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Abstract.
The Atmospheric Sounding Infrared Interferometer (IASI)

is an essential instrument for Numerical Weather Prediction
(NWP). It measures radiances at the top of the atmosphere
using 8461 channels. The huge amount of observations pro-5

vided by IASI has led the community to develop techniques
to reduce observations while conserving as much informa-
tion as possible. Thus, a selection of the 300 most informa-
tive channels was made for NWP based on the concept of in-
formation theory. One of the main limitations of this method10

was to neglect the covariances between the observation-
errors of the different channels. However, many centres have
shown a significant benefit for weather forecasting to use
them. Currently, only the observation-error covariances on
the current IASI channel selection are estimated, but no stud-15

ies have yet been carried out a new selection of IASI channels
taking into account the observation-error covariances.

The objective of this paper was therefore to perform
a new selection of IASI channels by taking into account
the observation-error covariances. The results show that20

with an equivalent number of channels, accounting for the
observation-error covariances, a new selection of IASI chan-
nels can reduce the analysis-error on average in temperature
by 3 %, humidity by 1.8 % and ozone by 0.9 % compared
to the current selection. Finally, we go one step further by25

proposing a robust new selection of 400 IASI channels to
further reduce the analysis-error for NWP.

Copyright statement. TEXT

1 Introduction

The use of satellite observations in data assimilation sys- 30

tems has greatly advanced Numerical Weather Prediction
(NWP) models. In particular, observations from infrared
sounders have significantly improved the quality of weather
forecasts (e.g. Hilton et al. 2012; Guidard et al. 2011; Col-
lard and McNally 2009). The Infrared Atmospheric Sound- 35

ing Interferometer (IASI) is one of the most important satel-
lite instruments supporting NWP centres. This sounder was
jointly developed by the Centre National d’Études Spatiales
(CNES) and the European Organisation for the Exploitation
of Meteorological Satellites (EUMETSAT). IASI spectrum 40

ranges from 645 to 2760 cm−1 with a spectral sampling
of 0.25 cm−1 leading to a set of 8461 radiance measure-
ments with a spectral resolution of 0.5 cm−1 after Gaussian
apodization.

The high volume of data resulting from hyperspectral in- 45

frared sounders such as IASI presents many challenges, par-
ticularly in the areas of data storage, computational cost,
information redundancy and information content for exam-
ple. The methods for reducing the data volume are channel
selection, spatial sampling or principle components analy- 50

sis. Channel selection is an effective approach to reduce the
amount of observations to be assimilated. One of the most
widely used methods is derived from theory by (Rodgers
1996, 2000), which describes an iterative method to deter-
mine an optimal set of channels based on their information 55

content. A study by (Rabier et al., 2002) has highlighted an
iterative method that sequentially selects the channels with
the highest information content. This method was then used
to select the most informative channels of infrared sounders
such as: the Atmospheric Infrared Sounder (AIRS) (Fourrié 60

and Thépaut, 2003) and IASI (Collard, 2007).
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A selection of 300 IASI channels was performed by Col-
lard (2007) for NWP purposes. Channels were mainly se-
lected in the CO2 long wave (LW) band (for temperature-
sounding), in the atmospheric window regions (for surface
properties and clouds), in the water vapour (H2O) band5

(for humidity-sounding) and in O3 long wave band (for
ozone). CNES added 14 other channels for climate moni-
toring purposes. Currently at Météo-France, the three IASI
sounders on board the Metop-A, B and C polar satellites
are used in the Four Dimensional Variational (4D-Var) data10

assimilation system (Rabier et al., 2000) for the Action de
Recherche Petite Échelle Grande Échelle (ARPEGE) global
model (Courtier et al., 1991). The 4D-Var method consists in
correcting a background from a short-time forecast (Lorenc
1986; Courtier et al. 1994) by observations along an assim-15

ilation window allowing to estimate the atmospheric state.
This state named analysis is thus used as initial condition in
the NWP models. Assimilated radiances from IASI (a sub-
set of 124 channels from Collard’s selection) represent more
than 60 % of all assimilated observations (conventional and20

satellite) in 4D-Var data assimilation process.
The contribution of an observation to the variational data

assimilation system is strongly influenced by the observa-
tion error. So far, observation errors have usually been as-
sumed to be uncorrelated horizontally (thinning) and verti-25

cally. Observation errors occur mainly as a consequence of
errors in measurement, representativity, spectroscopy and ra-
diative transfer modelling. These errors for infrared sounders
are likely to be correlated between channels. Thus, the work
of e.g. Stewart et al. (2008); Collard (2004); Liu and Rabier30

(2003) for the use of hyperspectral sounders has shown that
considering the observation-errors as uncorrelated is damag-
ing to the accuracy of the analysis. Fortunately, the growing
computational capacity now allows weather centres to use
the observation-error covariances. Many studies have shown35

the benefit of taking into account inter-channel correlations
with significant improvements in the use of IASI data and
short- and medium-range forecasts in some cases (e.g. Bor-
mann et al. 2016; Migliorini 2015; Stewart et al. 2014; Ven-
tress and Dudhia 2014).40

IASI observation-error covariance estimates are per-
formed on subsets of channels from Collard’s selection.
However, the different channel selections for the infrared
sounders AIRS and IASI were made on the assumption that
the errors between channels are not correlated with each45

other and thus taking into account only the observation-error
variances. In addition, in order to reduce the impact of spec-
trally correlated errors, the selection was made by excluding
adjacent channels, which removes more than half of all IASI
channels.50

The objective of this paper is to perform a new selection
of IASI channels by taking into account the observation-error
covariances in order to extract a maximum of information in
a limited number of channels. In order to ensure a robust se-
lection for NWP, specific attention has been paid to the es-55

timation of the observation and background error covariance
matrices and to the consideration of various atmospheric sce-
narios. These selections were evaluated in one-dimensional
variational (1D-Var) data assimilation experiments.

Section 1 describes the methodology set up for this study, 60

including information on the data, the models used and some
theoretical reminders, Section 2 presents the preliminary and
main results for the selection of channels (observation, back-
ground error covariance and jacobian matrices), then Section
3 proposes a new selection of IASI channels, finally conclu- 65

sions and perspectives are provided in Section 4.

2 Methodology

In this paper, the notation for data assimilation and informa-
tion content theory will be expressed as in Ide et al. (1997).

2.1 Description of the experimental setup 70

In order to achieve optimal channel selection, we used an ex-
perimental configuration of the ARPEGE NWP system. This
experiment provides access, in addition to other meteorolog-
ical fields, to variable ozone fields at the horizontal and verti-
cal resolution of the global ARPEGE model. Ozone is not yet 75

a prognostic variable of the model, so the ozone background
come from the Chemistry Transport Model (CTM) MOdèle
de Chimie Atmosphérique à Grande Échelle (MOCAGE).
The MOCAGE ozone background fields are provided at
the beginning of each 6 h assimilation window unlike the 80

other meteorological variables for which the backgrounds
are provided by ARPEGE 3 h forecast run. The fields from
MOCAGE were interpolated on to the geometry of the
ARPEGE model both horizontally on a varying mesh (from
about 7.5 km over France to 36 km at the antipodes) and ver- 85

tically on 105 hybrid vertical levels from the surface (10 m)
to 0.1 hPa.

Then, from this setup, we selected 6123 IASI pixels at
nadir, in clear sky conditions, day time and night time, on
land, sea and sea ice, over the entire globe on 14 and 15, Au- 90

gust and November 2016. The IASI instrument also includes
an Integrated Imaging Subsystem (IIS) that allows to coreg-
ister interferometric measurements with high resolution im-
ager AVHRR (Advanced Very High Resolution Radiometer)
(Saunders and Kriebel, 1988). AVHRR provides cloud and 95

heterogeneity information in each IASI pixel. Therefore, to
ensure that our pixels are clear, we have eliminated all pixels
with an AVHRR cloud cover value greater than 0 %.

