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& WEENEEMRENTHRITZICEERHTULD, —RIC. BRIT—IEBCEBRIBHEICIE2DH
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B BEETIVICE DT, MIERICEHHIAEINTL S [Yoshimoto et al. (2006)]. CDEFIVICHITDR4E
DIRIVF—ZEDORRE - ZAREE, L8 - BEAERICKS. AARTEICEERTENREL, ALD
OYMMBETHSI—FEIRILF—DmEKRY, CHOLSHFRFMIOMTTERSNIOAERARZ. &5
(CHE - BERETILEEAL CRENEEHELZ.

FRIT(C(Z, AEEE-HBstE CRA Lo 00BRIE (20132828, F#S102km, M6.5) &3BIRUTIc. BRI
AR DS REMEE MBI -net kD, IWBEREBBOEURIORDBTRZEAVz. FERROEEA - B
it - £ TEh 3 RO DFREDBRICDOULT, 2-4, 4-8, 8-16, 16-32Hz OEREED/N Y R T 1 LI NEE
Tolz. ZNSMOSI—FED SHWEADOBRERETIDED, ZNENICH L TZRFIRBOIR I EE L
L7z, ZDMECHES - LBV Y MVDOFHNELZBE 3.0[g/an’] EEL BT EICKDST—FRIRIVF —ZE
ELre.
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WOy RhSOERMERICIRIVF-—RNBL TR EVSEIAEAFROBRKARSNz. FEBRICHT
BZALTOYERMSOEMESI—FRIRIVF—EENEREBAREECE(CARND L, BMRITOIXRIL
F-BEERHE & E(CEREHENICRILTUBDIICHTL, FEIMIO I RIVF—BEIEREICKISFIE—
EEED, BEREICHVBHEHNICEL TS, EilAIOZEMBDERDEFEEREE I L CEIbtS
DIER (2-32Hz T (1.7-4.8)x107 [km']) KD2-3EREASTVN, ZORERBMKEME(IEIG & RREE L
43, I8 - BEEFIVICEINSE, SiEIOZERE DSBS & BERBOLLOFEARTRE D, FENE
DEFRLRIBEEHCTRESD. COBEKRERMERICERL, INESHOBERE (0.01[kn']) &R
ELTHERED @ ' EERSDZECS, EIEID @ ' ERFEEEEHETRIMA KL D PPREFN\EREE
SNfe. —ACREMEAD Q MEFEMEIL DTS, Q7 oof | REOERBIKEEER > TUZ. Rk
D/ERIE, D2 DOMEEREITLEBSICERDHSNE.
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EREEEACHIBERENREVI ) —VEROBEEZENE LT, LEUVNIBOKEETV VY IZE
[ELE—RTH TEEETIVOHEENR SN TLS (e.g., Ichinose et al. 2003; Kakehi 2004; Asano and
Iwata 2009) . AFAERTIEUN=2 DI v U FVIVITEHET VT HIVOE (rjMMGE. Green 1995) &M
Wz, — RO TEEDHEZBNE TSR T Y N—J3a VFERERRT D, riMMCEERBVZ~S
VRTAAXYITIFIVAVN—=TaVOFASHEEBEZDDE CAFEATETUS (e.g. Malinverno
2002; Agostinetti and Malinverno 2010; Bodin et al. 2012; Dettmer et al. 2014; Hawkins and
Sambridge 2015) o rjMIMCEDFIRE LT, BFREFETIVIISA—IHEFSHBORINE T SBAFET
5Bz, BOBEUEINDZ—DDERTHDIETIWIISA—IBEADFENT D ELLBRINSBEE
RHDCENTETDIRME(FS5ND (Gallagher et al. 2009; Agostinetti and Malinverno 2010) . B
THBEETIVELE DBUBIIBRENEE LILVWEVSHRT. AR TRRI I RETVNN—TJ 3 VFAEG
BLVNAMERDEEXSND, ZDEHNDFIRE L TIEIMINCETE SN B EBOERDIMNEBORERMEDT
MICERATHIRMAE(TSND, BONCHTEEET IVOAERME(ICET BBERIIERTV/NA—IJ3a D
BREEQEALEICEVWTERI DI ENHEFIND,

