Motivation

CrIS Correlation
IASI Correlation

 The Desroziers error covariance estimation method
can quantify interchannel correlated observation error
for satellite radiances from instruments such as |IASI,
CrlS, and ATMS

* The resulting matrices can be quite ill-conditioned,
depending on the channels (recall that the condition
number for a symmetric, positive definite matrix is the
ratio of the largest and smallest eigenvalues)

« lll-conditioned observation error covariance matrices
adversely affect the convergence of the flexible
conjugate gradient descent at the heart of
NAVGEM, our hybrid 4DVar data assimilation system

 Because of operational time constraints at the
Fleet Numerical Meteorology and Oceanography
Center (FNMOC), there is a limit on the number of
iterations of the conjugate gradient descent

Reconditioning CrlS FSR by Posterior Channel Selection
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Further Reconditioning for Convergence

Reconditioning Methods

1. Multiplicative preconditioning by diagonal scaling Steinian linear shrinkage
matrices

2. Increasethe diagonal values (additively) of the
matrix (e.g. Weston et al. (2014))

3. Find the optimal linear combination of the sample
covariance matrix and the scaled identity matrix
(optimal Steinian linear shrinkage-similarto 2.)

4, Find a positive definite approximation to the
matrix by altering the eigenvalue spectrum

(constrainedminimization of the Ky-Fan p-k

+ Consider the following affine fransformation of the
eigenvalue spectrum of an NxN sample covariance matrix
X with eigenvalues 4;:

yE(1-08)A+8c 0<8<1

+ For any desired condition number (*ra:/, ), we can
choose a § that preserves the shape of the eigenspectrum

norm) » This method has more theoretical justification (e.g. Ledoit
5. Channel selectionto eliminate channels with and Wolf, 2004) than the additive method (as far as | have
highly correlated error been able to find), and yields a similar spectrum and

reconstructed correlation matrix

where ¢ is equal to tr(X,)IN. For correlation matrices, ¢=1.

Posterior-Selected Steinian Reconditioned CrlIS Correlations

Full

Ky-Fan p-k Norm

i /s
The Ky Fan p-k norm of XeC™"= [X]| = (Za,.[)i)”  where
i=l

7, (X denotes the /™ largest singular value of X

When p=2 and k=N, it is called the Frobenius norm;
when p=1 and k=N, it is called the trace norm.

We want to find a positive definite approximation to the matrix
xaHi-xH” is minimized.

In the trace norm, this is potentially as simple as setting all of

the smallest singular values equal fo the value that gives the

desired condition number, and then reconstructing the matrix
with the singular vectors to obtain the approximate matrix.
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Summary, Conclusions, and Future

Work

Poster presented on May 30, 2018 at the 16t JCSDA Technical Review Meeting and Science Workshop on Satellite Data Assimilation in Boulder, CO.
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