Atmospheric background profiles (temperature, humidity
and ozone) and surface parameters were extracted at the 100

same coordinates and times as the IASI pixels, also 6123
atmospheric profiles. Noteworthy in this study, a realistic
temperature for all surfaces considered was used. Thus, the
skin temperature was retrieved for each atmospheric pro-
file (and pixels) from the inversion of the radiative transfer 105

fismith
Sticky Note
instrument health monitoring

fismith
Sticky Note
short-range



O. Coopmann et al: Update of IASI channel selection with correlated observation-errors for NWP 3

equation (Vincensini, 2013) using the IASI window channel
1194 (943.25 cm−1) (Boukachaba, 2017) from the Radiative
Transfer Model (RTM) RTTOV version 12 (Saunders et al.,
2018). This retrieval relies on the specification of emissivity
values over land from The Combined ASTER MODIS Emis-5

sivity over Land (CAMEL) (Borbas et al., 2018) and from a
surface emissivity model (IREMIS) (Saunders et al., 2017)
over the open sea and sea ice. The IASI 1194 channel will
therefore be fixed in the remainder of the study and will not
be used for channel selection or assimilated in the evaluation.10

In summary, the 6123 profiles are used in the following
study for the estimation of the observation-error covariance
matrix and at the end to evaluate the channel selections in
the 1D-Var data assimilation system. Channel selection was
performed from a subset of 60 profiles (and pixels) empiri-15

cally selected from the 6123 profiles. These 60 profiles were
chosen to have a variability close to the set of 6123 profiles.
The location of these profiles is shown in Figure 1.
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Figure 1. Locations of 60 atmospheric profiles with different sce-
narios.

To ensure sufficient variability in our set of 60 profiles, we
have calculated and illustrated in Figure 2, the mean (black20

solid line) ± standard deviation (shaded area) and the mini-
mum and maximum values (black dashed line) of the temper-
ature (a), humidity (b) and ozone (c) profiles. There is signif-
icant variability that is similar to that obtained with the pro-
files in the database available in the RTTOV RTM (Chevallier25

et al., 2006).

2.2 Channel selection method

The selection of IASI channels made in this study is intended
to benefit NWP. Thus, we aim to extract from this selection
a maximum of information in temperature, humidity, ozone30

and surface temperature. In order to evaluate the ability of
the IASI channels to provide information on these parame-
ters, we have chosen the selection method from the the De-
gree of Freedom for Signal (DFS) which is used to select a
set of optimal channels having the largest information con-35

tent for each atmospheric profile as described by (Rodgers
1996, 2000). The DFS is based on information theory and
provides a measure of the gain in information gathered by

the observations according to the formula:

DFS = Tr(I−AB−1) (1) 40

where Tr denotes the trace, I the identity matrix, B ∈ Rnxn (n
parameters to be retrieved) is the background-error covari-
ance matrix and A ∈ Rnxn is the analysis-error covariance
matrix which is calculated as follow:

A= (B−1 +HTR−1H)−1 = (I−BHTR−1H)−1B (2) 45

where R ∈ Rmxm (m channels considered) is the
observation-error covariance matrix and H ∈ Rmxn (the
derivatives of each channel with respect to each parameter)
represent Jacobians matrix for all IASI channels.

In contrast to the channel selection made by Collard 50

(2007), we have chosen not to separate the selection by vari-
ables. Thus, in this study, all the channels considered have
the ability to provide information on temperature, humidity,
ozone and surface temperature at each step of the selection
process. The total DFS taking into account all the informa- 55

tion content for these parameters is used as a figure of merit
such as:

DFSTOT =DFST +DFSq +DFSO3 +DFSTskin
(3)

Then, only the first 5499 IASI channels (whose specifications
are listed in Table 1) included in band 1 (645 to 1210 cm−1) 60

and 2 (1210 to 2000 cm−1) were retained for selection (5500
minus channel 1194 used to retrieve skin temperature). Thus,
the channels in band 3 (2000 to 2760 cm−1), influenced
by the non-LTE (Local Thermodynamic Equilibrium) effects
and the solar irradiance, were not considered. Inter-channel 65

error correlations are considered in this study using a di-
agnosed observation-error covariance matrix from the 5499
channels of IASI. Finally, in order to ensure the robustness
of the channel selection, it was carried out on the sample of
60 atmospheric profiles chosen previously. 70

Spectral regions [cm −1] Absorption band Main application

650 to 770 CO2 Temperature-sounding

770 to 1000 Atmospheric window Surface & Cloud properties

1000 to 1070 O3 Ozone

1070 to 1210 Atmospheric window Surface & Cloud properties

1210 to 2000 H2O Humidity-sounding

Table 1. Table of IASI spectrum specifications for bands 1 and 2
between 645 and 2000 cm−1.

For each atmospheric profile, the selection begins by se-
lecting the most informative of the 5499 channels using the
total DFS with a matrix R of dimension (1x1). Then the first
selected channel is fixed and the combination of the two most
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Figure 2. Mean ± standard deviation and min-max values of temperature (a), humidity (b) and ozone (c) profile with respect to pressure
over the subset of 60 atmospheric database. Note that humidity statistics are shown between 1000 and 100 hPa

informative channels is searched for among the (5499 -1)
channels with a matrix R of dimension (2x2). This opera-
tion is repeated iteratively until the required number of chan-
nels, or the target value of the total DFS, is reached. Here,
the channel selection process is stopped when the improve-5

ment resulting from the addition of new channels is relatively
small. This choice is subjective.

3 Preliminary work

3.1 Radiative Transfer Model experiments

In order to calculate the Jacobians and to simulate IASI ra-10

diances, we used the RTM RTTOV version 12. RTTOV is
developed and maintained by the Satellite Application Fa-
cility (SAF) of EUMETSAT for NWP. In the RTTOV algo-
rithm, the input atmospheric profiles (temperature, humidity
and ozone) are variable and provided by the users, the other15

constituents such as CO2, CH4, CO, N2O, etc. can also be
provided or are assumed to be constant profiles in time and
space (depending on the version of the coefficients).

3.1.1 Jacobians calculation

The Jacobian is used to evaluate the sensitivity of a radiance20

to a physico-chemical parameter. For a specified wavenum-
ber (ν), it represents the sensitivity of the brightness temper-
ature (BT) with respect to a geophysical parameter (X) such
as temperature, humidity or ozone in our case. It is expressed

by the relation: 25

Jν(X) =
∂BT (ν)

∂X
(4)

The Jacobian shows to which levels in the atmosphere the
BT at given wavenumber is sensitive, with respect to tem-
perature, humidity or concentrations of the different gases
present in our case. To take into account the variability that 30

the sensitivity of the IASI channels can have depending on
the atmospheric state, the Jacobians of the 5499 channels
were calculated on the 60 atmospheric profiles.

Figure 3 shows the averages of temperature (a), water
vapour (b), ozone (c) and skin temperature (d) sensitive Jaco- 35

bians of the 5499 IASI channels with respect to atmospheric
pressure. We notice that between 645 and 720 cm−1, IASI
channels are mainly sensitive to the temperature from the
top of the atmosphere to the lower troposphere. Hence their
usefulness is in atmospheric temperature-sounding. There is 40

a slight sensitivity of these channels to ozone in the strato-
sphere. From 720 to 770 cm−1, the channels are not only
sensitive to temperature but also to water vapour in the tro-
posphere. The channels in the atmospheric window between
770 and 1000 cm−1 are, as expected, very sensitive to skin 45

temperature and also sensitive for some of them to temper-
ature and water vapour in the lower troposphere. Then the
channels in the ozone absorption band between 1000 and
1070 cm−1 have ozone sensitivities over a large part of the
atmosphere with maximum sensitivity in the stratosphere be- 50

tween 100 and 10 hPa. There is a slight sensitivity of these
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Figure 3. Mean of temperature (a), water vapour (b), ozone (c) and skin temperature jacobians of the first 5499 IASI channels (band 1 and
2) with respect to pressure over the subset of 60 atmospheric profile database (calculated with RTTOV RTM).
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channels to temperature in the stratosphere and lower tro-
posphere, to water vapour in the lower troposphere and to
skin temperature for some of them. Then the channels lo-
cated between 1070 and 1210 cm−1 are mainly sensitive to
skin temperature with slight sensitivities to temperature and5

water vapour in the lower troposphere. Finally, the channels
in the absorption band of H2O are mainly sensitive to water
vapour and temperature over a large part of the troposphere.

We observe that many channels contain information on
several variables. This is particularly true for channels lo-10

cated in the two atmospheric windows, some of which have
significant temperature and water vapour sensitivities. The
selection of these poly-sensitive channels could be benefi-
cial to NWP by allowing information on temperature, humid-
ity and surface temperature to be extracted within the same15

channel. However, this assumes that the correlations of inter-
channel observation-error are correctly taken into account.

