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Abstract. MIPAS (Michelson Interferometer for Passive At- surements is comparable or better than that obtained from
mospheric Sounding) is operating on the ENVIronmentalthe full-resolution dataset. The only significant change in
SATellite (ENVISAT) since March 2002. After two years of MIPAS performances is observed at pressures around 2 hPa,
nearly continuous limb scanning measurements, at the end/here the relative bias of the instruments increases by a fac-
of March 2004, the instrument was stopped due to problemsor of 2 from the 2003-2004 to 2005-2006 measurements.
with the mirror drive of the interferometer. Operations with
reduced maximum path difference, corresponding to both a
reduced-spectral-resolution and a shorter measurement tim(i,
were resumed on January 2005. In order to exploit the
reduction in measurement time, the measurement scenarig, atmospheric chemistry payload onboard the ENVIron-

was changed adopting a finer vertical limb scanning. Th?mental SATellite (ENVISAT) of the European Space Agency

change of spectral resolution and of measurement scenar;fESA) consists of three instruments that are capable to re-

Introduction

entailed an update of the data processing strategy. The ain. ical : fil f |
of this paper is the assessment of the differences in the qua rieve vertica conce ntrat|oq profres ot severa trace. gases
rom observations in the middle infrared (MIPAS), visible

ity of the MIPAS ozone data acquired before and a1‘ter_theand ultraviolet (GOMOS and SCIAMACHY) spectral re-
stop of the operations. Two sets of MIPAS ozone profiles _. .
ions (Nett et al., 2001). In particular, all these sensors pro-

acquired in 2003-2004 (full-resolution measurements) anoside as part of their level 2 operational products. heiaht-
in 2005-2006 (reduced-resolution measurements) are com-, | b P P » nelg

pared with collocated ozone profiles obtained by GOMOSreesrotlr\ge(ilsnfﬁgpea:go?hgnrgzsozzzr;?edI‘f’;ﬁg“g;;g;ﬂ;?eug%_ )
(Global Ozone Monitoring by Occultation of Stars), itself P Posp P : q P

L portunity for intercomparison and cross-validation of ozone
also_onboard ENVISAT. The con_tlnwty of th? G.OMOS data data derived from different measurement techniques and ob-
quality allows to assess a possible discontinity of the Ml'servation strategies, thus making possible precise assess-
PAS performances. The relative bias and precision of MI- gies, gp P

PAS ozone profiles with respect to the GOMOS ones havements about instrument performances and about the quality

. oJ the retrieval products. In this paper, we compare verti-
been compared for the measurements acquired before ANl profiles of 0zone Volume Mixing Ratio (VMR) obtained
after the stop of the MIPAS operations. The results of the P 9

comparison show that. in aeneral. the aquality of the MI- from selected pairs of coincident measurements by MIPAS
P . - N9 ' q y ot and GOMOS, with the aim of checking whether MIPAS
PAS ozone profiles retrieved from reduced-resolution mea- . : - .
ozone data quality remained stable during the period from
July 2002 to May 2006. The motivation for verifying the con-
tinuity of MIPAS ozone measurement performances arises

Correspondence to: U. Cortesi from the interruption in instrument operations that occurred
BY (u.cortesi@ifac.cnr.it) at the end of March 2004 and from the changes implemented
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Table 1. Comparison between the MIPAS observation modes adopted before and after January 2005

Before January 2005 After January 2005
Nominal mode Nominal mode UTLS-1 mode
Spectral resolution 0.025n1 0.0625cm 1 0.0625¢m 1
Sweep time 45s 2.1s 2.1s
Scan measurement time 76.5s 56.7s 39.9s
Number of altitude grid points 17 27 19
Horizontal sampling step 550 km 410km 290 km
Altitude grid Fixed Floating Floating
Vertical sampling step 3.0km [at 6—42 km] 1.5km [at 7-22 km] 1.5km [at 8.5-22 km]

5.0km [at 42-52km] 2.0km[at22-32km] 2.0km [at 22—28 km]

8.0km [at 52-68km]  3.0km [at 32—47km] 3.0 km [at 28—34 km]
4.0km [at 47-63km]  4.5km [at 34-52 km]
4.5km [at 63—72 km]

after January 2005 in the optical configuration and in theSect. 6, we will present our conclusions about the quality of
measurement scenario. In fact, MIPAS performed observaMIPAS ozone profiles retrieved from the reduced-spectral-
tions at full-spectral-resolution (0.025 ¢ for the firsttwo  resolution measurements.

years of the ENVISAT mission (March 2002—March 2004).

