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waveform and numerical simulations using 3D heterogeneous model
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Seismic wave attenuation is an important parameter in geophysical studies, thanks to its sensitivity to
physical parameters of the subsurface such as, fluid content, lithology and fractures. So, an accurate
estimation of this parameter can help to enhance the geophysical interpretation and also to increase
signal to noise ratio of seismic data. However, getting an accurate seismic attenuation profiles is
challenging due to its high senstivity to noise and immaturity of the methodology. The challenge is bigger
in the case of carbonate rocks media, due to their high heterogeinity and complex lithology.

In this study we estimate seismic wave attennuation from different oilfields having different locations in
Abu Dhabi. The subsurface of this region is mainly composed of carbonate rocks. We implemented a
robust processing workflow and we developed a new methods, this in order to get an accurate and high
depth-resolution attenuation profiles from Vertical Seismic Profiling (VSP) and sonic data. The results
show a significant contribution of scattering on total attenuation, this can be interpreted by high the
heterogeinity and the complex lithology of carbonate rocks. The scattering and intrinsic attenuation show
a sensitivity to fractures, fluid and clay content. This is a good indication about the attenuation potential
for reservoir characterization and to enhance geophysical interpretation. The cross plots showed a link
between sonic attenuation and petrophysical logs , which means that these latter can be predictible from
the attenuation.

The results obtained herein can be improved if we overcome the limitation of the conventional approach,
which uses well-log velocities and densities to calculate scattering attenuation based on the assumption
that the total attenuation is a linear summation of intrinsic and scattering attenuation. It is important to
confirm the validity of the assumption of strong scattering in order to adequately estimate the scattering
attenuation from velocity or acoustic impedance data. We proposed a new approach to separate between
scattering and intrinsic attenuation based on reforming the modified median frequency shift (MMFS)
(Suzuki and Matsushima 2013) method with seismic interferometry (SI) (Matsushima et al 2016) under the
assumption that intrinsic and scattering attenuation are frequency independent and frequency
dependent, respectively. The numerical results demonstrate the superiority of the proposed method as
compared to the conventional approach and the importance of optimizing parameters in the application
of preprocessing filters to balance the resolution power and noise reduction effect.
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There are now many arrays that have co-located seismometers and barometers. They provide new
opportunities to examine the nature of coupling between the atmosphere and the solid Earth. We will
discuss some basic characteristics of the coupling that we learned from the Earthscope Array when we
analyzed hurricane data.

In our recent paper (GRL, 43, Geophys. Res. Lett., 43, 2016, doi:10.1002/2016GL070858), we showed
that there is a threshold pressure for the coupling between atmospheric pressure and vertical seismic
motions; below this threshold pressure vertical amplitudes are flat and are irrespective of local
atmospheric pressure. Above this pressure the local atmosphere pressure directly controls vertical
amplitudes. This applies only to a low frequency range, below about 0.05 Hz, but for such a low frequency
band, correlation between vertical displacement and pressure becomes very high. The correlation
coefficients (with zero time shifts) are about 0.8-0.9. In a higher frequency range than 0.05 Hz, such a
high correlation does not occur; for example, for 0.1-0.4 Hz which is a secondary microseismic frequency
band, amplitudes (noise) are generated in the ocean and are irrelevant to the local atmospheric pressure.

As an interesting display of this characteristics, we will show an example from a hurricane. When
Hurricane Isaac (2012) moved over some stations in the Earthscope Transportable Array, pressure and
seismic data showed clear effects of vanishing amplitudes near the center of this hurricane for a
frequency band below 0.05 Hz. Both pressure and seismic time series showed vanishing amplitudes,
appearing like data gaps, if the hurricane center moved over a station almost exactly (within less than
10km). But for stations away from the hurricane track by more than 50 km, such gap-like features were
not seen. This may not be surprising for barometer data as pressure is known to be small near the
hurricane center but vertical seismic amplitudes also showed similar small amplitudes. This is of course
related to a high correlation between pressure and vertical displacement in a low frequency band. Such
gap-like features were not found for higher frequency bands.

This feature is somewhat counter-intuitive for a seismologist as we tend to think that the generated
low-frequency seismic waves should propagate from a high atmospheric pressure region. Such waves
should reach the center of a hurricane and cause some seismic signals. There may be some such signals
but the data show that they are quite small; what we observe are highly correlated vertical seismic motion
with the local pressure, an almost perfect phase-to-phase match.
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Microseisms are energetic ambient seismic wavefield generated by ocean swells, which are categorized
into primary (10-14 s) and secondary microseisms (5-7 s). Although observation and application, such as
seismic interferometry, of microseisms have been established well, source locations of secondary
microseisms still remain uncertain. In the present study, we locate dominant source locations of Rayleigh
wave microseisms observed in the Japan islands using Hi-net records. In order to locate microseism
source, we first estimate back azimuths of Rayleigh waves in the period of 4-8 s based on polarization
analysis. Since fundamental Rayleigh waves, dominating secondary microseisms, generally show
retrograde particle motions, back azimuth of Rayleigh waves can be determined without uncertainty of
180 degrees from three component records at single stations. We then search locations explaining the
back azimuth distribution, and select source locations with small location errors. The dominant sources of
Rayleigh waves mainly distribute in two specific regions: 100-200 km off the coast of Fukushima in the
Pacific and off Tottori in the Sea of Japan. The off Tottori sources show a clear seasonal variation, existing
only in the winter season. In contrast, the off Fukushima sources are detected stationary. The seasonality
is consistent with ocean wave activity in the sea near Japan predicted by an ocean action model
WAVEWATCH lll. The observation suggests that Rayleigh waves in secondary microseism are dominated
by contribution from adjacent sea. The off Tottori and off Fukushima sources are located at an ocean
basin with the depth of 1000-2500 m and at shelf slope with the ocean depth of 2000-6000 m,
respectively. The oceanic depths are close to the resonance depth of 1500-3000 m for the period of 4-8
s. Improving source locations and investigating their frequency dependence may deepen our
understanding of mechanism of microseisms.
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Observations of microseisms date back to the early 1900s [Wiechert 1904]. Although observations of
microseisms were firmly established, the excitation mechanisms are still in debate. According to the
typical frequency, they can be categorized as primary microseisms (0.02-0.1 Hz), and secondary
microseisms (0.1-1 Hz). The former frequency range corresponds to that of ocean swell itself, whereas the
latter corresponds to double the frequency of ocean swell. Excitation of primary microseisms can be
attributed to linear forcing by ocean swell through the topography in shallow depth, whereas that of
secondary microseisms can be attributed to non-linear forcing by standing ocean swell at the sea surface
in both pelagic and coastal regions.

The source distribution of secondary microseisms is crucial for understanding the excitation mechanism
of secondary microseisms. A back projection method is feasible for locating secondary microseisms.
However, complex wave propagations of surface waves caused by strong shallow, lateral heterogeneities
prevent from the precise location of the sources. In contrast, body wave microseisms are less scattered
than the surface-wave microseisms. Although the amplitudes of body wave microseisms are smaller than
surface wave amplitudes, recent developments in source location based on body-wave microseisms
enable us to estimate precise locations of forcing and the amplitudes quantitatively [e.g. Nishida and
Takagi, 20186].

In this study, we made a catalogue of P-wave microseisms by array analysis using the high-sensitive
seismograph network (Hi-net) operated by NIED from 2005 to 201 1. We analyzed vertical-component
velocity-meters with a natural frequency of 1 Hz at 202 stations in Chugoku district. The instrumental
response was deconvolved by using an inverse filtering technique [Maeda et al. 2011] after reduction of
common logger noise [Takagi et al. 2015]. The records were divided into segments of 1024 s. After
exclusion of segments which include transients, the frequency-slowness spectra were calculated. The
spectra at 0.15 Hz show that clear teleseismic P-wave microseisms on seismically quiet days when local
swell activities were calm. The local maxima of the spectra were picked up. The centroids of the sources
were located by backprojecting the corresponding slowness. The source locations show clear seasonal
variations. In winter months, they were located in the northwestern Pacific, and in the summer months,
they were located in the southern Indian ocean. Through the years, centroids stayed in the north Atlantic
ocean, although they show a weaker seasonal variation with the maximum in winter. The locations can be
explained by an ocean action model (WAVEWATCKIII: Ardhuin et al. 2011). In further studies, we will
calculate the equivalent vertical single force for quantitative discussions.
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Multi-mode phase speed measurements of surface waves with
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Recent deployment of dense broadband seismic networks, such as USArray in the United States, leads to
the construction of improved 3-D upper mantle models with unprecedented horizontal resolution using
surface waves, although many of such dispersion measurements have been primarily based on the
analysis of fundamental mode. Higher-mode information can be of great help in the further improvement
of the vertical resolution of 3-D models, but their phase speed analysis is intrinsically difficult, since wave
trains of several modes are overlapped each other in an observed seismogram. In case of Love waves,
even the fundamental mode tends be overlapped with higher modes, which result in larger uncertainties
in the phase speed measurements of the fundamental-mode Love waves than those of Rayleigh waves.
Modal separation is not a straightforward issue because several higher-modes share similar group speeds,
but it can be done by utilizing a dense seismic array. In this study, we develop an efficient method for
measuring the phase speeds of the fundamental- and higher-mode surface waves based on an
array-based analysis, and demonstrate its utility through extensive synthetic experiments and its
application to USArray.

Our array-based analysis of multi-mode dispersion measurements is modeled on a one-dimensional
frequency-wavenumber method originally developed by Nolet (1975, GRL), which can be applied to
broadband seismic records observed in a linear array along a great circle path. At first, proper seismic
signals are extracted using varying group-speed windows and slant-stacked with a fixed wavenumber to
generate a “beam” . Since the spectrum of this beam is a function of frequency f, phase speed ¢ and
group speed U, we can construct spectrograms in c-U domain for each f. After the reduction/removal of
spurious spectral peaks by applying narrow wavenumber filter to the largest spectral peaks, the
spectrograms in c-U domain are projected in a c-fdomain, which eventually provides us with multi-mode
dispersion curves.

