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Abstract

The Infrared Atmospheric Sounding Interferometer (IASI) onboard the MetOp satellite
measures carbon monoxide (CO) on a global scale, twice a day. CO total columns
and vertical profiles are retrieved in near real time from the nadir radiance spectra
measured by the instrument in the thermal infrared (TIR) spectral range. This pa-
per describes the measurement vertical sensitivity of IASI. On the global scale, 0.8 to
2.4 independent pieces of information are available for the retrieval. At mid latitudes,
the information ranges between 1.5 and 2, which enables the lower and upper tro-
posphere to be distinguished, especially when thermal contrast is important. Global
distributions of column CO are evaluated with correlative observations available from
other nadir looking TIR missions currently in operation: the Measurements of Pollu-
tion in the Troposphere (MOPITT) onboard TERRA, the Atmospheric Infrared Sounder
(AIRS) onboard AQUA and the Tropospheric Emission Spectrometer (TES) onboard
AURA. On the global scale and on average, total column discrepancies ranging from
10 to 15% are found for latitudes above 45°N and lower than 15° S, but can reach
30% in cases of strong CO concentrations, e.g. when fires events occur. The choice
of the a priori assumptions influences the retrievals and can explain some of the ob-
served differences. Instrument specifications of IASI versus other missions are also
discussed.

1 Introduction

As one of the most important precursors of O3, carbon monoxide (CO) is an important
trace gas for the understanding of both air quality and climate forcing. Formed by the
incomplete combustion of fossil and bio-fuels, and by vegetation burning, CO is also
produced in the atmosphere via the oxidation of methane and non-methane hydrocar-
bons by the hydroxyl radical (OH) (Duncan et al., 2008). It is the largest global sink
of the OH radical and thus plays an important role in the oxidizing power of the atmo-
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sphere and in the concentrations of greenhouses gases such as CH, and O5. Because
of its relatively long lifetime (a few weeks to a few months depending on latitude and
time of year), CO has been extensively used as an atmospheric tracer of transport
(Logan et al., 1981).

CO is routinely measured by ground-station networks (Kurylo, 1991; Pougachev and
Rinsland, 1995; Novelli et al., 1998; Yurganov et al., 2004, 2005; Velazco et al., 2007;
Zander et al., 2008), airborne measurements campaigns, airborne networks (Nedelec
et al.,, 2005) and by instruments onboard satellites. In recent years, extensive CO
observations from space, from a number of satellite platforms have yielded a global
view of the CO distribution, from the troposphere to the mesosphere. Limb-sounders
(in absorption or emission) can derive vertically resolved profiles for the mid/high-
troposphere and upper, with a limited spatial coverage (e.g. SMR/ODIN (Barret et
al., 2006), MIPAS/ENVISAT (Funke et al., 2007), MLS/AURA, Pumphrey et al., 2007;
Livesey et al., 2008, and ACE-FTS/SCISAT-1, Clerbaux et al., 2008a). Nadir viewing
remote sensors offer the advantage of sounding into the lower atmosphere, although
with a limited vertical resolution, as was demonstrated from MOPITT/TERRA (Deeter
et al., 2003; Edwards et al., 2004), SCIAMACHY (Frankenberg et al., 2005; Buchwitz
et al., 2007), TES/AURA (Rinsland et al., 2006; Luo et al., 2007a and b), AIRS/AQUA
(McMillan et al., 2005), and IASI/MetOp (Turquety et al., 2004; Clerbaux et al., 2009).
Both nadir viewing and limb viewing instruments are often impacted by the presence of
clouds. Time series of CO measurements show the impact of inter-annual variations,
for example a moderate EI Nino event in 2006 (Rinsland et al., 2008).

