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Abstract Method

In this poster we characterise the forward model differ- Simulate radiances with Gastropod and RTTOV for a set of 69
ences between two AIRS fast models participating in the tropical, mid and high latitude profiles drawn from the ECMWF
ITWG AIRS fast model intercomparison, Gastropod v0.3.0 50-level diverse profile set [Chevallier, 1999].

[Sherlock et al., 2003] and RTTOV7/.1 [Saunders et al.,
2002]. We then examine the impact of these model dif-
ferences (and their spectral correlation) on the accuracy of
full nonlinear iterative 1D-Var retrievals from synthetic AIRS
radiances with and without bias correction using the NES-
DIS channel selection. Retrieval error covariance matrices

Use these simulations to estimate bias correction and forward
model error covariance for cross-retrievals and combine with
realisations of AIRS intrumental noise [Sherlock et al., 2003]
(and forward model error in direct retrievals) to generate syn-
thetic AIRS spectra.

and degrees of freedom for signal are estimated for ensem- Perturb each of the 69 profiles (twice) in accordance with the
bles of 1D-Var retrievals and are compared with predictions 1D-Var background error covariance B [Collard and Healy,
from linear theory. 2003] to generate background state vectors for retrievals (138

retrievals In total).
cross retrievals: radiance simulation and retrieval per-
formed using different models. direct retrievals: radiance
simulation and retrieval performed using the same model.

Retrieve temperature (on 44 levels between 0.1 and 1013.25
hPa + Tskin) and humidity (on 27 levels between 122 and
1013.25 hPa) using the Met Office 1D-Var v3.1 retrieval soft-
ware [Collard, 2004] distributed by the Eumetsat NWP SAF.

Standard statistical estimates of ensemble background and re-
trieval error covariance matrices Be and Ae.

Estimate DFS using projection onto the eigenvectors of B:
T .
DFS = 301 — S A

el Bee;
to account for modified ensemble background error covariance

(1D-Var profile checks).
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Compare with optimal linear theory for full specification of the
observation error covariance R [Rodgers, 1990], and subop-
timal linear theory for a diagonal approximation to R matrix
[Watts and McNally, 1988]. Ensemble linear error covariance
estimate A| = ﬁz ALk for the k=1 to N=69 atmospheric
states.
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¢ Significant off-diagonal contributions to R across most of the

spectrum because fast model differences are comparable 1300 1400 1500 200 2300 2400 2500 2600

with or greater than instrumental noise levels in many spec- wovenumber Lem-] wovenumber [em-]

tral intervals. FIGURE 2. Bias and standard deviation of Gastropod forward model
Gastropod transmittance prediction error estimates [Sherlock errors (black) and Gastropod—-RTTOV differences (blue) for the AIRS in-
et al., 2003] are illustrated for comparison. strument. Lower bound estimates of AIRS instrumental noise levels for

a representative range of scene temperatures are illustrated with grey
shading. The NESDIS channel set is indicated with filled circles.
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FIGURE 3: Correlation coefficients for the observation error covari-
ance matrix R = E + F. Upper triangle, correlations for the case where
F is the Gastropod forward model error covariance matrix. Lower tri-
angle, correlations for the case where F is the forward model error
covariance matrix derived for the RTTOV-Gastropod differences.
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Cross retrieval error characteristics are similar for the two sets 100.0F 0 priori. o priori
of cross retrieval (only one illustrated): . O mdirect retrival | oonol B direct ret::vo' _i
e Flat bias correction: Loss of accuracy in stratospheric tem- oz 3 [i] 5 0.0 02 04 fv}itioa’S[m gd% 1.2
perature and tropospheric humidity retrievals compared with
direct retrievals. Corresponding loss of 2.5-3.5 DFS for 1D- Temperature Humidity
Var retrievals. Loss of 2 DFS associated with diagonal ap- e e 0.0
proximation to R. g 1of " 1 ¢
e NO bias correction: Substantial loss of accuracy. No benefit o 10.0f ¢
to assimilation with a diagonal approximation to R. &8’3 mo,o? o prior ] E’i o priori
T : . : : cross retrieval | [ cross retrieval ]
e Reasonable qualitative agreement with the predictions of lin- 100008 & E o000k <L .
ear theory. Note modified background error covariance for R [i] 5 70 02 0 fﬁit;oc}ng[mgq?] 1.2
retrieval ensemble; linear theory neglects Jacobian errors.
Direct retrievals were performed using the Gastropod model FIGURE 4. Retrieval standard deviations derived from linear theory
and its associated transmittance prediction error covariance (red) and 1D-Var retrievals (blue) for full (solid) and diagonal (dotted)
estimate. approximations to the forward model error covariance matrix. Cross re-

trievals are bias corrected. The diagonal elements of the a priori error
covariance matrix (solid black) and the retrieval background ensemble
(dashed black) are illustrated for reference.

Direct retrieval N,ot DFS

ret ref bias full R diag R full R diag R
1D-Var G G - | 138 134 '16.1 14.3
Linear G - - - - 17.6 16.7
Cross retrieval N,-or DFS

ret ref bias full R diag R |full R diag R
1D-Var R G F | 131 123 | 7.3 0
G R F 130 106 @ 89 2.2

R G T 133 133 135 11.6
G R T 130 131 124 10.8

Linear G - - - - 17.3 15.1

TABLE 1: Summary of degrees of freedom for signal (DFS) derived
from linear theory and 1D-Var retrievals. ret identifes the model used
In retrievals. ref identifies the model used to simulate the spectra
(G=Gastropod, R=RTTOV). The T/F bias logical indicates whether
bias correction has been applied or not. N,.; is the number of con-
verged 1D-Var retrievals (from 138 member ensembles).
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