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Abstract. Validation of ozone profiles measured from a nadir processes.
looking satellite instrument over Antarctica is a challeng
ing task due to differences in their vertical sensitivitytwi
ozonesonde measurements. In this paper, ozone obsesvsation
provided by the Infrared Atmospheric Sounding Interferom-
eter (IASI) instrument onboard the polar-orbiting satelli
MetOp are compared with ozone profiles collected between . N L .

August and October 2010 at McMurdo Station, Antarctica, Surveying ozo_ne_dlstrlbutlon overAntarctlca IS an impotta
during the Concordiasi measurements campaign. The maiﬁaSk for quantifying ozone depletion ove.r.the poles (New-
objective of the campaign was the satellite data validation man et al., 2009), and to.assess thg e_fﬂaency of .the Inter-
With this aim 20 zero-pressure sounding balloons Carry_natlonal protocols controlling the emission of chlorineneo

ing ozonesondes were launched during this period when th&aining compounds. Stratospheric ozone is essential f-ul

MetOp satellite was passing above McMurdo. This makesviolet radiation protection which allows life to remain on

the dataset relevant for comparison, especially becawse thEarth.an.d IS c]osely linked to climate change and_ strato-
balloons covered the entire altitude range of IASI profiles. sphepc circulation over the poles. For decades, sa@hm/e
The validation methodology and the collocation criterigyva provided valugble measurements of the composmop of t.he
according to the availability of Global Positioning System atmosphere, in partlcu_lar to_ follow the ozone chemistry in
auxiliary data with each Electro-Chemical Cell ozonesondethe polar stratosphere in spring (WM(.)’ 2011). .
observation. The relative mean difference is shown to de- " 2010 th? Concordiasi campaign woas orgam;ed at
pend on the vertical range investigated. The analysis shows MgMurdo Station (Lon:166.67 Lat. _77'85 ). Antarctica .
good agreement in the troposphere (below 10 km) and mid_(F|gure 1), by teams from France and United States, to im-

dle stratosphere (25-40 km), where the differences arerloweP Ve knowledge af‘d understanding of the interactio'ns be-
than 10 %. However a significant positive bias of about 10-tween ozone depletion, stratospheric clouds and atmaspher

26 % is estimated in the lower stratosphere at 10-25 km, degyngmics (R‘_ﬂbief (_Et al., 20.12)‘ This campaigr_1 also aimed to
pending on altitude. The positive bias in the 10-25 km rangeprovIde additional information to better gxplon thg tempe

is consistent with previously reported studies comparmng i ?t]lfre’ \(’j"itter vapr? ur agd oz;ne IO tt)sefrvatmnts pr&/éc:eq bty the
situ data with thermal infrared satellite measurementss Th ' ratre b mods;i)h erI|Ec ounding In er ek;%me erE llit )lr\l/lusto
study allows for a better characterization of IASI retridve ment onboard the European pofar-orbiting satetiite Metop.

ozone over the polar region during ozone depletion/regover Such information is requ_lred by atmosphe_nc models. But (_jue
to low temperatures, which makes the radiance data provided

by thermal infrared instruments noisy, soundings above ice

1 Introduction



2 J. Gazeaux et al.: Intercomparison Ozone IASI/MetOp — Concrdiasi

sheet are difficult (e.g. Vincensini et al., 2012; Pommier 10 pm spectral region and 2 to 4 independent pieces of infor-
etal., 2012; Mercer et al., 2007). mation are retrieved, depending on the location and on the

Two types of balloons were launched during the cam-season. It was designed to allow the fast delivery of a global
paign (see Rabier et al., 2012): (i) Driftsondes carryingpdr  near real time product from the about 1.3 million IASI obser-
sondes released on demand inside the polar vortex and (iyations per day. Ozone retrievals are performed in the 1025
stratospheric zero-pressure balloons following a givan ai — 1075 cm' spectral range, in order to minimize the compu-
mass to document stratospheric dynamics and ozone depl¢ation time and avoid interferences with water vapour lines
tion. These balloons were equipped with radiosondes withPrevious studies have shown that at high latitudes sensitiv
Electro-Chemical Cell (ECC) ozonesondes to measure ozon#y towards the surface highly depends on thermal contrast
during their ascent. Only the latter is used in this studyiand (Clerbaux et al., 2009). The profiles are retrieved in 39 fair
called ozonesondes hereafter. spaced layers of 1km thickness, with an extra layer from