A gap in instrument acquisitions exists from March 2004 to

January 2005, when operation were suspended to investigate MIPAS ozone measurements

the source of anomalies observed in the interferometric drive

unit (Frerick et al., 2006). MIPAS operations started again inThe MIPAS (Michelson Interferometer for Passive Atmo-
January 2005, at reduced-spectral-resolution (0.0623Fm  spheric Sounding) instrument (Fischer et al. (2000), Fischer
and using a new measurement scenario. Results of level gt al. (2007) and http://envisat.esa.int/dataproducts/mipas) is
analysis for a limited number of orbits in the period 2005— g Fourier transform infrared spectrometer operating onboard
2006 were made available for validation purposes. Based ofhe ENVISAT satellite launched by ESA on 1 March 2002.
the assumption that the quality of the ozone products derived)|PAS measures from space the limb thermal emission
from GOMOS nighttime measurements was fairly constantof the atmosphere in the middle infrared (from 685 to
during the entire period under investigation and considering2410 cnv?), a region containing a large fraction of the black
that MIPAS ozone operational data from the full-spectral- hody emission of the atmosphere as well as features due to
resolution mission have already undergone an extensive valithe ro-vibrational spectra of most atmospheric constituents.
dation process (Cortesi et al., 2007), we can use the results ofhe measured signal is integrated over the Instantaneous
the comparison between coincident ozone data from MIPASFje|d Of View (IFOV) of the instrument, equal to<B0 kn?
2003-2004 and 2005-2006 periods against GOMOS meagertical height times across-track width, at 10 km tangent
surements for an assessment of the quality of theiOfiles  atitude). From July 2002 to March 2004 the instrument ac-
retrieved from MIPAS reduced-resolution measurements. |r‘quired near|y continuous limb Scanning measurements with
the following sections, we will first provide all relevantinfor- - an interferometer Maximum Path Difference (MPD) equal to
mation about MIPAS and GOMOS datasets that will be USEdZO cm, Corresponding toa Spectra| resolution of 0.025tm

for our Comparison. In Sect. 2, we will describe the main dif- A spectrum was acquired in4.5s and alimb sequence in the
ferences between MIPAS full- and reduced-resolution opernominal observation mode was composed of 17 spectra that
ation modes, with details about the instrument configurationpoked at different tangent altitudes from 6 to 68 km, with a
and the measurement scenario adopted in the two cases. g]\_ep of 3km in the troposphere and lower stratosphere and
Sect. 3, we will resume the key features of GOMOS 0zoneof up to 8 km in the high stratosphere. The time neces-
measurements, to be used as a benchmark for highlightingary to acquire a whole limb sequence was 76.5s. During
any change in MIPAS @products. A detailed description each orbit, MIPAS performed 75 limb sequences plus mea-
and justification of the strategy adopted for the continuity surements for instrument calibration. The ESA level 2 op-
check of MIPAS @ data quality is provided in Sect. 4. The erational analysis of the MIPAS spectra determines, from
results of the comparison will be discussed in Sect. 5. Injevel 1b calibrated spectra, the pressure and temperature

Atmos. Chem. Phys., 8, 2201-2212, 2008 www.atmos-chem-phys.net/8/2201/2008/
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Fig. 1. Estimated systematic errors and errors propagated from thé~ig. 2. Estimated systematic errors and errors propagated from the
errors on pressure and temperature for the ozone profiles retrievedrrors on pressure and temperature for the ozone profiles retrieved
from full-spectral-resolution MIPAS measurements (in %). from reduced-spectral-resolution MIPAS measurements (in %).

Oanalysis. In the nominal observation mode adopted after Jan-
: : uary 2005, a MIPAS limb scan consists of 27 spectra that
species (namely § Hz0, CHy, HNOz, N2O and NQ) in look at different tangent altitudes from 7 to 72 km with a step

the altitude range from 6 to 68 km. The retrieval algorithm of 1.5km in the troposphere and lower stratosphere and of
performs a Gauss-Newton non-linear least squares fit mod-" ! POSP W P

ified by the Levenberg-Marquardt method using a global fit YP to 4.5km in the high stratosphere. After January 2005 a

strategy. The fit is performed on a selected set of spectral in—SIgnIfICant fraction of MIPAS measurements was acquired in

tervals (called “microwindows”) that contain the maximum T_he spesctlaltobsr? rvaufn trrr:otde UTI_|S—1 ((ljJE)pe: 'I('jro;sr(])sphere
information on the species to be retrieved. A detailed de—trgwgr h;?eozg delge-e)r’ tthgvaigr:nrze'ono S‘I’Eeyac © 'uPtPOGr:
scription of the used algorithm can be found in the works of posp wer s Sp gion. quistti

