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migration of hypocenters were reported. But this time,
the migration speed looks very faster than before.
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Earth’s background free oscillations were reported

recently by Nawa et al. (1998). While the observations
are now well established, and the coupling of the solid
earth with the atmosphere/ocean system is widely ac-
cepted as a likely source mechanism, detailed studies
on sources, and in particular the spatial distribution of
the sources, have been few.

Ekström (2001) showed that coherent Rayleigh wave
energy in the frequency range between 2 and 7 mHz
is detectable in 94% of the 5 year period considered.
Though most data of 5 year period are contaminated
with surface wave energy generated from events, it im-
plies that we can detect coherent Rayleigh wave energy
from sources taking part in generating continuous free
oscillation in the absence of significant earthquakes.
However, his method does not provide enough resolu-
tion to determine spatial distribution of the sources.

We propose an array based method as a modifica-
tion of Ekström’s method. This method is designed
to detect low-level Rayleigh type surface wave energy
by using one local array and provide rough estimate
of back azimuth and arrival time of it. Testing of this
method for small earthquake events shows the detection
level of the method is lower than the documented back-
ground excitation levels (Ekström, 2001; Tanimoto and
Um, 1999). Combining compatible detections from sev-
eral arrays (3 or more) can help both identify sources
of long period energy, and obtain an estimate of the
source location. We have tested this method using ver-
tical component recordings at BDSN (Berkeley Digital
Seismic Network, USA), GRSN (German Regional Seis-
mic Network) and F-NET (Japan) arrays. We will show
and discuss the results of its application during inter-
vals without significant earthquakes.
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Fundamental spheroidal free oscillations of the

Earth appear, even on seismically quiet days, as con-
tinuous vertical straight lines on the frequency-time di-
agrams. The oscillations are persistent through the 10
years of data presented from the WUS (GEOSCOPE)
station. Analysis of four years of TAM (GEOSCOPE)
station data with simultaneous seismic-pressure record-
ings allows us to improve the resolution of these back-
ground oscillations. To reduce the atmospheric effect,
we compute the pressure-acceleration transfer function
and subtract the pressure effects from the accelera-
tion signal. The ’cleaned’ acceleration signal better
resolves the free oscillation signal and allows us to iso-
late some very low frequen cy spheroidal fundamental
modes (in the angular order range l = 2-15) and some
radial modes after large earthquakes. The existence of
a permanent free oscillation signal is verified, but the
source of this phenomenon is not clearly defined. Be-
fore discarding a seismic source, we address the defi-
nition of ”seismically quiet days”. We found that se-
vere selection criteria leads to only a few of these days.
The favourite candidate for the permanent excitation of
the Earth’s normal modes is the coupling between the
Earth and the atmosphere. We detect a small annual
variation of the phenomenon, with an increased ampli-
tude of some peaks in June- July that Terra and Tan-
imoto (1999), Tanimoto and Um (1999), Nishida et al.
(1999, 2000) relate to solar activity. This hypothesis
requires further analysis. If atmospheric forcing drives
the excitation, this may be one of the rare phenomena
indicating a direct solid earth-atmosphere interaction.
Understanding this problem will clearly add another di-
mension to our understanding of the earth. It may also
improve our understanding of other planets, because an
atmosphere-surface coupling should also occur in other
terrestrial planets. The existence of such phenomenon
may allow us to study the interior structure of even
tectonically quiet planets.
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It has been suggested that the excitation source of
the Earth’s background free oscillations (BFO) is the
random force exerted on the surface due to atmospheric
disturbance (e.g. Kobayashi & Nishida, 1998). The
previous studies also suggested a possibility for detec-
tion of the BFO on Mars. In this study we estimate
the excitation level of the Mars’ BFO by applying an
atmospheric excitation theory to the Mars’ atmospheric
pressure data obtained in the Mars Pathfinder mission.

The atmospheric excitation theory used here is
based on the seismic normal-mode theory and it can
well predict the observed power spectrum of the Earth’s
BFO (Fukao et al. in press). The theory uses a power
spectrum of the surface atmospheric pressure and a
correlation length of atmospheric disturbance as the
inputs. Since no direct observation of the correla-
tion length is available to date, a correlation length
should be assumed to calculate the theoretical power
spectrum. A weakly frequency-dependent correlation
length, about 1 km at 1 mHz, was assumed for Earth.

Using a simple theory of atmospheric disturbance,
Kobayashi & Nishida (1998) estimated the excitation
level of the Mars’ BFO. A more sophisticated theory
predicts values of 102 Pa2s and 2 km for the pres-
sure power at 1 mHz and the correlation length, re-
spectively, for Mars. Using these values and eigen-
functions calculated from the Mars model of Sohl &
Spohn (1997), we obtain the theoretical excitation level
of about 0.5 × 10−18 m2/s3, which is an observable
level with a high-sensitivity broadband seismometer in-
stalled at a very quiet site.

Surface atmospheric pressure on Mars was measured
with a maximum resolution of 0.25 µbar in the Mars
Pathfinder mission (Schofield et al. 1997). We analyze
records for 5 Martian days and calculate an averaged
power spectrum. It exhibits the well-known f−2 de-
pendence at frequencies between 0.5 and 4.0 mHz, but
a value of 10 Pa2s at 1 mHz, which is an order of mag-
nitude smaller than the theoretically predicted value.
Using this spectrum and assuming a correlation length
of 2 km, we obtain the excitation level of about 10−19

m2/s3, which seems too low to observe. We can obtain
an observable excitation level when assuming a correla-
tion length of 10 km, but such a long correlation length
seems to be unlikely. If a value of 10 Pa2s at 1 mHz is
typical for the atmospheric disturbance on Mars, it is
very hard to observe the Mars’ BFO.
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The Apollo Passive Seismic Experiment consisted of

four seismic stations deployed on the lunar surface be-
tween 1969 and 1972. Data were recorded continuously
from deployment until 1977. Previous studies often
used only small subsets of all the available data due
to computational limitations. In our study, event data
(lunar seismic signals detected in the continuous time
series) in their entirety are converted into a standard
format for seismological analysis. The IRIS Data Man-
agement Center provided data to us in their original
format on nine 8mm Exabyte cartridges (eight event
tapes and one supplementary tape). The total disk us-
age of the event data after conversion to two-byte in-
tegers is 13 Gb. Events have been previously classi-
fied into three types: deep moonquakes, shallow moon-
quakes, and impacts. The tapes from the IRIS DMC
contain just under 11,000 events the bulk of the ap-
proximately 12,000 catalogued events.

Several programs to view and filter the data are
used to improve data quality. Data with various irreg-
ularities (timing errors, telemetry problems) are cor-
rected or removed. These modifications allow for mod-
ern processing techniques to be applied consistently to

the remaining data. Based on our preliminary analy-
ses we estimate 97.6 % of the data will be useable for
further study.

This work will permit a range of investigations, us-
ing stacking techniques that do not require waveform
coherence. The poor signal-to-noise ratio of the lunar
seismograms renders conventional automatic detection
methods (used for terrestrial seismic events) ineffective
for these data. Using recently-developed stacking tech-
niques and our processed version of the data, we will
focus on better identification and cataloguing of moon-
quakes and on estimating lateral variability in scatter-
ing properties of the lunar regolith.
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3-D simulations of seismic wave propagation in
southern Nevada are performed in an effort to char-
acterize strong ground motions in and around the Las
Vegas Basin (LVB). These simulations utilize a 3-D ge-
ologic model constructed from a gravity-based depth-
to-basement map of the 5-km deep LVB. The 3-D LVB
basin model is embedded within a regional geologic
framework characteristic of southern Nevada. Simula-
tion parameters are varied to determine the sensitivity
of seismic velocity, basin geometry, topography, atten-
uation, and regional structure on the amplitude and
duration of seismic shaking. The simulations reveal
significant correlation between high amplitude ground
motion and model parameters. In particular, the du-
ration of seismic shaking is heavily influenced by the
geologic velocities in the upper 1 km of the basin. In
some simulations, seismic energy originating from the
northwest is channeled through the LVB in a northwest-
southeast orientation. In addition, regions of localized
high amplitude motion are observed. The simulations
are compared to observed data from historic seismic
events in southern Nevada.

This work was performed under the auspices of the
U.S. Department of Energy by University of California
Lawrence Livermore National Laboratory under con-
tract No. W-7405-Eng-48.
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The Las Vegas valley in Nevada is a deep (up to
5 km) alluvial basin filled with interlayered gravels,
sands, and clays. The climate is arid. The water
table ranges from a few meters to many tens of me-
ters deep. Laterally extensive thin carbonate-cemented
lenses are commonly found across parts of the valley.
Lenses range beyond 2 m in thickness, and occur at
depths exceeding 200 m. Shallow seismic datasets have
been collected at approximately ten sites around the
Las Vegas valley, to characterize shear and compres-
sion wave velocities in the near surface. Purposes for
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the surveys include modeling of ground response to dy-
namic loads, both natural and manmade, quantification
of soil stiffness to aid structural foundation design, and
non-intrusive materials identification.

Borehole-based measurement techniques used in-
clude downhole and crosshole, to depths exceeding
100 m. Surface-based techniques used include refrac-
tion and three different methods involving inversion of
surface-wave dispersion datasets. This latter group in-
cludes two active-source techniques, the Spectral Anal-
ysis of Surface Waves (SASW) method and the Multi-
Channel Analysis of Surface Waves (MASW) method;
and a new passive-source technique, the Refraction
Mictrotremor (ReMi) method. Depths to halfspace for
the active-source measurements ranged beyond 50 m.
The passive-source method constrains shear wave ve-
locities to 100 m depths.