3.1.2 Simulated IASI radiances

The first step in calculating the observation error covari-
ance matrix is the estimation of the standard deviations of20

observation-error. These can be deduced from the calcula-
tion of First-Guess (FG) departure standard deviations, i.e.
statistics of the differences between the IASI observations
measured and simulated using the RTTOV RTM such as:

do
b = y−H(xb) (5)25

where y is the observation, xb is the background and H is
the observation operator. In order to have a robust statistical
representation and to take into account the natural variability,
we have simulated for each of the 6123 profiles the 5499
channels of IASI.30
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Figure 4. Mean ± standard deviation of FG departures with respect
to 5499 IASI channel number and wavenumber [cm−1] (bands 1 &
2 without channel 1194) over the set of 6123 atmospheric profiles.

Figure 4 shows the mean (black line) ± standard devi-
ation (shaded) of the innovations with respect to the 5499
IASI channels calculated from the 6123 atmospheric profiles.
Note that channel biases between 645 and 770 cm−1 are less

than 0.5 K with standard deviations between 0.3 and 0.6 K. 35

The channels of the atmospheric window between 770 and
1000 cm−1 have approximately the same bias values, with
biases less than 0.5 K and standard deviations between 0.2
and 0.7 K. The largest values are obtained with the channels
in the ozone absorption band between 1000 and 1070 cm−1

40

with biases between 1.0 and 6.0 K and standard deviations
between 0.5 and 2.0 K. These high values are mainly due
to the ozone biases found in the MOCAGE CTM. It is able
to model the ozone variability correctly but tends to overes-
timate the ozone concentration (up to 0.75 ppmv) between 45

300 and 40 hPa and underestimate it (up to 2.5 ppmv) be-
tween 30 and 0.1 hPa (Coopmann et al., 2018). These errors
in ozone concentrations therefore have a direct impact on the
modelling of radiative transfer and on the simulation of IASI
channels sensitive to this species. Data assimilation would 50

allow to correct these biases in ozone, this is currently inves-
tigated for the ARPEGE and MOCAGE models. Then, the
channels present in the second atmospheric window between
1070 and 1210 cm−1 have biases lower than 0.9 K with stan-
dard deviations between 0.5 and 0.8 K. Finally, the channels 55

in the water vapour absorption band have biases of less than
2.0 K and standard deviations between 0.3 and 1.5 K. The
higher values of these channels are also due to errors in hu-
midity modelling in the global ARPEGE model. In addition,
these abrupt changes from slight to large values are the result 60

of differences in the level of atmospheric sensitivity that may
exist between two channels, even if they are spectrally close
to each other.

3.2 Assimilation system

The NWP SAF One Dimensional Variational (1D-Var) data 65

assimilation algorithm (Pavelin et al., 2008) is based on the
Optimal Estimation Method (OEM) (Rodgers, 2009). The
unidimensionality makes this algorithm fast, flexible and
suitable for research purposes close to NWP operational
frameworks. Similar to other variational data assimilation al- 70

gorithms (e.g. 3D/4D-Var), the objective of the 1D-Var is to
minimize both the observational and background deviation
by minimizing a cost function J . Assuming that the back-
ground error is not correlated to the observation error and the
errors have a Gaussian distribution, we retrieve state x by 75

minimizing the cost function such as:

J (x) = 1

2

(
x−xb

)T
B−1

(
x−xb

)
+

1

2

(
y−H(x)

)T
R−1

(
y−H(x)

)
(6)

where xb is the background profiles, y is the IASI obser-
vations, H(x) represents the BTs which are simulated by
RTTOV, B and R is the background and observation-error 80

covariance matrix respectively. The retrieved state is called
analysis and noted xa.
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Figure 5. Observation-error standard deviation from FG departures standard deviation in red line, diagnosed observation-errors from
Desroziers method using 1D-Var data assimilation system in blue line and instrumental noise at 280 K in grey with respect to 5499 IASI
channel number and wavenumber [cm−1] (bands 1 & 2 without channel 1194) over the set of 6123 atmospheric profiles (a). Diagnostic IASI
observation-error correlation with respect to the same channels as before (b).

In this paper, the 1D-Var algorithm was also used to
compute the observation error covariance matrix from the
Desroziers et al. 2005 diagnostic and to evaluate the differ-
ent channel selections. We modified the code to jointly re-
trieve temperature, humidity, ozone and surface parameters.5

The profiles are available on 54 pressure levels from 1050 to
0.005 hPa.

3.3 IASI Observation-errors

A correct estimation of observation-errors is essential in the
data assimilation process. Until a few years ago, only the10

variances of these errors were taken into account (diagonal
R matrix). Then innovative techniques to determine these er-
rors and their correlations more accurately by deriving esti-
mates of the real observation-error from the departure statis-
tics from assimilation systems emerged (e.g. Hollingsworth15

and Lönnberg 1986; Desroziers et al. 2005). Several re-
search works have successfully applied these methods to in-
frared hyperspectral instruments in order to estimate their to-
tal observation-errors (instrumental noise, spatial represen-
tativeness error, error in the calculation of radiative transfer,20

etc.). For IASI, many NWP centres have explored the use of
observation-errors with inter-channel correlations with sig-
nificant benefits in terms of forecast impact. This is the case
at the MetOffice (Stewart et al. 2014; Weston et al. 2014),
the Environment and Climate Change Canada (Heilliette and25

Garand, 2015), Météo-France (Guidard, pers. comm.) and
the European Centre for Medium-Range Weather Forecasts
(ECMWF) (Bormann et al., 2016).

However, these observation errors have been estimated
for already selected IASI channels. Considering the signif-30

icance that inter-channel error correlations can have in the

data assimilation process, they should also have a particular
influence on the selection of the most informative channels.
Some works have consequently carried out new selections of
IASI channels using R matrices that take into account inter- 35

channel observation-error correlations (e.g. Migliorini 2015;
Ventress and Dudhia 2014). They constructed their total R
matrix using a "bottom-up" approach (Walker et al., 2011)
by estimating separate sources of forward model uncertainty,
as opposed to the "top-down" approach we have chosen to 40

use in this study.
To determine the total R matrix of the 5499 IASI channels

for channel selection, we used the following method:

• First, we constructed a diagonal R matrix with
observation-error variances (σo)2 derived from the stan- 45

dard deviations of the innovations previously computed
from the simulated observations in RTTOV.

• Second, we diagnosed the R matrix using the Desroziers
et al. (2005) method showing that it is possible to esti-
mate in observation space, the matrices of background 50

and observation-error covariances with the deviations of
the observations from the background and analysis as:

R= E[do
a(d

o
b)

T] (7)

where do
a = y−H(xa) is the Analysis departure and

do
b = y−H(xb) is the First-Guess departure. The diag- 55

nostic of the R matrix is statistically computed by per-
forming 1D-Var data assimilations on the 6123 profiles.

• Finally, diagnose high dimensional error covariance ma-
trices can lead to estimates that are often degenerate or
ill-conditioned, making it impossible to invert the ma- 60

trix. This is precisely the case in this study where the
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Figure 6. Schematic illustration of the NMC method using MOCAGE CTM, where xf+12h
MOC is the forecast from simulation MOC+12H that

is valid at time D ; Similarly, xf+36h
MOC is the forecast from simulation MOC+36H that is valid at time D+1.

matrix R is diagnosed on 5499 channels and will have
to be inverted for channel selection as shown in Eq.(2).
Here we have chosen to apply the minimum eigenvalue
method to recondition the R matrix. This method has
shown its robustness in work by Weston et al. (2014),5

and Tabeart et al. (2020) concluded that it leads to small
overall changes in the correlation matrix, but that it can
increase off-diagonal correlations. The consideration of
over 6000 profiles for the diagnostic of the R matrix
allowed us to recondition the matrix only slightly with10

very minor changes in the variances and correlations.

