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Forecasts used in variational data assimilation schemes for the atmosphere and ocean often
exhibit significant position errors. These errors are particularly difficult to correct in data
assimilation because they are usually not normally distributed. In addition, in the case of
atmospheric data assimilation of cloud-related quantities, complications arise from the fact that
cost function gradients are zero in cases where the first guess does not produce clouds or
precipitation, making it difficult to correct cases where observed and predicted areas of clouds or
precipitation do not coincide. A number of approaches have been proposed to measure and
correct position or phase errors, ranging from techniques originating from image processing such
as “image warping” or “morphing” [1] and “optical flow” [2], object-oriented verification
measures [3], to alignment approaches aimed at data assimilation improvements [4].

We present an implementation of a displacement scheme to correct phase errors based on the
feature calibration and alignment procedure described in Grassotti et al. [5]. In its original
formulation, a set of two-dimensional displacement vectors is applied to forecast fields to
improve the alignment of features in the forecast and observations. These displacement vectors
are obtained by a nonlinear minimization of a cost function that measures the misfit to
observations, along with a number of additional constraints (e.g., smoothness and non-divergence
of the displacement vectors) to prevent unphysical solutions. Results from this implementation
will be compared with a more recent implementation within the WRF-Var algorithm, in which
the nonlinear minimization is replaced by the (linear) conjugate gradient inner-loop minimization
combined with outer loop nonlinear adjustments, and the ad-hoc penalty function constraints are
replaced by an error-covariance representation of the displacement vectors (analogous to the
regularization proposed by Nehrkorn et al. [6]). Approaches to deal with questions of model
imbalance will be described for the example of the WRF model.
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