Ridolfi et al. (2000) and of Raspollini et al. (2006). Inves- time of a limb sequence is 56.7 s and 39.9 s for the nom-

at tangent altitudes and the vertical profiles of six selecte

tigations on anomalies occurred in the interferometer slideInaI and for the UTLS-1 mode respectively. In Table 1 the

speed showed a mechanical degradation of the instrument. |
order to prevent the risk of a fatal blockage of the interferom-
eter MIPAS was switched-off at the end of March 2004 and
operations with a reduced MPD, equal to 8.2 cm, and a re- The MIPAS measurements acquired from July 2002 to
duced duty cycle (35% “on” and 65% “off") were resumed in March 2004 were analyzed in near real time and subse-
January 2005. Subsequently, due to the reduction of the opduently an off-line reprocessing of the data was performed.
served anomalies, the duty cycle has been increased stepwidde off-line analysis used the same processor as the near real
to 80% “on” and 20% “off’ and restored to 100% “on” since time analysis but different auxiliary data that allowed to ob-

1 December 2007. The interferograms acquired with reduced@in more accurate results at the expenses of an increased
MPD are Fourier-transformed in spectra and re-sampled witffomputing time. In this paper only the ozone data retrieved
a spectral resolution of 0.0625 crh with a reduction of a off-line with processor versions v4.61 and v4.62 will be used
factor 2.5 with respect to the original one. Because of thefor the comparison. These data have been thoroughly val-
smaller value of the MPD also a reduction of the measureJdated by comparison with a large suite of correlative data
ment time from 4.5s to 2.1 is obtained. This reduction infrom ground-based stations, aircraft and balloon-borne plat-
measurement time is exploited adopting an observation scdorms, as well as concurrent satellite measurements and as-
nario with a finer vertical measurement grid and with more similated ozone fields. The results of this extensive valida-
frequent limb sequences. Furthermore, for the new operatiofion effort are described in Cortesi et al. (2007) and demon-
mode it was decided to adopt a floating altitude-samplingStrate the high quality of MIPAS ozone profiles in the altitude
grid, in order to follow roughly the tropopause height along fange between 20 and 55 km, with bias and precision within
the orbit with the requirement to collect at least one Spec_the current estimate of MIPAS systematic and random errors.
trum per sequence within the troposphere, while avoiding The MIPAS measurements acquired after January 2005
too many cloud-affected spectra which give problems in theare characterized by a step of the vertical measurement

omparison between the nominal observation mode adopted
efore January 2005 and the nominal and UTLS-1 observa-
tion modes adopted after January 2005 is reported.