As expected, the stiff cemented layers profoundly
affect local velocity gradients. Scale effects are evident
in comparisons of (1) very local measurements typified
by borehole methods, to (2) the broader coverage of
the SASW and MASW measurements, to (3) the still
broader and deeper resolution made possible by the
ReMi measurements.

The cemented layers appear as sharp spikes in the
downhole datasets and are problematic in crosshole
measurements due to refraction. The refraction method
is useful only to locate the depth to the uppermost
cemented layer. The surface-wave methods, on the
other hand, can process velocity inversions. With the
broader coverage of the active-source surface wave mea-
surements, through careful inversion that takes advan-
tage of prior information to the greatest extent pos-
sible, multiple, shallow, stiff layers can be resolved.
Data from such broader-coverage methods also provide
confidence regarding continuity of the cemented layers.
For the ReMi measurements, which provide the broad-
est coverage of all methods used, the more generalized
shallow profile is sometimes characterized by a strong
stiffness inversion at a depth of approximately 10 m.
We anticipate that this impedance contrast represents
the vertical extent of the multiple layered deposits of
cemented media.

URL: http://www.ce.unlv.edu/egl
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In May and September 2002, seismic refraction data
were acquired in the Las Vegas basin. Located in the
southern Basin and Range province, the cities of Las
Vegas, North Las Vegas, and Henderson sit atop a fault-
bounded basin with a depth of up to 5 km and basin di-
mensions of roughly 60 km wide (east-west) by 50 km in
length (north-south). Previous isostatic gravity, seis-
mic reflection, and aeromagnetic studies indicate that
a series of sub-basins exist beneath the unconsolidated
basin fill, with the deepest sub-basin occurring 5 km
west of the fault block bounding the eastern edge of
the basin (Frenchman Mountain). The basin is signif-
icantly deeper along its northern extremity, following
the path of the fault block bounding the northern edge
of the basin (Las Vegas Valley Shear Zone), and along
the western edge of Frenchman Mountain. Recent, pa-
leoseismic studies have indicated that faults in the Las
Vegas region have the potential for an earthquake of
M6.5 to 7.0. It is estimated that a M6.9 earthquake
in the basin could produce about 11 billion dollars in
damage and a significant number of deaths and/or in-
juries. In addition, an equivalent or larger event in the
Death Valley fault zone, 150 km distance, would also be
devastating to the metropolitan area of approximately
1.5 million residents. Therefore, it is essential to under-
stand the seismic hazard posed to the Las Vegas region.

This project is part of a larger collaborative effort
to characterize the basin and its response to ground
shaking. The University of Nevada, Las Vegas with
assistance from the University of Texas at El Paso,
students from UNLV and UTEP, volunteers from the
community and several students from Centennial High

school deployed 432 portable seismic recorders (”Tex-
ans”) throughout the valley. Shot point locations were
located at three quarries in the valley, one to the north,
one to the east and one to the southwest. The pro-
files cross the Las Vegas Valley Shear zone as well as
a prominent NW/SE trending step in the basin floor
across which the basement drops from 2 to 4 km in
depth. In addition, the profiles cross several Quater-
nary fault scarps, which have recently been identified as
tectonic in origin. Preliminary analyses of the seismic
refraction data indicate that the basin has an average
P-wave velocity of 4.5 km/s and is in agreement with
the estimated basin depths from isostatic gravity stud-
ies (2 to 5 km depth). Both tomographic inversion and
forward modeling techniques are being used to analyze
these data. These data will be used to produce a ve-
locity model of the basin and image the basin/bedrock
contact. In addition, these data will be integrated into
a community model, which is being produced by the Las
Vegas Basin Seismic Response working group to further
assess the site response of the basin.

S12B-1191 1330h POSTER

Las Vegas Basin Seismic Response
Project: Developing a Community
Velocity Model for NTS and Las
Vegas

Aline Concha-Dimas1 (775-784-6134;
aline@seismo.unr.edu); Tiana Rasmussen1

(tiana@seismo.unr.edu); John N. Louie1

(louie@seismo.unr.edu); Shane Smith1

(sbsmith@unr.nevada.edu); Weston Thelen1

(thelenwes@netscape.net); Aasha Pancha1

(pancha@seismo.unr.edu); John G. Anderson1

(jga@seismo.unr.edu)

1Seismological Laboratory and Dept. of Geologi-
cal Sciences, University of Nevada 174, Reno, NV
89557, United States

We are developing a three-dimensional reference
seismic velocity model for Las Vegas and surrounding
basins. We will use this model to help determine the
importance of the basin response to any possible large
seismic source, and the contribution of this response
to seismic hazards in the urban area. Assessment
of seismic-shaking amplification by deep sedimentary
basins needs detailed characterization of basin geome-
try, fill velocities, and geotechnical velocities. We are
compiling velocity information from sources in the lit-
erature, results of previous seismic experiments, earth-
quake monitoring, and geotechnical, petroleum, and
ground water projects. We are developing for public
release in early 2003 a model-assembly code and web
interface that generates elastic-property grids for in-
put to finite-difference codes. The model assembler
is rule-based. It incorporates location and geological
information to specify basin depth, seismic velocities,
and densities for bedrock, sedimentary basins, and vol-
canic rift-basins. It adds the results of more detailed
studies where they are available, such as those from
Langenheim’s gravity analysis of Las Vegas basin. This
community velocity model is a part of a regional model
we are developing for the western Great Basin. With a
new parallel computer facility, we are validating the ob-
tained rule-based models by generating synthetic seis-
mograms and comparing them to recordings of old NTS
explosions and past earthquakes (as the Little Skull
Mountain earthquake) at broadband seismic stations
and urban strong-motion stations.

URL: http://www.seismo.unr.edu/ftp/pub/louie/lv
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A three-dimensional seismic velocity model is be-
ing constructed for the Reno Basin and surrounding
region for the purpose of modeling basin effects on
the ground motion from potential earthquakes. The
model specifies seismic velocities, density, and atten-
uation on a three dimensional grid (120 km x133 km),
down to a depth of 40 km. The background model is
based on Western Great Basin geology. Published ve-
locity models and new geophysical data are incorpo-
rated to constrain the model. Ground motions from
recent earthquakes (Mw4.4 12/02/2000 Truckee event;
Mw5.2 08/10/2001 Mohawk Valley) are simulated by a
fourth order, 3D staggered grid elastic finite difference
code (e3d; Larsen, Schultz, and Grieger), and compared

with data recorded by local network and nearby broad-
band IRIS instruments. These e3d synthetics have an
upper frequency limit of 0.3 to 0.6 Hz. 1D synthetic
Green’s functions, computed in a layered elastic solid
using the generalized reflection and transmission coef-
ficients, are also compared to both the real seismogram
data and the e3d synthetics. Depending on the station,
data are above the noise level at frequencies as low as
0.2 Hz, giving a lower frequency limit for comparison.
Success is achieved in matching arrival times. Current
work focuses on validating and improving the velocity
model.
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Earthquake shaking is amplified by many soils and

in alluvium-filled basins, increasing the hazard to peo-
ple and structures. Average shear velocity to 30 meters
depth (V30) is one predictor of amplification and forms
the basis of the NEHRP site classification scheme. In
late 2001 we completed the first-ever complete shal-
low shear-velocity transect across an urban basin, us-
ing 45 Texans from the PASSCAL Instrument Center.
Our study plots average shear velocities to 10, 30 and
100 m depths at 300-meter intervals along a 16-km-
long transect crossing the Reno, Nevada basin, east-
west through its heavily populated center. The refrac-
tion microtremor method of Louie that we employed
enabled us to complete the transect with a crew aver-
aging 3.5 people in just 9 field days. Ambient noise
on a 300-m rolling Texan array is transformed to p-f
space, picked for Rayleigh-wave dispersion, and mod-
eled for Vs with depth. We have tested a method com-
pensating for variations in apparent velocity sensed by
our linear geophone arrays due to shear-wave arrivals
from directions that are not down-line. We compare our
shear-velocity profile against a gravity-depth profile of
the same transect from an earlier study. Unlike the Los
Angeles basin, the Reno basin’s greatest depths appear
to be overlain with stiffer, older sediments at the sur-
face. Weaker soils appear to occur east of downtown
Reno in the broad floodplain of the Truckee River. Ex-
tending the geologic-map classifications of Wills and
others from the SCEC Phase III report to Reno would
result in almost the entire transect being classified as
NEHRP D. Our measured shear velocities differed from
those predicted in 37 of 45 locations along the transect,
showing NEHRP class C instead of D. The calibration
of geological maps to correspond to the NEHRP soil
hazard class in this region should be the subject of fur-
ther study.

