
Sensitivity of Uncertainty Quantification and Bayesian Inverison

Oliver G. Ernst†, Alois Pichler† and Björn Sprungk∗

∗ Faculty of Mathematics and Computer Science
TU Bergakademie Freiberg

Freiberg, Germany
e-mail: bjoern.sprungk@math.tu-freiberg.de

† Department of Mathematics
TU Chemnitz

Chemnitz, Germany
e-mail: oernst@math.tu-chemnitz.de, alois.pichler@math.tu-chemnitz.de

Key Words: Uncertainty quantification, Bayesian inverse problems, partial differential equations,
risk functionals, Wasserstein distance

ABSTRACT

For partial differential equations with random data we investigate the sensitivity of the distribution
of the random solution with respect to perturbations in the input distributions for the unknown
data. We prove a local Lipschitz continuity with respect to total variation as well as Wasserstein
distance and extend our sensitivity analysis also to quantities of interest of the solution as well as
risk functionals applied to such quantities of interest. Here, we provide also novel results for the
sensitivity of risk functionals with respect to the underlying probability measure.

Besides these sensitivity results for the propagation of uncertainty, we also investigate the inverse
problem, i.e., Bayesian inference for the unknown data given noisy observations of the solution.
Although a well-posedness of Bayesian inverse problems is well-known [3], we extend the local
Lipschitz stability of the posterior to perturbations of the prior (as well as of the likelihood) again
with respect to the Wasserstein distance as well as with respect to several other common metrics
for probability measures. However, our explicit bounds indicate a growing sensitivity of Bayesian
inference for an increasing amount of data or increasingly informative data, respectively.
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