
IASI has delivered significant advances in remote sensing capabilities for numerical weather 

prediction and atmospheric composition monitoring, and promises to provide  

an excellent dataset for climate studies.

T
 HE IASI INSTRUMENT. The first Infrared  

 Atmospheric Sounding Interferometer (IASI)  

 was launched in October 2006 on the European 

Organisation for the Exploitation of Meteorological 

Satellites’s (EUMETSAT’s) Meteorological Operation 

(MetOp)-A satellite. The instrument and its succes-

sors will continue to operate until 

2020 on the current MetOp platform 

and two follow-on satellites. IASI is 

a Michelson interferometer covering 

the infrared spectral domain from 

645 to 2,760 cm−1 (3.62–15.5 μm). 

The mission is dedicated to high-

resolution atmospheric sounding, 

with a mission accuracy requirement 

of 1 K for tropospheric temperature 

and 10% for humidity for a vertical 

resolution of 1 km, and the retrieval 

of trace gas total column amounts 

(such as CO
2
, O

3
, N

2
O, CO, and 

CH
4
). The innovative instrument, 

which is described in Cayla (2001) 

and Chalon et al. (2001), is shown 

in Fig. 1. IASI was designed by the Centre National 

d’Etudes Spatiales (CNES), jointly financed by CNES 

and EUMETSAT, and built by Thales Alenia Space.

Smith et al. (2009) describe the evolution of 

infrared spaceborne instruments and the benefits to 

atmospheric sounding from achieving measurements 
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FIG. 1. Diagram of the IASI instrument.
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at progressively higher spectral resolution. IASI is the 

first purpose-built operational hyperspectral instru-

ment. (By hyperspectral we refer to the ability to mea-

sure over hundreds or thousands of spectral bands.) 

The exploitation of hyperspectral data was greatly 

advanced following the launch of the pioneering 

Atmospheric Infrared Sounder (AIRS) in 2002 (see 

Chahine et al. 2006), which, in contrast to IASI, is a 

grating spectrometer.

The MetOp satellite series is Europe’s contribu-

tion to the Initial Joint Polar-Orbiting Operational 

Satellite System (IJPS)—a series of low-Earth-orbiting 

satellites in sun-synchronous orbit. MetOp provides 

coverage in the morning orbit, with a local equa-

tor crossing time of 0930 local time (LT) for the 

descending node. The afternoon orbit is served by 

U.S. satellites operated by the National Oceanic and 

Atmospheric Administration (NOAA), with the 

current satellite being NOAA-19. IASI is one of eight 

meteorological instruments on board MetOp; more 

details and an overview on the products provided can 

be found in Klaes et al. (2007).

IASI is a cross-track scanner, with a total of 

30 ground fields of regard (FOR) per scan. Each 

FOR measures a 2 × 2 array of footprints, each of 

which has a 12-km diameter at nadir (Fig. 2). The 

spectrum is measured in three wavelength bands 

(8.26–15.5, 5.0–8.26, and 3.62–5.0 μm; see Siméoni 

et al. 2004), each of which has a separate detector, 

allowing the continuous spectral coverage with no 

gaps. In wavenumber (reciprocal wavelength) units 

the band ranges are 645–1,210, 1,210–2,000, and 

2,000–2,760 cm−1, respectively. The raw 

measurements made by the instrument are 

interferograms that are processed to radio-

metrically calibrated spectra on board the 

satellite using two calibration views, which 

can be identified on Fig. 1: the first cold 

space (CS1) view and internal blackbody 

(BB) view. Further processing by the terres-

trial data reception center delivers apodized 

radiances (known as the level 1c product) 

to the end user. The radiances consist of 

8,461 spectral samples (commonly referred 

to as “channels”) every 0.25 cm−1, with an 

instrument response function of 0.5 cm−1

half-width after apodization. Provided with 

the radiances, information is derived from 

coregistered pixels of the Advanced Very 

High Resolution Radiometer (AVHRR) 
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FIG. 2. IASI scan geometry.
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imager, which helps to characterize the heteroge-

neity of the scene (including cloud fraction) within 

each IASI pixel.

The stability of the instrument is monitored 

routinely by the CNES Technical Expertise Centre, 

using onboard measurements, and by EUMETSAT, 

where stable, clear fields of view are compared with 

simulated radiances from numerical weather predic-

tion model output. Since its launch, the instrument 

performance, which is discussed further in the next 

section, has been extremely stable. The instrument is 

already being used as a tool to investigate the spectral 

response function of other radiometers in detail (see 

“IASI performance and calibration”). Data availabil-

ity has been excellent at around 96%, and measures 

have been put in place to limit the duration of any 

interruptions.

IASI level 1c data and level 2–derived products 

(Schlüssel et al. 2005) are delivered in near–real 

time by the EUMETCast distribution system. They 

are also available online from the EUMETSAT Data 

Centre (www.eumetsat.int/Home/Main/DataAccess 

/EUMETSATDataCentre/index.htm) within 7 h of 

acquisition. For organizations not covered by the 

EUMETCast system, a selection of 300 channels 

is distributed via the Global Telecommunications 

System (GTS) of the World Meteorological Organiza-

tion (WMO). The full suite of operational products 

available from EUMETSAT is summarized in Table 1. 

Also available from September 2010, currently as 

an experimental product, are level 1c spectra com-

pressed into principal component 

(PC) scores (see “Impact of IASI in 

NWP”). NOAA/National Environ-

mental Satellite, Data, and Informa-

tion Service (NESDIS)/Center for 

Satellite Applications and Research 

(STAR; www.class.ncdc.noaa.gov 

/saa/products/welcome)1 also dis-

tributes a channel subset of the IASI 

spectrum in near–real time along 

with PC scores [using a method 

developed for AIRS as described in 

Goldberg et al. (2003)], cloud-cleared 

radiances, temperature, water vapor, 

and trace gas products.

IASI PERFORMANCE AND CALIBRATION. 

Before data from a new sensor can be used with con-

fidence, the noise characteristics of the instrument 

must be well defined. It is crucial for climate moni-

toring, and highly desirable for NWP, that any biases 

(absolute errors relative to the truth) that might affect 

satellite radiances are both understood and character-

ized. Such biases may arise from uncertainties in the 

calibration of the sensor (e.g., solar intrusion or black-

body nonlinearity), or from a lack of knowledge of, or 

changes in, the spectral response of channels. Biases 

may vary with time (e.g., resulting from an increase 

in instrument temperature) and scan position, and on 

orbital and seasonal time scales. Significant effort has 

been made to ensure the quality of IASI data.

Routine instrument performance monitoring. Routine 

monitoring of IASI data and calibration and valida-

tion activities by CNES and EUMETSAT ensure full 

characterization of the instrument and verify that the 

performance meets the requirements. Figure 3 shows 

IASI noise along with the instrument specification, 

and indicates that the noise is stable and within speci-

fication, except below 680 cm−1, above 2,300 cm−1, and 

in small overlap regions where information from two 

detector bands are merged. Small signs of contamina-

tion resulting from the buildup of ice on the instru-

ment lens can be deduced from the small increase 

in noise over time between 700 and 1,000 cm−1. The 

buildup is managed by occasional decontamination 

procedures before the effect on the spectra becomes 

FIG. 3. Measured IASI noise [noise-equivalent brightness tempera-

ture (NEΔT)] expressed at a reference point of 280 K, spanning the 

spectral range 645–2,400 cm−1 (15.5–4.17 µm). The stability of the 

noise performance over 1 yr is shown (see legend). The IASI noise 

design specification is shown (stepped black line).

