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Abstract. We present a multi-year database of atmospheriogrid and an equispaced 5 latitudinal-degrees grid which
fields of the upper troposphere, stratosphere and lowers made possible by the 2-dimensional retrieval algorithm.
mesosphere retrieved from satellite measurements adoptinghe analysis of MIPAS OR observations is operated on
a 2-dimensional tomographic approach. The full missionthe same altitude-latitude fixed retrieval grid used for the
of the Michelson Interferometer for Passive AtmosphericFR measurements. This choice provides a database with
Sounding (MIPAS) instrument, on board the Europeana homogeneous altitude and latitude grid, over the whole
Space Agency ENVISAT satellite, is analyzed with the globe, covering to date about seven years of measurements.
Geofit Multi-Target Retrieval (GMTR) system to obtain the The equispaced latitude grid provides a new and convenient
MIPAS2D database with atmospheric fields of pressurelayout for the much needed synergetic studies of data from
temperature and volume mixing ratio of MIPAS main targets various instrumental and modeling sources. MIPAS2D is
H20, O3, HNO3, CH4, N2O, and NQ. The database covers available to the scientific community through the two web
both the MIPAS nominal observation mode measured atsites http://www.mbf.fci.unibo.it/mipas2d.htmland http://

Full Resolution (FR) from July 2002 to March 2004 and www.isac.cnr.ittrss/mipas2d.htm

the nominal observation mode of the new configuration,
measured at Optimized Resolution (OR) and introduced

in 2005. Further to the main targets, minor species .
N2Os, CIONO,, COR», CFC-11, and CFC-12 for the FR 1 Introduction

mission only have been included in MIPAS2D to enhanceFour decades of Earth observation satellites have brought

its applicability in studies of stratospheric chemistry. The _~." ° : .
. . . ; scientists an incomparable number of measurements, leading
database is continuously updated with the analysis of the . ,
. . our way to a better understanding of the Earth’s system and
ongoing measurements that are planned to last until the, ; ,
Climate. Although our picture of the Earth’s atmosphere

end of 2013 and extended to other targets. The GMTR : . ) i
) . : : . o ... has substantially improved over the years, there still remain
algorithm is operated on a fixed vertical grid coincident with .
a number of open issues that severely affect our knowledge

the_ tangent altitudes of the FR nominal mo_de, spannlng_theof it. Among these issues are the behavior of the stratosphere
altitude range from 6 to 68 km. In the horizontal domain,

FR measurements are retrieved on both the observationét"\rld thaF (.)f the upper trqposphere-lower stratosphere region,
and their influence on climate.

The global and multi-year coverage of satellite missions
is giving us a detailed picture of physical and chemical

Correspondence td3. M. Dinelli guantities of the atmosphere, of their distribution, variability
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emission observations have the excellent characteristics dfmb-scans with the instrument Line Of Sight (LOS) in the
allowing global coverage in both day- and night-time (they plane of ENVISAT’s sun-synchronous nearly-polar orbit.
do not require the presence of sunlight) with high vertical Since there is overlap of the air masses sounded by the lines
resolution. of sight of consecutive limb-scans, the GMTR algorithm
Furthermore, the use of polar orbits permits full geograph-exploits this cross-talk by combining in a simultaneous
ical coverage of the observations in a limited time interval retrieval all the limb-scans of a complete orbit. This approach
to be obtained. However, not only is obtaining observationsis implemented using a 2-D discretization of the atmosphere
vital for understanding a changing atmosphere, but also th@nd thus enables the horizontal variability to be properly
ability to properly extracting the relevant information from modelled.
them. Although the short term variability and inhomogeneity We use the GMTR code to process routinely MIPAS
of the atmosphere contain a signature of the processemeasurements. The results are systematically archived
governing the atmosphere, to date most of the onlineinto an easy-to-use database (MIPAS2D). The MIPAS2D
retrievals of remotely-sensed atmospheric measurements attabase includes data covering the complete MIPAS
still carried out with 1-dimensional algorithms assuming mission for both the main targets selected for the ESA
a horizontally homogeneous atmosphere (see Ridolfi on-line retrievals and for a few additional minor species
et al, 200Q Raspollini et al.2006 Kiihl et al, 2008. which showed the highest retrieval quality among the species
Satellite instruments scanning the atmospheric limb indetected by MIPAS. The target quantities included in the
the along-track direction permit to achieve a quite denseMIPAS2D database for the whole MIPAS mission are
horizontal sampling of the atmosphere (with steps smallemamely: pressure, temperature, and VMR ofCH O3,
than 500km), hence in principle permitting to investigate HNOgz, CH4, N2O, NO, (main targets), and for the period
also the atmospheric horizontal variability. Examples of July 2002 to March 2004 it is complemented by the VMR
this type of instruments are the Michelson Interferometerof N,Os, CIONO,, COFR, CFC-11, and CFC-12 (minor
for Passive Atmospheric Sounding (MIPASjigcher et al.  species). The extension of the analysis to further targets
2008 and the SCanning Imaging Absorption spectroMeteris under investigation. The MIPAS2D database covers the
for Atmospheric CartograpHY (SCIAMACHqttp://www. complete mission of the original MIPAS configuration (from
sciamachy.org/operating on board of the European SpaceJuly 2002 to March 2004), and it is continuously updated
Agency (ESA) ENVIronmental SATellite (ENVISAT), along with measurements of the new configuration (since 2005
with the Earth Observing System (EOS) Microwave Limb MIPAS optical path difference has been set to about 41% of
Sounder (MLS) instrument/\aters et al.2006 on the Aura  the original one, leading to a degraded spectral resolution)
spacecratft. currently planned to gradually stop after the end of 2013.
State of the art 2-dimensional (2-D) tomographic retrieval The MIPAS2D database is now available to the scientific
algorithms Carlotti et al, 2001, Steck et al.2005 Livesey  community, and can be freely downloaded from the web.
et al, 2006 Pukte et al, 200§ make it possible to take  The structure of this paper is the following: Seét.
into account a realistic inhomogeneity of the atmosphere indescribes the MIPAS instrument, the Level 1b and the Level
the along-track direction of limb-measurements and disclose data; Sect3 illustrates the main characteristics of the
more information from the measurements themselvesGMTR code and the selection of the retrieval grid; Sdct.
However, 2-D algorithms require a huge amount of describes the database along with the retrieval strategy;
computing resources in term of both computing time andSect.5 contains examples of the possible use of the obtained
memory allocation. To overcome the problem posed byresults and finally conclusions are given in Séct.
the computing requirements, some retrieval codetdl€r
et al, 2002 while processing individual limb-scans include
the possibility to model a horizontal temperature or Volume2 The MIPAS instrument
Mixing Ratio (VMR) gradient which, depending on the
specific application, is either retrieved or assumed as knowMIPAS was developed by ESA as part of the payload of
from external sources. Other 2-D retrieval codes, such as thENVISAT, successfully launched on 1 March 2002. MIPAS
one used for the routine analysis of the MLS measurementss a limb-scanning Fourier Transform (FT) spectrometer
(Livesey et al. 2006, analyse a full orbit dividing it into  recording emission spectra in the mid-infrared, with
“chunks” of subsequent limb scans and merge the results a spectral range extending from 680 to 2410¢mlt was
the end of the retrieval process. originally operated with a spectral resolution of 0.035¢m
The 2-D Geofit Multi-Target Retrieval (GMTR) algorithm  full width half maximum, unapodised. ENVISAT achieves
was developed by making use of several physical anda global coverage of the Earth with 14.3 daily orbits with
computational optimizationLarlotti et al, 2006 with the  the descending (North to South) part crossing the equator
purpose of routinely analyzing the middle-infrared limb at approximately 10:00a.m.LT and the ascending part
emission measurements acquired by the MIPAS instrumentcrossing it at approximately 10:00 p.m. LT. Most of MIPAS
Most of MIPAS measurements consist of rearward lookingmeasurements during the Full Resolution (FR) mission
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Fig. 1. Left: Tangent altitudes of the FR nominal mode vs. latitude. Right: the same but for the OR nominal mode.