Ozone is one of the key species measured by the IASI mis39 km to the top of the atmosphere. The FORLI-O3 prod-
sion and is the focus of this paper. Previous studies (e.g. Duucts have been validated with different ground-based, air-
four et al., 2012) have shown that ozone products retrievectraft, and satellite data (Scannell et al., 2012; Anton gt al
from IASI spectra are reliable, although there is still room 2011; Pommier et al., 2012). Along with the retrieved pro-
for improvements, both for accuracy as well as for charac-files, error covariance and Averaging Kernel (AK) matrices
terizing the profile data. This study presents comparisens b are also provided. The latter are essential to quantify ére v
tween ozone profiles retrieved from IASI and measured withtical sensitivity of the retrieved profiles (Figure 2). Th&A
the ozonesondes onboard zero-pressure plastic balloons duare function of several factors as surface properties, éemp
ing the campaign. This paper is organized as follows: sectio ature profile, thermal contrast and atmospheric compasitio
2 gives a description of IASI and ozonesonde data; sectiorApplications range from the study and the monitoring of the
3 presents and explains the validation methodology to comstratospheric ozone hole to tropospheric chemistry and air
pare IASI and ozonesondes profiles; in section 4 the resultgjuality (e.g. Scannell et al., 2012; Parrington et al., 2012
are presented and discussed and section 5 summarizes théespes et al., 2012).
findings of this study.

2.2 Sounding balloons/Concordiasi campaign in 2010

2 Data Three field experiments were conducted, in Antarctica, as
part of the Concordiasi campaign. Two of them were dur-
2.1 Satellite observations ing the Austral spring 2008 and 2009 and a third one,

which is the focus of this paper, was in Austral Spring

IASI is a long term mission dedicated to atmospheric sound-2010. These measurements were aimed at documenting three
ing using the thermal infrared absorption of the Earth- highly interrelated topics: i) the depletion of the stragiosric
atmosphere system. The nadir radiances are collected anakzone layer, ii) the ozone layer seasonal evolution, and iii
distributed in near real time to operational weather foseéca stratospheric dynamics. In this study, profiles measured by
ing centers (Hilton et al., 2012; Collard and McNally, 2009) ozonesondes during the field campaign are used. These are
as well as for the monitoring of atmospheric composition carried with 20 zero-pressure balloons performing a sin-
changes (Clerbaux et al., 2009). IASI is a Fourier transformgle ascent. The balloons carried ENSCI (Environmental Sci-
spectrometer on board the MetOp-A polar orbiting satellite ence Corporation) ozonesondes interfaced to either \#aisal
providing data on each location at least twice a day since Junor Imet radiosondes to measure ozone concentration along
2007. Due to polar orbits of MetOp, and its scan across theheir paths. The ECCs used 0.5 % KI buffered solutions to
orbit, IASI data have high spatial and temporal resolutions sense ozone. For more technical details, the readers are re-
As the spectrometer measures the thermal infrared spectrdérred to Mercer et al. (2007).
range, it provides day and night measurements all over the In Figure 3, trajectories of eight balloons equipped with
year (see Clerbaux et al., 2009 for additional information) GPS receivers are presented along with 0zone concentation

Ozone profiles are retrieved in near real time and glob-measured during the flights. In Figure 1, the black box east to
ally twice daily using an optimal estimation approach, im- McMurdo identifies the region including all the balloon tra-
plemented in the Fast Optimal Retrievals on Layers for IASI jectories shown in Figure 3. Some of the ozonesondes were
(FORLI) software (Hurtmans et al., 2012). FORLI-O3 inputs equipped with GPS receivers, which allowed to obtain a bet-
are: i) the spectral radiances extracted from IASI L1C data;ter collocation and thus to make comparison more accurate.
i) cloud cover, temperature and humidity profiles selectedOzone mixing ratio is measured every 5s during balloon
from IASI L2 records, and provided by European Organisa-flight which lasts between 1 and 3 h. The shortest sample
tion for the Exploitation of Meteorological Satellites (EU contained around 850 measurements while the longest con-
METSAT) (e.g. August et al., 2012). Version 20100815 of tained around 2000 measurements (the difference is due to
FORLI was used for this study. The algorithm uses the 1ASIdifferences in balloon ascent rate). Table 1 lists all theeob
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vations that were used in the framework of this study. It also  This smoothing process reduces ozonesonde profiles sam-