Validation of satellite CO retrievals with space-borne, air-borne or ground-based
measurements has already been performed in the frame of different exercises or cam-
paigns (Clerbaux et al., 2002, 2008a; Emmons et al., 2004, 2007, 2009; Warner et al.,
2007; Luo et al., 2007a, b; Yurganov et al., 2008). In this paper, we focus on the anal-
ysis of global CO distributions recently calculated from the radiance spectra recorded
by the IASI instrument. A case study of the Mediterranean fires during the summer of
2007, which illustrates the capability of IASI to measure extreme CO concentrations
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and to track the plume from wildfires is presented in a companion paper (Turquety et
al., 2009). Here we compare the IASI global distributions with CO observations avail-
able from other operational nadir looking instruments which also record surface and
atmospheric signals in the thermal infrared (TIR) spectral range: MOPITT, AIRS and
TES. This paper presents a preliminary and non exhaustive validation overview rather
than a quantitative comparison of the 1ASI CO retrievals obtained by the Fast Opera-
tional/Optimal Retrievals on Layers for IASI (FORLI) algorithm, developed at ULB and
based on the optimal estimation method which is thoroughly described by Turquety et
al. (2009). In the first global validation of these products, for simplicity, we compare
total column CO results.

The paper is organized as follows: First we describe the IASI-CO measurements
as routinely retrieved from the operational EUMETSAT radiance products. Next we
compare the CO total column distributions retrieved by MOPITT, AIRS and TES data
for the August 2008 period. And finally we conclude with an analysis of the observed
agreement and discrepancy.

2 |ASI: CO column and profile retrievals
2.1 The IASI mission

The polar-orbiting MetOp-A, launched on 19 October 2006 is the first of three suc-
cessive MetOp satellites. As a component of the space segment of the EUMETSAT
Polar System (EPS), this operational meteorological platform carries the Infrared Atmo-
spheric Sounding Interferometer (IASI), a nadir-looking high resolution Fourier Trans-
form Spectrometer (FTS). IASI is designed to provide atmospheric temperature and
water vapour profiles for operational meteorology. Thanks to its apodized spectral reso-
lution of 0.5cm™" (with a spectral sampling of 0.25 cm™ ), its large spectral range (from
645 to 2760cm™ " with no gaps), and its low radiometric noise (from on-flight analysis
the Noise Equivalent Delta Temperature (NEDT) is estimated to range from 0.1-0.4 K,
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Clerbaux et al., 2009), atmospheric concentrations for several key species important
to climate forcing and atmospheric chemistry monitoring can be derived from IASI ra-
diance measurements. Such species include not only the predominant CO (Turquety
et al., 2009), O; (Boynard et al., 2009), CH, (Razavi et al., 2009), HNO5 (Wespes et
al., 2009) molecules but also weak absorbing molecules detected during extraordinary
events, such as SO, during volcanic eruption (Clarisse et al., 2008) or reactive species
in fire plumes (Coheur et al., 2009). In addition, IASI offers an excellent horizontal cov-
erage due to its across track swath width of 2200 km, allowing global coverage twice
a day, with a field of view sampled by 2x2 circular pixels each with a 12 km footprint
diameter.

2.2 CO measurements

CO distributions are retrieved from IASI radiance spectra using the FORLI-CO soft-
ware. Based on the Optimal Estimation Method (OEM) described by Rodgers (2000),
this algorithm is described in detail in Turquety et al. (2009). The a priori mean
profile and associated variability matrix were constructed using a database of ob-
servations that included aircraft profiles from the MOZAIC (Measurement of OZone
and water vapour by Alrbus in-service air-Craft) program (Nedelec et al., 2003), and
ACE-FTS satellite observations in the upper troposphere and above (Clerbaux et al.,
2005). These were complemented with distributions from the LMDz-INCA global model
(Turquety et al., 2008) in order to build a matrix representative of both background
and polluted conditions. IASI Level 1C radiance data are analysed in near real time
(observation+~3 h) and for the study presented here, only cloud free data are anal-
ysed. The code uses the water vapour and temperature profiles from IASI Level 2
data and operationally distributed by EUMETSAT through the EUMETCAST dissem-
ination system (Schluessel et al., 2005) as input variables. FORLI-CO provides CO
profiles for at most 19 layers (from the surface to the top of the atmosphere), as well
as error and characterization diagnostics, in particular an a posteriori error variance-
covariance matrix and an averaging kernel matrix. Figure 1 illustrates, in equivalent
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brightness temperatures, the IASI spectral range that is used for the CO retrieval
(2143-2181.25 cm'1). It was chosen in order to avoid most of the other absorbing
species in the CO spectral range (i.e. H,O, O3, CO, and N,O). The plot also shows the
(observed-calculated) residual after the retrieval for a typical observation (located over
the West coast of the USA), which could be directly compared with the IASI radiometric
noise level.