Extensive sets of synthetic experiments suggest that the method works well for a long linear array with
lateral extension of several thousand kilometers. Estimated dispersion curves in the period range between
20 and 150 seconds using a heterogeneous array (i.e., an irregularly distributed stations) reflect an
average velocity structure beneath the centroid of the array. The dispersion curves are matched well with
theoretical estimation from the average structure depending on the station configuration, especially in a
period range with sufficiently strong excitation of each mode. In practical applications, the reliability and
errors of measured phase speeds can be assessed by using the width of spectral peaks in a c-fplane. This
array-based method of multi-mode phase speed measurement can be of help in the reconstruction of 3-D
upper mantle structures with enhanced vertical resolution.
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TBHIENTED, ANLKER., UTOIENBELICR ST

1. ISHEERRERDICEWTEHESTSHES LW H10EULOBAL VY EHLTWS

2. NMHBEDSHERERD DEAIRIEILHK300kPa TH > - EREDISHET TH2~5 MPad s HZEE)
BRI BHIENTE S,

3. WAFHREISADHELTELERUTE TVIAEFOHRAL vV IIEBRERD ICHE VW TEBIRRR A
W2x10DERETRERL Y P EBLTWS

4, DLEDERISBDEFHEIERMEICE WTHIREN AT =TI T B &R I ERLEHEARETH
%, o TEREMEDHE, Y/ =ZFa1—ROREXPERANZXLDHFICEAL TERTZ25BZTHBZ
ENBESHICE ST,

F—7— N ISAE STSHIEE, BAIL v Y. RibhAXRTFHME (MI.0) . &RKIRIBOICE

Keywords: stress meter, STS seismometer, observation range, Tohoku earthquake (M9.0), record of
maximum amplitude
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R REMCEAEXNOBERDTRBIELRAF—LA
A smoothing scheme for numerical solutions of the seismic wave
equation

“SHBEK, BRE B’ERE KT
*Ryuta Imai', Kei Takamuku', Hiroyuki Fujiwara2

1. » T ZHBERBIHARIN S, 2. ETHHTRERRE AR KR 2R 22T
1. Mizuho Information & Research Institute, Inc., 2. National Research Institute for Earth Science and Disaster
Resilience

REAPMEHAETERBL CVWSIHMERIEE I 2L —2 3 VTR, ERE - FHESHBEETIVICEDV
M TEEETIVICH L TRE LERBEBEOSIROONT WS, LHALRAS, REICIEFBERREMIC
EOTHBDPELDZENLIELIEDH D, TNETORBRMS, HMTEEOEELIH/ABAAKNICKET ATV K
SARNEEDBEICAREILRD I ENEZVWI EIERINTWS, 2T, HEBAREMEENT 570D
FEDVEDELT, MWERIMGIEY I 2L —YavVICERERAF—LABATEIENEZOND, FEEL
IC& > TREABBESHOFHEZBRDAVWEDICIE., ZENICHFATREBEND D& & BIRMICRETEZ S X
DRAF—LDEFLV, AARTIE. WERICEAERLXORESHEICS IT2EEREADOFELRAF+—L4
ICDWTHKRETT %,

AR TIRETIEBERAF—LEF, ERARKXTHIMERBARIICH L T, EREKD 2 5BIRMICHKR
ETHELORBEEEBMT 2 ETHERING, TEEDODEBEBRIE. BRARRICHT 2LRELFE
ELTORLESDEEEZHANICEE —RTOREAERICHIET I EICI > THREMICEH LE, Z0
BWR, BHLABEEIFZ. 7707V EBARROBAEDOHEICE > TRDEINSERFRER>7, UFT
&, REITDIEBERAF—LEBEARKXAF—LEMRRNZEICTE, BEARIZAF—LIRD & S L5
EHFEoTW5,

(a) BB ARIXOFYE CROGEREE) 2#RET 5

(b) FRRM D 5 BIRMICIRET S

(c) BEERBODBREINELUBEOIRILF—DEBILIEPHTH D

AR TIE, BE—RTOREHERICH T 2 HERR L BHBIEFRODICK > TEEARAN LR OK
BEHE->-TWEIEERT, £, BEIBEILIDB/NNTA—Y EFIRETIVEINHB I EETRT,

BEARRNAF—LTEMNTZBEEIEIY Y TLBATROINTWS D, EREZRTH S WIEERTE
FAREAPC, Y —ROMEBRHARIICH L TERZICBERTSIENTES, AFRTIE. ZETRTKE
ARASE L UEFAZRTHEREEESRIICH L TBEARAIF—L%2ERAL T, L WRENGEBRICH
LTHETRBFBIEDOBEZRIETSHIEETT,

*—o— | WEEBHRR. TRERF— L ERPLEHHE

Keywords: seismic wave equation, smoothing scheme, long-period ground motion evaluation
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Time-lapse seismic full waveform inversion for monitoring near-surface
velocity changes during microbubble injection

*Rie Kamei', UGeun Jangz, David Lumley’, Takuiji Mouri®, Masashi Nakatsukasa®, Mamoru
Takanashi®, Ayato Kato®

1. University of Western Australia, 2. Seoul National University, 3. JOGMEC

Seismic monitoring provides valuable information regarding the time-varying changes in subsurface
physical properties caused by natural or man-made processes. However, the resulting changes in the
subsurface properties are often small both in terms of magnitude and spatial extent, leading to minimal
time-lapse differences in seismic amplitudes and travel time. In order to better extract information from
the time-lapse data, exploiting the full seismic waveform information in the data can be critical. We
explore methods of seismic full waveform inversion that estimate an optimal model of time-varying elastic
parameters at the wavelength scale. The full waveform inversion methods fit the observed time-lapse
seismic waveforms with modelled waveforms based on numerical solutions of the wave equation. Using
waveform information beyond first arrivals enables full waveform inversion to achieve much higher
resolution (wavelength scale) compared to conventional traveltime tomography (Fresnel zone scale).

We apply acoustic full waveform inversion to time-lapse cross-well monitoring surveys, and estimate the
velocity changes that occur during the injection of microbubble water into shallow unconsolidated
Quaternary sediments in the Kanto basin of Japan at a depth of 25 m below the surface. Microbubble
water is comprised of water infused with air bubbles of a diameter less than 0.1mm, and may be useful to
improve resistance to ground liquefaction during major earthquakes. Monitoring the space-time
distribution of microbubble injection is therefore important to understand the full potential of the
technique.

The time-lapse data set consists of 17 monitoring surveys conducted over 74 hours which exhibit
excellent repeatability, allowing us to analyze small time-lapse changes in the subsurface. We observe
transient behaviors in the seismic waveforms during microbubble injection manifested as traveltime shifts
and changes in amplitude and frequency content. Time-lapse full waveform inversion detects changes in
P-wave velocity of less than 1 percent during microbubble injection, initially as velocity increases, and
then subsequently as velocity decreases. The velocity changes are mainly imaged within a thin (1 m) layer
between the injection well and the receiver well, inferring that microbubble water flow is constrained by
the fluvial sediment depositional environment. The resulting velocity models fit the observed waveforms
very well, supporting the validity of the estimated velocity changes. In order to further improve the
estimation of velocity changes, we investigate the limitations of acoustic waveform inversion, and by
applying and comparing elastic waveform inversion to the time-lapse data set.

Keywords: Full waveform inversion, Seismic monitoring, Fluid injection
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Nonlinear Attenuation Caused by the Wave Interaction in the Near
Surface

*Nori Nakata', Norman H Sleep?
1. University of Oklahoma, 2. Stanford University

Strong seismic waves produced dynamic stresses that bring the shallow subsurface into nonlinear
frictional failure. Therefore, when the dynamic stress of one type of waves is strong enough to reach the
frictional failure, the structure cannot hold other types of waves, and hence these waves have to be
attenuated. Physically, the anelastic strain rate increases with increasing dynamics stress, and the
dynamic stress is proportional to the difference between total strain and anelastic strain. To the first order
with frictional rheology, the effective friction bounds the resolved horizontal acceleration. This hypothesis
can be tested at single-station seismograms. We select five earthquakes as examples for examining the
effect of the nonlinear attenuation: 1992 Mw 7.3 Landers earthquake, 2008 Mw 6.9 Iwate-Miyagi
earthquake, 2011 Mw 9.0 Tohoku earthquake, 2015 Mw 8.3 Coquimbo Chilean earthquake, and 2016
Mw 7.0 Kumamoto earthquake. The strong Rayleigh waves generated by the Tohoku earthquake brought
rock beneath MYGHOS5 station into frictional failure, and the high-frequency S waves simultaneously
arrived at the station suppressed. We discover the similar wave phenomena occurred at the Coquimbo
Chilean earthquake. In the example of the Iwate-Miyagi earthquake, we find that the P and S waves are
nonlinearly attenuated. For this example, the boundary of the observed horizontal and vertical
acceleration is close to the gravity acceleration since cohesion of near-surface rock is relatively small.
During the Kumamoto earthquake sequence, two strong waves hit at a station within 30 hours and
modified the condition of the friction.
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Interferometric imaging from borehole seismic data with long-term
observatory system and vertical seismometer array

*Ag Mt A E—ER. AN RR
*Kazuya Shiraishi', Eiichiro Araki', Toshinori Kimura'
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1. Japan Agency for Marine-Earth Science and Technology

We applied interferometric seismic imaging with multiple reflections to borehole seismic survey data with
airgun shooting. In the conventional primary reflection imaging such as a vertical seismic profile (VSP), we
obtain the reflection image around boreholes in a deeper section than receiver locations, but do not
obtain the reflection image in wide range including shallower part than receivers. In addition, boreholes
are sparsely distributed. The multiple reflections are generally noise in the primary reflection imaging, but
they contain much information in both the deeper part and the shallower part. One effective method to
utilize them to obtain subsurface image is seismic interferometry. It is a technique to redatum the multiple
reflections to all airgun shooting points them as pseudo-primary reflections by means of cross-correlation
for each borehole seismic survey data. Then continuous subsurface image can be obtained along airgun
shooting lines.