provides supplementary information such as altitude aad th ple from around one measurement every 40 m to one mea-

collocation criteria used. The number of profiles corregfson surement every kilometer according to altitude dependence

to the number of IASI profiles which are at the smallest dis- given by IASI AK. The resulting smoothed profile is then

tance of the balloon path for comparison with ozonesondecompared to the IASI profile. Equation (1) can be seen as

profiles. The underlying assumption of this selection ig tha a linear combination between an a-priori profile and the ob-

the closer to the trajectory the more likely ozonesondes andervation, the weight of which is given by the AK. Simultane-

IASI profiles sound the same air parcel. If the balloon wasously it allows to project high resolution observation plesi

equipped with a GPS receiver, all IASI profiles which were on IASI lower resolution space. A single a-priori profile rep

along the GPS path were used. If there was no GPS receiveresentative of the standard ozone concentration in Antarct

the collocation criteria was a radius around McMurdo whereis used for these retrievals.

the IASI profiles were selected. Last column of the table The mean relative error between IASI and ozonesondes

gives the time interval between the middle of the balloon profiles and its confidence interval are calculated from the

flight and the time when the satellite passed above the site. individual comparisons estimated via Eq. (2). The relative
According to Kuttippurath et al. (2010), the edge of the error is given by:

vortex varies between 30 and—45 Potential Vorticity Unit

(PVUs) at 475K during the August—November period. Fig- AX = (Xiasi— X smoothed / X smoothed 2

ure 4 shows the-30\ — 45 PVU boundaries of the vortex ) ] .

at 475K, using the ECMWF operational analysed PotentialVhereXiasiis the IASI profile andX smootneds the smoothed

Vorticity (PV) field for several example comparisons. Intfac ©zonesonde profile calculated through Eq. (1). This differ-
all of the ozonesondes were flown within the polar vortex €Nce is estimated for each ozonesonde observation and each

since that was a criteria for the measurements. This guarCOllocated |ASI prOﬁle. The 95 % confidence interval for this
antees that the comparisons are made under conditions withomparison is calculated through the sample méaand is
alow ozone spatial gradient, reducing the risk of a poor samgiven by:

pling.
The fact that the balloon launches at McMurdo all occur |E[AX] — 1.6i; E[AX]+ e , 3)
inside the vortex guarantees stability to ozone profiles and Vn Vn

makes the comparisons more useful. wheren is the total number of comparisons ands the vari-

ance of the differences. This mean relative erBiA X])

3 Validation methodology gives the error made by IASI at each altitude range. The

95 % confidence interval given by Eg. (3) indicates the re-
The IASI retrieved quantity is not a real concentration pro- liability of the mean and represents the interval which wioul
file, but a reflection of the ability of the instrument to dis- include the error with a 0.95-probability if the comparison
criminate different atmospheric layers. Therefore one-can is repeated. In Eq. (3), number 1.6 represents the 97.5 per-
not directly compare satellite retrieved profiles with high centile point of the Student’s t-distribution, which is com
resolution in-situ observations (aircraft, sondes, etmj monly used to describe the mean of a normal distributed sam-
model results. To compare the high-resolution ozone psofile ple with variance to be estimated (See Frontier et al., 2607 f
measured with the sonde and with IASI profiles, the high-additional details on confidence intervals).
resolution profiles are convolved by the IASI AK matrix with
the a-priori profile, following Eq. (1): , .

