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Accurate predictions of the intensity and variability
of near-source strong ground motions for future large
earthquakes depend strongly on our ability to simulate
realistic models of earthquake rupture. Commonly used
kinematic earthquake source models are characterized
by heterogeneity in the slip distribution and a tempo-
ral rupture evolution (rise time, rupture velocity, slip-
velocity function) that is assumed a priori. Such kine-
matic source models may not be physically realizable as
a self-sustaining fault rupture. In order to make near-
field ground motion simulations more accurate, we have
developed a procedure to generate physically consis-
tent earthquake rupture models. This so-called pseudo-
dynamic source characterization constitutes inherently
kinematic rupture models that are designed to emu-
late important characteristics of fully dynamic rupture
models through a series of empirical relationships de-
rived from the analysis of a set of spontaneous rupture
models.

‘We construct pseudo-dynamic models by first gener-
ating a slip distribution using a spatial random-field
model that is consistent in its overall scaling and spa-
tial variability with slip distributions observed in past
earthquakes [Mai and Beroza, 2000; 2002]. We then com-
pute the static stress drop Ao associated with this slip
distribution [Andrews, 1980], which is then used to cal-
culate the local rupture velocity through empirical re-
lations between stress drop Ao, fracture energy G, and
crack length L. [Andrews, 1976; Guatteri et al, 2003]. An
equivalent approach is used to simulate the distribution
of rise time over the fault and the parameters describ-
ing the slip-velocity function. A simple energy-budget
calculation is used to discard source models that would
not be realizable as spontaneous ruptures.

Our pseudo-dynamic source characterization repro-
duces the important features of dynamic rupture with-
out full dynamic simulations, and hence circumvents
the limits imposed by the computational demand of
dynamic rupture modelling for multiple scenario earth-
quakes. While the relationships between source param-
eters described in this paper are significant simplifica-
tions of the true complexity of the physics of the rup-
ture process, they help identify important relationships
between source properties that are relevant for strong
ground motion prediction.
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After the 1995 Hyogoken-Nanbu earthquake, NIED
(National Research Institute for Earth Science and Dis-
aster Prevention) installed the K-NET that uniformly
covers all Japan with more than one thousand strong-
motion accelerometers on the ground surface. In addi-
tion to the K-NET, NIED constructed uphole/downhole
observation network, KiK-net, with approximately 660
stations. Each KiK-net station has a borehole of 100m
or more in depth and strong-motion seismographs have
been installed both on the ground surface and at the
bottom of the boreholes. The velocity profiles and geo-
logical information are widely accessible on the website
as well as the observed records. We are coming into an
era where we can obtain the data immediately when
the earthquakes occur, as we are able to obtain water
in every house by just turning on a water faucet. These
networks recorded strong-motion waveforms near the
source-region. In fact, for most of large inland earth-
quakes, strong motion records were obtained within 15
km of epicenter and largely contributed to investigat-
ing both source processes and ground motion charac-
teristics. For example, approximately 800 stations were
triggered by the 2003 Off-Miyagi earthquake (Mw 7.0),
an intra-slab earthquake that occurred at 70 km deep.
At three stations, PGA (peak ground acceleration) ex-
ceeded 1g (980 gal). During the crustal earthquake in
July of 2003 at Miyagi prefecture, the other govern-
mental seismograph network for measuring seismic in-
tensity recorded more than 1.5 - 2g at very near-fault
stations. The dense network showed that the large ac-
celerations were not accidental phenomena, although
they were observed at spatially limited area. When the
observation is sparse, it is difficult to judge whether the
large ground motions are caused just by locally spe-
cial situation like the effects of topography and fill-
up ground or not. Accumulation of the near-source
strong-motion data is very important for evaluating
the ground-motion both for the past and future earth-
quakes.

