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Introduction

Recent earthquakes have established the damaging effects of strong shaking in valley
environments. Unfortunately, strong motion observations in basins are severely limited and
those that do exist are not from great earthquakes. Predictions based on three dimensional (3D)
simulations have been suggested as substitutes, i.e., Olsen et al (1995). While these synthetics
provide useful constraints, the uncertainties in model construction are difficult to assess without
a significant modeling demonstration of actual basin amplification observations. Unfortunately,
the 3D-model space is huge which makes parameter uncertainties difficult to quantify. Adjusting
these basin models to improve their fits to data is very difficult since 3D simulations are time
consuming.

It appears that the various broadband systems, such as Tri-Net, with many basin stations,
will be very useful for this purpose. For example, figure 1 shows four records from the 95/09/20
Ridgecrest event, along with a topography map of Southern California. The red dashed contours
are the thickness of basin sediments (McCulloh and Draiske, 1960). Note that the station CRN is
just outside Los Angeles basin, while stations FUL,OGC and SAN are within. The epicentral
distances of station CRN is very close to that of station FUL, but the seismic records are quite
different in waveform and duration (Figure 1). In addition, the three basin stations have much
larger amplitude as expected.

These features emphasize the 3D nature of the problem and make it difficult to isolate the
basins response without a nearby hard rock observation for a direct comparison. Thus, to make
effective use of weak motion records from distant events such as in figure 1 requires
methodologies that separate the various complexities into individual operators, Wen and
Helmberger (1996). Following this approach, we break down the problem into: source
excitation with various assumptions about rupture properties and depth; regional path effects,
including seismic propagation from the source element to the sites; and a site operator,
correcting for local basin and site effects.

The purpose of this note is to demonstrate the usefulness of this approach in explaining
the observation from the Landers earthquake with a modified Graves model and to introduce a
waveform inversion technique to retrieve local basin structures from data of the type displayed in
figure 1.

Forward Modeling the Landers Data

The basic idea is to start with an approximate structure and make reasonable changes to
some assumed parameterization, until it can explain the records inside the basin. This work can
be done by the conventional trial and error method or forward modeling approach, Scrivner and
Helmberger(1994). Figure 2 shows an example of such a procedure for the Landers data. The
model is a modification of that proposed by Graves, see Wald and Graves(1998).



Whole waveform inversion method

We represent the basin model by a vector ${\bf x}$. The components of this vector are
parameters of the model, such as the velocities and positions of key points. With this model, we
can calculate the synthetic seismograms with finite difference method, Wen and Helmberger
(1996). We also define a objective function, E(x), which measures the discrepancies between
the data and synthetic seismograms. Finally, we build up a conjugate gradient procedure
(Polak,1971) to search for such a solution.

The conjugate gradient algorithm solves the inverse problem by finding the minimum of
the objective function, so the selection of objective function is the crucial factor. The waveform
inversion has high resolution but will fail if the initial model is too far away from the best
solution. Relatively, travel-time inversion is robust but has lower resolution. Thus Luo and
Schuster (1991) suggested that the inversion should use both measurements. Following their
approach, we choose an objective function that includes two parts: waveform fitting and travel-
time constraint. The degree to which the synthetic and observed seismograms match each other
is estimated by the function:
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Where p(t)os and p(t)sn are observed and synthetic seismogram respectively. t is the shift time
between synthetic and real seismograms. We seek a t that shifts a synthetic seismogram so that
it "best" matches the observed seismogram. The objective function E(X) is constructed by the
weighted sum of t and f (t).

Numerical simulation

To investigate the resolution and uniqueness of the technique, we performed two
inversions on synthetic data. For the test, we choose the epicentral distance of basin's left
boundary as 155 km, the width of finite difference region to be 20 km, and 10 stations along the
profile.

The basin structure includes two types of unknown parameters, the velocities of
sediments and shapes of interfaces between sediments. Our present effort is only focused on the
shapes of interfaces.

Test 1: One-layer basin

In the first test, we investigate a simple dipping interface, figure 3. The velocity of the
surface layer is 0.95km/s and that of the bedrock is 3.18 km/s. In the upper-right part of figure 3,
black line displays the position of test interface and pink line displays the starting position of
interface, four key points(stars) control it. The lower-left part of figure 3 displays the
comparison between the test data(black lines) and the synthetic seismograms(pink lines)
calculated from the starting model, the discrepancies between them are quite large. After 5
iterations, we obtained an new model, which is displayed by the red line in the upper-right part
of figure 3. The lower-right part of figure 3 displays the comparison between test data(black



lines) and the synthetic seismograms (red lines). Although the waveform fit still needs to be
improved, the basin structure has been mostly recovered. Thus the waveform data can yield
strong constraint for a simplification one-layer model.

Test 2: Two-layer basin

In this test, we perform an inversion for recovering more detail. The basin structure that
we chose is given in right-upper part of figure 4. We suppose we know the shape of the top
layer. As in figure 3, the interface of test model, the initial model and inverse model are
displayed by black line, pink line and red line respectively. Then, we use the same inversion
routine to retrieve the second interface. In figure 4, we compared the test data with the synthetic
seismograms from initial model, the differences are still quite large. After 5 iterations, we obtain
the inverse model. This time, the synthetic seismograms generated fit the test data very well
(figure 4), i.e., there are only some small high-frequency differences. However the discrepancy
between test model and obtained model is larger when compared with the result of figure 3,
which indicates the importance of the top layer in controlling the waveforms. In addition,
numerous examples, some containing noise and some with fewer stations, were discussed in
1998 SCEC annual poster.

In summary, we have demonstrated the usefulness of hybrid codes involving analytical-
numerical interfacing and the transfer function approach. By localizing the basin problem, we
can concentrated our efforts on resolving a restricted set of parameters either by trial and error or
by waveform inversion.
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