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MethodologyBackground

Maximum Likelihood Ensemble Filter (MLEF)

Deterministic square-root filter
Posed as a control theory problem: Minimize nonlinear cost-function 
in ensemble-spanned subspace
Founded on the ideas from variational methods, Iterative Kalman
filters and Ensemble Transform Kalman Filter (ETKF)
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Cold-start initialization of ensemble perturbations

Random perturbations
Fourier expansion (waves)
Can have a significant impact on the algorithm performance

Goal:
Improve the MLEF performance by proper 

initialization of ensembles

Issues

Randomness – perturbation location 
Correlations – dynamical structure
Spatially localized structure

Analysis error covariance preconditioning

Make the ensemble algorithm converge faster
Initial ensemble perturbation should correspond to the analysis error 
covariance 

A solution

Use the Kardar-Parisi-Zhang (KPZ) equation  to create uncorrelated 
random, spatially localized ensemble perturbations
Use compactly-supported error covariance modeling operator to
force desired correlations 

Results

Kardar-Parisi-Zhang equation

Used to explain the dynamics of interfaces moving 
through random media
A general class of equations used to represent 
Lyapunov vectors as the exponential of roughened 
interface
Produces spatially localized random perturbations

Typical structure of correlated and uncorrelated 
initial ensemble perturbations using KPZ

Compactly-supported error covariance

Commonly used in variational and ensemble data 
assimilation methods
Applied to KPZ perturbations to force prescribed 
correlation length-scale

Algorithmoc details

Prescribe variance and correlation length-scale
Use an empirical formula to define the length of KPZ 
integration: Time=ε*Length_scale
Smooth the noisy KPZ  perturbations by applying the 
compactly-supported error covariance operator  

Experimental design

CSU global shallow-water model on a geodesic grid
Approximate model resolution: 4.5 degrees
Initial conditions: Zonal flow over an isolated mountain
Identical twin experiment: Observations created by 
adding random perturbations to the true model run
Assimilation period: 6-hour intervals, up to 15 days
1025 height and wind observations, 1000 ensembles
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U-wind analysis RMS Error
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V-wind analysis RMS Error
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Chi-Square Test
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Future Plans::

Evaluate and improve the robustness of the method
Employ directly the KPZ with correlated noise

Correlated-KPZUncorrelated random
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