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Tomographic Procedure
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LSQR algorithm of Paige and Saunders (1982)



Travel Time Prediction Uncertainty
The standard least squares tomography solution seismic slowness, s, is formulated given an m x n set of non-linear
travel time path length weights, A(s); a vector of n associated path residuals, d; an n x n Bayesian inferred prior model
covariance matrix, Cm. The Bayesian prior model parameters are used to constrain the solution in model regions
possessing little or no data. This formulation can be written as

_y
Cd 2A(Sk)

1
aCm

k+1
As =

r Y(d A(sd 2 k ,Sk

0

sk+1 = Ask+1 +sk

Where Cd are the data variances associated with the travel time path weights, a is a damping parameter applied to
ensure solution stability, and the non-linear solution is updated in an iterative manner (k) until convergence is
obtained (As 0). Applying standard solution techniques, the posterior model covariance, Cm, and the model
resolution, Rm, can be discovered and written as

Cm = [ATCdlA + Cm-11-1 Rm = mAT C d lA = I —CIS/n1

Given these definitions we can formulate the travel time and associated uncertainty of an arbitrary ray path, p,
given its grid node vector of path length weights (Wp = <wpi>) as

tp =1W
PJ J 

• ±
P

j=0

w(vm)C,„ Tr(vm)+W(s„,)C„, Tr(s„,)

Here Wis-Jimply weights for nodes along the path p that lie in regions of the posterior model (the mantle), while

W(sm) define weights for nodes along the path that lie in prior model regions for which slowness updates were not
computed (the crust).



Grid and Model Resolution
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Grid and Model Resolution
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Travel Time Prediction and Uncertainty
Travel Time Change from ak135 (seconds)
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Significance of Off-Diagonal Terms
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Comparison with Standard Uncertainty
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Seismic Events Used for Validation
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GeoTess
• Station-phase specific travel time

difference relative to ak135.

• Path-dependent travel time prediction
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Summary

• We have developed a global 3D model of the seismic wave speed
distribution in the Earth.

• We successfully computed the model covariance matrix for our model
which allows us to calculate path-dependent travel time uncertainty
estimates.

• The model significantly improves the accuracy and precision and seismic
event locations.

• We have developed 3D travel time lookup tables for the IMS network to
mitigate performance issues related to the use of 3D models in
operational systems

• Our grid management software GeoTess has been released as open source
software and can be accessed at www.sandia.gov/geotess 



Future Work

• For SALSA3D, we did not invert for the crustal model. We
are planning on creating a local crustal velocity model in
near proximity of the state of Utah using arrivals provided
by the UUSS in an effort to assess the applicability of our
tomography approach to crustal tomography.

• We will extend the tomography campaign to include
surface wave data for a better sampling of the crust and
uppermost mantle.

• Similar to SALSA3D, we intend to develop a 3D velocity
model for S-wave travel time prediction.

• We intend to develop velocity/attenuation models of the
Earth's crust and mantle based on full waveform
tomography methods.
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