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[1] We use four repeating earthquake sequences located near Hokkaido to identify
velocity changes caused by the M,, 8.0 2003 Tokachi-Oki earthquake. Using a moving
window cross-correlation technique, we identify delays in the arrival time of seismic
waves that accumulate linearly with time into the seismogram. This behavior is indicative
of multiple scattering within a medium where the seismic velocity has been reduced.
For all of our earthquake-receiver geometries, we find evidence of significant velocity
reductions close to the receiver. The correlation of the size of the velocity reductions with
both strong shaking and site characteristics suggests that these velocity reductions are
caused by damage to near-surface materials created by nonlinear strong ground motion.
For earthquake/receiver geometries where the seismic waves cross the Tokachi-Oki
rupture zone, we identify particularly large reductions in velocity as a result of the
earthquake. For these geometries, we believe that the rupture zone of the Tokachi-Oki
earthquake or the shallow crust above it represents a second region where seismic

velocities are reduced as a result of the main shock.
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1. Introduction

[2] For years, seismologists have searched for changes in
wave propagation both prior to and as a result of large
earthquakes. Studies have suggested temporal changes in
coda Q [e.g., Su and Aki, 1990], anisotropy [e.g., Saiga et al.,
2003], scattering [e.g., Baisch and Bokelmann, 2001], and
seismic velocity [e.g., Uchida et al., 2002] following
earthquakes. Recently, seismic velocity changes caused by
earthquakes have been intensively studied, as one only needs
a repeating source, either natural (for example, repeating
earthquakes) [e.g., Poupinet et al., 1984; Rubinstein and
Beroza, 2004a; Schaff and Beroza,2004; Peng and Ben-Zion,
2006] or artificial (for example, explosions) [e.g., Li et al.,
1998, 2003; Nishimura et al., 2005], to identify delays of one
event relative to another, which are indicative of a change in
seismic velocity. Authors typically use a moving window
cross-correlation method to identify the aforementioned
delays.

[3] The results of this type of cross-correlation analysis
have been used to study delays found in direct body phases
[e.g., Li et al, 2003], fault-zone-guided waves [e.g., Li
et al., 1998], and the coda [e.g., Schaff and Beroza, 2004].
For studies that examine specific arrivals, assessing the

"Department of Geophysics, Stanford University, Stanford, California,
USA.

*Now at Department of Earth and Space Sciences, University of
Washington, Seattle, Washington, USA.

3Research Center for Prediction of Earthquakes and Volcanic Eruptions,
Tohoku University, Aoba-ku Sendai, Japan.

Copyright 2007 by the American Geophysical Union.
0148-0227/07/2006JB004440$09.00

B05315

influence of velocity changes is relatively straightforward,
as one only needs to examine the change in traveltime (if the
origin time is known precisely) or the change in lapse time
between two arrivals (if the origin is not precisely known).
Studies of the coda require more complicated processing as
there are no distinct, consistent arrivals with which one can
dependably examine arrival times. Many coda studies rely on
the fact that as later phases of the coda spend progressively
longer in the scattering medium producing them, the
accumulated delays (assuming the velocity has been
reduced in this region) will increase linearly as a function
of time into the coda [Niu et al., 2003; Schaff et al., 2004;
Snieder et al., 2002]. From this, one can compute the
change in slowness (1/velocity) in the medium by fitting a
line to the delay function [Schaff and Beroza, 2004]. In
addition to recovering changes in velocity, Snieder [2006]
and Snieder et al. [2002], using a theory called “coda wave
interferometry”, have shown that changes in scatterer
distribution and earthquake source movement can be iden-
tified by examining the results of moving window cross
correlation.

[4] Authors have interpreted the wvelocity changes
observed using these techniques in a number of ways.
Some have appealed to strong-motion-induced damage to
explain velocity reductions following large earthquakes
[e.g., Schaff and Beroza, 2004; Rubinstein and Beroza,
2004a, 2004b, 2005; Peng and Ben-Zion, 2006]. Others
have interpreted the velocity changes to be a result of the
closure/opening of cracks caused by the change in static
stress field following an earthquake [e.g., Nishimura et al.,
2000]. For third set of observations, a damage to the fault
zone itself is believed to be responsible for velocity
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