www.atmos-chem-phys.net/8/2201/2008/ Atmos. Chem. Phys., 8, 2201-2212, 2008
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grid that at low altitudes is smaller than the vertical IFOV, ported in this paper. The same dataset has been used in other
therefore contiguous limb scanning views are overlapping.validation studies, e.g. for comparison with the ACE-FTS
This situation, combined with the choice of a retrieval ozone measurement®puy et al., 2008).
grid that matches the measurement grid, determines an ill-
conditioning of the inversion and the need for a regular-
ization in order to avoid instabilities in the retrieved pro- 3 GOMOS ozone measurements
files. For this reason the MIPAS retrieval algorithm has been
modified by introducing a Tikhonov regularization, whose GOMOS (Global Ozone Monitoring by Occultation of Stars)
strength is determined by means of the error consistencés a stellar occultation instrument onboard the ENVISAT
method (Ceccherini, 2005 and Ceccherini et al., 2007). Besatellite (see Bertaux et al. (1991), Bertaux et al. (2000),
cause of the finer measurement and retrieval grids and oBertaux et al. (2004), Kyia et al. (2004), Kybla et al.
the weakness of the adopted regularization, the ozone prd2006), and http:/envisat.esa.int/dataproducts/gomos). The
files retrieved from measurements acquired after Januargtarting altitude is 130 km and the first few measurements are
2005 have an improved vertical resolution with respect toused to determine the star’s undisturbed spectrum (the ref-
those retrieved from measurements acquired before Januagrence spectrum). The integration time is 0.5s, which gives
2005 (Ceccherini et al., 2006). For the analysis of thethe altitude sampling resolution 0.5-1.6 km depending on the
MIPAS measurements acquired after January 2005 a newltitude and the azimuth angle of the measurement. The GO-
set of microwindows (optimized for the new measurementMOS instrument has a large scanning mirror controlled by a
mode) for the ozone retrieval has been selected. In particstar tracker. Light is forwarded through a slit to the two holo-
ular, a larger number of spectral points is considered (303®Jraphic gratings and to two fast photometers. During night-
for reduced-spectral-resolution measurements with respect téme measurements the slit is not needed but during daytime
2006 for full-spectral-resolution measurements), in order tomeasurements the slit restricts the intrusion of scattered so-
compensate for the loss of information content caused byar light into the instrument. For daytime observations the
the reduced-spectral-resolution. The microwindows used foscattered solar light increases the measurement noise in oc-
the retrieval of MIPAS full- and reduced-spectral-resolution cultation retrievals (Verronen et al., 2007).
measurements were provided by University of Oxford (Dud- The spectrally resolved light is recorded by CCD (Charge
hia et al., 2002) and are reported in Tables 2 and 3 resped=oupled Device) detectors. The spectral ranges are 250—
tively. Only a sub-set of spectral points within these mi- 690nm, 750-776 nm, and 916-956 nm, which enable re-
crowindows is used in the fitting procedure, for optimal ex- trieval of vertical profiles of @, NOz, NOz, H20, Oz, neutral
ploitation of the information content of the spectra density, and aerosols. The two photometers work at blue and
The use of different microwindows for measurements ac-red wavelengths at a frequency of 1 kHz. Photometer data are
quired with full- and reduced-spectral-resolution determinesused to make the scintillation correction for the spectrometer
different systematic errors and different errors propagatediata. From the photometer data it is also possible to retrieve
from the errors on pressure and temperature for the ozonbigh resolution (resolution of 200 m) temperature profiles in
profiles. the range of 15-40 km using the spatial separation of rays by
Figs. 1 and 2 show the estimated systematic errors anghromatic refraction.
the errors propagated from the uncertainties on pressure and The geolocation of each GOMOS measurement is deter-
temperature for the ozone profiles retrieved from full- and mined starting from the satellite location and from the known
reduced-spectral-resolution MIPAS measurements. We redirection to the star, and performing the ray tracing calcula-
call that in the case of MIPAS a sequential analysis of thetion through the neutral atmosphere given by the ECMWF
individual target is made. Therefore, the results of pres-(European Centre for Medium-range Weather Forecasts) and
sure/temperature retrieval are used in the subsequent rédSISE-90 (Mass Spectrometer Incoherent Scattering). The
trievals of the minor constituents and, accordingly, the prop-upper limit of the ECMWF data in the current product is
agation of the associated errors must be accounted for th&hPa (about 45km). The MSISE-90 is joined to ECMWF
error budget. data in such away that a hydrostatic equilibrium is preserved.
MIPAS reduced-spectral-resolution measurements ac- In GOMOS level 1 the basic calibration corrections are
quired after January 2005 have not yet been processed witherformed. The most important is the dark current removal
the ESA operational processor. However, a subset of the adhat is made using the dark current measurements at every
quired measurements has been analyzed using the prototypesbit. In GOMOS level 2 processing the transmission spec-
MIGSP 2.7 for level 1b and ML2PP/5.0 for level 2 and dis- tra are corrected first for the refractive attenuation caused by
tributed to the scientific community. Therefore, the ozonerefraction and modulations by scintillations. The fast pho-
profiles retrieved from MIPAS measurements acquired durtometer data are used in the scintillation correction. The cor-
ing 140 ENVISAT orbits from January 2005 to May 2006 in rection does not remove the scintillation modulation com-
either nominal (18 profiles) or UTLS-1 (68 profiles) modes pletely, but the ozone retrieval is only weakly sensitive to
are available and have been used for the comparisons renodulations by scintillations.

Atmos. Chem. Phys., 8, 2201-2212, 2008 www.atmos-chem-phys.net/8/2201/2008/
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Table 2. Microwindows used for the retrieval of MIPAS full-spectral-resolution measurements. For each microwindow the altitude range
where it is used is reported, along with the corresponding approximate pressure values.

Microwindows label  Spectral range Altitude range  Pressure Range
[em™ [km] [hPa]

03..021 763.3750-766.3750 6.0-68.0 4.734072 102

03..013 1039.3750-1040.3250 52.0-68.0 6.24%66.72 1072

03...001 1122.8000-1125.8000 6.0-68.0 473972 102

Table 3. Microwindows used for the retrieval of MIPAS reduced-spectral-resolution measurements. For each microwindow the altitude

range where it is used is reported, along with the corresponding approximate pressure values.

