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Abstract

MIPAS (Michelson Interferometer for Passive Atmospheric Sounding) is operating on
the ENVIronmental SATellite (ENVISAT) since March 2002. After two years of nearly
continuous limb scanning measurements, at the end of March 2004, the instrument
was stopped due to problems with the mirror drive of the interferometer. Operations5

with reduced maximum path difference, corresponding to both a reduced-spectral-
resolution and a shorter measurement time, were resumed on January 2005. In order
to exploit the reduction in measurement time, the measurement scenario was changed
adopting a finer vertical limb scanning. The change of spectral resolution and of mea-
surement scenario entailed an update of the data processing strategy. The aim of this10

paper is the assessment of the differences in the quality of the MIPAS ozone data ac-
quired before and after the stop of the operations. Two sets of MIPAS ozone profiles
acquired in 2003–2004 (full-resolution measurements) and in 2005–2006 (reduced-
resolution measurements) are compared with collocated ozone profiles obtained by
GOMOS (Global Ozone Monitoring by Occultation of Stars), itself also onboard EN-15

VISAT. The continuity of the GOMOS data quality allows to assess a possible discon-
tinuity of the MIPAS performances. The relative bias and precision of MIPAS ozone
profiles with respect to the GOMOS ones have been compared for the measurements
acquired before and after the stop of the MIPAS operations. The results of the com-
parison show that, in general, the quality of the MIPAS ozone profiles retrieved from20

reduced-resolution measurements is comparable or better than that obtained from the
full-resolution dataset. The only significant change in MIPAS performances is observed
at pressures around 2 hPa, where the relative bias of the instruments increases by a
factor of 2 from the 2003–2004 to 2005–2006 measurements.
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1 Introduction

The atmospheric chemistry payload onboard the ENVIronmental SATellite (ENVISAT)
of the European Space Agency (ESA) consists of three instruments that are capable to
retrieve vertical concentration profiles of several trace gases from observations in the
middle infrared (MIPAS), visible and ultraviolet (GOMOS and SCIAMACHY) spectral re-5

gions (Nett et al., 2001). In particular, all these sensors provide, as part of their level 2
operational products, height-resolved information on the ozone distribution from the up-
per troposphere to the mesosphere. This offers a unique opportunity for intercompari-
son and cross-validation of ozone data derived from different measurement techniques
and observation strategies, thus making possible precise assessments about instru-10

ment performances and about the quality of the retrieval products. In this paper, we
compare vertical profiles of ozone Volume Mixing Ratio (VMR) obtained from selected
pairs of coincident measurements by MIPAS and GOMOS, with the aim of checking
whether MIPAS ozone data quality remained stable during the period from July 2002
to May 2006. The motivation for verifying the continuity of MIPAS ozone measurement15

performances arises from the interruption in instrument operations that occurred at
the end of March 2004 and from the changes implemented after January 2005 in the
optical configuration and in the measurement scenario. In fact, MIPAS performed ob-
servations at full-spectral-resolution (0.025 cm−1) for the first two years of the ENVISAT
mission (March 2003–March 2004). A gap in instrument acquisitions exists from March20

2004 to January 2005, when operations were suspended to investigate the source of
anomalies observed in the interferometric drive unit (Frerick et al., 2006). MIPAS oper-
ations started again in January 2005, at reduced-spectral-resolution (0.0625 cm−1) and
using a new measurement scenario. Results of level 2 analysis for a limited number
of orbits in the period 2005–2006 were made available for validation purposes. Based25

on the assumption that the quality of the ozone products derived from GOMOS night-
time measurements was fairly constant during the entire period under investigation and
considering that MIPAS ozone operational data from the full-spectral-resolution mission
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have already undergone an extensive validation process (Cortesi et al., 2007), we can
use the results of the comparison between coincident ozone data from MIPAS 2003–
2004 and 2005–2006 periods against GOMOS measurements for an assessment of
the quality of the O3 profiles retrieved from MIPAS reduced-resolution measurements.
In the following sections, we will first provide all relevant information about MIPAS and5