4 Results and discussion
X smoothed™ AiasiX sondet (I - Aiasi)Xa,ias'h (1) . .

Figure 5 shows the overall comparisons between IASI satel-
where X smoothediS the smoothed profile which uses low res- lite data and 20 ozonesonde measurements during the Con-
olution measurement characteristidsis is the low reso-  cordiasi campaign. The blue lines represent the raw ob-
lution AK. X onge is the high resolution profile given by served profiles measured by ozonesond€sofqein EQ. 1).
the sonde andX, s is the low resolution a-priori pro- 1ASI profiles (Xissi in Eq. 2) are presented in subplots by
file. The a-priori covariance matrix is constructed from the green lines. Black lines are the constant IASI a-priori pesfi
McPeters/Labow/Logan climatology of ozone vertical dis- (Xaasiin Eg. 1). Finally, red lines represent the smoothed
tribution, which combines long term satellite limb measure profiles calculated fromX smoothedof EQ. (1).
ments and measurements from ozonesondes (see McPetersEach IASI profile is given a specific AK, so Eq. (1) is cal-
et al., 2007; Hurtmans et al., 2012). If the retrieval waglde culated for each IASI profile. The relevant comparison in
Aj,si would tend toI and the influence of a-priori on the Figure 5 is to be done between red (smoothed ozonesonde
retrieved quantity would be zero (see Rodgers and Connorprofile) and green lines (IASI profile). The smaller the cello
2003 for more details). cation criteria, the better the match between the IASI sfil
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and the smoothed ozonesonde profile. For example, in Figsignal between 15km and 20 km due to ozone loss process
ure 5, the balloon launched on 14 Septembéf (@w, 3¢ (Figure 5). Then, at this altitude range, the overestinmatib
column) was equipped with a GPS receiver and there werdASI ozone does not depend on the distribution of ozone, but
four IASI profiles in a perimeter of 30 km along its path. should be concidered as systemic to IASI retrieval process.
The agreement between IASI profiles (green lines) and theAt this altitude range, the use of GPS receivers does not re-
smoothed sonde profiles (red lines) is much closer than, foduce the error. Between 15 km and 20 km, the error seems to
example, for 22-August balloon, which was not equippedincrease when only the GPS sondes are used, but the differ-
with GPS receiver and for which the closest IASI profiles ence with the overall comparisons is not significantly high

were around 100 km far away from McMurdo. (i.e. the GPS-only error is included in the confidence iraerv
In Figure 6a, all observations are considered. The blackof the overall comparisons and vice-versa).
lines represent the mean relative errBf{ A X ]) and the 95 % In the upper part of the profile, which roughly corresponds

