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Abstract. We report on the dependence of ozone volumefile and a weaker regularization. Finally, the ozone distri-
mixing ratio profiles, retrieved from limb emission infrared bution obtained with the new retrieval setup (data versions
spectra of the Michelson Interferometer for Passive Atmo-V30.03.7) was compared to the data version used before
spheric Sounding (MIPAS), on different retrieval setups such(V2_03.2). Differences are smaller thah0.4 ppmv in the

as the treatment of the background continuum, cloud filter-altitude region 15-50 km. Further, differences to ozone mea-
ing, spectral regions used for analysis and a series of furthesured by the HALogen Occultation Experiment (HALOE) on
more technical parameter choices. The purpose of this inthe Upper Atmospheric Research Satellite (UARS) are partly
vestigation is to better understand the error sources of theeduced with the new MIPAS data version.

ozone retrieval, to optimize the current retrieval setup and
to document changes in the data versions. It was shown

that the cloud clearing technique used so far (cloud index

1.8) does not reliably exclude all cloud-contaminated specl Introduction

tra from analysis. Through analysis of spectra calculated for

cloudy atmospheres we found that the cloud index shouldThe Michelson Interferometer for Passive Atmospheric
be increased to a value of 3.0 or higher. Further, it wasSounding (MIPAS) is a limb-viewing Fourier transform in-
found that assignment of a common background continuunfrared (FTIR) emission spectrometer with an unapodised
to adjacent microwindows within 5cnd is advantageous, Spectral resolution of 0.035 cmh (Fischer and Oelhaf, 1996;
because it sufficiently represents the continuum emission byruropean Space Agency (ESA), 2000). It was launched on-
aerosols, clouds and gases as reported in the literature, afpard the Sun-synchronous polar-orbiting European ENVI-
is computationally more efficient. For ozone retrieval we ronmental SATellite (ENVISAT) on 1 March 2002. MIPAS
use ozone lines from MIPAS band A (685-970¢cmand  covers a wide mid-infrared spectral region, namely from 685
band AB (1020-1170 crt) as well. Therefore we checked to 2410 cnt!, which enables simultaneous observation of
ozone retrievals with lines from bands A or AB only for a Vvarious trace gases. The original standard observation mode,
systematic difference. Such a difference was indeed foundvhich generally was operated until 26 March 2004, consisted
and could, to a major part, be attributed to the spectroscopi®f limb-scans in anti-flight direction, composed of 17 alti-
data used in these two bands, and to a minor part to negledude steps with tangent altitudes between 6 and 68km. The
tion of modelling of non-local thermodynamic (non-LTE) step-width was 3km up to 42km and increased up to 8km
emissions. Another potential explanation, a bias in the ra-above 52km. Generation of calibrated, so-called level-1B
diance calibration of level-1B spectra of bands A and AB, radiance spectra is described in Nett et al. (2002). Several
could largely be ruled out by correlation analysis and inspec-data analysis schemes have been developed for near-real time
tion of broadband spectra. Further upgrades in the ozon@nd off-line retrieval of profiles of atmospheric trace species
retrieval consist of application of an all-zero a-priori pro- from calibrated MIPAS spectra provided by the European
Space Agency (ESA) (von Clarmann et al.,, 2003a). The
Correspondence td\. Glatthor ozone distributions presented in this paper were derived with
(norbert.glatthor@imk.fzk.de) the retrieval processor of the InstituirfMeteorologie und
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Klimaforschung (IMK), which was developed to produce Herey,, andy. are the measured and modelled spectral radi-
self-consistent datasets containing considerably more tracancess, is the covariance matrix of measurement naise,
species than included in the operational dataset provide@ndx are the a-priori and retrieved profile aRds the regu-
under ESA responsibility. At IMK, for retrieval of strato- larization matrix. First, spectral shift, the temperature profile
spheric ozone profiles from spectra measured in the standaraind the tangent heights are fitted. Thereafter various trace
observation mode local thermodynamic equilibrium (LTE) gas profiles are retrieved in a successive manner, in which the
is assumed, which is valid for most species throughout themajor species § H>O, CHy, N2O, and HNQ are analyzed
troposphere and stratosphere. For analysis of trace specidisst. Beside each target species, microwindow-dependent
in non-local thermodynamic equilibrium (NLTE), which be- continuum radiation profiles and microwindow-dependent,
comes important for MIPAS observations of the upper atmo-but height-independent zero level calibration corrections are
sphere, the processor capabilities were extended at the Instjeintly fitted. More details on the retrieval strategy are given
tuto de Astrofsica de Andaluia (I1AA). in, e.g., von Clarmann et al. (2003b), Glatthor et al. (2004),
Retrieval of ozone profiles from limb emission spectra Hopfner et al. (2004), Mengistu Tsidu et al. (2004) and refer-
meanwhile is rather routine. However, different retrieval ences therein. The retrieval grid used at IMK has an altitude
algorithms and setups will produce different ozone profilesspacing of 1 km up to 44km and of 2km between 44 and
from the same set of measurements. This is, to a certairO m, which is considerably finer than the height distance of
degree, even true for the ideal case of synthetic measure~3 km between the respective tangent altitudes. To avoid
ments only perturbed by random noise (von Clarmann et al.consequential instabilities, Tikhonov's first derivative opera-
2003a). With real measured spectra, the situation is everor is used as smoothing constraint for the retrieval of profiles
worse, because the setup of the retrieval determines howSteck, 2002, and references therein).
e.g., uncertainties in spectroscopic data, unaccounted physics Instead of analysis of wide spectral bands, generally a
such as NLTE emissions, or calibration uncertainties, mapset of confined spectral regions, so-called microwindows
onto the retrieved profiles. In this paper we assess the serfMWSs), is used for retrieval of the volume mixing ra-
sitivity of ozone retrievals to the detection scheme for cloudtio (VMR) of ozone or other trace species from mid-
contaminated spectra, to the treatment of background contininfrared measurements. The altitude-dependent selection
uum emission, and to the MIPAS bands chosen for retrievabf microwindows is stored in so-called occupation matrices
of ozone profiles, i.e. MIPAS band A (685-970th) or (OMs). In pre-flight studies, microwindow sets were opti-
AB (1020-1170 cmt) only or a combination of both bands. mized via a quantitative mathematical method by minimizing
The goal of these investigations is to better understand rethe estimated retrieval error (von Clarmann and Echle, 1998;
lated retrieval error sources and to optimize the retrievalEchle etal., 2000). Table 1 shows the microwindow set or oc-
setup. Further, we compare the results to ozone measurezlipation matrix, used at IMK for ozone retrieval. It consists
by the HALogen Occultation Experiment (HALOE) and in- of 10 microwindows and, added up over all 17 tangent alti-
vestigate, if the detected discrepancies can be related to theides, contains 1429 spectral gridpoints. The microwindow
retrieval parameter settings chosen. A possible residual biawidth varies between 0.1 and 2.4 ch with an average size
to independent experiments is quantified in a comprehensivef 0.39 cnT. Six microwindows are situated in MIPAS band
validation study (Steck et al., 2006) A (685-970 cmt) in the wavenumber region 741-798thn
and 4 microwindows in band AB (1020-1170¢H in the
region 1062—-1108 cnt, each of them used in a specific al-
titude range. MIPAS band AB contains the most energetic
ozonev; andvs fundamental modes at 1103 and 1042¢m

