV EMHEN TV %, B2 BHI T3 5 N7z IR SUBLRME D © MBS 7L 2 MERR S % BRI BT
fECxTg 2Nl & Bt 2 H0, [ARFIC, E4RREERE H TED 2L EICIIZEMNERER S OH M T 57 1 VX
ERHIETTEETED, MK ETIVIERICIE, MBI EITEHAEDHOENTVS [Jz & 21X Haines, 1985]
N B ZHRC K 2R TH B, 72L& ZIE, Tazimaetal. [1976, JIGGE 19704141 [F - HIFREE O —ZFREAHNE
TR LN 2ER 100 51 TORFELRZ ) T EICHEERED 2 XA TRE L TWa, J0HLLEDTE, Jietal
[2006, EP Sy E 1t FRBE oD HIBRFE R SOE ST BIIIRC Bk 2 22897 % 72 8bIC Spherical Cap Harmonic function Analysis (SCHA)
[Haines, 1985z W 7ot R Z2 it L T %, Y Tld. B SCHADRFTHAEARMNDRIEZIEELIEDE LT
R-SCHAMEZR & 1 [Thebault et al. 2006, JGR] HUE7V) > ZIGHEN TV S,

ST TIVDTERE L S 25 H O T & DGR B O TH %, MR IR ST 13 IR A E 7L
KET2LDK0 L/NEHEMERZEDEMRENS, £ T, BBIHNTE 5N 5 M BBINE & R E T
WOTHHEDZ: & UTREATZERY % &, SHAIHRRIEOME AL 2 LB T 5, LHRTE S,

HgGEIR ORI B O 2 HI &9 5558, BHFEOMRSAE 7 IVIEBUTIEIC B NBE R 5 %, ) T EIc 2T
RNz H TR BITETIE, JFENTE. BROZWEIORS A 72 3 N E IERESE 2 — R I3 S RV, Tz,
ROZIHANZE S & EDOREFEDFERE TIFHFBGEIR OB LB WA BT & 2 Oh 2k d 5 C £ & TE ALV, SCHA
® R-SCHAZ WG, HARD K S ICEMOEEKICBWTIEAT U BRI OER Mz E NS, 207,
BRDETIVIRT A—2 (BRIEFIRBIEFET O A ZREBICHHY 9% £ D) IFIEL SRETERL, FEBE, Jietal. [2006]
DFFER T HRIBEUHDFEDIU  TIEAHRICKEGRELMDNTHEN TS,

ARG T, RSN (7 & AXHARTNE) ICERKZ IUE U 7RIS AI B 072 35800 04 L TR 5 B KR 72 5
KPR LS B TR IRE T B TODIETIE, REENB LA S 75 A A2 9, Tz SCHAZEZFI
THEEERED . HREHOIARN IR CT&  TRERMENMRIcN, ZORRE L TETIWISTI AR ZLELT
RDZHTENTED, EHIT, RERTORBAINT D SREBRINICHI SN TWB YT ZRED AT MIVAIZRGES % T
LT, fTYID RO R E T Z2/BNICHHEITT 5 T LN TE %,

F—U— P MESRHAEZEA b, MRS T 77U, 2287041, BRITERAIBEEL, 5000 70hT
Keywords: geomagnetic secular variation, regional geomagnetic field model, spatial distribution, Spherical Harmonic Functions
Principal Component Analysis
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2=kl (7 4 ¥ ) 1B % 2010— 20114 7EENC I 5 22hd 121k o
Total Magnetic Field Changes associated with the 2010-2011 seismo-volcanic crisis a
Taal Volcano (Philippines)

BHFE— 7= A RV KB REFA !, A0 b=F Dr v o3,

Va ALy NVAL IS

SASAI, Yoichi'* ; ALANIS, Paul k. B2 ; NAGAO, Toshiyasti ; ZLOTNICKI, Jacque$;
JOHNSTON, Malcolm j. S.

VEGER < WEDE, 2 T 0 U A LERE, 3 ENIRFEISEE 2 — (1), * BREME AT (7 XV AERE)
'IORD, Tokai Univ.,2PHIVOLCS (Philippines)?CNRS (France)!USGS (USA)