Figure 5 shows the observation error standard deviation
from FG departures standard deviation in red line, diagnosed
observation-errors in blue line and instrumental noise of IASI
at 280 K in grey with respect to 5499 IASI channel number15

(a) and the diagnostic IASI observation error correlation for
the same channels (b). The diagnosed observation error stan-
dard deviations are above instrumental noise but below the
standard deviations of FG departure. Furthermore, our diag-
nosed standard deviations of observational error are consis-20

tent with those obtained by Bormann et al. (2016) for a sub-
set of channels except for the ozone-sensitive channels which
the ozone background differed from ours. The values of the
observation-error correlations are also consistent with values
obtained in other similar studies.25

3.4 T, q, O3 Background-errors

In the same way as the observation-error covariance matrix, it
is necessary to estimate accurately the background-error co-
variance matrix B. Since the ozone background-errors are not
yet available in the ARPEGE NWP model and the tempera-30

ture and humidity fields forcing the MOCAGE CTM come

from ARPEGE, we have chosen to estimate the background-
errors of temperature, humidity and ozone together using a
statistical method with the MOCAGE model.

The National Meteorological Center (NMC) method by 35

(Parrish and Derber, 1992) is a technique that defines back-
ground errors from the difference between NWP forecasts of
various range valid at the same time. This method is here
applied to ozone forecasts. We consider differences from be-
tween 36 h and 12 h forecast ranges. The background er- 40

ror covariance matrix B is then constructed using long-term
modelling results. Two twin simulations were performed. For
each one, the configuration uses 60 hybrid levels, from the
ground up to 0.1 hPa, and a global domain with a 1 ° hori-
zontal resolution and the ARPEGE meteorological fields are 45

provided to MOCAGE every 3 h. The model was run from
September 2016 to April 2018, the first 6 months being con-
sidered as spin-up. The various forecasts used in our applica-
tion of the NMC method are illustrated in Figure 6:

• The first simulation uses the operational setup (named 50

here MOC+12H), i.e. every day an ozone forecast up to
24 h is produced by MOCAGE. The initial ozone state
of this forecast is the 24 h forecast of the previous day.
The meteorological fields used for the forcing of this
ozone forecast come from ARPEGE forecast beginning 55

at the same moment (ARPEGE analysis for 00 UTC,
then ARPEGE forecasts every 3 h). 1.5 yr simulation
has been produced with this cycling mode;

• In the second simulation (named here MOC+36H), an
ozone forecast up to 36 h range is produced. Each day, 60

the ozone forecast is initialized from the MOC+12H
ozone initial field valid at the same date. Meteorological
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Figure 7. Background-error standard deviation of temperature [K] (a), humidity [log(kg/kg)] (b) and ozone [ppmv] (c) with respect to
pressure. Background-error vertical correlation of temperature (d), humidity (e) and ozone (f) with respect model levels. Note that level 0 is
the top model level at 0.005 hPa and level 54 is lowest model level at 1050 hPa.

forcing are ARPEGE forecasts starting the same day at
00 UTC and ranging up to 36 h.

Finally, B matrix with temperature, humidity and
ozone background-errors is computed statistically from
MOC+12H/MOC+36H forecast differences, valid at the5

same time, over a one year period (March 2017 to March
2018). It should be noted that the ozone background-errors
estimated here are the result of differences in meteorolog-
ical forcing from ARPEGE and not chemical differences.
Nevertheless, this is a reasonable approximation since the10

photochemical lifetime of ozone in the Upper Troposphere
Lower Stratosphere (UTLS) region is relatively long (Se-
mane et al., 2009). In order to be used in the 1D-Var algo-
rithm, the MOCAGE fields were interpolated on 54 levels
from 1050 to 0.005 hPa before calculating the B matrix. As15

the MOCAGE fields are provided up to 0.1 hPa, the interpo-
lated fields have 4 levels above 0.1 hPa with similar values.
Thus, we have chosen not to use the levels above 0.1 hPa
for temperature and ozone background-errors. In the same
manner, the interpolated fields go up to 1050 hPa, which is20

in fact rarely reached. We have therefore chosen not to use
the first 2 levels. Finally, as for the B matrix provided by the

1D-Var, we have chosen not to use the levels located in the
stratosphere for the humidity background-errors.

In conclusion, the 1D-Var experiments and the channel 25

selections will use the temperature [K] and ozone [ppmv]
background-errors in over 48 levels from 1013 to 0.1 hPa and
the humidity background-errors [log(kg.kg−1)] from 1013 to
100 hPa. The B matrix was calculated in a multivariate ap-
proach but here we chose to use a univariate B matrix, which 30

means that cross-correlation between temperature, humidity
and ozone variables are not taken into account. This assump-
tion prevents feedback effects of ozone on temperature and
humidity (Dethof and Holm, 2004).

We have shown in Figure 7, the temperature (a), humid- 35

ity (b) and ozone (c) background error standard deviation
with respect to pressure and the temperature (d), humidity
(e) and ozone (f) background-error vertical correlations with
respect model levels. We notice that the correlations for the
three variables have higher values in the troposphere between 40

1013 and 100 hPa (model levels 54 and 25 respectively).
These results for temperature and humidity are consistent
with the study carried out by Berre (2000) and Hólm and Kral
(2012). Finally, ozone background-errors have values up to
0.11 ppmv. This maximum is consistent with values obtained 45
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Figure 8. Evolution of the mean DFS ± standard deviation for temperature (a), humidity (b), ozone (c), skin temperature (d) and total (e)
during the channel selection over the subset of 60 atmospheric profile database.

in other studies, e.g. the work by Dragani (2016) and Dra-
gani and McNally (2013) which were carried out using ozone
background error standard deviations with maximum values
up to 0.10 ppmv. In addition, the Inness et al. (2015) study
for the assimilation of ozone satellite data product (Level5

2) into the Composition Integrated Forecasting System (C-
IFS) model as part of the Copernicus Atmospheric Monitor-
ing Service (CAMS) program, used ozone background-error
standard deviations with maximum values between 1.4 and
1.6 kg.kg−1, or about 0.08 and 0.10 ppmv, respectively.10

4 Results

4.1 Channel selection

Once the matrices R, B and H were determined, we carried
out the selection of the most informative channels by solv-
ing Eq.(1) with Eq.(3) as the figure of merit. The selection 15

threshold is achieved when the difference in total DFS be-
tween the last selected channel and the previous one is less
than 0.005, which corresponds to the 397th selected chan-
nel in average over the 60 profiles. We decided to stop our
selection at 400 channels. In Figure 8, we plotted the evo- 20

lution of the DFS mean ± standard deviations in tempera-
ture (a), humidity (b), ozone (c), skin temperature (d) and
total (e) during the IASI channel selection on the subset of
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60 atmospheric profiles. A large part of the possible maxi-
mum total DFS is reached quickly since 90 % of the maxi-
mum total DFS over the 400 channels is achieved with only
172 channels. The maximum skin temperature DFS is ob-
tained very quickly as only 3 channels are sufficient to pro-5

vide more than 90 % of the maximum skin temperature DFS
over the 400 selected channels. The humidity DFS also in-
creases very quickly. Finally the total DFS with 400 selected
channels consists of 50.3 % temperature DFS, 33.1 % hu-
midity DFS, 10.1 % ozone DFS and 6.5 % skin temperature10

DFS.
In order to characterize the channel selection process, a

histogram of the percentage of the selected number of chan-
nels (up to 400 channels) on the subset of the 60 atmospheric
profiles is shown in Figure 9. These percentages are sep-15

arated by the main spectral bands to temperature-sounding
(in red), atmospheric window (in green), ozone (in purple),
humidity-sounding (in blue) and total (in black). This means
that if a channel is selected for all profiles, it achieves 100 %
selection. Conversely, a channel never selected among the20

60 profiles reaches 0 % selection. In this selection, out of the
5499 available channels only 44 channels are always selected
(41 for the temperature-sounding and 3 for the humidity-
sounding) and 3720 channels are never selected, mainly
humidity-sounding channels (2417) and channels of the at-25

mospheric window (1060). The channels which are selected
the more often (> 80 %) mainly are temperature-sounding
channels. Then humidity-sounding channels are more di-
versely selected until the end of the process.

4.2 Comparison 30

The objective here is to demonstrate that the use of an R ma-
trix accounting for the inter-channel observation-errors dur-
ing the channel selection process allows a more accurate se-
lection of the most informative channels compared to a se-
lection using a diagonal R matrix. Therefore, we compared 35

our selection to the channel selection made by Collard (2007)
by applying the inter-channel observation errors to it. In this
study, we chose not to use the IASI channels in band 3; Col-
lard’s selection counts 24 of them. Channel 1194 is excluded
for the selection, as it is used for skin temperature retrieval. 40

Which leaves us with 275 channels from the Collard’s se-
lection, hereafter named CS275. We have taken the first 275
channels in our new selection, hereafter named NS275.

