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Motivation
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Motivation

" particle filters have nice theoretical properties, but are 
very expensive to run

" Kalman Filter analysis is inconsistent with model if 
operators are non-linear (unlike VAR)
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Notation
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Incremental formulation
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Incremental form and Kalman
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Ensemble Kalman Filter
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Ensemble based VAR

ETKF, ENSR, MLEF, ...
EnRML Gu & Oliver 2007 (SPE)
En3DVAR Liu et. al. 2008
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DUD - Does not Use Derivatives

Ralston & Jennrich 1978
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DUD solve

Now update trial points
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DUD example
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DUD example
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DUDEnKF

substititute in non-linear

MLEF Zupanski 2005
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DUDEnKF algorithm

" forecast

" minimize

using DUD,

Time loop



May 21, 2009 16

Lorenz example

observations
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Lorenz example
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Lorenz example
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Iteration – quick convergence
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Iteration – slow convergence
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Summary / future

" Iterations in a maximum-likelihood/VAR approach can 
improve consistency

" Iterated Kalman Filter can approach VAR solution
" No TLM or adjoint needed (except for efficiency)

" Next: smoothing and parameter estimation and 
applications
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