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The 2000 SCEC research topics include completing the low-frequency basin effects for the SCEC
Phase 3 report, testing the numerical accuracy of the simulations using 5 and 10 points per minimum
S-wavelength in the strongly heterogeneous 3D SCEC velocity model, and started to estimate Q and
near-surface soil amplification for the LA basin. The long-period simulations were carried out using the
coarse-grained viscoelastic relaxation method by Day (1998). The long-period simulations were carried
out in collaboration with Steve Day (SDSU) and Chris Bradley (LANL).

Phase 3 report

The Phase 3 report was completed and published in a special issue of BSSA, December 2000. I partici-
pated in the press conference at the Davidson Center, USC, on January 16, 2001. For this press conference
I had prepared VHS videotapes with animations of all simulated scenarios and the basin model, delivered
to the press on beta-cam format. In addition, the animations were linked to the Phase 3 web site as
mpeg movies.

Estimation of near-surface soil amplification for the LA basin

To estimate the amplification I simulated the 1994 Northridge earthquake in the 3D SCEC velocity model
(version 2), using a minimum S-velocity of 500 m/s and 1000 m/s. Figure 1 (top panels) shows the ratio
of the 0-0.5 Hz peak velocities these two simulations throughout the basin. I used @Q,= 0.1 V; and Q,=
1.5 Qs as for the long-period simulations in the Phase 3 study. That is, the minimum @, for the two
simulations were 50 and 100. Note that the sediments with 0.5 km/s < Vi < 1.0 km/s amplify and
deamplify the peak velocities by up to a factor of 5.

Numerical dispersion of FD simulations in the 3D SCEC velocity model

Since 3D finite-difference simulations require an 8-fold increase in memory and a 16-fold increase in cpu-
time when the spatial discretization is cut in half, it is highly desirable to use the largest Ax possible which
provides a minimum of numerical dispersion error. Most studies using fourth-order FD have accepted
the rule-of-thumb of using at least 5 points per minimum wavelength, as stated by Levander (1998).
However, this rule was primarily based on homogeneous or simple models in two dimensions. In order
to test whether this rule is actually applicable in a highly heterogeneous 3D basin model, I compare the
accuracy of ground motions simulated in a basin model discretized by both 5 and 10 points per minimum
S-wave length. Figure 1 (bottom panels) shows 0-0.5 Hz peak velocities for V,""=1.0 km/s (10 points
per X™") divided by those for V,”™"=1.0 km/s (5 points per A™"). The largest discrepancies occur
towards the southeastern boundary of the basin, above some of the steepest-dipping basin boundaries.
Note the relatively small discrepancy above the deepest part of the basin. This result justifies efforts on
estimating @, which is primarily affected in the deepest basin, using only 5 points per ™. While peak
velocity ratios for the two sets of synthetics agree on average, these ratios fluctuate about 1 by up to a
factor of 5 due to increased dispersion for the lower resolution synthetics. These fluctuations are caused
by slight differences in the arrival times of short-wavelength phases, which move the points of destructive
and constructive interference slightly.

Numerical accuracy of free-surface boundary conditions

We have tested the accuracy of two different possibilities for the implementation of the explicit free surface
boundary condition in the staggered grid, 1/2 grid point apart vertically. Graves (1996) described the
implementation co-located with the normal stress positions, hereafter denoted FS1. It is also possible
to implement the free surface co-located with the zz and yz stresses, offset 1/2 grid vertically from the
Graves (1996) implementation (hereafter denoted FS2). Overall, in a halfspace model, the differences in
accuracy of the two implementations are small. When compared to a reflectivity solution computed at



the staggered positions closest to the surface, the total misfit for all three components of the wavefield is
generally found to be larger for the free surface co-located with the normal stresses, compared to that for
the free-surface co-located with the zz and yz stresses (Figure 2). However, this trend is reversed when
compared to the reflectivity solution exactly at the free surface (the misfit encountered in staggered-
grid modeling) (Figure 2). When the wavefield is averaged across the free surface, thereby centering
the staggered wavefield exactly on the free surface, the free surface condition co-located with the xz
and yz stresses generates the smallest total misfit for increasing epicentral distance. For an epicentral
distance/hypocentral depth of 10 the total misfit of this condition is about 15% smaller than that for the
condition co-located with the normal stresses, mainly controlled by the misfit on the Rayleigh wave. For
more in-depth analysis, see Gottschaemmer and Olsen (2001).