(which lasted until March 2004) were taken in the nominal nominal modes). Although during the first two years of
observation mode, with one orbit consisting of 72 limb-scansOR measurements the instrument availability was poor, since
looking backward along the orbit track. Each of these 15 December 2007 MIPAS is operated back at 100% of
limb-scans consists of 17 observations with tangent altitudests duty cycle and is expected to perform well during the
ranging from 6 to 68km, with 3km steps up to 42km, following years of the satellite life (until the end of 2013).
and at 47, 52, 60 and 68km. MIPAS instantaneous fieldThe new duty cycle consists of 8 out of 10 days of hominal
of view is approximately 3km in height and 30 km across mode measurements plus 2 days of special observation
track at tangent point. In the FR nominal observation modemodes: the pattern followed during the 10 days cycle has
the average distance between tangent points of successiieen changed several times since the restart of the full
limb-scans is about 500 km-@.6° in latitude). operations (se®elhaf 2008. A more detailed description of

A minor part of MIPAS observations are acquired the MIPAS experiment can be foundHischer et al(2008.
using the so called special observation modes, designed
to enhance the instrument performance for a number of-1 ESAMIPAS Level 1b data

scientific objectives ranging from the study of the upper ) . .
troposphere-lower stratosphere region to volcanic eruption ‘_I'he first of the two main processing phases of the MIPAS

These modes exploit different spectral resolutions, verticaf"'SS1on groynd segment produces I.ESA Level 1b data. Level
}](/%) processing decodes the downlinked source packets of

scanning range and sampling steps, and can use sidewa . . .
g 9 piing step IPAS interferograms transforming them into geolocated

views. and calibrated atmospheric radiance spectra (Level 1b
Due to the deterioration of the interferometer slides, the P P

FR mission was suspended on 26 March 2004. The technicaﬁpectra). The spectra are collected into Level 1b files each

problem was overcome in January 2005 by operating IVHPAScon.tamlng.the calibrated spectra acquwed during a complete
: - . . orbit. Details of the Level 1b processing phases can be found
with an Optimized Resolution (OR) at 41% of the maximum . . .
) . o : . . _in Kleinert et al.(2007 and references therein.

spectral resolution used in the original configuration. Since

the reduced spectral resolution implied a reduced acquisition Lgvel 1b spectra are processed by ESA to obtain altitude
time of every limb view, all observation modes have beenprOfIIeS of atmospheric targets (Level 2 data). The same

) . : . . . spectra are processed by our team using the GMTR to obtain
redeflned Increasing their spatial samphng. In the new .ORthe MIPAS2D database. In this section we recall some of
n_omlnal _observatlon m_ode, each scan IS made of 27 IImt{he main features of Level 1b data which affect the quality of
views with tangent altitudes ranging from 3 to 70km at

variable altitude steps. Their nominal values are: 70.0, 66.0leglse|2[1)bpgoﬁ[gcft§riﬂg Iléile*izsgifﬁlxse:nrglzzzreﬂ. by ESA
62.0, 58.0, 54.0, 50.0, 46.0, 43.0, 40.0, 37.0, 34.0, 31.0 y

29.0. 27.0 25.0. 23.0 21.0. 19.5. 18.0 16.5. 15.0 13.53nd updated in successive improved processing versions.
120 105 90 75 6.0km Whie the vertical spacin The current database of MIPAS Level 1b data has been
T T e e ' SPaCING i 4ced with different versions of the ESA Instrument
between the tangent altitudes of the sweeps of the md'v'duagrocessing Facility (IPF): version 4.61 and 4.62 for the FR

:;m?r;zzazz Ivsvitir(lelpat tit(l:,l %Zsiin;oﬁ(l)?;%h;h?roorg'téutSh:';Igtﬁsdeetmission, and version 4.65 (up to 14 July 2006), and version
9 bop 4.67 (afterwards) for the OR mission.

(see Fig.1 where the location of the tangent altitudes is
reported as a function of the latitude for both FR and OR

www.atmos-meas-tech.net/3/355/2010/ Atmos. Meas. Tech., 333852010
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Fig. 2. MIPAS noise level for a 10 cm! wide spectral region centered at 690chfor the full MIPAS mission as a function of the acquisition
time.

Figure 2 reports the noise level for a 10crh wide The selection process of the Level 1b data used to generate
spectral region centered at 690chfor the full MIPAS the MIPAS2D database is discussed in detail in Sket.
mission. The figure shows that, as expected from radiometric
considerations, the change in MIPAS spectral resolution2.2 ESA MIPAS Level 2 data
(which occurred in January 2005) corresponds to a noise )
sharply reduced by a factor corresponding to the squared rodt€Ve! 2 data of MIPAS main targets: pressure at tangent
of the ratio of the old to the new spectral resolution. Figure 2@ltitudes, temperature, and the VMRs 0f®f Oz, HNGs,
also shows a discontinuity in the first part of the OR mission CH4: N20, and NQ, were continuously obtained from the
where the noise level first increases exponentially and theff®minal mode measurements in near real-time by ESA for
suddenly drops. This discontinuity was caused by the firsticd® FR missionRaspollini et al.2009.
decontamination process operated after the restart of MIPAS 1 h€ change in the measurement strategy adopted for the
mission. The strong change in the noise level is due to thé®R mission required an upgrade of the Level 2 processor,
removal of the heavy ice layer accumulated on the detectof™d 10 date just 140 orbits of the OR mission have been
windows during the long inactivity of the MIPAS instrument. analysed by ESA with the prototype version of the new
The implications of this discontinuity in the results of the L€Vel 2 code for validation purposes. However, independent
analysis of the full mission are discussed in Se¢f3.2and ~ Systematic analyses of MIPAS data (FR and OR missions)
45, have been performed by Oxford Universitpydhia et al.

Level 1b spectra are reported on a frequency grid of2007 and FZK/IMK (seevon Clarmann et al.20093 and

0.025cnt! for the FR mission and of 0.0625crh for references therein) with their scientific processors.

the OR mission. The interferometric spectral resolution We briefly r'ecall the. main featu.res of ES,A Level 2
of the measurements, that is given by2L where L is data to appreciate the differences with the retrieval strategy
the maximum optical path difference of the interferometer 2d0Pted in the MIPAS2D database. ESA Level 2 data for
(20.016 cm and 8.2cm, respectively), is slightly different "€ FR mission have been obtained using the Optimized
from these values. This implies that, to be reported on theRetrieval Model (ORM, Ridolfi et al, 2000. ORM
above mentioned frequency grids, the spectra have to bmplements the Global-fiGarlotti, 1988 algorithm by using
resampled. Currently, MIPAS OR measurements processeg€/eral approximations to meet the very demanding runtime
with IPF versions 4.65 and 4.67 are affected by an error inf€duirements of the near real-time processing. For each

the spectra-resampling procedure which is operated with af2"9€t the retrieval is performed on a set of small spectral
interpolating function that is not fully consistent with the €gions called Micro Windows (MWs), selected in order to

FT spectral resolution. While awaiting for a new corrected have the best retrieval accuracy of the final Level 2 products

ESA Level 1b processor, we cope with this problem by (Dudhia et gl,. 2002. All main tgrgets are.retrieved in .
emulating in the forward model the spectral distortions cascade, using the results of previously retrieved targets in

introduced by the resampling error. Tests performed runningn€ subsequent steps of the retrieval chain, and following
a GMTR analysis on a sample orbit processed with IPF& Sequence designed to minimize the error propagation. An

4.67 and with an error corrected prototype software, showedfT-line retrieval is also performed by ESA with the same
negligible differences (always laying within the retrieval Level 2 processor on more consolidated Level 1b data using

error bars) therefore validating the approach we used for thdh® best available correlative data, therefore improving the
OR measurements retrievals. quality of ESA Level 2 off-line products.