In this study, we use the borehole seismic data in Nankai Trough. One dataset is a walkaway VSP data
acquired in 2009 at IODP C0009 site. The vertical seismometer array was temporally deployed by D/V
Chikyu using a downhole wireline tool at 16 levels in the borehole, and a tuned airgun array of R/V Kairei
was fired along 54 km shooting line. Other datasets were acquired in airgun surveys with the long-term
borehole observatory systems installed at IODP CO002 site and at CO010 site. The airgun surveys were
repeatedly conducted with tuned airgun array on R/V Kairei in 2013, 2015, and 2016, In this study, we
used the dataset in 2016 along a 128-km-long shooting line, NS1. This line is almost crossing three holes:
C0009, C0002, and CO010, and it is very close to the shooting line of the walkaway VSP survey at CO009.
The distances from CO009 to CO002 and from C0002 to CO010 are about 20 km and 11 km, respectively.
In this study, final reflection image was obtained after merging the post-stack migration sections from
each borehole dataset. We achieved to obtain the continuous reflection image along the survey line in the
shallow part, including the structures in Kumano forearc basin and faults in frontal thrust zone. Integration
of the multiple reflection imaging with the primary reflection imaging will be useful to obtain the whole
subsurface image from the shallow to the deep. The spatial resolution and artifacts due to the data
sparseness should be investigated for further practical applications. Our result shows an important
possibility of the reflection imaging from the sparse borehole seismic data for future monitoring surveys,
for example, we might be able to image the location of timelapse change on the subsurface section with
the long-term observatory system.

F—U— R ARMEHA. REAARSNS AT L, SnEHEF 7L 1. MERTHE

Keywords: borehole seismic survey, long-term borehole observatory system, vertical seismometer array,
seismic interfetometry
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Application of full waveform inversion and pre-stack imaging to 2D

land seismic data in a complex terrain
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ERDOREE ICH T B FEHBBEDA X —V VI T, BLARBERA#OESRUVREBEBEDTRAUZE

AFRDOEMICK 2 RERDILHRVT VY ZAOEE,FARULEERSAERIEWV/ 1 LNV EOBED
GEL, RHBEEMEHT 2ERT. REEICLZ2RERNAZEEIZ2ERE L > TEL, AFE. BRETL A

N —AROZIRY AT ALAERITIBT— SRS AT LADOHBICE > T, EREBEEED RRXAGOBRENE
L., BIFNEERNES S 7 BB LABRENLEEFRBAEI/IRAONTEL. BT EERE
LEAFEIE. REEIZ L REERERTHIRSLHMIZICEVTE, BEOEVEBEREB LN
TE3—H. PRENMMEVEIFEERE LTERINTEE.

Full Waveform Inversion(BAF, FWI)IE, BFERESARLEREEREAEZBWVWTA Y=Y 3 V52X
L, W FOMMELGEESLRBEICROZFETHS. FWIIBRITOIERH TR WD, BIf NEY S 7 1 BT
B LIBE, A UN=YavVICAVSEREEMICK > T, BABRODBENSKELELETE I EHF
mELTEITFONS. BF, REEZMEFRELHZAOBEANMEATSEY, SRERERBROMBE~DERAFH
BATW3,

AL TIE, BRI TSI N/EHEEZEE L/-FWHERMICET 2 RiFA21To7-, ABRRKERAICEK
ZENICE ITZEBEREET —YICT LT, FWIHC L 2 EEHREEEREL, LW TEAINEEYI L —Y 3y
L DEREAA— VT AERBLEERETT,

F—O—R: 700z —TAUvN=Yav, REHE REEHMERE
Keywords: Full Waveform Inversion, Velocity estimation, Reflection seismic exploration
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Simulation and field studies of the seismic time lapse by ACROSS
methodology
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1. University of Shizuoka, Faculty of Earth Scieces, 2. Daiwa Exploration and Consulting Co.

Introduction

The temporal change of seismogenic zone and the volcanic evolution are the typical examples of time
progression problems in earth sciences. The seismic time-lapse technology is used to estimate the change
of subsurface in such cases. ACROSS (Accurately Controlled and Routinely Operated Signal System)
methodology has been developed by Kumazawa and others since 1994. According to this methodology,
the ACROSS seismic sources were built and has been tested by the groups of JAEA, Nagoya University and
JMA. We tested the application of ACROSS technology by simulations and the field tests in Japan and
Saudi Arabia.

The authors have applied this methodology for the monitoring of CCS (Carbon Capture and Storage), and
EOR (Enhance Oil Recovery). We tried to image the changing zone by the backpropagation of residual
waveforms before and after some temporal change in subsurface (Kasahara and Hasada, 2016). In this
presentation, we introduce the recent advances of the ACROSS application.

ACROSS methodology

The typical signal used by the ACROSS seismic source is chirp signal within the desired frequency range.

By the deconvolution of observed waveforms by the source signature in frequency domain, the transfer
function can be calculated. Enhancement of S/N can be obtained by stacking of data during long duration
owing to the steady control and the strict synchronization of the source and recording devices.

Detection and imaging of temporal changes

We carried out the field experiment in Awaji Island in 2011 using an ACROSS seismic source with air

injection to the 100 m depth during 5 days (Kasahara et al., 2012). Because of excellent repeatability of
source signature of the source, the residual waveforms before and after the injection show almost no
temporal change before injection and large waveform changes after the injection. We attempted the
imaging of the temporal change by backpropagation or reverse-time migration using the residual
waveforms.

Another field experiment using the ACROSS seismic source was held in Saudi Arabia. We detected
temporal changes possibly due to water movement in the aquifers. We discussed the repeatability of
observed system and concluded that the repeatability using ACROSS seismic source was the excellent
(Kasahara et al., 2016),

We also carried out several simulation in some cases to investigate the effective source and receiver
arrangement for subsurface imaging (see figure).

Conclusions

We examined the time-lapse study using the ACROSS seismic source by field tests and simulations
assuming a few source and a dense seismic array (Kasahara and Hasada, 2016). Through field studies and
simulations, we showed the temporal changing zone by the backpropagation of residual waveforms.
Although we studied the time lapse in a few km scales, this technology can be applied to many cases such
as seismogenic zones, volcanic region, civil engineering such as road, river levees, bridges, tunnels and
buildings.
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©2017. Japan Geoscience Union. All Right Reserved. -SSS11-16 -



SSS11-17 JpGU-AGU Joint Meeting 2017

Detection of spatio-temporal changes of seismic scattering properties
with seismic interferometry: Dike intrusion event on 15 August 2015 at
Sakurajima volcano
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In recent years, seismic interferometry has been used to detect spatio-temporal changes of seismic
scattering properties (e.g. Obermann et al. 2013a). At Sakurajima, a dike intrusion took place on 15
August 2015, and large ground deformation was observed (e.g. Hotta et al. 2016). Such a dike may work
as a new scatter for seismic waves. Therefore, we applied seismic interferometry to detect spatio-temporal
changes of seismic scattering properties associated with this dike intrusion. We used the vertical
components of ambient seismic noise data at 1 -2 Hz recorded at 6 JMA stations from 1 January 2012 to
31 August 2015. We calculated coherences between reference CCFs (stacked over 2012 and 2013) and
daily CCFs, and found that all station pairs showed significant decreases of coherences before and after
the dike intrusion. To locate the region where the seismic scattering properties changed, we used
sensitivity kernels calculated from 2D radiative transfer model. Parameters of scattering and intrinsic
absorption that are needed to calculate sensitivity kernels were estimated by modeling the space-time
distribution of energy density of active shot records in 2013. The best-fit parameters were as follows:
Mean free path of Rayleigh waves was 1.2 km at 1 -2 Hz, and the value of intrinsic absorption Q was 62.8f
(fis the frequency). Then, we calculated the differences between mean values of coherence in 2014
(before the event) and those of from 16 August 2015 to 31 August 2015 (after the event) (hereafter called
A C). Assuming that one seismic scatterer appeared on the surface projection of the dike, we searched the
best location of the scatter to explain observed . As a result, such region was located at the same place as
the dike determined by using GNSS, tilt, and strain data (Hotta et al. 2016) with an accuracy of about a
few km, and the amount of change of scattering coefficient (Ag) was estimated to 1.4 km™'. These results
indicate that seismic interferometry is one of useful methods to detect structural changes of volcano.

Acknowledgements: We used seismograms recorded by JMA. Active seismic experiments were conducted
by DPRI, Kyoto University, other 8 universities, and JMA.

F—U— N ERTSE MWERMELEERL. &5

Keywords: seismic interferometry, seismic scattering property change, Sakurajima volcano
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FREDREICK DEROIRIBEEDEN
Analysis of the vibration structure of a hypocenter using a singular
value decomposition method
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The summary of Wave Features Theory of 2011.2.NZ Earthquake
Motion.(The same as URAYASU CITY of The TOHOKU Great, The 1964
NIIGATA Earthquake.)
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*Masaru Nishizawa'
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| . PREFACE: had summarized wave features theory of 2011.2.NZ Earth quake Motion. In this area, many
seismoments are mstalled. As a result, 9easily summarized wave features theory. City of the 2011
TOHOKU Great Earthquake and The 1964 NIIGATA Earthquake.

II. The Wave Features Theory

(1) V(vertical)this wave features are closely related to the normal wave features. A and B wave features
appears soft ground states.

(2) The excellent period is about 0.2 sec, therefore f=1/f this fregurency is high considerably. But the
period of the A and B is 4 or 5 times.

(3) The fregurencie of V in completely different from A, B. As thus result, phase shift gres rise to amatter of
course. On the CTV building, some supernatural power seems to be at work.

In this short, the complicated oscillation and sotation (twis acr on bwldings, moreover coming ont top of
Raylaigh wave actions.

(4) The horizontal rayleigh wave features shows many reversal of phase. As a result, the building satate on
an ventical axis. This setation (twist) is very important force. Of course, CTV building. (Reference. Masaru
NISHIIZAWA : The strong spectrum of resemblance between frontier spectrum and Phase difference
spectrum of the seismic wave. (Science of form) 2016, JpGU,S-SS25-P35.

This notation force is one of the importance pf the phase spectrum.

(5) (+)Acceleration and (-)Acceleration indicates different values. Namely, A,B,U acceleration together
(+)acceleration indicates higher values than (-) one. This fact indicates the existence of the firm ground
than the appear ground. This is the difference of the reflection between firm and soft ground.

(6) | Think that the thickness of the soft ground in soft is not all by my fair judgment by observing wave
features of the soft ground.

(7) The same distance from the center from the center of the earthquake, though the time of arrival in
exists different observation point . This reason is that the spead of the wave of soft ground in slow
generally than the firm one.

Abstract:
Because of soft ground, Phase of seismic wave devided from correct behavior and generated rotation

(twist) arownd CTV Building (the buildings).