URL: http://www.seismo.unr.edu/hazsurv
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The goal of this study is to estimate 3-D amplifica-

tion effects from regional and local earthquakes in the
city of Rome. Mainly, two distinct seismogenic districts
may affect the city of Rome: the (1) Alban Hills region,
located about 25 km from downtown Rome, and (2)
the Central Apennines, located 80-100 km from Rome
where the most recent event occurred on January 13,
1915 (M=6.8) which was felt in Rome with a VII de-
gree intensity. To address the seismic hazard in Rome
from such sources we have simulated 0-1 Hz viscoelastic
wave propagation in a three-dimensional model of the
Tiber Valley, Rome, for an M5.5 scenario earthquake
(1 Hz) in the seismogenic area of Alban Hills about 25
km from downtown Rome and an M7.0 earthquake (0.5
Hz) about 100 km east of the valley using a fourth-
order staggered-grid finite-difference method. We used
a basin model (∼ 6 km by 6 km by 0.050 km) which
includes sediments with shear-wave velocities as low as
250 m/s in the Tiber River sediments, constrained by
more than 3000 borehole measurements. We have also
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estimated the amplification of the 3D model due to a
1-Hz vertically-incident planar SH wave.

Our results suggest that the strongest ground mo-
tion amplification in Rome is restricted to the Holocene
alluvial areas with a significant concentration close to
the edges of the Tiber River valley, in agreement with
the results by Tertulliani and Riguzzi (1995). In par-
ticular, the fill deposits in the Tiber River generate
amplification by up to a factor of 2 with respect to the
surrounding volcanics, largest near the contact between
the alluvial sediments and the surrounding volcanic de-
posits for the incident plane wave source. We find 1-Hz
peak ground velocities of up to 30 cm/sec for the M5.5,
Alban Hills earthquake, largest near the northwestern
edges of the Tiber River. The largest 0.5-Hz peak ve-
locity is 24 cm/s for the M7.0 earthquake with extended
durations up to about 1 min. The lower maximum fre-
quency for this scenario is dictated by computational
limitations.
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Short Term Earthquake Probabilities (STEP) is a
time dependent hazard mapping routine currently pro-
ducing daily forecasts for California. Using real-time
seismicity information we produce the probabilistic
forecast of ground motions exceeding .1g in the next
24 hours. The maps are automatically generated every
5 minutes and are available on the Web. In the fore-
casts we include probability increases of two types: af-
tershocks and potential foreshocks. We have expanded
upon a model originally developed by Reasenberg and
Jones that has been used by the USGS to issue fore-
casts of the chance of experiencing a potentially dam-
aging event. To this model we have added three main
components; Spatial information with the application
of an appropriate attenuation relationship and site am-
plification terms; Spatial variability of the parame-
ters of the Gutenberg-Richter relationship and modi-
fied Omori law within an aftershock sequence; The on-
line availability of up to date hazard information to
the public, media and scientists. Likelihod ratio test-
ing of our results has shown a statistically significant
improvement over the time independent USGS National
map as well as a good fit to the data. Additionally, by
testing three different models of time dependent seis-
micity we have optimized the design and implementa-
tion of STEP for California. Within this testing frame-
work we have an ideal tool to test other proposed time
dependent hazard mapping techniques.
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The Cologne Basin in the North-West of Germany is
seismically one of the most active regions in central Eu-
rope. Combined with its dense population and highly
concentrated industry it is a region of elevated seis-
mic risk. In order to obtain information about the ef-
fects of the underground structure on ground motion
parameters in this area we performed 3D elastic and
visco-elastic earthquake scenarios simulations for some
of the largest events within the last 200 years in the
Lower Rhine Embayment. The simulations were car-
ried out in a frequency range of 0 - 1.0 Hz and have
shown strong effects of the sedimentary basin on peak
amplitudes, shaking duration and waveforms. Due to
the sparse distribution of strong motion stations in the
study area, it was difficult to compare synthetic seismo-
grams with observed ones. In the past 10 years further
seismic stations were placed inside the basin. An ML

4.9 event occurred in the study area on July 22, 2002
with the epicentre near the city of Aachen. Here we
compare observations with synthetic seismograms cal-
culated for this event and discuss the implications for
the shaking hazard assessment using 3D simulations.
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This paper investigates the seismic attenuation
characteristics in the Canadian Cordillera. Isoseis-
mals obtained from past moderate earthquakes (e.g.
Prince George Earthquake of 21 March 1986, Ms 5.2)
in the southern part (50◦N - 60◦N) of the Canadian
Cordillera are elongated along the strike of the moun-
tains. This suggests that attenuation of ground mo-
tion along the mountains may be slower than across
the mountains. About 20 earthquakes in this area with
magnitudes ranging from 3.0 to 4.5 recorded between
1994 and 2002 were considered in this study. Records
from 14 stations, mostly consisting of broadband three-
component instruments, operated by the Geological
Survey of Canada and BC Hydro were used. The epi-
central distances ranged from 250 km to about 650 km.
Signal to noise ratios were calculated and signals with
high noise levels were removed from this database. At-
tenuation of peak vertical and horizontal velocities and
accelerations at different frequency ranges were exam-
ined and compared in the directions along and across
the mountains. A significant difference between the two
directions was only observed at the frequency range
of 5 Hz to 10 Hz. This roughly corresponds to the
frequencies humans are most sensitive to, which may
in part explain why felt intensity contours are elon-
gated. At this frequency band, across motions attenu-
ate faster than along strike motions, but remain higher
than along strike motions until epicentral distances of
about 300 km.
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The Romanian capital Bucharest is situated close to
one of the seismically most active areas in Europe. In
the past centuries strong earthquakes frequently caused
serious damages. The last major event occurred at
March 7th 1977. It caused 1,570 fatal casualties and
nearly 33,000 destroyed flats. Lateral variations in seis-
mic intensities are strongly influenced by local site ef-
fects that depend on the geometry and dynamic prop-
erties of shallow Quaternary units.

The main objective of the study is to quantify the
modification of a seismic signal by local site conditions.
Thus, the first step of the working process is the gen-
eration of a digital underground model of Bucharest.
Geotechnical drilling data are digitally processed by a
database and a GIS. The vectorial point features are
converted to spatial raster maps by suitable interpola-
tion algorithms. Coordinates and geological attributes
(i.e. thickness of geological strata and depth of ground
water table) are attached to every raster-cell. Based on
this information maps of average shear-wave velocities,
fundamental ground period and liquefaction hazard can
be generated by a raster-based GIS-module.

Next, a numerical analysis of site effects is per-
formed by the use of a ground response analysis soft-
ware. Ground amplification and spectral shake param-
eters are computed at discrete locations. Spatial infor-
mation can be generated by interpolation or - on base
of the underground model - by regression analyses.

Finally, the microzoning is verified by spatial cor-
relations with the distribution of historical earthquake
intensities. Cell-by-cell analyses show that the thick-
ness of poorly consolidated Quaternary sediments has
a noticeable influence on the damage to buildings. The
result of this study is a classification of the study area
according to spectral shake parameters which have a
strong influence on the damage to buildings. Hence,
microzoning is an important tool for the estimation of
the seismic risk.

URL: http://www.agk.uni-karlsruhe.de/projekte/
projekte ing/mikrozonierung/index.html
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The metropolitain area of Beijing is situated in a
seismically active region. In connection with a project
aiming at ”Preparing Beijing for the 2008 Olympic
Games”, the present study focuses on the calculation
of ground motion following earthquakes in the Beijing
Basin. A 3D velocity model of the Beijing Area was
constructed from studies that analyzed available geo-
logical information, seismic-reflection suverys, borehole
logs, and gavity data. Beijing is located in a sedimen-
tary basin of which the maximum depth is approx. 1
km. These low-velocity sediments are likely to amplify
ground motion for earthquakes inside and outside the
basin. To estimate the influence of the 3D structure on
the ground motion, 3D-FD simulations of elastic waves
were performed for the 1665 Tongxian earthquake (Mw
6.5) and the 1679 Sanhe-Pingu earthquake (Mw 8.0)
using an extended rupture model. The scenario earth-
quakes are simulated in a block of size 210 km x 200
km x 20 km. The simulations are performed on high-
performance computing facilities, which makes it pos-
sible to simulate the seismic wavefield with a dominant
frequency exceeding 1 Hz. From the resulting ground
motion at the surface contour maps of the peak ground
velocities (accelerations), shaking duration, and 5%-
damped response spectra at certain periods (e.g., 0.8
sec, 1.0 sec, 2.0 sec, 5.0 sec, 10.0 sec) are calculated.
Our simulations highlight the effects of the basin struc-
ture on strong ground motion, and illustrate the pos-
sibility of using the 3D-FD method in connection with
large scale seismic hazard assessment.
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Since strong motions around frequency of 1 Hz
strongly affect the degree of structural damage, it is a
major concern for us to simulate strong motions in this
frequency range accurately for use in disaster mitiga-
tion. One of the important characteristics that control
strong motions in this frequency range is the radiation
pattern. However, the fundamental characteristics of
radiation patterns of strong motions in this range are
complex (Liu & Hemlberger, 1985, Vidale, 1989).

In this study, we investigated the fundamental char-
acteristics of high frequency strong-motion including 1
Hz using dense strong-motion network data for an af-
tershock event (Mj5.5, depth=9km) of the 2000 Tottori-
ken Seibu, Japan, earthquake.

First we calculated Fourier amplitude ratios of ra-
dial and transverse components (R/T) in order to re-
move local site effects from the data and compared
them with those of the synthetics. For frequencies lower
than 1 to 2 Hz the R/T of the synthetics matches that
of the data fairly well, but for frequencies higher than
2 Hz the difference became notable. This result is con-
sistent with recent statistical studies (Satoh, 2002).