Averaging kernels (also see Fig. 1) characterize the sensitivity of each measurement
to the true CO profile, with the remainder of the information provided by the a priori
profile:

x=Ax+(I-A)x, (1)

with X the retrieved profile, A the averaging kernel matrix, x the true profile and x, the
a priori profile.

The rows of the averaging kernel matrix describe the change to the retrieval state at
a specific altitude to a perturbation of the true state vector and provide an estimation of
the vertical resolution (full width at half maximum). The trace of the matrix, known as
the degrees of freedom for signal (DOFS), is a metric used to measure the number of
independent pieces of information available from the retrieval (Rodgers, 2000). In the
example presented in Fig. 1, the set of averaging kernels presents two maxima (at the
surface and around 6 km) and the DOFS number is 2.14.

As described in previous papers (e.g. Deeter et al., 2007; Clerbaux et al., 2008b,
2009) the thermal contrast (i.e. the temperature difference between the surface and
the first atmospheric layer) is a critical parameter for the understanding of the vertical
information contained in the CO product. For the example described here, the mea-
surement is performed at a location associated with a large thermal contrast (close
to Los Angeles, USA, morning orbit) and hence the averaging kernels correspond-
ing to the lower layers exhibit large sensitivity at the surface. Two independent par-
tial columns can be retrieved, allowing the separation of the CO concentration in the
boundary layer from the mid troposphere. In contrast, for other atmospheric conditions
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(e.g. see Fig. 4), where the thermal contrast is less favourable, there is no sensitivity at
the surface.

Figure 2 illustrates one day (1 August 2008) of IASI CO observations, both for day
and night measurements, along with the corresponding surface temperature from IASI
Level 2 data, thermal contrast (as calculated from the difference between surface tem-
perature and the temperature of the first available atmospheric level), and DOFS. As
expected, differences appear between day and night distributions, which can be linked
directly to the thermal contrast, which is much more pronounced during the day than
during the night. This reflects onto the DOFS numbers that are larger over areas where
the thermal contrast exceeds a few degrees. On the global scale, DOFS values range
between 0.8 and 2.4, for this specific day. These values are also representative for
other time periods. Generally, for latitudes above and below 60° only a total column
(DOFS around 1) could be retrieved. At mid latitudes, the information ranges between
1.5 and 2, allowing the lower and upper troposphere to be distinguished. For very cold
areas, e.g. Antarctic during the night, the retrieval profile consists merely in the a priori
profile. On the contrary, for hot locations during the day, the DOFS can provide two
pieces of independent information and the retrievals are much less weighted by the a
priori.

3 CO correlative measurements distribution

In order to compare the FORLI-CO results we use similar products available from other
currently operational nadir looking TIR instruments: MOPITT, AIRS and TES. In the
following sections, we present briefly the retrieval methods and the a priori of each
instrument. The choice of the a priori is crucial for the inversion as shown in Luo et
al. (2007a), especially for down-looking spectrometers which lack measurement sen-
sitivity in the lower atmosphere. We then focus on monthly averaged total column CO
distributions for August 2008 to derive general trends in terms of discrepancies. A gen-
eral description of the different missions and instrument specifications is provided in
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Table 1.
3.1 Retrieval methods and a priori
3.1.1 MOPITT

MOPITT uses correlation radiometry (Drummond, 1989) and the terrestrial thermal
emission to sound tropospheric CO. More recently, it was also shown that the solar
channels provide supplementary information (Deeter et al., 2009). CO retrievals are
obtained by using a maximum a posteriori method that incorporates a priori information
of the physical and statistical variability of the trace gas distribution in the atmosphere
(Pan et al., 1998). For this study we use MOPITT V3 data which are filtered for clouds.
This version uses a single CO a priori profile and the covariance matrix is derived from
several hundred in situ CO data distributed globally (Deeter et al., 2003). We note that
a MOPITT V4 product will be available soon, with improvements such as log-normal
statistics for VMR, a modified forward model that handles extreme pollution conditions,
and variable a priori profiles. Differences between the global a priori profile used in V3
and the geographically and temporally variable a priori profiles used in V4 might lead
to significant differences in CO total column values.