2 Retrieval of vertical ozone profiles

In the retrievals performed with the IMK-IAA data proces- ivelv. Li f th band | df
sor, MIPAS level-1B spectra are inverted to vertical profiles respectively. Lines of these bands are commonly used for

of atmospheric state parameters by constrained non-lineat-o"c retrieval in the middle atmosphere, but often become

least squares fitting of modeled to measured spectra (e'gsaturated at lower altitudes. Here the weakefundamen-

: N tal band situated in band A can also be taken into account,
5&2?:5{2 fﬁr?((:)t(i)(,)nand references therein) by minimising th ut many of these lines are perturbed by the«fbbands of

CQO,. Since the ozone retrieval at IMK is performed assum-
x2= (- yc)TSy_l(ym —yo) + (xa —x)"R(x, —%).(1)  ing local thermodynamic equilibrium, the microwindow se-
lection has been optimized such that NLTE emissions are as
G, U, Mo, . o,  oprr . K, o = 0SS SCUGeC Oz el o MPAS tans o
S., Kiefer, M., Kopp, G., Linden, A., Milz, M., Oelhaf, H., Stiller, A . . . -

G.P., Wetzel, G., Zhang, G., Fischer, H., Funke, B., Wang, D._Y.’S|de'rat|on of NLTE is descrlbed.by.Glle'ipez et a}l. (2005).

von der Gathen, P., Hansen, G., Stebel, K.,&E., Allaart, M., Figure 1 shows the ozone distribution obtained at IMK
Redondas Marrero, A., Remsberg, E., Russell Ill, J., Steinbrecht(data version V203.2) with the microwindow set shown in
W., Yela, M., and Raffalski, U.: Validation of ozone measurements Table 1 for MIPAS orbit 8597 of 22 October 2003, which
from MIPAS-Envisat, J. Geophys. Res., submitted, 2006. is used as reference (REA+AB_MIPAS) in this study.

1steck, T., Blumenstock, T., von Clarmann, T., Glatthor, N.,
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Table 1. Microwindow set optimized for a polar atmosphere, used for standard ozone retrievalR&ES _MIPAS). The left column shows

the spectral regions of the different microwindows. The logical matrix in the right column (so-called occupation matrix) defines, at which
heights between 6 and 68 km the respective microwindow is used (T) or not used (=). Heights increase from left to right, and height labels
06 to 68 km are denoted vertically in the first two rows.

Microwindow Altitude coverage
cm1 6-68 km
00111222333344566
69258147036927208
741.675-741.825 ====T====TTTTTTT=

744.950-745.125 =TTTTTTTTTTTTTITTI
757.900-758.000 ==TTTTTTTTTTT===
759.225-761.650 TTTT==TTTTTTTTTTI
764.800-764.950 T==TTTTTT==TT=TTT
798.450-798.650 ===TTTTTTTTTTTTTI
1062.325-1062.475 T TTT
1081.500-1081.600 TTTTT=TTTTTTTTTTI
1090.350-1090.475 TTTTT=TTTTTTTITTTI
1108.000-1108.350 TTT=T===TT=T=====

Altitude [km]

Latitude [deg]

Fig. 1. Reference ozone distribution (REA+AB _MIPAS, data version V203.2), derived from MIPAS limb-scans along orbit 8597 of 22
October 2003, 16:15-17:53 UT, plotted versus geographic latitude and altitude. Plus signs indicate the latitudinal locations of the limb-scans
on the daytime (white signs) and nighttime part (red signs) of the orbit; the small white areas indicate retrieved volume mixing ratios below
0 ppmv (due to profile oscillations).

Daytime measurements, indicated by white plus signs, wer@bout 8 ppmv is just below 30 km. The low Arctic ozone
generally performed on the southward leg of the orbit andamounts in the altitude region 24—32 km reflect the climato-
nighttime measurements (red plus signs) on the northwardogical minimum of total ozone in autumn. Different from
leg. Because of the season the day/night terminators arthe stratosphere there is a clear variation in the mesosphere,
shifted towards 80and —80°. The tropical and subtrop- with nearly disappearing daytime ozone and nighttime mix-
ical O3 VMR maximum of 12 ppmv is in the altitude re- ing ratios of up to 2 ppmv around 6@nd—60°. This is the

gion 30-35 km, exhibiting no distinct variation between day tertiary 0zone maximum just equatorward of the polar night
and night. The Arctic maximum of about 7 ppmv is sit- terminator as described by Marsh et al. (2001).

uated around 38km, whereas the Antarctic maximum of

www.atmos-chem-phys.net/6/2767/2006/ Atmos. Chem. Phys., 6, 2761-2006
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Fig. 2. O3 retrieval error of standard retrieval for a polar (left) and a tropical (right) geolocation of the dayside part of orbit 8597. Solid
black: total error, dotted black: noise error, dashed black: total precision; the error components shown (cf. legend) are the error caused
by uncertainty in the MOs amount, in temperature, in spectroscopic data, in the instrumental line-of-sight (los), in spectral shift, in gain
calibration, and in the instrumental line shape (ils).

71 individual ozone profiles, which cover a range of at- mission (HITRAN) database (Rothman et al., 1998). More
mospheric conditions, namely the Arctic pre-vortex, north- details on spectroscopic errors are given in Sect. 3.3.3. Fur-
ern fall and southern spring mid-latitudes, the tropics andther important error sources are uncertainties in the retrieved
the final stage of the Antarctic vortex, were derived from or- temperature and tangent altitudes, in spectral gain calibration
bit 8597. Nevertheless, to obtain a more representative picand in the assumed instrumental line shape.
ture, orbits 5852 from 13 April and 7274 from 22 July 2003, The rms deviation between ozone measured by MIPAS
i.e. from two different seasons, were also included in the senand the HALogen Occultation Experiment (HALOE) on the
sitivity study. Upper Atmospheric Research Satellite (UARS), as calculated

) _ ) in a validation study for the period 30 October to 7 Novem-

Figure 2 shows the total estimated ozone retrieval error, po, 2003, is 0.7 ppmv at 30km and decreases to 0.2 ppmv
measurement noise, the total precision and the major eryt 5okm and to 0.5 ppmv at 20km altitude. These val-
ror components for a polar (left) and a tropical geolocationes are of the order of the total estimated retrieval error
(right). The total precision contains all error components, anq thus show satisfactorily agreement between both instru-

V_"hiCh interact as ran_do_m error sources, i._e. all error COmribu'ments. The methodology of this validation study is described
tions except uncertainties in spectroscopic data, in the instrumqre in detail by Wang et al. (2005).

mental line shape (ILS) and uncertainties resulting from phe-

nomena not included in the forward calculation like NLTE

effects. This error estimation is based on the actual retrieve@  sensitivity studies
temperatures, tangent heights, ozone mixing ratios, simu-

lated spectra and Jacobians of the final iteration (cf. Glatthoin order to optimize the retrieval setup, the following issues
et al., 2004). The maximum total error is 0.65 ppmv at thehave been investigated: The dependence of the ozone re-
polar and 1.2 ppmv at the tropical geolocation and exceedsrieval on the cloud detection scheme, on the treatment of
0.2ppmv in the altitude region 20 to 50km. In both casesthe background continuum, on the MIPAS band used for re-
the measurement noise is mostly between 0.1 and 0.2 ppmyieval, and on the regularization chosen.

