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Abstract. We examine volume mixing ratios (vmr) retrieved use of the 1-D data, e.g. for validation, are discussed. The
from limb emission spectra recorded with the Michelson In- dependence of the ascending/descending differences on the
terferometer for Passive Atmospheric Sounding (MIPAS) onobservation strategy suggests that this problem may affect 1-
board Envisat. In level 2 (L2) data products of three differentD retrievals of infrared limb sounders, if the line of sight of
retrieval processors, which perform one dimensional (1-D)the instrument has a significant component in the direction
retrievals, we find significant differences between speciesof the horizontal temperature variation.

profiles from ascending and descending orbit parts. The rel-
ative differences vary systematically with time of the year,
latitude, and altitude. In the lower stratosphere their monthlyq  |niroduction

means can reach maxima of 20% for CFC-11, CFC-12,

HNO3, H20, 10% for CH, and NO. Relative differences 1.1 MIPAS on Envisat

between monthly means of 1-D retrieval results and of the

true atmospheric state can be expected to reach half of thedIPAS, the Michelson Interferometer for Passive Atmo-
percentage values, while relative differences in single vmrspheric Sounding, is a mid-infrared Fourier-transform spec-
profiles might well exceed those numbers. Often there argrometer which is part of the core payload of Enviséas¢her

no physical or chemical reasons for these differences, set al, 2000 2008. Envisat is on a sun-synchronous near
they are an indicator for a problem in the data processingpolar orbit at 800 km altitude (14.4 orbits per day) with the
The differences are generally largest at locations where thelescending node crossing at 10:00 MST (mean solar time).
meridional temperature gradient of the atmosphere is strong. MIPAS scans the atmosphere vertically in limb geometry
On the contrary, when performing the retrieval with a tomo- detecting atmospheric thermal radiation from the middle at-
graphic two dimensional (2-D) retrieval, L2 products gen- mosphere and upper troposphere. The instrument has the
erally do not show these differences. This suggests that inadvantages common to IR limb emission sounders, namely
homogeneities in the temperature field, and possibly in thea) good sensitivity due to collecting photons along a long
species’ fields, which are accounted for in the 2-D algorithmline of sight, (b) good vertical resolution, since the majority
and not in standard 1-D processors, may cause significamf the signal is emitted close to the tangent point, (c) indepen-
deviations in the results. Inclusion of an externally given ad-dence on external radiation sources, which means that mea-
equate temperature gradient in the forward model of a 1-Dsurements during day and night, especially important during
processor helps to reduce the observed differences. Howpolar night, can be performed. Because of the platform’s
ever, only the full tomographic 2-D approach is suitable tolongitude drift MIPAS measures limb radiance spectra of a
resolve the horizontal inhomogeneities. Implications for thecertain region on Earth with approximately 12 h difference
with the dayside data being measured during the descending
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MIPAS is installed at the rear of Envisat, looking essen-2 Processing of MIPAS data
tially backwards with respect to the satellite’s flight direc-
tion in the nominal observation mode. To get a better lati-2.1 Level 1b processing
tude coverage the line of sight's azimuth is commanded to
the poleward side of the flight path around the poles. Thesdhe level 1b processing, i.e. the generation of geolocated
azimuth deviations with respect to the backwards directionand radiometrically calibrated mid IR limb radiance spectra
are 20 at the North Pole and ®5at the South Pole. Be- from the instrument’s detectors output is done exclusively by
tween the polar regions there is a smooth transition over thi€SA. A detailed description of the procedure can be found in
azimuth difference of 35 In summary this means that dur- Kleinert et al.(2007). All of the level 2 processors described
ing the descending part of the orbit the instrument essentiallyn the following use the level 1b data of this same source.
looks northward, while during the ascending part it essen-
tially looks southward. 2.2 Level 2 processing

