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Abstract  
 
The paper addresses the effect of an incorrect specified observational covariance matrix on the retrieval 
of atmospheric parameters from high spectral resolution infrared radiances. The case of a non-diagonal 
covariance matrix approximated with its diagonal is dealt with.  The problem is of interest to IASI (Infrared 
Atmospheric Sounding Interferometer) which, because of apodization, is characterized by a non-
diagonal covariance matrix. However, the diagonal alone rather than the full matrix is normally used in 
data assimilation and retrieval schemes because of numerical and computational efficiency. The 
problem will be analysed in its formal, mathematical aspects through the help of the linear 
approximation. In addition, a series of retrieval exercises will help to draw more general conclusions. 
We have found that the incorrect use of the diagonal instead of the full covariance matrix can affect the 
spatial vertical resolution of the retrieval and can lead to instability in the final solution, especially in the 
lower troposphere. 

1. INTRODUCTION  

The observational covariance matrix is one of the key ingredients of any retrieval scheme. Nevertheless, 
it is quite often incorrectly specified. Because of limitations of computing resources, normally cross-
correlation terms are ignored and an, incorrect, diagonal matrix is assumed and used for calculations. 
This is, e.g., the case of the Infrared Atmospheric Sounding Interferometer (IASI, e.g. Hilton et al, 2012) 
whose Gaussian apodization leads to a non-diagonal covariance matrix. However, neglecting such error 
correlations is expected to affect the vertical resolution that can be derived from IASI observations.  
 
The main objective of this study is to address the effect of an incorrect observational covariance matrix 
on the retrieval of atmospheric parameters. In doing so, we will consider Optimal Estimation (e.g. 
Rodgers, 2000) as the paradigm of our analytical and numerical calculations. It will be shown that under 
the assumption of linearity we can derive simple and analytical relationships, which allow us to quantify 
the effect of a non-correct observational covariance matrix over the performance and spatial vertical 
resolution of the retrieval. No particular approximation will be used as far as the whole  spectral coverage 
of the given instrument is concerned. For IASI, we will make use of the total amount of channels or 
spectral radiances, that is 8461. In this respect, the analysis we are going to show is quite novel. At our 
knowledge, until now, the retrieval problem with an observational covariance matrix of size 8461×8461 
has been considered prohibitive from a numerical point of view.     
 
The linear analysis will be then complemented with retrieval exercises, both in simulation and with real 
IASI observations. The retrieval exercises will be performed with the forward/inverse scheme that we 
call ϕ-IASI (Amato et al, 2002, Carissimo et al, 2005). The scheme is quite general and can be applied 
to any ground-based, airborne, satellite high spectral resolution infrared radiometer and/or Fourier 
transform spectrometer with a spectral resolution in the range 0.1-2 cm-1. Over the past year ϕ-IASI has 
been applied to the Japanese Interferometer for the Monitoring of Greenhouse gases (IMG, Amato et 
al, 1999, Lubrano et al, 2000), the Radiation Explorer in the Far Infrared (REFIR, Rizzi et al, 2002, Serio 
et al, 2008, Masiello et al, 2012b, Liuzzi et al, 2014), the airborne Fourier Transform Spectrometer 
NAST-I (NPOESS (National Polar-orbiting Operational Environmental Satellite System) Aircraft Sounder 
Testbed Interferometer, Grieco et al, 2007, Taylor et al, 2008).  
 



The paper is organized as follows. A background section (section 2) will deal with the formulation of the 
problem. In the same section, a brief outline of IASI apodization will be given. Section 3 will show 
analytical results, whereas section 4 will show the results obtained with a series of retrieval exercises. 
Conclusion will be drawn in section 5.      