3.1.2 TES

TES nadir Global Survey (GS) observations consist of 16 orbits in a 26 h period; a
new GS starts every other day. The along orbit observations are made approximately
every 180 km. The TES CO prior information is derived from a year of simulation with
the MOZART model (Brasseur et al., 1998). The prior profiles are monthly means in
blocks of 10°x60° (latitude by longitude). TES CO retrievals apply modified Tikhanov
constraints (Kulawik et al., 2008). Spectral micro windows with isolated CO lines are
used in CO retrievals (Rinsland et al., 2006). Here we use TES V004 GS data. Data
quality and cloud filtering criteria are used to select TES CO total columns according

9801

ACPD
9, 9793-9822, 2009

Carbon monoxide
distributions from the
IASI/METOP mission

M. George et al.

40


http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/9/9793/2009/acpd-9-9793-2009-print.pdf
http://www.atmos-chem-phys-discuss.net/9/9793/2009/acpd-9-9793-2009-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

to TES Level 2 Data User’s Guide (Osterman et al., 2008).
3.1.3 AIRS

Tropospheric CO abundances are retrieved from AIRS cloud-cleared radiances, utiliz-
ing a set of overlapping trapezoidal perturbation functions, similar to the retrieval of all
AIRS products (Susskind et al., 2003). Version 5 (V5) AIRS CO retrievals used in this
analysis differ from the V4 products used in previous studies (McMillan et al., 2005,
2008; Warner et al., 2007; Yurganov et al., 2008) in terms of the number of trapezoidal
functions and the first guess profile. V5 employs the MOPITT V3 a priori profile as
a single global first guess profile with nine trapezoidal perturbation functions (Comer,
2006). The lowest of these nine functions were chosen to closely coincide with the
seven reporting levels for MOPITT CO retrievals. Overall, the nine functions better
define the shape of the AIRS CO averaging kernels versus the V4 four trapezoidal
functions described in McMillan et al. (2008). The nine functions represent coarse su-
persets of the AIRS 100 layer radiative transfer model. At most DOFS numbers are 1.5
in AIRS CO retrievals, but typical values are closer to 0.8. For this study, AIRS V5 data
were accessed through the NASA Goddard DAAC and filtered with quality indicators
as suggested in the AIRS Version 5 Level-2 Standard Product Quickstart guide.

3.2 Spectral resolution and vertical sensitivity

Spectra recorded by the three spectrometer type instruments IASI, TES and AIRS
above the same area are presented in Fig. 3, for the full spectral range covered by
each (see Table 1). The data correspond to nadir along track observations only (North
Brazil), which explains the relative poor coincidence criteria, and the time of recording
differs by a few hours at maximum. From these plots the TES higher spectral resolution
is well marked, as are the advantages of AIRS in terms of signal to noise ratio and of
IASI in terms of spectral coverage. As MOPITT is a gas correlation radiometer, the
radiance signal is not directly comparable.
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Figure 4 illustrates the averaging kernel functions of 1ASI, MOPITT, AIRS and TES
for the same coincident observation. The functions have similar shapes, with low sensi-
tivity near the surface and maximum sensitivity in the low troposphere (4—6 km), which
highlight more the dependencies of the infrared nadir observation to the geophysical
scene rather than to the instrument performance. The number of levels retrieved differs
markedly for each instrument (IAS1=19, MOPITT=7, AIRS=9, TES=67) and is not rep-
resentative of the vertical resolution. This also explains the different absolute values
of the averaging kernels, with higher peak values for thicker layers. For IASI, MOPITT
and TES, the numbers of DOFS are larger than 1, illustrating that the information of the
total column comes from more than one layer of the atmosphere. The low AIRS DOFS
number for this retrieval likely results from partially cloudy scenes. The low sensitivity
to the surface can be mostly explained by the lack of thermal contrast for this scene
above an area of forest. However the comparison of such averaging kernel functions
and DOFS numbers is indicative but not quantitative as the a priori and the retrieval
methods are different.