1 The NESDIS is part of NOAA. STAR is 

the science arm of NESDIS responsible 

for processing the IASI data in near–

real time, while NOAA/CLASS at the 

National Climatic Data Center (NCDC) 

is responsible for distribution.
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too great. Blumstein et al. (2007) describe routine in-

flight calibration and validation activities, which can 

be split into three more or less independent classes: 

spectral, radiometric, and geometric.

Validation of the spectral calibration is performed 

using a line-by-line radiative transfer model together 

with ground truth measurements or NWP data for 

Earth scenes with very good spatial uniformity, such 

as clear-sky conditions over the sea. The spectral 

calibration accuracy is within the specification of 

��/� = 2 × 10–6 (where � represents frequency or re-

ciprocal wavelength).

Radiometric calibration of the IASI level 1 prod-

ucts is based on the cold and hot calibration views (see 

Fig. 1), which are each measured every 8 s. Prelaunch 

testing of the instrument was carried out using black-

bodies at well-known temperature, and the stability 

of the instrument is monitored in f light. In-depth 

evaluation is routinely performed by comparing IASI 

with other instruments, such as AVHRR and the High 

Resolution Infrared Radiation Sounder (HIRS) on 

the MetOp platform. These instruments have a much 

lower spectral resolution than that of IASI, but their 

measurements can be compared by integrating the 

IASI radiance spectrum over the response function 

of the low-resolution instrument. Such intercom-

parisons suggest that the absolute calibration of the 

sounder is better than 0.35 K, and therefore fully 

within the specification of 0.5 K.

The geolocation of IASI products is based on 

coregistration with AVHRR. In addition to the in-

terferometer, IASI has an integrated infrared imager, 

the Integrated Imaging Subsystem (IIS), with 64 × 

64 pixels to each IASI footprint. Every IIS image is 

coregistered with AVHRR so that the ground position 

of the image, and thus the associated sounder foot-

print, can be determined. Validation of the geometric 

calibration is carried out frequently, using scenes 

with high-contrast features (e.g., coastlines), giving 

the geolocation error of IASI to be within 100 m with 

respect to AVHRR.

Independent radiance calibration and validation studies. 

Various independent intercalibration studies between 

IASI and other instruments are ongoing within the 

Global Satellite Inter-Calibration System (GSICS; 

see www.wmo.int/pages/prog/sat/GSICS/index_

en.html; e.g., Hewison and König 2008; Goldberg 

et al. 2011). GSICS aims to ensure the comparability 

of satellite measurements performed from different 

instruments (sounders/imagers, infrared/microwave) 

and platforms, to interpret the differences, and to 

link the measurements to absolute references and 

standards. Intercomparisons have been performed 

with HIRS, AIRS, the Spinning Enhanced Visible 

and Infrared Imager (SEVIRI), and the Advanced 

Along-Track Scanning Radiometer (AATSR) using 

simultaneous nadir overpass (SNO) methods or 

double-difference (DD) methods (e.g., Cao et al. 2009; 

Illingworth et al. 2009; Hewison 2008a,b; Tobin 2008; 

Wang and Cao 2008). Biases are also characterized 

via the study of residuals between IASI observations 

and simulations based on radiative transfer code and 

collocated radiosoundings (Blumstein et al. 2010). 

These intercalibration studies have confirmed the re-

markable accuracy and stability of IASI as measured 

by CNES and EUMETSAT.

Illingworth et al. (2009) used SNOs to compare 

the in-f light radiometric performance of IASI in 

the 11- and 12-μm regions with that of AATSR on 

the Environmental Satellite (Envisat) platform and 

identified a suspected spectral filter uncertainty of 

around 0.2 K in the 12-μm channel of AATSR. Since 

the original study, more collocations have been added 

and it is now found that IASI agrees with AATSR at 

11 μm to an accuracy of better than 0.1 K with a bias 

of −0.04 ± 0.04 K for clear-sky scenes.

Intercalibration between IASI and AIRS, a hy-

perspectral sounder f lying in the 1330 LT orbit on 

National Aeronautics and Space Administration’s 

(NASA’s) Earth Observing System (EOS) Aqua 

satellite, is especially important for climate appli-

cations, because between them they can provide 

information about Earth’s diurnal cycle. Figure 4 

shows AIRS–IASI SNO brightness temperatures and 

also a DD intercomparison (see the figure caption 

for more information). In general, both techniques 

show agreement to better than 0.2 K, which is well 

below the specifications of both instruments. Time 

series analysis suggests that any radiometric drift 

between IASI and AIRS is at the milli-Kelvin level 

or smaller.

Dedicated calibration/validation (cal/val) campaigns. The 

Joint Airborne IASI Validation Experiment (JAIVEx; 

http://cimss.ssec.wisc.edu/jaivex/) was conducted in 

the United States in April–May 2007, coordinating 

flights of UK and U.S. atmospheric research aircraft 

collocated with overpasses of the MetOp-A satellite. 

Aircraft interferometer measurements confirmed 

calibration accuracy to better than 0.3 K (Newman 

et al. 2008; Larar et al. 2010). The measurements 

made during JAIVEx were also exploited to provide 

an independent estimate of the instrument noise by 

Masiello et al. (2011), who used a method based on the 

variance of spectral residuals between the observed 
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and modeled radiances from the �–IASI physical in-

version scheme (Masiello et al. 2009) to demonstrate 

a high level of consistency with prelaunch estimates 

of level 1c noise.

A dedicated campaign organized by CNES in 

Brazil during June 2008 performed measurements 

using the IASI balloon (http://ether.ipsl.jussieu.fr 

/etherTypo/index.php?id=1283&L=1) instrument 

(Té et al. 2002) with a MetOp-A simultaneous 

overpass. The IASI balloon is a stratospheric bal-

loonborne interferometer with a higher spectral 

resolution than that of IASI, designed for in-orbit 

calibration of IASI and to test retrieval algorithms 

for certain trace gases. Using the Laboratoire de 

Probabilités et Modèles Aléatoires (LPMA) Atmo-

spheric Retrieval Algorithm (LARA; Keim et al. 

2009), the campaign demonstrated consistency of 

retrieved CO products and confirmed the good 

performance of IASI for performing retrievals of 

minor atmospheric constituents.

Scene heterogeneity and subpixel cloud. Scene heteroge-

neity within a field of view (such as partial cold cloud 

cover over a warm background) can have a fundamen-

tal effect on the measurement by slightly altering the 

nominal instrument spectral response function. For 

an interferometer such as IASI, changing the angular 

distribution of rays entering the instrument will be 

discernible mainly by a shift in the wavelength to which 

each channel is sensitive. However, extensive analyses 

by A. Gambacorta et al. (2010, unpublished manuscript) 

have shown that the impact on the measured radiance is 

generally well below the level of instrument noise, and 

does not correlate with errors in retrieved products.

Understanding scene heterogeneity is a lso 

important for accurate forward modeling. At the 

present time, for many applications it is common 

to avoid using observations or parts of the spectrum 

that may be affected by subpixel cloud, which can be 

hard to detect. Work is ongoing to understand the ef-

fects and characteristics of subpixel cloud, in particu-

lar using the statistics of MetOp AVHRR observations 

that fall within the IASI field of view, and to assess the 

potential of methods such as cloud clearing (e.g., Li 

et al. 2005; Goldberg et al. 2003; Prunet et al. 2007), 

which attempt to separate the different components 

within a partially cloudy scene and increase the 

amount of usable information in the spectra.