confidence interval (Eq. 3) considering all comparisons be-to the middle stratosphere (i.e. between 25km and 40 km)
tween ozonesondes and IASI profiles. The red lines shovithe discrepancies decrease again (betwegh and —5 %).
similar results but only considering comparisons with the This bias at the top of profiles is mainly due to the decreas-
GPS equipped ozonesondes. This average difference is calhg sensitivity of IASI (see Figure 2). Boxe et al. (2010)
culated as the mean of the relative error between IASI properformed a similar study with Tropospheric Emission Spec-
files and the smoothed ozonesonde profiles (Eg. 2). Note thatometer (TES) satellite, also a thermal infrared naditrins
the width of the confidence interval is nearly constant with ment, during the Arctic Research on the Composition of the
altitude and equals: 1.5% for both errors. Troposphere from Aircraft and Satellites field mission be-
The average relative difference remains betwedi) % tween April and July 2008 in Northern latitudes (between
and +26 %, depending on altitude. In the troposphere, be-44° and 7). They show similar biases in the distribution
tween Okm and 10 km, IASI data show a particularly good of ozone in the troposphere, UT/LS and middle stratosphere
agreement (i.e. relative difference remains betwe€i? region. At this altitude range, GPS equipped radiosondes do
and 0 %). Comparisons based on ozonesondes equipped wittot show a significant improvement.
GPS significantly improve the agreement, with an error less
than 5% in the troposphere. The improvement near the sur-
face comes from a better selection of IASI profiles, where5 Conclusions
collocations were improved by the available GPS data. More-
over, the collocation of profiles is carried out based on theAccurate measurements of ozone profiles using satellite
matching of the two soundings at the surface altitude, whichinstruments remain difficult over the poles, in particular
also favours a better comparison at the lower part of the prowhen the decrease of ozone is observed (during September-
files. October-November period in Southern Hemisphere). For
However, between 10 km and 25 km (corresponding to thethermal infrared remote sensors such as IASI, the diffi-
lower stratosphere), IASI tends to overestimate the olaserv culty is amplified by the low surface temperature. In this
tions up to 26 %. In the lower stratosphere, this bias confirmswork, 20 ozonesonde profiles are under study, they were ob-
confirms the bias estimated by previous works (e.g. Scannelserved during the Concordiasi balloon campaign which took
et al., 2012) and in other regions such as Iberian Peninsulplace at McMurdo station, Antarctica, in 2010 to compare
(Anton et al., 2011) or at midlatitudes and in the tropics{Du with FORLI-O3 IASI retrieved ozone profiles. Some of the
four et al., 2012). Dufour et al. (2012) showed that three in-launched balloons were equipped with GPS receivers. When
dependent IASI ozone retrieval codes tend to overestimatavailable, the GPS data are used to select IASI profiles along
ozone in the upper troposphere/lower stratosphere region ithe sonde path, which makes the comparisons more accurate
the midlatitudes and the tropics. as the closest IASI profiles are selected. The study shows tha
A large ozone loss~0.3-0.5 ppm ozone loss for each al- the smaller the collocation criteria, the better the mateh b
titude) can be seen on the ozonesonde profiles (blue linedween the IASI profiles and the smoothed ozonesonde pro-
measured between 10km and 20 km from 19th Septembefile. Ozonesonde profiles were first smoothed with AKs to
(Figure 5). To verify whether the overestimation is induced be compared with IASI observations. A good agreement is
by this gradient, Figure 6b compares the profiles measuredound between the two datasets even with the reduced sen-
before and after 19 September. This corresponds to the timsitivity associated with high latitude (low temperatureda
when ozone depletion is observed IASI in 0zone mixing ra-ice surface (emissivity issues). As show the red lines in Fig
tio profiles, soon after it is measured at McMurdo during the ure 6a, in the troposphere (between surface and 10 km) and
first week of september (Figure 5). The figure illustrates tha also between 25 km and 40 km, a relative difference between
the overestimation of IASI between 10km and 25km is not —10 and 0% was found, provided the data are well collo-
due to ozone depletion as it is observed both before and dureated (sondes equipped with GPS).
ing the depletion process. The different vertical struesuf The overestimation of ozone in the 10-25km range has
both lines are explained by the increasing variability af th already been highlighted in previous studies and with other
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instruments (e.g. TES as described in Boxe et al., 2010). Th8oxe, C. S., Worden, J. R., Bowman, K. W., Kulawik, S. S.,
positive bias was found to occur both for ozone depletingand Neu, J. L., Ford, W. C., Osterman, G. B., Herman, R. L., El-
standard conditions. Consequently, IASI achieves to measu  dering, A., Tarasick, D. W., Thompson, A. M., Doughty, D. C.,
ozone depletion events as well as it measures ozone distribu Hoffmann, M. R., and Oltmans, S. J.: Validation of northern lat-
tion during non depletion events. Previous studies showed tude Tropospheric Emission Spectrometer stare ozone profiles
similar biases at different latitudes (e.g. Boxe et al., @01  With ARC-IONS sondes during ARCTAS: sensitivity, bias and
Anton et al., 2011) and this study illustrates that theirifigd error analysis, Atmos. Chem. Phys., 10, 9901-9914,

. . . . . Clerbaux, C., Boynard, A., Clarisse, L., George, M., Hadji-
remains valid at southern latitudes. This work should trig- | 1,5/ 3. Herbin. H.. Hurtmans. D.. Pommier. M.. Razavi. A.

ger a detailed study of why a systematic bias is observed in 1rquety, S., Wespes, C., and Coheur, P.-F.: Monitoring of at-
the lower stratosphere, at midlatitudes and in the trohias, mospheric composition using the thermal infrared 1ASI/MetOp
also over Antarctica. It might be due to spectroscopic issue  sounder, Atmos. Chem. Phys., 9, 6041-6054,
(a UV-TIR bias was pointed in previous studies), to inade-Collard, A. and McNally, A. P.: The assimilation of Infrared At-
guacy of a priori covariance matrix, or to any other reason mospheric Sounding Interferometer radiances at ECMWF, Q. J.
still to be identified. Roy. Meteorol. Soc., 135, 1044-1058, 2009.