URL: http://www.k-net.bosai.go.jp/
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We present a methodology for generating broad-
band (0 - 10 Hz) ground motion time histories using a
hybrid technique that combines a stochastic approach
at high frequencies with a deterministic approach at
low frequencies. Currently, the methodology is be-
ing developed for moderate and larger crustal earth-
quakes, although the technique can theoretically be ap-
plied to other classes of events as well. The broad-
band response is obtained by summing the separate
responses in the time domain using matched butter-
worth filters centered at 1 Hz. We use a kinematic
description of fault rupture, incorporating spatial het-
erogeneity in slip, rupture velocity and rise time by
discretizing an extended finite-fault into a number of
smaller subfaults. The stochastic approach sums the
response for each subfault assuming a random phase, an
omega-squared source spectrum and simplified Green’s
functions (Boore, 1983). Gross impedance effects are
incorporated using quarter wavelength theory (Boore
and Joyner, 1997) to bring the response to a generic
baserock level (e.g., Vs = 1000 m/s). The determinis-
tic approach sums the response for many point sources
distributed across each subfault. Wave propagation is
modeled using a 3D viscoelastic finite difference algo-
rithm with the minimum shear wave velocity set at
620 m/s. Short- and mid-period amplification factors
provided by Borcherdt (1994) are used to develop fre-
quency dependent site amplification functions. The
amplification functions are applied to the stochastic
and determinsitic responses separately since these may
have different (computational) reference site velocities.
The site velocity is taken as the measured or estimated
value of Vg30. The use of these amplification factors
is attractive because they account for non-linear re-
sponse by considering the input acceleration level. We
note that although these design factors are strictly de-
fined for response spectra, we have applied them to the
Fourier amplitude spectra of our simulated time histo-
ries. This process appears to be justified since the am-
plification functions vary slowly with frequency and the
method produces favorable comparisons with observed
broadband motions. We have tested the methodology
using ground motion recordings of the Northridge and
Loma Prieta earthquakes.
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Three dimensional finite difference earthquake sce-
narios from finite faults are compared with those from
a point source for the 1792, Mw 6.75 Shacheng Earth-
quake, Beijing area, with different velocity models —
homogeneous, layered, and heterogeneous. The goal is
to separate the effects of fault dimension and hetero-
geneity on the ground motion and shaking hazard in
the study region. The kinematic finite source model
is a traditional one (Hartzell, 1978), in which the rup-
ture initiates at the hypocenter of the fault plane and
propagates radially. The velocity of this propagation
is assumed to be about 80 percent of the shear wave
velocity. From the magnitude we can derive the ge-
ometrical parameters of the finite fault plane, assum-
ming the shape of the fault is rectangular. Then the
fault plane is divided into elements. Each element is
treated as a separate point source. The scalar moments
of these elements are assigned randomly with the sum-
mation equal to the total moment of the point source.
‘We use the same gauss function for these separate el-
ements as for the point case, with the rise time rela-
tive to the length and the rupture propagation veloc-
ity. Our comparisons are in terms of the velocity and
rotation seismograms, the PGV (peak ground velocity),
the PGR (peak ground rotation), the shaking duration
distribution and response spectrum of velocity. Gener-
ally it is observed that the attenuation rate (both of
PGV and PGR) at the area of hanging wall is higher
than on the opposite side. Further preliminary findings
point to (1) enhanced near-fault ground motion in the
finite-fault case and (2) complex interaction between
the finite fault radiation and the 3D heterogeneity.

Fos.

URL: http://woerth.geophysik.uni-muenchen.de/
“haijiang/abstract.pdf
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Repeated slip has been detected on the deep inter-
face of the northern Cascadia subduction zone by ob-
serving surface deformation on a network of continu-
ous Global Positioning System sites. These slip events
have now been found to have, accompanying tremor-
like, non-earthquake, seismic signatures. The tremor
is mainly shear wave energy concentrated in a band-
width of 1-5Hz. We refer to this associated tremor and
slip phenomena as Episodic Tremor and Slip (ETS).
From the regular 13 to 16 month recurrence times of
the previous five ETS events identified beneath south-
ern Vancouver Island since 1996, an ETS event was ex-
pected in the region early in 2003. The seismograph
and GPS networks operated by the Geological Survey
of Canada were supplemented with additional stations
to ensure that the seismic and deformation signature
of the expected ETS event were well recorded. The
first ETS tremors started on February 25 just south
of Victoria, British Columbia in the region of the In-
ternational border. Within a few days, slip was con-
firmed by southwest displacements at continuous GPS
stations in the vicinity of Victoria. The source loca-
tions of tremor and slip migrated northwest about 150
km, traversing the southern third of Vancouver Island.
The last tremor signal of the sequence was detected
on March 26. Tremors emanated from a region on,
or very close to, the subduction interface between the
two lithospheric plates. They were confined to a band
about 50km wide, consistent with the region of the
modelled slip, just down dip from the proposed locked
zone on the subduction interface.
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The tremors associated with the most recent ETS
event observed along the northern Cascadia margin
were recorded in the greatest detail to date, by a com-
bination of stations from CNSN, POLARIS, and the de-
ployment of a temporal broadband seismic network in
the region. Because no clear arrivals of P or S phases
can be identified, we develop a method, called ”source-
scanning”, to locate the tremors and to image their
source distribution in both time and space. The al-
gorithm systematically examined three-component con-
tinuous digital waveforms (from late February to late
March, 2003) recorded at 25 broadband seismic stations
(spacing at an interval of about 10 km) and identified
more than 1600 tremor events with sufficient waveform
quality to give coherent patterns of source configura-
tion. The identified events span a width of about 50 km

