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Task 1.1

A global dataset of surface wave waveforms crossing the region of
interest was collected. We started from the existing waveform database
that was collected at Berkeley over the last 10 years for the
construction of global mantle tomographic models (Li and Romanowicz,
1996; Megnin and Romanowicz, 2000; Gung et al., 2005; Panning and
Romanowicz, 2005). The goal was to complement this global database in
the region of interest.  After choosing data from 20 new events, and
adding in the data from the existing dataset, we now have 38826
3-component waveforms from 393 events recorded at 169 stations.  The
data has been processed using an automated algorithm, which removes
glitches, and checks for many common problems related to timing, poor
instrument response, and excessively noisy windows. A weighting scheme
has been applied to insure even distribution of data across the
region.

Task 1.2 from the report
Set up the coupled SEM/mode code for the case where the 3D model is limited to 
the region of interest and to the upper mantle.

Work is underway to adapt the code to the regional case.  Because
coupling the SEM solution to a 1D mode solution at a spherical
interface is a key feature of the coupled SEM (CSEM) code, limiting the
region to the upper mantle is easily accomplished using previously
existing versions of the code and has been done.  Limiting the 3D
portion of the model to a selected region, however, requires larger



changes to the code.  Currently, work is underway to most efficiently
integrate this into the code using the latest algorithms to apply
boundary conditions at the boundaries of the region of interest for the
SEM code.

In the meantime, we have also been working on the implementation of a
full Born waveform formalism as an alternative for the tomographic
inversion (see Task 1.4).

Task 1.3a
Assemble the starting 3D S velocity model.

The starting 3D S velocity model is based on our existing 3D global models.
We have converted the global parameterization used in our global
tomography to one based on local functions, specifically spherical splines.
This parameterization is now available for inversions using the approximate
NACT methodology (Li and Romanowicz, 1995).

Task 1.3b 
Because the regional CSEM code is not yet complete, performing
synthetic tests with the selected data configuration to determine the
limits of resolution is not yet possible.

Task 1.4 
Perform separate inversion for vertical and transverse component data to 
construct preliminary next generation 3D models.

Because the regional version of the CSEM code is not yet complete, an
inversion is not yet practical.  However, while preparation of that
code continues, we have proceeded to develop a complementary 3D
inversion approach, which incorporates many of the advantages of the
CSEM inversion approach discussed in the proposal.  As shown in figure
2, very similar accuracy in defining the partial derivatives with
respect to model parameters can be obtained using a 3D implementation
of the Born (single scattering) approximation.  This approach has been
shown to accurately synthesize seismograms for paths that cannot be
represented using many other approximations commonly used in seismic
tomography (figure 3).  We are adapting an implementation of this
approach to be used for inverting our surface wave dataset.  Because
the Born approach is somewhat less numerically intensive than the CSEM
based inversion, an added benefit is that stacking of sources is no
longer required, and therefore the waveforms can be divided into
packets.  Using packets is advantageous as it allows us to only use the
highest quality data from the waveform dataset, while removing noisy
portions of the seismograms.



Figure 1:
Source-receiver paths of waveforms included in the dataset.  Receivers are shown as yellow
triangles, events that are part of the previously existing waveform collection are shown by
purple circles, and newly collected events are shown with blue circles.

Figure 2:
Comparison of partial derivative seismograms computed with SEM (dotted line) and
normal modes Born approximation (solid line) for an epicentral distance of 92 degrees.  The
model parameter with respect to which partial derivatives are computed is between the
source and the receiver, slightly off path.



Figure3:
Comparison of performance of several mode-based approximations used in tomographic
modeling.  The map shows the source-receiver geometry and the velocity model, which
consists of a ellipsoidal anomaly 5% slower than the background centered at 220 km depth.
The top two traces are the SEM synthetics calculated from the 1D background model and
the 3D model.  The remaining traces show the differential waveforms obtained by
subtracting the waveform produced by the 1D model.  For each of the approximations
shown, the differential SEM waveform is shown as a dotted line, and the waveform from
the approximation.  Results are shown for the Path Average approximation (PAVA), Non-
linear Asymptotic Coupling Theory (NACT), NACT plus a higher-order focusing
approximation (NACT+F), as well as the 3D Born approximation (shown in red).