2. BACKGROUND METHOLOGY AND PROBLEM FORMULATION  

Retrieval theory addresses the problem of deriving the thermodynamical state of the atmosphere, or 
more in general a given set of geophysical parameters, at a given time t, given a set of independent 
observations of the spectral radiance, 𝑅𝑅(𝜎𝜎), (𝜎𝜎 is the wave number in units of cm-1). If the spectral 
radiance is observed at different wave numbers, (𝜎𝜎𝑖𝑖; 𝑖𝑖 = 1, … ,𝑀𝑀) then the radiance vector, 𝑹𝑹 is defined 
according to 
 

𝑹𝑹 = (𝑅𝑅(𝜎𝜎1), … ,𝑅𝑅(𝜎𝜎𝑀𝑀))𝑇𝑇      (1) 
 
where the superscript T means transpose.   
 
The physical retrieval scheme we have used in this study has been derived from the δ-IASI package 
(Carissimo et al, 2005) which has been designed and developed according to Rodgers’ Optimal 
Estimation theory (Rodgers 2000).  
 
Under the assumption of multivariate normality the retrieval problem can be seen as one of variational 
analysis in which a suitable estimation of the state vector is obtained by minimizing the form 
 

min
𝑣𝑣

1
2
��𝑹𝑹 − 𝐹𝐹(𝒗𝒗)�𝑇𝑇𝑺𝑺𝜀𝜀−1�𝑹𝑹 − 𝐹𝐹(𝒗𝒗)� + (𝒗𝒗 − 𝒗𝒗𝑎𝑎)𝑇𝑇𝑺𝑺𝑎𝑎−1 (𝒗𝒗 − 𝒗𝒗𝑎𝑎)� (2) 

 
where:  
 
𝐹𝐹 is the forward model function 
𝒗𝒗 is the atmospheric state vector, of size N 
𝒗𝒗𝒂𝒂  is the atmospheric background state vector, of size N 
𝑺𝑺𝜀𝜀 is the observational covariance matrix, of size M × M 
𝑺𝑺𝒂𝒂 is the background covariance matrix, of size N × N 
 
For practical purposes, (2) has to be linearized in the forward model, so that its minimum can be sought 
through, e.g., a Gauss Newton iterative sequence. Linearization is obtained through Taylor’s series 
expansion of F(v) around a first guess state vector, vo 
 

𝑹𝑹 = 𝑹𝑹0 + 𝜕𝜕𝜕𝜕(𝒗𝒗)
𝜕𝜕𝒗𝒗 𝒗𝒗=𝒗𝒗0

(𝒗𝒗 − 𝒗𝒗0)+higher order terms  (3) 

 
where 𝑹𝑹𝒐𝒐 = 𝐹𝐹(𝒗𝒗𝒐𝒐). The introduction of the Jacobian,  
 

𝑲𝑲 =
𝜕𝜕𝐹𝐹(𝒗𝒗)
𝜕𝜕𝒗𝒗 𝒗𝒗=𝑣𝑣0

 

 
allows us to replace (2) with the quadratic form 
 

min 1
2

𝑥𝑥

[(𝒚𝒚 − 𝑲𝑲𝑲𝑲)𝑇𝑇𝑺𝑺𝜀𝜀−1(𝒚𝒚 − 𝑲𝑲𝑲𝑲) + (𝑲𝑲 − 𝑲𝑲𝑎𝑎)𝑇𝑇𝑺𝑺𝑎𝑎−1 (𝑲𝑲 − 𝑲𝑲𝑎𝑎)] (4) 

 
where 
 

𝒚𝒚 = 𝑹𝑹 − 𝑹𝑹𝒐𝒐; 𝑲𝑲 =  𝒗𝒗 − 𝑣𝑣𝑜𝑜; 𝑲𝑲𝒂𝒂 = 𝒗𝒗𝑎𝑎 − 𝒗𝒗𝑜𝑜 

The formal solution of Eq. (4) is well established and can be found in many textbooks (e.g. Rodgers 
2000). The estimation, 𝑲𝑲� of 𝑲𝑲 and its covariance matrix, 𝑺𝑺� read 



𝑲𝑲� = 𝑲𝑲𝑎𝑎 + (𝑲𝑲𝑇𝑇𝑺𝑺𝜀𝜀−1𝑲𝑲 + 𝑺𝑺𝑎𝑎−1)−1𝑲𝑲𝑇𝑇𝑺𝑺𝜀𝜀−1(𝒚𝒚 − 𝑲𝑲𝑲𝑲𝑎𝑎)  (5) 

