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Abstract. An intercomparison of ozone total column mea- 1 Introduction

surements derived from various platforms is presented in this

work. Satellite data from Infrared Atmospheric Sounding Monitoring of atmospheric ozone concentrations is today
Interferometer (IASI), Ozone Monitoring Instrument (OMI) an essential activity because it is a key species involved in
and Global Ozone Monitoring Experiment (GOME-2) are the troposphere’s oxidative capacity as well as in the atmo-
compared with data from two ground-based spectrometerspheric radiative budget and in the chemical cycles relevant
(Fourier Transform Infrared spectrometer FTIR and Brewer),to air quality (Finlayson-Pitts and Pitts, 1999). It also ab-
located at the Network for Detection of Atmospheric Compo- sorbs ultraviolet solar radiation in the stratosphere thereby
sition Change (NDACC) super-site of fza (Tenerife), mea- allowing life on Earth. On average, about 90% of the to-
sured during a campaign from March to June 2009. Theseal ozone is present in the stratosphere and only 10% in the
ground-based observing systems have already been demotreposphere. Nowadays, various types of competitive satel-
strated to perform consistent, precise and accurate ozone tdites and ground-based instruments are able to monitor atmo-
tal column measurements. An excellent agreement betweespheric ozone data for which performances need to be eval-
ground-based and OMI/GOME-2 data is observed. Resultsiated continuously. They are indispensable, in particular in
from two different algorithms for deriving IASI ozone to- combination with numerical models of atmospheric transport
tal column are also compared: the European Organisatiomnd chemistry, to quantify accurately and better understand
for the Exploitation of Meteorological Satellites (EUMET- radiative forcing and atmospheric composition change.
SAT/ESA) operational algorithm and the LISA (Laboratoire This work presents an intercomparison of various in-
Inter-universitaire des Syames Atmospériques) algorithm.  dependent @ data derived from satellites (IASI, GOME-

A better agreement was found with LISAs analytical ap- 2 and OMI) with data from ground-based measurements
proach based on an altitude-dependent Tikhonov-Philips reg¢rourier-Transform Infra-Red, FTIR, and Brewer) performed
ularization: correlations are 0.94 and 0.89 compared to FTIRgt the 1zdéa Atmospheric Observatory on the Canary Is-
and Brewer, respectively; while the operational IASI ozonejand of Tenerife.  This high-altitude observatory is a
columns (based on neural network analysis) show correlamylti-instrument “super site” which is part of the NDACC
tions of 0.90 and 0.85, respectively, compared to the O (Network for the Detection of Atmospheric Composition
columns obtained from FTIR and Brewer. Change) and of the WMO/GAW (World Meteorological Or-
ganization/Global Atmosphere Watch) networks. Also it is
especially well suited for satellite data validation because of
its particular meteorological conditions.

Correspondence tC. Viatte This intercomparison leads to the first validation of the
BY (camille.viatte@lisa.u-pec.fr) IASI O3 total columns over IZga by matching them with
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reference FTIR and Brewer data, and by comparing them — measured
with two other UV-visible satellite ozone data (GOME-2 and 3000000 —— calculated

OMI). Also two different retrieval algorithms for derivingthe ] — residue X10
O3 total amount from IASI are compared. § 2500000+
In the following chapters, we first present the ground- gzoooooo
based instruments and the related @nalyses; then we e
briefly outline the UV-visible satellite measurements and O § 1500000+
analysis procedure. Afterwards, the @tal columns from g 1000000
the different satellite instruments are compared with the re- %
sults from ground-based instruments. Finally, the results % 500000+
are summarized and perspectives for future studies are dis- S ol
cussed. =

%12 9916 9920 9924 9928 9932 9936 9940
. wavenumber (cm™)
2 FTIR and Brewer observations of ozone at Izéa
) . ] Fig. 1. Example of an ozone FTIR spectrum recorded the
2.1 Presentation of the Iz&a super site 23 March 2009 at 09:26 a.m. (UT). Black: the measured spectrum.
Red: the calculated spectrum. Blue: the difference between the

Izaha Atmospheric Observatory is operated by the Staténeasured and the calculated spectra (multiplied by 10).
Agency of Meteorology of Spain (AEMET). It is located

in Tenerife (the Canary Islands) (Z8' N, 16°29 W) at
2370 ma.s.l. (above sea level. Tenerife is about 300 km away,