—RTHTEEE T IIVOBBEMEREIZDORO ) 1 RElEAVTERIEIT S (e.g. Bodin et al. 2012) , £
ABEROREGHIIDHICHEOTHED. EVCHIUTHBIERET o RFARICHITEIRNMBIBH. &
BOES. EBDVs. ZUTHREOASS(CHEIBZNT—/IISA—TITHB. BEDOVpE LUEEL
Brocher (2005)DIREBERKLDEBDVsHSKH S, BENQSH K UQsldKawabe and Kamae (2008)FH KU
Koketsu et al. (2009)&EEZ(CREDVsHS5KDHD, BEmEFEIIREBILREIESE (Bouchon 1981) &K
5 - BBFREITIE (Kennett and Kerry 1979) ZRHVTEIE TS, ILEFTILOY YT VTICHVTINS
LILFVIRU YO F7IbT) XL (e.g. Sambridge 2013) ZBALTWSD, RS LIS LILT VIRV YT TIL
JUXL(F. MIMCEICHITBETILDOZEE - ZEHICEAR T IRENRRLDIRENLINTETL. —ELOHTEN
ZNORBFOBEEX ORI AN RXFT v VORBE(CEDVWTRBLTW ZCET. TYFUYTDOM
LMDOR LE/INIS A=Y DERZFEHDILTERBSFETH Do

HERTIERT A OEBOERZEAVCERZEL C. AFEOZLUMPLZOEAYZETRI FETH D,

F—O—R ! r,SYRFTARAVIIFTIVEFEAVNN—=T3 Y, RO TEEETIVOEE. YN—2T)
T TIMMCGE
Keywords: Trans-dimensional waveform inversion, Estimation of 1D structure model, Reversible jump
MCMC method

©2016. Japan Geoscience Union. A1l Right Reserved. - S5528-P06 -



SSS28-P07 HAMERSER S EA2016EAS

KRB =1L —23 0731V R A—RIVICEDTEHASF TOMBRCEDER
Property of the seismic-wave propagation in subduction zone studied by large-scale
simulation and adjoint kernels

*E7T AEB'. 79 1 N B s g

*Taro Okamoto', Hiroshi Takenaka?, Takeshi Nakamura®, Takayuki Aoki*

1.RRIEXY BEPp HIKRERZR, 2.MALKXEXZR BARZPHRR. 3BFMERREE HEEK
EBEVAERRA T Y Y — 4 RRITERY ANERERTE Y5 —

1.Department of Earth and Planetary Sciences, School of Science, Tokyo Institute of Technology,
2.Graduate School of Natural Science and Technology, Okayama University, 3.R& Center for
Earthquake and Tsunami, Japan Agency for Marine-Earth Science and Technology, 4.Global Scientific
Information and Computing Center, Tokyo Institute of Technology