This factor of this rotation (twist) in the phase shift or reversal of phase. This is one of the importance of
the phase spectrum.
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Surface wave characteristics from ambient seismic noise in Northern
China

*Yigiong Li'
1. Institute of Geophysics, China Earthquake Administration

Studies have shown that the western Taiwan coastal plain is influenced by long-period ground motion
from the 1999 Chi-Chi, Taiwan, earthquake, and engineering structures with natural vibration long-period
are damaged by strong surface wave in the western coastal plain. The thick sediments in the western
coastal plain are the main cause of the propagation of strong long-period ground motion. The thick
sediments similar to in the western coastal plain also exist in northern China.

It is necessary to research the effects of thick sediments to long-period ground motion in northern China.
We extract surface wave from ambient seismic noise in Northern China and analyze frequency spectrum
of surface wave. Our purpose is to reveal the formation and propagation of long-period surface wave in
thick sediments and to grasp the amplification effect of long-period ground motion due to the thick
sediments.

Keywords: Surface wave, Ambient seismic noise, Thick sediments
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REAME I D FRKEZEL EPREREZEL & DA%
Relationship between P wave velocity change and pore water pressure
variation induced by the 2016 Kumamoto Earthquake

‘BR % AHMG RHF RL

*Takahiro Kunitomo', Hiroshi Ishii’, Yasuhiro Asai’

1. ABAEEAN MEFNRAMRIRES REMERZHRR

1. Tono Research Institute of Earthquake Science, Association for the Developement of Earthquake Prediction

Brld, BEET77F1I—% (GMA)ZRWZERKMMTRENATRERNEDATHERZFHREL
7= GMAIZEL > TERENS N B MIRERIE. 2V I T7 4+ —RAAR (RAFREEHNIkgl) THY. GPSEHDEER
BRAEARKETE S, BRAICAVWERT R—ILBEBRAREICHE I NIA/DDY >V 7)) ¥ JREIEHMN400HZ T
HB=H, BWIEX, 100—200HzOFBHTHREL. & L TETREFERNDPEEELZILOE=Y) VI %
ToTW3, FERTIE, 700mBENE8RASTH, THRRY vV FThiE, M10usDEE TOPRER
BRI TEETH B,

2016 F4B N SBIMA Lo EimtE Tk, BEAME (2016/04/16 Mj=7.3) ICf\W, BEEPED T Y TIRD
FEROEIEHATGR350 (PREE353m, #25 wsIBIE) &TRIES (FEE#690mM, #M60usEIE) TEHBIENh=, Th
SDERSEEIR, TIREBERDI Sy IAHOTAIEICE>TPREEMETLAEZZENRREEZ SN
%, T, HWEBSIUVZFDRIC, TRESTERASNABEEPROERLZ(IZ. KRB EHEBMEFADIINANT
BRISNBRKEORBHWAZTE /NI —V EBH TR —BLTWS, BEKEL HMEBICRBICLERL
BB BRLICERL, 6BHHICE—213EL (#30kPa) « ZDRIZBRLICTERLTWS, EEPROER
T, HhEYHICRBISOBELZRER4IEN, BEKEOE—7 A UCEICHOusE TEZEL, Z0%IX
BmeICEBICEAN > TWD, 10kPaDERKE LRI HI0usOEREEICHYE T 2EEZ &, mHEIIHED
BREICE > TEBZLHEREDHEET—HRLTVWS, 2O &E, TIREEESROBBRKEDZELL Y
Sy JDRBAZIY MO—ILLTEY., ZNICELCTPEEESHEILTEEAERLTVWR EEZI LN S,

F—U— K BHERR. PREEZL. BRKE. 75v 7. EEE

Keywords: giant magnetostrictive seismic source, P wave velocity change, pore water pressure, crack,
granite
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KIEERERZRAWREBREREREICS 1T 5EHMEREBFEOE/ILOKRE
Detection of the changes in elastic wave characteristics in the model
slope before and during shallow landslides

EH —EL JIE BAE Rl Bz S Est, RE &k°

*|ssei Doi', Hironori Kawakata?, Masayuki Nakayamaz, Naoki Takahashi®, Takahiro Kishida®

1. REBPRFBAKARAN, 2. UMEEARFIETFER, 3. ZHERERMKA L. 4. SMCT v ¥
1. Disaster Prevention Research Institute, 2. College of Science and Engineering, Ritsumeikan University, 3.
SUMITOMO MITSUI CONSTRUCTION CO., LTD, 4. SMC Tech.

2013F10ADFEKREV2014ESEDEETTERE LAIWEXEDL S IC, BE, EFEMICHE S KREH
BASRELTWS, ZOLIBRIMKEORLICATEHFD—D & LTRBEERI AT LDETFSNG, &
HDEMPER, KPEEE=ZFYVITBFENER. RAABRSINOO2H 2 (FIAIEX. ANIZ
m 2016) A KWEBEL, BEOBWEREZRETZAHOICIE. ZIHEHBODE=Y YV IDREATH
%, Yoshimitsu et al. (2009) ¥, Yoshimitsu and Kawakata (2011) (X 18HEMRE T DS BB U THEMR
ZEBIE. FRIBANCHEMEREENMETL, BREAIAKRESKARSZZEEZRLE, RIEIKBVWTHEMERERZHB W
EEZSVVIEHSIRIZEICE>T. WERLK BREDORKFEEZRE L BHEROERARESICESTE S
BEMENH B, TI T, AARTREHEFTKEICAVTER LAAERBICS WTREBREARESE., EBIE
RN E DK D BREH%E T AN,

BITZ100 mmOKEZRWTHERIIUTOLD ICER L, WERKEEEISRTEREAEEZ 2:8&
T5RI340mm. EZ200mmOEAZAFEAZMNEmE L. BITEARICIE—FEELE, 205, T
DEREEI255mm. BE150 mmICIFERESICY ) hEEE73TRALLZSDE, ZOLICIXEWES 25
S50 MMT—ENE T ERDBLIICENFNERETETHEEDL, MBOBERZNEN, 1.38 g/cm?,
1.84g/cm®* TH 2, F1=. YU AETEBISEETZIE T, LENBRBEKYE. TEA#BAKEERDOLDICH
Bz, MEEFHEETEAMO MmO E I AT, HRICKEARICHREZIES LEADRICTET D (&
3E) . LB TEOEREOHRRICIEREL. TN5E5DOIREEHEES1.2kHY Y 7)) v I TEfREHL -
o o AE—H— (RER) IIWBOEERZ2AEAMAICETZABE S50 mm. ES67.5 mmOAIEICEREL
Too BEMIZKELA mOMBLI SKELETH—RREERDILIICEAT L, £ TIUIILETETAX
S TRBRPDWEDKRT & RIBRT L.

MR 32 kHz OEEE A FH D EFCRD10EID#E YR L %400 ms B TS A 7=, #HPIREED#MRK » £4%
T 578, RREABRBIVPEIXEREZS 2 THEMEREZINERLZ, HEWT, BERENS50 nmOBERE5 2. &
S5IZ200 % ICHEREE2EE L.

HRICFKRE L-NEEE 2B ZAOKABREITERABRRID. 230, 260 I8 E /-, B INKREHDILS
LAY, HRERUITEVWTERMAKRFIC. /2, HROMAFRICEVWTHRREEDTIODRERIN O FRIER
ERFICNT TELS R o7, TNODOEHREEDNS, BERIC K > TREARERDOKIRES BRIRFIOM/NGER
ICDWTEZS Y VI TEBAREENTRIN,
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Application of seismic interferometry to attenuation estimation on
zero-offset vertical seismic profiling data

MEE. 7Y ENAXRL TFYS 777
*Jun Matsushima', Mohammed Y. Ali?, Fateh Bouchaala?

1. RRARERER, 2. 7 79 EGEHASE
1. School of Engineering, The University of Tokyo, 2. The Petroleum Institute, Abu Dhabi

Although seismic attenuation measurements have great potential to enhance our knowledge of physical
conditions and rock properties, their application is limited because robust methods for improving both
the resolution and accuracy of attenuation estimates have not yet been established. In general, it is
difficult to improve both the resolution and accuracy of attenuation estimates because there is a
relationship of trade-off between them. Thus, the development of a robust method for improving both the
resolution and accuracy of attenuation estimates is important. A zero-offset VSP measurement is
considered to be best suited for attenuation studies as it enables sampling of the downgoing wavefield at
various known depths because the downgoing waveform in a zero-offset VSP data set provides direct
observations of the changing nature of the source wavelet as it propagates through the Earth. We propose
attenuation estimation methods for zero-offset vertical seismic profile (VSP) data by combining seismic
interferometry (SI) and the modified median frequency shift (MMFS) method developed for attenuation
estimation using sonic waveform data. One important advantage of the application of Sl to seismic
exploration is that it allows flexibility of the source and receiver configurations. For example, this means
that by applying Sl to two different seismic traces recorded at different receivers, a new seismic trace with
one receiver acting as a source (virtual source) and the other acting as a receiver can be created. The
configuration of zero-offset VSP data is redatumed to that of the sonic logging measurement by adopting
two types of SI: deconvolution interferometry (DCI) and crosscorrelation interferometry (CCl). Then, we
can apply the MMFS method to the redatumed VSP data. Although the amplitude information estimated
from CCl is biased, we propose a correction method for this bias to correctly estimate attenuation. First,
to investigate the performance both in resolution and accuracy, we apply different trace separations to
synthetic data with random noise at different signal-to-noise ratio (SNR) levels. Second, we estimate the
influence of residual reflection events after wavefield separation on attenuation estimation. The proposed
methods provide more stable attenuation estimates in comparison with the spectral ratio (SR) method
because the mean-median procedure suppresses random events and characteristic features caused by
residual reflection events in spectral domain. Our numerical experiments also demonstrate that the MMFS
methods identify impulsive attenuation values caused by transmission loss due to reflection at an
interface while such impulsive values are not observed in SR methods. This is because the SR method
derives attenuation estimates based on frequency component change between two receiver depths while
the MMFS method uses the amplitude variation, implying that the proposed methods can estimate
scattering attenuation values from amplitude information even if frequency components are not changed
between the two receiver depths. By preliminarily applying the proposed methods to field VSP data, we
find some differences in the depth resolution and stability of attenuation values between the proposed
method and the SR method, demonstrating that the proposed methods are more stable than the SR
method especially in the shortest receiver separation. The responses of attenuation results obtained by
applying different attenuation estimation methods to field data at different receiver separations correlate
with those in our numerical experiments. To further verify and extend the applicability of the proposed
method, one of future works should focus on validation of obtained attenuation results by comparing a
seismic trace or its spectrum before and after attenuation compensation by inverse Q filtering. In our case,
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a component of attenuation due to scattering effects is also included in the obtained attenuation
estimates and thus such scattering effects should be taken into account in attenuation compensation.
This attenuation compensation process might be used to estimate the scattering effects. To this end, a
study to further investigate the response of the proposed methods to seismic scattering effects which are
frequency dependent could be useful in providing new perspectives on the usage of the proposed
method.