GOMOS datasets that will be used for our comparison. In Sect. 2, we will describe the
main differences between MIPAS full- and reduced-resolution operation modes, with
details about the instrument configuration and the measurement scenario adopted in
the two cases. In Sect. 3, we will resume the key features of GOMOS ozone measure-
ments, to be used as a benchmark for highlighting any change in MIPAS O3 products.10

A detailed description and justification of the strategy adopted for the continuity check
of MIPAS O3 data quality will be provided in Sect. 4. The results of the comparison will
be discussed in Sect. 5. In Sect. 6, we will present our conclusions about the quality of
MIPAS ozone profiles retrieved from the reduced-spectral-resolution measurements.

2 MIPAS ozone measurements15

The MIPAS (Michelson Interferometer for Passive Atmospheric Sounding) instrument
(Fischer et al., 2000, 2007; and http://envisat.esa.int/dataproducts/mipas) is a Fourier
transform infrared spectrometer operating onboard the ENVISAT satellite launched by
ESA on 1 March 2002. MIPAS measures from space the limb thermal emission of
the atmosphere in the middle infrared (from 685 to 2410 cm−1), a region containing a20

large fraction of the black body emission of the atmosphere as well as features due
to the vibrational spectra of most atmospheric constituents. The measured signal is
integrated over the Instantaneous Field Of View (IFOV) of the instrument, equal to
3×30 km2 (vertical height times across-track width, at 10 km tangent altitude). From
July 2002 to March 2004 the instrument acquired nearly continuous limb scanning25

measurements with an interferometer Maximum Path Difference (MPD) equal to 20 cm,
corresponding to a spectral resolution of 0.025 cm−1. A spectrum was acquired in 4.5 s
and a limb sequence in the nominal observation mode was composed of 17 spectra
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that looked at different tangent altitudes from 6 to 68 km, with a step of 3 km in the
troposphere and lower stratosphere and of up to 8 km in the high stratosphere. The
time necessary to acquire a whole limb sequence was 76.5 s. During each orbit, MIPAS
performed 75 limb sequences plus measurements for instrument calibration. The ESA
level 2 operational analysis of the MIPAS spectra determines, from level 1b calibrated5

spectra, the pressure and temperature at tangent altitudes and the vertical profiles
of six selected species (namely O3, H2O, CH4, HNO3, N2O and NO2) in the altitude
range from 6 to 68 km. The retrieval algorithm performs a Gauss-Newton non-linear
least square fit modified by the Levenberg-Marquardt method using a global fit strategy.
The fit is performed on a selected set of spectral intervals (called “microwindows”) that10

contain the maximum information on the species to be retrieved. A detailed description
of the used algorithm can be found in the works of Ridolfi et al. (2000) and of Raspollini
et al. (2006). Investigations on anomalies occurred in the interferometer slide speed
showed a mechanical degradation of the instrument. In order to prevent the risk of a
fatal blockage of the interferometer MIPAS was switched-off at the end of March 200415

and operations with a reduced MPD, equal to 8.2 cm, and a reduced duty cycle (35%
“on” and 65% “off”) were resumed in January 2005. Currently, due to the reduction
of the observed anomalies, the duty cycle has been increased stepwise to 80% “on”
and 20% “off” and probably it will be further increased in future. The interferograms
acquired with reduced MPD are Fourier transformed in spectra and re-sampled with20

a spectral resolution of 0.0625 cm−1, with a reduction of a factor 2.5 with respect to
the original one. Because of the smaller value of the MPD also a reduction of the
measurement time from 4.5 s to 2.1 s is obtained. This reduction in measurement time
is exploited adopting an observation scenario with a finer vertical measurement grid
and with more frequent limb sequences. Furthermore, for the new operation mode it25