Atmos. Meas. Tech., 3, 358%4, 2010 www.atmos-meas-tech.net/3/355/2010/
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ESA Level 2 products, derived with the described retrievalint/services/beat GMTR analyses of the special modes
strategy, are based on three main assumptions: of the FR mission (along with the analysis of few orbits
hori v h for the nominal observation mode) have been validated by
1. ORM assumes a or!zonta y homogeneous alMO-caccherini and Mencaraglig2004 during the ESA study
sphere. This assumptlon can S|gn|f|c_;z_antly a_ffect thethat lead to the development of the code. An upgraded
error budget of the retrieved quantities, since the,q sion of GMTR that, among the novel features, is able to
hOI‘I.ZOI’.It.al homoge”e'ty assumption can fail IN PreéSENCE,andle the Level 1b data of MIPAS OR configuration, was
of significant horizontal structures along the instrument | < 1o generate the MIPAS2D database. The most important
LOS. features of the GMTR algorithm are briefly summarized

2. Within the analysis of each limb-scan, ORM performs below. A detailed description of the analysis system can be
a sequential retrieval of the targets. Although opti- found inCarlotti et al.(2008. _ _
mized, the sequential retrieval leads to a propagation of The GMTR is based on the Geo-fit approacafotti
the retrieval error on successively retrieved targets byet al, 2001) upgraded with the Multi-Target Retrieval

effect of the reciprocal contamination in the analyzed (MTR) functionality Dinelli et al, 2004. The Geo-fit
spectral features. performs a tomographic retrieval on observations collected

along a whole orbit operating a 2-D discretization of
3. MIPAS limb-scans are individually analysed by ORM, the atmosphere which enables the horizontal atmospheric
using the geolocation of the tangent points to define thestructures to be modelled. In the Geo-fit approach each limb
retrieval grid. As a consequence, the retrieved profilespbservation contributes to determining the unknown quantity
are calculated on a sparse horizontal and vertical gridat a number of different locations among those spanned by its
and the horizontal resolution is implicitly defined by the |ine of sight. MIPAS nominal mode measurement strategy,
separation between adjacent scans yseeClarmann et with the LOS lying approximately in the orbit plane, enables
al, 2009h. the gathering of information about a given location of the

The approximations described at points 1. and 2 af_fec,[atmosphere from all the lines of sight that cross that location

significantly the error budget of the retrieved quantities. Theregardless of the scan they belong to. _The MTR approach
impact of these systematic errors is limited with a carefuler.'al.jles. to perform S|mult_aneous fit of different targets thus
selection of the spectral points of each MW to be includede“m'namg the systemat@ error components due to the
in the analyses. However, under certain circumstances, thRropagation of the uncertainties in pressure, temperature and

residual errors are significant (see for instaAceone et al, In the concentrations of molepulgs that ggneratg interfering
20093, spectral features on the species included in the simultaneous

The aforementioned independent analyses of mipagretrieval.

observations performed at OxforBdhia et al. 2007 and q Tht? GMTR yerfizn ushed to ggﬁ\.erat? thef MlPASZE
IMK (von Clarmann et al.2003 Milz et al., 2005 are atabase also includes the possibility of performing the

based on similar assumptions; in particular they retrieve a”retrlevals using the Optimal Estimation (OE) or maximum

targets analysing individual limb-scans on the horizontal grida posteriori approach Rodgers 2000. This new
defined by the geolocation of MIPAS scans and assumin unctionality has b-e(.a.n used for -the database ger_1erat|on o
the atmosphere horizontally homogeneous. Therefore th reserve the possibility of adopting a regular retrieval gnd
obtained products are affected by approximations similar toals,O in the case of a Iack' of observations and of t.he var.|aple
those of the ESA Level 2 analysis. Recentyn Clarmann altitude offset of the OR limb scans along the orbit. To limit
et al. (20093 have introduced in the retrievals of the OR the size of the matrices involved in the inversion processes

observations a horizontal temperature gradient (applied onI)Pnly a diagonal Variance-Covariance Matrix (VCM) of the

in the atmospheric region close to the tangent points) to?Prion information has been used in the analyses.

cope with the horizontal inhomogeneities of the sampled . .
atmosphere in order to improve the convergence rate. 3.1 MIPAS2D retrieval grids

The Geo-fit is implemented in GMTR by defining a 2-D
3 The 2-dimensional geofit multi-target retrieval retrieval grid described by a vertical coordinate (spanning
(GMTR) algorithm the altitude range of the observations) and an angular
coordinate (following the satellite position along the orbit)
As aresponse to the shortcomings highlighted in the previougalled Orbital Coordinate (OC) and performing the radiative
section, Carlotti et al. (200§ developed the GMTR 2-D transfer through a 2-D discretized atmosphere. Since GMTR
algorithm. The GMTR retrieval system is an open sourcesimultaneously fits observations from a complete orbit that
package, specifically designed for MIPAS measurementsoriginates and terminates at the North Pole, the OC spans
developed under an ESA contract and delivered to ESA forfrom O° at the North Pole, through 18@&t the South Pole
inclusion in the BEAT tools repositoryh{tp://envisat.esa. up to 360 back to the North Pole. The fact that the

www.atmos-meas-tech.net/3/355/2010/ Atmos. Meas. Tech., 333852010
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Fig. 3. Geolocation of the retrieved NOM profiles (latitude versus longitude) in the equatorial region for the complete FR mission.

observations of a whole orbit are simultaneously analysedA natural choice for the horizontal grid would be to use the
makes it possible to define a retrieval grid that is totally OC of the tangent points of the measurements. However,
independent from the measurements’ geolocation. This isince the tangent points of individual limb-views of the
an advantage with respect to the 1-dimensional retrievalsame scan are not vertically aligned, in order to ease the
that can also determine atmospheric profiles on custom madaterpretation of the retrieval results we set the retrieval
vertical grids, but are tied to the position of the limb-scans forgrid points vertically aligned at selected values of the OC
the horizontal location of the retrieved profiles. corresponding to the average orbital coordinates of the

As already stated in SecR the geolocation of the tangent points of each limb-scan. By convention, we
tangent points of MIPAS measurements for both FR andhave labelled “NOM” the dataset of MIPAS2D products
OR missions are not regularly spaced in the vertical andobtained with this horizontal grid. ~ The NOM grid
horizontal domains. In the vertical domain each scan hadollows the horizontal sampling of MIPAS measurements.
its own tangent altitudes different from the commandedFigure 3 shows the geolocation (latitude versus longitude)
ones even in the FR measurements. These difference®f all retrieved profiles for the NOM grid of the FR
arise from a combination of several effects among whichmission in the equatorial region (descending part of the
unaccounted variations of satellite pitch and the differentorbit only). Although the latitude of the NOM profiles
refractive indices of the inhomogeneous atmosphere sampleignds to cluster around preferred locations, due to the
by the lines of sight. Moreover, the motion of the Synchronization of the scan pattern to start at a particular
satellite during the acquisition time of each limb view is latitude performed every orbit, a large fraction of profiles
only partially compensated by the measurement strateggloes not, therefore requiring horizontal interpolation even
and the tangent points of each scan are not verticallyjust to obtain a latitude-consistent database of the available
aligned. If the 2-D retrieval grid were defined at the tangentmeasurements.  Moreover the distance between these
points, the spread of the tangent altitudes would lead topreferred latitudes varies between abouf 46d 5.3 along
a complicated interpolation process for both the constructiorthe orbit, so that all NOM measurements require a horizontal
of the atmospheric fields on the 2-D discretization of the interpolation if they have to be reported on a constant latitude
atmosphere and the representation of the results. The 2-@rid (as used by some atmospheric models). To minimize
interpolation processes can be easily performed if one othe need of interpolation in averaging processes and to ease
the 2-D grid dimensions (vertical or horizontal) is fixed over the intercomparison with data from other instruments or
the whole orbit. For this reason we have adopted a verticaptmospheric models, the best horizontal grid is a fixed layout
retrieval grid located at fixed altitudes along the whole orbit, of equispaced OCs for all the analyzed orbits. We label
corresponding to the vertical grid of the nominal mode of the"GRD” the dataset corresponding to this fixed horizontal
FR mission, i.e. from 6 to 68 km with a 3 km step from 6 to grid. The GRD retrieval grid originates at the North Pole and
42 km and then at 47, 52, 60 and 68km. The same verticaxtends along the full orbit with profiles at OCs (and thus
grid has been used for both FR and OR missions in order tdatitudes) equispaced by 5Both horizontal grids have been
obtain a geometrical homogeneity of the database. applied to the FR measurements.