Then we calculated amplitude ratios of radial to
transverse components (R/Tt) and orbit shapes for the
theoretical velocity time histories and compared them
with those of the data observed at a rock station hav-
ing an epicentral distance of 20 km, to investigate their
frequency and time dependence. The dominant direc-
tion of oscillation of the data was clear for frequencies
lower than 2 to 5 Hz but for higher frequencies the oscil-
lation became isotropic. The results for the synthetics
for frequencies between 0.5 to 2 Hz during the S-wave
matched those of the data fairly well.

We can conclude that the frequency range of tran-
sition from determinant to random phenomena of radi-
ation patterns is approximately 1 to 5 Hz. We need to
incorporate a radiation pattern model based on this re-
sult for development in strong motion simulation meth-
ods.
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The disastrous Basel earthquake of October 18,
1356 (I0=X, M ≈ 6.9), appeared in, today seismically
modest, Basel region (Upper Rhine Graben). The lack
of strong ground motion seismic data can be effectively
supplied by numerical modeling. We applied the 3D fi-
nite differences (FD) to predict ground motions which
can be used for microzonation and hazard assessment
studies.

The FD method is formulated for topography mod-
els on irregular rectangular grids. It is a 3D explicit FD
formulation of the hyperbolic partial differential equa-
tion (PDE). Elastodynamic PDE is solved in the time
domain. The Hooke’s isotropic inhomogeneous medium
contains discontinuities and a topographic free surface.

The 3D elastic FD modeling is applied on a newly
established P and S-wave velocities structure model.
This complex structure contains main interfaces and
gradients inside some layers. It is adjacent to the earth
surface and includes topography (Kind, Faeh and Giar-
dini, 2002, A 3D Reference Model for the Area of Basel,
in prep.). The first attempt was done for a double-
couple point source and relatively simple source func-
tion. Numerical tests are planned for several finite-
extent source histories because the 1356 Basel earth-
quake source features have not been well determined,
yet. The presumed finite-extent source is adjacent
to the free surface. The results are compared to the
macroseismic information of the Basel area.
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The site effects and the quality factor were inverted
by applying the spectral ratio technique with the vari-
ation of using one of the earthquakes as a reference
event instead of a reference site. The spectral ra-
tios were written as logarithmic summations that al-
lowed us to retrieve the absolute site amplification and
Q. We tested this inversion scheme by first inverting
synthetic data that contained different levels of noise,
and then by changing the seismic moment and the cor-
ner frequency of the reference event. Finally, we used
data from two strong motion networks (K-Net and KiK-
Net) that recorded the aftershocks of the 2000 Tottori,
Japan, earthquake to estimate the site effects at those
sites. Since the KiK-Net stations had instruments lo-
cated at the surface and at depth, we performed two
inversions: one using the surface records and the other
using the borehole records. Our results indicate that
there is amplification at the borehole sites although it
is smaller than the amplification at the surface sites.
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In this paper, we propose an extended stochastic
simulation method to simulating high-frequency strong
vertical motions. The stochastic simulation method
is a useful tool to compute strong ground motions
(Boore, 1983). However, it generates only horizontal-
component (actually, the average of two horizontal
components) earthquake motions. We have observed
that although microtremor HV ratios are smaller than
earthquake motion HV ratios, their spectral shapes are
similar, and suggested that the difference between the
two ratios is controlled by local geological conditions
(Zhao et al., 2000). This implies that earthquake mo-
tion HV ratios can be obtained from microtremor HV
ratios using a correction factor common for geologi-
cally similar sites. We first show that the HV ratios of
earthquake motions can be derived from microtremors.
Then, we simulate vertical earthquake motions using
correction factor CF from microtremors to the 1995
January 17 Hyogo-ken Nanbu Earthquake (MJ =7.2).

In contrast to a small variation of the HV ratios
with respect to frequencies at rock site, we can clearly
observe a large variation of the HV ratios at hard and
soft sediment sites. The correction factor CF is com-
puted by the equation derived from the least square
fitting. At all the sites the corrected microtremor HV
ratios are similar to the earthquake motion in 0.5-
10 Hz, indicating that the correction factors are es-
timated appropriately. These results indicate that a
correction factor of about 2 is suitable for soft sedi-
ment sites and a correction factor of about 1.2 is suit-
able for the rock and the hard-sediment sites limited
within the Osaka basin. In the case of 1995 Hyogo-
ken Nanbu earthquake, strong horizontal ground accel-
erations were calculated using the stochastic simula-
tion method in conjecture with the ω−2 source spectra
(Boore, 1983), vertical accelerations were computed by
the same method except for using modified source spec-
tra, where the ω−2 source spectra are divided by the
corrected microtremor HV ratios. It should be men-
tioned that the modified source spectra are required
only for the convenience of simulating vertical compo-
nent. The source model is composed of three asperities
(Kamae and Irikura, 1998). We replaced them with
three point sources, which are located at the center of
the asperities. We used 2 times the seismic moment
and 2.5 times the stress drop. The radiation coeffi-
cients were assumed to be 0.64. Subsurface structure
models of sediments at the three sites were derived from
results of the reflection and the microtremor array sur-
veys. Simulated horizontal and vertical accelerations
are well reproduced in peak acceleration and duration
in the S wave portion. Also, rich high-frequency con-
tents in vertical motions are well reproduced. The re-
sult suggest that the stochastic simulation method can
extended to include computation of vertical earthquake
motions as well horizontal using microtremor HV ra-
tios.

Acknowledgements: We used earthquake motion
data obtained by the three organizations: CEORKA,
KiK-net, and the Kansai Electric Power Company,
Japan.
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Shallow seismic and ground penetrating radar
(GPR) surveys have been collected in southern Ontario,
Canada near current and planned seismograph stations
for the POLARIS network. All five of the sites are char-
acterized by glaciolacustrine overburden, consisting of
silt, sand, and/or clay, on the order of a few metres to
ten’s of metres. Bedrock at all of the sites is mapped as
Paleozoic limestone and shale, and is located at depths
ranging from a few metres to ten’s of metres. The ob-
jectives of these surveys are to obtain shallow velocity
models (P and S-wave) at each site for earthquake site-
response determination, and to investigate the utility
of GPR data for siting underground vaults. The seis-
mic surveys were acquired using 24- or 48-channel sys-
tems, with several different sources (an in-hole shotgun
or a sledge hammer). The use of a twelve pound sledge
hammer to strike a steel I-beam perpendicular to its
length, oriented in-line with the geophone spread, was
found to produce strong SH waves. In order to con-
strain the velocities at both very shallow (< 4 m) and
deeper (4-30 m) depth intervals, two geophone spreads
were collected, one with a one metre geophone spac-
ing and another with a five metre geophone spacing.
Velocity models derived by refraction analysis provide
the basis for classification of each site according to the
NEHRP scheme. In addition, a comparison of the re-
sponse at each site is being undertaken by visco-elastic
finite-difference modeling of the ground motion induced

by incident wavefields of various types (both regional
and teleseismic). Where possible, these results are com-
pared with empirical site-response determined from re-
gional events using the H/V method. The site response
obtained for each station will be used in the future for
calibration of the POLARIS network. In one case, the
GPR data led to the discovery of a probable under-
ground drainage channel that would have been an in-
appropriate location for a seismograph vault.
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We present evidence of near-source effects on strong
ground motions recorded during moderate-magnitude
(5 ≤ M ≤ 6) earthquakes from the 1997 Umbria-
Marche (central Italy) sequence. We studied the
Colfiorito Mw 6.0 (September 26, 1997, 09:40 UTC)
and the Sellano Mw 5.6 (October 14, 1997) normal-
faulting earthquakes. These earthquakes provided
recordings at epicentral distances less than two-three
fault lengths. The recorded acceleograms are affected
by the source-to-receiver geometry, the finiteness of
the fault and the rupture history. We evaluated these
effects by comparing recorded ground accelerations
with those simulated with a stochastic-deterministic
method. We have developed a hybrid technique to sim-
ulate strong ground accelerations from extended faults,
which generalizes the point-source stochastic method to
capture the essence of near source effects while main-
taining its conceptual simplicity. A white-noise time se-
ries is windowed with a deterministic acceleration enve-
lope computed with a simplified isochron formulation.
The spectral function that filters the windowed noise
is a ’point-source-like’ amplitude spectrum which de-
pends on parameters (corner frequency, distance from
the fault, radiation pattern) evaluated from the de-
terministic computation. Despite of the simplified de-
scription of the rupture history on the extended source,
we were able to explain the variability of recorded PGA
and to reproduce the near-source effects both in time
and frequency domain. We emphasize the importance
of modeling finite fault effects for moderate-magnitude
earthquakes to evaluate ground-shaking scenarios in
seismic regions where no strong motion data are avail-
able. We remark the difficulties to parameterize (either
empirically or analytically) the directivity and the ra-
diation pattern effects.
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This ongoing investigation is greatly expanding the
worldwide data-set of shear wave velocity characteris-
tics at liquefaction sites, most of which are located in
Asia. Doing so allows for a re-evaluation of the shear
wave velocity assessment methodologies for liquefaction
presented in the literature since 1992, methodologies
that are data deficient in the zone of high shear wave
velocity and high ground motion intensity data.