3.3 Comparison of CO total column for August 2008

In the following we focus on monthly averaged total column CO distributions to derive
general trends in terms of discrepancies. Figure 5 presents CO total columns retrieved
from IASI, MOPITT, AIRS and TES data available for August 2008. The study focuses
on August because it is an interesting period to observe high CO concentrations in
Africa due to intensive agriculture fires. Other periods/seasons have also been exam-
ined and it was found that the same conclusion holds. We have decided to compare
data averaged over a month and over a 1°x1°grid to lower the differences associated
with the different temporal and spatial ranges of each satellite. Only daytime observa-
tions are shown here. The different a priori assumptions — CO covariance as well as
the a priori profile — are expected to make a significant difference (Luo et al., 2007a)
and can also change the apparent DOFS.

A good agreement is found between the four distributions, with CO total col-
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umn values ranging from 4x10'"" molecules/cm? (background level) to more than
4x10"® molecules/cm? (fire events), though the IASI background data are lower than
those associated with the other distributions. The largest concentrations are observed
by all four instruments, although with different intensity, over China (pollution), Africa
and South America (vegetation fires). IASI and MOPITT distributions show very similar
intensities for the African fires. IASI and AIRS have some problems with the inversion
of spectra recorded above deserts in North Africa or in the Arabic Peninsula: high con-
centrations are visible for IASI and the data were filtered for AIRS (in light grey, bottom
left plot in Fig. 5). IASI and AIRS results have the best horizontal coverage.

Figure 6 shows scatter plots of the averaged CO total columns (1°x1° gridded) for
IASI as compared to MOPITT, AIRS and TES, for different latitude bands (Global i.e.
[-90°; 90], [45°; 90°], [15°; 45°], [-15°; 15°] and [-45°; —15°]). Also shown are the
histograms of the relative differences in percent (200x(IASI-INSTR)/(IASI+INSTR),
with INSTR=MOPITT, AIRS or TES) averaged the same way. Table 2 provides the
corresponding correlation coefficients, as well as the slope and intercept of the lin-
ear regression line. The correlation is generally good, although some biases are ob-
served. For data averaged over all latitudes (Fig. 6a, f, and k), the coefficients are
0.82 (IASI/MOPITT), 0.91 (IASI/AIRS) and 0.83 (IASI/TES). This indicates that the four
instruments can capture the dynamic range of the CO concentration with a good agree-
ment. In the equatorial region (latitudes [-15; 15°], Fig. 6d, i and n) MOPITT, AIRS and
TES are very well correlated with IASI, with correlation coefficients of 0.93, 0.94 and
0.87, respectively. However MOPITT is consistently higher than IASI with an average
bias of 12% for data averaged over all latitudes (Fig. 6p) (10.1% for latitudes [45°; 90°]
(Fig. 6g) and 16.6% for latitudes [-4°; —15°], Fig. 6t). This is consistent with a positive
bias reported for MOPITT (V3 data) as shown in Emmons et al. (2009). AIRS also
shows a important bias for the southern latitudes: 15.6% higher than IASI between
15°S and 45° S (Fig. 6t) but is in close agreement with IASI between 15° N and 45° N
(Fig. 6g and q). In other regions, AIRS CO data seems to be larger than IASI for weak
concentrations but lower for high concentrations (Fig. 6f, g, h, i and j) indicating a more
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restricted dynamic range for AIRS retrievals due to the lower DOFS for AIRS CO as has
been previously noted (Warner et al., 2007; Yurganov et al., 2008). On the contrary,
TES is lower than IASI in all the latitude regions (8.7%, Fig. 6p).