Microwindows label  Spectral range Altitude range  Pressure Range
[em™ [km] [hPa]

03..334 729.2500-732.2500 15.0-46.0 1.234n34 18

03..335 756.6250-759.6250 7.5-37.0 3.841039 16

03._332 1033.1875-1036.1875 31.0-70.0 1.08-%097 10°2

03...333 1117.0000-1120.0000 6.0-46.0 4.731034 16

03...331 1123.5625-1126.5625 7.5-70.0 3.84-1097 1072

In the spectral inversion, the model transmission func-be overestimated in the GOMOS product used in this work
tion is fitted to the refraction-corrected transmissions si-(level 2 version 5.00), see Sofieva et al. (2007). The valid-
multaneously at all wavelengths by a non-linear Levenberg-ty regions of retrieved constituents vary, depending on the
Marquardt method (Kydla et al., 1993, Sihvola, 1994). This type of the occulted star and on the state of the atmosphere.
absolute cross-section method had to be modified after iThe valid altitude range of ozone retrievals is generally 15—
was realized that so-called isotropic scintillations modify 100 km with the exception of weak and cool stars that pro-
transmissions in such a way that the scintillation correctionvide valid profiles only up to 45 km.
method is not able to eliminate them. Therefore J\N&hd The GOMOS data validation activity has been carried out
NOs retrieval is now based on sub-iteration using differen- since the summer of 2002. The comprehensive validation of
tial cross-sections (Hauchecorne et al., 2005). The verticabzone against ground-based and balloon-borne instruments
inversion is performed using the onion-peeling method. Ahas been presented in Meijer et al. (2004). The results show
smoothness constraint is applied to the inversion using thehat in dark limb the GOMOS data agree very well with the
target resolution Tikhonov method (Sofieva et al., 2004). Forcorrelative data: between 14 and 64 km altitude their differ-
ozone the target vertical resolution is 2km below 30 km, ences show only a small (2.5-7.5%) insignificant negative
increases linearly to 3km at 40 km, and remains the saméias with a standard deviation of 11-16% (19-63 km). This
above that. An iteration loop over spectral and vertical inver-conclusion was demonstrated to be independent of the star
sion is performed in order to take into account the temperatemperature and magnitude and the latitudinal region of the
ture dependence of the cross-sections. GOMOS observation, with the exception of a slightly larger

The random error estimation is based on the propagatiorbias in the polar regions at altitudes between 35 and 45 km.
of all level 1b errors, largest contributors of which are dark In May—June 2003 GOMOS suffered a temporary elec-
current and photon noise, through the spectral and verticalronic malfunction of the mirror steering mechanism. By
inversions. An additional error source in level 2 is the stepusing the redundancy in GOMOS electronics measurements
where intensity fluctuations from scintillations are removed were able to continue in July 2003 without loss of perfor-
using photometer data. This additional error is estimatedmance. A similar but more serious problem was encountered
from large numbers of equatorial measurements with vary-4n January 2005. After a tedious testing phase measurements
ing azimuth angle. The underlying assumption is that thewere resumed in the end of August 2005 but with a restricted
ozone distribution around the equator is relatively constantpointing range (Barbieri et al., 2006). The number of avail-
and the variability of ozone profiles comes from the scin- able targets per orbit decreased to 65% of the original num-
tillations. The degree of scintillation error depends on theber. Because of the pointing range restriction the selection
azimuth angle. The additional scintillation error seems toof stars has changed considerably in any latitudinal belt. For

www.atmos-chem-phys.net/8/2201/2008/ Atmos. Chem. Phys., 8, 2201-2212, 2008
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Fig. 3. Results of the comparison for the period of MIPAS full-spectral-resolution measurements (2003—-2004). The left panel shows the
MIPAS and GOMOS ozone VMR mean profilesg WMR differences between MIPAS and GOMOS and associated uncertainties are plotted

in the middle panel (absolute values in ppmv) and in the right panel (relative values as a percentage of GOWNIS Bean profile). In

each plot we display the bias (red solid line, with error bars representing the SEM values), the random (black dashed line) and systematic
(red dashed line) errors of the bias and its standard deviation (shaded area).

example, the brightest star Sirius is no more used by GO4 Validation strategy
MOS in the equatorial region.
The strategy adopted for the validation of ozone vertical pro-

