
The high compression rate of IASI principal component (PC) compression, relies on the ability to suppress most of
the random instrument noise from the measurements. This is achieved by removing the component of the
measurements, which is orthogonal to the signal space defined by a truncated set of PCs. Due to the high spectral
correlation of IASI radiances, the number of retained PCs (the dimension of the signal space) can be chosen to be
much smaller than the number of channels, without introducing any significant atmospheric loss when
suppressing the orthogonal complement of the signal space. Similarly, it is possible to determine a small
dimensional subspace within which simulated spectra originating from a given forward model are contained. In
the case of a PC forward model the vectors spanning this subspace are readily available. Following the
characterization of the signal and forward model subspaces, any spectrum can be uniquely written as a sum of
four components: 1) a component which belongs to both the signal and forward model space, 2) a component
which belongs to signal space but is orthogonal to the forward model space, 3) a component which belongs to the
forward model space but is orthogonal to the signal space and 4) the rest component, orthogonal to both signal
and forward model space. For a simulated spectrum, the third component represents features, which are not
observed in any measurements and must therefore be classified as forward model error. The underlying causes
might, for example, be spectroscopy errors, instrument and processing artefacts or unrealistic shape of the
surface emissivity spectrum in the input state vector. This component can be suppressed from simulated spectra
simply by projecting them onto the signal space. In this case we show that the optimal estimation cost function
using a subset of reconstructed radiances equals the one where the full spectra of radiances are represented by
PC scores. The size of the subset of reconstructed radiances is equal to the number of PC scores and must be
selected such that the sub-matrix corresponding to the selected rows of the eigenvectors has a small condition
number. A simple channel selection method for reconstructed radiances is presented and retrievals using the
resulting subset are performed and analysed in order to characterize the effect of the suppression of the part of
the forward model error mentioned above.

On the equivalence of doing retrievals in PC space of the radiances and of using a small 
subset of reconstructed radiances. 
Recently much work has been done to investigate efficient retrieval (or assimilation) using information from the
full IASI spectrum by representing the measurements as PC scores. Another, perhaps technically easier, way to
use information from the full spectrum in an efficient manner, is to use a subset of reconstructed radiances. This
turns out to be exactly equivalent to the representation of the measurements as PC scores under two conditions:

1. The forward model space is a subspace of the signal space.
2. The sub-matrix of the eigenvector matrix underlying the reconstruction corresponding to the selected sub-set

of reconstructed channels in non-singular.

To check the first condition, we projected synthetic spectra using RTTOV 10 as forward model onto the signal
space and looked at the orthogonal complement. It was seen that the condition is not fulfilled for RTTOV 10 and
in fact for some channels the mean or standard deviation of the orthogonal complement (computed over a big
sample of spectra based on the ‘Chevallier profile-set’) exceeds the instrument noise. This means that the
synthetic spectra have features which are never observed in any real IASI measurements and as such must be
classified as observation errors. In order not to upset the manufacturers of forward models, it is important to
emphasize that these errors can also be caused by unrealistic inputs (like emissivity spectra never occurring in
real world) or instrument artefacts not reproduced by the forward model. Nevertheless it is possible to avoid
these errors by projecting the output of the forward model onto the signal space (obviously the Jacobian must
also be filtered accordingly). For a traditional forward model this implies that all channels must be included in
the forward computation, but when using a PC based forward model it would be possible to remove these
observation errors efficiently by prior projection of the forward model PCs onto the signal space. Here we have
used the traditional RTTOV 10 combined with projection onto signal space.

The second condition can always be fulfilled by a suitable selection of a sub-set of channel with the same number
of elements as the number of eigenvectors, s, used in the reconstruction (since the matrix, E, composed of the
s leading eigenvectors is of rank s, it is possible to select s linearly independent rows of E). Numerically it is
also important that the condition number of the s times s sub-matrix, Es, of E is kept as low as possible. This
observation leads to a simple heuristic for selecting a suitable sub-set of channel, which will be presented
below.

When these two conditions are satisfied, the measurement term of the cost function is seen to agree for the two
different representations of the measurement.
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IASI channel selection for reconstructed radiances.

