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Coda of earthquakes consists of scattered waves and the late coda can be regarded as a diffuse field. The diffuse wave fielc
necessary for the seismic interferometry. Campillo & Paul (2003) showed that we can extract the Green’s function from field-
to-field correlation of coda waves. Different from the noise field, scattered waves around the source region are included in the
coda. We analyze the cross-correlation functions (CCF) of coda of earthquakes occurred around the source region of the 20:
Tohoku-oki earthquake and examine the fluctuation of them.

We use the earthquakes with magnitude larger than 5 occurred from 2008 to 2011 and about 74 Hi-net stations located in tf
east coast of northeastern Japan. We apply the band-pass filter (0.1 - 0.2Hz) and divide the coda window into 300s-long segmet
from 200s after the origin time until 700s with an interval of overlap of 100s. By stacking the CCFs, we detect the Rayleigh
wave with the propagation velocity of 3.2km/s. We examine the dependence on the source location by using the angle betwee
the source and the station pair. The CCFs with angles less than 45 degrees are asymmetry. On the other hand, the CCFs with
angles larger than 45 degrees are more symmetric. This feature was also reported in Paul et al. (2005). This observation indicat
that the energy coming from the source is still dominant in the late coda.

We calculate the fractional travel-time chang#t, by applying the stretching method to the coda of the CCF and analyze the
fluctuation of it. Thedt/t shows the strong fluctuation and the RMS of it is about a few percent. This fluctuation is not systematic.
The fluctuation of thedt/t measurement based on the stretching method due to the random fluctuation of the waveform is
theoretically estimated by Weaver et al (2011). When we apply their theory to our measurement, the predicted fluctuation and th
observed fluctuation are the same order of magnitude. This result indicate that the observed fluctaéficsradt reflected the
uniform change of the medium. Because the diffuse field of coda is not isotropic, we can’t obtain the stable CCF from the coda
We also calculate the CCF of noise field in the same region and calculati#/titie to the 2011 Tohoku-oki earthquake by
applying the stretching method. We observe the co-seismic chamlié.afhedt/t increases by about 0.2 % after the earthquake.
This is one order of magnitude smaller than the fluctuatiodtdfderived from the CCF of coda. Therefore we can’t detect the
change due to the earthquake from the CCF of coda. In order to improve the stability of the CCF of coda, we apply the curvele
denoising filter (Stehly et al 2011). By the denoising, the correlation coefficient between each CCF and the stretched referenc
CCF increases and the fluctuation of tfté decreases. However, the fluctuation is still too large to detect the co-seismic change.

Finally, we mention about the signal to noise ratio (SNR) of the CCF. The SNR of the CCF of noise is about 3 times larger
than that of the CCF of coda. The ratio of the square root of the length of the time window of the noise used to calculate the
one-day CCF to that of the coda is about 14. Therefore, in terms of the length of the time window, the CCF of the coda is efficient
to extract the Green’s function compared with the noise.
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Seismic waveform modeling is a key tool to estimate subsurface characteristics, not only for hydrocarbon explorations bu
also for proper managements of seismic hazards and civil engineering infrastructures. Modeling in frequency domain found to b
effective for its numerous advantages compared to that in time domain. Once triangular factors of impedance matrix have bee
calculated, multiple sources can be processed with the minimum computational costs. Monochromatic and band limited modelin
at desired frequencies are implemented in a straightforward manner and the attenuation behavior of elastic media can directly |
dealt with considering complex valued elastic parameters. However, discretizing the computational domain requires more gri
points to achieve acceptable accuracy and a program with robust algorithm is needed to minimize the modeling time and cos
We used 25-point finite difference stencils to discretize the elastic wave equation in frequency domain to develop an effective
MATLAB package for elastic waveform modeling. By using array-processing abilities of MATLAB, we efficiently computed
the large impedance matrix for realistic model sizes. In order to solve the system of equations impedance matrix is factorize
to lower and upper triangular matrixes, then forward and backward substitution results in horizontal and vertical displacements
Since the impedance matrix has a band structure and very sparse pattern, using efficient ordering schemes to reduce fill-in duri
factorization is necessary. We used METIS library together with SuiteSparse library for sparse LU factorization. METIS uses a
multilevel nested dissection algorithm to calculate a fill reducing ordering which brings a superior performance to the program.
SuitSparse includes several factorization and solution modules, such as UMFPACK, SparseQR, and CHOLMOD, for spars
matrixes and linear system of equations. We used UMFPACK and SparseQR modules in our modeling code for problems witl
different sizes. Once the factors have been calculated, several seismic sources could be modeled by solving for multiple rigt
hand sides. Reflections from truncated boundaries appear in the solution of the wave equation which must be suppressed
boundary conditions. In order to truncate the computational area we applied Perfectly Matched Layers (PML) on the boundaries
Complex valued velocities based on Kolsky-Futterman model were used to consider attenuation effects in the seismic waveform
Marmousi2 example (Figure 1) confirmed the efficiency and accuracy of the MATLAB code. We have cropped the original model
to focus on the more complex area in the center of the geological model; the final model in the example is 6600 m long and 3201
m deep. A shapshot of wave propagation and shot gathers of horizontal and vertical components of the displacement recorded
the surface are shown in the Figure 1. As is obvious in the horizontal displacement component, strong Rayleigh waves appear
the seismograms and travel near surface with low velocity. Based on the results of Marmousi2 example and several other mode
which have already tested the program, the developed MATLAB package can be used for fast and accurate elastic wavefor
modeling.