whereas the total precision at the altitude of the ozone max-

imum is 0.3 ppmv at the polar and 0.45 ppmv at the tropical3.1 Influence of the cloud-index

geolocation. The maximum uncertainty at mid-latitudes (not

shown) is typically 0.8 ppmv. In relative units, the total error The signal obtained by MIPAS from the lower atmosphere
is around 10% and the noise error is below 4% in the alti-is often contaminated by tropospheric or polar stratospheric
tude region from 10 to 45 km at the polar geolocation. At the clouds, which trigger errors in the retrieval of trace gas
tropical geolocation, the relative total error is between 5%amounts at these altitudes. Therefore spectra from tangent
and 10% in the height region 25-50 km, whereas the relativaaltitudes below 30 km are checked by a cloud-detection al-
noise error is below 3%. In both cases, the estimated ungorithm, which calculates the ratio between the measured ra-
certainty in spectroscopic data is the dominant error sourcediances in the wavenumber ranges 788.2-796.25 and 832.3—
This error contribution was calculated from the uncertain-834.4 cnt!. This ratio, the so-called cloud-index, decreases
ties in line intensity given by Flaud et al. (2003) and from with increasing cloud-contamination (Spang et al., 2004).
the error in half-width listed in the High-resolution TRANs- For ozone data versions 3.2 and lower, spectra with

Atmos. Chem. Phys., 6, 2762781, 2006 www.atmos-chem-phys.net/6/2767/2006/
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Fig. 3. Top left: Cloud-indices, calculated from synthetic spectra containing a cirrus cloud between 10 and 11 km altitude, for a mid-
latitude geolocation (46°IN) of orbit 8597. The rightmost curve (solid black) is the reference for a cloud-free atmosphere. From right
to left, the other curves were calculated for increasing particle densities D914, 1x1073, 2x1073, 3x10~3, 5x10~3, 1x10~2 and
1.5x10~2cm3. The vertical lines indicate cloud thresholds of 1.8 and 4.0. Top right: Corresponding ozone retrieval error. Black curve:
total retrieval error of reference calculation; light blue, yellow and red curves: additional retrieval error caused by cloud layers between 10
and 11 km with particle densities o073, 5x10~3 and 1.5<10~2cm 3, respectively. Bottom: same as upper panel, but for a cirrus
cloud between 15.5 and 16.5 km at a tropical geolocatior? B)6

cloud-indices below 1.8 were rejected from analysis. Thefree atmosphere and shows that a cloud-index of 5.5 or higher
same value is used in the operational data analysis undexould even reject cloud-free spectra at the lowermost tangent
ESA responsibility. This threshold was suggested by Spangltitude. From right to left, the other curves represent cloud
et al. (2004) for the altitude region 10-45km. In choosing indices resulting from clouds with particle densities increas-
this value, these authors in tendency minimized the risk toing from 1x10~* (cloud 1) to 1.510 2cm~2 (cloud 7).
exclude a cloud-free spectrum due to an over-sensitive cloudBeginning with cloud 3 (light blue curve) they exhibit local
index. However, they were aware that only an index of 4 minima between 4.6 and 1.8 at the altitude of the mid-latitude
or higher guarantees exclusion of optically thin clouds like cloud layer and between 5.4 and 2.1 at the height of the trop-
PSCs or high cirrus clouds. ical cloud layer. Similar cloud indices were also obtained for
In IMK retrievals, inclusion of spectra containing thin up- an antarctic PSC layer of alpha-NAT particles between 20
per tropospheric clouds often turned out as unfavourableand 21 km (not shown) with comparable particle densities as
Therefore we choose the opposite approach and assess ththe midlatitude and tropical case.
risk that a cloud-contaminated spectrum is regarded as cloud- In order to investigate the impact on the retrieval, the error
free. This approach, however, requires cloud radiative transtriggered by the cloud signal was estimated by multiplica-
fer modelling (Fopfner et al., 2005). As a first step, we tion of the retrieval gain function of this geolocation with the
simulated limb emission spectra by radiative transfer calculadifference of the cloud-contaminated and cloud-free spectral
tions for an atmosphere with different cirrus cloud layers be-signal:
tween 10 and 11 km altitude consisting i B particles with 1
varying particle densities (particle densities falling to zero (KTS;lK + R) KTS;l(F(x, cl) —F(x, clfr)), (2)
towards 9 and 12 km) at a northern mid-latitude (4&)
geolocation, as well as for different cirrus cloud layers be-where Kx,cl) and Kx, clfr) are spectra simulated for a
tween 15.5 and 16.5km altitude at a tropical geolocationcloudy and cloud-free atmosphere, respectively. Fiddire
(8.6°S). The resulting cloud indices are presented in Big. (top right) shows the total ozone retrieval error of the
(left panel). The rightmost curve is the reference for a cloud-reference calculation and the additional error components

www.atmos-chem-phys.net/6/2767/2006/ Atmos. Chem. Phys., 6, 2761-2006
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Table 2. Orbit-averaged heights of the lowest tangent altitude (ltgh) of MIPAS scans remaining after application of cloud-threshold 1.8 and
4.0, respectively, and height difference between both applications. Height averages were calculated for three different orbits, for polar (ltgh
pol), mid-latitude (Itgh midl) and tropical (Itgh trop) geolocations, respectively.

Orbit Date Cloud ltgh pol Itgh midl Itgh trop
index  [km] [km] [km]

5852 13 April 2003 18 7.77 10.96 15.95
4.0 9.71 12.05 17.12

1.94 1.09 1.17
7274 22 July 2003 1.8 13.94 10.53 12.40
4.0 15.54 12.34 14.92
1.60 1.81 2.52
8597 22 October 2003 1.8 8.88 9.01 11.19
4.0 10.60 11.07 14.20
1.72 2.06 3.01

‘ ‘ ‘ ‘ ‘ ppmv trieval of ozone, a cloud threshold of 3 may be considered
+ i 020 sufficient, we have decided to increase the cloud threshold
i from 1.8 to 4. The more conservative value of 4 for IMK

retrievals was chosen mainly with regard to retrieval of other

species, which is even more sensitive to clouds.
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o
L

S
[}
P
I

0.10

w
o
P

0.00

Altitude [km]
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o
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Aol el 20 . . . .
9 45 0 45 -0 -45 0 Figure4 shows the difference in retrieved ozone between