Estimation of Q and near-surface soil amplification for the LA basin

I have started to simulate 0-0.5 Hz 3D wave propagation through the Southern California Earthquake
Center (SCEC) velocity model 2 of the Los Angeles (LA) basin for the 1994 Northridge earthquake in
order to examine the effects of anelastic attenuation and amplification of the near-surface sediments. I
use the combined slip inversion results for Northridge by Wald et al. (1996). Previous FD simulations
for the LA basin, with the lowest S-wave velocity artificially constrained to values near 1 km/s due to
computational limitations, have found that the use of the relations ;= 0.1 V; and Q= 1.5 Q5 provided
a satisfactory fit to data (e.g., Olsen, 2000). However, I find that lowering the minimum velocity from 1
km/s to 0.5 km/s increases the amplification to an extent where the above relation generates significant
overprediction of the basin motions if this relation for Q is used (see Figure 1, lower panels). Instead, our
preliminary FD simulations suggest that the relations QQs= 0.025 V; or )5 of a constant value of about
30 provide a much improved fit of synthetic and observed peak velocities above the deepest part of the
basin.

Figure 3 shows a comparison of the differences between the log of observed and synthetic 0.1-0.5 Hz
peak velocities for 58 sites and various distributions of Qs and @,. All simulations use p=1.5Q,. It is
clear that the use of the relation QQ;= 0.1 V; leads to a significant overestimation of the peak velocities.
However, ;= 0.025 V; and to some extent, Q=30 provides a much better fit between synthetic and
observed peak velocities.

Figure 4 compares 0.1-0.5 Hz synthetic seismograms for 11 different sites in the LA basin area,
simulated using Qs=0.025V; (thin) and Q;=0.1V; (thick), to strong motion data for the 1994 Northridge
earthquake. The peak velocities are reduced by a factor of two on some components at some basin sites,
e.g., IGU and DWY, while the waveforms are essentially unchanged at rock sites, as expected.
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Figure 1: 0-0.5 Hz peak velocity ratios in the Los Angeles basin. Q,=0.1V, and Q,=1.5Q) for all
simulations. (top panels) Peak velocities for V,”"=0.5 km/s (5 points per A™") divided by those for
V,™"=1.0 km/s (10 points per A™"). Note that the sediments with 0.5 km/s < V < 1.0 km/s amplify
and deamplify the peak velocities by up to a factor of 5. (bottom panels) Peak velocities for V;™"=1.0
km/s (10 points per X™") divided by those for V,™"=1.0 km/s (5 points per \™").
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Figure 2: Accuracy of the two implementations of the free surface boundary condition. Misfit for (left
column) reflectivity solution at staggered positions ( true misfit ), (middle column) reflectivity solution
at the free surface ( actual misfit ), and (right column) reflectivity solution at the free surface and

averaged FD results ( modified actual misfit ). Solid and dashed lines depict the misfit for FS1 and FS2,
respectively.
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Figure 3: Comparison differences between the log of observed and synthetic 0.1-0.5 Hz peak velocities for
58 sites and various distributions of Qs and @,. (left) The difference at each of the 58 sites, represented by
the length of the bars blue depicts underprediction, red depicts overprediction. (right) Observed versus
synthetic peak velocities. The dashed lines represent factor-of-two discrepancies. (1st row) Qs=0.025V;,
(2nd row) Qs=0.05V;, (3rd row) Qs=0.1V;, and (4th row) Q,=30 for V; < 2.5 km/s. All simulations use
Qp=1.5Q);.



Observed Versus Synthetic 0.1-0.5 Hz Velocity Seismograms
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Figure 4: Comparison of 0.1-0.5 Hz synthetic seismograms for 11 different sites in the LA basin area,
simulated using Q;=0.025V; (thin) and Q;=0.1V; (thick), to strong motion recordings for the 1994
Northridge earthquake.