Trans. AGU, 84(46), Fall Meet. Suppl., Abstract #####-##, 2003.



beneath the southern portion of the Vancouver Island
and north Washington State. Events to the west gen-
erally have source depths shallower than those to the
east. When projected onto a cross section perpendicu-
lar to the trench axis, the majority of tremors occurred
in the vicinity of the inferred plate interface between
the subducted Juan de Fuca plate and the overriding
North America plate. However, they tend to distribute
within a zone of over 10-15 km thick rather than along
a plane. The images of many tremor sources show elon-
gated shapes shallowly dipping toward the east, consis-
tent with the geometric configuration of the interplate
thrust zone. We hypothesize that the ETS events are
the manifestation of the rheological/mechanical behav-
ior along or immediately above the deep portion of the
plate interface.
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Time-dependent inversion of continuous GPS mea-
surements that capture the 2003 Cascadia slow earth-
quake, for which the most spatially dense observations
to date are available, shows this to be the largest of
9 transients recognized to date in the Pacific North-
west and demonstrates that neither initiation nor prop-
agation are confined specifically to the Juan de Fuca
arch. The 2003 slow transient nucleated in early Jan-
uary of 2002 beneath the southern Puget Basin, a re-
gion south of all previously recognized transients. By
March of 2003, rupture had propagated bi-laterally 250
km to the south and north, reaching as far as the Ore-
gon border to the south and British Columbia, Canada
to the north. In total it is recognized on 12 contin-
uous geodetic-grade GPS stations that together form
a spatially coherent, N-S propagating pattern of tran-
sient reversal from secular fore-arc-normal compression
to extension. The total duration and along-strike ex-
tent of this event are three months and 500 km, re-
spectively. The great spatial extent of this event, in
conjunction with deep tremor correlated with the on-
set of slow faulting, suggests a high level of fluid per-
meability over great distances along the critically held
deeper Cascadia interface. Moreover, faulting in south-
ernmost Washington state suggests that the dearth of
similar transients reported across the remainder of Cas-
cadia reflect more a lack of sufficient instrumentation
than a genuine lack of transients. EarthScope will rem-
edy this situation in the near future.