F—7— R ERTSE WERER, £OF 7ty bVSP
Keywords: Seismic interferometry, Seismic attenuation, zero-offset VSP

©2017. Japan Geoscience Union. All Right Reserved. - SSS11-P0O6 -



SSS11-P0O7 JpGU-AGU Joint Meeting 2017

O—407aA) L —3 VDEHUNYT MVEREA—FRIV 1 2RTT1TRER
ALDBZE

Approximate vector sensitivity kernels of coda-wave decorrelation: 2D
single scattering

R E STA BAER
*Hisashi Nakahara1, Kentaro Emoto’

1. RAAKRZRZ IR F AR R A IR IR 22 S I E (R Hh Bk ) 3B S 5 e
1. Solid Earth Physics Laboratory, Department of Geophysics, Graduate School of Science, Tohoku University

IELHIC MERTHEPI—RTHEICEDE, HhEPAMUBAAEICHEIBEDOREELIMERARDS
ICIE, BREA—XIEEBLENESZ 71— %1TH50ENHS. HERRELLIITT 20— FEROE
fEDORBREHD—RIVICDOWVWTIE, BEEMAENSERT MUEDOETY VI BE 27235 THD (FR -T
A, 2016) . —AT, HALBEDOEICHTZ2I—4FEDOTa)L—2ay (HEREE1LLEIVES
D) BEOBEREA—FIVIZDOVWTIE, FEAAT—FEDETIMEICEEE >TVWEOHNRKRTHZ (Bl
I&, Planes et al., 2014; Margerin et al.,, 2016) . I TAMETIX, FE - SIA& (2016) HEREICHT
LTI 2D EAKD2RTTUREMELET IV & RRBERNAIRES T RILF—OHRHPICEDE, Fa)L—Y3Yy
ZDEPURT MVBRE D —RIVDOEEAT>72DT, TOHF/RICODOWTHRET 5.

REA—RIDOEY FTHERETELNASARFZICOVWT, ERBERZICE ITZ2I—FROKEDT
Y L—=2arvhEHELESE, ZOELEHZGFROBELGHELRE S, BREA—RILEN L TEK
DB ENTES (&AL, Margerinetal. 2016) . BEA—XILIE, EREBEXICEETZI1—%
BDIRTOREBEDI B, MERBAE LB THE L EBEOFESDEEERT LD EEBRTE, &K
BOBEHMIIRIVF—BETRING., AR TII2RTHBEERY, TRILF—BEOHEICEANT—K
DEH 1 REELET IV (Kopnichev, 1977) ZFHWTEHET 3. L, RAT—RICHIT 2ZEHRIEILE TS
HEEREA—RILDETEILT TICMargerin et al. (2016)IC& WiThhTWa. ZHICT LT, KARTIETR
BIELICR L GEGBIC TIEH 2 DRT MVIEANDILREZTI | LW, KA ¥ ME, R MLVEDOHRI~D
PREETORICIE, TRIVF—HRFOETHAREIREARAEZER, IREIARAZKERD &SRERD ICOET S
EVWDEDTHD. ThIFHEREEZLDBEICHE - SIAX (2016) PAVDERELTHS. PEHIHSHE
DELLI—DEIFLMEABRVWE W HEIRIEHZEDD, REDRAHS—RDEF 1 REELETIVED LKL
RTBEITT, BREA—RINERD T EICHETNICEETE . ZORBR, 1REELO THELRR EDAHICRX
BaEEDZ &AM LEL. T/, KERDEMERD E TIEREN—RILORBEHIELY, HICKEHLIEOIC
RBGMMNEEL, FNODBMIEHATEICERD I ENDI 272, FLEFNICIHEL T, MEREEEMD
EEEAICHLT, I—FKED7a)—L—> a3 v ELOERBEEEKRELEE KERD E ETRITIEER
LZENDD ot INLEREDAN T —ROBMATIIRA LI 272 ET, KRAEICKEDZRT MLEA
DARICK B RERMRTH 5.

FEH

AR T, 2RTCIVREAREETIVICEDE, 73V L —Ya VvERDELRY MVBEEH—RIVEFHT
ICEH L., ZORR, AAT—RORBREN—RIVERBELDINY MURDRBE D —RIVORFFEDER S HMIC
ot SEZBH LA —RIVEBFNICRIRTEDIRIEZ—D2DA ) Y b THB. SEDERLIE—DDKD
E-—ROEBERELEBEREDTH D, WITLT, NI MUBADEYEBLIRS IRRED TV b
ENH 5.
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F—O—R:BEA-—FI, A—=FK. NI MK
Keywords: Sensitivity kernel, coda waves, vector waves
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hEMSICE T BRELRE & REBRDOHE(2)
Estimation of scattering coefficient and intrinsic absorption in the
Chugoku district (2)

S RE. SAR M. IR BARS BB
Daisuke Takahagi1, *Jun Kawahara', Kentaro Emoto?, Tatsuhiko Saito®

1. REKRE, 2. RALARZE, 3. B KRR RAMT T AR

1. Ibaraki University, 2. Tohoku University, 3. National Research Institute for Earth Science and Disaster Resilience

RSN -ERAENERIXIIF—FEORERLF%E, BRI EEEROBELRTZIEICKY, HTD
BELRBENTREA DB L CTHET 2 ENTETH D, TD LD BRFED—DTH SMultiple
Lapse-Time Window (MLTW) % (Fehler et al., 1992; Hoshiba, 1993 ; Carcole and Sato, 2010) T
&, SR THRASNAHERIRINF—BELBBOBEARTES L, TOEEEIL 2B EEEMR TR
I35, HF, Bk - b (2013, 2014, HEZEMFKRER) &, SHXUTOMERIRILIF—FEDEHELH
EEBOEBMBTHES LELEZKRD, TORNBEELZENGERRCHERNTD I LICLY, WELREE NERR
BEWETEIFELRELL, T2, TOFEEHi-netTELONA-hEMEDZ W HEDERIEFICERL
Too HE4 K - ftt (20153, JpGUKA SR ; 2015b, HEZEMFAR) I DFEDHE & BITEHIDEMEIT
W, EMEENOFEEMARSHE (1-2 Hz) O#ELHE%0.002-0.0025 km' & #E L7, THIEMLTWRICE
DK EAMFEDOBEDHEBE RS &, ¥9RETH S,

AFRTIE, fE4A -t (2015b) OFEEBREIL, BELHEAZT LT, HOMR1T—9%E
L7z, 451, BR - U4 MIEOBEDADHICTI A—9HBILOFHREARNET ZIET, 1-2HzIm
Z, 2-4,4-8HzDFH THERERBENBREDBEEZHE LT, £, INFTEB—HKRZRE L TUWEE
FREERBRE=RICT L, HFEREBTY ML THERBE RBREIRERZETILERT Lz, RAARTH
SNZBELREIE, BEOMLTWEIC L 2BELREDEICLEANT, B L2 TORBHICEWTERIC/NTW
BErot, £, BEGRIIBELBRKKEEE TS T, RBER (Q) ARKEADMEEELRL
Too REEBYY MLOBEL - BEIFHERICIIEAEFEEEZAMN o7, TNEFR>HEIRC (RX9-13
km) , Y MLERRTIREBHPIZIEAEEDN >LLDTH D, REETY MLOBELREE AR EEHE
I57=HIC1F, LYRWEAFES RELNH S,

HIEE : PR R RAFDHi-net DB, & & OEFAAH2AHEI L T3 Matsubara and Obara (2011)
DI RTHEREEEEETINOT—YEFRHLE L,

F—U—R BRI RILF—. #EL. NIR=

Keywords: seismic wave energy, scattering, intrinsic absorption

©2017. Japan Geoscience Union. All Right Reserved. - SSS11-P0O8 -



SSS11-P09 JpGU-AGU Joint Meeting 2017

V-net’% AWK 34555 I1C & 5 &R L b T DREBEREEL D

=

i€
Temporal change of subsurface structure near Mt. Aso inferred from
seismic interferometry using V-net vertical array data

kA A EARR. EABN
*Yuta Mizutani®, Kiwamu Nishida', Yosuke Aoki'

1. RERRZMEMRM. 2. RRAZF
1. Earthquake Research Institute, University of Tokyo, 2. Univ. of Tokyo

2016 F4H OREAME, T0ADEXAY, HFE, MELIESEHNTHS. HECPKNUBAEHZERET S L
T, INSGDARY MO HWEREERBEAT =V VI TEHIEIIEERFINY &AL D. KFETIEM
Bih AT, MERTSRICLIMTEEDHEELEHE L/-OTHRET 3.

WMERFSEEAVTH TEEDRBEELAHET ZICHE-T, BHEEISANICOHBLTVWEIDOHNEE
LV, FERSFOBEEECIARN IO TEEDRKBELEF>TLEILDTHD. ZOMBELMRT
570101F, HERTFHEICE > TEHESNAHEEEBRRKOEE KRS TIER<, BELETHZI—9 %
FAWSZENBEMTHS. ThIFBELICEERY, BEREDERER>TW LD THS. MAT, EREN
BEERLWEI—FRETRELRY, DINMREEZTILEBERKMHTESZ I ENHFINS. AHET
F4FIC, EERESSE I—RBOICRNBRECOEERBENDEREDEVNHIS, BEEFELLOEES
mEEDRERNTESZMNIEELE.

BRATICIE, BEERIERAMTRRATV-net TOMERIEDDAERART, RS hicT—8 AW, BRI
2015F1H1HN 52016%F10831HTH 5. REHARIIHMROEFIHMES(3MS) & AT H—ILCERE “200

m)DREZEBRMESH(1 Hz, 3MD) TERINTWS. £, 2-8HzDNNY RN 7 14L& MM 1bitlb L7121
I2, "74 b=V %BRALAE. BLEAR, BUKSICH L CHEABERBRB(CCHAIAEICETE L. T
BEBEELLEHET Z2EBOL 77 LY RIE, 2016FE108258H1531HETHDCCFARY v V3§52 & TE
Bl RICLZ7Z7LYRADCCFEAEEDNDTIBLDCCFICT LT, £E2.56 WOBERICDWTENEFNIELE
BEEERDZ. O, BOEBIZ-SHIAS+ERETO2HT DTS L. EEEIEINEEMIC—KTH D
A5, EEBERICHT Z2EEREOTOY N2 ER I v T4 VI LEEEDRBEARESELEDONEE
ZieERL, UHEEERDOERICETE2ELETTEEZIONS. ThbhL, HESNAIEEHISIEEE(T2
kmREEE(bLE, RS2 SEDBMMNAR(T200 M)ZEERLEZHETE 3.