As a consequence of this choice, the horizontal retrieval The OR nominal mode samples the atmosphere with finer
grid can be defined at arbitrary positions and it is notvertical and horizontal steps with respect to the FR nominal
forced to coincide with the geolocation of the measurementsmode. Moreover the tangent points of the measurements
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span an altitude range that is latitude dependent (sed)ig. Table 1. Size of the a-
The spread of the tangent altitudes in both vertical and
horizontal domains makes the GMTR analysis on a NOM

priori errors used in the retrievals.

grid less meaningful; furthermore the exploitation of the Target Constant error _ Fractional error
finer vertical and horizontal grid makes the retrieval unstable Pressure - 30%
and therefore would require the use of an off-diagonal Temperature 7K -
regularization scheme, making the results of the analysis not H20 1ppmV 80%
directly comparable with the FR results. For this reason for O3 0.5ppmv 80%
. . . HNO3 0.5 ppbV 80%
the first release of the database the analysis of the OR mission CH, 0.01 ppmV 80%
has been performed only on the GRD grid. N2O 0.05 ppmV 80%
NO, 0.01 ppmV 10%
N2Og 0.2 ppbV 80%
4 The MIPAS2D database CIONO, 0.2 ppbV 80%
COR, 0.1 ppbV 80%
In this Section we summarize the retrieval strategy, the CFC-11 0.1ppbV 80%
selection of the observations used for the analyses, the CFC-12 0.2 ppbV 80%

sensitivity of the results to the adopted parameters and the
filtering applied to obtain the released MIPAS2D version 1.0.
clouds in the LOS. With OE the a-priori information and the
4.1 Retrieval strategy associated a-priori errors are an important choice because
they can affect the quality of the obtained products. In the
For the generation of MIPAS2D, GMTR was configured to analyses we have adopted the strategy to use the a-priori
obtain a spatially homogeneous database along the two partformation also as initial guess of the retrievals. The choice
of the mission and to facilitate the use of MIPAS2D data with of the initial atmospheric status is discussed in S&@.2
atmospheric models and other observational datasets. Tests have been performed to tune the size of the a-priori
All the main targets are retrieved for both the FR and errors in order to avoid biases due to the chosen a-priori
OR missions on the GRD retrieval grid. As discussed ininformation (initial guess). The a-priori errors have been
Dinelli et al. (2004, because of their correlations, pressure, defined as the aritmetic sum of a fraction of the value
temperature, water vapor and ozone are jointly retrievedof the a-priori plus a constant term introduced to prevent
by exploiting the MTR functionality of the code. All strong constraints where the a-priori fields assume very small
the other species are then retrieved sequentially assumingalues. Tablel shows the values used for all the considered
the previously retrieved atmospheric fields. The adoptedargets. As shown in this table, for all the molecules butNO
sequence: HN@ CHs, N2O, and NQ, that is the same the percent part of the a-priori error was set to 80%. For
used by ESA in the operational retrievals, was designed ttNO,, since a high variability is expected due to either its
minimize the systematic error deriving from the non-correctday-night variation or to the high altitude variability of its
modeling of the previously retrieved species. For theVMR, we have chosen to use a large value for the constant
FR mission the additional NOM database was producedpart and a smaller percent part in the whole altitude range.
also including the minor speciesz8s, CIONG;, COF,  The a-priori error of pressure was tuned to 30% in order
CFC-11, and CFC-12 that are retrieved individually in to account for MIPAS pointing errors. For the continuum
this order after the main targets. The 2-D fields of all absorption coefficients, a very large a-priori error has been
targets were retrieved simultaneously with the 2-D field assumed about $0arger than the a-priori value in order to
of the absorption coefficients (one for each MW) of the avoid constraints on the retrieved values.
atmospheric continuum up to the altitude of 25km. The For technical reasons the GMTR analysis system does not
vertical range on which the retrieval was performed wasallow for the retrieved parameters to assume negative values:
optimized for individual atmospheric targets according to if during the retrieval iterations the correction to be applied
their altitude distribution: while pressure, temperaturgDH  to one parameter leads to a negative value, the parameter is
O3, CHy, and NO have been retrieved on the full vertical arbitrarily set to 1.0E—-14.
range (i.e. from 6 to 68 km), HN§)NO., and the additional The spectra affected by the presence of clouds in the LOS
targets, have been retrieved on the vertical range wherere filtered out using the method proposedSpang et al.
total errors below 100% are predicted (see Sdc8.). (2004 adopting a cloud index (CI) threshold equal to 4.0.
The retrievals are performed using the OE technique inThis conservative value prevents the use of spectra even
order to avoid singularities in the inversion procedure causegartially contaminated by clouds.
by the presence of atmospheric regions not sampled by The sensitivity of the database products to the adopted
the observations included in the retrieval because of e.g.retrieval configuration is described in Set13.
measurement strategy, corrupted sweeps or presence of
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500 b b b b b b by been included in the current analysis. Tests performed to see
if the different IPF versions used to produce the Level 1b
data were producing inhomogeneities in the retrieval results
showed no significant effect.

IS
o
S

300

4.2.2 Auxiliary data

N
o
]

As mentioned in Sect4.1 we exploit the OE method
for the retrieval of our Level 2 products and the a-priori
information is provided by the same atmospheric fields used
as initial guess for the Gauss—Newton iterative procedure. As

o
]

Number of Orbits per Month

Jul Jan  Jul_ Jan Jul Jan Jul Jon  Jul Jan Jul_ Jan Jul Jan

2002 2003 2003 2004 2004 2005 2005 2006 2006 2007 2007 2008 2008 2009 discussed in Sectl.l, the size of the a-priori errors is such
that the result of the retrieval is independent from the initial
guess used for the target quantity, provided that the analysed
observations contain sufficient information (see Séc).
However, an initial guess close to the real fields reduces
the number of Gauss—Newton iterations needed to reach

Fig. 4. Distribution of the number of Level 1b orbits per month
processed in the MIPAS2D (black), and of the total number of
available Level 1b orbits (gray). Note that the total number of Level

1b orbits include also the special observation modes. > ; .
a stable result, thus limiting the computing time. Therefore,

whenever available, ESA Level 2 data were used as initial
guess in the analysis of the FR mission. As for the OR
4.2.1 Level 1b data selection mission, where ESA Level 2 data are not yet available,
we have used the results obtained for the FR mission for

Since ENVISAT is on a nearly-polar orbit, the atmospheric & good-quality orbit of the corresponding month of 2003.
regions where the geographical distance between the ai@nly for a very limited number of cases, where this strategy
masses observed by consecutive orbits is minimum aravas not possible, the initial guess profiles were taken from
at the Earth’'s Poles. Therefore one of the two Poles isthe climatological IG2 databasRémedios et al2007). The
the best choice to originate the analysed orbit. For thesame database has been used to complement the initial guess
MIPAS2D database, as discussed in Sé&t.the North  profiles outside the vertical retrieval range and to define the
Pole identifies the starting and ending point of the analysecatmospheric state relative to all the non-target molecules of
orbits. However the first limb-scan reported in ESA Level the retrieval procedure. The boundary of the atmosphere was
1b files is always at latitudes far from 9N; therefore  setto 80km.
in order to obtain a complete orbit to be analysed with Foreach target (or group of targets in the case of MTR) the
GMTR the measurements contained in the Level 1b files ofanalysis has been performed using dedicated MWs (different
two consecutive orbits are merged in a single analysis (seéor the FR and OR mission) selected with the algorithm
Carlotti et al, 2006§. Whenever consecutive orbits are not MWMAKE, described inDudhia et al.(2002 (http://www.
available, the retrieval is performed on the measurementsitm.ox.ac.uk/RFM/mwmake.htinl The frequency intervals
acquired after reaching the North Pole of a single Level 1bof the used MWs are reported in Talle The MWs used
file without closure of the geographical loop. for the joint retrieval of pressure, temperatureHand G

A selection of the Level 1b files has been necessary’WMRs, as well as those used for the retrieval of the minor
because of the several Level 1 reprocessings performed bgpecies not included in the ESA operational analysis, have
ESA and leading to the release of non-unique Level 1b filesbeen generated for a 2-D analysis that exploits the MTR
for each orbit over time. The selection has been performedunctionality. For HNQ, CH;, N2O and NQ we have
adopting criteria based on the geographical coverage of thehosen to use the MWs of the ESA Level 2 ground processor.
files and on quality indicators. Whenever multiple Level 1b The possibility of using dedicated MWs, selected for a 2-D
files exist for the same orbit we retained the one processednalysis, is under investigation for future releases of the
with the latest version of the IPF spanning the wider database.
geographical region. If a further selection is needed, the most Auxiliary data for the GMTR analysis system are also
recent released file is retained unless evident anomalies atbe Occupation Matrices (OM) that define the altitude range
found during an automated and manual check. An ad-hoavhere each MW is used in the retrievals and the altitude
list of Level 1b data was then generated with a unique filedependent “spectral masks” used to exclude specific spectral
for each orbit. Figure shows in black the histogram of the points from the inversion for a reduction of the size of the
number of Level 1b orbits per month analysed to produce thesystematic errors affecting the retrievals. All these auxiliary
MIPAS2D database. The figure also reports in gray the totadata have been generated with the MWMAKE program.
number of available orbits per month, including the orbits Spectroscopic data are not directly handled by the GMTR
measured in the special observation modes, that have nattrieval system, since the absorption cross sections of each

4.2 Inputdata
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Table 2. List of the MWs (cnT1) used for the retrievals of both FR and OR measurements. Note that specific spectral points within the
MWs might be excluded from the retrieval to minimize the total errors.