To expand this data set, we are using the Spec-
tral Analysis of Surface Waves (SASW) method, a
relatively new non-invasive field approach for evalu-
ating the shear wave velocity characteristics of po-
tentially liquefiable ground. In our test procedure,
we line-array small-lightweight sensors on the surface
and gather vertical-motion vibrations produced with
a small frequency-controlled electro-mechanical shaker.
Real time computation of cross power spectra (CPS)
between separated and precisely-spaced sensors are
transformed into phase velocity-frequency dispersion
space and ultimately shear wave velocity-depth space.
SASW is particularly useful for lightweight reconnais-
sance surveys and profiling difficult materials such as
gravely sand where conventional truck-based penetra-
tion methods are not practical. The dispersive nature
of surface waves is the basis of the SASW method.
After we have determine the dispersion characteris-
tics of surface waves at a site, we utilize the Haskell-
Thompson matrix inversion technique to estimate the
shear wave velocity profile. Then, the velocity of the
observed liquefied layer is used to relate the stiffness
properties of the ground to an estimated intensity of
the earthquake motions at the site.

In Japan and Taiwan, we profiled 182 liquefaction
test sites using this method, producing detailed shear
wave velocity profiles in the upper 20-30 meters of the
soil column. Further testing is planned for 2003. Nearly
all of the post-war documented liquefaction sites in the
Japan and Taiwan, evaluated with conventional pene-
tration apparatus, were re-tested in our study. These
liquefaction events, dating from the most recent large
damaging events in Japan and Taiwan (2001 Geiyo
and 1999 Chi Chi, respectively), extend back to the
1948 Fukui City earthquake, represent the majority
of the worlds documented sites of liquefaction occur-
rence. Considerable effort was directed towards earth-
quake events and sites that produced liquefaction re-
lated damage in relatively stiff native soil from high
intensity motions (e.g. Hyogo-Nambu 1995; Hokkaido
Nansei-Oki 1993; Chi Chi; Fukui; Kushiro 1993). The
data from this study allows us to finally recast the
shear wave velocity-liquefaction assessment method in
light of a global data set.
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Somerville (2000) found a systematic difference in
the level of earthquake ground motions for three M
7.2-7.6 earthquakes with large surface ruptures, and
three M 6.7-7.0 earthquakes on buried faults. He found
that the acceleration spectra of the smaller events are
much larger than the 1994 UCB code spectrum for soil
site conditions in the intermediate period range of 0.5-
2.5 seconds, but similar to the UCB code spectrum at
longer periods. He pointed out that this is contrary to
all current earthquake source models and ground mo-
tion spectral scaling with magnitude.

We have tested the results by Somerville using dy-
namic rupture modeling. We compare a 45o-dipping,
5 km buried thrust fault to a 30o-dipping thrust fault
that breaks the surface in a halfspace model with uni-
form dynamic rupture parameters on the faults. The
seismic moments of the two dynamic ruptures amount
to 3.4 · 1019 Nm (M 7.0) in the first, and 5.3 · 1019

Nm (M 7.1) in the latter case. The increased seismic
moment for the surface rupture is due to the time-
dependent normal-stress interaction of the wavefield
with the free surface. We find that, compared to those
for the buried rupture, the surface rupture shows larger
spectral accelerations for periods between 0.33 and 5
seconds. Thus, our dynamic simulations can not con-
firm the observations from Somerville (2000), and we
conclude that his results are not a first-order dynamic
effect related to the depth of burial of the fault. Fi-
nally, we test whether dynamic rupture modeling can
explain the differences by in ground motion levels from
a combination of smaller fault areas and larger slip ve-
locities for buried faults relative to those for scenarios
with surface rupture (Somerville et al., 2002).
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Comparison is made of strong ground motions
recorded at the Coyote Lake at the two stations: Coy-
ote Lake Dam Southwest Abutment and Coyote Lake
Dam Downstream. An unexpectedly high peak accel-
eration of 1.2 g was recorded on the 285-degree com-
ponent at the abutment site during the 1984 Morgan
Hill earthquake. After this earthquake the California
Strong Motion Instrumentation Program installed the
downstream site about 700 m from the abutment site.
The records of the four earthquakes (the M5.8 Coy-
ote Lake of 8/6/79, the M6.2 Morgan Hill of 4/24/84,
the M7.0 Loma Prieta of 10/18/89 and the M4.8 Gilroy
of 1/16/93) were digitized and processed. Of the four
events recorded at Coyote Lake Dam the last two (Loma
Prieta, and Gilroy) were recorded simultaneously at the
abutment and downstream sites. Site geology for the
abutment station is described as ”fill (about 1.5 m)
over carbonate rock”, and for the downstream station
as ”alluvium”. The abutment station lies within the
Calaveras fault zone, and the downstream station is lo-
cated less than 250 m from the fault zone.

The ground motion recorded during the M7.0 Loma
Prieta earthquake of 10/18/89 demonstrates relatively
high amplitudes on the 285-degree component at the
abutment site. Amplitude of this component is more
than 3 times higher than that of the 195-degree compo-
nent. This component is also more than 2 times higher
than the motion on the corresponding component at
the downstream site in the period range between 0.3-
0.8 seconds. This difference can not result from source
directivity, because the two horizontal components at
the nearby downstream station have almost the same
amplitude. It is also unlikely that fault-zone trapped
waves are important, because the source is well out-
side of the fault zone, and the azimuth to the site is
almost perpendicular to the fault zone. Note that the
285-degree component is almost perpendicular to the
orientation of the dam.

The relationship of the abutment/downstream
recordings of the M4.8 Gilroy earthquake of 1/16/1993
is almost completely different from that of the Loma
Prieta earthquake. The amplitudes of motion are more
than 20% higher at the downstream site than at the
abutment site. The abutment-to-downstream spectral
ratios are less than unity in the period range from 0.3
to 0.6 sec.

The epicenter to station azimuth for the Loma Pri-
eta earthquake is 73 degrees, and it is 325 degrees for
the Gilroy event. These two earthquakes are located on
different sides of the Calaveras fault zone, suggesting
significantly different geology for the wave propagation
paths to the stations. Combination of differences in
source-station orientation, and complex 3-D structure
around the fault zone and stations may be responsible
for such large differences in the ratios of ground mo-
tions at the two nearby Coyote Lake stations.
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We quantify the effects of complex fault geometry

on low-frequency (<1 Hz) strong ground motion us-
ing numerical modeling of dynamic rupture. Our tests
include the computation of synthetic seismograms for
several simple rupture scenarios with planar and curved
fault approximations of the 1994 Northridge and the
1992 Landers earthquakes. We use the boundary inte-
gral equation method (BIEM) to compute the dynamic
rupture process, which includes the normal stress ef-
fects along the curved fault geometries. The wave prop-
agation and computation of synthetic seismograms are
modeled using a fourth-order finite-difference method
(FDM).

The near-field ground motion is significantly af-
fected by the acceleration, deceleration and arrest of
rupture due to fault bending, as well as the the vari-
ation in directivity of the rupture. We compare 1-Hz
near-fault peak velocities for 40o-dipping, thrust faults

buried 5 km with dimensions 24 km by 16 km. Com-
pared to that for a planar fault, such as most approx-
imations of the Northridge earthquake, a 6-km-long
hanging-wall or footwall splay with a maximum offset
of 1 km can change peak velocities by up to a factor of
2-3 above the fault. This change is caused in part by
a variation in directivity, in part by differences in the
rupture dynamics for the scenarios. In particular, the
curved faults cause a gradual arrest of rupture, while
the planar fault rupture stops abruptly with a resulting
increase in moment. Our tests suggest that the differ-
ences in waveform are larger on the hanging wall com-
pared to those on the footwall. The results imply that
kinematic ground motion estimates and slip inversion
may be significantly biased by the omission of dynamic
rupture effects and of relatively gentle variation in fault
geometry, even for long-period waves.
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In the absence of sufficient data in the very near
source, prediction of the intensity and variability of
ground motions from future large earthquakes depends
on our ability to develop realistic models of the earth-
quake source. With the objective of making these sim-
ulations more accurate, we developed a dynamic source
characterization based on stochastic-dynamic source
models (Guatteri et al., 2002). The dynamic source
parameters (fracture energy and stress drop) are speci-
fied as spatial random fields such that they are consis-
tent with the statistical properties of slip heterogeneity
found in finite-source models of past earthquakes. We
find that including spatial and temporal variations in
slip, slip rise time, and rupture propagation that are
consistent with dynamic rupture models exerts a strong
influence on near-source ground motion. We investi-
gate the relationships between dynamic and kinematic
source parameters to develop approximations that may
adequately describe dynamic rupture, without having
to do full dynamic simulations. The result is an approx-
imate approach to develop a physically based source
characterization (pseudo-dynamic) that may improve
both the source model design in probable earthquake
scenarios for ground motion simulations and the incor-
poration of source effects in future attenuation mod-
els. A physically based source description and output
that consists of strong motion time series for a suite
of earthquake rupture realizations, rather than a single
number of models, merge naturally with a probabilistic
approach for seismic hazard analysis.
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With many factors for estimation of strong ground
motion being unknown, it is essential to quantitatively
evaluate how uncertainty affects the results calculated
using those uncertain parameters.

We develop Spectral Stochastic Boundary Ele-
ment Method (SSBEM) based on the idea of Spectral
Stochastic FEM [1,2]. SSBEM is applied to wave prop-
agation analysis in the media which has uncertainty in
geometric condition.

SSBEM expands the uncertain field (geometric con-
dition of the boundary) s(t) using Karhunen Loeve
(KL) expansion as

s(x, ξi) = s̄(x) +
∞∑

i=1
ξi

√
λifi(x) (1)

where s̄ is expectation of s; fi(x) is the basis of KL ex-
pansion; ξi are normalized Gaussian probability vari-
able.