REAMERRT, SARAREZMRCSEARORARDICEWVWT, HEALEESNIBEURD 52 kmiZE
DEFICHB T2 EEBETIIBELZ0.2%THo7%. SREARUCEL T, REKD TIEIDOEETOERERL
MEEAEROGNAN 7D, B TIEPIEYO 2% EEORERTIAREI N ORI OHESIND A

7HR—IVERK200 mICH T HEREEICEL TIE, BKRAR, —/ EHIRORAERD, SRHIK[ROBEI
BRAMNS5-8%DEEETARE SN, KEGARTIH20%DEEBRTIH o7, IHIFKESYRMAFIETIE

WRMBABE SN BITE, BAMEICE D TRERIA—VAEESLLDHIEEEIONS.
Fr—/BHARTIE, BKETFT—YEWBTI2HBEDY 1 LR —ILOEREZ{IMREINE., ZDE

Bi%, BKEDT—IDORDEBEAMTAKEDETILE LS<H/HLTWS. ik, ZOSRSENNMUE

RAMICIIHh G B EeEZ 5N, RT7HR—IILBORMNAELE L THRESNAEEZONS.

AFRTIE, BLEAEDORTER—I - T—92BVWTRITEITWV. HEA—MLASEFOX—MNILTOD
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BEZREZRETEL. 5%, MHLEZROCE I 2HRARETRAKOEFTZITV, SUKRERRAT—ILTOK
HEEENICH D BEBEDOREZLOREZBEY.

HEE © AR TIER KRR RAAV-netd 7 — 9 ZEA L .

F—U— R #ERTHE WEREREEEDRELL
Keywords: Seismic interferometry, Temporal change of seismic velocity
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2016 REAMEIC K 2 FEEDREZEIL
Temporal change of subsurface velocity structure associated with the
2016 Kumamoto earthquakes

tHRE. BEBE. BEE . YR BE

*Tomotake Ueno', Tatsuhiko Saito’, Kaoru Sawazaki', Katsuhiko Shiomi'

1. B SR E M iT Je i

1. National Research Institute for Earth Science and Disaster Resilience

2016 F4BICHKE L/-BAMERZRICBVWTHTORERER L E EREDREAERAZRAND-DIC, MK
B & AW - ESR T 55R 24T (Shapiro and Campillo, 2004) % ful bt D Hi-net& Al TEME L 7=, Hi-nett
TEMEE CRZ I N 1 -3HzOMMBI O B CHERBEESEEEL, X bL v F > Uk (Sens-Schonfelder
and Wegler, 2006) IC & W EREEBSORBELARE L. BCHEBEBEREZTET IERICIK, HERE
DIXIF—DRERENOFEAERT 572012, IRIEEZ% 1 bitlk (Campilo and Paul, 2003) L T W
%, BCHEBEBRHBOR Ny F U 7ICIid S JEE1-58 & 4-158 & EH L 7=,

DR, SUERE1-5M TR, EREAEDNMSIH, N.KKCH, N.OGNH®D 3EAECEELR
A, N.AASVH, N.TYNH, NNNMNHOD 3ERAIRTRER TN EO N, BEETREZREL THELONELY, BE
ERIZDOVWTIE, NKKCHB & U'N.OGNHE AR DIERIEFALE T2016F9 A ICIEBEICEER LN ER LR
EFIFALICAR>TWS, NMSIHIZDWTIZEEEMARLEZLEETH D, —H, T /FEL- 15 TIE,
EBE%HD S5N.MSMH, N.TYNH, N.ASVH, N.HKSH, N.NMNH, N.KKEH, N.SNIHTO0.5% 1" > 6 %2 EE D BARE 2 5%
BERETIARONE, MBEERDENETIEHSH, NNMSIHENKKCHIZEEZ{LDO#HEN L EL
¥, N.OGNHIZHEFIROEELELHN B TH o 7.

N.MSIHERRI s 1E, MBS ICAIE L TWBDICEMAMBEEIZBICR > TWS I ENEZILONBDN, &
BLIIREMBETNICE BZKRAZMIGH SEBERONFEINZ MR THD, /2, KiK-netithd - HhRERH
DNOMEINIZKAZMDO S EEAADBUEN-8x10-4RELHEINTSEY (Fukuyama and Suzuki,

2016) , B EEDBHMNLEREAICEI > THTOMEREEN LR L EHRINS, NMSIHER =TI
S /M4 15MIERES THEERBETILOHENRETH > &5, BRIREEDEEEBESTILDHAI R

HARETH I ENEZILND, —F, NASVHREDERARL, BEIBICL2BNEADHEZZIS, XK
BEHOEEBEMETLELIEEZRTLTWSEEEZIOND, AMEREICS VAT ZHMTORERSIE, B
BiEEDIZEIIHNERLOTELRITTVWD I LHATREIND,

F—7— R : 2016FREAME, FEHBEEL
Keywords: The 2016 Kumamoto Earthquakes, Temporal velocity change
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BIRMEI 2 AWCHERTHSEICE 2201 1FICFEE LRI A XREF
S E (Mw9.0) & USlow Slip Il # 5 hE R EREZ LR H

Temporal Variation in Seismic Velocity Accompanied by 2011
Tohoku-Oki Earthquake and the Slow Slip Event, on Seismic
Interferometry of Ambient Noise

“SEA EB. FEESEL AE MRS BF =47 5E ¥yt

*Miyuu Uemura1, Yoshihiro Ito?, Kazuaki Ohta?, Ryota Hino®, Masanao Shinohara®

1. RBRERZREZHRA, 2. RBREBHKMRAM,. 3. RILKZE, 4. RERREMERFRMN
1. Kyoto University, 2. Disaster Prevention Research Institute, Kyoto University, 3. Tohoku University, 4. Tokyo
University

EXMEFIRD D WL, ERMEICETIIMERRELCLEZRETI2—DOOFEL L TENHEIZA W
MERTFHEDNBENTHS. INETICEBMDETHARICEWT, MERERZBIAIEX, Wegleretal,
2009 ; Yamada et al., 2010) R U MIERAERICHEREZFEMET T2 E WO BERIAELSNTVWSB(BIX
I&, Lockneretal, 1977 ; Yoshimitsu et al., 2009). —75, Slow SlipiIC#d hEREELELIXITEAEMS
nTuwiun,

2011E3ATTBICHRAE LRI A KT F hihEMwI.0) LR DRIFE1BRL) 53B89HDHKAHIE
(Mw7.3)F4 F TORICSlow Slipd & MERBEMEINEHF TEHB S 1/ (Ito et al., 2013; Ito et
al.,2015;Katakami et al., 2016) . AR T, BRMEIZ BV THERTHEBT 2TV, RiLAKREF
S E R USlow Sliplc S thEREELTLOMRE 2 EH &7, #ITICIE2010F1T1BWA»52011F4BA T E
TEBRREAPICKEINTWZI7A0BEZ LN BEMESH(EBEKE4.5H)DicExE AW, BT ETOq]
IBRMESDOBRBEAMNZ BABEDOBEEPRORENIMFZAVWTHELLE IS, 17TRPI3RDBRIES
ICDWTIIRB AN ERET 2 ENTEL.

RITFERIILLTOEY TH2. IELOHIC, EFEFT —9120.25~2.0HzD /Y R/ T 1 LY &S, E
DHIbItEAIEBEITS . RIC, TT 94 L-30~30/20.1W%H T, SHEBEREZBAVCHBEGHRESTEL
BECHEEEMZENRT 5. ERLAZ7THEAXIZ168E, RULHBEOBCHEERZZX4y s LT7HEES
1EFARE%, 16HMBC1ERREA%L, Reference%5tH 9 5. &% IC, 7HEE 21HERA% & Reference, 16HE
B o 18E3R8%1 & Reference DB E 8RR 1 (Correlation Coefficient, CC) =5t & ¥ 5.

RINTDFER, Slow SlipFEMEE TILCCHMET I % H'Slow SlipEH TIXCCH Slow SlipHREFIDIEE TR S
ZeEhbhor. 7z, Slow SlipRAEMED16HME & Reference DCCD1.0H 5 DA & (Absolute CC
Reduction, ACR ) & Slow SlipF 4 ERID 16 HE & Reference DCCH 5 DiFi > & (Incremental CC Reduction,
ICR)& bR % &, Slow SlipF4 BEI TIFACREICRICENFEE T T, RAMIEREMEEREL TIXACRE
ICRICENFRET B Db o7-. 16HME & ReferenceCCHDR A H D &, HIE TIESlow SlipEET 2 F
TCC=1.0%f&k> TH YSlow SliplicH# > TRHCET I 54, BETIICCHTTIALLIRAICETLTSEY
Slow SliplcfE> THLETTZEWVWIBVWARZIFONZ., ik, SlowSlipEHEDEWEZEEZISNS.

F—U— R ERTFHE EEHE

Keywords: seismic interferometry, ambient noise
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HEREE DRI ISR MO E 1357 NLICE 17 2 HmME) O FERE AR
Estimation of seismic velocity changes in response to the earth tide:
Noise correlation analysis at 13 active volcanoes in Japan

=5 B BN AE. PEIE

*Tomoya Takano', Takeshi Nishimura', Hisashi Nakahara'

1. R REESHER

1. Graduate School of Science, Tohoku University

KEBICHESHERREZLE LT, MEEICK 2HBRIBIEEL, BEORNEELHS. COD2DDREER
EAN=ZXLEBETDHICIE, TNTNERILICRZ 2B TORTIVETHS. HF, BMOIEHTH
ZHEREY S MBI Z AW ERTHSELZFIA L, RHBEICH T2 MERRETLOEIIGENHEEI
T\ 3%[Takano et al,, 2014; Hillers et al, 2015]. LHDLADNS, DL D BHFRIEELE26E DRV, F2
T, AARIE, BEADIZDFEXUICHKESNTVWAIRTO L TERAIMESHICEZS N BB ZAL
T, WEREEOMIGEFEEZHET 5.