Dufour, G., Eremenko, M., Griesfeller, A., Barret, B.,

LeFlochmén, E., Clerbaux, C., Hadji-Lazaro, J., Coheur, P.-F.,

Acknowledgements. The IASI mission is a joint mission of Eumet- and Hunmans, D.: Validation of three Qiﬁerent scientific ozone
sat and the Centre Nationalfttudes Spatiales (CNES, France). products retrieved from IASI spectra using ozonesondes, Atmos.
This work was undertaken under the auspices of the O3M SAF_ Meas. Tech., 5, 611-630,

project of the EUMETSAT. The IASI L1 data are distributed in Frontier, S., Davoult, D., Gentilhomme, V., and Lagadeuc, Y.
near real time by Eumetsat through the Eumetcast system distri- Statistique pour les sciences de la vie et de I'environnement,
bution. Specials thanks to Joerg Schultz and Roger Huckle (Eu- DPunod, Paris, France, Sciences Sup Edn., 2007.

metsat) who generated missing L2 temperature data for us. Th&lilton, F., August, T., Barnet, C., Bouchard, A., Camy-Peyret, C.,
authors acknowledge the French Ether atmospheric database (http: €larisse, L., Clerbaux, C., Coheur, P-F., Collard, A., Crevaisier
/lether.ipsl.jussieu.fr) for providing the IASI L1C data and L2 data. ~ C- Dufour, G., Edwards, D., Faijan, F., Fo@rN., Gambacorta,
The French scientists are grateful to CNES for scientific collabo- A~ Gauguin, S., Guidard, V., Hurtmans, D., llingworth, S.,
ration and financial support. Concordiasi was built by an interna- Jacduinet-Husson, N., Kerzenmacher, T, Klaes, D., Lavanant, L
tional scientific group and is currently supported by the following ~ Masiello, G., Matricardi, M., McNally, T., Newman, S., Pavelin,
agencies: Mto-France, CNES, IPEV, PNRA, CNRS/INSU, NSF,  E-» Fequignot, E., Phulpin, T., Remedios, J., Stisel, P., Serio,
UCAR, University of Wyoming, Purdue University, University of ~ C- Strow, L., Taylor, J., Tobin, D., Uspensky, A., and Zhou, D.:
Colorado, and ECMWF. The NSF is thanked for its support at the Hyperspectral earth observation from IASI: five years of accom-
McMurdo base. Ozonesonde measurements were supported by the Plishments, B. Am. Meteorol. Soc., 93, 347-370,

NSF under OPP grant # 0839124, which was separate from the Coriurtmans, D., Coheur, P.-F., Wespes, C., Clarisse, L., ScBayf,
cordiasi project. Concordiasi is part of the IPY-THORPEX cluster Clerbaux, C., Hadji-Lazaro, J., George, M., and Turquety, S.:
within the International Polar Year effort. P. F. Coheur is Research FORLI radiative transfer and retrieval code for IASI, J. Quant.
Associate (Chercheur Quadifi with F.R.S.-FNRS. The researchin  SPectrosc. Ra., 113, 1391-1408, .

Belgium was funded by the F.R.S.-FNRS, the Belgian State FegKuttippurath, J., Goutail, F., Pommereau, J.-P., dve¢, F,
eral Office for Scientific, Technical and Cultural Affairs and the Eu- ~ R0SC0€, H. K., Pazio, A., Feng, W., Chipperfield, M. P., and
ropean Space Agency (ESA-Prodex arrangements C-40001p3226 Godin-Beekmann, S.: Estimation of Antarctic ozone loss from

Financial support by the “Actions de Recherche Coréeest (Com- ground-based total column measurements, Atmos. Chem. Phys.,

munaué Francaise de Belgique) is also acknowledged. The coau- 10, 6569-6581, ) )

thors are grateful to INSU for publication support. McI_Deters, R., La_bow, G_., and Loggn, J.: Ozone climatological pro-
files for satellite retrieval algorithms, J. Geophys. Res., 112,
D05308,

The publication of this article is financed by CNRS-INSU. Mercer, J. L., Kbger, C., Nardi, B., Johnson, B. J., Chipperfield,