Spectroscopy. Almost all of the applications of IASI, and 

indeed instrument calibration and validation studies, 

require synthetic radiances to be computed using 

radiative transfer models, which themselves depend 

on knowledge of the underlying spectroscopy of the 

atmospheric species that absorb and emit radiation at 

infrared wavelengths. The creation and maintenance 

of comprehensive databases of the absorption features 

of these gases, such as Gestion et Etude des Informa-

tions Spectroscopiques Atmosphériques (GEISA) 

IASI (http://ether.ipsl.jussieu.fr; Jacquinet-Husson 

et al. 2003, 2005, 2008, 2011) and High Resolution 

Transmission (HITRAN; Rothman et al. 2009), is 

therefore critical to the application of IASI data. GEISA 

currently covers the absorption features of 27 differ-

ent atmospheric gases within IASI’s spectral range. 

IASI has demonstrated an impressive ability to detect 

trace gas species and aerosol signatures, including 

some that were not expected prior to launch, which 

highlights the need to continue to extend and improve 

spectroscopic databases to realize the full potential of 

the instrument.

IMPACT OF IASI IN NWP. The primary goal of 

the IASI mission is to provide atmospheric emission/

FIG. 4. AIRS–IASI SNO radiance in brightness tem-

perature (BT) units for both the Northern Hemisphere 

(red) and Southern Hemisphere (green) SNO loca-

tions, smoothed over wavenumber to remove channel-

by-channel variations that result from inaccurate 

spectral calibration of both sensors. In blue is the DD 

intercomparison, which is the BT bias of AIRS minus 

the BT bias of IASI, where the bias is the observed radi-

ance minus the radiance computed from the ECMWF 

NWP forecast/analysis data. The DD technique re-

moves almost all sensitivity to NWP model errors and 

radiative transfer errors and allows observations to be 

compared over a much wider geographical range than 

the SNO technique. Only clear, ocean FOVs are used in 

this study. The largest disagreement in the 2300 cm−1 

region is actually very small because these very cold 

radiances are near the noise level for IASI. The dip in 

the SNOs near 1000 cm−1 is not reflected in the DD 

results and is not understood at this time.
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absorption spectra to 

estimate temperature 

and humidity profiles 

with high resolution and 

accuracy for numerical 

weather prediction. The 

accuracy of the weather 

forecast depends criti-

cally on the accuracy 

of the initial state of the 

atmosphere, which is 

propagated forward in 

time to give the fore-

cast. To create the best 

estimate of the initial 

state, observations are 

combined into the fore-

cast model using data 

assimilation techniques, 

the most common of 

which is currently four-

dimensional variational 

assimilation (4DVAR). 

Satellite sounding in-

struments, like IASI, 

are a crucial part of the 

global observing system 

for NWP, and over the 

last two decades have 

come to have the great-

est forecast impact of 

any type of observation 

currently assimilated 

(e.g., Cardinali 2009).

For NWP, carbon dioxide absorption lines at 645–

800 cm−1 (15.5–12.5 μm) are used to provide informa-

tion primarily about the atmospheric temperature; 

the window region at 800–1,200 cm−1 (12.5–8.3 μm) 

contains information about the surface temperature 

and near-surface water vapor; and water vapor lines in 

the 1,200–1,600 cm−1 (8.3–6.3 μm) range add informa-

tion on the vertical distribution of humidity. The large 

number of channels, high spectral resolution, and 

low radiometric noise of IASI mean that much more 

information about the atmospheric structure is avail-

able than from previous operational sounders (Amato 

et al. 1997; Prunet et al. 1998; Collard 1998). With 

improvements in the vertical resolution of forecasting 

models, the higher-resolution information from IASI 

spectra is becoming increasingly important.

The data from IASI were made available to NWP 

centers within 6 months of the launch of MetOp-A, 

enabling centers to start using the observations for 

operational forecasting very quickly. The data are 

now used operationally at the majority of worldwide 

forecasting centers with advanced data assimilation 

schemes. Good instrument performance is criti-

cal in operational NWP, and IASI has provided a 

timely, reliable flow of high-quality, stable data. To 

date there has been no need for intervention in the 

assimilation system to prevent forecast degradation, 

which is sometimes required when the quality of an 

observation drops.

Operational assimilation. Tests of the performance 

of IASI within the forecasting system have shown 

positive impact at least as great as for any previously 

introduced new instrument (Hilton et al. 2009a; 

Collard and McNally 2009; Hilton et al. 2009b). 

Strong impacts have been found on geopotential 

height and mean sea level pressure, among other 

variables, out to 5–6 days, and Fig. 5 shows typical 

FIG. 5. Impact on Met Office RMS forecast error of assimilating IASI against a 

control with no IASI observations. Statistics are for forecasts from 23 May–23 Jun 

2007. The different variables are displayed on the x axis: NH = Northern 

Hemisphere, Tr = tropics, SH = Southern Hemisphere, PMSL = pressure at mean 

sea level, H = geopotential height, W = wind, T = temperature. The numbers 

for H, W, and T correspond to pressure levels, and the “T+” figures to forecast 

lead time.
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results from the Met Office. Although the RMS 

forecast error is not reduced for all variables, the 

overall performance is clearly positive. The impact 

scores in global models have been particularly im-

pressive because IASI is assimilated into a system 

that is already very well observed by sounding data, 

with around 10 microwave and 5 additional infrared 

sounders. In particular, the benefits have been seen 

of having a hyperspectral sounder in both morning 

and afternoon orbits, because there is impact from 

combining IASI in the 0930 LT orbit with AIRS in 

the 1330 LT orbit. IASI observations are increasingly 

used in limited area models and have shown a posi-

tive impact, including on forecasts of precipitation, in 

convective-scale models with 1.5–2.5-km horizontal 

resolution (Guidard et al. 2011). Current operational 

assimilation schemes for IASI are relatively conser-

vative. They use up to only 200 channels, which are 

carefully chosen from the spectrum to maximize 

the information content of the observations (Collard 

2007), because operational timing constraints mean 

that assimilating many more channels is too compu-

tationally expensive. Current data usage in the polar 

regions and large parts of the Northern Hemisphere 

is still rather low because of a lack of knowledge of the 

surface properties over land and sea ice; progress in 

this area is being aided by the development of surface 

emissivity atlases (discussed below in the context 

of climate). Of particular interest in current NWP 

research is the extraction of more information from 

each assimilated observation, particularly near the 

surface and on fine vertical scales.

Cloudy f ields of view. Most centers assimilate chan-

nels where the effect of cloud in the field of view can 

be simulated using a simple cloud model. A com-

mon technique is either to assimilate channels with 

weighting functions that peak above a diagnosed 

cloud top (e.g., McNally and Watts 2003; Pavelin 

et al. 2008; Pangaud et al. 2009), or to use fully 

overcast scenes (McNally 2009). The channels above 

the cloud top provide important information to the 

forecast model, as shown in Fig. 6, which shows the 

impact on the Met Office RMS forecast error of the 

Pavelin et al. (2008) cloudy assimilation scheme 

relative to the assimilation of only completely clear 

observations. A recent study by Lavanant et al. (2010) 

compared the output of several operational cloud 

retrieval schemes for IASI and found that they show 

reasonable agreement for thick, overcast cloud layers 

and for high cloud. However, the ability to analyze 

complex multilayer cloud situations correctly is less 

reliable, and accounting for these cases this is still 

an active area of research. Work is also ongoing to 

develop more advanced schemes to make better 

use of cloud-affected data (e.g., Stengel et al. 2010; 

Guidard et al. 2011), but significant progress in this 

area is reliant upon developments in data assimila-

tion schemes, radiative transfer models, and NWP 

models themselves.