4 Summary and conclusions

This paper presents a first assessment of the capabilities of IASI to measure CO on the
global scale. The results presented here were obtained with the FORLI-CO algorithm,
a near real time processing code that delivers atmospheric profiles of CO about three
hours after the observation. Several months of observations have been analyzed, and
both total column and coarse vertical profiles have been measured on the global scale,
twice a day. CO quick-look distributions maps with different projections can be viewed
from the LATMOS website at http://iasi-chem.aero.jussieu.fr. The vertical information
available is strongly dependent on ground temperature and thermal contrast, with the
daytime data being more useful for studying the atmospheric composition in the lowest
parts of the atmosphere. Sensitivity at the surface level varies as a function of thermal
contrast and local emissivity. Several radiative transfer issues remain when processing
the IASI data over very cold/icy and very hot/sandy surfaces, for which we lack correct
emissivity data, which is not yet available from EUMETCAST.

This paper provides a preliminary assessment of the IASI CO global distributions
by comparing the product obtained by FORLI-CO with that provided by other space-
borne instruments that also exploit the thermal infrared spectral range to sound the
atmosphere. In the Northern Hemisphere and in the equatorial region, the comparison
presented here for August 2008 shows an agreement better than ~11% between |ASI
and the three other IR sounders. In the Southern Hemisphere, under 15° S, 1ASI is
about 15% lower on average than MOPITT and AIRS. For large concentrations of CO,
such as in fires events, IASI and MOPITT are in good agreement, but AIRS is system-
atically lower than IASI (30%), likely due to the combination of AIRS coarser spectral
resolution and larger retrieval footprint (45 km). TES shows a similar distribution struc-
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ture but is consistantly lower than IASI, for all latitudes bands. Column comparisons
could still be biased by different a priori used by the retrievals. Further studies are
needed to improve first guess a priori profiles, climatologies, statistics, and ancillary
data. Profile comparisons (with in situ observations, as they become available for the
IASI time period: POLARCAT campaign, MOZAIC network) will account for averaging
kernel and a priori differences. There is also a need to provide better knowledge of
the Earth’s surface temperature, atmospheric temperature and humidity profiles. Such
improvements would improve the accuracy of CO satellite remote sensing retrievals,
especially for nadir viewing thermal sounding instruments such as TES, AIRS, MO-
PITT and IASI.
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Table 1. Description of current missions and instruments that measure tropospheric CO from
nadir TIR radiances. All missions are on polar sun-synchronous orbiting platforms. Specifica-
tions are given for the CO thermal IR spectral range only, and for the nadir geometry.

Mission/Plate-form  Plate-form altitude Spectral coverage (cm™") M. George etal.
Agency Equator crossing time, Pixel size, Spatial coverage
Launch date descending/ascending orbit Spectral resolution
Data (L1) availability Instrument type Radiometric precision for CO lines References
IASI/MetOp 817 km 645 to 2760 Schluessel et al., 2005 _
EUMETSAT/CNES  09:30, descending 12 km diamx4 pixels, swath 2200 km Turquety et al., 2004
October 2006 FTS, 8461 channels, OPD 2cm  0.5cm™ (apodized) Clerbaux et al., 2007, 2009 ! !
May 2007 0.25K (NeDT @280K)
MOPITT/TERRA 705 km 2140-2192, 42654305 Drummond, 1989
NASA (EOS) 10:30, descending 22x22km, swath 640 km Edwards et al., 2004 ! !
December 1999 Gas correlation radiometer ; 3 0.04cm™ (effective) Deeter et al., 2003, 2007
March 2000 bands, 8 channels 0.05K (NeDT @280K) ! !
AIRS/AQUA 705 km 650-1136, 2116-1613, 2170-2674 McMillan et al., 2005, 2008
NASA (EOS) 13:30, ascending 13.5x13.5kmx9 pixels, swath 1650km Aumann et al., 2003
May 2002 Grating spectrometer, 2378 ~1.8cm™ (2170-2200cm™") ! !
August 2002 channels, resolving power /A2 0.14K (NeDT @280K)
TES/AURA 705km 652-919(2B1), 923-1160(1B2), Beer et al., 2006
NASA (EOS) 13:45, ascending 1090-1339(2A1) and 1891-2251(1A1) Bowman et al., 2006
July 2004 FTS, 40540 channels, OPD 5.3x8.3kmx 16 pixels, no swath Rinsland et al., 2006 ! !
August 2004 8.45cm 0.10cm™ (apodized) Luo et al., 2007a and b

1.5K (NeDT @300K) Worden et al., 2006 _
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Table 2. Correlation coefficients corresponding to Fig. 6.

