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Inversion of Geophysical Data with Robust Estimation

Hee Joon Kim*

ABSTRACT : The most popular minimization method is based on the least-squares criterion, which uses the L, norm to
quantify the misfit between observed and synthetic data. The solution of the least-squares problem is the maximum
likelihood point of a probability density containing data with Gaussian uncertainties. The distribution of errors in the
geophysical data is, however, seldom Gaussian. Using the L, norm, large and sparsely distributed errors adversely affect
the solution, and the estimated model parameters may even be completely unphysical. On the other hand, the least-
absolute-deviation optimization, which is based on the L1 norm, has much more robust statistical properties in the presence
of noise. The solution of the Li problem is the maximum likelihood point of a probability density containing data with
longer-tailed errors than the Gaussian distribution. Thus, the Li norm gives more reliable estimates when a small number
of large errors contaminate the data. The effect of outliers is further reduced by M-fitting method with Cauchy error
criterion, which can be performed by iteratively reweighted least-squares method.
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Fig. 1. Resistivity section reconstructed by minimizing the L, norm with smoothness constraint. Mean square error in the
final model is 12.89 %. The apparent resistivity data were measured on Lake Suwa in Nagano Prefecture, Japan.
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Fig. 2. Resistivity section reconstructed by iteratively reweighted least-squares method, which is based on the biweight estimation.
Mean absolute error is 6.72%.
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