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We have developed a methodology to determine the minimum velocity for
numerical modeling of the elastic wave propagation in isotropic media. The
method modifies the near surface minimum velocity in the original model
by replacing parts of the model with equivalent medium parameters (EMP)
for a finite frequency signal. The EMP model has a higher minimum veloc-
ity, and minimizes the difference between the seismograms evaluated for the
original model and the model with EMP. The method is suitable for models
with weak laterally heterogeneous surface wave velocity (such as sedimentary
basins). The original model is discretized into vertical profiles. The medium
parameters in these vertical profiles are replaced with the EMP to minimize
the difference between the surface wave dispersion evaluated for the original
vertical profile and the vertical profile with EMP. The dispersion is matched
only over the frequency range of interest, and hence the model with EMP
depends on the frequency range of interest. The difference in group velocity
calculated for the original vertical profile and the vertical profile with EMP
provides an estimate of the error due to the modification of the original
model.

In the second part of our study we calculate site and path effects for
complex heterogeneous media using synthetic Green’s functions. The Green’s
functions are calculated numerically by imposing body forces at the site of
interest and then storing the reciprocal Green’s functions along arbitrary
finite fault surfaces. Using the reciprocal Green’s functions, we can then
simulate arbitrary source scenarios for those faults. Rupture effects and
heterogeneous slip functions are accounted for by Monte Carlo procedure;
this is relatively inexpensive because the primary numerical calculations need
only be done once. We have evaluated the full waveform modeling site and
path effects for three sites in the vicinity of the Los Angeles basin using the
Southern California Velocity Model (version 2.2 (Magistrale et al., 2000)).

In the first part we study the problem of correct discretization and velocity
cut-off; we found it is more significant than is commonly realized, particu-
larly in the calculation of the multiply reflected waves inside sedimentary
basins. Our analyses started with numerical experiments in which we com-
pared seismograms computed in models with different values of the velocity



cut-off. A velocity cut-off at a certain value A for a given numerical model
is the replacement of all velocities lower than A with a value A. Figure 1
shows the effect of velocity cut-off with the different values A on long period
wave propagation. The direct body waves are not significantly affected, but
later arrivals are very sensitive to the value of the velocity cut-off. Both the
source and the receiver are situated outside the sedimentary basins. Stations
situated inside the sedimentary basin show even more sensitivity to the value
of the velocity cut-off. The horizontal components are most severely affected,
especially the transverse component, dominated by the Love waves.
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Figure 1: A comparison of synthetic seismograms computed for different val-
ues of the velocity cut-off. Three components of displacement (in microme-
ters) due to a source in the model of the Southern California 3-D Velocity
Model (Version 1, Magistrale et al. (1996)). The event simulates an after-
shock of the Landers earthquake (34.38°N, 118.49°W and depth at 6.7 km) as
recorded at station Pasadena (34.14°N, 118.17°W). The solid line represents
the displacement computed for a model with a minimum cut-off velocity of
1.0 km/sec, the dashed line represents the displacement computed in a model
with a minimum cut-off velocity of 0.5 km/sec.



We propose to discretize the original 3-D model into 1-D vertical profiles.
We evaluate the group velocity of the Love and Rayleigh waves in all 1-
D vertical profiles and find the minimum group velocity in the frequency
range of interest. This minimum determines the mesh size of our numerical
simulation. Further, we then reanalyze the discretized 3-D original model
and the vertical profiles which do not contain a velocity lower than this
minimum are not modified. However, vertical profiles with velocities lower
than the minimum are modified, such that the Love wave dispersion of the
fundamental mode in the original and new vertical profiles are fit within the
smallest possible error over the frequency range of interest. In contrast to the
simple velocity cut-off, the method we propose preserves the average velocity.
This means that we will increase the velocity in some regions of the original
model as well as decrease the velocity in other regions of the original model.

The proposed algorithm is suitable for heterogeneous model with weak
lateral inhomogeneity near the surface as for instance defined by Levshin
et al. (1989). The condition of the weak lateral inhomogeneity is locally
satisfied by models with as much heterogeneity as the Southern California
3-D Velocity Model (SC3DVM) (Magistrale et al. (2000)). Figure 2 shows
the Love wave group velocities computed for a period of 3 seconds in the
SC3DVM (version 2.2). Several authors (Graves (1995), Wald and Graves
(1998), Olsen et al. (1995), Olsen and Archuleta (1996)) have noted that
the surface waves form the coda in their numerical simulations of the wave
propagation inside the basins. This observation can be explained by the large
zones of weakly heterogeneous group velocities in the basin regions as can
be seen in Figure 2. The boundaries of the basins reflect the surface waves
trapped inside the basins. Our algorithm finds a new model in which the
group velocities for the periods of interest match the original model nd it
preserves the heterogeneity of the original model.

We have shown that the velocity cut-off applied to the basin models signif-
icantly affects surface waves both in phase and amplitude. This observation
led us to develop a method of determining equivalent medium parameters
based on locally fitting surface wave dispersion. This method preserves the
phase and amplitude of the synthetic seismograms within a desired frequency
range. The equivalent medium parameters can be found efficiently by invert-
ing Love wave group velocity. The error of the method can be estimated from
the analysis of the difference between the group velocities of the equivalent
medium parameters and the original model. It is suitable for eliminating
the extremely low velocities and discretize the given model for numerical
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Figure 2: Large regions of the weakly heterogeneous media inside (and out-
side) the models of sedimentary basins. This figure shows the Mercator pro-
jection of the Love wave group velocity for a period of 3 seconds computed
for the Southern California 3-D Velocity Model (version 2.2, Magistrale et al.
(2000)). The group velocities were computed at discretized horizontal points
(grid spacing length 300 m) by taking a vertical velocity profile with medium
parameters discretized every 25 m for the top 1000 m and increased spacing
below down to a depth of 45000 m.

modeling. The method is a significant improvement over the previously used
velocity cut-off.

In the second part of our study we show the versatility of the reciprocity
method applied to the evaluation of site effects: we have selected 3 sites and
5 major faults in Southern California. The sites were chosen to demonstrate
the different strong ground motion responses with respect to their location
relative to the Los Angeles Basin. Figure 3 shows the selected sites and faults
in the Southern California Velocity Model. The fault parameters were taken
from Petersen et al. (1996). In this study we have simulated 75 realistic
source scenarios for 5 major Southern California faults and compared their
responses at the selected sites.

We have developed a method to evaluate theoretical site and path effects
in a complex heterogeneous media using reciprocal Green’s functions. By
decomposing the rupture on the fault into discrete points, we can simulate
arbitrary source scenarios. With an accurate velocity model we may replace
the long period part of the attenuation curves with site specific effects that
accurately include the effects of 3-D heterogeneities and complex source rup-
tures. Using the Southern California velocity model we have evaluated the
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Figure 3: Southern California Velocity model and locations of the selected
sites and faults. The plotted velocity is the Love wave group velocity at 3
second period. The fault locations are shown with beach balls as projected
on the surface. The variations of the rake and magnitude of the beach ball
represent the randomness of the fault slip vector used for modeling. Selected
sites are shown with black triangles and capital letters: PAS, USC and SM.

theoretical site effects for three locations in the Los Angeles area. We have
shown the importance of evaluating large number of the source-rupture real-
istic scenarios. The largest amplitudes at the three sites are obtained from
earthquakes on nearest faults rather than an earthquake on the San Andreas
fault, which agrees with the previous studies ((Olsen and Archuleta, 1996),
(Graves, 1998)). The simulated maximum amplitudes are similar to the ones
observed during the Northridge, California, earthquake.
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