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/ 1) Introduction \

Currently data from high resolution sounders, such as AIRS (Atmospheric Infrared Sounder on the NASA satellite Aqua) and IASI (Infrared Atmospheric Sounding Interferometer on the EUMETSAT
satellite Metop-A), are used with diagonal observation error covariance matrices (R) within the Met Office 4D-Var assimilation scheme, assuming no correlation between channels. This is inadequate due
to the presence of errors of representativeness, forward model error and errors associated with the pre-processing of the data. Previous work both at the Met Office (Stewart et al. 2009) and ECMWF
(Bormann et al. 2010) has demonstrated that correlations exist in IASI data particularly for channels sensitive to water vapour. It is likely that a better description of the error correlations in 4D-Var will
allow for improved use of the water vapour channels. This poster shows the results of performing a diagnostic technique described by Desroziers [2005] on AIRS and IASI data to estimate the true

structure of the R matrices. Initial tests using the full matrices resulted in the 4D-Var minimisation becoming unstable leading to non-convergence and increased computational cost. To counter this, the
\\ raw matrices have been reconditioned. Results from trialling these matrices in the Met Office assimilation scheme are also shown. J
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Therefore the results should not be entlrely trusted. However it Figure 2 — Desroziers’ diagnostics produced using output from the Met Office’s 4D-Var system. The R matrix is on the left, the errors for these channels.
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Desroziers diagnostic after starting with incorrect errors can lead
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: L 5) Conditioning
\ Figure 3 shows the_ result_s _of t_esting the matrices, once they’'d been made Full Rused | Overall | Time per | Number of
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the increased number of iterations was that the matrices had high condition
n . " No obtypes 3605 91.16 39
Window channels — | numbers. The condition number of the R matrix directly affects the condition
| ‘ number of the Hessian which impacts on how quickly 4D-Var converges. AIRS & IASI |127.02% | 0.42% | 128.21%
.:' | Figure 4 — Table | Matrix Sub matrix condition |lterations | Cost function itljrgal:ir:ni ;vgggIi;Egvtvrlwr:egfmeénrﬁﬁﬁig!};r?/is??nc; Zsflprelg ?nmfoa-l{]/gr
s g oo |used number (IASI, AIRS) value (IASI, AIRS) .
A I results Qf using Increase in 1AS! Diagnostic and Operational Observation Eror Standard Doviations
BE full matrices with | jggonal |64.0, 256.0 39 39252, 68895 o | |
i citerent standard deviations | |
Temperature e ’ _ooncton | Full 1956.6, 12187.5 89 242020, 269904 | |
sounding channels " assimilation | | 67,66.9 60 128448, 133220 .
| _ : — : _ Figure 5 — |
Figure 4 shows that reducing the condition numbers of the matrices results in a Comparison | |
decrease in the number of iterations. Operationally at the Met Office a conjugate bj%iiygeaj%w |
o gradient based minimisation is now used where a fixed number of 60 iterations are reconditioned | ':
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Figure 6 — Impact of using the full IASI R of the matrix so more weight is being given to these channels. / ..
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Further research into accounting for inter-channel error correlations
In the 1D-Var pre-processor. A more accurate representation of the
Retferences errors here should lead to better quality control and a more accurate
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