FR analysis

CHy

MTR HNO3 N,O NO,

685.200-686.200
713.200-714.200
757.950-758.950
767.975-768.975
1034.150-1035.150
1393.475-1394.475
1616.500-1617.500

876.375-879.375
885.100-888.100

1227.175-1230.175
1350.875-1353.875

1233.275-1236.275
1272.050-1275.050

1607.275-1610.275
1613.725-1616.600

1622.550-1623.475

OR analysis

686.688-689.688
689.750-692.750
731.188-734.188
790.625-793.625
1036.312-1039.312
1071.875-1074.875
1651.000-1654.000
1682.688-1685.688

836.875-839.875
859.562-862.562
877.000-880.000
893.625-896.625
918.938-921.938

1219.062-1222.062
1228.438-1231.438
1233.812-1236.812
1281.562-1284.562
1304.562-1307.562

1230.375-1233.312
1233.562-1235.812
1256.688-1259.562
1271.625-1274.625
1276.312-1279.312

1570.500-1573.500
1602.500-1605.500
1608.625-1611.625
1613.500-1616.500
1626.000-1629.000

Minor Species FR analysis

N2Osg

CIONO,

COFR,

CFC-11

CFC-12

742.900-745.900
746.100-749.100
750.650-753.350
1238.825-1241.775
1245.675-1248.675

778.525-781.525
805.400-808.400
808.425-811.425
1282.125-1285.000
1285.025-1286.550

772.000-775.000

784.425-785.275
1223.925-1225.100
1225.750-1228.750
1228.900-1230.275

839.625-842.625

842.650-845.650
846.450-849.450
849.475-852.475
853.075-856.075

885.975-888.975

918.375-921.375
921.400-924.400
924.425-927.425
929.125-932.125

1290.625-1293.625
1303.350-1306.350

1230.325-1231.325

1236.450-1237.250
1252.600-1253.250
1253.350-1255.575
1256.625-1259.625

856.250-859.250 1159.700-1162.700

gas are derived from precalculated look-up tables. The(Sect. 4.3.1), the quality assessment of these products

spectroscopic data used to compute them are taken from thiGect.4.3.2), the behavior of the retrieval procedure when

MIPAS dedicated spectroscopic databddayd et al.2003. single orbits or orbit segments are analysed (S&.3,

Further auxiliary input data were taken from the GMTR the sensitivity to pointing calibrations (Sect.3.4 and

package (se€arlotti et al, 2006. the difference between the NOM and the GRD datasets
(Sect.4.3.5.

4.3 Data quality and parameter sensitivity

4.3.1 Systematic errors
The strategies adopted for the selection of the retrieved

parameters and for the setup of the analysis environmenthe algorithm used to select the MW®uydhia et al,.

were optimized with a series of dedicated test retrievals. Inzooa enables an a-priori assessment of the systematic errors
particular, an extended test was performed over all MIPASaffecting the final products of the analysis. These errors are

measurements acquired from 1 to 20 October 2003 in ordegssumed to be common to all the analyses that use the same
to assess the sensitivity of the results to the initial guessset of MWs, they are characteristic of each target and change
profiles and to the size of the errors assigned to the a-priorfor the FR and the OR Level 2 products. The systematic

information. errors whose effects have been quantified are:
We report the results of these activities in the following

subsections where we describe the size of the systematic — errors due to the assumptions used in the forward
errors affecting the Level 2 products included in the database =~ model internal to the retrieval system (i.e. local thermal
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Table 3. Systematic errors affecting the retrieved values. The errors are all given in % apart from temperature errors whose unit is K. Only
values for which the estimated random error is below 100% are reported in the table.

FR analysis
Alt[km] 6.0 9.0 120 150 18.0 21.0 240 270 30.0 33.0 36.0 390 420 470 520 600 680
pres. 38 36 28 26 25 23 22 21 20 19 21 24 25 27 31 33 35
temp. 135 068 045 049 054 050 056 047 049 051 071 090 104 1.07 149 226 5.06
H,O 121 89 164 125 126 80 93 98 102 9.7 124 120 157 134 165 669 -
O3 20.3 146 11.7 142 131 4.1 4.6 4.6 4.8 6.3 55 54 8.0 6.2 6.1 10.8 42.9
HNO3 - 214 179 102 73 62 61 71 80 97 97 11.0 222 - - - -
CHgy 14.4 8.5 106 114 129 12.7 127 11.7 107 114 9.0 9.0 9.3 9.1 109 29.0 384
No-O 81 50 91 122 102 101 10.8 126 189 13.7 157 106 111 250 86.6 - -
NO, - - - - - - 143 113 80 73 66 57 87 19.0 245 37.8 46.8
N2Og - - - 344 280 223 161 128 7.4 8.5 8.7 175 141 - - - -
CIONOG, - 218 299 169 76 72 53 70 36 61 76 13.0 598 - - -
COR - — — 126 9.6 7.3 7.5 5.9 7.2 104 165 417 284 831 - - —

CFC-11 91 3.1 39 45 42 43 8.0 145 - - - - - - - - -
CFC-12 45 46 4.2 34 41 3.9 3.8 6.3 5.4 109 295 26.8 - - - - -

OR analysis

Alt[km] 6.0 9.0 120 150 180 21.0 240 27.0 30.0 330 36.0 390 420 470 520 60.0 68.0
pres. 7.0 6.5 8.4 7.4 4.9 4.2 4.4 4.3 3.2 2.8 4.2 3.3 4.6 4.0 12.0 6.5 111
temp. 204 146 121 096 107 098 08 115 074 091 115 127 166 241 414 410 552
H.O 121 115 438 274 132 95 116 138 136 125 154 104 181 169 338 469 -

O3 238 388 200 153 76 53 61 62 50 70 78 56 102 99 145 268 254
HNO3 249 387 218 132 75 7.3 7.6 8.5 9.5 127 198 294 392 512 338 - -
CHy 253 166 154 20.1 175 146 193 157 13.7 132 139 13.0 117 9.1 11.3 221 511
N>O 50.0 124 104 114 109 106 11.7 112 10.6 12.0 113 10.7 144 141 470 - -
NO» - - - 341 298 113 938 10.8 11.0 8.9 8.8 7.9 9.0 16,9 975 531 36.2

equilibrium, shape of the profiles outside the retrieval 4.3.2 Individual information gain
range, spectroscopic errors)

— instrumental errors (i.e. instrument line shape, radio-
metric and frequency calibration)