Solution of BEM (displacement etc.), u(ξi), is ap-
proximated in the form as

u(ξi) =
∞∑

i=0
uiΨi[{ξ�}] (2)

where Ψi[{ξ�}] are basis of Polynomial Chaos (PC) ex-
pansion.
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In BEM, displacement ui is obtained by integrating
the Green’s function along the boundary as

u
i =

∫
Γ

qūdΓ −
∫
Γ

q̄udΓ (3)

If we introduce the parameter τ to represent the uncer-
tainty of geometrical condition of boundary, variation
of displacement ui can be estimated by using Talyor
expansion as

u
i
τ =

∫
Γ

{
1 + τ

D

Dτ
+ · · ·

}
qūdΓ′

−
∫
Γ

{
1 + τ

D

Dτ
+ · · ·

}
q̄udΓ

(4)

where D
Dτ

denotes Lagrange derivative. This can be
evaluated using the expression of uncertain boundary,
Eq (1). By using Eq (4) instead of Eq (3) in BEM for-
mulation, we can estimate the solution in the form as
Eq (2).

Efficiency of the proposed scheme is verified by nu-
merical examples, in which computation results of SS-
BEM are compared with those of MCS in terms of ex-
pectation, standard deviation and probability density
function. Their results are close to each other and ef-
ficiency of SSBEM is verified.
References:

1. R. G. Ghanem et al.: Stochastic Finite Elements,
Springer-Verlag NY, 1991

2. R. Honda : J. Struct. Eng., JSCE, No.689/I-57,
pp.321–331, 2001
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The estimation of scenarios of the strong ground
motions caused by future great earthquakes is an im-
portant problem in strong motion seismology. This was
pointed out by the great 1985 Michoacan earthquake,
which caused a great damage in Mexico City, 300 km
away from the epicenter. Since the seismic wavefield is
characterized by the source, path and site effects, the
pattern of strong motion damage from different types
of earthquakes should differ significantly. In this study,
the scenarios for intermediate-depth normal-faulting,
shallow-interplate thrust faulting, and crustal earth-
quakes have been estimated using a hybrid simula-
tion technique. The character of the seismic wavefield
propagating from the source to Mexico City for each
earthquake was first calculated using the pseudospec-
tral method for 2D SH waves. The site amplifications
in the shallow structure of Mexico City are then calcu-
lated using the multiple SH wave reverberation theory.
The scenarios of maximum ground motion for both in-
slab and interplate earthquakes obtained by the sim-
ulation show a good agreement with the observations.
This indicates the effectiveness of the hybrid simula-
tion approach to investigate the strong motion damage
for future earthquakes.
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Strong motion estimates were developed for a site
near the center of a basin located above the Teton
fault near Jackson, Wyoming for scenario M 6.9 to 7.1
normal-faulting earthquakes. A 3D velocity-hypocenter

inversion using 1150 earthquakes recorded by the Jack-
son Lake Seismic Network delineates a ∼ 4-km-deep
low-velocity basin located above the east-dipping Teton
fault, but fails to resolve details of the velocity struc-
ture within the basin. Basin velocity structure was de-
rived from reinterpretation of existing seismic refrac-
tion data, and 2D finite-difference waveform model-
ing of three microearthquakes (MEQ) located near the
perimeter of the basin and recorded on broadband sta-
tions near the middle of the basin. The refraction data
and MEQ waveform modeling indicate nearly linear
vertical velocity gradients within the basin. Published
interpretations of the refraction data used constant ve-
locity layers with strong velocity discontinuities within
the basin which fail to reproduce strong broadband ar-
rivals that follow direct S-waves by ∼ 4-6 s; these ar-
rivals are composed of S-waves and surface waves pro-
duced at the basin margins. Reciprocity 3D finite-
difference viscoelastic Green’s functions were used to
synthesize motions for frequencies <1 Hz and eight em-
pirical Green’s functions (EGF) were used to synthesize
> 1 Hz motions. Kinematic finite-fault rupture models
were generated with self-similar slip distributions and
variable rupture and rise times. A 3D eikonal equation
solver was used to calculate first S-wave arrival times
for point-source summations of EGF’s. The dip of the
Teton fault is not well constrained; dips of 35, 45, and
60 degrees where used to synthesize ground motions.
For a 35-degree fault dip, directivity produces factor
of two stronger peak responses on the fault perpendic-
ular component than the fault parallel component for
all periods. For periods > 0.7 s and a 60 degree fault
dip, peak motions were stronger on the fault paral-
lel component than the fault perpendicular component;
the strongest arrivals on the fault parallel component
are associated with basin-edge waves. The top 5 km of
the Teton fault is within 2-3 km of the western edge
of the basin. The western edge of the basin acts as
a strong secondary seismic source for sites within the
basin; basin-edge S-waves close to the fault are nearly
critically reflected for sites near the center of the basin
and produce large acceleration and velocity responses
that extend the duration of strong shaking by > 10 s
within the central portion of the basin.
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In Japan, long-term probabilities of several large
subduction earthquakes have been evaluated by the
Headquaters for Earthquake Research Promotion. In
order to mitigate the disaster caused by such earth-
quakes, it is very important to predict broad-band
strong ground motions of engineering interest before
events. A methodology has been proposed for estimat-
ing strong ground motions from scenario earthquakes
caused by active faults by Irikura et al. (2002). They
characterized source model with heterogeneity of slip
on the fault based on the self-similar scaling relations
of asperities with respect to seismic moments derived
statistically from the source inversion results. In this
study, we apply much the same approach for the source
characterization to future subduction earthquakes, and
attempt to estimate broad-band strong ground motions
using some simulation techniques. Our objective earth-
quakes are two large ones , occurred on the Nankai
trough (larger than M8) and in the sea off Miyagi Pre-
fecture (M7.4) in Japan. The former earthquakes have
been repeatedly occurring with an interval of approx-
imately 100 years. The recent one occurred fifty-six
years ago. The average interval of the latter ones is
about 37 years. 24 years have already passed since the
previous one. The validity and applicability of strong
ground motion predictions are examined in comparisons
with the observed records and the measured seismic in-
tensity and so on during the old earthquakes occurred
the corresponding subduction zones.
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The main objective of this study is to determine the

source characteristics of the Duzce and Kocaeli Earth-
quakes such as source size, asperity location and as-
perity size and also compare these findings with empir-
ical scaling relations obtained from worldwide earth-
quakes. The possibility of supershear rupture propaga-
tion during the Duzce earthquake proposed by Bouchon
et.al.(2001) is also examined by performing numerous
inversions changing the first time-window propagation
velocities at each time. Besides these, results may con-
tribute to the relation between coseismic slip distribu-
tion at the fault plane and the distribution of surface
ruptures.

The waveform inversion of the 12 November 1999
Duzce, Turkey Earthquake was performed for the fre-
quency range of 0.1-0.5 Hz. using the multiple time-
window linear waveform inversion methodology. For
the inversion, strong motion records of the Duzce
Earthquake from 8 stations within 50 km epicentral dis-
tance were used. An approximate 41 x 13 km size fault
plane was assumed and subdivided into 52 subfaults.
Hypocenter is at a depth of 10km, located in the bot-
tom left hand-side of the plane, approximately 7 km
away from the center of the fault plane. In order to
calculate the theoretical Green’s function between each
subfault and each station in 1D velocity structure, the
discrete wave number method of Bouchon (1981) to-
gether with the reflection-transmission matrix method
(Kennett and Kerry, 1979) were used.

The best source model was determined by an asper-
ity near the hypocenter and a second asperity closer
to the surface in the eastern part of the fault plane.
First time-window propagation velocity was found as
4.3km/s in the eastern propagation, where it is 2.9km/s
in the western propagation. A simplified version of
this source model was used for getting higher frequency
simulation through Empirical Green’s Function (EGF)
Method. The distribution of the coseismic slip in the
fault plane is consistent with the surface dislocation.
However the displacement values measured at surface
show larger values than the final slip values found at
the shallower portion of the fault plane.