. ._1hat provide information on ®in different altitude layers.
from the African west coast, surrounded by the Atlantic P 9 Y

o . . ..~ Figure 1 shows an example of a measured spectrum, the cor-
Ocegn, soitis Iogated f"."f away from '|r.1dus.tr|§1l aCt'V't'e.S’ responding simulated spectrum and the difference between
leading to clean air conditions. In addition, it is placed in simulation and observation for a selected micro-window.
the subtropical region where the descending branch of the For the G retrievals, the PROFFIT 9.6 code (Hase et al
Hadley cell and a quasi permanent trade wind temperatureiom) is used based (')n PROFEWD (|5ROFiIe ForwarD) ;s
inversion below the IZga level offer stable meteorological . . e
conditions and clear sky most of the time. Therefore i,[l‘orward model. The inversion procedure and the radiative
' transfer calculation require a discretised model of the atmo-

is a site which is well suited for continuously monitoring h 41 levels f diothet d iori k |
atmospheric key species such as ozone, and for validatin phere (41 levels rom ground to the OP) and a prior knowi-
dge of concentration profiles ofs@nd interfering species

satellite data such as IASI. Both FTIR and Brewer measure- " A logical diti AY @trieval
ments are performed at this site; concerning the Brewer in 84S Wellas proper meteorological conditions. revais

strument, Izéa is the Regional Brewer Calibration Centre were mgde?.on a logarithmic scale, to well reproduce the
for Europe http:/Aww.rbcc-e.org/which guarantees high- high variability of ozone around the tropopause (Hase et al.,
est quality standards 2004; Deeter et al., 2007) and include simultaneously O

isotopologues and temperature profiles retrievals to improve
FTIR ozone measurements: description and analysis the q;JaIity of the retrieved ozone data (Schneider and Hase,
2008).
Since 1999, solar atmospheric spectra have been recorded To obtain column integrated atmospherig &bundances
in Izafia with high resolution FTIR spectrometers using so-from a given spectrum, the radiative transfer has to be cal-
lar occultation. Until 2004, a Bruker IFS 120M, and since culated in order to retrieve theztprofile. The inversion
2005, a Bruker IFS 125HR spectrometer have been usecprocedure is an ill-posed problem and requires the use of
For “operational” measurements, the spectral resolution isconstraints (usually provided by the a priori information) to
0.005cnm?! in the mid-infrared region (750-4300cH), stabilize the solution. Here the Optimal Estimation Method
which is covered by six individual measurements apply-is used (Rodgers, 2000). The a priors @ean profile and
ing different filters in order to achieve an optimal signal covariances are calculated from ECC-sonde measurements
to noise ratio. Solar absorption spectra are recorded via @an Tenerife between 1996 and 2006, together with the ex-
solar tracker controlled by both astronomical calculationstended HALOE profile climatology for 3N (Schneider et
and a quadrant photodiode detector. A KBr beamsplitteral., 2005; Schneider et al., 2008b). The a priori temperature
and a liquid-nitrogen cooled MCT detector are used for theprofiles are obtained from the Goddard Space Flight Center
750-1350 cm? spectral region. The entire instrumental set- (NCEP). The calculated spectrum derived from the forward
up is very similar for all NDACC stations. The spectral calculation is iteratively compared to the measured spectrum
windows applied for the @retrieval are situated between in order to minimize the root-mean-square (rms) of the dif-
962 and 1044 cm* and contain more than 100 individuayO  ference between the two spectra. The relevant spectroscopic
rotation-vibration lines with different intensities and widths line parameters are taken from the HITRAN 2004 database
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Fig. 2. FTIR/Izaha error analysis: estimated uncertainty profiles for statistical (upper-panel) and systematic (lower-panel) contributions.