At the subduction zones, such as the Japan trench, the Nankai trough and the Ryukyu Islands, the
propagation of the seismic-waves are affected by the strong lateral heterogeneities [1]. Such
effects must be considered in generating the synthetic waveforms for the analyses of earthquake
sources and structural heterogeneities. In the previous presentation [2], by using a 3D structure
model for the northeastern Japan (including Japan trench) and by using finite-difference
simulations, we showed that the observed surface-waves with a period band of 12-40 s were well
reproduced by the synthetics while for periods shorter than around 10 s the misfit between the
observed and synthetic waveforms were large. In order to improve the structure model for the
short-period waves we need to understand the properties of the wave propagation through the
heterogeneous media. Thus, in this paper, as a continuation of the project [2], we study the
property of the wave propagation in term of the adjoint kernels [3-6] which represent how the waves
sample the different part of the structure. As an example, we use the same 3D structure model
(Japan trench) and the same shallow suboceanic earthquake whose epicenter is only about 50 km
landward from the trench (2003/11/1, Mw5.8) as those of [2]. We apply a GPU-accelerated
finite-difference program developed by ourselves [7,8] and use the TSUBAME-2.5 supercomputer in
Tokyo Institute of Technology. As in [6] the adjoint kernels are computed by using two wave-fields:
one propagates from the source point and the other from the station point. We selected a KiK-net
station, Yamada (IWTH21 in Iwate) as the preliminary example. The horizontal slice of the resultant
rigidity kernel at near the source depth (11 km) and at period of 12.80 s shows nearly symmetric
pattern with respect to the straight line (i.e., great circle path) connecting the source and the
receiver positions projected onto the plane of the slice. Thus, for this period, the distortion of
the wave propagation path is weak: the required perturbations in material parameters would be
applied mainly to those along and near the great circle path to improve the structure. The rigidity
kernel at period of 7.31 s, however, shows distorted pattern that represents complicated wave
propagation such as bending and scattering. This result indicates that perturbations just along the
great circle path would not be enough to improve the structure for short period waves. We will
consider more kernels computed for the Japan trench and the Ryukyu Islands. This project is
partially supported by HPCI System Research Project (hp130118), JHPCN (15-NA12) and KAKENHI
(26282105).

References: [1] Nakamura, T. et al. Scientific Reports, doi: 10.1038/srep16648, 2015. [2] Okamoto,
T. et al. JPGU Meeting, SSS25-P@2, 2015. [3] Tarantola, A. Geophysics, 49, 1259-1266, 1984. [4]
Tanimoto, T. Geophys. J. Int., 102, 89-100, 1990. [5] Tromp, J. et al. Geophys. J. Int., 160,
195-216, 2005. [6] Tanimoto, T. and Okamoto, T. Geophys. J. Int., 198, 1081-1095, 2014. [7]
Okamoto, T. et al., Earth Planets Space, 62, 939-942, 2010. [8] Okamoto, T. et al., GPU Solutions
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Keywords: adjoint kernel, subduction zone earthquake, modeling short period seismic waves, GPU
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Seismic amplitude fluctuations in small-scale random velocity heterogeneous crust
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detectability of temporal variation in seismic velocity around an earthquake source fault,
using a seismic interferometry
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On the basis of experimental studies (e.g. Yoshimitsu et al., 2009 and Lockner et al., 1977), it
has been expected that seismic velocity decreases prior to earthquakes. To detect temporal
variation in the velocity, stable monitoring of the velocity for a long time is required. Seismic
interferometry using micro-tremors is one of the potential techniques which enable us to detect
such variation if seismic stations are densely located. With a seismic interferometry technique,
some researchers have tried to detect the velocity variation before and after an earthquake using
seismograms of a station pair whose interval was longer than ~20 km, but remarkable variation
preceding target earthquakes have never been reported. If we can use seismograms of a station pair
with a shorter interval, we might be able to detect the variation. In this study, we chose the 2014
Nagano Kamishiro Fault Earthquake (Mj 6.7) as a target, whose source fault (Kamishiro fault) is
located between two NIED Hi-net seismic stations (N.HBAH and N.HKKH). The interval of these
stations is about 7.3km.

At first, we investigated how frequency contents of micro-tremors depend on time, such as day or
night, weekday or weekend. After checking, we confirmed that seismograms on Saturday night are the
best for our analysis. After applying one-bit normalization, we divided continuous seismograms into
one-minute seismograms. Then, we calculated the cross-correlation function of each one-minute
seismograms pair of two stations, and stacked all cross-correlation functions for a period of six
hours, on Saturday night. Finally, we obtained stacked cross-correlation from 2011 to 2015.

We found obvious and pulse-like phases around -2s, from which we estimate apparent seismic velocity
~3.5km/s. Further, we found the increase and decrease in velocity during two years before the
earthquake. However, the variation of average velocity is as large as 10%, and we cannot find any
corresponding phase in positive time. Moreover, we could not find any coseismic variation. It is
suggested that distribution of the micro-tremor sources is anisotropic and asymmetric in space and
unstable in time even though we focused only on November and December for every year. Consequently,
if we try to detect the structure variation around a seismic source fault, we should confirm that
the spatio-temporal distribution of the micro-tremors source does not change.