In order to get the broadband simulation of the
17 August 1999 Kocaeli earthquake, the EGF simula-
tion has been performed using the available aftershock
records as Green’s function. The source process results
of the Kocaeli Earthquake obtained by Sekiguchi et.al.
(2002) was used to set up an initial source model for
the forward simulation of this earthquake.
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Shallow sediments can affect dramatically the seis-

mic motion at the surface leading to an increase in the
seismic vulnerability and resulting critical for seismic
risk assessment. Site effects have been worldwide ob-
served, associated both with destructive large earth-
quakes and with moderate magnitude earthquakes. The
Mugello is a recent fluvio-lacustrine basin located 30
km north from Firenze (Italy) and is interested by
strong historical earthquakes, which have produced se-
vere damage in a large area including Firenze. Site
effects were analyzed in 85 locations measuring seismic
noise for 24 hours. We used three components Lennartz
seismometers (LE 3D/5sec), with 5 seconds of eigenpe-
riod, and 16 bits A/D converters. One seismic station
was permanently deployed on bedrock assuming no seis-
mic amplification. This station was used as reference
both for earthquakes and for noise records. Magnitude
of the site effects has been estimated from seismic noise
and earthquakes. The amplification factor (Fa) was
calculated as the integral of the horizontal-to-vertical
spectral ratio (HVRS) of the ground acceleration in the
frequency range between 2 and 10 Hz, of engineering in-
terest. Amplitude of the regional earthquakes recorded
in the basin varies in agreement with the estimated am-
plitude of the site effects calculated by the HVRS of
the noise, showing the strong relation with the shallow
geology. In addition, the HVRS calculated for earth-
quakes and for noise is consistent, giving a strong re-
liability to the method used. The site effects of the
Mugello basin are represented in maps of the amplifi-
cation and peak frequency distribution. These maps
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provide interesting information and appear consistent
with the local geomorphology and geology. The esti-
mated amplification factor results quite high near the
border of the basin, where shallow sediments cover the
bedrock while decreases towards the center in relation
with thicker sediments. In the same way, the resonant
frequency decreases from the border to the center of the
basin, where the bedrock has a depth of ∼ 600 meters.
In general the amplification distribution seems to be
in good agreement with geological and morphological
local constraints.
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The Changureh (Avaj) earthquake occurred in west-
ern Iran, about 225 km west of Tehran at 7:28 local
time, June 22, 2002. The moderate moment magnitude
of 6.4(ERI, University of Tokyo) - 6.5 (USGS) was cal-
culated for this earthquake and the depth of epicenter
was about 7 km (ERI) - 10 km (USGS). The fault plane
solution indicates that the main shock was occurred on
a reverse fault with NW-SE trending.

Epicenter and damaged area are located in a fold
and thrust belt in the north of Zagros tectonic bound-
ary. This belt trends NW-SE direction. Several large
earthquakes with reverse faulting, such as 1962 Ipak
(Buin-Zahra) earthquake, was occurred near the area.

Surface faulting and liquefaction related to this
earthquake appeared near the epicenter area of main
shock. The surface fault appeared at the east of Ab-
dareh continuously. The length of the surface fault
is at least 700 m and it is possible that the surface
fault could elongate to rather east. The rupture runs
across the slope of ridges with compressional displace-
ment. Amount of displacement is as much as 10 cm and
south side was thrown up through whole of the trace.
Trend of this trace is N70W. Liquefaction could be seen
near the river. Sand (partly gravel) boiling were on the
ground along the surface ruptures.

We made the trench excavation surveys at 3 sites
on 27-29 July. 2 sites were excavated on the surface
fault and another was on the liquefaction site. Trench
survey on the surface fault showed the slip occurred on
the bedding plane of Miocene siltstone which dipping
to south of 20-30 degrees. At the liquefaction trench
we could see the sand (and gravel) had come up from 2
m below.
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Introduction
After the 1995 Kobe earthquake, the Japanese gov-

ernment increased its focus and funding of earthquake
hazards evaluation, studies of man-made structures in-
tegrity, and emergency response planning in the ma-
jor urban centers. A new agency, the Headquarters for
Earthquake Research Promotion, was formed to over-
see appropriate research in the earth sciences and civil
engineering. This agency distributes research funds of
�130 million per year. Projects include these topics:
1) Densification of seismic and GPS networks, 2) Pa-
leoseismological investigation of major active faults, 3)
Research on the geometry and physical properties of
basins under the cities, 4) Probablistic strong ground

motion estimation, and 5) Regional characterization of
faults and physical parameters.

Regional Characterization Study
A long-term goal is to produce map of reliable esti-

mations of strong ground motion. This requires accu-
rate determination of: Source, Propagation path, Near
surface and Ground motion response.A new five year
project starts this year to characterize the ”source”
and ”propagation path” in the Kanto (Tokyo) region
and Kinki (Osaka) region. The proximity of the Pacific
and Philippine Sea subducting plates requires study of
the relationship between earthquakes and regional tec-
tonics. This projects focuses on identification and ge-
ometry of: 1) Source faults, 2) Subducting plates and
mega-thrust faults, 3)Crustal structure, 4) Seismogenic
zone, 5) Sedimentary basins, 6) 3D velocity properties
Reconstruction of source fault and velocity models al-
low for more realistic 3D EQ wave simulations. All of
these information will be synthesized and provided to
communities involved in probablistic hazards analysis,
risk assessment and societal response.

In 2002, we have started to deploy seismic profiling
lines in the Boso Peninsula (112 km) and the Sagami
bay area( 75 km) to image the subducting Philippine
Sea plate

URL: http://www.eri.u-tokyo.ac.jp/daidai/index.html
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Nakamura and Miyatake (2000) proposed an ap-
proximate expression of slip velocity time function for
simulation of near-field strong ground motion on the
basis of the numerical solution of 2D and 3D crack sim-
ulations including a slip-weakening friction law. The
approximate slip rate time functions are applied to
near-source seismic waves from various fault models,
(a) rectangular crack in which rupture propagate uni-
laterally, (b) asperity model (c) square shaped crack in
which rupture start around bottom corner and propa-
gate circularly, and then compared with those from dy-
namic rupture model. The approximate slip rate time
functions are implemented as a double couple force sys-
tems in 3D finite difference calculation (Graves, 1998).
Dynamic rupture calculation is also carried out in same
staggered grid 3D FD model with stress or frictional
condition imposed on the fault-ruptured area. The
waveform from approximate expressed slip rate func-
tion fits well to that from dynamic crack models but
there exists discrepancy between them near the start-
ing point or first asperity. In the present paper, we also
discuss an approximate expression of non-uniform slip
rate time function for a propagating crack. The near-
fault ground motion with slip weakening friction above
mentioned (a), (b), and (c). The revised expression
improves the fitting.
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In order to obtain trustful strong motion informa-
tion, it is necessary to simulate the fault mechanism,
the wave propagation through the heterogeneous crust,
and amplification near the surface with high resolution.
This simulation, however, has two difficulties, the re-
quirement of huge computation and the uncertainty of
the ground and geological structures information.

For resolving these two difficulties, we propose a
new analysis method, macro-micro analysis method,
which takes advantage of the singular perturbation ex-
pansion and the bounding media theory, such that re-
quired numerical computation is reduced due to the ef-
ficient multi-scale analysis and the uncertainty of the
ground and geological structures information are ac-
counted for.

In order to verify the effectiveness of this new anal-
ysis method, the observed earthquakes are simulated,
and the reproduction of the strong motion is attempted.
The simulation result is compared with the data ob-
served in Yokohama City. It is shown that it succeeded
in reproducing the velocity spectrum and the maximum
velocity of each place in frequency domain where the
calculation accuracy is guaranteed. In addition, the
maximum velocity distribution of each every site is also

calculated with the spatial resolution of 1[m] order.
These results clearly show the effect of soil-structure,
crust, and geological structure on the strong motion,
and it is confirmed that large-scale numerical simula-
tion is necessary in order to predict the strong motion
with high spatial resolution in the sufficient accuracy.
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This work reports on the development of a paral-
lel numerical octree-based finite element methodology
for simulating large-scale earthquake-induced ground
motion in highly heterogeneous basins. We target
large sedimentary basins with contrasts in wavelengths
of over an order of magnitude. We overcome the
problem of multiple physical scales by using finite
elements on locally-resolved hexahedra derived from
octree-based grids. The extremely large mesh sizes re-
quire special mesh generation techniques. We use an
out-of-core octree-based mesh generator developed by
Tu and OHallaron (2002), which allows us to gener-
ate meshes of essentially arbitrary resolution. Despite
the method’s multi-resolution capability, large problem
sizes necessitate the use of distributed memory parallel
supercomputers to solve the elastic wave propagation
problem. We have developed a system that helps auto-
mate the task of writing efficient portable octree-based
mesh solvers for distributed memory parallel supercom-
puters. The numerical methodology and software sys-
tem have been used to simulate the seismic response of
both idealized systems and of the Greater Los Ange-
les basin to simple pulses and to an aftershock of the
1994 Northridge Earthquake, for frequencies of up to
1 Hz. We report on parallel performance on the Cray
T3E and the Terascale Computing System (TCS) at the
Pittsburgh Supercomputing Center for several models,
ranging in size from 40,000 to 200 million hexahedra.
The results indicate that, despite the highly irregular
structure of the problem, excellent performance and
scalability are achieved.
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A Test of Strong Ground Motion
”Prediction” for the 26 September
1997, Mw 6.0 Colfiorito Eaethquake
(Italy).
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We test a methodology to ”predict” ground-motion
hazard for a fixed magnitude earthquake along a spe-
cific fault or within a specific source volume. In our
test, we develope constraints on rupture parameters of
the 1997 Colfiorito (Italy) earthquake based on previ-
ous studies. Then we develope a suite of 100 rupture
scenarios for this fault, and synthesize observed strong
motion records for each scenario. We use the program
HAZARD (Hutchings, 2002) to randomly select rupture
parameters, and the program EMPSYN (Hutchings,
1991) to synthesize strong ground motion with empiri-
cal Green’s functions. We demonstrate that 100 scenar-
ios is sufficient to statistically span the range of possi-
ble ground motion hazard from this fault. We utilize a
quantitative comparison between observed and synthe-
sized records to examine the potential for this method-
ology to develop realistic synthetic strong ground mo-
tions for specific sites from specific earthquakes. In
the same time we identify our best model of the 26
September 1997, Mw = 6.0 Colfiorito earthquake, and
we interpret this model to better understand the source
process.
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Empirical Corrections for Basin Effects
in Stochastic Ground-Motion
Prediction
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Amplification corrections are presented for the
finite-fault stochastic ground-motion simulation model,
using the code FINSIM, which represent the total am-
plification effects for the Los Angeles basin. Spec-
tral amplification ratios were calculated by dividing
the observed spectra for the 1994 Northridge and 1987
Whittier Narrows earthquakes by the simulated spec-
tra created assuming an average rock-site condition.
Smoothed amplification data were plotted above the
three-dimensional images of the basin revealing a gen-
eral correlation between the estimated basin depth and
basin amplification for both earthquakes over three fre-
quency ranges: low (0.2-2 Hz), intermediate (2-8 Hz),
and high (8-12.5 Hz) frequencies. The depth-dependent
corrections are derived from the regression of the com-
bined data from both earthquakes in order to reduce an
uncertainty caused by the azimuth of incoming waves.