The first difference between the two selections is that there
are less than 30 % channels in common. Only 60 channels 45

are common in the temperature-sounding spectral group, one
in the atmospheric window, 4 in the ozone band and 13
in the humidity-sounding spectral group. Which represents
a total of 28 % of common channels between CS275 and
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(a) Collard IASI channels selection
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(b) New IASI channels selection
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Figure 10. Comparison between the 275 channels selected by Collard (a) and the 275 new channels selected (b) on a typical IASI spectrum
in brightness temperature on bands 1 & 2. The red, green, purple and blue circles represent the channels of temperature-sounding, window,
ozone and humidity-sounding spectral groups, respectively.

NS275. It can also be noticed in Table 2 that our selection
has more channels in the temperature-sounding and ozone
spectral groups and less in the atmospheric window and hu-
midity sounding spectral group.

Number of channels

Spectral group CS275 NS275

Temperature-sounding 122 141

Atmospheric window 29 17

Ozone 15 31

Humidity-sounding 109 86

Table 2. Spectral band comparison between Collard’s and the new
channel selection.

The two selections can also be compared in terms of loca-5

tion on the IASI spectrum. In Figure 10, we have located the
selected channels on a typical IASI spectrum in brightness
temperature. The red, green, purple and blue circles repre-

sent the channels of the temperature-sounding, atmospheric
window, ozone and humidity-sounding spectral groups, re- 10

spectively. Note that NS275 mainly selects channels at the
beginning of the spectral bands. Indeed, the channels selected
in the atmospheric window are mainly located at the begin-
ning of the first window band. The same is observed with
the channels selected for the humidity-sounding. More ozone 15

channels are selected and distributed over the entire ozone-
sensitive spectral band.

Finally, we compared the Jacobians in the channels of the
two selections. We have represented on Figure 11, mean
jacobians of CS275 for temperature (a), water vapour (b), 20

ozone (c) and mean jacobians of NS275 for temperature
(d), water vapour (e), ozone (f). The red, green, purple and
blue lines represent the channels to temperature-sounding,
window, ozone and humidity-sounding respectively. The vi-
sualization of the Jacobians of the newly selected chan- 25

nels confirms this assumption of channel homogeneity. In-
deed, we observe that the temperature Jacobians (d) for the
temperature-sounding channels (in red) are relatively evenly
distributed especially in the stratosphere for the NS275. We
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Figure 11. Comparison between mean jacobians of Collard channels selection (275) for temperature (a), water vapour (b), ozone (c) and
mean jacobians of new channels selection (275) for temperature (d), water vapour (e), ozone (f). The red, green, purple and blue lines
represent the channels sensitive to temperature-sounding, window, ozone and humidity-sounding respectively. Note that the water vapour
jacobians (b) and (e) are only shown between 1000 and 100 hPa.

also notice that the temperature Jacobians of the channels se-
lected in the atmospheric window (in green) are higher in the
lower troposphere than in CS275. The water vapour Jaco-
bians (e) also show a more homogeneous distribution with
the new channels selected mainly there also for the chan-5

nels in the atmospheric window (in green). The water vapour
Jacobians of the ozone (purple) and temperature-sounding
channels (red) are also stronger than those of Collard. Fi-
nally, as before, the ozone Jacobians (f) have a more homo-
geneous distribution with the new selection and smaller Jaco-10

bian values carried by the temperature-sounding channels (in
red). Globally, it is conceivable that this homogeneous distri-
bution of the Jacobians is due to the precise taking into ac-

count of inter-channel observation-errors during the channel
selection process. This allows the selection of the most in- 15

formative channels to cover the full range of the atmosphere.
Furthermore, we have seen earlier that 90 % of the maximum
skin temperature DFS is obtained with only 3 channels. In
addition, Jacobians of the Figure 3 shows that channels in
first atmospheric window are also sensitivity to temperature 20

and water vapour in the lower troposphere. Uses these chan-
nels could be beneficial to provide additional information for
NWP.
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Figure 12. Vertical profiles of mean DFS for temperature (a), humidity (b) and ozone (c) with respect to pressure and vertical profiles
of relative difference between analysis-error standard deviation (σa) and background-error standard deviation (σb) for temperature (d),
humidity (e) and ozone (f) with respect to pressure. These results are derived from 1D-Var data assimilation experiments over the set of
6123 atmospheric profiles with Collard channels selection (275) in black line, New channels selection (275) in blue line and New channels
selection (400) in red line. Note that the vertical profiles of DFSq (b) and relative differences for humidity (e) are shown between 1000 and
100 hPa.

4.3 Evaluation

We evaluated CS275, NS275 and selection of 400 chan-
nels (named NS400) by assimilating them into the 1D-Var.
We used the diagnosed observation error covariance matri-
ces with the appropriate number of channels for each selec-5

tion. Data assimilation experiments were performed on the
6123 profiles in order to closely approximate the variabil-
ity of the operational NWP models. In a first step, the DFS
mean values of the 6123 profiles for the 3 selections were
calculated. The mean vertical profiles of the DFS for the 310

selections (Collard in black, the new selection with 275 chan-
nels in blue and with 400 channels in red) are shown in Fig-
ure 12 for temperature (a), humidity (b) and ozone (c) and

results of DFS values are summarized in Table 3. Compared
to CS275 and the equivalent number of channels, the NS275 15

increases the information content since the DFS for tempera-
ture is increased by 0.62, for humidity by 0.23 and for ozone
by 0.33. It is observed that for temperature, the new selec-
tions increase the information content mainly in the strato-
sphere between 100 and 1.0 hPa and in the lower troposphere 20

between 1000 and 300 hPa. For humidity, the information
content is increased mainly between 950 and 300 hPa, while
for ozone the information content is increased especially at
UTLS. It can be noted that the assimilation of NS400 allows
to increase the information content to a greater extent than 25

CS275 and to a lesser extent than the new selection with 275
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channels, especially in the troposphere for temperature and
humidity.

Mean DFS CS275 NS275 NS400

Temperature 7.24 7.86 8.24

Humidity 5.32 5.55 5.86

Ozone 0.64 0.97 1.07

Skin temperature 0.99 0.99 0.99

Total 14.19 15.37 16.16

Table 3. Mean of degrees of freedom over 6123 profiles for tem-
perature, humidity, ozone and skin temperature for the 3 channel
selections.

Finally, we evaluated the impact of the different selec-
tions by comparing the analysis-error standard deviations
(σa) to the background-error standard deviations (σb). Fig-5

ure 12 shows the mean vertical profiles of the relative dif-
ferences between σa and σb with respect to the pressure for
CS275 in black (d), NS275 in blue (e) and NS400 in red (f).
Interestingly, the profiles of DFS and the relative differences
between σa and σb are consistent. In addition, NS400 im-10

proves everywhere on top of NS275 with additional contri-
bution in the troposphere for temperature and humidity and
at the UTLS for ozone.

As expected, the new channel selections further reduce the
σa compared to the σb at the same atmospheric levels as pre-15

viously identified where the information content has been in-
creased. The mean results are summarized in Table 4. We
will describe a more detailed description of the benefit of the
new selections compared to the results with CS275:

• Compared to CS275, NS275 allows to reduce on aver-20

age the temperature analysis-error by 3.0 % (3.9 % in
troposphere and 1.8 % in stratosphere) with a maximum
reduction up to 8.6 % at 700 hPa. Humidity analysis-
error is reduced by an average of 1.8 % with a maxi-
mum reduction of 4.1 % at 745 hPa. Finally, the ozone25

analysis-error is reduced by an average of 0.9 % with a
maximum reduction of 3.6 % at 70 hPa.

• Compared to CS275, NS400 allows to reduce the tem-
perature analysis-error by an average of 4.8 % (6.8 %
in troposphere and 2.2 % in stratosphere) with a maxi-30

mum reduction up to 11.8 % at 700 hPa. The humidity
analysis-error is reduced by an average of 3.9 % with
a maximum reduction of 7.1 % at 750 hPa. Finally, the
ozone analysis-error is reduced by an average of 1.2 %
with a maximum reduction of 4.6 % at 70 hPa.35

Mean of relative

difference between

σa and σb [%]

CS275 NS275 NS400

Temperature - 27.64 - 30.19 - 31.56

Humidity - 13.69 - 14.24 - 14.82

Ozone - 0.08 - 0.12 - 0.13

Table 4. Mean of relative differences between analysis-error stan-
dard deviations and background-error standard deviations over 6123
profiles for temperature, humidity and ozone for the 3 channel se-
lections.