Water vapor. The assimilation of most sources of 

satellite sounding data currently has little effect on 

humidity profiles in the boundary layer or on fine 

vertical structures. There are numerous factors that 

make assimilation of humidity information difficult, 

such as ambiguity arising from water vapor channel 

sensitivity to both temperature and humidity, non-

linearity of the instrument response to the amount 

of water vapor present, and high spatial variability of 

the water vapor concentration. These issues make it a 

challenge for linear assimilation algorithms to handle 

the observations correctly if the model state is too far 

from the true atmospheric state.

FIG. 6. Impact on Met Office RMS forecast error of 

assimilating channels down to cloud top from AIRS 

and IASI relative to assimilating clear scenes only. 

Statistics are for forecasts from 1 to 31 Dec 2008. The 

different variables are displayed on the x axis and are 

the same as in Fig. 5.
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At present, only a very few (< 40) IASI 

channels sensitive to water vapor molecules 

can generally be assimilated in NWP sys-

tems before the fit of the model to other 

observations and the numerical stabil-

ity of the assimilation algorithm suffers 

(resulting in nonconvergence or giving 

physically unrealistic values). To enable 

their assimilation, humidity sounding 

channels are usually assumed to have much 

larger errors than can be attributed to the 

instrument noise, and this restricts their 

impact on the humidity profile. Research 

into the particular problem of the assimila-

tion of IASI water vapor channels is being 

conducted at several operational centers. At 

the Met Office, the effort is directed toward 

understanding the error characteristics of 

the forecast model, which have a profound 

influence on the use of observations (Eyre 

and Hilton 2010; Hilton and Eyre 2010). 

Various practical measures are also being 

sought, and under current investigation at 

Météo-France is dynamic channel selec-

tion, where channels are chosen for each 

observation depending on the fit of each 

channel to the model forecast. Results using 

case studies from the JAIVEx campaign 

have shown that significantly more humid-

ity information can be extracted from IASI 

using this technique.

Principal components. There are potential benefits 

to using a larger proportion of the IASI spectrum. 

Principal component analysis (PCA) has received a 

great deal of attention both as a means for compressing 

hyperspectral data and in NWP-related retrieval algo-

rithms (e.g., Aires et al. 2002; Masiello and Serio 2004; 

Liu et al. 2009). PCA exploits the redundancy of infor-

mation in a dataset by performing a transformation to 

a new, uncorrelated set of variables (the PCs), where 

the first PC represents the spectral feature with the 

most variance, the second PC represents the feature 

with the second most variance, and so on. Retaining 

just the first few hundred components preserves the 

majority of the spectral information, and the remain-

ing components, consisting mostly of random instru-

ment noise, may be discarded without significant loss 

for many applications. Figure 7 shows an example of 

PC noise reduction in the IASI shortwave band.

Reliable, fast radiative transfer models exploiting 

PCA are now available (e.g., Liu et al. 2006) meaning 

that, in principle, PC compression could be used in 

operational NWP to allow the use of information 

from the full spectrum, rather than just the selected 

channels. There are difficulties in the practical use 

of PCs (Collard et al. 2010), but the feasibility of 

retrieving temperature and humidity profiles coupled 

with land surface emissivity from PCs has been dem-

onstrated (Liu et al. 2009; Thelen et al. 2010) and work 

is now underway to test the use of PC-compressed 

spectra in an operational context.

Use of interferometric radiances. Grieco et al. (2010, 

2011) analyze potential improvements in IASI 

products that can be achieved by using IASI inter-

ferograms directly, instead of IASI spectra. Like PC 

compression, interferometric radiances (obtained by 

selectively truncating the interferogram) provide a 

way of reducing data volume while retaining atmo-

spherically important information. The use of the 

interferogram instead of sparsely selected individual 

channel radiances yields better water vapor retrievals, 

in terms of vertical resolution and accuracy. The 

FIG. 7. The effect of principal component compression on 

spectral random noise. (top) A comparison of a simulated 

IASI spectrum from a line-by-line (LBL) radiative transfer cal-

culation (red curve) with an observed spectrum (black curve). 

The radiative transfer calculation used a 6-h NWP forecast 

representative of the observed IASI measurement. (bottom) 

The LBL calculation plotted with the PCA-reconstructed 

“filtered” brightness temperatures. Note the high noise of 

the black curve in the upper plot, while the reconstructed and 

the LBL values are more similar in the lower plot because the 

noise has been filtered.
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concept of the partial interferogram is also relevant 

to atmospheric chemistry studies, where it can be 

exploited in the retrieval of gas species with absorp-

tion lines that are regularly spaced in the spectrum 

(such as CO
2
 or CO) by using the truncation process 

to extract and isolate the lines of interest, minimizing 

the effects of the surface and other gases. Figure 8 

illustrates the case of CO
2
, where the periodic nature 

of the emission lines produces a distinct feature in the 

interferogram. Grieco et al. (2011) demonstrate the 

ability to retrieve CO
2
 columns to within ±7 ppmv 

for a single IASI pixel, and their retrievals achieve 

better agreement with in situ measurements from the 

JAIVEx campaign than the AIRS-based European 

Centre for Medium-Range Weather Forecasts 

(ECMWF) analyses.

Ozone. Many NWP models now contain limited 

modeling of ozone for air quality forecasting and 

improved model physics. Ozone is also important to 

the assimilation system, because many infrared chan-

nels that could be used for temperature sounding are 

weakly affected by the gas. Han and McNally (2010) 

report on recent experiments at ECMWF to assimi-

late IASI channels at the frequencies of strong ozone 

absorption lines. IASI observations, which have the 

advantage that they can measure ozone at night, were 

found to have as strong an impact on the system as 

dedicated visible and ultraviolet ozone instruments, 

and the assimilation of the IASI ozone channels im-

proved the fit to stratospheric temperature sounding 

channels.

IMPACT OF IASI ON ATMOSPHERIC 

COMPOSITION STUDIES. The second main 

objective of the IASI instrument is to provide 

data for atmospheric composition monitoring. 

Importantly, IASI meets the Global Climate Observing 

System (GCOS) climate monitoring principles 

(www.wmo.int/pages/prog/gcos/index.php?name=

ClimateMonitoringPrinciples) because several flight 

models have been designed to allow a continuity of 

observations. IASI has provided major advances in the 

measurement of trace gases and aerosols (Clerbaux 

et al. 2009, and references therein), which are key for 

tackling environmental issues. In particular, research 

has shown that the excellent signal-to-noise ratio and 

good spectral resolution of IASI allows the retrieval of 

vertical profiles of trace gases that are comparable, or 

superior, to those of previous instruments. For O
3
 and 

CO, IASI has demonstrated a potential impact on air 

quality forecasting and provides a continuation of the 

long-term chemical records of interannual variability 

that were started with other instruments. In addition, 

IASI has made it possible to measure concentrations 

of some reactive species that were thought to be 

undetectable from space, such as 

ammonia (Clarisse et al. 2009). IASI 

can also be used for near-real-time 

detection of events, such as fires and 

volcanic plumes.