was decided to adopt a floating altitude-sampling grid, in order to follow roughly the
tropopause height along the orbit with the requirement to collect at least one spectrum
per sequence within the troposphere, while avoiding too many cloud-affected spectra
which give problems in the analysis. In the nominal observation mode adopted after
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January 2005, a MIPAS limb scan consists of 27 spectra that look at different tangent
altitudes from 7 to 72 km with a step of 1.5 km in the troposphere and lower stratosphere
and of up to 4.5 km in the high stratosphere. After January 2005 a significant fraction of
MIPAS measurements was acquired in the special observation mode UTLS-1 (Upper
Troposphere Lower Stratosphere-1), that was planned to study the upper troposphere5

and lower stratosphere region. The acquisition time of a limb sequence is 56.7 s and
39.9 s for the nominal and for the UTLS-1 mode respectively. In Table 1 the comparison
between the nominal observation mode adopted before January 2005 and the nominal
and UTLS-1 observation modes adopted after January 2005 is reported.

The MIPAS measurements acquired from July 2002 to March 2004 were analyzed10

in near real time and subsequently an off-line reprocessing of the data was performed.
The off-line analysis used the same processor as the near real time analysis but differ-
ent auxiliary data that allowed to obtain more accurate results at the expenses of an
increased computing time. In this paper only the ozone data retrieved off-line with
processor versions v4.61 and v4.62 will be used for the comparison. These data15

have been thoroughly validated by comparison with a large suite of correlative data
from ground-based stations, aircraft and balloon-borne platforms, as well as concur-
rent satellite measurements and assimilated ozone fields. The results of this extensive
validation effort are described in Cortesi et al. (2007) and demonstrate the high quality
of MIPAS ozone profiles in the altitude range between 20 and 55 km, with bias and20

precision within the current estimate of MIPAS systematic and random errors.
The MIPAS measurements acquired after January 2005 are characterized by a step

of the vertical measurement grid that at low altitudes is smaller than the vertical IFOV,
therefore contiguous limb scanning views are overlapping. This situation, combined
with the choice of a retrieval grid that matches the measurement grid, determines an25

ill-conditioning of the inversion and the need for a regularization in order to avoid in-
stabilities in the retrieved profiles. For this reason the MIPAS retrieval algorithm has
been modified introducing a Tikhonov regularization, whose strenght is determined by
means of the error consistence method (Ceccherini, 2005; Ceccherini et al., 2007).
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Because of the finer measurement and retrieval grids and of the weakness of the
adopted regularization, the ozone profiles retrieved from measurements acquired af-
ter January 2005 have an improved vertical resolution with respect to those retrieved
from measurements acquired before January 2005 (Ceccherini et al., 2006). For the
analysis of the MIPAS measurements acquired after January 2005 a new set of mi-5

crowindows (optimized for the new measurement mode) for the ozone retrieval has
been selected. In particular, a larger number of spectral points is considered (3035
for reduced-spectral-resolution measurements with respect to 2006 for full-spectral-
resolution measurements), in order to compensate for the loss of information content
caused by the reduced-spectral-resolution. The microwindows used for the retrieval of10

MIPAS full- and reduced-spectral-resolution measurements were provided by Univer-
sity of Oxford (Dudhia et al., 2002) and are reported in Tables 2 and 3, respectively.

The use of different microwindows for measurements acquired with full- and reduced-
spectral-resolution determines different systematic errors and different errors propa-
gated from the errors on pressure and temperature for the ozone profiles.15

Figures 1 and 2 show the estimated systematic errors and the errors propagated
from the uncertainties on pressure and temperature for the ozone profiles retrieved
from full- and reduced-spectral-resolution MIPAS measurements. We recall that in the
case of MIPAS a sequential analysis of the individual target is made. Therefore, the
results of pressure/temperature retrieval are used in the subsequent retrievals of the20

minor constituents and, accordingly, the propagation of the associated errors must be
accounted for the error budget.