5 Conclusions and perspectives

A new IASI channel selection method was presented in this
paper. The objective was to select the most informative chan-
nels in the first two spectral bands of IASI between 645 and
2000 cm−1 (5499 channels) taking into account the inter- 40

channel observation-errors. Indeed, the evolution of the com-
puting capabilities of the weather centres allows them to be-
gin to take into account these error covariances showing a
significant benefit in the use of observations and improve-
ments in weather analysis and forecasts. However, the es- 45

timation of these observation-error covariances for IASI is
often applied to Collard’s channel selection, which was per-
formed using a diagonal R matrix without the inter-channel
correlations. Some recent studies have therefore considered
the issue of a possible benefit of selecting again the most in- 50

formative channels of IASI but this time accounting for these
inter-channel error correlations. In these studies, the R matrix
was estimated using a "bottom-up" method which represents
the R matrix as a sum of random and spectrally correlated
components. 55

The Desroziers et al. (2005) diagnostic is an efficient
method to estimate the observation error covariances accu-
rately. We used this method as a "top down" method that uses
First-Guess and analysis departure statistics to diagnose vari-
ances and covariances of observation-error. It is this method 60

we have chosen to use here to diagnose our R matrix for the
5499 IASI channels considered. We used the 1D-Var data as-
similation algorithm to perform assimilation experiments on
6123 atmospheric profiles (and IASI pixels) in order to have
a statistically robust sample to diagnose the R matrix and to 65

approximate the possible variabilities that can be found in an
operational setting. The diagnosed R matrix provides con-
sistent and satisfying results with other studies on the same
subject.

Then, in order to take into account the variability the Jaco- 70

bians in these channels may have according to atmospheric
conditions, we calculated the means of the Jacobians in tem-
perature, humidity, ozone and skin temperature on a subset
of 60 profiles selected among the 6123 and representative
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of the variability of the variables considered. We also con-
structed a background-error covariance matrix containing the
errors of temperature, humidity, ozone and surface parame-
ters. This matrix was computed using the NMC statistical
method over 1 year, over the entire globe using the CTM5

MOCAGE model. The results are still satisfied with errors
similar to those used in the weather centres.

A selection of channels using the maximum total DFS
(temperature, humidity, ozone and skin temperature) as a fig-
ure of merit was made. We chose to stop the channel selec-10

tion objectively, when the difference in DFS between the last
selected channel and the previous one is less than 0.005. This
threshold leads to a selection of up to 400 channels. A com-
parison with Collard’s selection (275 channels in bands 1 and
2) showed that our selection of 275 channels has only 28 %15

of channels in common and that the newly selected channels
are more homogeneously distributed over the IASI spectrum.
We also noticed that the new selection uses channels in the
atmospheric window that also have sensitivities to temper-
ature and water vapour. The study of the Jacobians of the20

newly selected channels indeed shows that the channels are
better distributed along the atmospheric column and that the
channels selected in the atmospheric window have a capacity
to provide additional temperature and humidity information.

Finally, evaluation of the channel selections using the25

means of the vertical profiles of the DFS and the means of the
vertical profiles of the relative differences between the anal-
ysis and background-error standard deviations shows that for
an equivalent number of channels, NS275 reduces the anal-
ysis error by more than CS275, on average by 3 % in tem-30

perature, 1.8 % in humidity and 0.9 % in ozone. Considering
the new channel selection, these error reductions can be as
high as 4.8 % in temperature, 3.9 % in humidity and 1.2 %
in ozone. In this study, we show that NS275 provides addi-
tional information on temperature and humidity especially in35

the troposphere. The use of inter-channel error correlations
exploits the multi-informative potential of the available chan-
nels in the atmospheric window and ozone channels. Indeed,
we have shown in a previous study that the ozone-sensitive
IASI channels can also be exploited to provide additional in-40

formation on temperature and humidity, which is beneficial
to the analysis during the data assimilation process.

These results can bring significant improvements in the
use of IASI observations by data assimilation systems and
be useful for weather forecasting. In the near future, CS27545

and NS275 will be evaluated in the 4D-Var data assimilation
of the ARPEGE NWP global model, and possibly the NS400
selection. The set of 400 selected channels is given in Ap-
pendix A.

Appendix A: List of the selection of the 400 new IASI50

channels

IASI

channel No.

Wavenumber

[cm−1]

Channel selection

percentage [%]

Main

sensitivity

0001 645.00 100.00 T, CO2

0007 646.50 66.67 T, CO2

0014 648.25 95.00 T, CO2

0016 648.75 100.00 T, CO2

0026 651.25 100.00 T, CO2

0030 652.25 56.67 T, CO2

0032 652.75 100.00 T, CO2

0038 654.25 85.00 T, CO2

0042 655.25 68.33 T, CO2

0044 655.75 88.33 T, CO2

0047 656.50 46.67 T, CO2

0049 657.00 98.33 T, CO2

0051 657.50 73.33 T, CO2

0054 658.25 70.00 T, CO2

0056 658.75 98.33 T, CO2

0060 659.75 88.33 T, CO2

0061 660.00 80.00 T, CO2

0063 660.50 100.00 T, CO2

0066 661.25 88.33 T, CO2

0068 661.75 85.00 T, CO2

0071 662.50 100.00 T, CO2

0072 662.75 95.00 T, CO2

0073 663.00 93.33 T, CO2

0076 663.75 68.33 T, CO2

0078 664.25 81.67 T, CO2

0081 665.00 80.00 T, CO2

0086 666.25 75.00 T, CO2

0088 666.75 100.00 T, CO2

0089 667.00 100.00 T, CO2

0090 667.25 85.00 T, CO2

0091 667.50 100.00 T, CO2

0092 667.75 100.00 T, CO2

0093 668.00 98.33 T, CO2

0095 668.50 100.00 T, CO2

0096 668.75 98.33 T, CO2

0098 669.25 98.33 T, CO2

0100 669.75 100.00 T, CO2

0101 670.00 78.33 T, CO2

0103 670.50 38.33 T, CO2

0104 670.75 36.67 T, CO2

0105 671.00 78.33 T, CO2

0109 672.00 100.00 T, CO2

Table A1. List of 400 IASI channels selected using the method de-
scribe in this paper.
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IASI

channel No.

Wavenumber

[cm−1]

Channel selection

percentage [%]

Main

sensitivity

0111 672.50 56.67 T, CO2

0112 672.75 63.33 T, CO2

0113 673.00 36.67 T, CO2

0114 673.25 43.33 T, CO2

0116 673.75 100.00 T, CO2

0118 674.25 96.67 T, CO2

0119 674.50 100.00 T, CO2

0120 674.75 100.00 T, CO2

0122 675.25 81.67 T, CO2

0124 675.75 100.00 T, CO2

0125 676.00 100.00 T, CO2

0126 676.25 100.00 T, CO2

0129 677.00 100.00 T, CO2

0130 677.25 100.00 T, CO2

0131 677.50 91.67 T, CO2

0132 677.75 75.00 T, CO2

0135 678.50 93.33 T, CO2

0136 678.75 75.00 T, CO2

0138 679.25 96.67 T, CO2

0139 679.50 98.33 T, CO2

0141 680.00 100.00 T, CO2

0142 680.25 95.00 T, CO2

0144 680.75 100.00 T, CO2

0145 681.00 100.00 T, CO2

0147 681.50 78.33 T, CO2

0148 681.75 100.00 T, CO2

0149 682.00 56.67 T, CO2

0150 682.25 100.00 T, CO2

0152 682.75 56.67 T, CO2

0154 683.25 100.00 T, CO2

0156 683.75 71.67 T, CO2

0157 684.00 100.00 T, CO2

0158 684.25 86.67 T, CO2

0159 684.50 80.00 T, CO2

0161 685.00 93.33 T, CO2

0163 685.50 98.33 T, CO2

0167 686.50 100.00 T, CO2

0169 687.00 86.67 T, CO2

0173 688.00 100.00 T, CO2

0177 689.00 46.67 T, CO2

0180 689.75 96.67 T, CO2

0186 691.25 100.00 T, CO2

0192 692.75 75.00 T, CO2

IASI

channel No.

