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We determined detailed 3-D P and S wave velocity models of the crust in the 1995 Kobe earthquake (M 7.2) area in Southwes
Japan using both finite-frequency and ray tomography methods. Our finite-frequency tomography technique is based on th
single-scattering theory (Tong et al., 2011). The finite-frequency sensitivity kernel derived in this study reflects correctly the
sensitivity of the heterogeneity off the geometrical ray path and the existence of Fresnel volume, and the kernel depends on tt
dominant frequency of the observed wave. The dominant frequency is estimated directly from the earthquake magnitude base
on a relation that is obtained by regressively analyzing the displacement spectra of 20 earthquakes in the study area. We uset
great number of P and S wave high-quality arrival-time data from the Kobe aftershocks and other local earthquakes during 200
to 2010. Our tomographic images obtained with the finite-frequency and ray tomography methods show a high level of similarity,
which is verified quantitatively by adopting the structural similarity index. Similar to the previous studies (e.g., Zhao et al., 1996),
the present results show that the Kobe mainshock hypocenter is located in a distinctive zone characterized by a high Poissor
s ratio and a low product of P- and S-wave velocities, which is interpreted as a fluid-filled, fractured rock matrix that may have
triggered the 1995 Kobe earthquake. The crustal fluids in the Kobe hypocenter are considered to originate from the dehydratio
of the subducting PHS slab beneath Southwest Japan (Zhao et al., 2002, 2010).
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Discussion on the significance of seismic interferometry to estimate inclined layered

medium

ZHANG XINRUI'*, 00 O 1
ZHANG, XINRUI'*, MORIKAWA, Hitoshi!

loooooo
Tokyo Institute of Technology

In a case where the spatial auto-correlation (SPAC) method (Aki, 1957) is used to estimate phase velocity, the undergroun
structure is assumed to be horizontal layers, which confine the estimation accuracy. On the other hand, according to seism
interferometry theory, in an elastic medium the Fourier transform of azimuthal average of the cross correlation of motion be-
tween two sites is proportional to the imaginary part of the exact Green’s function between these site (SanchezSesma, 2006).
means that it is possible to introduce the concept of Green’s function to SPAC method because we calculate out many Fourie
transform of cross correlation as intermediate results. Actually, there was a successful example combining the H/V method an
seismic interferometry by Sanchez-Sesma before. Hence, we propose a method combining the conventional SPAC method a
the concept of Green’s function, which is known as the seismic interferometry in frequency domain. It is expected to obtain more
accurate model of ground structure like inclined layered medium.

Afterwards, we take the ratio of power spectra of center of the array and one site on the circular array to calculate the ratic
of imaginary part of Green'’s functions of these sites. Therefore, in practical observations, we calculate the ratio of power spectr
of center of the array and one site on the circular array to obtain the ratio of imaginary part of Green’s function of these sites.
The ratio of Green’s function can be obtained without any additional calculation, because the power spectra are just intermedial
results in the process of the SPAC method. Then, we can modify the structure, such as the thickness of each layer, to satisfy tl
ratio of the imaginary part of Green’s function. Therefore, more detailed information of ground structure such as inclination can
be obtained from the combination of the SPAC method and seismic interferometry. The condition to satisfy this method is the
diffusive wavefield.

In order to examine the validity of the proposed method, we do the sensitivity analysis and numerical simulation. In sensitiv-
ity analysis, we calculated the ratio of imaginary part of Green’s function between varieties of 2-layered models with different
thicknesses and see how the ratio varies with the thickness. Through 36 comparisons between 36 pairs of models, it is four
that the shallower ground structure is, the more sensitive the ratio is with respect to the thickness. In numerical simulation, we
use certain finite difference method-based program to simulate the diffusive wavefield by random sources and see how the rat
of power spectra matches the ratio of imaginary part of Green’s function. Through 12 comparisons, it is found that the critical
frequency which gives the peak value of ratio matches quite well. Through error analysis, it is found that the shallower structure
is, the smaller error is.

In conclusion, the validity of proposed method is primarily confirmed. It has best accuracy in estimating shallow structure.

Keywords: Seismic Interferometry, Green'’s function, Cross spectrum, layered medium, SPAC method
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Structure imaging by cross-correlation of local earthquake records: Simulation on sourct
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Seismic anisotropy from the interferometric analysis of seafloor records
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IEarthquake Research Institute, the University of TORYBREE, JAMSTEC