The noise of the GOMOS CCDs has increased steadilyfiles retrieved from MIPAS reduced-spectral-resolution mea-
since launch. This has led to increased measurement errogirements was based on the comparison of MIPAS full- and
but the overall bias has not increased. However, there seenteduced-resolution level 2 products against coincident ozone
to be a slight decrease in the upper limits of the validity re- data from GOMOS. This approach relied on the fact that:
gions of weak, cool stars. The increased random noise is

reflected in the estimated GOMOS errors. (@) GOMOS data quality stayed reasonably stable, without

suffering any major discontinuity in the period 2003—
In the current comparison, we have used night-time data 2006;

exclusively. This selection was made by requiring the solar (b) MIPAS ozone operational products (v4.61 and v4.62),
zenith angle of the measurement tangent point to be 110 de- for the period July 2002—March 2004, have already

grees or larger. To assure the reliability of the ozone data  p.qap validated, as already mentioned in the previous
in the full altitude range, we selected target stars according  ¢actions (see, for instance, Sect. 2).

to the recommendation of K§lta et al. (2006). The stellar
magnitude was required to be 7000 K or larger, and the stel- As a consequence, we can check the impact of the imple-
lar visual magnitude was required to be 1.9 or smaller. mented changes in MIPAS measurement mode on the quality

Atmos. Chem. Phys., 8, 2201-2212, 2008 www.atmos-chem-phys.net/8/2201/2008/
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Fig. 4. Results of the comparison for the period of MIPAS reduced-spectral-resolution measurements (2005-2006). The format of the plots
is the same as in Fig. 3.

of level 2 geophysical products, by comparing coincidentto apply additional matching criteria for filtering coincident
MIPAS and GOMOS ozone profiles acquired in 2003—2004profiles acquired in regions of strong horizontal gradients.
and in 2005-2006. Any discrepancy between the outcome# subset of MIPAS ozone profiles (and coincident GOMOS
of the comparison of the two datasets can be attributed to aldata) was chosen from the operational products available for
terations in MIPAS data quality after the gap in instrumentthe full-resolution mission (see Sect. 5 for more details),
operations occurred between March 2004 and January 2005vhilst the entire ensemble of MIPAS ozone data provided by
We required that coincident pairs of GOMOS and MI- ESA for validation purposes was considered for the reduced-
PAS ozone profiles satisfy the following spatial and temporalresolution measurements.
matching criteria: The comparison was based on the calculation of both ab-
solute and relative differences between vertical profiles of
e the spatial separation between coincident profilesozone VMR retrieved from coincident measurements of MI-
should not exceed 3 degrees in latitude and 6 degreepAS and GOMOS. VMR differences, computed from in-
in longitude; dividual comparison pairs, were used to evaluate the bias:

o the time delay between coincident profiles should not be
larger than 3 hours. bj = 1

=% (1)

Nj

MIPAS GOMO
DL S = xgoMOs)
i=1

We also verified that the comparison pairs selected on the l

basis of the above mentioned criteria did not include pro- whereb; andN; are the bias and the number of compar-
files acquired by MIPAS and GOMOS on opposite sides ofison pairs for thej” pressure level of the common vertical
the polar vortex boundary. It was not necessary, thereforegrid used for interpolating MIPAS and GOMOS profiles (see
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Fig. 5. Mean percentage difference between GOMOS and MIPAS ozone data (relative to the GOMOS mean profile) calculated for MIPAS
full-resolution (2003-2004, in black) and reduced-resolution (2005—-2006, in red) datasets.

Sect. 5 for details) andM'™S and xZ°MOS are the ozone  will try to highlight potential differences in the quality of
VMR values interpolatec{on the same level for tttepair of MIPAS products retrieved from measurements at full- and at

MIPAS and GOMOS profiles. reduced-spectral-resolution. In Fig. 3 we show the overall re-
The uncertainty on the bias can be estimated from thesult of the comparison for the period of MIPAS full-spectral-
Standard Error on the Mean (SEM): resolution measurements. In this case, we compared 1633

o coincident pairs of MIPAS and GOMOSs@rofiles acquired
SEM; = \/_117 (2)  during 2003-2004: one month of data was selected for each
/ season — i.e. April 2003 (63 pairs), July 2003 (125 pairs),
whereo; is the standard deviation of the bias October 2003 (541 pairs) and January 2004 (904 pairs) - and
average values were calculated on the resulting dataget. O
ZN/' [xMIPAS _ ,GOMOS _ , .12 VMR differences averaged over the individual months (not
oj s Y / (3)  shown here) provided similar results with no evidence of sea-
(N; =1 sonal effects. In the left panel of Fig. 3, mean vertical profiles