MIPAS reduced-spectral-resolution measurements acquired after January 2005 have
not yet been processed with the ESA operational processor. However, a subset of the
acquired measurements has been analyzed using the level 1 and level 2 prototypes and25

distributed to the scientific community for a preliminary validation. Therefore, the ozone
profiles retrieved from MIPAS measurements acquired during 140 ENVISAT orbits from
January 2005 to May 2006 in either nominal (18 profiles) or UTLS-1 (68 profiles) modes
are available and have been used for the comparisons reported in this paper.
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3 GOMOS ozone measurements

GOMOS (Global Ozone Monitoring by Occultation of Stars) is a stellar occultation in-
strument onboard the ENVISAT satellite (see Bertaux et al., 1991, 2000, 2004; Kyrölä
et al., 2004, 2006; and http://envisat.esa.int/dataproducts/gomos). The starting altitude
is 130 km and the first few measurements are used to determine the star’s undisturbed5

spectrum (the reference spectrum). The integration time is 0.5 s, which gives the alti-
tude sampling resolution 0.5–1.6 km depending on the altitude and the azimuth angle
of the measurement. The GOMOS instrument has a large scanning mirror controlled
by a star tracker. Light is forwarded through a slit to the two holographic gratings and to
two fast photometers. During nighttime measurements the slit is not needed but during10

daytime measurements the slit restricts the intrusion of scattered solar light into the
instrument. For daytime observations the scattered solar light increases the measure-
ment noise in occultation retrievals (Verronen et al., 2007).

The spectrally resolved light is recorded by CCD (Charge Coupled Device) detectors.
The spectral ranges are 250–690 nm, 750–776 nm, and 916–956 nm, which enable re-15

trieval of vertical profiles of O3, NO2, NO3, H2O, O2, neutral density, and aerosols. The
two photometers work at blue and red wavelengths at a frequency of 1 kHz. Photome-
ter data are used to make the scintillation correction for the spectrometer data. From
the photometer data it is also possible to retrieve high resolution (resolution of 200 m)
temperature profiles in the range of 15–40 km using the spatial separation of rays by20

chromatic refraction.
The geolocation of GOMOS measurement is determined starting from the satel-

lite location and from the known direction to the star, and performing the ray tracing
calculation through the neutral atmosphere given by the ECMWF (European Centre
for Medium-range Weather Forecasts) and MSISE-90 (Mass Spectrometer Incoherent25

Scattering). The upper limit of the ECMWF data in the current product is 1 hPa (about
45 km). The MSISE-90 is joined to ECMWF data in such a way that a hydrostatic
equilibrium is preserved.
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In GOMOS level 1 the basic calibration corrections are performed. The most impor-
tant is the dark current removal that is made using the dark current measurements at
every orbit. In GOMOS level 2 processing the transmission spectra are corrected first
for the refractive attenuation caused by refraction and modulations by scintillations. The
fast photometer data are used in the scintillation correction. The correction does not5

remove the scintillation modulation completely, but the ozone retrieval is only weakly
sensitive to modulations by scintillations.

In the spectral inversion, the model transmission function is fitted to the refraction-
corrected transmissions simultaneously at all wavelengths by a non-linear Levenberg-
Marquardt method (Kyrölä et al., 1993; Sihvola, 1994). This absolute cross-section10

method had to be modified after it was realized that so-called isotropic scintillations
modify transmissions in such a way that the scintillation correction method is not able
to eliminate them. Therefore NO2 and NO3 retrieval is now based on sub-iteration
using differential cross-sections (Hauchecorne et al., 2005). The vertical inversion is
performed using the onion-peeling method. A smoothness constraint is applied to the15

inversion using the target resolution Tikhonov method (Sofieva et al., 2004). For ozone
the target vertical resolution is 2 km below 30 km, increases linearly to 3 km at 40 km,
and remains the same above that. An iteration loop over spectral and vertical inversion
is performed in order to take into account the temperature dependence of the cross-
sections.20

The error estimation is based on the propagation of all level 1b errors, largest con-
tributors of which are dark current and photon noise, through the spectral and vertical
inversions. An additional error source in level 2 is the step where intensity fluctua-
tions from scintillations are removed using photometer data. This additional error is
estimated from large numbers of equatorial measurements with varying azimuth an-25

gle. The underlying assumption is that the ozone distribution around the equator is
relatively constant and the variability of ozone profiles comes from the scintillations.
The degree of scintillation error depends on the azimuth angle. The additional scin-
tillation error seems to be overestimated in the GOMOS product used in this work
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(level 2 version 5.00). The validity regions of retrieved constituents vary, depending on
the type of the occulted star and on the state of the atmosphere. The valid altitude
range of ozone retrievals is generally 15–100 km with the exception of weak and cool
stars that provide valid profiles only up to 45 km.