Wavenumber

[cm−1]

Channel selection

percentage [%]

Main

sensitivity

0193 693.00 96.67 T, CO2

0195 693.50 60.00 T, CO2

0199 694.50 100.00 T, CO2

0200 694.75 53.33 T, CO2

0201 695.00 38.33 T, CO2

0205 696.00 100.00 T, CO2

0207 696.50 90.00 T, CO2

0210 697.25 60.00 T, CO2

0211 697.50 40.00 T, CO2

0212 697.75 93.33 T, CO2

0215 698.50 56.67 T, CO2

0216 698.75 46.67 T, CO2

0218 699.25 95.00 T, CO2

0220 699.75 75.00 T, CO2

0222 700.25 58.33 T, CO2

0223 700.50 60.00 T, CO2

0224 700.75 56.67 T, CO2

0226 701.25 70.00 T, CO2

0228 701.75 61.67 T, CO2

0229 702.00 40.00 T, CO2

0230 702.25 81.67 T, CO2

0232 702.75 41.67 T, CO2

0233 703.00 58.33 T, CO2

0234 703.25 53.33 T, CO2

0236 703.75 100.00 T, CO2

0239 704.50 100.00 T, CO2

0241 705.00 83.33 T, CO2

0243 705.50 98.33 T, CO2

0246 706.25 91.67 T, CO2

0249 707.00 100.00 T, CO2

0252 707.75 98.33 T, CO2

0255 708.50 48.33 T, CO2

0256 708.75 51.67 T, CO2

0259 709.50 100.00 T, CO2

0262 710.25 100.00 T, CO2

0265 711.00 95.00 T, CO2

0268 711.75 91.67 T, CO2

0272 712.75 58.33 T, CO2

0274 713.25 70.00 T, CO2

0278 714.25 76.67 T, CO2

0283 715.50 60.00 T, CO2

0287 716.50 86.67 T, CO2

0290 717.25 80.00 T, CO2
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IASI

channel No.

Wavenumber

[cm−1]

Channel selection

percentage [%]

Main

sensitivity

0291 717.50 40.00 T, CO2

0292 717.75 85.00 T, CO2

0293 718.00 60.00 T, CO2

0296 718.75 43.33 T, CO2

0297 719.00 55.00 T, CO2

0298 719.25 36.67 T, CO2

0299 719.50 86.67 T, CO2

0303 720.50 93.33 T, CO2

0304 720.75 100.00 T, CO2

0306 721.25 100.00 T, CO2

0311 722.50 40.00 T, CO2

0312 722.75 55.00 T, CO2

0314 723.25 55.00 T, CO2

0326 726.25 95.00 Tskin, T, H2O

0332 727.75 46.67 Tskin, T, H2O

0337 729.00 40.00 Tskin, T, H2O

0338 729.25 86.67 Tskin, T, H2O

0340 729.75 41.67 Tskin, T, H2O

0345 731.00 71.67 Tskin, T, H2O

0351 732.50 60.00 Tskin, T, H2O

0375 738.50 65.00 Tskin, T, H2O

0382 740.25 85.00 Tskin, T, H2O

0383 740.50 61.67 Tskin, T, H2O

0386 741.25 100.00 Tskin, T, H2O

0388 741.75 91.67 Tskin, T, H2O

0394 743.25 38.33 Tskin, T, H2O

0399 744.50 65.00 Tskin, T, H2O

0400 744.75 58.33 Tskin, T, H2O

0401 745.00 73.33 Tskin, T, H2O

0402 745.25 40.00 Tskin, T, H2O

0405 746.00 61.67 Tskin, T, H2O

0406 746.25 36.67 Tskin, T, H2O

0417 749.00 36.67 Tskin, T, H2O

0422 750.25 43.33 Tskin, T, H2O

0430 752.25 61.67 Tskin, T, H2O

0438 754.25 43.33 Tskin, T, H2O

0439 754.50 68.33 Tskin, T, H2O

0440 754.75 50.00 Tskin, T, H2O

0445 756.00 45.00 Tskin, T, H2O

0451 757.50 48.33 Tskin, T, H2O

0456 758.75 88.33 Tskin, T, H2O

0459 759.50 41.67 Tskin, T, H2O

0477 764.00 61.67 Tskin, T, H2O

IASI

channel No.

Wavenumber

[cm−1]

Channel selection

percentage [%]

Main

sensitivity

0483 765.50 73.33 Tskin, T, H2O

0496 768.75 45.00 Tskin, T, H2O

0497 769.00 50.00 Tskin, T, H2O

0515 773.50 43.33 Tskin, T, H2O

0523 775.50 60.00 Tskin, T, H2O

0526 776.25 36.67 Tskin, T, H2O

0529 777.00 86.67 Tskin, T, H2O

0538 779.25 50.00 Tskin, T, H2O

0557 784.00 66.67 Tskin, T, H2O

0559 784.50 85.00 Tskin, T, H2O

0560 784.75 43.33 Tskin, T, H2O

0588 791.75 43.33 Tskin, T, H2O

0589 792.00 50.00 Tskin, T, H2O

0597 794.00 90.00 Tskin, T, H2O

0604 795.75 50.00 Tskin, T, H2O

0605 796.00 38.33 Tskin, T, H2O

0613 798.00 61.67 Tskin, T, H2O

0614 798.25 40.00 Tskin, T, H2O

0616 798.75 63.33 Tskin, T, H2O

0617 799.00 66.67 Tskin, T, H2O

0618 799.25 51.67 Tskin, T, H2O

0635 803.50 45.00 Tskin, T, H2O

0654 808.25 91.67 Tskin, T, H2O

0655 808.50 58.33 Tskin, T, H2O

0679 814.50 58.33 Tskin, T, H2O

0730 827.25 38.33 Tskin, T, H2O

0732 827.75 85.00 Tskin, T, H2O

0763 835.50 48.33 Tskin, T, H2O

0780 839.75 38.33 Tskin, T, H2O

0831 852.50 58.33 Tskin, T, H2O

0832 852.75 51.67 Tskin, T, H2O

0834 853.25 43.33 Tskin, T, H2O

0839 854.50 56.67 Tskin, T, H2O

0936 878.75 48.33 Tskin, T, H2O

0937 879.00 60.00 Tskin, T, H2O

1061 910.00 43.33 Tskin, T, H2O

1172 937.75 43.33 Tskin, T, H2O

1193 943.00 70.00 Tskin, T, H2O

1194 943.25 Fixed channel to retrieve Tskin

1443 1005.50 36.67 O3, Tskin, T, H2O

1461 1010.00 66.67 O3, Tskin, T, H2O

1464 1010.75 56.67 O3, Tskin, T, H2O

1469 1012.00 55.00 O3, Tskin, T, H2O
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IASI

channel No.

Wavenumber

[cm−1]

Channel selection

percentage [%]