O O 0O 0O 0O : seismic, waveform modeling, frequency domain, finite difference, perfectly matched layers
Keywords: seismic, waveform modeling, frequency domain, finite difference, perfectly matched layers
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We observed a prominent phase on vertical seismograms of interplate and intraplate earthquakes offshore Miyagi prefectul
with depth ranges from 30 to 60 km. The phase that appears between P- and S-waves is observed widely at stations in the Jay
Sea side. Here we examine the waveform and travel times of this phase using Hi-net data and estimate its origin, and discu:
potential usage of the phase.

A polarization analysis indicates that the phase has a strike toward the epicenter, nearly vertical dip angle, and large rectilinea
ity. This indicates that the phase is P-wave coming from the direction of the source. The travel time of the X-phase is proportiona
to epicentral distance with an apparent velocity of about 7 km/s. This suggests that the reflection/conversion occurs at relativel
shallow part. There is no significant azimuthal variation in arrival times of the X-phase, which implies that the plane of re-
flection/conversion is nearly horizontal. We estimate the position of conversion/reflection by using ordinary hypocenter location
method assuming that the phase is P-wave from the conversion/reflection point. The location is near the surface of the coastal ar
of Miyagi prefecture. The above observational facts of large amplitude, polarization characteristics, apparent velocity, azimutha
variation of arrival times, and the location of conversion/reflection point, are all consistent with an interpretation that the phase
is sP reflected phase from the surface. This phase has already found by previous studies and has been used as a depth pha
improve the depth accuracy in hypocenter location and delineate a seismicity pattern along the plate boundary.

Next we investigated amplitude distribution of sP phase. We measured amplitude on RMS envelope as the deviation 0
smoothly varying envelope. In many cases the amplitude is largest at stations in Akita and Yamagata prefectures, while th
amplitude is smaller at stations in the northern and southern part of Tohoku district, and at stations in the Pacific side. The foce
mechanisms of these events are reverse faulting with N-S strike. In the case of reverse faulting earthquake with E-W strike, th
area of large amplitude shifts to the northern part of Tohoku district. This indicates that the amplitude distribution of sP phase
depends on focal mechanisms. Thus the amplitude of sP phase has a potential usage to determine focal mechanisms of offsh
earthquakes, which is difficult from the P-wave polarization only.

Acknowledgement: We thank the National Research Institute for Earth Science and Disaster Prevention (NIED) for providing
waveform data from Hi-net.
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Seismic attenuation is a highly variable physical parameter that depends on confining pressure, porosity, degree of fluid sat
ration, and variations in fluid properties such as elastic modulus, viscosity, and polarity. In our previous paper, we used partially
frozen brine as a solid-liquid coexistence system to investigate seismic attenuation phenomena. Ultrasonic wave transmissic
measurements on this ice-brine coexisting system were conducted to examine the influence of unfrozen brine in the pore m
crostructure of ice on ultrasonic waves. From liquid phase to around the freezing point, the presence of a partially frozen brine
increases both velocity and attenuation. During the growth of ice from brine, salt cannot incorporate into the ice crystals. As the
ice freezes, the salt is rejected and concentrates in the brine; thus, as the salinity increases in the brine filled pores, the freezi
point of the remaining fluid is successively lowered and furthermore the viscosity of remaining high salinity unfrozen brines
becomes larger and larger. Seismic attenuation related to viscous effect is caused by relative fluid-solid motion is one of th
most important attenuation mechanisms. This paper is concerned with the effect of such viscosity on attenuation at ultrasoni
frequencies. We observed the variations of a transmitted wave, changing its salinity and quantitatively estimated attenuation fc
unconsolidated porous material saturated with brine by considering different distances between the source and receiver transdu
ers. The waveform analyses for P-waves indicate that the attenuation increases with increasing salinity (i.e. increasing viscosity
In order to elucidate the physical mechanism responsible for ultrasonic wave attenuation measured at different salinity (i.e
different viscosity), we employ a poroelastic model based on the Biot theory to describe the propagation of ultrasonic waves
through partially frozen brines.
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