In order to asses the contribution of MIPAS observations
to the atmospheric fields reported in MIPAS2D we have
) i . . ) adopted a quantifier (called individual information gain) for
— influence of the interfering species onto the retrievedine retrieved values of each target quantity @eeelli et al,

targets. 2009. The individual information gain is defined as:
Details on how these errors have been evaluated can be 1 S
found inDudhia et al(2002 and in the web sitattp://www. 9j="5 log, (SL>
aj

atm.ox.ac.uk/group/mipas/err/
Table 3 reports, as a function of the retrieval altitudes, wheres,; is the diagonal element of the variance-covariance
the total systematic errors affecting the retrieved values ofmatrix (VCM) of the retrieval and,; is the diagonal element
all the targets included in the database for the FR and ORbfthe VCM of the a-priori information for a particular profile
missions. As expected the systematic errors are different fopoint j in the horizontal/vertical gridg ; provides a measure,
the products derived from the FR and OR measurementdan terms of bits of information, of the information gain
due to the different spectral region used in the retrievalsprovided by the analysed measurements with respect to the
and to the different measurement scenarios. We see that-priori knowledge of each retrieved valueddgers2000.
in general the systematic errors are higher for the OR datd he value of;; depends on the size of the a-priori errors used
probably due to the fact that the reduced spectral resolutioin the retrieval, and therefore it is not an absolute quantifier.
introduces correlations among the spectral features thaln regions where the information in the measurements is
cannot be removed even with a careful selection of thelow, due to either cloud coverage or lack of atmospheric
analysed spectral points. The total systematic errors for botlsampling, the retrieval error comes close to the a-priori
FR and OR MWs are also reported in the database in specifierror and the individual information gain value approaches
files, one for each target. These files also report the majorzero. Any other value greater than zero indicates that some
systematic error components contributing to the evaluatednformation about the retrieved quantity was extracted from
total systematic error. the measurements. Our baseline is to consigevalues
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below 0.5 (that indicates that the a-priori error has been MTR Information Gain

reduced by a factor of/2) as an indication that the retrieved 0.12] ‘ ' '

value comes mainly from the a-priori knowledge of the target i ]

quantity. 0.10F 5
Although retrieved values with low information gain are . i

included in the database, these represent only a minor% 0.08F

fraction as shown in Fig5 that reports the frequency at o I

which a certain value of the individual information gain LQE 0.06F ]

is obtained in the database. The figure shows that the ¢ I

individual information gain distributions peak at different 0.04F ‘ ]

values for the FR and OR data. This is due to the fact that® = |

the radiometric noise is different for the two missions (see i ‘

Sect.2.1). Since the noise level decreases from the FR to 002 HH B

the OR measurements, the random errors (i.e. the square. | H |||!||HH" I |||w.

root of the diagonal elements of the VCM of the retrievals) ‘ o 5 4 5 a

affecting the retrieved targets decrease on average of the

same factor, while the error used for the a-priori is the same

in the two analyses. The data with low valuesqgfcan

be filtered out a-posteriori by the users or properly handledrig. 5. Distribution of individual information gain values for

through weighted averages (since they always correspontemperature in the FR (black) and OR (red) GRD retrievals.

to poorly determined parameters) (see Sdch). It is

however useful to keep in the database also values with low

information gain because they may still be used in specificfull orbit showed no significant deviations, apart from the

studies. As discussed below, negative values are artificiallyatmospheric fields retrieved at the edges of the orbit segment.

assigned to the individual information gain in order to flag In MIPAS2D the data corresponding to these regions are

data characterized by specific caveats. properly characterized by low values of the corresponding
Because of the large size of the files, the Averaging Kernelindividual information gain (see also the discussion on

(AK) matrices relative to each analysed orbit are not includedfiltering in Sect4.5).

in the database. Only examples of the 2-D AK for both NOM

and GRD grids are included in the database for both FR and.3.4 Sensitivity to pointing calibrations

OR missions; AKs for selected parts of the database can be

Information Gain

supplied upon request. Since GMTR does not retrieve pointing information, the
impact on MIPAS2D results of the calibration routinely
4.3.3 Single orbits and orbit segments performed on the MIPAS instrument elevation angle needs

to be investigated. During most of the FR mission, MIPAS

We have seen in Sech that the best performance of the pointing errors were affected by a significant seasonal cycle
2-D approach of GMTR is achieved when it is operated oninduced by a mispointing of the ENVISAT satellite. The
a North Pole-to-North Pole complete orbit. Nevertheless,pointing problem was first detected bgn Clarmann et al.
non-complete orbits, having a significant number of scans(2003 and attributed to a roll angle problem Hgiefer et
are analysed and the results are included in the databas#. (2007. This problem was corrected on December 2003
because of their not-negligible fraction over the total number(orbit 9321) significantly improving the pointing stability.
of MIPAS observations. Only orbit segments that cover As a result, the vertical grid used as input to ESA Level
a time period shorter than 20 min of continuous observation® analyses is affected by seasonal and abrupt changes
have been excluded from the analysis. In the case of NOMcoinciding with pointing calibrations. The erroneous tangent
data, the horizontal grid used to retrieve the orbit segments igltitude values reported in the Level 1b files and their abrupt
restricted to the geolocation range spanned by the availablehanges can also affect the results of the GMTR analysis,
MIPAS scans. In the GRD case, the same horizontal gridalthough the 2-D approach reduces the impact of the pointing
covering the complete orbit, has been used also for orbiterror thanks to the compensation effect operated by the
segments; in this case, retrieved values laying outside th@-D ray tracing of the multiple observation geometries that
MIPAS measurement range are flagged with a negative valueontribute to determine each profile. Nevertheless, some
of the individual information gain (see also Setb). residual inconsistency remains in terms of pressure step-like

The quality of the results obtained with incomplete orbits changes in time series as shown in Fégthat reports the
was tested by analysing orbit segments artificially createdevolution of FR daily mean pressure within theeZ3-20 N
from a full orbit. The comparison of the results of equatorial latitude band. Figufealso highlights the impact
these analyses with those obtained from the correspondingf the correction adopted in December 2003 when a more
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retrieval grid (the GRD grid) for both missions was driven
by the intent of producing a database where the spatial
resolution of the retrieved values along the orbit track was as
homogeneous as possible. Therefore the common retrieval
100 grid was chosen to slightly undersample the atmosphere,
a0 in order to have a spatial resolution not driven by the
geographical sampling of the instrument. Using the AK
matrices it is possible to check whether this homogeneity

Equatorial Region — PRESSURE

{hPa)

42
14Q
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N
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&
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mi WMNHI!W [ e has been achieved. MIPAS2D spatial resolution has been

' ‘M” | ] 20 estimated performing retrievals on simulated observations.

'2 o The observations were simulated using the LOS of real
Jul Jon Jul Jan measurements, for both the FR and OR missions choosing

2002 2003 2003 2004 . . . .
one orbit per season, and assuming no cloud contamination.

The atmospheric status used in the simulations was taken
Fig. 6. Time series of FR daily mean pressures within the equatorialfrom the 2002 data of the 1G2 databaste(nedios et al.
latitude band (20S-20 N). 2007 for the appropriate season. The spatial resolution

of the retrieved values was estimated using the 2-D AK
stable pointing was achieved significantly improving the computed by GMTR at the end of the retrieval procedure,
accuracy of the tangent altitudes hence reducing the pressuggdopting the strategy described @arlotti et al. (2007).

oscillations. Horizontal and vertical resolutions do not change from FR
If MIPAS2D data are plotted versus altitude they appear toto OR data. The horizontal resolution is of the same
be partially affected by the pointing uncertainties. size along the orbit for all targets (about 5)6 while
the vertical resolution has an altitude dependent value,
4.3.5 Comparison of NOM and GRD results depending on the distance between the altitudes chosen for

. . . the vertical retrieval grid. As an example, Fi§.shows a
The consistency between MIPAS2D products obtained Incomparison of the average vertical and horizontal resolutions

the two configurations of the horizontal grid (NOM and for the GRD retrieval grid for ozone in both FR and OR

GRD) was tested using daily averages within the Iatltuc]Iemeasurements for the four considered seasons. As shown
bands selected for the development of the 1G2 database b

i o € Bih the figure, the horizontal resolution does not change from
Remedios et a(2007. For the ma!onty Ofth? data presentin FR to OR missions. The vertical resolution shows the same
.the two databases we have obtained a satisfactory agreemely, - viour with altitude for the two missions, apart for the
in terms of both average valugs and .Standar'd deV"”Y['On%'owermost altitudes, where the OR data show a much worse
The averages were only marginally dlff_erent_ m_t_he most erformance, due to the fact that in a large part of the orbit
unfavourable cases of largest atmospheric variability (e.g. here are no measurements going down to 6 km
the breaking of the southern polar vortex or in the disturbed It should be noted that. in order to compenlsate for the
winter northern polar region). However, even in these Cases, it inclination (of 8.9) the MIPAS LOSs deviate from
the differences are mostly below the statistical error of '[heth e orbit plane. This deviation, that varies along the orbit
weighte_d average (and largely below_the standard OleViation)constraints the Geo-fit to assur,ne atmospheric homogenei’ty
thus pointing tovyards a .rObUSt consistency. _AS an ex_ampl%cross the orbit track. The latitudinal component of this
of thesg comparisons, Fig.shows mean profiles (pbtam_ed deviation extends up to a maximum of abodta tangent
averaging the r(_atneved \_/glues weighted by t.he|r retnevalpoims_ This implies that the Geo-fit analysis cannot be
error) under typical conditions (temperatures n I\Iovemberforced to horizontal resolutions better thah i2 latitude.