BT AT o 75E KL, TR, MEMEE, a0k, Bk, duEERSs &, 5L, B, BEE &
EARL, ®BEL, FEXSE, =8, EWEBEETHE. Ihs5OZNLUICIE, ZRENKEER#ENKS K
mBEN 7228 ML EICHEBEAREBI N TVWS. AR TIE, 25/ (2013FEH0 52014F £ T) DEfRCHR
EFALE. SERERTICH LT, GOTIC2[Matsumoto et al., 2001 |DETEEYEH DIRIBEEFBAWT, it
BREAS DR EARE & INRHIE 02D DB IC A 1T TR 21T o 7=, TN E N ORI CHMEI DB EHEERAK
(CCR R4 v L, CCFEIDMEEICIVEIICLI2RELLAEHE LK. d, CCFICRONZETEFHD
GIBEEHLI DS, MMHICLBCCRICRKREMBAEHML TWEZEEZLND.

A EHDIMBERD EEBRD IS 2BREERCLEL KDL, HHAEADMERDICE 2EREZLEE, 28
BlER7TNEFEHE TS &, 0.5-THzT-0.02£0.02%, 1-2HzT-0.01+£0.01%, 2-4HzT-0.06£0.01% & K&
Sz, BOEEZLEINEHEBICH T 2EREBTOERERTEE LZDT, ZORKRIE, SHEABEICHE
BANBUZBRICEENDINMMBETLAEZEAETRY. —A, BAEAOEBERDICLZ2EEZLE
&, 0.5-1HzT0.03+0.02%, 1-2HzT0.02+0.01%, 2-4HzT0.06+0.01% & %), EENBEOERISEED
PPLERLE ZOLDAKERIE, CCFOO—4FEAA, REFEEZEICHETLAEZEEZ SN 2Hillers et
al. [2015]DIEREEBENTH 7. LM LANS, —7F, EEFEAEN L 7~Yamamura et al. [2003]%
Takano et al. [2014] T, FYOEBEEANEDCHBE TCOREETZBRHEBLTWS. oDl s, W
EAHDANMNCEENIZOIREIABICK > THEREEZCDOISHBRENEZRDARENTEBINDS. 5%, HH
FO3IRDEFMAL T, FHENBOFMEIITADAME DBEREICOVWTHARZFETHS.

HEE AR T, [SIRFHEET Z2ERAMETTOEGIHAEFRASIETWAEREZELAE. T ZICELT
BN LET.

F—TU— N hEREEL, MBERTHE KRS
Keywords: seismic velocity change, seismic interferometry , earth tide
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Globally optimized finite difference method to minimize the angle
dependent numerical dispersion.

*DEBAJEET BARMAN', Dr. MAHESWAR OJHA'

1. CSIR National Geophysical Research Institute Hyderabad, India

Finite difference modeling is a basic and important tool to solve a differential equation like acoustic wave
equation. This method is also used in high resolution seismic imaging. But it faces some challenges for
two dimensional wave propagation due to propagation angle dependent numerical dispersion in square
grid system. In a conventional Finite Difference Method (FDM), the coefficients are fixed for 1D and 2D
propagation. So, with increase of order of approximation the dispersion may be reduced but the non
uniformity of dispersion with varying propagation angle retains itself. For existing Pesudo Spectral Method
(PSM) using specific window parameter the FD coefficients are constant and is not properly optimized for
every angle of propagations.

Here, we propose a method to automatically optimize FD coefficients for every propagation angle. To
make the method robust, at first FD coefficients for every propagation angle is optimized by minimizing
phase velocity ratio error with reference to the analytic solution using genetic algorithm of certain initial
population. Here, the fitness function is generated by the weighted average error in phase velocity ratio
for each wave number. As we know that the error in lower wave number should be in higher priority, so we
use decay type functions like linear, exponential to calculate the weighted average error by multiplying
the function weight with the error at specific wave number. The stability criteria is considered for
choosing best of optimized FD coefficients i.e. the FD coefficients whose stability ratio is higher than
conventional is considered for the next step for the algorithm. Then final FD coefficients are generated by
optimizing from those highly optimized FD coefficients for each propagation angle by genetic algorithm.
In the second step, the same stability criteria technique is used for optimization. In second step the FD
coefficients are optimized by using fitness function where error is average for every propagation angle.
The new method is automated and it does not depend on specific window property like Pseudo Spectral
Method (PSM). For some acoustic model PSM technique does not better result for lower order
approximation and use of higher order approximation increase the complexity of the method. But in new
method there is no such limitation.

Keywords: Genetic algorithm, Phase velocity ratio, Decay function

©2017. Japan Geoscience Union. All Right Reserved. -SSS11-P13 -



SSS11-P13 JpGU-AGU Joint Meeting 2017

0.00

0.50 —

1.00

1.50

Depth (km)

2.00

2.50

3.00 -

0.00

0.50

1.00 7

1.50

Depth (km)

2.00 7

2.50 7

3.00 —

0.00 0.50 1.00 1.50 2.00 2.50 3.00 0.00 0.50 1.00 1.50 2.00 250 3.00
Distance (km) Distance (km)

(a) Conventional 12th order at 500ms, (b) New 12th order at 500ms, ( ¢) Conventional 12th order at
700ms, (d) New 12th order at 700ms velocity 2500m/sec, grid spacing 15m, sampling time 1ms,
source is 10Hz Ricker wavelet

©2017. Japan Geoscience Union. All Right Reserved. -SSS11-P13 -



SSS11-P14 JpGU-AGU Joint Meeting 2017

Waveform modeling of the seismic response of a mid-ocean ridge axial
melt sill

*Min Xu1, Wen Yan'

1. SCSIO, CAS

Seismic reflections from axial magma lens (AML) are commonly observed along many mid-ocean ridges,
and are thought to arise from the negative impedance contrast between a solid, high-speed lid and the
underlying low-speed, molten or partially molten (mush) sill. The polarity of the AML reflection (P,,, P) at
vertical incidence and the amplitude versus offset (AVO) behavior of the AML reflections (e.g., P,,, Pand S
-converted P,,, S waves) are often used as a diagnostic tool for the nature of the low-speed sill.
Time-domain finite difference calculations for two-dimensional laterally homogeneous models show some
scenarios make the interpretation of melt content from partial-offset stacks of P- and S-waves difficult.
Laterally heterogeneous model calculations indicate diffractions from the edges of the finite-width AML
reducing the amplitude of the AML reflections. Rough seafloor and/or a rough AML surface can also
greatly reduce the amplitude of peg-leg multiples because of scattering and destructive interference.
Mid-crustal seismic reflection events are observed in the three-dimensional multi-channel seismic dataset
acquired over the RIDGE-2000 Integrated Study Site at East Pacific Rise (EPR, cruise MGL0812). Modeling
indicates that the mid-crustal seismic reflection reflections are unlikely to arise from peg-leg multiples of
the AML reflections, P-to-S converted phases, or scattering due to rough topography, but could probably
arise from deeper multiple magma sills. Our results support the identification of Marjanovic et al. (2014)
that a multi-level complex of melt lenses is present beneath the axis of the EPR.

Keywords: East Pacific Rise, Axial melt lens, Waveform modeling, Mid-crustal seismic reflection event,
Multiple-sill model

— AN = A =sill
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LRt ERE 2B WBERMEO 7 a A Y NNETS T4 —
Adjoint tomography beneath the Kanto region using broadband
seismograms

=
*Takayuki Miyoshi'

1. REKZMEHRA
1. Earthquake Research Institute, University of Tokyo

BRI ICE VW THERFOBR,FRHNMMRIES N, AFICHIETI =725 5N EREREESE
EFIDOBEEZENE LT, =% - b (2015SS)) , =% (2016JpGU) TIE7VaA Y M vESS
T4—EAVWTERTEBEETINEHRELTE L. ABTIEIEH (2016) M oA EZEERELTELONE
BRICODVWTHRET 5.

B AEDEERTFRIIRDIATHS. () bOA REBZIDOBEREEITo>/. 41 v N\—2a VDM
ERICIE, BB RAF-netDE—X Y TV VILEBERWTA YNV RAEEZ 1-H, S8URLKT & EBim
SR & DEICHRIBHGIFRIICHE T 2 RN ABENRO SN, KRR TIK, 1 /=Y 3V THWS5-30%
DHEET, PRIMOICOVWTEHAREFE EZRTEEET N ERVWTEHE LAEREFOERB%Z XSO T, HEN
BRERDBSTIALEERELL, ZOXLASEY MOA RERIEZHE L. QEREFAEICSEVWTH
SEEEEZE L. MHRIITLWUEARTEHEELERL TELA, Olsenetal. (2003)2BE ICSKERE ICIKEL
FREEEEEBEALE. QRABRAMNSA VNN=UavEERELE. A1 2/X—23 VT
l&, 20-30%, 10-30%, 8-30%, 5-30MMDIEICEATZZ & T, MMBAILARBEAVESICLE.

1EDOREIX, BHMEFEEAE, SRT714 v MOFE, 7Va4 Y MNEERWEA—XIVETE, Hessianh—=
WEBWEETILEHNISGAY, 16RDOREICLZERAFZRETIVE L. WHIEFTILIEMatsubara and
Obara QOTNICLBERNEI 71 —ETILTHS. HEROBEIILUTOESY THS. REEMEICL>T
BUALET C BMERO—BEZAELLE S, 5-30MDOFETHHETNICLRTH20%HESN. RA
BHAFE—BENI T, BEENEVWHELY ERVMEOAN —BEEEN 2. 41 UN—=UaVTHERALA
Do MBI ODVWTHERBEFORELNAONZ. BEEBEETINICOWVWT, BEDRIFTHIE, HEFIVIE
MEETIICHARTPERE TP VEL B0 7h, KEMICIEZE LA >k, —7, FIMEhERNE%
ERR L TR LI=E T3, FEA0kmTIRT Y MUY =y SHOERESEE, MUTORKERESES R SN A
A=V vyEh, FHTETIERFEOBENESND, WHETILLY EEELEEEERLZ. -, 3
I5kmMDRA S A A TIXEARAZMICHEY T 2 EEEEEIRETE, $HK (1996) IC& 2 RAMMERESE &AM
HABEI B LN,

AHETIL, BHEBRERBHAERMFnetic&ZERAY O EMERKT—49, #—FY VY —XO—FK
SPECFEM3D_CartesianZffA L £ L7, L TRHHWEZLET. AHRIE, BEAZMRESRNEHRE
(Grant Number 16K21699)$ & U EBRIZ BRI 7R E (Grant number 15H05832) DB &= (7 TWE Y.