The GOMOS data validation activity has been carried out since the summer of 2002.5

The comprehensive validation of ozone against ground-based and balloon-borne in-
struments has been presented in Meijer et al. (2004). The results show that in dark
limb the GOMOS data agree very well with the correlative data: between 14 and 64 km
altitude their differences show only a small (2.5–7.5%) insignificant negative bias with
a standard deviation of 11–16% (19–63 km). This conclusion was demonstrated to be10

independent of the star temperature and magnitude and the latitudinal region of the
GOMOS observation, with the exception of a slightly larger bias in the polar regions at
altitudes between 35 and 45 km.

In May–June 2003 GOMOS suffered a temporary electronic malfunction of the mirror
steering mechanism. By using the redundancy in GOMOS electronics measurements15

were able to continue in July 2003 without loss of performance. A similar but more
serious problem was encountered in January 2005. After a tedious testing phase mea-
surements were resumed in the end of August 2005 but with a restricted pointing range
Barbieri et al. (2006). The number of available targets per orbit decreased to 65% of
the original number. Because of the pointing range restriction the selection of stars has20

changed considerably in any latitudinal belt. For example, the brightest star Sirius is
no more used by GOMOS in the equatorial region.

The noise of the GOMOS CCDs has increased steadily since launch. This has led to
increased measurement errors but the overall bias has not increased. However, there
seems to be a slight decrease in the upper limits of the validity regions of weak, cool25

stars. The increased random noise is reflected in the estimated GOMOS errors.
In the current comparison, we have used night-time data exclusively, this selection

is made by requiring the solar zenith angle of the measurement tangent point to be
110◦ or larger. To assure the reliability of the ozone data in the full altitude range, we
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selected target stars according to the recommendation of Kyrölä et al. (2006). The
stellar magnitude was required to be 7000 K or larger, and the stellar visual magnitude
was required to be 1.9 or smaller.

4 Validation strategy

The strategy adopted for the validation of ozone vertical profiles retrieved from MIPAS5

reduced-spectral-resolution measurements was based on the comparison of MIPAS
full- and reduced-resolution level 2 products against coincident ozone data by GOMOS.
This approach relied on the fact that:

(a) GOMOS data quality stayed reasonably stable, without suffering any major dis-
continuity in the period 2003–2006;10

(b) MIPAS ozone operational products (v4.61 and v4.62), for the period July 2002–
March 2004, have already been validated, as already mentioned in the previous
sections (see, for instance, Sect. 2).

As a consequence, we can check the impact of the implemented changes in MI-
PAS measurement mode on the quality of level 2 geophysical products, by comparing15

coincident MIPAS and GOMOS ozone profiles acquired in 2003–2004 and in 2005–
2006. Any discrepancy between the outcomes of the comparison of the two datasets
can be attributed to alterations in MIPAS measurement performances after the gap in
instrument operations occurred between March 2004 and January 2005.

We required that coincident pairs of GOMOS and MIPAS ozone profiles satisfy the20

following spatial and temporal matching criteria:

• the spatial separation between coincident profiles should not exceed 3◦ in latitude
and 6◦ in longitude;

• the time delay between coincident profiles should not be larger than 3 h.
807
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We also verified that the comparison pairs selected on the basis of the above men-
tioned criteria did not include profiles acquired by MIPAS and GOMOS on opposite
sides of the polar vortex boundary. It was not necessary, therefore, to apply additional
matching criteria for filtering coincident profiles acquired in regions of strong horizontal
gradients. A subset of MIPAS ozone profiles (and coincident GOMOS data) was cho-5

sen from the operational products available for the full-resolution mission (see Sect. 5
for more details), whilst the entire ensemble of MIPAS ozone data provided by ESA for
validation purposes was considered for the reduced-resolution measurements.