Trace gas monitoring. Atmospheric 

chemistry studies with IASI rely on 

the retrieval of trace gas concentra-

tion distributions on various scales, 

from local (source monitoring) to 

regional (continental/intrahemi-

spheric pollution) and global. One of 

the challenges for most applications 

is to deal with the huge data f low 

in near–real time, and to provide 

concentration measurements above 

sea and land surfaces, possibly also 

in partly cloudy conditions.

Operational trace gas products are 

available from EUMETSAT, mostly 

based on neural network retrieval 

schemes (Schlüssel et al. 2005; Ricaud 

et al. 2009). Preliminary evaluation 

of O
3
 and CO total columns (version 

FIG. 8. The use of the partial interferogram to isolate CO
2
 emission 

lines from surface effects and other gas emissions. (a) A typical IASI 

interferogram. The periodic signature of CO
2
 is indicated (arrow). 

(b) Zoom in on the CO
2
 interferometric signal. (c) The result from 

when the partial interferogram is transformed back to the spectral 

radiance domain, leaving only the contribution to the spectrum from 

the CO
2 
lines: all other contributions have been removed (see Grieco 

et al. 2011 for details).
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5) with independent measurements and other prod-

ucts has shown good agreement overall. Comparisons 

of IASI ozone columns with Global Ozone Monitor-

ing Experiment (GOME)-2-derived values show a 

bias of 2.7% (IASI higher) and a standard deviation 

of 2.5%. CO columns have been compared to those 

from Measurements of Pollution in the Troposphere 

(MOPITT) on the Terra platform, where the standard 

deviation is between 8% and 15%, depending on 

latitude (lower values in tropical regions). The bias 

is 10% (MOPITT is higher). EUMETSAT greenhouse 

gas products await further validation studies. NOAA 

also distributes its own operational trace gas products 

(see www.star.nesdis.noaa.gov/smcd/spb/iosspdt 

/iosspdt.php).

In parallel, efforts are made by the scientific com-

munity to provide IASI chemistry products with full 

characterization (vertical sensitivity functions and 

errors). Near-real-time global distributions of trace 

gas columns and/or vertical profiles are available from 

the Université Libre de Bruxelles (ULB)/Laboratoire 

Atmosphères, Milieux, Observations Spatiales 

(LATMOS) processing chains, which combine a fast 

and accurate radiative transfer model with retrieval 

schemes based on the optimal estimation method. 

Global distributions are retrieved twice a day for CO,2 

O
3
, and nitric acid (HNO

3
), within 3–4 h of the obser-

vation (Fig. 9). They are provided as weakly resolved 

vertical profiles, with the number of independent 

pieces of information for each gas depending mostly 

on the thermal state of the atmosphere (one–two for 

CO on 19 tropospheric levels, three–five for O
3
 on 40 

levels up to 0.1 hPa, and one for HNO
3
). Several other 

dedicated research algorithms are available in the 

science community; in particular, for distributions 

of tropospheric CO and O
3
. These trace gas distribu-

tion products have led to some important results for 

atmospheric chemistry.

CARBON MONOXIDE (CO). Carbon monoxide, with a 

chemical lifetime of several weeks in the troposphere, 

is an excellent tracer of atmospheric pollution. Its 

atmospheric concentration can be used to infer criti-

cal information on pollution transport and carbon 

2 CO columns from the Fast Optimal/Operational Retrieval on Layers for IASI (FORLI) suite can be accessed via the Ether 

database (http://ether.ipsl.jussieu.fr). CO quick-look daily maps can also be viewed with different projections from LATMOS 

(http://iasi-chem.aero.jussieu.fr).

FIG. 9. Trace gas distributions retrieved from IASI spectra, averaged over 1 month of observations in Jul 2008. 

(top) Total columns for the chemistry gases carbon monoxide, ozone (tropospheric column), formic acid, and 

methanol. (bottom left) Polar projection over the Antarctic of ozone and nitric acid total columns, prior to the 

development of the ozone hole. (bottom right) Arctic projection showing hotspots of ammonia over continental 

areas and the SO
2
 plume following Okmok eruption.
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emissions. IASI CO columns have been shown to agree 

well with retrievals from the other infrared sounders, 

such as the Thermal Emission Spectrometer (TES), 

AIRS, and the MOPITT instrument. In particular, 

both local (Illingworth et al. 2011a) and global studies 

(George et al. 2009) have thus far indicated very good 

agreement with MOPITT versions 3 and 4 data, with 

average systematic biases in total columns of 10% or 

less, and allow IASI to continue MOPITT’s record of 

seasonal and interannual variability. CO columns 

are now assimilated operationally at ECMWF in the 

Global Monitoring for Environment and Security 

(GMES)/Monitoring Atmospheric Composition and 

Climate (MACC) forecasting model to produce a 

chemical forecast of CO fields, and are also used 

in a variational Bayesian system to infer the global 

distribution of CO emissions (Fortems-Cheiney 

et al. 2009). They have also served as reference for the 

Polar Study using Aircraft, Remote Sensing, Surface 

Measurements and Models, of Climate, Chemistry, 

Aerosols, and Transport (POLARCAT) International 

Polar Year (IPY) activities to plan aircraft campaigns 

and to study the transport of pollution plumes from 

boreal fires moving toward the Arctic (Pommier et al. 

2010; Sodemann et al. 2011).

OZONE (O
3
). As mentioned in the context of NWP, 

IASI radiances contain information on the O
3
 profile 

and several centers produce standalone O
3
 products. 

Validation studies have already been performed 

using local sonde measurements or GOME-2 data, 

and by comparing different algorithms the excel-

lent capabilities of IASI have been largely confirmed 

(Boynard et al. 2009; Keim et al. 2009). Most impor-

tantly, stratospheric and tropospheric distributions 

can be separated and studied almost independently 

(Boynard et al. 2009; Eremenko et al. 2008). In the 

stratosphere IASI provides a remarkable view of the 

ozone hole and its structure, even during the polar 

night, which is promising for the investigation of 

processes related to ozone hole development and for 

monitoring the expected recovery of the ozone layer 

following the Montreal Protocol (UNEP 2009). In the 

troposphere, the focus is on air quality monitoring, 

stimulated by early studies that showed IASI’s sen-

sitivity to pollution events (Eremenko et al. 2008). 

Tropospheric ozone distributions have recently been 

analyzed over several megacities in China and other 

parts of the world, and the large ozone amounts 

that are found (Fig. 10) suggest an anthropogenic 

origin (Dufour et al. 2010). The seasonal variation 

of tropospheric ozone in China also shows the influ-

ence of the Asian monsoon and suggests that large 

ozone concentrations can be due to the descent of 

ozone-rich air from the stratosphere (e.g., during the 

winter in Beijing). The assimilation of tropospheric 

ozone fields in regional chemical transport models 

has now started and shows promise for air qual-

ity applications (Foret et al. 2009). The study of the 

upper troposphere–lower stratosphere (UTLS) region, 

which is crucial for assessing the impact of ozone on 

radiative forcing, can also be undertaken with IASI.

NITRIC ACID (HNO
3
). IASI provides unprecedented 

information on the global distributions of HNO
3
 

columns. Preliminary studies have an emphasis 

on spatial and seasonal variability and on the role 

of nitric acid in the development of the ozone hole 

(Wespes et al. 2009). Because IASI’s sensitivity to 

HNO
3
 is mainly in the UTLS region, there is great in-

terest in using the retrieved distributions to constrain 

estimates of the production of NO
x
 by lightning.