𝑺𝑺� = (𝑲𝑲𝑇𝑇𝑺𝑺𝜀𝜀−1𝑲𝑲 + 𝑺𝑺𝑎𝑎−1)−1     (6) 

For the purpose of our analysis, it is important to stress that, within the general framework of the 
variational approach as established in Eq. (4), the formal solution for 𝑲𝑲�, i.e. Eq. (5), is not affected by 
the meaning we give to 𝑺𝑺𝜀𝜀. Even in case this matrix represents a set of suitable weights, not necessarily 
equal to variances/covariances, the solution does not change. In contrast, Eq. (6) only holds provided 
that  𝑺𝑺𝜀𝜀   is the correct noise covariance matrix. 

 The spatial vertical resolution of the retrieval is normally assessed through the averaging kernels (AK), 

 
𝜕𝜕𝒗𝒗�
𝜕𝜕𝒗𝒗

= 𝜕𝜕𝑲𝑲�
𝜕𝜕𝑲𝑲

= (𝑲𝑲𝑇𝑇𝑺𝑺𝜀𝜀−1𝑲𝑲 + 𝑺𝑺𝑎𝑎−1)−1𝑲𝑲𝑇𝑇𝑺𝑺𝜀𝜀−1𝑲𝑲    (7) 

 

where 𝒗𝒗,𝑲𝑲 are related to the true state vector.  The derivation of this expression relies on Eq. (5) and 
the mean value of the noise (assumed to be zero). The noise covariance does not explicitly enter within 
the formal derivation of expression (7).  For this reason, the validity of Eq. (7) is independent of the 
meaning we give to 𝑺𝑺𝜀𝜀. 
 

2.1 IASI observational covariance matrix 
IASI is a Fourier Transform Spectrometer covering the spectral range 645 to 2760 cm-1 with a sampling 
rate ∆σ=0.25 cm-1, which corresponds to 𝑀𝑀 = 8461 spectral radiances or data points. The level 1C 
radiances are Gaussian apodized. The apodization is reversible and can be formally obtained by 
applying a suitable linear transform, 𝑨𝑨 to the level 1B IASI radiance. The transform 𝑨𝑨 is analytical (e.g. 
see Serio et al, 1998) and can be used to obtain the IASI level 1C noise observational matrix from that 
1B (diagonal) according to  

𝑺𝑺𝜀𝜀
(1𝐶𝐶) = 𝑨𝑨𝑺𝑺𝜀𝜀

(1𝐵𝐵)𝑨𝑨𝑇𝑇 

As said 𝑺𝑺𝜀𝜀
(1𝐵𝐵) is the diagonal IASI level 1B noise covariance matrix (e.g., Pequignot et al, 2008). The 

square root of this diagonal is the IASI level 1B radiometric noise. For IASI-A it is shown in Fig. 1. 
Because of apodization, the square root of the diagonal of 𝑺𝑺𝜀𝜀

(1𝐶𝐶), that is the IASI level 1C radiometric 
noise is smaller than that for level 1B. The two are compared in Fig. 1, as well.  

 
Figure 1. IASI-A radiometric noise for level 1B and 1C. 

 

Apodization has the effect of moving variance from the diagonal to the off-diagonal terms. In this way, 
the matrix 𝑺𝑺𝜀𝜀

(1𝐶𝐶)   is no longer diagonal; hence, it shows inter-channel correlation. Because the 



apodization transform is reversible, that is its inverse 𝑨𝑨−1exists, the total power of the noise remains 
unaffected, namely 

�𝑆𝑆𝜖𝜖1𝐶𝐶(𝑖𝑖, 𝑗𝑗) = �𝑆𝑆𝜀𝜀1𝐵𝐵(𝑖𝑖, 𝑖𝑖)
𝑖𝑖𝑖𝑖,𝑗𝑗

 

