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The formulation of the combined parameter and state estimation problem is considered.

The starting point is Bayes theorem which defines the posterior probability density

function of poorly known parameters and the model solution conditioned on a set of observations.

Given Gaussian priors it is possible to derive the standard variational formulations which are typically solved using gradient based minimization methods.  The variational formulations associated with parameter estimation problems have been seen to exhibit very nonlinear behaviour.  They may have many local minima and in some cases no unique global minimum.

Assuming that measurements are independent in time it is possible to derive a statistical parameter

estimation algorithm which processes the information from measurements sequentially in time.  The so-called Ensemble Kalman Filter (EnKF) or Smoother (EnKS) are new solution methods which exploit this independence.

For linear dynamical models and Gaussian priors the EnKS and the variational minimization problem lead

to the same solution.  For nonlinear dynamics the variational methods solve for the mode of the

conditional pdf, as long as the solution algorithm converges to the global minimum.  The EnKS solution is a sample of realizations of the posterior pdf conditioned on the measurements, and the ensemble mean

is normally used as the best estimator.  The EnKS and EnKF in particular makes use of a Gaussian assumption for the prior pdf of the model prediction which makes the conditioning onmeasurements very simple and efficient. Further, traditional resampling is avoided, since the metods uses a linear update for each member of the ensemble.

The EnKF and EnKS is explained and it is demonstrated that the methods eliminate many problems encountered when solving traditional parameter estimation problems where cost functions are minimized.