Main

sensitivity

1477 1014.00 56.67 O3, Tskin, T, H2O

1478 1014.25 70.00 O3, Tskin, T, H2O

1479 1014.50 98.33 O3, Tskin, T, H2O

1480 1014.75 70.00 O3, Tskin, T, H2O

1533 1028.00 45.00 O3, Tskin, T, H2O

1534 1028.25 91.67 O3, Tskin, T, H2O

1535 1028.50 68.33 O3, Tskin, T, H2O

1537 1029.00 78.33 O3, Tskin, T, H2O

1538 1029.25 96.67 O3, Tskin, T, H2O

1539 1029.50 93.33 O3, Tskin, T, H2O

1540 1029.75 90.00 O3, Tskin, T, H2O

1541 1030.00 76.67 O3, Tskin, T, H2O

1543 1030.50 76.67 O3, Tskin, T, H2O

1570 1037.25 56.67 O3, Tskin, T, H2O

1574 1038.25 86.67 O3, Tskin, T, H2O

1579 1039.50 90.00 O3, Tskin, T, H2O

1583 1040.50 73.33 O3, Tskin, T, H2O

1586 1041.25 73.33 O3, Tskin, T, H2O

1597 1044.00 73.33 O3, Tskin, T, H2O

1625 1051.00 88.33 O3, Tskin, T, H2O

1626 1051.25 41.67 O3, Tskin, T, H2O

1629 1052.00 63.33 O3, Tskin, T, H2O

1630 1052.25 40.00 O3, Tskin, T, H2O

1636 1053.75 93.33 O3, Tskin, T, H2O

1640 1054.75 53.33 O3, Tskin, T, H2O

1641 1055.00 41.67 O3, Tskin, T, H2O

1643 1055.50 98.33 O3, Tskin, T, H2O

1647 1056.50 50.00 O3, Tskin, T, H2O

1654 1058.25 95.00 O3, Tskin, T, H2O

1661 1060.00 61.67 O3, Tskin, T, H2O

1665 1061.00 68.33 O3, Tskin, T, H2O

1671 1062.50 45.00 O3, Tskin, T, H2O

1672 1062.75 45.00 O3, Tskin, T, H2O

1675 1063.50 75.00 O3, Tskin, T, H2O

1681 1065.00 41.67 O3, Tskin, T, H2O

1684 1065.75 43.33 O3, Tskin, T, H2O

1685 1066.00 91.67 O3, Tskin, T, H2O

1886 1116.25 48.33 Tskin, T, H2O

1966 1136.25 50.00 Tskin, T, H2O

1967 1136.50 41.67 Tskin, T, H2O

1970 1137.25 36.67 Tskin, T, H2O

2152 1182.75 41.67 Tskin, T, H2O

2186 1191.25 63.33 Tskin, T, H2O

IASI

channel No.

Wavenumber

[cm−1]

Channel selection

percentage [%]

Main

sensitivity

2266 1211.25 76.67 H2O, T

2267 1211.50 56.67 H2O, T

2268 1211.75 65.00 H2O, T

2270 1212.25 73.33 H2O, T

2273 1213.00 58.33 H2O, T

2295 1218.50 41.67 H2O, T

2302 1220.25 93.33 H2O, T

2322 1225.25 61.67 H2O, T

2323 1225.50 91.67 H2O, T

2328 1226.75 40.00 H2O, T

2341 1230.00 40.00 H2O, T

2369 1237.00 36.67 H2O, T

2370 1237.25 58.33 H2O, T

2377 1239.00 43.33 H2O, T

2378 1239.25 51.67 H2O, T

2397 1244.00 46.67 H2O, T

2398 1244.25 46.67 H2O, T

2431 1252.50 95.00 H2O, T

2455 1258.50 66.67 H2O, T

2456 1258.75 36.67 H2O, T

2460 1259.75 46.67 H2O, T

2465 1261.00 36.67 H2O, T

2482 1265.25 45.00 H2O, T

2498 1269.25 55.00 H2O, T

2505 1271.00 40.00 H2O, T

2508 1271.75 48.33 H2O, T

2509 1272.00 40.00 H2O, T

2510 1272.25 46.67 H2O, T

2527 1276.50 70.00 H2O, T

2552 1282.75 56.67 H2O, T

2575 1288.50 51.67 H2O, T

2583 1290.50 43.33 H2O, T

2606 1296.25 73.33 H2O, T

2607 1296.50 85.00 H2O, T

2617 1299.00 53.33 H2O, T

2624 1300.75 80.00 H2O, T

2630 1302.25 51.67 H2O, T

2631 1302.50 43.33 H2O, T

2641 1305.00 68.33 H2O, T

2645 1306.00 88.33 H2O, T

2670 1312.25 60.00 H2O, T

2671 1312.50 93.33 H2O, T

2672 1312.75 36.67 H2O, T
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IASI

channel No.

Wavenumber

[cm−1]

Channel selection

percentage [%]

Main

sensitivity

2674 1313.25 53.33 H2O, T

2675 1313.50 73.33 H2O, T

2678 1314.25 51.67 H2O, T

2679 1314.50 40.00 H2O, T

2683 1315.50 63.33 H2O, T

2686 1316.25 43.33 H2O, T

2691 1317.50 38.33 H2O, T

2693 1318.00 83.33 H2O, T

2694 1318.25 51.67 H2O, T

2699 1319.50 55.00 H2O, T

2701 1320.00 65.00 H2O, T

2704 1320.75 38.33 H2O, T

2722 1325.25 53.33 H2O, T

2733 1328.00 38.33 H2O, T

2745 1331.00 53.33 H2O, T

2746 1331.25 38.33 H2O, T

2760 1334.75 66.67 H2O, T

2764 1335.75 58.33 H2O, T

2767 1336.50 70.00 H2O, T

2777 1339.00 50.00 H2O, T

2780 1339.75 76.67 H2O, T

2782 1340.25 100.00 H2O, T

2786 1341.25 76.67 H2O, T

2790 1342.25 46.67 H2O, T

2816 1348.75 36.67 H2O, T

2818 1349.25 85.00 H2O, T

2836 1353.75 43.33 H2O, T

2851 1357.50 43.33 H2O, T

2859 1359.50 36.67 H2O, T

2868 1361.75 98.33 H2O, T

2872 1362.75 70.00 H2O, T

2888 1366.75 65.00 H2O, T

2907 1371.50 55.00 H2O, T

2916 1373.75 55.00 H2O, T

2919 1374.50 81.67 H2O, T

2921 1375.00 78.33 H2O, T

2927 1376.50 61.67 H2O, T

2932 1377.75 56.67 H2O, T

2942 1380.25 40.00 H2O, T

2952 1382.75 73.33 H2O, T

2960 1384.75 40.00 H2O, T

2969 1387.00 58.33 H2O, T

2975 1388.50 55.00 H2O, T

2991 1392.50 41.67 H2O, T

IASI

channel No.

Wavenumber

[cm−1]

Channel selection

percentage [%]

Main

sensitivity

2995 1393.50 63.33 H2O, T

2996 1393.75 68.33 H2O, T

2997 1394.00 83.33 H2O, T

2998 1394.25 36.67 H2O, T

3002 1395.25 98.33 H2O, T

3009 1397.00 53.33 H2O, T

3018 1399.25 58.33 H2O, T

3019 1399.50 66.67 H2O, T

3020 1399.75 71.67 H2O, T

3021 1400.00 40.00 H2O, T

3022 1400.25 50.00 H2O, T

3047 1406.50 40.00 H2O, T

3053 1408.00 56.67 H2O, T

3055 1408.50 48.33 H2O, T

3083 1415.50 45.00 H2O, T

3093 1418.00 60.00 H2O, T

3094 1418.25 40.00 H2O, T

3095 1418.50 81.67 H2O, T

3097 1419.00 93.33 H2O, T

3101 1420.00 100.00 H2O, T

3102 1420.25 95.00 H2O, T

3116 1423.75 90.00 H2O, T

3141 1430.00 43.33 H2O, T

3161 1435.00 70.00 H2O, T

3165 1436.00 71.67 H2O, T

3244 1455.75 86.67 H2O, T

3249 1457.00 70.00 H2O, T

3252 1457.75 98.33 H2O, T

3256 1458.75 41.67 H2O, T

3278 1464.25 70.00 H2O, T

3279 1464.50 61.67 H2O, T

3282 1465.25 68.33 H2O, T

3283 1465.50 43.33 H2O, T

3308 1471.75 81.67 H2O, T

3311 1472.50 75.00 H2O, T

3342 1480.25 75.00 H2O, T

3354 1483.25 96.67 H2O, T

3446 1506.25 98.33 H2O, T

3580 1539.75 100.00 H2O, T

3584 1540.75 50.00 H2O, T

3585 1541.00 43.33 H2O, T

3653 1558.00 61.67 H2O, T

3657 1559.00 43.33 H2O, T

3658 1559.25 56.67 H2O, T
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IASI

channel No.

Wavenumber

[cm−1]

Channel selection

percentage [%]

Main

sensitivity

3664 1560.75 36.67 H2O, T

3767 1586.50 58.33 H2O, T

3776 1588.75 46.67 H2O, T

3962 1635.25 38.33 H2O, T

4007 1646.50 66.67 H2O, T

4029 1652.00 38.33 H2O, T

4037 1654.00 81.67 H2O, T

4158 1684.25 73.33 H2O, T

4380 1739.75 55.00 H2O, T

4784 1840.75 36.67 H2O, T

5353 1983.00 63.33 H2O, T

5398 1994.25 45.00 H2O, T

5479 2014.50 40.00 H2O, T
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