(Rothman et al'j 2005) except fop8 lines the spectral pa- Table 1. FTIR/Izaha error analysis: estimated ozone total column
rameters of which are from HITRAN 2006 (Gordon et al., grors for statistical and systematic contributions (in %) in function

2007). ) . of error source. Smoothing contribution estimated for ozone total
PROFFIT 9.6 also allows performing an error estima- column is added in the last column.

tion analysis based on the analytical method suggested by

Rodgers (Rodgers, 2000): Error source  statistical systematic smoothing
Py = _ _ - _5 Baseline 0.2 0.2
f—x=A-DEx—-x+GKp(p—p)+G(y—3) (1) o o4 o

X, x andx, are the estimated, real and a priori state of the at- LOS 0.2 *

mospherep, p are the estimated and real model parameters, Solarlines * *

respectively, and, y represent the measured and modeled Temperature 0.1 *

spectra. A is the averaging kernel matrix providing infor- Spectroscopy * 1.9

mation on the vertical resolution that is characteristic for the Noise 0.2 :

retrieval. Its trace represents the degrees of freedom in the TOTAL 0.5 2.0 0.2

measurement, indicating the number of independent pieces
of information in the retrieved profileG is the gain matrix  *value lower than 0.1%.
andK, is the model parameter sensitivity matrix.

The firstterm in Eq. (1) represents the smoothing error that
is the main source of error for vertical concentration profiles.random error on FTIR @total columns to 2.0% and 0.5%,
Since in this study the main focus is on the total @nount respectively. In addition, the smoothing error is estimated
(columns), this error is considered separately. The secontP be less than 0.2% onzQotal columns. Table 1 shows
term stands for the estimated error due to uncertainties ifandom and systematic total column errors due to various er-
input parameters, such as instrumental parameters or spetQr sources showed in Fig. 2. Smoothing error is also given
troscopic data. In addition, the third term represents the errofor total column. These error analysis results are in good
due to the measurements noise. This error analysis, basedfreement with those found in (Schneider and Hase, 2008;
on the separation of the type of error sources (systematiSchneider et al., 2008b).
and statistic), was performed with an ensemble of 200 re-
trievals. Figure 2 shows the statistical and systematic esti2.2 Brewer ozone measurements: description and
mated error profiles for a typical{Detrieval and for different analysis
error sources (such as temperature, noise, instrumental line
shape ...). In this figure, one can note that the main system¥he Brewer instrument is a spectroradiometer measuring in
atic error source is the uncertainty of spectroscopic paramethe UV region between 290-365 nm. It detects spectral irra-
ters, whereas the major statistical error source is the uncediance in six channels in the UV (303.2, 306.3, 310.1, 313.5,
tainty of the parameterization of the Instrumental Line Shape316.8, and 320.1 nm) by using a holographic grating in com-
(ILS). By adding up systematic and statistical error sourcesbination with a slit mask that selects the channel to be an-
for a given altitude and then integrating it along the error pat-alyzed by a photomultiplier. Each channel covers a band-
terns (Rodgers, 2000), we estimate the total systematic andidth of 0.5nm with a resolution power of about 600. The
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first channel at 303.2 nm is only used for spectral wavelengtithe analytical approach is based on constrained (altitude-
checks by means of internal Hg-lamps, the second channel idependent Tikhonov-Philips) least-squares fits.
used for measuring SQand the remaining four channels at
longer wavelength for determination of thg @tal column.  3.1.1 Neural network retrieval
The reference triad of brewer of the RBCC-E, serial #157,
#183 and the travelling instrument #185, are double mono-The neural network used for ozone at EUMETSAT is of feed-
chomators (MK-I11) known to reduce the impact of straylight forward type with two hidden layers. The training dataset
on the measurements, works in a completely automatic waygonsisted of a collection of atmospheric state vectors and
and usually measures continuously during the whole day. Fotheir associated synthetic spectra computed with the forward
this study data from the permanent reference #157 is used imodel RTIASI (Matricardi and Saunders, 1999). Vertical
the comparisons. atmospheric profiles came from a global chemistry trans-
The total column of @Qis calculated on the basis of relative port model, MOZART (Model of Ozone And Related Trac-
intensities at these different wavelengths using the Bass anérs) (Brasseur et al., 1998; Hauglustaine et al., 1998) con-
Paur (Bass and Paur, 1985) ozone cross-sections at a fixetected with UGAMP climatology (Li and Shine, internal
effective temperature of the ozone layer -e#5°C (Kerr, report, 1995) above the tropopause. Temperature profiles
2002). The retrieval precision is approximatelf%. More  arise from ECMWF (European Centre for Medium-Range
information about the Brewer instrument is given in Fioletov Weather Forecasts) analysis. Simulations were performed
et al. (2005) and Scarnato et al. (2009). with a constant surface emissivity, clear atmospheric condi-
tions (no clouds and aerosols) and without taken relief into
account (Turquety et al., 2003).The spectroscopic parameters

3 Satellite observations of ozone over |Z&a are taken from HITRAN 1996 (Rothman et al., 1998). We
refer to (Turquety et al., 2004) for more details. The target
3.1 IASI measurements: description and analysis accuracy of the total column was set to 2.5%.

