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The pioneers of seismic tomographic imaging techniques (Aki et al., 1977) and
experts in geophysical inversion problems (Tarantola, 2005) have long recognized
the inherent non-uniqueness of inversion results. They emphasize that obtaining a
model that satisfies the data alone is insufficient unless the corresponding
uncertainties (i.e., model assessment) can be determined. However, even with the
abundance of data and computational resources available today, model assessment in
seismic tomographic imaging for large-scale practical problems is either neglected or
given minimal attention. This presentation will from both theoretical and applied
perspectives, introduce the feasibility of using quasi-Newton methods for seismic
full-waveform tomographic imaging and model assessment. The integration of
quasi-Newton methods with random singular value decomposition will be elucidated
for extracting elements from extremely large matrices, where the diagonal elements
of the extracted posterior covariance matrix characterize model uncertainties. Our
approach strictly follows the standard workflow of seismic full-waveform

tomographic imaging, enhancing it into a Bayesian inversion under the assumptions
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of linearization and Gaussian model priors. The proposed workflow exhibits
excellent scalability, making it suitable for large-scale seismic tomographic imaging

applications.
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