Latitude [deg] application of the high (4.0) and low (1.8) cloud-index along
] ] ) ] with the lowermost tangent altitudes taken into account in
E'g' (;'E[T)J'gifgcl\eﬂIt;it‘g)ee_rnh;e:gg\z: dwgﬁgccklocud-threshold 4.0 and o1 cases. Differences below the lowest tangent height con-
: o ) . urves show the lov‘." sidered after application of cloud index 4.0 (black curve) are
ermost tangent heights taken into account for retrieval after applica- . . .
tion of cloud-threshold 1.8 and 4.0, respectively. not reIe_vant. The mfluen_ce of the mcrease(_j cloud-index on
the retrieved stratospheric ozone amounts is of the order of
the estimated error caused by clouds (cf. Fgright) in
those regions, where the effect of the two cloud-filters is
resulting from the mid-latitude cloud layers with particle not much different. Between $@Gnd —2C° in the dayside
densities of X103, 5x10°2 and 1.5<10~2cm~3, which  tropics, where, due to high optically thin clouds, the number
in our model calculation are related to cloud-indices of 4.5, of tangent altitudes additionally excluded by the increased
3.1 and a value of just above 1.8, respectively (Bideft). cloud threshold is largest, there are mainly negative differ-
The additional uncertainty caused by the cloud of lowest par-ences of up te-0.15 ppmv in the altitude region 20—40 km.
ticle density is small in comparison to the total retrieval error, These deviations are somewhat larger than the estimated
whereas in the other two cases it is between 30 and 140% dfopical cloud-induced error, because the relative weight of
the total error in the altitude region 9 to 13 km and propa- the regularization increases by rejection of a large number of
gates upward throughout the whole stratosphere. The maxspectra from the retrieval. Table 2 shows the heights of the
imum additional error caused by the tropical cirrus cloudslowest tangents of the MIPAS scans remaining after applica-
of the same particle densities is 10, 25 and 60% of the totation of cloud-index 1.8 and 4.0 and the resulting differences
error at 20 km altitude (Fig3, bottom right). However, due for the three investigated orbits. The values given are aver-
to the higher altitude of the tropical cloud the error propa- ages for polar, midlatitude and tropical geolocations, respec-
gated upward into the mid-stratosphere is larger. Moreovertively. The differences vary between 1.1 km for mid-latitude
these values are lower estimates of the uncertainties due tgeolocations of orbit 5852 and 3.0 km for tropical geoloca-
the clouds, because cloud-induced temperature or pointingions of orbit 8597. That means that even in the last case on
errors and scattering of lower atmosperic radiation into theaverage only one additional tangent altitude is rejected by the
line-of-sight are not taken into account. Although for re- more stringent cloud-threshold.

Atmos. Chem. Phys., 6, 2762781, 2006 www.atmos-chem-phys.net/6/2767/2006/
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Fig. 5. Imaginary parts of refractive indices of a 75 weight-percent solutionx8®4 in H,O at 190K provided by Biermann et al. (2000)
(black curve), of ice particles provided by Toon et al. (1994) (red curve) and Warren (1984) (blue curve), and of alpha-NAT of Toon et
al. (1994) (green curve) for the ozone microwindow regions in MIPAS band A (left) and AB (right).

3.2 Influence of the treatment of background continuumthe MIPAS campaign, and from 19 March 1993, which
emission were performed in volcanic aerosol. For both measurements
we assumed bimodal aerosol distributions between 10 and
The basic retrieval strategy, applied at IMK as well as by 30 km altitude with size distributions as given in Deshler et
most other research groups for MIPAS data processing, ial. (2003), i.e. particle densities of 7.67 and 0.006 érand
to retrieve the background continuum emission per altitudemode radii of 0.069 and 0.42m for the background aerosol
and per microwindow simultaneously to the target speciesand particle densities of 3.99 and 1.63¢hand mode radii
abundance (von Clarmann et al., 2003b). The rationale obf 0.13 and 0.4Lm for the volcanic aerosol. The wavenum-
this approach is, first, not to rely on aerosol, cloud and gasber dependence of the aerosol absorption was modelled us-
climatologies but to use the actual values in the radiativeing the refractive indices (imaginary parts) of a 75 weight-
transfer forward modelling, and second to compensate fopercent solution of SOy in H,O at 190K by Biermann
spectral residuals caused by any other weakly wavenumbett al. (2000) (Fig5). Clouds are assumed not to be rep-
dependent signal not properly accounted for by the radiaresented by the fitted continuum, because cloud-contamina-
tive transfer calculation, such as far wings of remote spectrated spectra are generally rejected from the retrieval by the
lines. algorithm described in Sect. 3.1. As we had shown this is
In the MIPAS-IMK-IAA data processor the continuum is not the case for rather thin clouds. Therefore we also anal-
constrained to zero (hard constraint) above 32 km, becausgsed the effect of upper tropospheric cirrus clouds and polar
these altitudes are assumed to be free of aerosols. Below thigratospheric clouds (PSCs) not rejected by the cloud filter
altitude a Tikhonov smoothing constraint is applied both in using the wavenumber-dependent refractive indices (imagi-
the altitude and the wavenumber domain. Additionally, annary parts) of ice and nitric acid trihydrate (NAT) by Toon et
altitude-constant additive radiance calibration correction isal. (1994) (Fig.5). For comparison the coarser resolved re-
retrieved per microwindow. fractive indices of ice by Warren (1984) are also shown, but
Here we assess, if a 5 cthrepresentation of the empirical not further utilized. The wavenumber dependence of all these
background continuum, i.e. assignment of a common con+efractive indices of aerosols, ice and NAT is rather smooth in
tinuum profile to spectrally adjacent microwindows, is suffi- the microwindow regions in MIPAS band A (740-800tTh
cient to serve the purpose outlined above. Such a represemas well as in band AB (1060-1110 crt), but some of them
tation comprises a reduction in retrieval variables, which canshow a distinct slope.
reduce the computational burden considerably. For this pur- To quantify the effect of applying a spectrally locally flat
pose, we investigate the wavenumber dependence of aerosebntinuum in evaluation of MIPAS data, synthetic spectra
and cloud spectra as well as of gas continua found in the litcontaining aerosols, ice clouds or NAT-PSCs were calcu-
erature, and discuss the wavenumber dependence of continlgted for mid-latitude, tropical and polar geolocations of or-
retrieved with MIPAS. Further we show the difference in re- bit 8597 in two different ways. First, the refractive indices
trieved ozone resulting from assuming one background congiven in original spectral resolution were used, and then sim-
tinuum profile per microwindow and a locally flat continuum ilar calculations were performed with refractive indices rep-
over 5cnrt, resented by staircase functions sampled at S'cfor the
To approximate the aerosol particle distribution we usedaerosol and at about 8 cth for the ice clouds and NAT-
measurements of Deshler et al. (2003) from 20 April 1999,PSCs. The larger stepwidth for the ice clouds and the PSCs
which fall into the same period of continuously low strato- was chosen, because the original data have a spectral resolu-
spheric aerosol loading prevailing since the late 1990s asion of 4 cnt only (cf. Fig.5). At the northern mid-latitude
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Fig. 6. Left: Differences between synthetic spectra calculated for the ozone microwindow region in MIPAS band A with original refractive
indices of aerosol (Biermann), ice and alpha-NAT (Toon) and representation by 5@marosol) and 8cm! (ice, alpha-NAT) staircase
functions, respectively; brown and black curves: differences for background and volcanic aerosol (tangent altitude 10.1km); red curve:
difference for ice (tangent altitude 10.1km); green curve: difference for alpha-NAT (tangent altitude 19.3km); blue curve: difference
between the KO and CQ continua calculated for the reference atmosphere and @& #hd CGQ amounts scaled by factors 0.9 and 0.99
(tangent altitude 10.1 km). Right: same as left, but for the 0zone microwindow region in MIPAS band AB.
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Fig. 7. Orbit-averaged continuum profiles of orbit 8597 retrieved in ozone microwindows 1-6 (left) and 7-10 (right) (cf. Table 1). Assignment
to microwindows is colour-coded in the legend.

