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The 4D-Var formulation is currently used by mosemgiional Numerical Weather Prediction
centres. However, background error covariances tmalie modelled at the initial time of the 4D-
Var assimilation period, and their space and tiaéations are often approximated. Furthermore,
the 4D-Var is known to be poorly scalable on coremitvith a large number of processors, due
to its use of low-resolution versions of the linead model.

The Ensemble Kalman Filter (EnKF) formalism hasieed a great attention and has initiated a
lot of work on the use of ensembles in data asatinih. While the use of localization in
observation space raises issues (e.g. for the fusatellite data), it allows indeed background
error covariances to evolve in space and timeak also shown that the EnKF can be combined
with the variational approach.

The 4D-En-Var formulation has also received a atersible attention in recent years. The
interest in this formulation relies on differentcai properties: it allows 4D flow-dependent
background error covariances to be representasipitls (in contrast to EnKF) the localization of
background error covariances in observation spécis potentially highly parallel on new
computer architectures, and it also gets rid ofddneelopment, maintenance and cost of tangent-
linear and adjoint models.

The aim of this paper ([1], [2]) is to point outethink between the weak-constraint 4D-Var
formulation and its 4D-En-Var counterpart. Furthere) the 4D-En-Var formulation is relatively
easy to precondition, and it can potentially inelual larger class of representation of model
errors. The paper also aims at showing that thiarsproposed implementations of the 4D-En-
Var implicitly rely on a preconditioning of the vational problem using the square-root of the
localized 4D ensemble covariance maBfk Two other possible formulations are proposedh bot
relying on a preconditioner given by the compl&® matrix. One of them performs the
minimization in the dual space (with a size givertiee number of observations).

It is shown that the avoidance of the need to maatp the square-root of tiBf matrix allows a
larger flexibility in the specification of the cavance localization needed in 4D-En-Var. The use
of a hybrid covariance matrix combining a modeBsdnatrix and an ensembBf matrix is also
discussed. An application of the proposed impleatéoris of 4D-En-Var is shown with the
Burgers’ model and compared to the use of 4D-Var.
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