The IASI instrument (Clerbaux et al., 2007, 2009) launched3.1.2  Analytic retrieval approach
in October 2006 onboard the satellite MetOp-A is a mete-
orological instrument that started with operational measure-The Q; retrievals are performed between 975 and 1100tm
ments in June 2007. It measures the thermal infrared radiusing an analytical altitude-dependent regularisation method
ation emitted by the Earth’s surface and the atmosphere inwith the regularization matrix containing first and second or-
Nadir geometry. IASI is a Michelson-type Fourier-transform der Tikhonov constraints (Tikhonov, 1963), together with al-
spectrometer, with a spectral resolution of 0.5¢nafter  titude dependent coefficients optimized to maximize the de-
a Gaussian apodization, covering the spectral range frongree of freedom of the retrievals. More details about the IASI
645 to 2760cm®. The MetOp-A satellite flies in a polar inversions are given in (Eremenko et al., 2008). The spectro-
sun-synchronous orbit and covers each geographic region acopic parameters of different atmospheric species are taken
least twice per day (at 09:30 and 21:30 LT — local time). At from HITRAN 2004 (Rothman et al., 2005). The uncertainty
the Nadir point, the size of one IASI pixel is 5050 km. of the G; total column is estimated to be2.5%.
Each such pixel consists of four sub-pixels with a diameter
of 12km (at the sub-satellite point). IASI covers a swath-3.2 Other ozone independent data sets
width of 2200 km in the East-West direction perpendicular
to the satellite’s orbit. The main objective of IASI is to 3.2.1 GOME-2 satellite data and algorithms for G total
provide meteorological products (temperature and humidity columns
profiles) but its accuracy and spectral range allow retrieving
also important atmospheric trace gases. In particular, recerthe Global Ozone Monitoring Experiment (GOME-2)
studies have demonstrated the capability of IASI to moni-aboard MetOp-A is a scanning spectrometer that captures
tor tropospheric ozone, stratosphere-troposphere exchangdgyht reflected from the Earth’s surface and backscattered
or biomass burning events and tropospheric transport (Ereby aerosols and the atmosphere. The measured spectra
menko et al., 2008; Keim et al., 2009; Dufour et al., 2010). are mainly used to derive ozone total columns and verti-
IASI is also well suited to monitor the global distribution of cal profiles, as well as concentrations of nitrogen dioxide,
O3 (Boynard et al., 2009). bromine monoxide, water vapour, sulfur dioxide and other
In this study, @ columns derived from two different re- trace gases, and also cloud properties and aerosols. It cov-
trieval algorithms are compared: one from the (operational)ers the UV/visible and near-infrared region from 240 nm to
neural network approach and the other one from an ana793 nm at a resolution of 0.2 nm to 0.4 nm. GOME-2/MetOp
lytical approach (see Eremenko et al., 2008). The neuhas 24 forward-scan pixels with a nominal resolution of
ral network interpolates a training dataset and selects thd0kmx 80 km, and 8 back-scan pixels with a nominal res-
best matching profile from the training dataset, whereasolution of 40 kmx 240km. The default across-track swath
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width is 1920 km which enables global coverage within 8+
1.5 days. 1
The G; columns used here are from the Level 3 of GOME-
2, i.e. geophysical parameters that have been spatially and/or
temporally re-sampled from Level 2 data. The @lgo-
rithm retrieval, GOME Data Processor (GPD), version 4.2
(see DLR Report 28 January 2009) has been applied in this
paper and is based on two methods: the DOAS (Differential
Optical Absorption Spectroscopy) method (Platt, 1994), and
the iterative AMF/VCD (Air Mass Factor/ Vertical Column
Density) computation (Van Roozendael et al., 2006). Total
ozone columns derived from this algorithm have been vali-
dated using ground-based networks (Balis et al., 2007a). ———
Error analysis indicates an accuracy and precision pf O 8 9 10 11 12 13 14 15 16 17 18 19
total columns of 3.6-4.3% and 2.4-3.3%, respectively (Van hour of measurements
Roozendael et al., 2004). In addition, an initial validation
with one full year of ground-based and satellite measureFig. 3. Daily total ozone variability calculated from Brewer mea-
ments shows that GOME-2 total ozone products have glSurements. H(_)urly.mean total columns at noon are taken as refer-
ready reached an excellent quality (Balis et al., 2008; valida-£nce and relative differences of total ozone column has been calcu-

. . ] lated for each half an hour (from 08:00 a.m. to 18.30 p.m.) and for
ggr;]reezg;ort, can be obtained frorhttp://wdc.dIr.de/sensors/ each day of the comparison period.