with associated uncertaintyo; (see, for instance, Sivia, of 0zone VMR obtained by MIPAS and by GOMOS are plot-
1996): tgd. Mean values are calculated by averaging |nd_|V|duaI pro-
files interpolated on a common pressure grid (built from cli-
I E— (4) matological values for mid-latitude/Spring conditions, with
V2N =1 pressure levels corresponding to the range from 5 to 75km
in steps of 1km). In the middle panel, we report the mean
absolute difference (in ppmv) between MIPAS and GOMOS
ozone VMR as a function of pressure (red solid line), with
error bars representing the SEM values. The combined sys-
5 Results and discussion tematic (red dashed line) and random (black dashed line) er-
rors of the @ VMR differences, as estimated from the corre-

In this section we will describe the results of the compar- sponding components of MIPAS and GOMOS uncertainties,
isons between GOMOS and MIPAS ozone profiles and we

o
o J
Aocj =

The relative values for the above quantitities have been ca
culated as a percentage of the GOMOSrean profile.
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Fig. 6. Standard deviation of the differences between GOMOS and MIPAS ozone profiles as a percentage of the GOMOS mean profile,
calculated for MIPAS full-resolution (2003—2004, in black) and reduced-resolution (2005—-2006, in red) datasets.

are overplotted and can be compared with the mean profiléhan the random error by up to a factor of 2.5) are observed
of the O; VMR difference and with its standard deviation outside this range, especially at lower altitudes.

(shaded area) respectively for bias and precision validation The overall outcome of the comparison confirms the
purposes. Itis important to notice that the combined systemgood quality of ozone products from MIPAS full-spectral-
atic error only includes the estimate of systematic effects onresolution mission. In particular:

MIPAS ozone retrieval, as a detailed evaluation of systematic

uncertainties on GOMOS ozone profiles are not available at(a) the estimate for the bias is less than 5% from 25 hPa to
the time of our analysis. In the right panel, a similar plot is 0.2hPa and between 5% and 10% for pressure values
presented, displaying the same quantities (VMR differences  larger than 25 hPa and less than 0.1 hPa. This result is
and errors) of the middle panel expressed as percentage of in agreement with the outcomes of MIPAS ozone vali-
the GOMOS mean profile. The mean profile of the difference dation activity (Cortesi et al., 2007), as well as with an
between MIPAS and GOMOSA/MR appears to be within independent assessment of MIPAS ozone data quality
the combined systematic errors of the comparison from the  performed in the frame of the ASSET (ASSimilation
upper troposphere up to the lower mesosphere, with the only ~ of Envisat daTa) project, as described by Lahoz et al.
significant exception of the pressure layer around 40 hPa,  (2007);

where a positive bias 0f£10% is found. This bias can be,

however, partly explained by considering that the contribu- (b) the precision of the comparison is between 6% and 10%
tion of GOMOS error budget is currently not included in the in the range from 40 hPa to 0.25hPa.

estimate of the systematic errors reported in Fig. 3 and that

a rough estimate of this component (a few percent) can ac- The same comparison was performed on the set of ozone
count for the exceedingly large values of the mean differencgrofiles available for the period of MIPAS reduced-resolution
at 40 hPa. The current estimate of the combined random erdission. In this case, a total number of 86 coincident pairs
rors, on the other hand, is fully consistent with the precisionWas considered, as already described in details in Sect. 2.
of the comparison in the pressure range 3-40hPa. Minoff Ne results of the comparison are displayed in Fig. 4.

discrepancies (with the standard deviation of the bias larger As evident from the plots of the mean absolute and per-
centage differences between MIPAS and GOMOSVBIR
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values reported in the middle and in the right panel respec6 Conclusions