The square root of the ratio of the level 1B diagonal to that of level 1C, 
 

𝑓𝑓 = �
∑ 𝑆𝑆𝜖𝜖1𝐵𝐵(𝑖𝑖, 𝑖𝑖)𝑖𝑖

∑ 𝑆𝑆𝜀𝜀1𝑐𝑐(𝑖𝑖, 𝑖𝑖)𝑖𝑖
 

is a characteristic of the given Gaussian apodization and gives the reduction of the diagonal variance 
when we go  from 1B to 1C. This scaling factor has value 𝑓𝑓 ≈ 1.74, which means that the radiometric 
noise is reduced by a factor 1.74. The inter-channel correlation introduced by apodization is shift-
invariant and is shown in Fig. 2.  

 
Figure 2. IASI inter-channel correlation introduced by apodization. The correlation is shift-invariant and does not 

depend on the wave number.  

Figure 2 shows that the correlation drops to zero outside a range of ±3 cm-1 around the given wave 
number.  Although this may appear to be a relatively short-scale correlation (compare with the IASI 
bandwidth of 2115 cm-1!), it is of the same size as the characteristic width of weak water vapour lines in 
the atmospheric window (which is ≈±1 cm-1) and that of CO2 in the long wave absorption band at 14 
µm. At the IASI spectral resolution, the CO2 lines show a periodic pattern with a cycle of ≈0.8 cm-1. For 
this reason, the off-diagonal terms of the IASI level 1C noise are expected to affect the retrieval of water 
vapour and temperature profiles from IASI level 1C radiances.  

3. THEORETICAL RESULTS   

In this section, we derive analytical results concerning the retrieval performance and spatial vertical 
resolution using the linear estimation theory. From now on, we will assume that the observational 
covariance has non-diagonal elements. The correctly prescribed observational covariance matrix will be 
denoted with 𝑺𝑺𝑐𝑐𝜀𝜀 , whereas that incorrectly prescribed or simply its approximation will be denoted with 
𝑺𝑺𝑖𝑖𝜀𝜀. As an example, 𝑺𝑺𝑐𝑐𝜀𝜀 could be the IASI noise level 1C covariance matrix, whereas 𝑺𝑺𝑖𝑖𝜀𝜀 its 
approximation with the diagonal elements alone. However, the results we are going to show apply to 
any pair (𝑺𝑺𝑐𝑐𝜀𝜀 ,𝑺𝑺𝑖𝑖𝜀𝜀) and not necessarily to the case of a non-diagonal matrix approximated with its 
diagonal.  
 
It is well known (e.g., Rodgers 2000) that in case the observational covariance matrix is correctly 
prescribed, the a-posterior retrieval covariance matrix is given by  

 
𝑺𝑺� = (𝑲𝑲𝑇𝑇𝑺𝑺𝑐𝑐𝜀𝜀−1𝑲𝑲 + 𝑺𝑺𝑎𝑎−1)−1       (8) 



 
In case the observational covariance matrix is approximated with a suitable 𝑺𝑺𝑖𝑖𝜀𝜀, the correct a-posterior 
𝑺𝑺� can be still derived by using the usual rule of variance propagation. The final expression will depend 
on both 𝑺𝑺𝑐𝑐𝜀𝜀 ,𝑺𝑺𝑖𝑖𝜀𝜀. It reads  
 

𝑺𝑺� = (𝑲𝑲𝑇𝑇𝑺𝑺𝑖𝑖𝜀𝜀−1𝑲𝑲 + 𝑺𝑺𝑎𝑎−1)−1(𝑲𝑲𝑇𝑇𝑺𝑺𝑐𝑐𝜀𝜀−1𝑲𝑲 + 𝑺𝑺𝑎𝑎−1)(𝑲𝑲𝑇𝑇𝑺𝑺𝑖𝑖𝜀𝜀−1𝑲𝑲 + 𝑺𝑺𝑎𝑎−1)−1  (9) 
 
Normally, the square root of the diagonal of 𝑺𝑺� is used to quantify the expected precision of the retrieval. 
This use is here exemplified for IASI for the case of a high-latitude winter atmosphere (whose state 
vector is shown in Fig. 3). Equations (8) and (9) have been used to calculate the expected retrieval 
precision for temperature and water vapour. The case shown refers to a simulation that uses the whole 
IASI spectral coverage, the full non-diagonal IASI level 1C noise and its approximation with the diagonal 
alone. For the background state and covariance we use climatology derived from an ensemble of 
ECMWF (analysis) profiles. 
 
