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We investigate the role of the linear analysis step of the ensemble Kalman filters
(EnKF) in exciting spurious gravity waves in atmospheric motion models. This is
achieved through the comparison of the behaviors of an EnKF and a fully nonlinear
particle-based filter (PF) with a simple model of balanced dynamics. The filters have
very similar forecast step but their analysis steps are different. More specifically, the
analysis step of the PF generalizes the optimality of the EnKF analysis to non-Gaussian
distributions. The model admits a chaotic vortical mode coupled to a comparatively fast
gravity wave mode. It can be initialized such that it evolves on a so-called slow manifold,
where the fast motion is suppressed. It can also be initialized such that the fast varying
variables are diagnosed from the slow varying variables. This is called the slaved mode
of the model. To determine how well the nonlinear analysis step preserves dynamical
balance in the solution, identical twin assimilation experiments are performed, wherein
the true state is balanced, but the observational errors project onto all degrees of freedom, including the fast modes. EnKF and PF capture the variables in slow manifold
well since, once the variables are attracted towards the slow manifold, they stay there.
PF captures slaved modes better implying nonlinear jumps in dependent variables are
captured better. Results also include testing other PFs on the model to see which PF
performs best in the fully nonlinear Lorenz86 model.

