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Abstract: Bayesian estimation methods are ideal frameworks for digital twins
that have Iinferential utility, given rational models, observations, expert
knowledge, and all of their inherent uncertainties. | will start with an overview
of the general principles and challenges that their applications pose and offer
some avenues for how these are addressed. The focus will be on dynamic
systems that are far from equilibrium. Along the way | will describe some novel
ways to handle inherent nonlinear/non-Gaussianity, as well as sparsity in
observations, as well as on-going work on handling epistemic errors.

Three problems, electric grid resilience, adaptation in biological systems, and
climate dynamics, will serve to show a variety of ways in which probabilistic
digital twins can deliver nuanced inferential outcomes which, though very
computationally intensive, easily couple to consider complex interaction
systems. | will discuss my more recent work, which employs mathematical
arguments to guide in guantifying and understanding resilience in the context
of a changing climate and biological systems response via adaptation to
stresses.
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