The results are shown in Fig. 4. The first important finding is that the precision does not show a strong     
 
 

 
Figure 3 . Atmospheric state vector used for the simulation exercise shown in Fig.4 

 
Figure 4 . Comparison of the expected accuracy for the case of the IASI level 1C noise covariance matrix and its 

approximation with its diagonal. 

dependence on the observational covariance matrix. For the case of H2O the precision seems to be 
almost exactly the same for either the observational covariance matrices. On overall, the (incorrect) 
diagonal observational matrix shows a better precision, although, as said, the improvement is really 
modest. The exercise shows that the retrieval precision is not sensitive to the observational matrix. 
Apparently, if a relevant effect exists this is not the precision of the final products.        
 
A better insight into understanding the effect over the retrieval can be achieved by considering the 
averaging kernels (AK). A formal analysis of the inverse solution, say 𝒗𝒗�𝒊𝒊 corresponding to the 
incorrect 𝑺𝑺𝜀𝜀, (e.g. diagonal case), and that corresponding to the correct covariance matrix, say 𝒗𝒗�𝒄𝒄 yields 
the following sensitivity formula of 𝒗𝒗�𝒊𝒊 with respect to 𝒗𝒗�𝒄𝒄, 
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where 𝑨𝑨𝑲𝑲𝑥𝑥 with x=i,c is the averaging kernels matrix obtained from formula (7) using in place of 𝑺𝑺𝜀𝜀, 𝑺𝑺𝑖𝑖𝜀𝜀 
and 𝑺𝑺𝑐𝑐𝜀𝜀, respectively. In case the solutions, 𝒗𝒗�𝒊𝒊  and  𝒗𝒗�𝒄𝒄 do not show any difference along the vertical 
then Eq. (10) should give the identity matrix.  

However, the use of Eq. (10) is not straightforward. The product of the two averaging kernels is 
numerically unstable and the presence of rows/columns nearly to zero can cause very large spikes in 
the product matrix. A useful approximation can be derived by decomposing both 𝑨𝑨𝑲𝑲 matrices in Eq. (10) 
through SVD (Singular Value Decomposition). We obtain, with the usual formalism and notation for the 
SVD decomposition, 
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where Σ𝑥𝑥 is a diagonal matrix (eigenvalues) and 𝑼𝑼𝑥𝑥, 𝑽𝑽𝑥𝑥 are orthogonal matrices (eigenvectors basis). In 
case , 𝒗𝒗�𝒊𝒊 ≈ 𝒗𝒗�𝒄𝒄 the SVD decomposition suggests that we should have 

𝑼𝑼𝑖𝑖𝑼𝑼𝑐𝑐
𝑇𝑇 ≈ 𝑰𝑰;  𝑽𝑽𝑖𝑖𝑇𝑇𝑽𝑽𝑐𝑐 ≈ 𝑰𝑰;  𝚺𝚺𝑖𝑖𝚺𝚺𝑐𝑐−1 ≈ 𝑰𝑰  

It should be also noted that, e.g., 𝑼𝑼𝑖𝑖𝑼𝑼𝑐𝑐
𝑇𝑇 yields the development of the SVD coefficients of 𝑨𝑨𝑲𝑲𝑐𝑐  into the 

basis generated by the SVD of 𝑨𝑨𝑲𝑲𝑖𝑖  .  Under the assumption that , 𝒗𝒗�𝒊𝒊 ≈ 𝒗𝒗�𝒄𝒄 we also have 𝑽𝑽𝑖𝑖𝑇𝑇𝑽𝑽𝑐𝑐 ≈ 𝑰𝑰 and 
the derivative of 𝒗𝒗�𝒊𝒊 with respect to 𝒗𝒗�𝒄𝒄 can be approximated with the following, numerically stable, 
expression, 
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Equation (11) has been used to analyze the effect of approximating the IASI level 1C noise with its 
diagonal. The computation has been performed for the case of a tropical atmosphere, whose state 
vector is shown in Fig. 5. 