The comparison was based on the calculation of both absolute and relative differ-
ences between vertical profiles of ozone VMR retrieved from coincident measurements10

of MIPAS and GOMOS. O3 VMR differences, computed from individual comparison
pairs, were used to evaluate the bias:

bj =
1
Nj

Nj∑
i=1

[xMIPAS
i j − xGOMOS

i j ] (1)

where bj and Nj are the bias and the number of comparison pairs for the j th pressure
level of the common vertical grid used for interpolating MIPAS and GOMOS profiles15

(see Sect. 5 for details) and xMIPAS
i j and xGOMOS

i j are the ozone VMR values interpolated

on the same level for the i th pair of MIPAS and GOMOS profiles.
The uncertainty on the bias can be estimated from the Standard Error on the Mean

(SEM):

SEMj =
σj√
Nj

(2)20
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where σj is the standard deviation of the bias bj :

σj =

√√√√∑Nj

i=1[xMIPAS
i j − xGOMOS

i j − bj ]2

(Nj − 1)
(3)

with associated uncertainty ∆σj (see, for instance, Sivia, 1996):

∆σj =
σj√

2(Nj − 1)
. (4)

The relative values for the above quantitities have been calculated as a percentage5

of the GOMOS O3 mean profile.

5 Results and discussion

In this section we will describe the results of the comparisons between GOMOS and MI-
PAS ozone profiles and we will try to highlight potential differences in the quality of MI-
PAS products retrieved from measurements at full- and at reduced-spectral-resolution.10

In Fig. 3 we show the overall result of the comparison for the period of MIPAS full-
spectral-resolution measurements. In this case, we compared 1633 coincident pairs
of MIPAS and GOMOS O3 profiles acquired during 2003–2004: one month of data
was selected for each season – i.e. April 2003 (63 pairs), July 2003 (125 pairs), Oc-
tober 2003 (541 pairs) and January 2004 (904 pairs) – and average values were cal-15

culated on the resulting dataset. O3 VMR differences averaged over the individual
months (not shown here) provided similar results with no evidence of seasonal effects.
In the left panel of Fig. 3, mean vertical profiles of ozone VMR obtained by MIPAS
and by GOMOS are plotted. Mean values are calculated by averaging individual pro-
files interpolated on a common pressure grid (built from climatological values for mid-20

latitude/Spring conditions, with pressure levels corresponding to the range from 5 to
809
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75 km in steps of 1 km). 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 systematic (red
dashed line) and random (black dashed line) errors of the O3 VMR differences, as es-
timated from the corresponding components of MIPAS and GOMOS uncertainties, are5

overplotted and can be compared with the mean profile of the O3 VMR difference and
with its standard deviation (shaded area) respectively for bias and precision validation
purposes. It is important to notice that the combined systematic error only includes
the estimate of systematic effects on MIPAS ozone retrieval, as a detailed evaluation of
systematic uncertainties on GOMOS ozone profiles are not available at the time of our10

analysis. In the right panel, a similar plot is presented, displaying the same quantities
(VMR differences and errors) of the middle panel expressed as percentage of the GO-
MOS mean profile. The mean profile of the difference between MIPAS and GOMOS O3
VMR appears to be within the combined systematic errors of the comparison from the
upper troposphere up to the lower mesosphere, with the only significant exception of15

the pressure layer around 40 hPa, where a positive bias of ∼10% percent is found. This
bias can be, however, partly explained by considering that the contribution of GOMOS
error budget is currently not included in the estimate of the systematic errors reported
in Fig. 3 and that a rough estimate of this component (a few percent) can account for
the exceedingly large values of the mean difference at 40 hPa. The current estimate20

of the combined random errors, on the other hand, is fully consistent with the preci-
sion of the comparison in the pressure range 3–40 hPa, minor discrepancies (with the
standard deviation of the bias larger than the random error up to a factor of 2.5) are
observed outside this range, especially at lower altitudes.