URL: http://www.geodesy.cwu.edu/
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Slow faulting events recently recognized along conver-
gent margins globally are now understood to consti-
tute a fundamental mode of significant moment release
that can both trigger and be triggered by seismo-
genic rupture. In the Pacific Northwest, continuous
GPS has detected nine slow earthquakes occurring at
14.54+1 month intervals within the northern Casca-
dia plate interface (Dragert et al, 2001; Miller et al,
2002) accompanied by harmonic tremor notably absent
when slow earthquakes are not occurring (Rogers and
Dragert, 2003; Obara, 2002). To date no observations
of Cascadia slow events have been made outside of
the northern Puget basin, suggesting that this region,
characterized by a unique bend in the Juan de Fuca
plate, is somehow conducive to slow slip. However,
spatial and temporal filtering of continuous GPS time
series from Northern California and Central Oregon
indicates that episodic slow earthquakes do indeed
occur here, and by extension, possibly throughout
Cascadia. Evidence of six transient slip events are
visible on data from permanent GPS stations in North-
ernmost California during a time period from 1997 to
the present. Station YBHB indicates an episodic slow
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earthquake recurrence interval of 10.8 months, 75%
of the 14.5 month interval calculated for stations in
the northern Puget Sound. Evidence of episodic slow
event is also displayed by the time series of stations
in Central Oregon. During one three-month window
beginning in November of 2001, transient slip emerged
in succession beneath Northern California, southern
Oregon, northern Washington and southwestern British
Columbia, a total range of over 1000 km. However, a
(current) dearth of continuous GPS data for western
Oregon preclude the conclusion that this is one event.
Together, these transients demonstrate that slow slip
events are not confined to the Juan de Fuca arch.
Among other issues, this observation has implications
with regards to possible along-strike segmentation
of seismogenic rupture characteristics for the deeper
Cascadia interface.
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During subduction, dehydration may facilitate
earthquake rupture in both the slab crust and slab man-
tle. The up to 15% rock densification that accompanies
the metabasalt-eclogite transformation is expected to
have several mechanical consequences. In warm slabs
such as Cascadia and Nankai, this transformation and
mantle serpentine breakdown begin at rather shallow
depths (30 - 50 km). The pervasively hydrated upper
crust transforms to eclogite under equilibrium condi-
tions, but the transformation of the anhydrous parts of
the lower crust is kinetically delayed to greater depths.
Therefore, densification begins in a thin layer along
the top of the slab. Volume reduction gives rise to an
equivalent stretching force in the thin layer in all slab-
parallel directions, activating existing faults and devel-
oping new fractures. Analogous to a weak layer sand-
wiched between, and bonded to, two strong layers un-
der stretching, fracture spacing in the weak layer scales
with the layer thickness. The theory predicts that the
densified thin layer must be !0 shattered !1 The
shattered upper crust may have numerous small earth-
quakes but does not favor large ruptures. In contrast,
the much more uniform lower crust and mantle can
host larger ruptures, although seismic ruptures occur
only in the limited hydrated parts. This explains the
observation that relatively few earthquakes deeper in-
side the slab tend to have larger magnitudes than those
just below the slab surface. For example, three recent
damaging events (1999 Oaxaca, Mexico; 2001 Geiyo,
Nankai; 2001 Nisqually, Cascadia) in warm slabs all oc-
curred in the lower crust or mantle. The densification is
generally a steady state process: An increasingly thin-
ner slab moves into an increasingly thinner subduction
7slot” continuously, with the downdip width of transi-
tion from normal to thinned crust scaling linearly with
the subduction rate. However, at the fracture scale, the
process is highly nonlinear, and there must be small
fluctuations due to mechanical and kinetic irregulari-
ties. Readjustments of high-fluid-pressure rocks in and
above the shattered subducting crust in responses to
such densification fluctuations may be responsible for
episodic lower-frequency tremors recorded at the Cas-
cadia and Nankai subduction zones. Transient modifi-
cations of slab-surface topography and roughness in the
same process may trigger silent slips along the plate in-
terface.

S42G-06 1455h INVITED

Structure of the Northern Cascadia
Subduction Zone

Todd A Nicholson?! (tnicholson@eos.ubc.ca)
Michael G Bostock! (bostock@geop.ubc.ca)

John F Cassidy?

Ipepartment of Earth and Ocean Sciences, University
of British Columbia, 6339 Stores Road, Vancouver,
BC V6T 1Z4, Canada

2pacific Geoscience Centre, Geological Survey of
Canada, Box 6000, Sidney, BC V8L 4B2, Canada

As part of the POLARIS (Portable Observatories for
Lithospheric Analysis and Research Investigating Seis-
micity - www.polarisnet.ca) project, we have initiated
a broadband seismic experiment across southwestern
British Columbia and northwestern Washington. The
objective of this work is to better understand the struc-
ture of the subducting plate and mantle wedge in north-
ern Cascadia, and its relation to intra-slab (Wadati-
Benioff) seismicity. There are currently 30 broadband
stations extending across southern Vancouver Island,

