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Seismic noise provides very useful information for shallow S-wave velocity
structure. We are combining two analysis methods for seismic noise in order to improve
shallow S-wave velocity structure in Southern California: the first is the noise correlation
method that gives us Rayleigh-wave phase velocity maps for frequencies 0.1-0.2 Hz.
The other is the Z/H method (H/V) for 0.1-0.4 Hz which allows us to constrain even
shallower depths.
In 2008, we performed a joint inversion using the two types of data set. The aim is
to obtain an improved, detailed structure for the upper crust (depth 0-10 km). Here we
briefly describe four main points of this inversion, starting from the reason of its potential
benefit (I) to our preliminary results (II and III). We expect to finish this study and report
our results to the Community Velocity Model soon.
I. Depth resolution: A merit of inverting the two types of data becomes apparent
when we examine depth resolution kernels for them. Figure 1 shows depth
resolution kernels of the two types of data. Depth ranges of sensitivity for phase
velocity and ZH ratios clearly complement each other and both are essential to
determine S-wave velocity structure in the crust.
II. Inversion for each block: For each small block (approximately 2.5km x 2.5 km),
the joint inversion was performed. An example of result near Long Beach
(location 1875 in Figure 3) is shown in Figure 2. The most important aspect of
this result is the reduction of S-wave velocity in the upper 10-15 km. Such a
reduction will in general lead to significant amplification of incoming seismic
waves. Comparison of results at four locations are shown in Figure 3, all showing
similar reduction of S-wave velocity. Ground motion amplification by shallow
structure seems to be much greater than those expected for CVM 5.2.
III. Velocity maps at shallow depths: S-wave velocity maps at shallow depths are
shown in Figure 4. Slow velocity in the basin, in particular along the NewportInglewood fault, is clear in the maps.
IV. Outlook/Remaining Work: We carried out the first cut of joint inversion in order
to improve shallow S-wave velocity structure. Inversion is performed for each
block. Data in some blocks indicate some convergence problems and are shown
as white blocks in Figure 4. We will carefully analyze these results and complete
our inversion.
Publications in 2008 that resulted from our activities related to this project are (1) and
(2). The last paper (3) was partially supported as it shared the development of the same
technique of noise cross-correlation:
(1) Tanimoto, T., Normal-mode solution for the seismic noise cross-correlation
method, Geophysical Journal International, Blackwell, 175, 1169-1175,
published, 2008. SCEC #1218.

(2) Yano, Tomoko, T. Tanimoto, and L. Rivera, The ZH ratio method for long-period
seismic data: Inversion for S-wave velocity structure, Geophysical Journal
International, under review, 2008. SCEC #1166.
(3) Tanimoto, T., M. Eitzel, and T. Yano, The Noise Cross-Correlation Approach for
Apollo 17 LSPE Data: Diurnal Change in Seismic Parameters in Shallow Lunar
Crust, Journal of Geophysical Research (planets), AGU, 113, E08011, 2008.
SCEC #1165.

Figure 1: (top four) Depth resolution kernels for phase velocity (0.13-0.20 Hz). (Bottom
four) Depth resolution kernels for Z/H (0.13-0.37 Hz). Note that the Z/H data is critical
for resolving shallow structure. This is for location 1875 in Figure 3.

Figure 2: An example of joint inversion for the location 1747 (Figure 3). The initial model
(red dash) is CVM 5.2. Data require reduction of S-wave velocity near this station.

Figure 3: Comparison between the starting models (red dash) and the 15th
iteration, basically the final model.

Figure 4: Preliminary results for the joint inversion. Slow S-wave velocity
in the basin is obvious. In particular, a prominent low-velocity anomaly
can be seen along the Newport-Inglewood fault.