The result for the temperature profile is shown in Fig. 6. It is seen that the structure of the derivative 
matrix is close to diagonal. However, in the lower troposphere, around 800 hPa, a broadening of the 
rows of the  derivative matrix is evident, which shows that 𝒗𝒗�𝒊𝒊  and  𝒗𝒗�𝒄𝒄 may develop differences along the 
vertical profile. In other words, a different behavior for the vertical structure of 𝒗𝒗�𝒊𝒊  and  𝒗𝒗�𝒄𝒄 is evident in 
the lower troposphere. A relatively larger broadening is also seen around 200-300 hPa where we have 
the thick ozone layer. 

At the same conclusion is arrived at also for the case of water vapour (shown in Fig. 7).  It is seen that 
a different vertical structure develops in the lower troposphere and, again, has its larger effect around 
800 hPa. A peak is also evident around 400 hPa, although this is not important for H2O. The same 
conclusion holds also for different state vectors. The results pertinent to other cases are not shown for 
the sake of brevity. Finally, for ozone, whose result is not shown for the same reason, we have that the 
vertical structure of the profile is not affected by the type of observational covariance matrix used in the 
retrieval system.   

 



 
Figure 5.  Atmospheric state vector used for the simulation exercise shown in Fig. 6. 

 
Figure 6 . Color map of the derivative matrix (Eq. 11 in the text) for the case of Temperature. The simulation has 

been obtained by considering the state vector shown in Fig. 5. 

 

 
Figure 7.  As Fig. 6, but for water vapour. 



4. RETRIEVAL EXERCISES  

In this section, we will show results obtained based on retrieval exercises with real IASI observations. 
The first exercise deals with IASI observations recorded in 2007 during the JAIVEx experiment (see, 
e.g., Taylor 2007, Masiello et al, 2011). We have 25 day-time clear sky, sea surface, IASI observations 
which were recorded for the days 29-30 April and 4 May 2007. The spectra (6) on 29 April refer to a 
nadir viewing angle, whereas those for the two remaining days (16 spectra on 30 April, and 3 spectra 
on 4 May) to an angle of view in the range 20-26 degrees.  
 
The IASI spectra have been inverted for sea skin temperature, temperature, water vapour and ozone 
profile. Retrieval have been obtained by considering the non-diagonal level 1C noise covariance matrix 
(hereafter full) and its approximation with the diagonal alone (hereafter diagonal). The number of IASI 
radiances used for the inversion is M= 4902; the spectral ranges used are shown in Fig. 8. We have not 
used the methane band, and the short wave side of the spectrum because of solar contamination. 

 
Figure 8. Spectral ranges used for inversion for the JAIVEx experiment case study.  

 
The results for temperature and water vapour are exemplified in Fig. 9 for 29 April 2007 (six IASI 
spectra). For the case of temperature, we see that final solution corresponding to the diagonal case 
develops a large instability around 800 hPa, whereas the profile corresponding to the full case shows a 
very good agreement with in situ observations (surface to 400 hPa) and ECMWF analysis (above 400 
hPa).  For water vapour, a large profile instability is not seen, however the diagonal case has a larger 
positive bias in the boundary layer. For the case of ozone (not shown in the paper) it is confirmed that 
we cannot see any difference in the vertical profile, but only in the retrieval precision.  
 
Similar results have been also obtained for the other days. They confirm that the use of the diagonal 
approximation can lead to severe instability in the temperature profile in the lower troposphere. 
 

 
Figure 9. Retrieval for temperature (left) and water vapour (right) for the JAIVEx experiment case study. The retrieval 

refers to 29 april 2007, the results have been averaged on six IASI observations. 
   