1.2 Motivation Level 2 (L2) data, i.e. the geolocated atmospheric physical
and chemical quantities derived from level 1b spectra, are
A first hint that there are problems in some MIPAS retrieval estimated by fitting synthetic spectra, produced with radia-
results was discovered byopfner et al(2007). Inthatwork  tive transfer models, to the observations. In this work we
several species retrieved with the IMK/IAA level 2 proces- consider 1-D and 2-D retrievals of MIPAS data. Here the
sor (von Clarmann et al2003h were compared to measure- term 1-D retrieval is used for retrievals where, based on the
ments of ACE-FTSRernath 1999 Bernath et al.2009. A fact that the bulk of information comes from the region close
separation of data with respect to day/night conditions wago the tangent height, the atmosphere is assumed to be hori-
performed. Notably in CFC-11 there was a clear influencezontally homogeneous with respect to mixing ratios of con-
of whether day or night data of IMK/IAA were chosen (see stituents and to temperature and pressure. In 2-D retrievals
Figs. 6 and 7 oHopfner et al. 2007). MIPAS daytime val-  the atmospheric state is allowed to vary also in the horizontal
ues were by about 10% higher than their nighttime coun-(Carlotti et al, 2001, Steck et al.2009. The assumption of
terparts. CFC-12 also showed a day/night difference, albeihorizontal homogeneity fails in presence of e.g. strong hori-
with a magnitude of 5-10% somewhat less pronounced (segontal gradients, which are modelled in the 2-D approach by
Fig. 8 ibid.). Since ACE data was not separated accordg simultaneous fit of the complete orbit.
|ng|y (there is occultation data for sunrise and sunset data, A common feature of all 1-D processors considered here
but Only the latter one had been used for the Comparisonhnd the 2-D processor is that on|y Sma” parts Of the mea-
but rather remained UnChanged, the conclusion was that the@“’ed Spectrum, so-called microwindows' which depend on
is an anomaly in the version of MIPAS CFC-11 and CFC- retrieval target and altitude, are useebi§ Clarmann and
12 data adopted fOI’ the Compal’ison (IMK/IAA data VeI’SionS Ech|e 1998 Dudh|a et aL 2003 The Spectra| positions and
V30_F-118 and V3QF-129). extents of the microwindows might differ between the pro-
For most latitudes, MIPAS measurements for day andcessors, depending on the retrieval target. Some details of
night correspond to northward and southward directions ofthe adopted 1-D and 2-D retrievals are briefly summarized
the line of sight, respectively (see Settl). Therefore ata hereafter.
given location the atmosphere with all its inhomogeneities is |, this paper we present data of three different 1-D MI-
seen by the instrument from the north for night and from thepas | 2 retrieval processors, namely the ESA offline proces-
south for day measurements. Now, if there were an influenceq (gata designated ESA), the University of Oxford MORSE
of the direction of the line of sight with respect to an atmo- processor (data designated Oxford), and the IMK/IAA pro-
spheric feature, one could expect to see this influence in essor (designation IMK/IAA). All these processors retrieve
difference between MIPAS day and night data. temperature and trace gas abundances by inversely modeling
Although e.gLivesey and Rea(P000 for Aura/MLS and  gqjative transfer such that the modeled spectra fit optimally
Carlotti et al.(2001, 2009 andSteck et al(2009 for MIPAS {5 the measured ones according to a quadratic cost function.
discussed the advantages of being able to model the inhomerg ¢ope with the non-linearity of radiative transfer, all re-
geneity along the line of sight in the retrieval of atmospheric yrjeval processors involve Newtonean iteration.
data, no systematic assessment of shortages in results from 1o analysis starts with spectral windows containing

level 2 processors relying upon the assumption of a horizon-maimy CO lines, from which the temperature profile and el-
tal homogeneous atmosphere was performed up t0 NOW.  gyation pointing information of the instrument are retrieved.

These shortages, together with the different assumptiony, s hsequent steps, profiles of mixing ratios of trace gases

adopted by 1-D and 2-D retrievals, motivates the thoroughye retrieved, whereby temperature and pointing information

analysis of the impact of temperature inhomogeneity on th&gtrieved in the preceding step are used. This implies that any
retrieval results presented in this paper. error in the result of the first processing step, i.e. the retrieval
of the temperature profile, will propagate into the species
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Fig. 1. Distribution of monthly means of temperature (left column) and ascending/descending temperature differences (ascending minus
descending, right column) for ECMWF reanalysis data (top row), 1-D retrievals (second row: IMK/IAA, third row: Oxford, fourth: ESA),
and 2-D retrieval (MIPAS2-D, bottom row) over time and pressure. Data is shown for the latitude r&r§eo605 S. Tick marks of the

time axis give the begin of months.