AMMONIA (NH
3
) AND VOLATILE ORGANIC COMPOUNDS.  In 

addition to the main trace gases, IASI can detect emis-

sion sources of short-lived species. These species usual-

ly have very weak spectral signatures, and so currently 

simple radiance indexing methods based on brightness 

temperature differences are applied to produce global 

distribution maps (Clarisse et al. 2009; Razavi et al. 

2011; Walker et al. 2011), with possible extension to the 

use of noise-filtered radiances (Atkinson et al. 2010). 

FIG. 10. Tropospheric ozone distributions in Dobson 

units (DU), shown as partial columns from the ground 

to 6 km, above China for the month of Apr 2008. Note 

that the sensitivity to the lowest layers of the tropo-

sphere varies with the thermal contrast. As a result, 

the pixels do not represent exactly the same vertical 

distribution, with enhanced sensitivity to the lower 

troposphere over land compared to over ocean.
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The first global distributions of 

NH
3
 reveal the principal hotspots 

resulting from agriculture and 

suggest, through a comparison 

with chemical transport models, 

significant underestimation of 

current emission inventories 

(Clarisse et al. 2009). This result 

is one of the highlights of the 

IASI mission since its launch. 

An example of the NH
3
 distribu-

tion above Europe is provided in 

Fig. 11. Local analyses using more 

sophisticated retrieval methods 

have recently demonstrated the 

capability of IASI to capture daily 

variations in the concentration 

of NH
3
 above hotspot regions 

(Clarisse et al. 2010a), providing 

opportunities to study the cycle 

of reactive nitrogen species in 

the atmosphere, and their impact 

on ecosystem health and on cli-

mate. Using similar methods, global distributions of 

methanol (CH
3
OH) and formic acid (HCOOH) total 

column amounts have been obtained and evaluated on 

a seasonal basis (Razavi et al. 2011). These strengthen 

the contribution of IASI to tropospheric chemistry 

monitoring and to the improvement of emission in-

ventories from different sectors.

Near-real-time plume chemistry and tracking. With its 

broad spectral coverage of the thermal infrared, and 

excellent radiometric performance and horizontal 

sampling, IASI can track gaseous plumes released 

into the atmosphere after extreme events, such as 

volcanic eruptions and large fires (Fig. 12). Although 

limitations remain due to the polar orbit, which 

provides twice-daily sampling in comparison with 

quasi-continuous geostationary observations, this 

capability was not expected prior to launch. The 

tracking of plumes is based on the detection of the 

spectral signatures of short-lived gases, which are 

usually not seen in the radiance spectra because of 

the low abundance of the species but show up in 

these exceptional situations because of the marked 

concentration enhancements in the plumes.

Volcanic plumes are identified in IASI spectra 

based on the SO
2
 signal (see Fig. 12, top), largely 

from the �
3
 band around 1,350 cm−1, although several 

other bands can be used (Clarisse et al. 2008, 2010b; 

Karagulian et al. 2010). The detection of volcanic 

plumes has a straightforward application in aircraft 

safety (Rix et al. 2009). A radiance indexing method is 

applied in near–real time to alert users (e.g., Volcanic 

Ash Advisory Centers) to the presence of a high-

altitude volcanic plume just 3 h after the measure-

ments are taken. The location and extent of the plume 

is tracked in each subsequent MetOp overpass. An 

automatic operational alert system (http://cpm-ws4 

.ulb.ac.be/Alerts/) has been running since January 

2008, which has proven to be extremely robust and 

valuable, identifying all major eruptions releasing SO
2
 

while avoiding false alarms completely. The detection 

and monitoring of volcanic ash (Clarisse et al. 2010c) 

is described in the next section.

Fires are easily monitored using CO measurements 

(Turquety et al. 2009; Illingworth et al. 2011b), but 

source attribution remains uncertain in many cases 

because of other contributions to CO emissions from, 

for example, fossil fuel combustion. In large fires, 

volatile organic compounds and nitrogen species are 

released in significant amounts, and can be detected 

in the IASI spectra (Fig. 12). The combination of the 

signals from ammonia, formic acid, methanol, and 

sometimes ethene (C
2
H

4
), alongside that of CO, allow 

for the unambiguous identification of fires and the 

tracking of their plumes in space and time. The fate 

of these different species during transport also gives 

information on the chemistry processes in the plumes 

(Coheur at al. 2009). It is anticipated that the use of 

IASI will significantly improve the determination of 

emission ratios for several species.

FIG. 11. Ammonia distributions (total columns, in molecules per cubic 

centimeter) above Europe, averaged for Jun 2010, on a 0.125° × 0.125° 

grid.

359MARCH 2012AMERICAN METEOROLOGICAL SOCIETY |
Unauthenticated | Downloaded 08/25/22 12:12 PM UTC

http://cpm-ws4.ulb.ac.be/Alerts/
http://cpm-ws4.ulb.ac.be/Alerts/


IASI’S CONTRIBUTION TO CLIMATE 

STUDIES. The results of validation studies out-

lined in “IASI performance and calibration” show 

that IASI has promise for climate applications. 

These studies are aimed at meeting the require-

ments expressed in the Global Climate Observing 

System (GCOS; www.wmo.int/pages/prog/gcos/) 

implementation plan for the generation of calibrated 

observations of essential climate variables (ECVs) 

from satellites and the generation of products for use 

in monitoring the global climate. IASI contributes 

to the study of several ECVs and other important 

climate datasets (Fig. 13). Examples include tem-

perature and water vapor profiles (Pougatchev et al. 

2009; Amato et al. 2009), cloud and aerosol proper-

ties, measurements of anthropogenic greenhouse 

gases (CO
2
 and CH

4
) and ozone (O

3
), and surface 

temperature and emissivity. Zhou et al. (2009) have 

demonstrated the ability to retrieve thermodynamic 

parameters from AIRS and IASI; the derived tem-

perature and moisture profiles capture observed 

trends and field evolution when compared against 

coincident radiosonde, dropsonde, and aircraft 

interferometer measurements.

What is crucial for the GCOS programme is the 

construction of a homogeneous, robust long-term 

data record of climate variables. IASI has been pro-

viding data in an operational capacity for 5 yr, and 

thus has not yet made significant contributions to the 

analysis of long-term climate trends. However, the 

operation of two more IASI instruments on MetOp-B 

in 2012 and MetOp-C in 2016 will yield at least 15 yr 

of continuous observations. Thanks to this long time 

series and to its excellent radiometric stability, IASI 

will contribute significantly to the study of our 

climate, continuing the long time series of climate 

variables that began with HIRS on the NOAA satel-

lite platforms, and then AIRS on NASA’s EOS Aqua 

satellite.

Evaluation of IASI climate datasets is already 

underway, and the following sections present some 

of the achievements of IASI during its first 5 yr of 

operation, and highlight areas where IASI is likely to 

play an important role in future studies.

FIG. 12.  (top) SO
2
 plume (DU) from the Nov 2010 Merapi eruption in Indonesia, integrated from 3 to 20 Nov. 

(bottom) Pollution plume from the central Russian fires in summer 2010, as observed with various trace gases. 

Note that for CO only values above 2.2 × 1018 molecules cm−2 are plotted.
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The hydrological cycle. The IASI record already includes 

a large sample of climate variability events, such as the 

2006 and 2009 El Niño/La Niña, intertropical conver-

gence zone (ITCZ) oscillations, Madden–Julian oscil-

lation (MJO) events, and volcanic eruptions. These 

phenomena are of great importance for studying the 

dynamic processes regulating hydrological variables 

and their sensitivity to surface temperature. Overall 

assessment of water vapor and cloud feedbacks, along 

with the determination of the sources and sinks of 

atmospheric hydrological variables, are still critical 

issues in climate science, mainly because of the his-

torical lack of a comprehensive, robust, high vertical 

resolution database. The IASI instrument will be an 

unprecedented resource to help resolve these issues. 