geolocation (46.1N), the maximum differences at the tan- where K is the Jacobian of the retrieval, andxf-fine)
gent altitude of 10.1 km between original and degraded repand Kx, coarsg¢ are the spectra with full resolved and 5
resentation were-0.2 nW/(cn? srcnt?) for the background  or 8cnt! continuum representation. The resulting uncer-
aerosol+3.0 nW/(cn? sr cn 1) for the volcanic aerosol and tainty was less than 0.1% for aerosol and even for the
+1.0nW/(cn? srenm ) for ice cloud 3 with a particle den-  strongest ice cloud with a particle density of $ )2 cm™3
sity of 2x10-3 cm~3 (Fig. 6), which still had passed the in- (cf. Sect. 3.1).
creased cloud threshold of 4.0 (cf. Sect. 3.1). The maximum In the mid-infrared, the contribution of far wings of the
difference for the antarctic PSC (86.8) between 20 and 21 large amount of lines of strong absorbers likeQHand CQ
km with a particle density of 410~3cm~3, which also is  also causes a continuum-like absorption. The forward model
still accepted as cloud-free by the increased cloud threshKOPRA (Karlsruhe Optimised and Precise Radiation Algo-
old of 4.0, was below-0.35 nW/(cn? srcnm!) at the tangent  rithm, Stiller, (Ed.), 2000) used at IMK enables modelling
altitude of 19.3 km. These deviations are very small in com-of these continua. The 40 continuum is calculated using
parison to the noise equivalent spectral radiance (NESR)the CKDv2.2 model of Clough (1995) and the £€€bntin-
which decreases from 25 to 18 nW/(€srcnm?) and from  uum using the models for far wing line shapes of Menoux et
16.5 to 12 nW/(crAsrcntt) in the microwindow regions in ~ al. (1987, 1991) and Cousin et al. (1985). Since these con-
MIPAS band A and AB, respectively. The retrieval error tinua are explicitely modeled, only the deviation of the actual
caused by this simplified representation of the refractive in-continuum from the modeled one, driven by deviations be-
dices was additionally estimated by multiplication of these tween assumed and actual abundances of related gases, has
difference spectra with the retrieval gain function to be compensated by the empirically fitted continuum.
To estimate the effect of not completely compensated

1 gas continua, KO and CQ continua were calculated

(KTS;lK + R) K'S;Tx (F(x, fine) — F(x, coarsg) . (3)  for H,O and CQ amounts scaled down by 10 and 1%,
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respectively, and subtracted from spectra containing the ‘ ‘ ‘ ‘ ‘ ‘ ‘ i 02|%pmv
reference gas continua (Fi§, blue curves). The maxi- ] E
mum differences are-2nW/(cn?srcntl) in band A and 602 i
—0.07nW/(crd srenml) in band AB, which is also small ' s0- P 0
compared to the NESR. In summary, the investigated aerosol,g 40é 7 000
cloud and gas continua give no evidence that a continuumz 3§ & F
. . E 3 . L e T

representation degraded to 5thin wavenumber space has < 30 — g
a significant impact on the ozone retrievals. 20 - P 010

Figure7 shows the orbit-averaged continuum profiles re- 1o fiss 00 : : e sl
trieved in microwindows 1-6 in MIPAS band A (left) and 9 45 0 45 90 45 0
in MWs 7—10 in MIPAS band AB (right). Application of Latitude [deg]

the 5cnt?! criterion to the ozone occupation matrix would _ ) ) )
lead to a common background continuum for microwindows Fig. 8. Difference between .ret.“eval W.'th assignment O.f acommon
1 and 2 as well as 3 and 4 (cf. Table 1). The individual Con_cc_)nt_lnuum ba(lzkground emission profll_e to a(:i_jaqenF r_nlcrowmd_ows
. . . ; within a 5 cm™ - spectral range and retrieval with individual contin-
tinua retrieved in these spectrally adjacent MWs (black and, ;. profiles for every microwindow (REA+AB_MIPAS). Same
red as well as dark blue and green curves in the left graphneaning of plus signs as in Fig.

show only a rather small difference, and thus also justify the

intended approach. The negative and positive spikes appear-

ing in all microwindows at 32 km are not caused by insuf-
ficient spectral sampling, but rather by setting the continum

ze'r:(? akl)lmﬁ 32 km..t. ity of the retrieved files to th tude region 28 to 42 km, somewhat more distinct during day-
inaily tne sensitivity otthe retrneved ozone profiles 10 € 1,6 than at night. The orbit-averaged difference in the alti-

different treatment of the background continuum (one con-y o pand 25-43 km is 0.40 ppmv (Talsle Rather similar

tinufl_JIm r;rof'i\l/lev{lorleacr;r2nicrowiﬂd0w30r cdonon (tzonttir:jmlj)rqc patterns were also found for the two other orbits from 13
:coro tes for M IS and atshwe Itz'itsd an .)ng’_jzlf ' I(;April and 22 July, 2003, with orbit-averaged differences of
erences mainly occur in the altitude region M andp 28 and 0.37 ppmv, respectively (Tatde The following

are tledsls; trtﬁu?d:O.Z ptpn:v tat tr::_ost kllatltudesf (F'@t).' Une>;- ‘ possible explanations for this bias were assessed: (a) non-
pectedly, tne sensitivity o This change of continuum treat-), ., thermodynamic equilibrium emissions which are not

ment is largest (up te-0.3 ppmv) at altitudes around 32 km, accounted for in the retrieval, (b) gain calibration inconsis-

where the contribution of_the a_tmosphenc_cont!nuum IS CI(?Setencies, and (c) inconsistencies of spectroscopic data in dif-
to zero. .However, at this _he|ght the spikes n the CoNtiN-¢0 ant ozone bands, because the most prominent ozone tran-
uum profiles occur, and, different from gll alt'tUd(?S belovv_, sitions in the microwindow region from band A are from the
MWS. 1 and 2 as well as 3 and 4 are all included n the mi- v fundamental band, while the strongest transitions in the
crowindow set (cf. Table 1). Nevertheless, the d'ﬁerencesmicrowindow region from band AB are from the and s
are generally smaller than the total estimated retrieval eITors | o damental bands.