FAa1F 20054ELLK, 74V EY LY Y EDZ—)L KB N TG HEO S, 7a b UEHC X B2/
BUAS BAREBA OBTAZ1T> T E . 20104 4 HIiZ Z—)Lk1L Volcano B BWTHIERIEA 2 LT, 7 HIZEDE:
R Bt 2 HEIC k- 72, HIEBEHICIE 20111 EE T4 D=7 HH D, ZE L ~N)VOY[EIC PHIVOLCS
597 L7z, Volcano & DJLMIRHEIC T 4 D 7’1 b VIR ERETDRE SN TE D, FO7—2ZH0T—HOiEH)
ZHET 2 )T IV EER Lz, Volcano BOHYLBOH R 1km b 5 4km IZERE 3km DK X HEBUKENH D, FD
R « D RRENZLICKREZELEE L TWA L 572, COEBNIES skmic <7< EA L BN 2R IR
L, ZThBXUMEFAEDSES 2.5kmEHuLE T 2BUKBICHHE SN T, BUKIRORE & IO RBIBRFAE OB
Ko THIETFEIM I S Nz e EZ 5N 5. THENCIEY, ARG OB DB Nz, 22—V LUEADORA
14° L%, BUNAEEZ B EZOE FTCRERNEMNZ > THINT 5. HiiZss) & i 2 b RFEICHS T 3D T,
CLVEGIRDPFRER EEZ 5NS. BRDIIFRETIVIZIEEEREFA (Davis, 1986)TH 20, xnd % LV ET
JEKRFERIZD TIEAETTIVTRAT 5. RO ALEHIGERZE 20T, HRORIMERZ 1x10PMPa & —HhNE <ES
B0, WEISIRENE 2MPa! & —HiKE < &3 EHEESN, MEDHETREI ELVHLORZIRZESHRWV. Fa
V) —EE (H) DB AHEINT A—=ZTHBH, Z—I)VKIUHDHERICMEL T THI NIERTHE T E2EEL
TEROET IR UTKER, H=2.5kmZEHH Lz, HEEHIRIC X > TIIH-IBSZbIZIZ & A EETRWD, BUKID
ARIC K o TEMNIZIE S FLFHHTE S, BUKBOENZLE IMPaLl T EHEEES NS, TDOX I ITEKETI TDEL
IKIEORZRE, KILMEREDIEEFEMETH 2 CO, HAZKREICTL T LT, K _MHKENECZDEEILNS.
C OHEANZ F KT 5 D CO, B DHIERRIC K > TR E N 5.

F—T— R Z—)bkill, 2010— 20114758, RREIZL, BUKE, 2V — fSF R, E oY KRR
Keywords: Taal Volcano, 2010-2011 seismo-volcanic crisis, Total Magnetic Field Change, Hydrothermal Reservoir, Curie Point
Isotherm, Piezomagnetic Effect
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Wb E B 354 % HERE OB AT HTS-SQUIDRY /13 oD LTt
A Comparison Evaluation of Geomagnetic Observation Signal Using HTS-SQUID Mag-
netometers at Iwaki Observation Site

FHCFHR Y RALRE L B0 2 B R 2 B0 £—2, RIEEANS HI w3 b E
(SR GETER

KATORI, Yutal* ; OKUBO, Kan' ; HATO, Tsunehird ; TSUKAMOTO, Akira® ; TANABE, Keiichi? ;
ONISHI, Nobuhitd ; FURUKAWA, Chikarg : ISOGAMI, Shinji4 : TAKEUCHI, Nobunad

VEEARE AR, 2 RSB EEE E RNt > 2 —, 3 75 7 U =0, A WE LEREEMERR, 5 AR AR BT
FHIEE - AT > 2 —

!Tokyo Metropolitan UniversityZInternational Superconductivity Technology Centfierra Tecnica,*Fukushima National
College of Technology, Tohoku University

ARETIE, EEROVDEHIIBWTHEH LT3 20D HTS-SQUIDR /G2 i Tz e R H R SRR o A 7 LD
LRI 217 - TR R RS 5.

HEFRERAIC 350 2 Wil EhIC KX 2 ZBEIHEDOENEEHER TH % ¥ T VRS ENIRIC X B HEGARIEIER IS
BETHBEZONS, CORSZMICERIL, M3 %7DIEN TORIEERIFHS K 28GR %17 5 24
TEhH 5.

AL T I —T"Tld 20124F 3 H X O HTS-SQUIDRE IR Z W Bl Z M L T\ 5. AFRER TR, Wh BN
BOTHEIFENE Nz 280D HTS-SQUIDEIRTE & 5I, 75w 7 A7 — Mg S1ETOES L LUt L, #HifzicEA L
7z HTS-SQUIDR 15T (2 5#%) DEF/MENIREIC 350 2 HEREDFHBAS 2 8 U, i i i g S B D r] R 2 /R g

F—1U— F: HTS-SQUIDR /1, HURKSBIN, O ¥ T RIS
Keywords: HTS-SQUID Magnetometer, Geomagnetic Observation, earthquake piezomagnetic effect
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