2003 Fall Meeting F1107

the Gulf and San Juan Islands, Watcom county and the
British Columbia lower mainland in an approximately
linear array. We have employed the P-wave coda from
28 teleseismic events recorded on this array in a formal
inversion to image fine-scale shear-velocity structure.
Preliminary results indicate a structure very similar to
that identified across a comparable profile in Oregon.
The continental Moho is evident at the eastern end of
the profile near 30 km depth but disappears towards the
Georgia Strait/Puget sound. Farther west, a horizontal
boundary at a similar depth with an ”inverted” shear-
velocity contrast appears and persists to its projected
intersection with the subducting plate. The oceanic
crust is clearly evident below southern Vancouver Is-
land as a dipping low-velocity zone but its signature
diminishes at depths below 45 km. As for Oregon, we
interpret these observations to signal the presence of a
serpentinized forearc mantle hydrated, in part, through
eclogitization of oceanic crust.
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We observe strong wide-angle reflections consistent

in time and slowness with reflections off the subduct-
ing Juan de Fuca plate from data collected during the
1998 onshore-offshore active-source SHIPS experiment
conducted within the inland waterways of NW Wash-
ington and SW British Columbia. The times of 1200
reflected waves as well as 120,000 direct waves from
both earthquakes and active sources are used in a non-
linear iterative inversion scheme that simultaneously
inverts for earthquake locations, smooth 3-D P-wave
velocity structure and smooth reflector geometry. The
well known trade-off between reflector depth and ve-
locity structure is greatly reduced in our analysis by
the combination of simultaneous inversion and high-
quality data with adequate crossing paths. We inter-
pret the reflector to be the Moho of the subducting
Juan de Fuca plate. The intraslab earthquakes sep-
arate into two groups. Those that lie up-dip of the
45km depth contour of the Moho occur below the reflec-
tor in material whose velocity exceeds 7.7km/s, plac-
ing them within the subducted mantle. Those down-
dip of this contour occur primarily above the reflector
in places where velocities are 6.8-7.5km/s, consistent
with them occurring within the subducted crust. We
suggest that the intraslab earthquakes result from de-
hydration embrittlement. The first group is consistent
with serpentine dehydration within the subducted man-
tle, while the second group is consistent with the on-
set of the basalt to eclogite transformation within the
crust which, for Cascadia, is expected to begin at about
40 km depth. If intraslab earthquakes were confined
only to the oceanic crust, this would geometrically limit
them to about M7. Indeed, the largest intraslab events
in Cascadia, such as the 2001 M6.8 Nisqually event, are
near this limit. Although no reflections are observed in
the vicinity of these large events, wave speeds suggest
they nucleate near the subducted Moho. In Cascadia
the presence of both subducted mantle and crustal in-
traslab earthquakes geometrically allows the possibility
of significantly larger events. Additionally, the large
amplitude of the reflected arrivals relative to direct ar-
rivals suggest that wide-angle slab reflections should
be included in strong ground motion calculations from
megathrust events. The release of fluids attendant with
the basalt to eclogite transformation have observable
consequences which may be related to recent discoveries
of slow slip events, tremor events, and a serpentinized
mantle wedge.
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The 2001 Nisqually intraslab earthquake produced
moderate levels of ground motions below 30% g within
the Puget Sound yet caused widespread damage and
temporary disruption to buildings and transportation
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lifelines. The frequency of intraslab earthquakes (1949
M 7.1, 1965 M, 6.7, and 2001 My,6.8) makes it impor-
tant in understanding as much as possible about the
source characteristics so that the hazards can be more
reliably quantified. We inverted 0.05 to 0.5 Hz strong
ground motion, teleseismic, and geodetic data for the
2001 Nisqually earthquake to obtain a variable slip and
rake model using the multiple time window method
and Green’s functions calculated from a regionally cal-
ibrated 1-D velocity model. The earthquake has a 12
km? sized asperity between 59 and 62 km depth with
an average slip of 1.5 m (M, = 1.59 X 1026dyne X ecm;
My 6.74). We also inverted teleseismic P- and SH-
waves digitized from WWSSN film records for the 1965
Seattle Tacoma earthquake slip and rake model. There
are two asperities with areas of 4 and 8 km~ near the
