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Abstract: Due to the complex nature of physical phenomena such as weather prediction,
neither mathematical models nor observationsnalone are entirely sufficient to produce reliable
predictions. Hence novel techniques for combining all available informations in form of models,
data, and other pieces of information are required. In this lecture series we will discuss data
assimilation as a technique to combine model based simulations with experimental data in order
to produce optimal state and parameter estimates. In the first instance, data assimilation
requires that one can quantify the uncertainty in the mathematical model forecasts. Bayes'
theorem is then used to assimilate observations into the model forecast effectively reducing its
uncertainties.
The goal of the course is to provide an overview of uncertainty quantification techniques for
dynamical systems and Markov processes, Bayesian approaches to inverse problems, and data
assimilation algorithms such as linear and ensemble based Kalman filter, particle filter, and
ensemble transform filters.
The lecture series is primarily targeted towards applied mathematicians and statisticians who
are interested in mathematical and computational modeling. The course will be taught at the
level of advanced PhD and postdoctoral students. Familiarity with basic concepts form
dynamical systems and probability is assumed. Theoretical findings will be illustrated by
elementary examples and numerical illustrations. The lectures series will be based on a set of
lecture notes which will be made available to the students.
Program:
1. Dynamical systems and uncertainty quantification. Stochastic models, Markov processes,
Fokker-Planck equation, grid-based and ensemble-based numerical approximation techniques.
2. Inverse problems and Bayesian statistics.
Ill-posed inverse problems, Tikhonov
regularization, Bayes' theorem and optimal
transportation, statistical models for the prior distribution.
3. Data assimilation algorithms.
transform filter.

Kalman and Kalman-Bucy filter, particle filter, ensemble
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