(cf. Fig. 2). Similar deviations were obtained for orbits 5852
and 7274 (not shown here). The altitude of the major devia-
tions (around 30 km) indicates that the continuum here com3-
pensates for a spectral residual caused by any other variable
of the forward model, because the smoothness constraint o possible reason for the discrepancy of ozone retrievals in
the ozone retrieval prohibits an exact spectral fit. As a re-the two MIPAS bands could be different strengths of non-
sult of all investigations presented in this section, assignmentocal thermodynamic equilibrium (non-LTE) effects. In the

of a common continuum to microwindows less than 5ém routine IMK ozone retrievals time consuming NLTE cal-

Especially at mid-latitudes and in the tropics there are wide
areas with positive differences of about 1 ppmv in the alti-

3.1 Non-local thermodynamic equilibrium effects

apart, is justified. culations are not taken into account in the radiative trans-
fer calculations, because NLTE effects are generally small
3.3 Band dependence of retrieved ozone profiles in the stratosphere, and IMK microwindows are selected

such that spectral regions, where these effects are impor-
During our investigations of different microwindow selec- tant, are avoided. Nevertheless, as a check, non-LTE-
tions it turned out that occupation matrices containing ozoneretrievals were performed at IAA using the same microwin-
lines from different spectral regions produced systematicallydows in MIPAS bands A (REA_MIPAS_NLTE) and AB
different results. Figur® (top) shows the deviations between (RET_AB_MIPAS_NLTE). The result was that consideration
retrieval with an occupation matrix restricted to MIPAS band of NLTE reduces the bias between band A and AB retrievals
AB (MWs between 1040 and 1164 cth RETAB_MIPAS) by about 30% (Fig9, middle; Table3). Neglection of non-
and retrieval with an occupation matrix confined to band A LTE thus explains a fraction of the bias, but is not the domi-
(MWs from 730 to 798 cm!, RET_A_MIPAS), respectively.  nant cause.
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Table 3. Orbit-averaged ozone volume mixing ratios(VMRS) [ppmv] in the altitude band 25-43 km for different microwindow selections
and retrieval setups RET. . RET.A+AB _MIPAS: reference retrieval (V®3.2) with standard OM containing microwindows in MIPAS
bands A and AB (cf. Table 1) and using the MIPAS spectroscopy. Meaning of substrings in the other retrieval setups: A: microwindows in
MIPAS band A in wavenumber region 730—-800chonly; A_vz: microwindows in MIPAS band A in wavenumber region 960-970¢m

(v3 0zone band) only; AB: microwindows in MIPAS band AB only; NLTE: retrieval including modelling of non-LTE effects; MIPAS: ozone
lines from MIPAS datbase; HIT96: ozone lines from HITRAN96 database.

Orbit 5852 7274 8597
Date 13 April 2003 22 July 2003 22 Oct 2003
RET_A+AB_MIPAS 6.784 6.373 6.840
RET_A _v3_MIPAS 7.125 6.761 7.136
RET_.AB_MIPAS 6.855 6.587 7.060
RET_A_MIPAS 6.608 6.222 6.659
Difference AB-A 0.277 0.365 0.401
RET.AB_MIPAS_NLTE - - 6.916
RET_A_MIPAS_NLTE - - 6.651
Difference AB-A - - 0.265
RET.AB_HIT96 6.677 6.374 6.830
RET_A_HIT96 6.710 6.321 6.771
Difference AB-A —-0.033 0.053 0.059

Table 4. Correlation coefficients r(AB-A,AB-Av3) and r(AB-A,A v3-A) calculated between differences in retrieved ozone VMRS using
microwindows from MIPAS band AB (RERB_MIPAS), band A between 730 and 800 cM(RET.A_MIPAS) or band Avg between 960
and 970 cr! (RET_A_v3_MIPAS), for different height ranges.

Orbit Date Height r(AB-A,AB-Av3) r(AB-AA _v3-A)
range [km]
5852 13 April 2003  25-40 0.072 0.523
7274 22 July 2003 25-40 0.066 0.450
8597 22 Oct 2003 25-40 0.063 0.501
5852 13 April2003  20-50 0.157 0.395
7274 22 July 2003 20-50 0.129 0.374
8597 22 Oct 2003 20-50 0.090 0.416
3.3.2 MIPAS gain calibration inconsistencies weakly correlated to the differences between the AB and A

band retrievals, with correlation coefficients between r=0.06
In order to assess if the observed discrepancies in ozongnd 0.16 for the altitude bands 25-40 and 20-50km (Ta-
amounts can be attributed to gain calibration uncertaintiesle 4). This rules out gain calibration inconsistencies be-

between the MIPAS A and AB bands, another retrieval wastween the MIPAS bands to cause the retrieval discrepancies.
performed using exclusively ozone lines of theband but

located in MIPAS band A (REA_v3_MIPAS). These lines  3.3.3 Spectroscopic data

are situated between 960 and 970¢mand are not contained

in the microwindow set from band A applied above. Agree- In order to investigate if the observed discrepancies can be
ment of the retrieval result using these lines with the resultexplained by spectroscopic inconsistencies in the MIPAS
obtained with the standard OM from band A would indicate ozone database (Flaud et al., 2003), a similar correlation
a calibration problem. To check this, a correlation analysisanalysis was performed for the differences between band
was performed for the differences between the band AB re-AB and A retrievals and the differences between the re-
sults and the retrieval using the 960-970¢nines and the  trievals using the two band A line regions (results using the
differences between the band AB and band A results (MWs730-798 cri! lines subtracted from results using the 960—
from 730 to 798 cm?). The result was that for each of the 970cnt! lines). In this case, a correlation coefficient r=0.50
three orbits the differences between the MIPAS band AB re-was found for the altitude band 25—-40 km of orbit 8597 (Ta-
trievals and those using the 960-970¢megion are only  ble 4). Similar correlation coefficients, namely r=0.45 and
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r=0.52, were calculated for orbits 5852 and 7274. The corre- 70 F "m' 5
lation coefficients calculated for the altitude band 20-50 km 60

are r=0.40, r=0.37 and r=0.42 for orbits 5852, 7274 and 8597,g o
respectively. These rather high correlations suggest that in= (, p ) 0 '
consistencies between spectroscopic data in the ozgng § 4040 p by :@” Al /) 0.0
andv, bands are a major reason for discrepancies in relateg 5 | P w&m 05
ozone retrievals. In the following we test, if such a bias can SRR L , W '
be explained by the spectroscopic uncertainties reported for 20 : ¢

the MIPAS ozone lines. After inclusion of non-LTE mod- S S
elling, the orbit-averaged difference between band AB and A Latitude [deg]
Nl -

retrievals of orbit 8597 is about 4% (0.265/6.659, Tab)le 70
This is in the range of the error given for the line intensities

of the ozone fundamental lines used, which varies between 2
and 6% depending on the rotational quantum numbers (Flaug 5

) 4 05
et al., 2003). Moreover, the additional error specified for theg ,, &

i idths i 0 he findi f E ' '{”o%‘ L3 WA '0 i 0.0
ozone line-widths is 5-10%. To ensure the finding of a spec-= " X ‘ [ y" "\‘ Q‘
\ -’ \ LOAE |

troscopic bias, the retrievals with band A and AB microwin- < - -05

dows were repeated using ozone lines of the 1996 edition 20 : "y 10
of the HITRAN database (Rothman et al., 1998). The re- 1 s
trievals with this spectroscopic dataset (RETHIT96 and % 45 0 45 90 45 0
RET_AB_HIT96) resulted in constantly 3—-4% lower band i _ TLatitude[deg]

AB ozone amounts over the whole stratosphere, but in up to - RETA*AB_MIPAS |

RET_AB_MIPAS |
RET_A_MIPAS _|
RET_AB_HIT96 1
RET_A_HIT96 |

4% higher band A ozone amounts in the altitude region 28—
37km. Thus, as net result smaller differences between band
AB and A ozone amounts with positive sign above, but neg-
ative sign below 32 km were achieved (F8j.bottom), sug-
gesting a better consistency between the HITRAN96 lines ]
used in MIPAS channels A and AB. Due to the changing 30+
sign, the orbit-averaged differences of this test are nearly zero
in the altitude band 25-43 km (Talk#® Thereupon we tried 250 —
to find out the reason for the larger deviations arising from 5 6 o3 7 8 9
the MIPAS ozone lines. The band AB difference resulting v [ppmv]

from use of the different line datasets is in good agreemenhg_ 9. Top: Difference between ozone amounts retrieved using oc-

with Flaud et al. (2003), who report intensity ratios of_1.044 cupation matrices restricted to MIPAS band AB (REB_MIPAS)
and 1.035 between the HITRAN96 and the new calibratedy, a (RET_A_MIPAS), respectively, without modelling of non-