M. P., Wood, S. W., Nichol, S. E., Santee, M. L., and Deshler, T.:
Comparison of measured and modeled ozone above McMurdo

References Station, Antarctica, 1989-2003, during austral winter/spring, J.
Geophys. Res., 112, D19307,

Anton, M. D, Loyola, D., Clerbaux, C.,dpez, M., Vilaplana, J. M.,  Newman, P. A.,, Oman, L. D., Douglass, A. R., Fleming, E. L.,
Bahon, M., Hadji-Lazaro, J., Valks, P., Hao, N., Zimmer, W., Co- Frith, S. M., Hurwitz, M. M., Kawa, S. R., Jackman, C. H.,
heur, P.-F., Hurtmans, D., and Alados-Arboledas, L.: Validation  Krotkov, N. A., Nash, E. R., Nielsen, J. E., Pawson, S., Sto-
of the Metop-A total ozone data from GOME-2 and IASI using  larski, R. S., and Velders, G. J. M.: What would have happened
reference ground-based measurements at the Iberian Peninsula, to the ozone layer if chlorofluorocarbons (CFCs) had not been
Remote Sens. Environ., 115, 1380-1386, 2011. regulated?, Atmos. Chem. Phys., 9, 2113-2128,

August, T., Klaes, D., Scissel, P., Hultberg, T., Crapeau, M., Ar- Parrington, M., Palmer, P. I., Henze, D. K., Tarasick, D. W.,
riaga, A., O’'Carroll, A., Coppens, D., Munro, R., and Calbet, X.: Hyer, E. J., Owen, R. C., Helmig, D., Clerbaux, C., Bow-
IASI on Metop-A: operational level 2 retrievals after five years  man, K. W., Deeter, M. N., Barratt, E. M., Coheur, P.-F., Hurt-
in orbit, J. Quant. Spectrosc. Ra., 113, 1340-1371,



6 J. Gazeaux et al.: Intercomparison Ozone IASI/MetOp — Concrdiasi

mans, D., Jiang, Z., George, M., and Worden, J. R.: The influ-
ence of boreal biomass burning emissions on the distribution of
tropospheric ozone over North America and the North Atlantic

during 2010, Atmos. Chem. Phys., 12, 2077-2098,

Pommier, M., Clerbaux, C., Law, K. S., Ancellet, G., Bernath, P.,
Coheur, P.-F., Hadji-Lazaro, J., Hurtmans, D.eddlec, P.,
Paris, J.-D., Ravetta, F., Ryerson, T. B., Schlager, H., and Wein-
heimer, A. J.: Analysis of IASI troposphericsQlata over the
Arctic during POLARCAT campaigns in 2008, Atmos. Chem.
Phys., 12, 7371-7389,

Rabier, F., Bouchard, A., Brun, E., Doerenbecher, A., Guedj, S
Guidard, V., Karbou, F., Peuch, V.-H., El Amraoui, L., Puech, D
Genthon, C., Picard, G., Town, M., Hertzog, A., Vial, F., Coc-

querez, P., Cohn, S., Hock, T., Fox, J., Cole, H., Parsons, D.irapje 1. Balloon data used in this study. First column presents the
Powers, J., Romberg, K., Van Andel, J., Deshler, T., Mercer, J. month and day (“mm-dd”) the balloon was launched, second col-
Haase, J., Avallone, L., Kalnajs, L., Mechoso, C., Tangbom, A., ymn indicates whether the balloon was equipped with a GPS (“07)
Pellegrini, A., Frenot, Y., Thepaut, J.-N., McNally, A., Balsamo, oy ot (“x). Third column gives the bursting altitude of the balloon
G.,and Steinle, P.: The Concordiasi project in Antarctica, B. Am. ghoye sea level. Then the number of IASI profiles considered for
Meteorol. Soc., 91, 69-86, ) each comparison and the collocation criteria are respectively given
Rodgers, C. D. and Connor, B. J.: Intercomparison of remotedsoun i, foyrth and fifth column. Sixth column gives an approximation of
ing instruments, J. Geophys. Res., 108, 4116, the time interval between the middle of the balloon flight and time
Scannell, C., Hurtmans, D., Boynard, A., Hadji-Lazaro, J., \when the satellite passed above the site.
George, M., Delcloo, A., Tuinder, O., Coheur, P.-F., and Cler-
baux, C.: Antarctic ozone hole as observed by IASI/MetOp for

