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Variational and Ensemble Techniques

• Equivalent in linear, Gaussian case.
– Reasonable approximation in many (most?) applications of 

interest
• Different in nonlinear/non-Gaussian case but hard to reach 

general conclusions
• No realistic examples yet where one approach has distinct 

advantage
– EnKF compared to operational systems
– Convective scale, radar assimilation
– (multimodal examples, variational QC)

Variational and Ensemble “Duality”

• Biggest remaining issues affect both approaches
– Model error
– Estimating forecast covariances

• All estimates imperfect; need quantitative estimates of how 
imperfections influence analysis quality

• “Cycling” covariance estimates … (hopefully) beneficial but also
dangerous

– Multiple spatial and temporal scales
– If forecast model is crucial, how to use info from assimilation 

scheme to improve model? (nonlinearity crucial?)
• Now clear that EnKF-equivalent system could be built in existing 

variational frameworks.
– Hybrid variational-ensemble schemes
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Information from images

• “Tendency information,” as in A. Lorenc’s talk
– Is the EnKF limited in its ability to use such information?

Social Aspects

• Ensemble filters lower the barrier to entry in DA
• c.f. mesoscale models in mid 1980s

• Can only be good for the field
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Multiple time and space scales

• How to choose localization scale in EnKF?
• More “effective d.o.f” and thus more sampling 

error
• Refinement (est. largest scales, then refine) vs. 

“upscale” influence of obs
• How to choose assimilation window in Var?
• How to model background covariances in Var?
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