Ground-motion duration is defined as the time for
95 percent of the seismic energy to pass after the S-
wave arrival. Due to ambiguity in defining a basin pa-
rameter controlling duration, it was impossible to de-
velop a generic equation that would relate the duration
ratio (observed/synthetic) to some characteristic of the
basin. Users are cautioned, though, that the durations
within the basin may be as much as four times longer
than the simulated ones.

The procedure is outlined for potential users who
wish to use the results of this study in synthesiz-
ing more accurate earthquake ground motions, taking
into account complicated basin and near-surface ef-
fects. The results are directly applicable to engineering
simulation of strong-ground motions in a sedimentary-
basin environment.
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We examined ground motion response spectra from
the recent large earthquakes in California, Japan,
Turkey and Taiwan. We studied the distance, site, and
magnitude effect on the shape of the response spectra
and compared these response spectra with the stan-
dard response spectra specified by the IEEE 693-1997
for high seismic performance level of electric substation
equipment. We found: (1) the shape of the averaged re-
sponse spectra among different distance groups is sim-
ilar, especially for the stiff soil or rock sites. (2) Aver-
aged response spectra of soft soil sites show a greater
amplification effect at lower frequencies (0.01 Hz to
about 2 Hz) than the stiff soil sites or rock sites. (3)
By comparing normalized response spectra from events
with different magnitudes, we found an increase in low
frequency spectra as magnitude increases. (4) Among
the earthquakes we have examined, there are stations
in every event where some of the acceleration response
spectra exceed the IEEE 693-1997 standard. Those sta-
tions are generally located at sites that are: a) very
close to the fault rupture trace; b) near the edge of
the fault that suffer strong directivity effect; c) on the
hanging wall adjacent to the primary fault trace; d)
at a site with large site amplification. In the low fre-
quency range, the excedance is usually associated with
a larger magnitude earthquake at soft soil sites at near
source distance (D< 50 km). For larger earthquakes,
exceedance at low frequencies may become more com-
mon.
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The re-evaluation of the past several centuries of
damaging Himalayan earthquakes has largely decreased
their magnitudes and/or rupture areas, with one ex-
ception. An earthquake in 1505 that simultaneously
destroyed Indian cities near Agra, and Tibetan monas-
teries between longitudes 78◦ and 84◦ appears to be
larger than any known hitherto. It occurred exactly
one month after a catastrophic earthquake in Kabul,
and accounts from the two earthquakes have sometimes
been confused. Although the data in Tibetan accounts
are sparse the event appears to have had equal violence
along the 600 km northern Himalaya and in the north-
ern plains of India. From this we infer a rupture zone
possibly twice as long as that associated with recent
Himalayan earthquakes, corresponding to the segment
that has hitherto been termed the Central Himalayan
Gap.

An enigmatic observation is that surface ruptures
have been exhumed in trench investigations but have
not been reported from the past two centuries of
7.8<M<8.1 earthquakes in the western and central Hi-
malaya. These ruptures are unlikely to have developed
aseismically since recent geodetic data indicate that
creep processes beneath the Lesser Himalaya are negli-
gible. A possible interpretation of the absence of recent
surface ruptures is that they are associated only with
the very largest Himalayan earthquakes, such as is in-
ferred to have occurred in 1505.

Geodetic data suggest that present convergence be-
tween India and southern Tibet of 16-18 mm/year is
developing as elastic strain in the Greater Himalaya.
Should this have prevailed since 1505 the so-called Cen-
tral Himalayan Gap may have accumulated as much
as 9 m of potential slip, sufficient to drive a Mw=8.2
earthquake. The infancy of systematic trench investi-
gations, and the absence of a long continuous written
history in the Himalaya, prevents conclusions about
the timing of this inferred future M=8.2 event. No
forecast is currently possible, but since convergence
adds roughly 1.8 m/century to the future slip potential,
a longer delay will result in a correspondingly larger
event.
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Earthquakes before about 1900 are known only
through their effects, which are ranked according to
intensity scales, such as the Modified Mercalli inten-
sity (MMI) scale commonly used in the US. MMI as-
signments are an indirect, crude measure of earthquake
ground motions, but they are sufficient to provide un-
biased estimates of the location and moment magni-
tude M of historical earthquakes, defined here to be
those earthquakes with intensity assignments but not
recorded on seismographs. Bakun and Wentworth’s
(1997) technique, for example, provides estimates of lo-
cation and M for historical events by adapting Geiger’s
(1910) location method and Richter’s (1935) ML pre-
scription to MMI assignments. Such estimates are con-
ditioned on the description of the dependence of MMI
on M and epicentral distance ∆, MMI = a + f(M) +
g (∆). While the dependence of MMI on M appears
to be consistent from region to region, the rate of de-
crease of MMI with ∆ is very much regionally depen-
dent. For example, MMI decrease rapidly with ∆ east
of the Rocky Mountains and slowly in California. Es-
timates of M for historical earthquakes depend on the
MMI attenuation function applied, just as estimates of
ML depend on the log A0 function used. Likewise, the
well-known limitations of Geiger’s method in locating
events outside a network of vertical-component seismo-
graphs (P-arrival times only) carry over to the location

of offshore historical earthquakes. However, if MMI at-
tenuation is known and the available MMI assignments
sample all azimuth sectors from the source, then unbi-
ased, objective estimates of source location and M and
their uncertainties can be estimated, even for events
with only a few MMI assignments.
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Geological investigation has pointed out that some
seismogenic sources at the foot-hill of the South-eastern
Alpine area may be able to release earthquakes with
M equal or greater than 6 and a return period longer
than 1000 years. The earthquakes of this size in the
current catalogues cannot account for all the seismo-
genic sources; therefore, a few of them could represent
potential seismic gaps. However, before coming to such
a conclusion it is necessary to assess the completeness
of the available data. This topic has been addressed
according to two main issues: a) improving the back-
ground of the known earthquakes; b) assessing the com-
pleteness of the historical record in the area. Issue a)
was mainly devoted to investigate, according to stan-
dard procedures, those events which are known through
scanty information (few records/intensity datapoints).
Issue b) was addressed by expanding to a few localities
the investigation of the completeness of the site seismic
record which has already been tested in about 15 local-
ities in Italy. The basic idea is to investigate the his-
tory of a locality and to find out whether, in the time-
windows in which no seismic effects are known yet, the
historical records supply reliable constraints, in such
a way that it is possible to conclude: i) no destructive
earthquake took places; or, on the contrary: ii) nothing
more can be said with respect to this. Though conclu-
sions of this kind cannot be exhaustive, preliminary re-
sults indicate that most probably no earthquake with
M equal or greater than 6, out of those listed in the
catalogues, did happen in the investigated area from
about 1300 on.
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Recurrence of large subduction-zone earthquakes
around Japan has been estimated from historical
records. For the Nankai trough, off southwest Japan,
such estimates show that large earthquakes have re-
peated since 684 AD at average intervals of ∼100-200
years. By contrast in northeastern Japan, along the
southern Kuril trench, little is known about recurrence
because the eastern Hokkaido has little written history
earlier than 1800 AD. Here we show that historical seis-
micity along the Kuril trench can be estimated from re-
mote records in Tohoku and Tokyo. Most modern M≥7
earthquakes along the Kuril trench were felt in Tohoku
and all the way to Tokyo, because of low attenuation
of seismic waves within the subducting Pacific plate.

During the Edo period (1600-1867 AD), government
officials in Tohoku and Tokyo kept daily records that
include felt earthquakes. The officials usually noted
earthquake time to the nearest 2 hours or less. In
Tokyo, nearly 5000 earthquakes were reported, making
the average annual number nearly 20. To the north in
Tohoku, surviving documents from Hirosaki, Hachinohe
and Morioka report about 2500 Edo-period earthquakes
starting 1644. Nearly 400 of the earthquakes (about 2
per year) were reported at multiple Tohoku locations;
about 100 of these events (about 0.5 per year) were also
reportedly felt in Tokyo.

Comparison with modern intensity observations in-
dicates that the above rates are very similar to mod-
ern rates, and that the list should contain Kuril earth-
quakes. Modern Tokyo has an annual average of 15 felt
earthquakes with seismic intensity ≥2 on the Japan Me-
teorological Agency scale (JMA intensity 2 corresponds
to Modified Mercalli intensity III). The JMA annual av-
erages also show about 4 earthquakes of intensity ≥2
at Tohoku, of which 0.6 reach that threshold in Tokyo
as well. Nearly a quarter of these earthquakes occurred
along the Kuril trench. At that rate, about 80 of the
Tohoku earthquakes recorded in 1656-1867 likely had a
Kuril origin.