The overall outcome of the comparison confirms the good quality of ozone products25

from MIPAS full-spectral-resolution mission. In particular:

(a) the estimate for the bias is less than 5% from 25 hPa to 0.2 hPa and between
5% and 10% for pressure values larger than 25 hPa and less than 0.1 hPa.
This result is in agreement with the outcomes of MIPAS ozone validation activity
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(Cortesi et al., 2007), as well as with an independent assessment of MIPAS ozone
data quality performed in the frame of the ASSET (ASSimilation of Envisat daTa)
project, as described by Lahoz et al. (2007);

(b) the precision of the comparison is between 6% and 10% in the range from 40 hPa
to 0.25 hPa.5

The same comparison was performed on the set of ozone profiles available for the
period of MIPAS reduced-resolution mission. In this case, a total number of 86 coin-
cident pairs was considered, as already described in details in Sect. 2. The results of
the comparison are displayed in Fig. 4. As evident from the plots of the mean absolute
and percentage differences between MIPAS and GOMOS O3 VMR values reported in10

the middle and in the right panel respectively, the bias is always within the current esti-
mate of MIPAS systematic error, if we exclude the pressure levels between 20 hPa and
50 hPa. The larger values of the bias observed in this layer could still be within the com-
bined systematic error of the comparison, when including the missing contribution from
GOMOS, consistently with what we have previously observed for MIPAS full-resolution15

mission. Also in this case, the precision of the comparison is less than the combined
random error for pressure values less than 65 hPa. The standard deviation of the mean
difference increases at lower altitudes up to a factor 3 of the random error. It is worth
noticing that the estimated random error is much larger than the observed precision
around 20 hPa; this feature can be explained, taking into account that the component20

of MIPAS error budget due to pT propagation error shows a peak approximately at the
same level (see Fig. 2) and has been considered, in our calculation, as a purely random
error. If this is not the case and if the pressure/temperature propagation error, for the
selected dataset, is contributing to the bias and shall be considered as part of the sys-
tematic error of the comparison, we will tend to overestimate the random uncertainties25

as observed in Fig. 4.
In general, the overall result of the comparison for the dataset of MIPAS reduced-

resolution measurements can be summarized by estimating a bias less than 5% in the
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pressure range from 0.4 hPa to 20 hPa, excluding the layer around ∼2 hPa, where a
larger bias (∼6%) is observed, and within 10% in the stratosphere for pressure values
smaller than 100 hPa. The precision error, on the other hand, appears to be between
5% and 10% in the range 0.28 hPa to 40 hPa.

To better visualize the results of the comparison between MIPAS ozone data quality5

at full- and reduced-spectral-resolution, we report the vertical profiles of the bias and
of the precision error for the two datasets in Fig. 5 and in Fig. 6, respectively. The
error bars represent the uncertainties on the bias and on the precision estimated as
described in Sect. 4.

A similar behaviour is observed in the results of the comparison for 2003–2004 and10

for 2005–2006 in the lower stratosphere, with relatively high values of the bias up to
∼10% around 40 hPa. A peak of the bias is also observed between 1 and 2 hPa,
both in the 2003–2004 (3%) and in the 2005–2006 (6%) datasets, whilst the results
of MIPAS reduced-resolution measurements provide a better agreement with GOMOS
around 12 hPa and 0.7 hPa (mean difference consistent with zero for 2005–2006 and15

about 3% for 2003–2004). In the range from 10 hPa to 0.3 hPa, the precision error is
approximately constant for both the full-resolution and the reduced-resolution datasets,
with the latter providing slightly better performances (i.e. average precision value being
∼6% for 2005–2006 and ∼8% for 2003–2004). At pressure below 10 hPa the reduced-
resolution measurements show a precision error larger or equal than the full-resolution20

measurements.