ACPD
9, 9793-9822, 2009

MOPITT AIRS TES
Global Corr. coeff.=0.82 Corr. coeff.=0.91 Corr. coeff.=0.83
Slope=0.93 Slope=1.68 Slope=0.85

Lat [45°; 90°]

Lat [15°; 45°]

Lat [-15°; 15°]

Lat [-45°; —15°]

Intercept=-0.05
Corr. coeff.=0.7
Slope=0.5
Intercept=0.83
Corr. coeff.=0.83
Slope=0.96
Intercept=0.01
Corr. coeff.=0.93
Slope=0.89
Intercept=0.13
Corr. coeff.=0.73
Slope=0.77
Intercept=0.14

Intercept=-1.3
Corr. coeff.=0.88
Slope=1.11
Intercept=-0.2
Corr. coeff.=0.79
Slope=1.28
Intercept=-0.5
Corr. coeff.=0.94
Slope=1.75
Intercept=—1.42
Corr. coeff.=0.86
Slope=1.27
Intercept=—0.67

Intercept=0.37
Corr. coeff.=0.55
Slope=0.38
Intercept=1.19
Corr. coeff.=0.73
Slope=0.83
Intercept=0.46
Corr. coeff.=0.87
Slope=0.89
Intercept=0.32
Corr. coeff.=0.75
Slope=0.65
Intercept=0.56
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IASI, Lat:36.0; Lon:-121.6 DOFS=2.14
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Wavenumber (cm-1) Averaging Kernels

Fig. 1. Left panel: spectral range used for the FORLI-CO retrieval. The spectrum (in bright-
ness temperature units) was recorded around 09:30 local time, on 1 August 2008, close to Los
Angeles (USA). The residual difference (blue) between the measured spectrum (black) and the
calculated spectrum (red) is within the IASI radiometric noise (0.2 K) as indicated by the grey
horizontal lines. Right panel: FORLI-CO averaging kernels functions, for the same observation,
for different merged vertical layers.
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Surface Temperature (K)

Thermal Contrast (K)

Fig. 2. IASI global distributions on 1 August 2008, for daytime (left) and night time (right). Cloud
free observations are binned on a 0.5°x0.5° grid. (a) CO total column distribution as retrieved
by FORLI-CO. (b) Surface temperature (available from Eumetsat). (c) Thermal contrast as
calculated from the difference between surface temperature and the temperature of the first
available level of temperature profile. (d) Degrees of freedom of the signal (DOFS) as calculated
from the averaging kernel matrices.
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Brightness Temperature (K)

Fig. 3. IASI, TES and AIRS radiance spectra (in brightness temperature) around Northern
Brazil, on 1 August 2008. The spectral range used for the CO retrieval are highlighted in grey.
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Fig. 4. Comparison of IASI, MOPITT, AIRS and TES averaging kernels and DOFS. IASI, AIRS
and TES averaging kernels correspond to the inversion of the spectra provided in Fig. 3. The
MOPITT averaging kernels are chosen the same day at about the same localisation. Each
coloured line corresponds to the altitude indicated by coloured dot. Averaging kernels depend
on vertical grid spacing, which is different for each instrument.
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Fig. 5. Averaged IASI, MOPITT, AIRS and TES CO total column distributions, binned on a
1°x1° grid, for August 2008. All observations are for day-time, and were cloud-filtered following
the recommendation provided by each retrieval team. There are more TES data between 30° W
and 90° W because data are recorded every 2 days for 26 h.
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Fig. 6. Scatter plots between IASI and MOPITT, AIRS, TES, for different latitudes bands (see
correlation coefficients in Table 2) and histograms of the differences in percent (200xIASI-

INSTR/IASI+INSTR).
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