— left Pa”_e') and under two worse-case scenarios (ozone althe horizontal resolution of our products, as it can be seen
the breaking of the southern polar vortex — central panel

. . : ) in Fig. 8 is about 5.6 latitudinal degree, a value wider than
and NQ in the disturbed winter North Pole — right panel). e maximum latitudinal deviation due to the inclination

In each case, the mean profile (bold line) and the standar f the orbit. As for the longitudinal component, it is

deviation (dashed line) are shown (black for NOM and red : A .
) . commonly accepted that atmospheric variability is minor
for GRD). Also shown are horizontal bars representing the y P P Y

iahted ESDs affecti h retrieved level of th il when moving at adjacent longitudes. However, in case
weighte S afiecting each retrieved 1evel of In€ Proflies, ¢ oy yreme events, such as non-centered polar vortex or
although most are not visible because of their small size.

Asian monsoon anticyclone, the variability may assume
not-negligible values, introducing systematic errors difficult
to assess.

The FR and OR measurement strategies imply that the

sampling of the atmosphere is not homogeneous throughout

the whole MIPAS mission. The choice of a common

4.4  Spatial resolution
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4.5 Filtering and consolidated datasets ozone. No filtering was applied to the other targets based
on the x2 value. Although a highy? does not imply that
The whole MIPAS mission was analysed with GMTR using the retrieved quantities are not realistically describing the
an automated procedure. Before including the final resultsinalysed spectrum, high values were found to be associated
into the database, the quality of the results was checkedyith orbits having whole parts affected by poor Level 1b
in order to remove corrupted and low quality data. At the data. Since all the orbits leading to a MR above 7 were
time of writing, MIPAS measurements up to December 2008discarded, all other targets are consequently not available for
have been analysed and only the filtered results have beethese orbits. On the other hand, targets with a day-night
included into the database. In total 7188 FR orbits and 805 ¥ariability such as N@can lead to highy ? values coincident
OR orbits have been analysed. As discussed in Qquart  to low x 2 values of the MTR analysis of the same orbit: these
of the FR and of the OR missions were measured adoptingrroducts were all kept in the database. Most of the rejected
special observation modes that are not analysed in this firserbits have failed to reach an acceptable convergence during
release of MIPAS2D. Furthermore a fraction of the nominal the retrieval. The fina? for the MTR retrieval of pressure,
mode measurements was discarded because of either failuré@mperature, water vapor and ozone for the full MIPAS
in reaching convergence or poor quality of the retrievals oftenmission (GRD dataset) is shown in F&. The figure shows
due to poor Level 1b data. As a result of the data qualitythe long term self-consistency of the FR and OR datasets,
filtering, the FRNOM dataset includes 5830 orbits, while the with no indication of a trend or increased spread along the
GRD dataset includes 5830 FR orbits and 6843 OR orbits. extension of the MIPAS mission. Figualso highlights
Considering that MIPAS2D can be used for a variety of the effects of the different noise levels of the FR and OR
applications, the filtering stage was tuned at a level thatmissions; actually thg? value is negatively correlated with
enables to exclude products that appear to be unphysicdhe absolute value of the noise (see Fdy.indicating that
but not those that provide unexpected values of the retrievedhe retrievals of both FR and OR measurements are affected
quantities. The filtering criteria are based on the quality ofPy Systematic errors, that cannot be compensated for by the
the spectral fitting, on threshold values of the information retrieval procedure, of similar size.
gain (see Sect4.3.2 and on the presence of Level 1b  Apart from the automatic removal in the retrieval iterations
corrupted data. The first stage of filtering was on theof negative values, the MIPAS2D results are intentionally
value of the finaly2, defined as the normalizet, noise  not filtered against anomalous values or strong deviations
weighted norm of the residuals (observed minus simulatedrom climatological expectations in order to avoid the
spectral radiances) at the final step of the iterative retrievaintroduction of biases and the loss of information if
procedure (see Eq. 9 &idolfi et al, 2007). This quantifier =~ anomalous atmospheric events are encountered. This choice
provides a measure of how well the results of the forwardhowever implies that the user should take some caution in
model simulations are able to reproduce the measurementssing the database. Unless seeking specific data under very
of the full orbit taking into account the measurement errors.unfavourable situations, information gain below 0.5 (see
A x2 equal to 1 indicates that the spectral residuals areSect.4.3.9 is a proxy for poor retrieval information, and
consistent with the measurement noise level. The filteringthe user should carefully evaluate the impact of the use of
was operated adopting a threshold of 7 on jifeof the  these data. As an example, the distribution of information
MTR retrieval of pressure, temperature, water vapour andyain for temperature results shown in Figshows that the
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Fig. 10. 5-days means of temperature, ozone, HN®ater, methane andJ®, mapped as a function of time and Latitude for the pressure
level of 31.5 hPa (24 km).

suggested thresholds on the information gain affect only As a consequence of the chosen strategy to originate

a minor fraction of the datasets. and close the orbits at the North Pole the profiles in
Further filtering of the data was performed on the the arctic region are derived from measurements that are

basis of the consistency of the values of the informationnot consecutive in time. The time lag between the data

gain. Because of numerical instabilities in the matrix determined before and after the North Pole is about 100

inversion algorithm, the retrieval error for some parametersminutes; for this reason the users should be careful in the

assumes unrealistically very small values, consequently theiusage of the TIME information reported in the files of the

information gain assumes unacceptable high values. Thesegatabase. If required, for selected casesiitis possible to repeat

data were removed flagging them with negative values of thehe analysis originating and closing the orbits at the South

information gain. In the case of the GRD dataset, negativePole.

information gain is also used as a quality flag to identify

retrieved data that are located outside the range of MIPAS

observations (see Sedt3.3. We stress again that the results ©  Exa@mples of results

flagged with negative information gain should be discarded

by the end users since they are kept in the database only fo'Ar‘S examples of the potentiality of MIPAS2D we show some

possible applications of the dataset. Figaifeshows time
the sake of uniformity of the released products. series relative to six targets obtained with both FR and OR