Acknowledgments: We used continuous waveform records of NIED high-sensitivity seismograph network
in Japan (Hi-net).

F—O—F  ERTESE. BRHE

Keywords: seismic interferometry, micro-tremor
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Effect of successive aftershocks for one-bit normalization on the seismic interferometry
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Subsurface velocity change in Miyagi prefecture associated with the 2011 off the Pacific
coast of Tohoku earthquake
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Seismic Wave Propagation in a 6-story Building Using Seismic Interferometry of Strong
Motion and Broadband Records
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Seismic waves generated by earthquakes propagate from the source in all directions throughout the
Earth. At a given site on which a building is situated, incoming seismic waves, which are a
convolution of the source, path, and site effects, propagate inside the building causing the
structure to vibrate. The response of a building to earthquake ground motions mainly depends on the
velocity of shear waves and their attenuation in the building. To investigate the response of a
6-story campus building of the University of Tokyo, we deployed ten 3-component seismometers (5
strong motion and 5 broadband sensors) for 5 months between July and November 2015. The building is
28.8 m high from the basement to the roof top, and has a rectangular shape of 85 m by 16 m, with
the long side on the east-west axis. The strong motion and broadband seismometers were placed
together at the basement, 2F, 3F, 5F, and roof top, and recorded continuous data with a sampling
rate of 100 Hz that was shifted to 200 Hz for the last month of the experiment. We use
deconvolution interferometry of ambient vibration and earthquake records to determine the
properties of the waves (e.g., wave velocity, frequency content, and attenuation) propagating
inside the building. We find that the frequency of the fundamental mode is around 2.7 Hz for the EW
component and 3.1 Hz for the NS component, due to the rectangular shape of the building. Moreover,
extracted waves propagate faster in the NS direction than in the EW direction. We also find that
the deconvolved waves computed from strong motion and broadband records are similar for this
building. However, broadband sensors would be more appropriate to investigate the characteristics
of high-rise buildings that have long natural periods.

Keywords: Ambient seismic field, Seismic interferometry, Building response
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Kathmandu valley, housing the capital and most populous city in Nepal, lies in seismically active
region of the Himalayan collision zone where large earthquakes occur during certain periods. The
valley in central Nepal is a basin formed by drying up of a lake of Plio-Pleistocene origin and has
~ 600 m thick unconsolidated sediments. It has suffered the brunt of past earthquakes due to the
wave amplification as a result of basin effect. The impact of an earthquake is directly related to
the amplification of seismic waves due to the sediments in a basin. Hence, it is necessary to study
the behaviour of seismic waves in the basin to help reduce the damages to infrastructure during
earthquake. To meet the aim, seismic records and information of underground structures are
necessary. Though previous studies have tried to study the underground structure of the valley,
there is still much to be done.

The records of a medium sized (mb4.9) earthquake is used to construct a 1-D velocity model of the
basin. The earthquake occurred in 2013 August 3@ in Tibet-Nepal border (8@ km NE of Kathmandu) was
recorded in four accelerometers installed as a collaborative work between Hokkaido University and
Tribhuvan University. We used acceleration record from the rock-site station as the input motion to
model the velocity structure under three sediment-site stations. Available geological maps and
borehole logging data were used as the basis for constructing the velocity models which were tuned
with trial-and-error. The SH component of the input motion was band-passed filtered (0.1-0.5 Hz)
and passed through the velocity models by using the Propagator Matrix method to simulate the
waveform for the sediment sites. The input motion was considered to impinge the basin
perpendicularly as the hypocentre of the earthquake was more than 50 km deep. We fixed the shear
wave velocity of basement rock as 3.2 km/s based on the 1-D velocity model of the Himalaya region.
As the shear-wave profiling carried out in 2011 during the installation of the accelerometers shows
the rock-site station to have a shear wave velocity of more than 700 m/s, we considered a ~20 m
thick weathered rock layer at the bottom of the basin overlying the fresh bedrock.