[e]e 000 0]

relative difference to noon (%)

3.2.2 OMIl satellite data and algorithms for O3 total

number of observations, were used. First, all measurements
columns

had to pass a quality filter (i.e. signal-to-noise ratio for FTIR,
cloud-filter for IASI ...). Then, they had to be referred to a
recise location: Satellite data were selected fot m@tude
elt, i.e. between 27¢5and 29.5 N, and 27.7 and 29.7 N,

and 27.8 N and 29.8 N for GOME-2, OMI and IASI respec-
tively. Finally, to evaluate the threshold value of the temporal
criterion, the daily total ozone variability has been calculated
'from Brewer measurements for each day of the comparison
gperiod. The hourly mean total column at noon was taken as
Oelreference of the day, in order to calculate the relative ozone
variability at each time step (half an hour) for each day. Fig-

column data, measured from ground to approximately 80 kmYre 3 shows the relative differences (related to noon) pf the
are retrieved using both the TOMS technique (developed b>)otallozone column.calculated for eac_h d;:_ly asa function of
NASA) (Bhartia and Wellemeyer, 2002) and a DOAS tech- dayt[me. A rather hlgh total ozone variability is obgerved on
nique developed at KNMI. The ©products used in the ?‘da"y scale, varying from d_ay to d_ay,_t_)ecause this analysis
present study are from the Level-3 Aura/OMI based on the'> performed dunng ozone high var|ab|||'_[y season. Note that
Level-2 OMDOA product that uses DOAS multi-wavelength the fotal ozone variability can -reaeﬂsﬁ% In extreme cases.
algorithm (Veefkind et al., 2006http://disc.gsfc.nasa.gov/ Since the daily ozone variability cannot be neglected, daily

Aura/OMI/omdoaev003.shtm). The G total column un-  M€an total columns derived from ground-based cannot be
certainty from OMI is e;stimatéd to 3% (Bhartia and Welle- used for the comparison with satellite data. A restrictive tem-
meyer, 2002). Furthermore, recent validations of OMI O poral criterion of one hour has thus been applied and ground-

products have been performed (Balis et al., 2007b: Liu et al.based measurements have been time-selected in function of

the satellite passing hour.
2010; Kroon et al., 2008; McPeters et al., 2008). i : L
) The comparison time period is from 1 March to 22

June 2009, for the FTIR measurements, and from 1 March

The Ozone Monitoring Instrument, OMI (Levelt, 2002),
is one of the four sensors aboard the EOS-Aura satellit{
(launched in July 2004). With its 2600 km viewing swath
width, it provides daily global measurements of different
species: @, nitrogen dioxide, sulfur dioxide and aerosols
from biomass burning and industrial emissions, HCHO, BrO
OCIO and surface UV irradiance. Itis a Nadir-viewing imag-
ing spectrograph that measures the solar radiation backsc
tered by the Earth’s atmosphere and surface between 27
500 nm with a spectral resolution of about 0.5 nny tGtal

4 Comparison of Oz total columns over Izajia from to 30 June 2009, for the Brewer measurements. Since FTIR
FTIR, Brewer, IASI, GOME-2, and OMI measurement campaign was performed during this period,
ozone data were provided in an intensive way (i.e. more than

4.1 Validation strategy one or two spectra per day) in order to match satellite pass-

ing hour. One note that Brewer measurements are completely

In order to perform relevant comparisons of data from differ- gytomatised, thus more ozone data are routinely available.
ent sources, coincidence criteria based on space, time, and
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Fig. 4. Ground-based comparison of@tal columns.(a) Time series of @ total column derived from FTIR at |f@a (black) and from
Brewer (dark blue) measurements. Relative errors and relative differences (RD % in gray) are pijttegtotal column derived from
Brewer measurement as a function of the FTIR@easurements. Red line is a linear fit with zgrmtercept.