MIPAS2D results. The maps in FigjOreport average values
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computed over a 5 days period (this averaging criterion In the GMTR analyses most of the initial part of the
will be used also for Figsll and 12) at the pressure level reconstructed orbits, and therefore OC below °18les
of 31.5hPa (about 24km) and for latitudinal bins ¢f. 5 in the dayside. The exact range of the OC lying in the
The averaged values for temperature;GH O3, HNO;3, dayside depends on the solar zenith angle and therefore
CH4 and NO VMRs have been weighted with their noise varies with season. Figurkl shows the time series of the
error and only data witly>0.5 have been included in the ozone VMR values at 68 km on the orbital coordinates of the
average. White stripes refer to time periods where the dat&GRD retrieval grid. At this altitude the photolysis of ozone
availability was too low to obtain averages. The plots showninto atomic oxygen leads to order of magnitude differences
in Fig. 10 highlight the long term time coverage of MIPAS between daytime and nightime concentrations of ozone. This
observations, showing two main data gaps. The first gafleads to the abrupt changes at the day-night terminators
extends from April 2004 to January 2005 when MIPAS was and the depicted seasonal evoluti@ngsseur and Solomen
switched off. The second data-gap starts in August 2005 an@005).
extends to September 2006; this is mainly due to a low duty Figure 12 shows the N@ VMR time series at 47 km on
cycle (around 35%) and a limited number of observationsthe orbital coordinates of the GRD retrieval grid. NO
performed with the nominal observation mode. concentrations are very low during the day time while
MIPAS main targets included in the database can be usethey suddenly increase at dusk, with larger changes at the
to study the chemistry and dynamics of the region extendingSouth Pole than at the North Pole. Events of abrupt NO
from the upper troposphere to the lower mesosphere. Thenhanced concentrations are visible at the winter poles (e.g.
temperature map of Fid.0 shows the evolution of the polar July 2003 at the South Pole) due to downward transport of
vortices over the years, with colder temperatures for themesospheric N (seeFunke et al. 2005 or during solar
Southern Polar winter than for the Northern Polar winter. proton events (e.g. at both poles in October—November 2003,
The ozone map shows a clear depletion at the South Poleeel 6pez-Puertas et aR005.
in September, ending at the breaking up of the vortex. The Figures 13-15, show time series of 10-days averages
HNOs map shows a build up at the South Pole in April, May of temperature (top panels) and ozone VMR (bottom
and June, then a depletion corresponding to the winter perio@ands) from 200 to 0.2hPa (about 12 to 60km in
with a progressive increase up to the breaking of the polaaltitude), respectively. In Figl3 the maps refer to
vortex. We also see the seasonal alternation of high and lowhe antarctic (655-90'S) region, in Fig. 14 to the
peak ozone values at mid latitudes. The water vapor magquatorial (20 S—20 N) region and in Figl5 to the arctic
shows the dehydration occurring at the South Pole duringe5° N—-90° N) region. These examples show the dynamical
spring and at the tropics around January each yeag. &¥d  and chemical evolution discussed above throughout the
N20, which can be used as trace species for the dynamicg/hole vertical range covered by the observations.
of the stratosphere, show similar latitudinal behavior. Both  Figure16 shows the results of the GMTR analysis on the
gases show a seasonal latitudinal displacement of their peaoMm grid (FR mission only) and reports the time series for
values within the region edged by the subtropical dynamicakhe VMR of minor species pDs, CIONO,, COR, CFC-11
barriers, as the meridional circulation changes with seasongnd CEC-12. All these maps show the 10-days average of the
This behaviour is seen also in HN®ut with an opposite  data in the antarctic latitudinal band (65-90 S). For these
sign of the horizontal gradient. species the vertical coverage of the analysis has to be reduced
due to the very low information content of the measurements
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Fig. 13. Time series of 10-days means of temperature and ozone in
the Antarctic region (65S-90 S).
Fig. 14. Time series of 10-days means of temperature and ozone in

. . L the Equatorial region (Z205—-20 N).
outside the plotted range. The figure highlights the seasonal

evolution of the species in the Southern Polar region: The
timeseries of CFCs and of the relatively stable G@Row

a strong reduction during polar night in coincidence with
the descent of mesospheric air in the polar vortex. In
the descending mesospheric air, nitrogen oxides reservoil
species NOs and CIONQ show large increases which
couple with those of N@as seen in Figl2. The combined
study of these molecules aids in tracing the different effects
of transport and chemistry on this region, and in particular
on ozone chemistry.

A further example of the potentiality of the MIPAS2D
database in terms of applicability to stratospheric dynamics L S .
is shown in Flg 17 where the ozone VMR at 21km 2082 3063 2003 3064 2064 3065 2065 3066 2006 007 2007 3008 2008
is reported for the measurements acquired from 13 to
16 September 2002 (left hand panel) and from 23 to 26 of
the same month (right hand panel) when the Southern polar
vortex splitted into two lobes for the first time ever recorded
(Simmons et a).2003. The split of the polar vortex around
the 24 September is clearly traced by the split of the ozone
hole.

MIPAS2D has been exploited to study the influence of
transient luminous events on the atmosphé&mmgne et al, S
2009h and to analyze trends of ozone and several molecular 2652 3005 2065 2664 2604 3085 2065 2006 2005 3067 2067 3008 2008
species related to ozone chemistry: HNN,O, NOg,

N20Os, CIONO,, COFR,, CFC-11 and CFC-12 bRapandrea

et al. (2010. Starting from January 2008 MIPAS duty Fig. 15. Time ;eries of 10-days means of temperature and ozone in
cycle was increased back up to 100% and the missiorin® Arctic region (65N-90°N).

has been extended to the end of 2013. Therefore the
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analysis strategy adopted in that paper is well suited also
for a refined analysis and a correct monitoring of possible
ozone recovery, as required by the Montreal protocol and
successive amendments as well as shorter term studies.

O3 VMR — 21 km

6 Conclusions and future development of the database

We have analysed all the measurements acquired by MIPAS
in its nominal observation mode from the beginning of the
mission up to December 2008 by applying for the first
time a tomographic approach to such an extended set of

data. The obtained MIPAS2D database contains 2-D field$ig- 17. Ozone VMR (ppmv) at 21km altitude in the South
of pressure, temperature and VMR 0b®, Oz, HNOs, Pole region. The left panel ;hows the data measured on
CHa, N>O and NG that have been obtained on a fixed 13-16 September 2002, while the right panel shows the same region

altitude—latitude grid for the whole mission. The analyses\rzseizlsgred on 23-26 September 2002. The vortex split is clearly
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have been perfomed with the GMTR system that enables th€arlotti, M., Brizzi, G., Papandrea, E., Prevedelli, M., Ridolfi, M.,
tomographic retrieval of MIPAS data taking properly into  Dinelli, B. M., and Magnani, L.: GMTR: Two-dimensional
account the horizontal inhomogeneities of the atmosphere. ~ multi-target retrieval model for MIPAS-ENVISAT observations,
The MIPAS2D database is intended to promote the use_APPl- Opt., 45(4), 716-727, 2006. o
of MIPAS products and stimulate scientific collaboration. Ca(;:‘og:éml):ijzlgﬁltlgllgrégﬂéiui)izﬂagfcjrri?r’i:/.é:?g:ggh:t/ls.: (’:‘esrisfesjr;gm
;Zev{/:t Zi?;i;?/ /mar:]tb?;clit)ur?g; g/em?;;glgi?;?orfmm MIPAS observations, Opt. Express, 15(16), 10458-10472, 2007.
. T PR ) ’ Ceccherini, S., Mencaraglia, F., Geophysical validation tests,
http://vaw.|sac.cnr.|1frs§/m|pa§2d.htm These web pages Technical note IFAC-GA-2004-18-SC of the ESA study
contain the technical instructions for the users and are “Development of Algorithm for the Exploitation of MIPAS
updated in the case of new releases or when new products special Modes Measurements” ESA-ESRIN Contract No.
are available in the database. The files can be downloaded 16700/02/I-LG, 2004.
with login credentials that are obtained by sending an e-maibDinelli, B. M., Alpaslan, D., Carlotti, M., Magnani, L., and
to mipas2d@fci.unibo.it. Ridolfi, M.: Multi-Target retrieval (MTR): the simultaneous
For the FR mission, the database is extended with the retrieval of pressure, temperature and volume mixing ratio
2-D distribution on the NOM grid of the targets mentioned ~ Profles from limb-scanning atmospheric measurements, J. Quant.
above complemented with the VMRs 0f;85, CIONO, ‘Spectrosc. Radiat. Transf., 84, 141-157, 2004. _
COR, CFC-11, and CFC-12. To date these minor specie@";’e”"t B. ML" anSte"" sl,PcaCr)lll(,jf'B.llle\e/ll B'S?‘Qg‘)' S"RG%' Nkl)"
have_ been retrieved. fo.r the FR mission qnly. Other target D?nRL:arl;ItJrn;YW. 3?/,nlférri(.:igéy, B. J.I,ean’d K;a‘im,I C.?r‘]l'se,chﬁyicalelilo?(ra':
species, whose emission spectrum fa_”S into the frequency Measurement of the tropical UTLS composition in presence of
range measured by MIPAS, can be retrieved on demand. The ¢j5yds using millimetre-wave heterodyne spectroscopy, Atmos.
obtained results are complemented with detailed auxiliary chem. Phys., 9, 1191-1207, 2009,
files. The database is continuously updated with the analysis http://www.atmos-chem-phys.net/9/1191/2009/
of new available Level 1b files of the OR mission, and is Dudhia, A., Jay, V. L., and Rodgers, C. D.: Microwindow selection
being expanded to other MIPAS special observation modes. for high-spectral-resolution sounders, Appl. Opt., 41(18), 3665—
3673, 2002.
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