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Lagrangian data assimilation involves using observations of the positions of passive drifters in a
flow in order to obtain a probability distribution on the underlying Eulerian flow field; for
example, positions of rafts released into the ocean can be assimilated in order to estimate the
currents in the ocean. This framework has several complications that differ from some traditional
data assimilation frameworks. First, as in many geophysical applications, the dimension of the
flow variable is very high (1076). However, unlike many atmospheric applications, the
dimension of the observations (e.g. the drifter variable) is relatively low dimensional; if we have,
say, 10 drifters, then the dimension of the drifter variable would be 20. The second main
complication is the highly nonlinear, chaotic nature of the Lagrangian trajectories of the drifters.
Even if the flow itself evolves linearly, the evolution of the drifters will be highly nonlinear.

These complications lead to disadvantages with traditional sequential data assimilation methods.
The first traditional method is the ensemble Kalman filter (EnKF). This method works well for
high-dimensional problems when localization is included, and when the true posterior distribution
is close to Gaussian. However, its disadvantage becomes clear when dealing with strongly non-
Gaussian distributions (which arise from the nonlinear evolution of the drifters): the posterior
distribution of the EnKF will be closer to a Gaussian than the true (Bayes) posterior. The second
traditional method considered here is the particle filter. This method approximates the true Bayes
posterior when enough particles are used; however, the necessary number of particles has been
shown to increase exponentially in a variable related to the system dimension [1]. Therefore, the
particle filter is intractable when applied to a problem with a high-dimensional state vector.

To avoid these disadvantages, we propose a hybrid particle-ensemble Kalman filter (based on the
hybrid grid-particle filter of Salman [2]). Generally, the state vector will include both the flow
variable and the drifter variable, and the distributions will be approximated by a weighted sum of
particles. The distribution on the drifter variables will be updated according to the particle filter
analysis step, but the distribution on the flow variables will be updated according to the ensemble
Kalman filter. This method is more computationally intensive than a basic EnKF, but will
approximate the highly non-Gaussian distributions on the drifters better than an EnKF. We
present results of this hybrid method applied to the shallow water equations, a common model
used in testing Lagrangian data assimilation schemes.
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