The ability of IASI to probe the water isotopic com-

position adds a new dimension to the study of the 

hydrological cycle (Herbin et al. 2009).

Cloud properties. Clouds cover more than two-thirds 

of the Earth’s surface and hence play a dominant role 

in the energy and hydrological cycle of our planet. 

Compared to other passive remote sensing instru-

ments, the high spectral resolution of hyperspectral 

infrared sounders such as IASI leads to especially reli-

able determination of cirrus properties, even where 

optical thickness is as low as 0.1 (e.g., Stubenrauch 

et al. 1999, 2010). An example of retrieved high 

cloud amount is given in Fig. 13a. Because infrared 

(IR) sounders do not introduce artificial day–night 

biases into retrievals of cloud properties, the data are 

very useful for studying the diurnal cycle (Fig. 13b). 

Figure 13b reveals greater tropical high cloud amounts 

in the evening than in the morning, especially over 

convective land regions, which can be linked to cirrus 

(Stubenrauch et al. 2006).

IASI-derived cloud properties have been compared 

with various cloud climate data records also compiled 

in the Global Energy and Water Cycle Experiment 

(GEWEX; http: //climserv.ipsl.polytechnique.fr 

/gewexca) Cloud Assessment. Figure 14 presents 

an intercomparison of zonal averages of high cloud 

amount. Despite differences in sampling and obser-

vation times, the latitudinal behavior of all datasets 

FIG. 13. Geographical maps of some ECVs retrieved from IASI spectra: (a) high cloud amount (pressure 

< 440 hPa) for Jul 2008 during day; (b) night–day difference in high cloud amount for Jul 2008 showing 

interesting patterns in the ITCZ over land and the North Atlantic; (c) midtropospheric content of 

CO
2
 averaged over Jun–Aug for 2008; (d) as in (c), but for CH

4
; (e) dust AOD at 10 µm for Jul 2008; (f) 

dust altitude for Jul 2008; (g) surface temperature for Jun 2008; (h) surface emissivity at 1,227.00 cm−1 

for Jun 2008.
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agrees reasonably well. Discrepancies in absolute 

values can be explained by the differing instru-

ment sensitivities to thin cirrus. The active lidar of 

the Cloud–Aerosol Lidar and Infrared Pathfinder 

Satellite (CALIPSO) mission (Winker et al. 2009) is 

most sensitive to cirrus by design. The International 

Cloud Climatology Project (ISCCP; Rossow and 

Schiffer 1999), with emphasis on the diurnal cycle 

and using imagers with one visible (i.e., daytime only) 

channel and one infrared channel, identifies about 

20% less high cloud in the tropics. The higher spectral 

resolution of IASI will be important for improving the 

retrieval of bulk microphysical properties of semi-

transparent cirrus when compared to instruments 

such as Television and Infrared Observation Satellite 

(TIROS) Operational Vertical Sounder (TOVS; Rädel 

et al. 2003).

The study of aerosols. Dust aerosol optical properties in 

the infrared are needed to evaluate the total radiative 

forcing of dust, which still remains one of the largest 

uncertainties in the current estimation of the Earth’s 

radiative budget. Most remote sensing studies focus 

on the solar spectrum and take advantage of high spa-

tial resolution instruments such as Moderate Resolu-

tion Imaging Spectroradiometer (MODIS). Infrared 

aerosol sounding has a number of advantages that 

complement observations made in the visible—good 

sensitivity to large particles, the ability to observe 

aerosols during both day and night, the possibility of 

retrieving altitude information together with optical 

depth and radius, and low dependency on particle 

shape and surface reflectance (Pierangelo et al. 2004, 

2005). Because of its high spectral resolution, IASI 

enables the detection and quantification of various 

aerosol properties (Clarisse et al. 2010b) and can, in 

particular, differentiate between aerosol types based 

on their composition. For 

instance, even similar com-

positions, such as volca-

nic ash versus windblown 

sand, and different types 

of volcanic ash can be dis-

criminated (Gangale et al. 

2010; Clarisse et al. 2010a). 

Thus far, aerosol species 

detected with IASI include 

volcanic particles (sulfu-

ric acid, volcanic ash, and 

volcanic ice), dust (sand or 

mineral dust storms), and 

combustion aerosols from 

biomass burning events.

Figures 13e,f show dust infrared aerosol opti-

cal depth (AOD) and mean altitude from IASI, 

following the method previously developed for AIRS 

(Pierangelo et al. 2004; Peyridieu et al. 2010). Time 

series exploring the natural cycles of AOD in the 

Atlantic basin are also revealing the good agreement 

found between MODIS, AIRS (Peyridieu et al. 2010), 

and IASI. A comparison between IASI-retrieved mean 

altitude and Cloud–Aerosol Lidar with Orthogonal 

Polarisation (CALIOP) dust layer products has been 

performed using 2 yr of data (Peyridieu 2010). Near 

the dust sources, the average difference of the two 

products is around 240 ± 490 m and illustrates the 

ability of IASI to retrieve accurate dust layer mean 

altitude. Preliminary retrievals of the effective radius 

of the dust coarse mode (Peyridieu 2010) also appear 

to be in good agreement with studies using either 

ground-based or in situ measurements. The retrieved 

dust effective radius ranges from about 2.3 μm near 

the African coast to about 1.4 μm in the Caribbean, 

in agreement with, for example, results of the Puerto 

Rico Dust Experiment (PRIDE) campaign (Maring 

et al. 2003).

Greenhouse gases. Despite the short time series avail-

able so far, IASI can already be used to study the trend 

in atmospheric carbon dioxide concentrations and the 

effect of this trend on the Earth’s outgoing longwave 

radiation. The increase in atmospheric carbon dioxide 

is reflected in negative brightness temperature trends 

in the 690–750 and 2390–2400 cm−1 regions (among 

others). The power of IASI to see carbon dioxide 

time variability is shown in Fig. 15, which shows the 

relative change in carbon dioxide versus time using 

a single IASI channel (791.75 cm−1) and zonally aver-

aged, ocean-only observations, between 0° and 25°N, 

as based on the method developed for AIRS by Strow 

FIG. 14. Zonal averages of amount of high clouds from IASI compared to 

results from various cloud climate data records, in (left) Jan and (right) Jul. 

The datasets are AIRS-LMD (2003–08; Stubenrauch et al. 2010), CALIPSO 

(2007–08; Winker et al. 2009), TOVS Path-B products (1987–95; Scott et al. 

1999; Stubenrauch et al. 2006), and ISCCP (1984–2007; Rossow and Schiffer 

1999).
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and Hannon (2008). Although more robust results 

can be produced when several hundred channels are 

considered together, this preliminary figure shows an 

estimated increase of about 1.7 ppm yr−1 and peak–

peak seasonal variability of about 2 ppm yr−1, both of 

which are close to nominal in situ measurements.

The main difficulty in estimating the global dis-

tribution of CO
2
 from infrared sounders comes from 

the fact that infrared measurements are sensitive to 

both temperature and variations in gas concentra-

tion. Independent information on temperature, such 

as that which can be derived from the Advanced 

Microwave Sounding Unit (AMSU) instrument also 

on MetOp-A, is needed to separate these two effects. 

Higher-quality retrievals are expected in the tropics 

because of the lower variability of temperature pro-

files compared to that of the extratropics.