The seismic interferometry is now widely applied to the ambient noise source in continental regions [e.g. Shapiro et al., 2005]
and in an oceanic region, the East Pacific Rise (EPR). Harmon et al. [2007] used the vertical components of ocean bottor
seismometers deployed in the EPR region for analyzing the Rayleigh wave. In this study, we apply similar method to the three
component record of broadband ocean bottom seismometers (BBOBSs) deployed in (i) the Shikoku Basin (SB) region by th
Stagnant Slab Project and (ii) the French Polynesia (FP) region by the TIARES (tomographic investigation by seafloor array
experiment for Society hotspot) project. The spacing of the stations is about 100-200 km. For each region, we obtain the phas
velocities of (i) the fundamental mode of Rayleigh wave (14-29 sec), (i) the first higher mode (5-11 sec) of Rayleigh wave,
and (iii) the fundamental mode of Love wave (2.5-14 sec) by the SPAC method [Aki, 1957]. The propagation of the first higher
mode of Rayleigh wave appears (i) in the horizontal component (7-11 sec) for the SB region, (ii) in both vertical and horizontal
components (5-10 sec) for the FP region, and (iii) in the vertical component (3.5-7 sec) for the EPR region. The difference
between EPR and SB regions can be interpreted by the difference between the periods of analysis. To account for the differen
between FP and SB regions, on the other hand, we need to discuss other causes such as the difference of sedimental thickr
and the source intensity of ambient noise.

By further using the phase velocities measured by array analysis of teleseismic waveforms, we obtain one-dimensional radiall
anisotropic structures at the uppermost mantle beneath SB and FP regions. Both structures show that the velocity of horizontal
propagating shear-wave with horizontal polarizatioy £V is 3 % higher than that with vertical polarization £\). We also
focus on the azimuthal anisotropy. By the analysis of teleseismic waveforms, the phase velocity (30-50 sec) beneath the F
region is revealed to depend on the back-azimuth, t, in a form with sin(2t) and cos(2t). We obtain consistent pattern at shorte
periods (20-30 sec) by the ambient noise interferometry with assuming homogeneous structure beneath the array. We will discu
the effects of inhomogeneous structure and inhomogeneous source distribution, and will estimate the azimuthal dependence
shorter periods.

ooo000:000000,000
Keywords: Seismic interferometry, ambient noise, anisotropy
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Seismic velocity reduction after the 2011 Tohoku-Oki earthquake using repeating earth

guake
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IRCPEV, Graduate School of Sci., Tohoku Univ.

We used repeating earthquakes data to estimate velocity change in the overriding plate from Kanto to Hokkaido region as
sociated with the 2011 M9.0 Tohoku-Oki earthquake. Because repeating earthquakes occur as the repeating slips on the sa
patch on the Pacific plate with the same source mechanism at different time, waveform data of repeating earthquake is suitab
for detecting temporal change in subsurface structure.

First, we performed the moving window cross-spectral analysis for vertical component of seismograms of 54 repeating earth
guake sequences. Before the analysis, data were filtered with a band-pass window of 1-10Hz. To align the arrival time of P-wave
we used cross-correlation for the P-wave in a 5-sec time window centered by computed arrival time according to the 1-D struc
ture of IMA2001 [Ueno et al., 2002]. After aligning the P-wave, we computed cross-spectra for the moving time window with a
length of 2-sec at every 0.1 sec to measure time-shift between a pair of repeating earthquakes. For pairs of repeating earthqual
that are both before the 2011 Tohoku-Oki earthquake, the time-shifts are almost zero from direct P-wave to S coda. In contras
for pairs before and after the earthquake, the time delay gradually increases with lapse time. This result indicates the velocit
decrease after the 2011 Tohoku-Oki earthquake. For example, at a Hi-net station (N.KAKH) near the Oshika Peninsula, the tim
delay linearly increase just after P arrival to about 0.02 sec in 40 sec for an repeating earthquake sequence of which epicentr
distance is 232 km. From the slope of the time delay, the amplitude of velocity reduction is about 0.05 %. The time delay does
not always show linear increase with lapse time. The behavior of the time delay seems to depend on the location of event-static
pair, which means heterogeneous distribution of velocity change.

Secondly, we only used the information of direct part of a seismogram to estimate the location of the velocity reduction. This
is because the time-shift in direct part simply reflects the velocity change only along a direct ray path in contrast to the comple»
path of coda waves. One problem for using the direct part is an error of origin time. However, because the errors of origin time:s
are identical at all stations, we can estimate the relative delay in many stations for a pair of repeating earthquakes that can be us
for the estimation of the spatial variation of time-shift in direct part. In order to evaluate the spatial variation of time-shift for a
pair of repeating earthquakes, we subtract a median of the time-shifts of direct P-wave for all stations from the time-shifts of F
and S-wave at every station. From the result of all repeating earthquake sequences, we can recognize clear relative time-delay
about 0.01 sec for S-wave by in both the fore-arc and back-arc region from Fukushima to lwate prefecture. Furthermore, we est
mated spatial distribution of the S-wave velocity change by a tomographic inversion method using the time-shift as input data. Ir
this inversion method, we solved slowness changes in three-dimensional blocks and the errors of the origin times simulatenousl
The ray path is computed by using the JIMA2001. As a preliminary result, a major slowness increase (velocity decrease) of 0.0
% is estimated in upper crust in Tohoku region from Fukushima to Iwate prefecture. The receiver-side velocity reduction can be
interpreted as the damage in near surface due to strong motion or the static stress change due to coseismic slip on the fault.
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