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Earthquake surface waves are recorded by dense seismic arrays as a strong and
consistent signal among the stations. By taking advantage of the wavefield similarity
of nearby stations, we have developed a new technique to estimate surface wave
phase velocities precisely and automatically.

First, a time window to isolate fundamental-mode surface wave energy is built
based on the group delays of all frequency bands of interest. We then calculate
multi-channel broadband cross-correlation functions of the isolated waveforms
from nearby stations, and fit narrow-band filtered cross correlations with a five-
parameter controlled wavelet to retrieve the optimized phase difference at a range
of frequencies. The amplitude of this cross-correlation function can be used to
estimate the coherence, which together with signal to noise ratio (SNR) are the two
key factors to exclude unqualified measurements.

The phase difference information between all the nearby station pairs for each
event at each frequency is then used as the input to an Eikonal tomographic
inversion for two-dimensional estimates of apparent phase velocity. We measure
the amplitude of each station by adapting the same process on the auto-correlation
function and perform Helmholtz tomography to estimate and remove interference
(focusing and defocusing) effects. Finally, we stack the measurements of each
individual event to get the final phase-velocity tomogram in each frequency band.

The entire process requires no human interaction and is highly automated. This
method can be applied on data from arrays of various apertures, ranging from
continental scale such as USArray, to regional scales (few hundred km) typical

of PASSCAL arrays, to local-scale high-frequency arrays employed in industry and
hazard investigations. By combining this analysis with programmable data
acquisition services such as SOD or IRIS DMC web services, we can easily set up an
automatic system providing up-to-date surface wave phase velocity information of
USArray to the public.

We apply this method to data from USArray and a small temporary PASSCAL array
in Papua New Guinea. The results provide important constraints on the crustal and
upper mantle structure of these regions. The figure attached shows the Rayleigh and
Love wave phase velocity tomograms from USArray at the frequency bands
centering around 25s and 50s.
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