Despite this quite restrictive approach, due to the suitable=TIR retrieval algorithm uses the HITRAN infrared line in-
climatological conditions over Ife, a rather large number tensities (Rothman et al., 2005) whereas the Brewer algo-
of clear-sky days were successfully selected for FTIR andrithm is based on the ultraviolet absorption cross-sections of

Brewer, respectively. Bass and Paur (Bass and Paur, 1985). Such a systematic dif-
ference has also been observed in laboratory UV/IR inter-
4.2 Comparison of FTIR and Brewer data: two comparison experiments: systematic differences respectively
ground-based measurements of 3.6 (+1.0)% (Guinet et al., 2010) between IR (10 um,

. . HITRAN 2008) and UV (254 nm), 5.5% (Picquet-Varrault
In order to verify the quality of the reference measurementsy; |- 2005) and 4.040.1)% (Gratien et al., 2010) be-

used in the present study, we have compared first the twQ, oo |R (10 um) and UV (300-350nm). Currently there

different types of ground-based measurements in the relez e pjans to replace in the brewer standard retrieval the Bass-

vant period (March tp Ju~ne 2009). A detailed comparispnPaur ozone cross-sections with the Brion-Malicet-Daumont
of FTIR and Breyver in 1zAa has already been publl_shed in (DMB) cross-sections (Daumont et al., 1992; Brion et al.,
2008 by (Schneider et al., 2008a). Since both high qual-j 993 ‘Malicet et al., 1995), séetp://igaco-03.fmi.filACSO/

ity ground-based instruments perform measurements at thg, ¢ ,ther details. Initial studies indicate that DMB ozone

same location, a temporal criterion of 20 min is applied heregoss_sections would lower current brewer results on average

for the comparison (Wunch et al., 2007). Figure 4 shows 3py 3% (Savastiouk and McElroy, 2010), making the FTIR
time series of @total columns retrieved by both instruments igarences to brewer then even larger.

(Fig. 4a) and the correlation between Brewer and FTIR data

(Fig. 4b). The agreement between the Brewer and FTIR datg 3  Comparison of FTIR and Brewer total ozone

is very good in terms of the variations in the difference (stan- columns with the two IASI products

dard deviation) but a persistent bias of 4:20(7)% exists.

The most likely explanation for this is a bias in the UV and In this section, @ total columns derived from the ground-

TIR spectroscopy of ozone as discussed further down. In adbased instruments at lza are compared with data from

dition, a correlation coefficient of 0.99 is observed. We notetwo different IASI retrievals: one from a neural network

that the relative difference is calculated as: (so-called operational) approach and one using a physical
method with a regularization (analytical) algorithm.

[(FTIR O column — Brewer G columr) / @) Figure 5 shows the time series of @tal columns derived

Brewer Q total columi} x 100 from Izaha FTIR (top) compared with theZQotal columns

obtained using IASI data with analytical (left panel) and op-

The mean relative difference (MRD) of 4.2% is in perfect erational (right panel) retrievals. The same comparisons are

agreement with a previous comparison study (Schneider gperformed with Brewer measurements (lower panels).

al., 2008a) and the small one sigma standard deviation of One can see that the daily ozone variations are well cap-

0.7% demonstrates the high quality of both the UV and IRtured by both IASI retrieval techniques. However, nega-

data. The FTIR measures systematically highert@al tive sign appearing in the DMR suggest that IASI opera-

columns than the Brewer instrument, which may be due tational algorithm underestimatezQotal columns compared

inconsistencies in the spectroscopic parameters. Indeed, the Brewer and FTIR data. The mean relative differences
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Table 2. Summary of the comparison between @tal columns derived from If@a FTIR and Brewer and from various satellites data
(“IASI-an” is the data produced by the analytical retrievals, “IASI-op” is the operational produat).is‘the number of daily averaged
total ozone columns for the coincidences, “MRD” is the Mean Relative Difference (in %) with the relative rans“®"lis the correlation
coefficient of the linear regression and the relative slope of the linear regression is given in the last columns.