F—U—R  HERREEE T7YVIAVMNNET T T 14—, LEEMERY
Keywords: Seismic wave-speed model, Adjoint tomography, Broadband seismogram
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FRIMERE CHRLAZEHROR ST
Global features of slabs inferred from regional low- and high-frequency
body waves of deep earthquakes

KU R AR BT
*Yuki Ohata', Keiko Kuge'

1. RBRFRFREZMRRIMIRRER FEBORIRY B2 HE

1. Department of Geophysics, Graduate School of Science, Kyoto University

We show that high-frequency P and S phases from deep earthquakes arrive at fore-arc stations after
low-frequency phases, with increasing delay with thermal parameters in subduction zones. The
observation in Tonga may be associated with the metastable olivine wedge (MOW) as well as in northern
Japan.

By analyzing features of P and S waves radiated by deep earthquakes, we can elucidate the nature of slabs
where the seismic waves have passed. One of the features is difference in arrival time between
low-frequency (f < 0.25 Hz) and high-frequency (f > 2 Hz) signals. This can be observed clearly in the
fore-arc side of the volcanic front in northern Japan. Furumura and Kennett (2005) showed that the P and
S waves from deep earthquakes beneath the Sea of Japan have low-frequency onsets with high-frequency
long-duration signals, suggesting that they are the result of small-scale quasi-laminar heterogeneity within
the subducting Pacific slab. The late arrivals of high-frequency P and S signals can be enhanced for
earthquakes deeper than 400 km due to the low-velocity MOW in the slab (Furumura et al., 2016).

In this study, we examined seismograms worldwide for the features suggested by Furumura’ s studies. We
collected waveform data of P and S waves from IRIS and F-net broadband seismometers in fore-arc sides
of subduction zones where deep earthquakes occur. We measured separation time between low- and
high-frequency arrivals. By comparing it with several physical parameters of subduction zones, we found
that the separation time could increase with the thermal parameter. The result is consistent with Kennett
et al. (2014) who suggested that the quasi-laminar heterogeneity within the oceanic lithosphere can guide
high-frequency Po and So waves more efficiently in the older, cold areas of the Pacific. Therefore, the
observed correlation between the separation time and thermal parameter may arise from the dependence
of the quasi-laminar heterogeneity on temperature. In the areas except for Tonga and northern Japan, we
did not find observations that are likely to be evidence for MOW. Large separation time was observed in
Tonga, and it tends to be increased for earthquakes deeper than 500 km.
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The cause of Mj overestimates (Mj > Mw) for the shallow earthquakes
in western Japan

AR R AN EE

*Hiroki Kawamoto', Takashi Furumura'
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1. Earthquake Research Institute The University of Tokyo

In Japan, the Japan Meteorological Agency (JMA) magnitude (Mj) is officially used for the magnitude
estimates of the earthquakes occurring in the area around Japan. However, it is well recognized that the
estimated Mj sometimes shows large discrepancies between the moment magnitude (Mw)and momentum
magnitude(Mw). Typical examples are the Western Tottori earthquake in 2000 (Mj=7.3; Mw=6.8) and
Northern Yamaguchi earthquake in 1997 (Mj=6.6; Mw=5.9), all are strike-slip fault events occurred in the
inland of western Japan. Since the Mj of shallow (h < 60 km) earthquakes are estimated by using the
maximum amplitude of horizontal displacement motions recorded by long-period seismometers with a
natural period of T=5 s, it is expecting that the propagation and attenuation properties of the long-period
ground motions in this period range might be different in western Japan. In this study we examined the
cause of such discrepancy between Mj and Mw occurring in western Japan based on the analysis of the
K-NET and KiK-net strong ground motion data for recent shallow earthquakes.

We analyzed 47 inland earthquakes of shallow (h < 40 km) and large (Mj > 5.5) event occurred during
between Sep. 1994 to Nov. 2016 in which the K-NET and KiK-net data is available. We made a regression
analysis of relation between Mj and Mw, which are obtained from the JMA and the GCMT catalog,
respectively. The result shows that the Mj is proportional to the Mw with a bias of 0.16 (Mj=Mw+0.16).
After substituting this bias (0.16) from the Mj we selected the events having large discrepancy between Mj
and Mw. We confirmed such peculiar events are mostly located in some area such as in Chugoku-Kinki
and from South-Fukushima to South-Niigata (Fig).

To study the cause of larger Mj than Mw in western Japan we examined the strong motion record of the
K-NET and KiK-net for the 2000 Western Tottori (Mj=7.3; Mw=6.8) and the 2004 Mid Niigata (Mj=6.8;
Mw=6.8) earthquakes. The accelerograms of the K-NET and KiK-net are integral twice to obtain the
ground displacement after applying a band pass filter (f=0.20 to 40 Hz) to match to the response of the
JMA seismograph. Obtained waveform shows that the attenuation of the long-period ground displacement
motion from the Mid Niigata earthquake is very strong with propagation in northern Japan, but it is rather
weak for the Western Tottori earthquake in western Japan. It is also confirmed that the large ground
displacement of the Western Tottori earthquake has strong directional dependency with larger tangential
motion in the direction of fault strike and its perpendicular directions where the radiation of the SH wave
from the strike-slip fault source develops large Love waves. The seismogram demonstrated that the Love
wave traveling longer distances in western Japan without showing strong dispersion properties, while the
development of the surface wave from the Mid Niigata earthquake is very weak in all directions.

The results of this study demonstrated that the earthquakes of larger Mj, which occurred in western japan,
might be due to larger radiation of the Love wave from the source as well as efficient propagation of the
short-period (T=5 s) Love wave in regional distances without causing significant dispersion. Such efficient
Love wave propagation in western Japan might indicates the peculiarity of the crustal structure beneath
western Japan compared with that of northern Japan. Such propagation and dispersion properties of the
fundamental-mode, short-period (T=5 s) Love wave might occur due to the difference in the shallow
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structure such as sedimentary layers between western and northern Japan.
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RIFERCESEDORIBEMETHRE L /-AREMRANMEIC & 2 %IBKELF
HICH T B> REMRMESNICEY 25E - 2% (2D 3)

Numerical simulation of long-period ground motion generated from
intraplate earthquakes around Ibaraki and Fukushima prefectures ~
Part Il

BERE T, MRE R4S ARSI BEt WA RS R K
*Fujihara Satoru1, Fumio Kirita®, Kaoru Kawaji1, Toshihiko Yamazaki?, Mitsuru Uryuz, Daisuke
Takekawa®
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[EC&IC] 201 TE3ATTHICRE LRI AR EH#E (Mw9.0 : IR, I3 11ERIEHHE] & W
Do ) ICHEDIRILBEAKREFADISHIZOEILICERINZH T, REOHBZRNICEVWTCHE4IATTHEERR
HEBYOHE (M7.0: LT, DERAWUHE] WD, ) DPRELEEEZALONTWVWS, E@EYMEDFREL
B, EREEE BONI2HFRMBRVS / EMERLTIEZHOKENIRELTHY., IhHEBYMER
VUZDREBICE > T ZBRILITAFRBO—HMOMERARICEWTRABMESH VRSN, 3.11K I
HELIRT, RIFEIEARBE TIEIAEMBAMENIZIEAERELTE ST, NEMBRNME S REHHES
ICEAT 2HMEESREDOMBIEIZ L o7, CDiH, 311FRILPMELUEE Sh-RESBEFH OB AR ZE
ZT-HEBIE AT Z &k, RIRBIEORBICE T E2MBRETETOILICEVWTEETHD, ULERZE
. AR T, FTBEILIAFIHICE 1T 2AREMBAMEIC K 2RAPHEFIMOSHEELEETLRENE
95,

[BEEORIER] BEMR, iV T. EICUTORBEZH ML TS, ORBYHMBEORREL YRS
ICAIBEYT 2MEHRARO—BICSVWITERLRARMEE MR NED, ZORBBAMEENICKT L THER
EMFRHEERTICL 2 =R cBEEBRICEDCEIMERE Y I 2L —2 a VERTIIBERE#LHBINRS
hiz, @QIhzaBF 2. FBEIEAFEROMEER AR (FFXBERMATUAOE R EEH AMKIK-netE R =
RUBARRFNOAEAREEBOZEINR) THONEBYHMEDORE (MGUTOHETREREIRE) D
hEEREFEEBAVWTEREREICLDRBGIEY I 2L —YaVvERETY T LT, SHEHRIRTEON
REAPMEES #HBT 2 RTHBESETILORZBELET oz, @F5IC. RBELICAWEE BRRE
DIEBRUADZXLDOHEICIMA, RREHFTRETZ L — MNEMEZAVWTHRE TSI & T, = RTH
BESTTIORBERLEN ST,

[ARKRDOHNE] ARRTIFEICUTOABTEHAT S, OXR L ERAERICKZ2ZYMMRIEICINAT. &
REIB CETIIES NS AREMEICH T IRMEE Y I 2L —Va VBT EERT 52 & T, HMEREDER
AL ERTHBEEETIINOFYMRIEATD, TI TR, BEYMEICEAT 2EHOBRETERMEBTTIL
HERT %, @F7. RBERILIAFBICHS T 2HMEHOGBIFMAILET 201, ZRTHBBEETIL
I3 L TRIEBHAREREZREL. BAGE I aL—>a VBTEERT %,

[(X&®] ARMBTETIMMEIN 2 KREMEICK T 2 = RxihEEE 7L % AW RE T ESTM
@ﬁmﬁ%ﬁabtoit EBREBHREDMNEBRRICS ZMEHOEBRMOEVEEE L, BEFEMIC

R R OKRGNERRAME TIIEBOAEEMENELRER E QY. —HOSRARICEVWTRER
E@ﬂmt?éut%%ﬁbto%w FT. RBEHRTHRETZTL— MNEHMBICEVTIE, HNEEDRZRAH
ED0L > BRAPMEHOMENHEFY RSNBEW EEBIEL .
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2,5-SS28-P15, 2016.

F—T7— N ERTHBEFETTIL. RABHES. EEREEYHME
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