We found a good-fit of the simulated waveforms when compared with the observed waveform in the
initial S-wave motion of the Tibet Earthquake. We also used the same velocity models to simulate
the 2015 Gorkha Earthquake (Mw7.8) and they also showed a good-fit with observed waveforms.
Nevertheless, the amplification in the later phases in one of the station couldn’t be simulated
properly. The complex basement topography and 3-D basin structure might have played a role in the
high amplification in the later phases. We will work further in understanding the 3-D basin
structure of the Kathmandu valley in future.

Keywords: Kathmandu Valley, 1-D velocity structure, Propagator Matrix
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Numerical simulation of long-period ground motion generated from intraplate earthquakes
around Ibaraki and Fukushima prefectures ~ Part II
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MEERVT ZXTthBEBEET ILOZEMETMI ST LDZANTEEERRL TRBEET U
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RIC, TIRRILEBAREICH (TS MEBDGEISEE BRI 32 (C. BBIESTNZ= TS ETILIC
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THEIINSREAMAMES IEBOABEMNEBER CTH S EEIBET S oH(C. KIREHRTRET IHED
RETL — MERORVMEE(CSWT(E, B L2 REBIEES NG L DMETNLVC E&EBE L,
BUEDLSC. FHERVEESROERIBNHATRE UL AEMRAME (C L 3 ZIRBAFEICH (T3 R
EECRAL TFHE - 2T UBMEMREICDVT, BEUBIREETORBRERET I Do

1) BRY, WERE, WRE, LESE, NEE ZHER  JRRNUEBRORRETHRE U NEEH
AR (C X SRIBMBAFEICH (TS REAMMES CEET S5 - 27, BAMIKRERIZES2015F XK

=, 2015.05.

F—U—F ZRTMBEBEES L. REENES. EERLEDME. KEHCEENR
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The feature of waveform in Japan of two deep earthquakes which occurred beneath Peru on
November 24, 2015

*EAIR HAER. 2N g’

*Shutaro Sekine', Kenshiro Tsumura'

1. MEFAMREMRRES
1.Associatinon for the Development of Earthquake Prediction (ADEP)

2015511 824822654593 387 &£ 503538 (UTC) (C TS TILEF ) QEBETIADFE S 600km<H (5 L\ T2E D
EHERVTRELR. USGSICENE2EDIEE EM 7.6DMETH D, XN ZXLBREEMBRTIFL
KOEMETH Iz,

COIDDFEEIMEBSHAZETEHAINTULEIN, ZOHEAREENURTRETHDE, —DHDMEE —ZDH
DIE(ICHS VW TERARIBLENR—ETIEEL, 0.BHIS2UZBEDESDETNRELTULZ. XAZILBREYD
—F1—RAZEFRACTHS 2 DOMEICEVTIDEDICKEFLESDENREDINDNRBEIE B, EC
CERARSINEHTEDCEICLTE.

CHOZDOOEENSRT, BAOENWEIAER CHIBENSISENEHEICNBLTHD, YvR—Y—Y
DEETHD143E(E, TS TERBLTLWDC LD -2, T, BREREAELLECS, BRXIRIE
ZEHIMT U Tz BB (&, PKPYOPKIKPIEE MIRBF CHIRIECH D Ehh e, CORBDIRIES I, The
NOMEICSVTIIAERNWEEBRZHIZDNSRAICKESHED, MEZBIDIE2EIDILOCE
2%, THIOQ2DDMEDERN.SEFEMNTHEEL TLZEICLDT, BERATNLEAIC, 2DDHED
BRANIRIBLLAZ{ET D&MD oz,

HEKRTE, BARBHCH IFTDICNSOMEOFRFEOIFEERL, XNZIXLDOFEFERUV\CHMHS, HEK
ABBEDEEMNRENCTSVESNEINCDVTERET S,

F-O—F: IvkE-U—T, REME
Keywords: shadow zone, deep earthquake
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