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Synopsis
We investigate the performance of the M)ellxilgum Likelihood Ensemble Filter (MLEF) in
assimilation of nonlinear observations. MLEF is a variational-ensemble data assimilation
method, and can treat differentiable or non-differentiable nonlinear observation operators.
In this study, we compare MLEF with the Ensemble Transform Kalman Filter (ETKF) in
assimilation experiments with a one-dimensional Burgers model. The ETKF analysis with
a certain formulation of nonlinear operators diverges when the observation nonlinearity is
strong and the observation error is small. This divergence is found to be associated with an
extra rank of ensemble perturbation matrix. Optimization in MLEF can improve the analysis
to the level comparable to or better than ETKF. In addition, the smaller observation error is,
or the stronger observation nonlinearity is, MLEF with the nonlinear operators can assimilate
observations more effectively than MLEF with the tangent linear operators. However, the
strong nonlinearity hinders convergence. We found that re-evaluation of the Hessian precon-
ditioning matrix can alleviate such poor convergence. These encouraging results indicate that

MLEF can incorporate nonlinear effects and evaluate observations appropriately.
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Fig. 5: Kalman gain structures for ETKF-FH (a) av-op
and (b) op-av. The regions beyond first 20 points are
cropped.
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Fig. 6: (a) Singular values (bars) and scales (lines) for matrix Z. The definition of scales is described in the text.

(b,c) Decomposition of Kalman gain for ETKF-FH av-op (b) and op-av (c). The regions beyond first 20 points are

cropped.
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Fig. 7: Gradient norms during the first cycle mini-
mization of the cost function with non-differentiable
quadratic observations: (a) without restart method and
(b) with restart method. Horizontal axes indicate itera-

tion number.
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Fig. 8: Score for each minimization methods with
or without restart method. Score is averaged over all

observation operators.
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Fig. 9: As for Fig. 8, but with (a) differentiable obser-

vation operators, and (b) non-differentiable operators.
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