6 Conclusions

In this paper, we have compared ozone vertical profiles retrieved from GOMOS
measurements with coincident data obtained by MIPAS during its full- and reduced-
resolution mission, with the aim of verifying the continuity of MIPAS O3 data quality25

after instrument operations were stopped in March 2004 and subsequently resumed in
January 2005. The results of the comparison for the period of MIPAS full-resolution
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measurements are fully consistent with the outcome of previous validation experi-
ments: the bias is within the systematic error of the comparison throughout the whole
profile from the lowest levels up to 0.05 hPa, apart a single layer around 40 hPa. The
observed precision is explained by the a priori estimate for the random error of the
comparison in the range from 3 hPa to 40 hPa. We demonstrated that similar conclu-5

sions apply to the dataset of MIPAS reduced-resolution measurements. In this case,
we found that the bias is constantly less than 10% for the whole pressure range from
100 hPa up to 0.05 hPa. In this range the bias is also consistent with the combined sys-
tematic error of the comparison, with the only exception of the layer around 40 hPa, as
for the 2003–2004 measurements. The precision error is fully justified by the estimate10

of the combined random error for all levels with pressure values smaller than 65 hPa.
In general, the quality of the ozone profile retrieved from reduced-resolution mea-

surements is comparable or better than that obtained from the full-resolution dataset.
The only significant change in MIPAS performances is observed at pressure around
2 hPa, where the bias increases by a factor 2 from the 2003–2004 to 2005–2006 mea-15

surements. This effect can be attributed to different systematic errors affecting both the
pressure-temperature and ozone retrievals because of the different spectral intervals
selected for full- and reduced-resolution-mission. This result suggests that the current
choice of the spectral intervals for the reduced-resolution measurements could be re-
considered, if we require a better consistency with the full-resolution dataset for long20

term investigations.
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Kyrölä, E., Sihvola, E., Kotivuori, Y., Tikka, M., Tuomi, T., and Haario, H.: Inverse theory for20

occultation measurements: 1. Spectral inversion, J. Geophys. Res., 98, 7367–7381, 1993.
805
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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 0.025 cm−1 0.0625 cm−1 0.0625 cm−1

Sweep time 4.5 s 2.1 s 2.1 s
Scan measurement time 76.5 s 56.7 s 39.9 s
Number of altitude grid points 17 27 19
Horizontal sampling step 550 km 410 km 290 km
Altitude grid Fixed Floating Floating
Vertical sampling step 3.0 km [at 6–42 km] 1.5 km [at 7–22 km] 1.5 km [at 8.5–22 km]

5.0 km [at 42–52 km] 2.0 km [at 22–32 km] 2.0 km [at 22–28 km]
8.0 km [at 52–68 km] 3.0 km [at 32–47 km] 3.0 km [at 28–34 km]

4.0 km [at 47–63 km] 4.5 km [at 34–52 km]
4.5 km [at 63–72 km]
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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.

Microwindows label Spectral range Altitude range
[cm−1] [km]

O3 021 763.3750–766.3750 6.0–68.0
O3 013 1039.3750–1040.3250 52.0–68.0
O3 001 1122.8000–1125.8000 6.0–68.0
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Table 3. Microwindows used for the retrieval of MIPAS reduced-spectral-resolution measure-
ments. For each microwindow the altitude range where it is used is reported.

Microwindows label Spectral range Altitude range
[cm−1] [km]

O3 334 729.2500–732.2500 15.0–46.0
O3 335 756.6250–759.6250 7.5–37.0
O3 332 1033.1875–1036.1875 31.0–70.0
O3 333 1117.0000–1120.0000 6.0–46.0
O3 331 1123.5625–1126.5625 7.5–70.0
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Fig. 1. Estimated systematic errors and errors propagated from the errors on pressure and
temperature for the ozone profiles retrieved from full-spectral-resolution MIPAS measurements
(in %).
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Fig. 2. Estimated systematic errors and errors propagated from the errors on pressure and
temperature for the ozone profiles retrieved from reduced-spectral-resolution MIPAS measure-
ments (in %).
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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 profiles. O3
VMR 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 GOMOS O3 VMR mean 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).
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Fig. 4. Results of the comparison for the period of MIPAS reduced-spectral-resolution mea-
surements (2005–2006). The format of the plots is the same as in Fig. 3.
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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.
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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.
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