MIPAS v1 andvs lines, respectively. On the other hand, the | TE effects. Same meaning of plus signs as in Hig. Mid-
difference within band A between the two line datasets isdle: Same as (top) but retrieval with modelling of non-LTE effects
not explainable by an offset in line strengths only, since the(RET_AB_MIPAS_NLTE and RETA_MIPAS_NLTE). Bottom: Or-
intensities of the HITRAN96G), lines are also higher by a bitaveraged ozone amounts resulting from the reference calculation
factor of about 1.05 than those of thglines of the MIPAS (black), from the calculations using microwindows from MIPAS
database which would also lead to lower ozone VMRs. Fur-Pands AB (red) or A (blue) only and MIPAS ozone line param-
ther retrieval studies showed that this deviation results from€ters: and from the calculation using microwindows from MIPAS
the combination of the lower line strengths and of the gen-221dS AB (green) or A (purple) only and HITRAN96 ozone line
erally larger (up to 15%) air broadening coefficients of the parameters.

MIPAS v, lines as compared to the respective parameters of

the HITRAN96 dataset. The reason of the considerable in- o

fluence of the line widths is that the peaks of theines be- -4 Regularization

come saturated at this altitude region. In summary, we assign . ) ) . )

the major part, i.e. about 70%, of the observed discrepancieSince the retrieval grid used at IMK has a finer height spac-
to inconsistencies in spectroscopic data, and the remainin§d than the vertical tangent height distance (cf. Sect. 2), a

part to band dependent NLTE effects not taken into accounfonstraint has to be applied for the retrieval of trace gas pro-
in IMK retrievals (cf. Sect. 3.3.1). files to avoid instabilities. The smoothing constraint chosen

for trace gas retrievals at IMK is implemented as follows

40}

35+

Altitude [km]

R=BL’LB, 4)
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Fig. 10. Left: Difference between @retrieval with zero a-priori profile and reference retrieval (RE¥FAB _MIPAS). Right: Difference
between retrieval with zero a-priori and reduced regularization strength and reference retrieval. Same meaning of plus signs.as in Fig.

where R (cf. Eg. 1) is the regularization matrixl. is at each tangent altitude equals the number of tangent alti-
Tikhonov's first-derivative operator (Steck, 2002) aads tudes, which is 17 for a the standard MIPAS scan of high
a diagonal matrix containing the altitude-dependent regularspectral resolution. For the reference retrieval (cf. Rig.
ization strength. This constraint tends to drive the retrievalthey vary between 11.7 at Arctic and 13.8 at Antarctic lati-
towards the shape of the a-priori profile, if the measurementudes, which indicates that the constraint used until data ver-
contains only little information on the target variable. sion V3a.03.6 is rather strong (FiglO, right). This slight
Until ozone data version V3®3.6 (V3o is ESA level 1  over-regularization was neccessary, because in the first ver-
data versions 4.61-4.62, processed offline at DFD6@8  sion of level-1B datasets produced from MIPAS measure-
IMK ozone retrieval setup 6) climatological ozone profiles ments before 18 September, 2002, gain oscillations occured
were used as a-priori profiles. In order to avoid any inappro-between spectra from subsequent tangent heights. In spectra
priate mapping of the a-priori profiles onto the result, from produced after September 2002 and in all re-calibrated spec-
data version V3dD3.7 on, all-zero a-priori profiles are used. tra this problem was largely reduced, which justifies weaker
However, climatological ozone profiles are further applied asregularization.
first guess for the least-squares fit in order to save iterations. For this purpose, we studied the effect of a constraint
The differences between retrievals using all-zero or climato-weakened by 33% between 20 and 50 km and considerably
logical a-priori profiles are below-0.2] ppmv (Fig.10) and more in the altitude regions below 20 and above 50km,
thus in the altitude region 20-45km smaller than the totalwhich resulted in 15-17 degrees of freedom for the refer-
precision (cf. Fig2). Below 20 and above 50 km the devia- ence orbit. This regularization might in some cases lead to
tions are of the same order or larger than the total precision.oscillations or unrealistic gradients in the upper stratosphere
The regularization strength originally defined for IMK in single profiles with little information content, but assures
ozone retrievals varied with altitude z approximately best possible detection of ozone signatures in the upper tro-
~1/VMR(z) where VMR is the volume mixing ratio of a cli- posphere/lower stratosphere region and in the upper strato-
matological profile, i.e. it was scaled such that real profile sphere. Combined use of a zero a-priori and the weaker con-
features are best possibly detected while instabilities trig-straint leads to differences to the standard retrieval, which are
gered by measurement noise and other uncorrected meaenerally belowt0.3 ppmv in the altitude region 15-50 km
surement errors are suppressed. The appropriateness of tfieig. 10, right). The nighttime deviations above 60km of
strength of the smoothing constraint was estimated from theup to 1 ppmv reflect a clearer detection of the tertiary night-
height resolution or degrees of freedom of the retrieved protime ozone maximum. However, the absolute VMRs at these
files (Rodgers, 2000; Steck, 2002). high altitudes have to be handled with some care because of
In operational data processing, the regularization strengthpossible NLTE-effects, which are not taken explicitely into
which was pre-calculated for a certain geolocation, is usedaccount in IMK ozone retrieval (cf. Sect. 2). In summary,
for evaluation of all measurements along the whole orbit.for the reasons given above, the newly defined regulariza-
This leads to a number of degrees of freeddmdefined tion will be applied to ozone retrievals starting from version
as trace of the averaging kermel(cf. Steck, 2002) V30.037.

dr = tr(A)» (5)

which is slightly varying with latitude because of change
in atmospheric conditions. The ideal number of degrees of
freedom attainable for a trace gas with significant signatures
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4 Data versions 70 W ‘ Tl 1 u"UUVV o
60 ., -

Figure 11 (top) shows the end-to-end differences between__ 1 R ? - D’ o \Oie 0.2

MIPAS ozone amounts obtained with the new baseline g * = . ' 3

(V30.03.7) and with the reference baseline (\3.2). As 40 0N NS L - 00

ERaE of o i WG ;
discussed in Sect. 3, these differences consist in continuun‘g 04 A Ne ",..-/w‘b'.'f
representation, the applied cloud-threshold, the a-priori pro- ]
file used and in the regularization strength: In the reference
retrieval an individual continuum profile was fitted for each
microwindow. Further, a cloud-threshold of 1.8 and a cli-
matological ozone a-priori profile were used. According to 70F ‘ 3
the new baseline, a common continuum profile is retrieved 3 g E
for adjacent microwindows within a 5 cm spectral range, 60§ :}> I s
the cloud-threshold is increased to 4.0, the a-priori profile O e E
used is an all-zero profile, and the regularization strength is
decreased by 33% in the region of the ozone maximum and
even stronger at lower and higher altitudes. Apart from the
height region 20-35km at high southern latitudes, the de-
viations mainly result from the different constraints and are
mostly lower thant-0.3 ppmv in the altitude range 15-50 km. 10
This is smaller than the total retrieval error between 25 and -90
45km and of the order of the total precision at 35 km. At
higher and lower altitudes the total retrieval error is exceedeq:ig_ 11. Top: Difference between MIPAS ozone retrievals along

in several places. orbit 8597 of 22 October 2003, using baselines \G&.7 (new)