FTIR Brewer
N MRDin% R slope N MRDin % R slope
(rms Iv) (rms o)
IASI-an 13 -20(1.4) 094 0.98 55 15(2.2) 0.89 1.00
IASI-op 22 -52(19) 090 0.95 77 -0.9(25) 0.85 0.99
GOME-2 20 -24(1.1) 097 0.98 90 15(1.5) 096 1.00
OoMI 10 -05(0.7) 0.99 0.99 74 35(.2) 097 1.00
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Fig. 5. (a) Time series of @total columns derived from FTIR at Iaa (black), and from the IASI analytical (red) and from IASI operational
(pink) algorithms.(b) Time series of @total column derived from Brewer at l#a (dark blue) and from the IASI analytical (red) and IASI
operational (pink) algorithms. Relative uncertainties and relative differences (RD) in % (gray) are also indicated.

(MRD) between IASI analytical and IASI operational to- Although less coinciding points are used in the analytical
tal O3 columns, respectively, are2.0 (£1.4)% and—5.2 IASI retrieval (13 and 55 for IASI analytical, compared to

(£1.9)% compared with the FTIR data, and 1:62(2)% 22 and 77 for the IASI operational product, the first number
and —0.9 (+2.5)% compared with the Brewer data. All related to FTIR and the second to Brewer observations, re-

mean relative differences betweenfiagground-based{2o- spectively), there is a slightly better agreement with ground-
tal columns and other independent data are summarized ibased results. The difference in the IASI data sets for these
Table 2. The MRD is calculated as: two retrievals is the result of different methods used for the

treatment of the IASI measurements: Each method uses in-
deed its own criteria for the quality check and for the cloud
filtering. It is important to note that only for the operational
IASI retrieval, the difference exceeds the estimated uncer-
tainty.

[(Satellite Q column — ground-based Q column)/ (3)

ground— based Q totalcolumr] x 100
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Figure 6 shows @total columns retrieved from IASI data GOME-2 (cyan) and OMI (green). The mean relative differ-
using analytical (left) and operational (right) algorithms as aences of FTIR data are0.5 0.7)% with OMI and—2.4
function of the @ total columns derived from FTIR at Ida  (£1.1)% with GOME-2, while for Brewer data one obtains
(top) and from Brewer at I7@ (below). A linear fit passing 3.5 (#1.2)% difference with OMI and 1.541.5)% with
by the origin is used. GOME-2. Here, a very good agreement is observed between

The correlation coefficients are 0.90 and 0.94 in the casground-based and satellite measurements since the mean dif-
of FTIR comparison with the operational and analytical IASI ferences do not exceed the uncertainties. One can see in
retrievals, respectively. Correlation coefficients of 0.85 andFig. 8 the good correlations betweenfizaFTIR and satel-
0.89 are obtained when comparing the operational and ankte data for the corresponding measurement period: 0.99
alytical IASI retrievals, respectively, to Brewer. Note that and 0.97 for OMI and GOME-2, respectively, and between
the comparisons with ground-based data systematically sholrewer and the satellite data (correlation coefficient of 0.97
that the IASI operational data produce smaller correlation cofor OMI and 0.96 for GOME-2). The slopes of the linear
efficients. Furthermore, the slopes of linear fitting of analyt- regressions are 0.99 for OMI and 0.98 for GOME-2 concern-
ical 1ASI related to ground-based measurements are closeéng the comparisons with FTIR, and 1.0 for both satellite in-
to unity than for the IASI operational retrieval: 0.98 (FTIR) struments comparing with Brewer data. To conclude, ozone
and 1.0 (Brewer) for IASI analytical retrievals, compared data derived from space instruments of OMI and GOME-2
to 0.95 (FTIR) and 0.99 (Brewer) for IASI operational re- are in a good agreement compared to ground-based measure-
trievals. Hence, the analytical retrieval method for deriv- ments derived from Brewer and FTIR. However, negative
ing total atmospheric ozone columns appears more consistesigns of mean relative differences, appearing in the compar-
with ground-based reference data. ison between UV satellite instruments (GOME-2 and OMI)

and FTIR, suggest that the IR ground-based measurements
4.4 Comparison of FTIR and Brewer ozone data with ~ over-estimate the ©total column. This trend confirms the
GOME-2 and OMI data systematic difference between IR and UV measurements, al-
ready seen between Brewer and FTIR comparison.

In this section, FTIR measurements atflasare compared

with GOME-2 and OMI satellite data. Figure 7 shows
the time series of ozone columns derived from FTIR at
Izafa (black/top) and Brewer data (purple/below) and from
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