A further example is shown for a case of IASI soundings recorded on 6 July 2010 over a region of the 
Algerian Sahara Desert. We have day and night time soundings, therefore the effect of a possible 
dependence on the day-night cycle can be also investigated. The target area is shown in Fig. 10 along 
with the spectral ranges used for inversion. This time we have used 5507 IASI spectral radiances, which 
in particular cover the atmospheric window in the long wave. This range was used to add information 
for the emissivity spectrum retrieval, which was simultaneously retrieved with surface temperature, 
temperature, water vapour and ozone profiles (Masiello and Serio 2013).       

 
Figure 10. Sahara desert case study. Target area (left) showing the daytime (red circles) and night-time (blue circles) 

soundings. The spectral ranges used for inversion are shown in the right panel. 
 

For this case study we expect a good retrieval for water vapour because of the strong contrast of surface 
emissivity which yields very sharp weighting functions in the boundary layer for both temperature and 
atmospheric gases.  For this reason and for the sake of brevity, we limit to discuss the case of H2O 
retrieval.  
 
For daytime, results are shown in Fig. 11, where we compare the H2O retrieval for the diagonal and full 
case. The superiority of the full case is here striking. Even considering that the results have been 
averaged on 249 IASI soundings, the lower troposphere instability, which affects the diagonal case, is 
clearly seen. In contrast, the full case is quite capable of retrieving the uniform boundary layer of water 
vapour.  
 
The instability is less evident for night-time soundings, although also in this case (which is shown in Fig. 
12) the full case shows a better comparison with the ECMWF analysis. 

 
 

Figure 11. Sahara desert case study. Daytime retrieval for water vapour and comparison with the ECMWF analysis; the 
retrieval has been averaged over 249 IASI soundings. Left, the diagonal case. Right, the full case. 

 



 
Figure 12. Sahara desert case study. Nighttime retrieval for water vapour and comparison with the ECMWF analysis; 

the retrieval has been averaged over 240 IASI soundings. Left, the diagonal case. Right, the full case. 
 

5. CONCLUSIONS 

The problem of an incorrectly specified observational covariance matrix, 𝑺𝑺𝜀𝜀 has been addressed and 
analyzed in the general framework of Optimal Estimation. Using the linear approximation useful formulas 
for the a-posterior retrieval covariance matrix and averaging kernels have been derived which apply to 
the case in which  𝑺𝑺𝜀𝜀, is not correctly prescribed. 
 
The theory has been applied to analyze the case of IASI retrieval when the level 1C noise covariance 
matrix is approximated with its diagonal alone. This analysis has been also corroborated with explicit 
retrieval exercises based on real observations.   
 
The main finding of our analysis is that Optimal Estimation with the IASI level 1C noise diagonal 
observational matrix can lead to temperature and water vapour instability around 800 hPa (the retrieval 
is under-constrained). Water vapour and temperature profiles are affected both in retrieval precision and 
their spatial vertical structure. For ozone, no important effect has been found as far as the profile vertical 
structure is concerned, although the retrieval precision may be affected as well.  
 
It is fair to say that the problem of aforementioned retrieval instability is unlike in the current practice of 
data assimilation, as it is used in Numerical Weather Prediction models, because the instability is filtered 
out by the strong background constraint. The problem is more pertinent to retrieval schemes based on 
climatology background. For this case, it is likely that bad retrievals in the lower troposphere can occur 
because of the diagonal approximation. This approximation is, nowadays, normal practice in IASI 
retrieval schemes.  The IASI retrieval literature and practice is plenty of bad retrievals normally explained 
as the effect of undetected cloud contamination, (unlike) IASI level 1C radiometric noise inconsistency, 
IASI failure to see the boundary layer to name only a few. More likely these bad retrievals were due to 
the diagonal approximation.  
 
In this respect, we can conclude that use of the diagonal instead of IASI noise full matrix is hampering 
the correct exploitation of IASI information content. 
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