The results of a preliminary intercomparison betweenand V203.2 (old), respectively. The differences consist in contin-
ozone amounts measured by MIPAS (data versiorD&22) uum representation, in the applied cloud-threshold (4.0 or 1.8), the
and HALOE during the period 30 October to 7 November a-priori profile used (all-zero or climatological), and in the regular-
2003 are presented in Fijl (bottom). The HALOE profiles ization strength. More details are given in Sect. 3. Same meaning of
taken into account are from the level 2-version 19 databas@!Us signs as in Figl. Bottom: Differences (MIPAS-HALOE) be-
of the British Atmospheric data Centre (BADC). They cover WWeen ozone amounts measured by MIPAS (data versic®¥2)

the altitude region from the cloud top up to about 90 km with and HALOE found in an intercomparison of the period 30 October
a vertical resolution of<2 km. The HALOE uncertainties to 7 November 2003. MIPAS data used are from the dayside part of

. . the orbit only; because of the instrument’s measurement mode, no
are between~9% in the middle stratosphere and 20-25% 45| o gata were available from north of 2.

in the lower stratosphere and mesosphere. The maximum
differences allowed for the intercomparison of MIPAS and
HALOE profiles weret5° in latitude,£10° in longitude and i , ,
+12 hin time. More details about the methodology are givenUP 1© 0-65ppmv in polar regions and up to 1.2 ppmv in the
in Wang et al. (2005). The main differences occur at southerrff@PicS, and with the random error, which amounts up to
latitudes and consist of a negative band of up-toppmv at ~ 0-2PPMV.
20 km and two positive bands of up to 1 ppmv between 26 an It was found that the cloud clearing procedure applied
34 km and around 40 km altitude. The differences at 20 kmso far (cloud-index 1.8) does not exclude moderately cloud-
altitude are at least partly compensated by the new retrievatontaminated spectra. This can lead to additional retrieval er-
setup (Fig.11, top), whereas the positive differences aroundrors of the order of the cloud-free total error up to 3 km above
30 km are reduced above, but enhanced below 30 km. the cloud-layer. Therefore we decided to increase the cloud-
threshold to the value of 4.0. Further, model calculations
have shown, that assignment of the same background con-
5 Conclusions tinuum radiance profile for adjacent microwindows within
spectral intervals of 5 crt is sufficient to represent the con-
We have investigated the dependence gfr@rievals from  tinuum emisssion of aerosols, clouds and gases. Applied on
MIPAS spectra on modification of several processing param-ozone retrievals, the deviations from the reference calcuala-
eters to better understand possible error sources and to defiien, where this simplification was not applied, were gen-
an updated processing baseline, which will be used for ozonerally less than 0.2 ppmv. Thus, this approach, which also
retrievals beginning from data version V&8.7. Theresult-  saves computation time, will be used in the new processing
ing deviations from the reference retrieval (version®3.2) baseline. In addition, we investigated a possible bias between
were compared with the total retrieval error, which amountsretrieval results obtained with microwindows from MIPAS
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bands A (685-970cm') and AB (1020-1170 cmt), since ing balloon-borne instruments, J. Geophys. Res., 108(D5), 4167,
microwindows from both bands are used in IMK ozone re-  doi:10.1029/2002JD002514, 2003.

trieval. Such a difference of up to 1 ppmv between band ABEchle, G., von Clarmann, T., Dudhia, A., Flaud, J.-M., Funke, B.,
and band A results was indeed found. By inclusion of mod- Glatthor, N., Kerridge, B., pez-Puertas, M., Mdrt-Torres,
elling of non-LTE effects in the retrieval, the difference could ~ F- J-» and Stiller, G. P.: Optimized spectral microwindows for
be reduced by about 30%. However it turned out, that the data ana_ly5|s of t_he Mlchelson_lnterferometer f(?r Passive At-
main reason is obviously a spectroscopic bias between the mospheric Sounding on the Environmental Satellite, Appl. Opt.,

- . . 39(30), 5531-5540, 2000.
ozone lines used in these two bands, i.e.thgband A) and European Space Agency: Envisat, MIPAS An instrument for atmo-

vi/v3 (band AB) lines. This was found by correlation analy-  gpheric chemistry and climate research, ESA Publications Divi-
sis as well as by use of another spectroscopic dataset. A bias sjon, ESTEC, P. O. Box 299, 2200 AG Noordwijk, The Nether-
in radiance calibration of the level-1B spectra from bands A |ands, SP-1229.
and AB could largely be ruled out by correlation analysis andFischer, H. and Oelhaf, H.. Remote sensing of vertical profiles of
by inspection of broadband spectra. atmospheric trace constituents with MIPAS limb-emission spec-
Further, the @ profiles retrieved using an all zero a-priori _ trometers, Appl. Opt., 35(16), 27872796, 1996.
profile were only little different from the reference calcula- Flaud, J.-M., Piccolo, C., Carli, B., Perrin, A., Coudert, L.H., Teffo,
tion with a climatological a-priori profile (deviations up to J-L, and Brown, L.R.. Molecularllm_a parameters fqrthe MIPAS
+0.2ppmv). Thus we will apply a zero a-priori profile to (Mlchglson Interferometer _for Passive Atmospheric Sounding)
. . . . experiment, Atmos. Oceanic Opt., 16, 3, 172—-182, March, 2003.
future ozone retrleva_lls.to aqu any possible mapping of theGil-prez, S.. von Clarmann, T., Funke, B., Gar€omas, M..
structure of the a-priori profiles onto the result. Moreover, a Glatthor, N., Grabowski, U., Bpfner, M., Kaufmann, M., Kouk-
reduced regularization strength, defined to improve the over- oyji M.E., Lopez-Puertas, M., and Stiller, G.P.: Retrieval of
all height resolution and especially the detectability of ozone  stratospheric and mesospherig om high resolution MIPAS
signatures in the lower and upper stratosphere, was success-spectra at 15 and 30m, Adv. Space Res., 36, 943-951, 2005.
fully tested and will be applied in future. An end-to-end com- Glatthor, N., von Clarmann, T., Fischer, H., Funke, B., Grabowski,
parison between the new and old retrieval baseline resulted U., Hopfner, M., Kellmann, S., Kiefer, M., Linden, A., Milz,
in differences of up tat0.4 ppmv in the altitude region 20— M., Steck, T., Stiller, G. P., Mengistu Tsidu, G., and Wang, D.-
60 km. Further it was shown that the differences found in an Y- Spaceborne CIO observations by the Michelson Interferome-

initial validation study are reduced by application of the new " for Passive Atmospheric Sounding (MIPAS) before and dur-
baseline. ing the Antarctic major warming in September/October 2002, J.

Geophys. Res., 109, D11307, doi:10.1029/2003JD004440, 2004.
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