hypocenter. Average slip for these asperities were 2
and 2.8 m (Mo = 9.43 x 102%dyne X cm; My, 6.63).
Simulating near-source strong ground motions from his-
torical and modern earthquake slip models adds more
realism not possible with random or stochastic scenar-
ios. We used a time domain approach to generate PGA
and S shake-maps for the 1965 and 2001 earthquakes.
These shake-maps included the spatial and temporal
evolution of slip estimated from the multiple time win-
dow inversion of seismic and geodetic data. We added
a Kostrov source time function to improve the ground
motion spectra at higher frequencies. The shake maps
also included site and basin depth corrections based on
California geology. The corrections helped reduce the
bias in residuals between observed and simulated PGA
and Sa but corrections that are more specific to the
Puget Sound are needed to reduce the scatter. The pat-
terns of strong ground shaking from the 1965 Seattle-
Tacoma earthquake were very different from the 2001
Nisqually earthquake. Strong shaking in urban Seat-
tle by the 1965 earthquake was twice as high (60% g)
than by the 2001 earthquake. While retrofitting efforts
help limit damages by the 2001 Nisqually earthquake,
a future earthquake closer to urban Seattle or larger
in magnitude may cause more widespread damage and
disruption.
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Both the two strong motion stations, TAP056 and
TAPO66, are located in the Yang Ming Shan area.
These two stations are not far away, belong to TSMIP
strong motion network, and operated by Central
Weather Bureau, Taiwan. TAP056 triggered by earth-
quakes very often, but not for station TAP066. Com-
pared the peak ground accelerations (PGA) recorded
at vertical and horizontal components of the station
TAPO056 are about 3.6 and 9.6 times larger than that
of the station TAPO066. Most the amplitude spectra
recorded at TAP056 have the same response no matter
where the earthquakes occurred, but that at TAP066
are different for near-field and far-field events. It
shows that local site effects at station TAPO056 dom-
inated the spectra shape. From the spectral ratios of
TAP056/TAAP066, P-wave potion at vertical compo-
nent amplified at around 16 Hz and S-wave potion at
the horizontal component amplified at 8 10 Hz. After
the velocity structure survey and numerical simulation,
we can confirm the top soft soil layer dominated the lo-
cal site response at station TAPO056.
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We present a systematic methodology for evaluat-
ing and improving 3D seismic velocity models using
broadband waveform data from regional earthquakes.
The operator that maps a synthetic waveform into
an observed waveform is expressed in the Rytov form
D(w) = expliwdtp(w) — wdtq(w)]. We measure the
phase delay time 67p (w) and the amplitude reduction
time d7¢ (w) as a function of frequency w using Gee &
Jordan’s [1992] isolation-filter technique, and we cor-
rect the data for frequency-dependent interference and
frequency-independent source statics. We have applied
this procedure to a set of small events in Southern
California. Synthetic seismograms were computed us-
ing three types of velocity models: the 1D Standard
Southern California Crustal Model (SoCaL) [Dreger &
Helmberger, 1993], the 3D SCEC Community Veloc-
ity Model, Version 3.0 (CVM3.0) [Magistrale et al.,
2000], and a set of path-averaged 1D models (A1D) ex-
tracted from CVM3.0 by horizontally averaging wave
slownesses along source-receiver paths. The 3D syn-
thetics were computed using K. Olsen’s finite differ-
ence code. More than 1000 measurements were made
on both P and S waveforms at frequencies ranging from
0.2 to 1 Hz. Overall, the 3D model provided a substan-
tially better fit to the waveform data than either later-
ally homogeneous or path-dependent 1D models. Rela-
tive to SoCaL, CVMS3.0 provided a variance reduction
of about 64% in S71p, and 41% in 67q. Relative to A1D,
the variance reduction is about 46% and 20%, respec-
tively. The same set of measurements can be employed
to invert for both seismic source properties and seismic
velocity structures. Fully numerical methods are be-
ing developed to compute the Fréchet kernels for these
measurements [L. Zhao et. al., this meeting]. This
methodology thus provides a unified framework for re-
gional studies of seismic sources and Earth structure in
Southern California and elsewhere.
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Local geology and the presence of soils affects the
frequency content, amplitude, and duration of ground
shaking, and thus also seismic hazard estimates (both
scenario and probabilistic). As part of the U.S. Ge-
ological Survey’s (USGS) efforts to produce state-of-
the-art seismic hazard maps in the central US (CUS),