X = E(1:m,1:s)

Cs = {}

For j=1 to s

i = argmax{ norm(Xi) : i=1,...,m}

Cs += {i}

For k=1 to m

Xk -= (Xk·Xi / Xi·Xi) Xi

End

End

As discussed above we want to select a channel sub-set, which
minimizes the condition number of the corresponding sub-
matrix of E, in order to preserve the full information content.
This leads to a simple heuristic method, in which the first
channel chosen corresponds to the row of the eigenvector
matrix, E, with the largest norm. After a row has been chosen
we subtract the part which lies in the subspace spanned by the
chosen row from each of the rows in E (including the chosen
row itself, which then becomes zero) and repeat the process
until all s channels have been selected.
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Several variations of this basic channel selection scheme
are possible, for example by considering only the first j
columns when computing the norm for selecting the j’th
channel. I.e.

i = argmax{ norm(X(i,1:j)) : i=1,...,m}

The 90 channels selected from Band 1, following this
procedure are shown to the left. These 90 channels were
supplemented with 120 channels from Band 2, selected
with the same procedure, for the retrievals below.

It would also be straight-forward to adapt the procedure by excluding specific eigenvectors dominated by
instrument artefacts or banning certain channels, for example within the band overlap regions, where the noise
characteristics is very different within the 4 IASI FOVs, or channels highly sensitive to model parameters not being
actively retrieved.
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Retrieval Experiments.
A retrieval experiment was performed using the 210 IASI channels in Band 1 and 2 selected above. The main
purpose was to compare retrievals using standard RTTOV 10 as forward model with retrievals obtained with a
forward model based on RTTOV 10, adapted by projecting the simulated spectra onto the signal space. The
retrievals were done with the 1DVar software used in the EUMETSAT IASI L2 operational product processing with
an active state-vector consisting of surface skin temperature as well as temperature, water vapour and ozone
profiles represented as PC scores (30, 30 and 15 respectively). The observation error covariance matrix (full
matrix) was based on obs. minus calc. statistics and the background error covariance matrix was based on global
climatology. The retrievals were performed on 34 clear sky near nadir fields of view in the Tasman Sea measured
by IASI the 15th February 2012 local night time. The left figure shows the difference in the retrieved temperature
profiles with and without filtering of the forward model radiances for 20 of the 34 cases. At this early stage we
simply note that the differences are big enough to be potentially important, but have not yet attempted to assess
if the differences correspond to improvements as would be expected.

We also tried to filter the measurements
by projecting them on the model space.
In this context, the model space was
computed from a training set of about
4000 near nadir ocean synthetic spectra
and 90 (band1) and 120 (band 2)
eigenvectors were used. That the signal
space is not contained in the forward
model space is expected. The
component of the signal space which is
orthogonal to the forward model space
could for example originate from
residual cloud effects and trace-gas
amounts being kept constant in the
model. A major part of this component
lies in the null space of the retrieval gain
matrix, G, i.e. does not affect the
retrievals. Nevertheless our limited
experiments shows that its removal can
affect the retrievals considerably (red
curve in the figure to the right). For
these cases the impact on the retrieved
temperature profile seems to be of the
same order (and mostly in the same
direction) as the effect of filtering the
forward model radiances.

Conclusions.
In the classical 1D-Var, we iteratively adjust the atmospheric state vector in order to fit the measurements with

synthetic spectra computed with a forward model - with the underlying assumption that the forward model

space is a subspace of the signal space. We have computed eigenvectors generating the two subspaces and put

in evidence some components of each subspace which are orthogonal to the other. We propose an approach

where the forward model outputs are projected onto the signal space in order to perform the minimisation of

the cost function in the space spanned by the observations. Since the purpose of synthetic spectra is to

simulate measurements, it seems natural to expect that the forward model space is a subspace of the signal

space and furthermore this condition must be fulfilled in order to ensure that the same results can be achieved

with reconstructed radiances as with radiance PC scores. While this is not normally the case, we have shown

how this can be achieved by projecting the forward model outputs onto the signal space, but to use this

operationally a computationally efficient implementation within a PC forward model would have to be used. As

long as this is not available, a temporary solution could be to correct for these observation errors by bias

correcting using the mean of the residuals after projecting a representative sample of forward model spectra

onto the signal space and adding the covariance to the observation error covariance used in the retrieval

scheme.

Our initial experiments show that the effect of the proposed projection of the forward model outputs onto the

signal space can be significant on the retrievals. But we are aware, that these results are sensitive to the

retrieval set-up, in particular to the observation and background error covariance matrices. Further

investigation is therefore required to determine if this proposal can improve retrievals from hyper-spectral

instruments meaningfully. The same applies to the similar idea of projecting the measurements onto the

forward model space.

The philosophy of EUMETSAT’s operational IASI L2 1D-Var scheme - using a subset of reconstructed radiances

combined with a full observation error covariance matrix - has been supported theoretically and is believed to

be one of the reasons behind the very good quality of the temperature profile product. We plan to maintain this

philosophy and improve it further by using a channel selection specifically tailored for reconstructed radiances

as presented in this poster.


