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Abstract

One of the major challenges in uncertainty quantification is to solve stochastic partial differential equations with
both multiscale features in the physical space and high dimensional random input variables. To solve these
problems, we not only need to use a very fine mesh to resolve the small scales of the solution in the physical space,
but also need to approximate the solution in the stochastic space with high input dimension. To overcome this
difficulty, we have developed two effective numerical methods that combine multiscale model reduction with our
data-driven stochastic method. The first method is called multiscale data-driven stochastic method and the second
method multiscale multilevel Monte Carlo method. We will demonstrate that both methods offer considerable
saving over traditional methods. In a related effort, we have developed localized representation of stochastic fields
with high stochastic dimension. These stochastic fields typically have small correlation length. Such problems are
known to be extremely challenging. Even if we use the Karhunen-Loeve expansion to extract a data-driven basis,
the number of unknowns is still prohibitively expensive. Inspired by the recently developments in information
theory, we introduce the low rank plus sparsity criteria in constructing spatially localized basis. We give numerical
examples to show the advantage of the new approach, and present the reduction of computational cost by careful
analysis of numerical complexities.
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