2008-2010, Atmos. Meas. Tech., 5, 123-139, gﬁﬁé’:‘ GPS A('It('::;je ';'f“;?é’fer . n(t:‘z'li‘;f) i mTe'le
Vincensini, A., Bouchard, A., Rabier, F., Guidard, V., Foarm., i :
and Traulé, O.: IASI Retrievals Over Concordia Within the 20 August X 30.23 3 10 02h 00 min
Framework of the Concordiasi Program in Antarctica, IEEE T. 22 August X 30.46 6 100 07 h 00 min
Geosci. Remote, 50, 2923-2933, 26 August @) 29.82 18 5 02h 30 min
Wespes, C., Emmons, L., Edwards, D. P., Hannigan, J., Hurt- 3 September X 30.32 7 10 02h 00 min
mans, D., Saunois, M., Coheur, P.-F., Clerbaux, C., Cof- 8 September X 31.54 7 10 07 h 00 min
fey, M. T., Batchelor, R. L., Lindenmaier, R., Strong, K., Wein- 10 September X 31.43 4 10 02h 30 min
heimer, A. J., Nowak, J. B., Ryerson, T. B., Crounse, J. D., and 14 September 0] 31.54 3 30 00h 30min
Wennberg, P. O.: Analysis of ozone and nitric acid in spring and 16 September X 32.66 4 30 02h 30 min
summer Arctic pollution using aircraft, ground-based, satellite 19 September X 26.84 1 10 08 h 00 min
observations and MOZART-4 model: source attribution and par- 25 September X 32.09 4 20 03h 00min
titioning, Atmos. Chem. Phys., 12, 237-259, 27 September X 29.41 2 20 06 h 00 min
WMO: Scientific Assessment of Ozone Depletion: 2010, Global 30 September X 33.29 5 30 02 h 00 min
Ozone Research and Monitoring Project, Report No. 52, Geneva, 4 October X 32.22 3 30 04 h 30min
2011. 8 October X 34.03 3 30 04 h 30 min
12 October (0] 28.04 4 5 04 h 30 min
15 October o] 31.01 15 5 03h 30min
18 October o] 31.34 5 10 03h 30min
21 October (0] 31.68 7 5 01h 00 min
25 October o 30.26 15 10 02h 30min
28 October o] 29.59 12 5 00 h 30 min




J. Gazeaux et al.: Intercomparison Ozone IASI/MetOp — Concrdiasi 7

90’ E

120 E

Fig. 1. The McMurdo station, Antartica, is located on the southern tip of Ross Islmlblack box indicates the longitude/latitude span in
which the sondes profiles plotted in Figure 3 were launched.
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Fig. 2. Typical averaging kernel matrice and DOFS of ozone profile providgdASI. The figure shows an example observed on 16
September 2010 over McMurdo. Each coloured line corresponds tdtthale indicated by the coloured dot.
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Fig. 3. Ozone profiles measured by zero-pressure balloons at McMundiogdihe 2010 Concordia campaign. The figure presents the flight
paths of the 8 balloons equipped with GPS receivers. Grey lines displah#uows of the trajectories. Each profile is named by its date
(“yymmdd”) at the top of the profile and ozone units are given in ppnie Black square in Figure 1 identifies the entire latitude/longitude
region covered by the sondes.



J. Gazeaux et al.: Intercomparison Ozone IASI/MetOp — Concaddiasi

[ l T DU

150 220 290 360 430 500

Fig. 4. The status of the vortex and position of McMurdo station during selected afathe Concordiasi campaign. Ozone total column
retrieved from IASI measurements are on the background. Théaiderey lines represent30 and—45 PVU, the approximate boundaries

of the vortex. The station remained inside the vortex during the campaigmdp&tarting from 15 September, the number of IASI data
around McMurdo has strongly decreased due to a major change in thet&at temperature retrieval processing. This explains the missing
values in white. A dedicated processing was undertaken in the frame#thrls study to allow for more data in the McMurdo area.
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