tively, the bias is always within the current estimate of MI-

PAS systematic error, if we exclude the pressure levels beln this paper, we have compared ozone vertical profiles re-
tween 20 hPa and 50 hPa. The larger values of the bias obrieved from GOMOS measurements with coincident data
served in this layer could still be within the combined sys- obtained by MIPAS during its full- and reduced-resolution
tematic error of the comparison, when including the missingmission, with the aim of verifying the continuity of MIPAS
contribution from GOMOS, consistently with what we have Os data quality after instrument operations were stopped
previously observed for MIPAS full-resolution mission. Also in March 2004 and subsequently resumed in January 2005.
in this case, the precision of the comparison is less than thd he results of the comparison for the period of MIPAS full-
combined random error for pressure values less than 65 hp&esolution measurements are fully consistent with the out-
The standard deviation of the mean difference increases g&ome of previous validation experiments: the bias is within
lower altitudes up to a factor 3 of the random error. It is the systematic error of the comparison throughout the whole
worth noticing that the estimated random error is much largerProfile from the lowest levels up to 0.05 hPa, except for a sin-
than the observed precision around 20 hPa; this feature cag@le layer around 40 hPa. The observed precision is explained
be explained, taking into account that the component of MI-by the a priori estimate for the random error of the compari-
PAS error budget due to pT propagation error shows a peaﬁon inthe range from 3 hPato 40 hPa. We demonstrated that
approximately at the same level (see Fig. 2) and has beefimilar conclusions apply to the dataset of MIPAS reduced-
considered, in our calculation, as a purely random error. Ifrésolution measurements. In this case, we found that the bias
this is not the case and if the pressure/temperature propagés constantly less than 10% for the whole pressure range from
tion error, for the selected dataset, is contributing to the biast00 hPa up to 0.05 hPa. In this range the bias is also consis-
and shall be considered as part of the systematic error of théent with the combined systematic error of the comparison,

comparison, we will tend to overestimate the random uncerWith the only exception of the layer around 40 hPa, as for the
tainties as observed in Fig. 4. 2003-2004 measurements. The precision error is fully jus-

In generaL the overall result of the Comparison for the tified by the estimate of the combined random error for all

dataset of MIPAS reduced-resolution measurements can b@vels with pressure values smaller than 65 hPa.
summarized by estimating a bias less than 5% in the pres- In general, the quality of the ozone profile retrieved from
sure range from 0.4 hPa to 20 hPa, excluding the layer arounfeduced-resolution measurements is comparable or better
~2hPa, where a larger bias-6%) is observed, and within than that obtained from the full-resolution dataset. The only
10% in the stratosphere for pressure values smaller thagignificant change in MIPAS performances is observed at
100 hPa. The precision error, on the other hand, appears tBressure around 2hPa, where the bias increases by a factor
be between 5% and 10% in the range 0.28 hPa to 40 hPa. 2 from the 2003—-2004 to 2005-2006 measurements. This
To better visualize the results of the comparison betweergffect can be attributed to different systematic errors affect-
MIPAS ozone data quality at full- and reduced-spectral-ing both the pressure-temperature and ozone retrievals be-
resolution, we report the vertical profiles of the bias and ofcause of the different spectral intervals selected for full-
the precision error for the two datasets in Fig. 5 and in Fig. 6and reduced-resolution-mission. Based on these results the
respectively. The error bars represent the uncertainties on thehoice of the microwindows for ozone retrieval from MIPAS
bias and on the precision estimated as described in Sect. 4.reduced-resolution spectra is being reconsidered. Prelimi-
A similar behaviour is observed in the results of the com-nary tests have shown that by replacing the microwindow
parison for 2003—-2004 and for 2005—-2006 in the lower 03.-332 (see Table 3) with Q3343 (corresponding to the
stratosphere, with relatively high values of the bias up tospectral interval [1043.8750-1046.8750]cinand used in
~10% around 40 hPa. the altitude range [27.0-70.0] km) leads to a reduction of
A peak of the bias is also observed between 1 and 2 hPapproximately 50% of the bias between full- and reduced-
both in the 2003—2004 (3%) and in the 2005-2006 (6%)resolution ozone profiles at pressure around 2 hPa. There-
datasets, whilst the results of MIPAS reduced-resolutionfore, next re-processing of MIPAS reduced-resolution-data
measurements provide a better agreement with GOMOVill be performed using microwindow Q343 instead of
around 12 hPa and 0.7 hPa (mean difference consistent wit@3--332 . The key indication emerging as a result of the
zero for 2005—-2006 and about 3% for 2003—2004). In theanalysis conducted in this work is that the systematic errors
range from 10 hPa to 0.3 hPa, the precision error is approxiOf the ozone profiles retrieved from full-resolution measure-
mately constant for both the full-resolution and the reduced-ments are different from those associated to the ozone pro-
resolution datasets, with the latter providing slightly better files of the reduced resolution dataset. This information rep-
performances (i.e. average precision value beit§b for resents an important warning when a consistency between
2005-2006 and-8% for 2003—2004). At pressure below the two datasets is required, as in the case of long-term in-
10 hPa the reduced-resolution measurements show a preciestigations.
sion error larger than, or equal to, that of the full-resolution
measurements.
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