techniques have been developed for estimating site am-
plification distributions from local and regional 3D geo-
logical and geophysicsical observations (Gomberg et al.,
2003; Cramer, 2003). The estimation of site amplifica-
tion distributions as a function of input rock ground
motion has been completed for the Memphis, TN ur-
ban area and is underway for the upper Mississippi
embayment. These distributions are used to incorpo-
rate the effect of site geology into the USGS national
seismic hazard maps for these regions. They also are
being incorporated into CUS ShakeMaps and to analy-
ses of seismograms at ANSS sites. Overall uncertainty
and sensitivity of site amplification estimates to input
data are also being investigated. For the 1 km thick
sediments in the Memphis area, the overall standard
deviation (sd) varies from 28% to 52%, depending on
the input peak ground acceleration (pga) (0.05 - 1.0g).
The largest contribution comes from the ground motion
variability in the 16 M7-8 seismograms at rock sites
that are scaled and used as input ground motions at
the base of the soil column (max. sd of 36%). The
next largest contributor is the uncertainty in the soil
profiles (mostly in shear-wave velocity) derived from
a 3D geological model (max. sd of 27%). The third
largest contributor is the uncertainty in the dynamic
properties of the soils (max. sd of 17%). The effect
of equivalent-linear versus non-linear estimates of soil
amplification at high frequencies is also being investi-
gated.
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To predict strong ground motions for future sce-
nario earthquake in a broad-band frequency, we need
to characterize both source spectra and site amplifica-
tion. For high frequency we can use statistical method
based on the observed records and the summation tech-
nique. Thanks to the advent of the K-Net and KiK-net
(by NIED) in Japan, we have now plenty of weak mo-
tion data, enough to construct statistical Green’s func-
tions. In order to represent long- and intermediate pe-
riod nature of the strong ground motion in the near
field region, we want to use theoretical technique such
as three-dimensional finite difference method. Any the-
oretical methods need S-wave velocity structures that
should reproduce the observed site amplification quan-
titatively. In this study we perform first the analysis to
separate the so-called source spectra, attenuation coef-
ficient, and the site amplification factors from about
15,000 K-NET, KiK-Net, and JMA records observed at
1,700 stations in Japan. The separation method is the
well-established one of Andrews (1980) and the resul-
tant source spectra are modeled as omega-square spec-
tra. As a reference site we use one rock station of
KiK-Net in Yamaguchi Prefecture, from which we re-
move amplification of shallow surface deposits. Once
we obtain site amplification factors, we try to repro-
duce them by using one-dimensional S-wave velocity
structures below each site of K-NET and KiK-Net (in
total, 1,300). We use Genetic Algorithm to invert the
S-wave structures with fixed S-wave velocities in the
shallow part. We succeed to reproduce site amplifica-
tion factors at about one thirds of the sites very well.
The majority of not-so-good sites need modification of
S-wave velocities in the shallow part based on logging
data. We also perform the same kind of separation
analysis for PGA, PGV, and JMA Seismic Intensity.
We found that PGA site factors correlate best with 5.0
Hz spectral amplification and PGV 2.5 Hz spectral am-
plification. We also found that the best correlation of
site factors can be obtained with the average S wave
velocity only for top 5 m for PGA and 10 m to 20 m for
PGV. Since we have a space for better representation
of velocity structures, the results reported here are not
conclusive. Once we get better S-wave velocity struc-
tures at as many sites as possible, we expect to extrap-
olate them and construct an initial model of the three-
dimensional basin structure of the whole Japanese is-
lands.
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In July 2003 we evaluated a 60 km transect for shal-
low shear wave velocities along the San Gabriel River,
in the San Gabriel Valley and Los Angeles Basin of
southern California. The purpose of the experiment
was to evaluate spatial variability of earthquake shak-
ing hazard, and any velocity correlations to mapped ge-
ological and soil units. We recorded urban microtremor
on 300-m linear arrays, analyzing Rayleigh-wave dis-
persion curves to forward-model 200 shallow shear-
velocity profiles to depths exceeding 100 m. Each 300-
m array had 15 seismometers at 20-m intervals. We
used TRIS/PASSCAL “Texan” single-channel recorders
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