Crevoisier et al. (2009a,b) present a stand-alone 

nonlinear approach based on neural networks to 

interpret the IASI–AMSU observations in terms of 

midtropospheric CO
2
 and CH

4
 integrated column 

amounts. This method was previously developed 

for interpreting TOVS (Chédin et al. 2003) and 

AIRS (Crevoisier et al. 2004) observations in terms 

of upper-tropospheric CO
2
. The precision of the 

retrieval is estimated to be about 2.0 (0.5%) and 

16 (~1 %) ppbv, respectively for a 5° × 5° spatial resolu-

tion on a monthly time scale. IASI provides evidence 

for several features of the CO
2
–CH

4
 space–time dis-

tribution (Figs. 13c,d) including information on the 

trends of increasing gas concentration, seasonality, 

and latitudinal variations. IASI also allows identifica-

tion of sources of CO
2
 and CH

4
 emissions transported 

to the free troposphere, such as CO
2
 emissions from 

biomass burning, and elevated methane resulting 

from emissions from Asian rice paddies that are up-

lifted by deep convection during the monsoon period. 

It provides the means to study the correlation between 

CO
2
 and CH

4
, allowing us to observe and understand 

the atmospheric transport pathways of greenhouse 

gases from the surface to the upper troposphere.

Surface emissivity. Skin temperature and emissivity 

spectra are essential variables for climate studies, 

including the computation of total radiative budget, 

the study of land–atmosphere interactions, and their 

parameterization in climate models. Establishing 

an understanding of land surface properties is also 

of particular importance to atmospheric chemistry 

applications, where the sensitivity to species in the 

lower troposphere depends critically on the presence 

and knowledge of thermal contrast between the 

surface and lowest atmospheric layers. For NWP, 

tropospheric sounding channels, which would im-

prove remote sensing of the lower atmosphere, are 

frequently rejected over land. This is due to their 

sensitivity to surface temperature and emissivity, 

which are often not specified by NWP models to the 

degree of accuracy required for assimilation.

IASI is an ideal instrument for studying surface 

emission because of its daily, global, and complete 

spectral coverage across the thermal infrared region. 

Several centers are now working on the creation of 

high spectral resolution emissivity atlases from IASI 

(e.g., Zhou et al. 2011; Capelle et al. 2012; see also 

http://ara.lmd.polytechnique.fr), providing monthly 

or weekly products that capture the natural variability 

of the Earth’s surface and show clear evidence of sea-

sonal variability associated with changes in surface 

weather and vegetation properties. Figure 13h shows 

a weekly emissivity map from the atlas of Capelle 

et al. 2012. These atlases may be used directly, or in 

NWP they may provide a “first guess” emissivity, 

which can be modified during assimilation to match 

the properties of each observation. Figure 16 shows 

examples of two emissivity retrievals from the atlas 

of Zhou et al. (2011), which demonstrate IASI’s abil-

ity to resolve the differing spectral properties of the 

surface; in particular, the quartz Reststrahlen band 

at 1,150–1,200 cm−1 for sandy desert.

Polar studies. The mass budget of the Antarctic ice sheet 

and its potential impact on global sea level is a critical 

issue for climate change studies. The Concordiasi field 

FIG. 15. Change in carbon dioxide versus time, derived 

from the IASI channel at 791.75 cm−1, for zonally aver-

aged, ocean-only observations between 0° and 25°N. 

A growth rate of about 1.7 ppm yr−1 and peak–peak 

seasonal variability of about 2 ppm yr−1 are shown; both 

are close to nominal in situ measurements.
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experiment (Rabier et al. 2010) was set up to improve 

understanding of Antarctic conditions and the way 

they affect observations. One specific aim of the proj-

ect is to improve climate reanalysis datasets, which are 

vital tools to assess the evolution in time of the precipi-

tation distribution and other fields important to the 

mass budget of the ice sheet. Generating high-quality 

reanalyses requires that errors in the interpretation 

and use of hyperspectral infrared data are reduced. 

Bouchard et al. (2010) present some early results 

from the Concordiasi campaign and demonstrate 

improved retrievals of atmospheric profiles when the 

surface temperature is estimated using IASI itself (at 

943.25 cm−1) rather than using model skin tempera-

ture. The campaign has demonstrated the potential 

of IASI observations to contribute to the monitoring 

of weather and climate over polar areas.

SUMMARY AND A LOOK TO THE FUTURE. 

In 5 yr of operational service IASI has provided valu-

able new data, allowing important new developments 

in the fields of NWP and atmospheric composition 

analysis. The excellent calibration and stability of the 

instrument, and the expected long time series of data, 

indicate that it will also make important contribu-

tions to climate studies. New applications for IASI 

are still emerging as the data are investigated more 

thoroughly.

IASI has given significant positive forecast impact 

at NWP centers in both global and regional models, 

with data at a higher vertical resolution than has been 

seen before from an operational sounder. Unlike 

older operational sounders, significant amounts 

of IASI data can be used in cloudy conditions; 

nevertheless, more progress needs to be made to get 

closer to extracting the full information content in 

the observations.

IASI has also provided unprecedented atmospher-

ic chemistry data, allowing near-real-time mapping 

of chemical species and aerosols, contributing to 

air traffic safety and to our understanding of atmo-

spheric transport processes. Observations from IASI 

have unexpectedly allowed the detection from space 

of volatile chemical species, providing an ability to 

map sources and sinks of gases, such as ammonia.

It has already been shown that IASI exhibits 

sensitivity to the change in quantities of greenhouse 

gases, can be used to study cloud and aerosol proper-

ties, and will provide information on a range of other 

climate variables. It is expected that IASI will gather 

real-time information about the atmospheric state 

at higher vertical resolution, notably moisture and 

winds, and thus will form a critical component of the 

global observing system for climate studies.

Planning for the next generation of European sat-

elliteborne interferometers is already underway. The 

Meteorological Satellite (Meteosat) Third Generation 

Infrared Sounder (MTG-IRS; www.eumetsat.int 

/Home/Main/Satellites/MeteosatThirdGeneration 

/ index.htm?l=en) will be the f irst operational 

FIG. 16. Sample of retrieved spectral emissivity from IASI observations (15 Oct 2010) from the atlas of Zhou et al. 

(2011). (left) Sahara Desert (with Ts = 300.04 K) and (right) Polar Desert (with Ts = 230.34 K). (top) Measured 

brightness temperature spectrum (blue), simulated brightness temperatures using retrieved profiles (Zhou 

et al. 2009) and unity emissivity (green), and simulated brightness temperatures using retrieved profiles and 

retrieved emissivity (red) are shown. (middle) The difference between measured and simulated spectra using 

unity emissivity (green) and retrieved emissivity (red) is shown. (bottom) Retrieved emissivity.
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interferometer in geostationary orbit, providing high 

temporal resolution information on the atmospheric 

state for NWP and nowcasting. The frequent obser-

vations from geostationary orbit will also offer the 

opportunity of observing dynamics on shorter time 

scales than those from the polar orbit, and will allow 

real-time information on the Earth’s wind fields to be 

generated. EUMETSAT’s future polar-orbiting satel-

lites will carry an interferometer of even higher spec-

tral and radiometric resolution than IASI, extending 

the capabilities of the instrument to detect weakly 

absorbing trace gases and allowing the resolution of 

even more atmospheric features. These new instru-

ments will build on the heritage of IASI, and on the 

science being demonstrated today with the MetOp 

satellite series.
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