profiles’ retrievals. Besides the target quantities (tempera- The differences between these retrieval codes are mainly
ture, mixing ratios) these retrieval codes also retrieve an emrelated to the forward radiative transfer model used, the si-
pirical atmospheric continuum and an additive radiance calimultaneous versus sequential analysis of the spectra of one
ibration correction, for reasons extensively discusseebm  limb sequence of measurements, the microwindows selected,
Clarmann et al(20038. the choice of the constraint, the discretization of the atmo-
sphere and the representation of the retrieved profiles, the

www.atmos-meas-tech.net/3/1487/2010/ Atmos. Meas. Tech., 3, 18872010



1490 M. Kiefer et al.: Temperature inhomogeneities and MIPAS retrieval

T (ECMWF), p = 82 hPa T (ECMWF), p = 82 hPa
90 90

latitude [deg]

| | |
[ - -
o 6 & o & ©
I o o N
3 B 3 2 IS
g 8 8 5 8 &
[ I———
| | |
© o
o o &

| |

L b o o -
[

JASONDJFMAMJJASONDJFMA JASONDJFMAMJJASONDJFMA
2003 2004 2003 2004

T (IMK/1AA), p = 82 hPa K T (IMK/IAA), p = 82 hPa
90 90

latitude [deg]

|

o [FI- )
S o & ©

|
o)
[=]

-90 180 -90

JASONDJFMAMJJASONDJ FM JASONDJFMAMJJASONDJ FM
2003 2004 2003 2004

K

T (Oxford), p = 82 hPa T (Oxford), p = 82 hPa
90 Q

|
Y W @
o o =] [=]

latitude [deg]

|
for)
[=]

|
w0
o

180 -90
JASONDJFMAMJJASONDJFMA JASONDJFMAMJJASONDJFMA
2003 2004 2003 2004

T (ESA), p = 82 hPa

T (ESA), p = 82 hPa
90 90

60

o

latitude [deg]

|
[+
=]

|
o)
[=]

—gol. |

JASONDJFMAMJJASONDJFMA JASONDJFMAMJJASONDJ FMA
2003 2004 2004

T (MIPAS2D), p = 82 hPg T (MIPAS2D), p = 82 hPa
60

90 230

4

220
2

210
0

200
-2

190
-4

180

JASONDJFMAMJJASONDJFMA JASONDJFMAMJJASONDJ FMA
2003 2004 2003 2004

w
S

o

latitude [deg]

Fig. 2. Distribution of monthly means of temperature (left column) and ascending/descending temperature differences (right) for ECMWF
reanalysis data (top row), 1-D retrievals (second row: IMK/IAA, third row: Oxford, fourth: ESA), and 2-D retrieval (MIPAS2-D, bottom
row) over time and latitude on the 82 hPa pressure level. Latitude bins &rd&itk marks of the time axis give the begin of months.

treatment of interfering species in trace gas retrievals, and In the following, we shortly summarize the specific char-
the criteria for rejection of cloud-contaminated spectra. acteristics of the retrieval processors used here.
All involved radiative transfer models have been exten-
sively cross-checked/¢n Clarmann et 812002 20039, and  22.1 ESA Offline L2 processor
two of the retrieval codes used here, the ESA Offline L2 pro-
cessor and the IMK/IAA L2 processor, have been validated-l-he ESA Offline L2 processor uses the OFM (Optimized

in a blind test retrieval exerciseqn Clarmann etal20033.  £4yard Model)Ridolfi et al. (2000 for radiative transfer
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Fig. 3. Distribution of average values of CFC-11 (left column), of ascending/descending differences (middle column), and relative differences
(right) for 1-D retrievals (top row: IMK/IAA, middle row: Oxford) and for 2-D retrievals (MIPAS2-D, bottom row). Time bin is one month,
latitude bin is 60 S to 45 S. Altitude bins for 1-D and 2-D data are explained in S8ct. The tick marks of the time axis give the begin of

the months and years, respectively.

calculation; the retrieval is based on unconstrained leas2.2.2 Oxford University L2 processor

squares fitting of modeled to measured radiances. Spec-

tra of a limb sequence of measurements are analyzed in )

one step rather than sequentially, following the so-calledT_he Oxfor-d L2 processor, MORSE (MIPAS Orp|ta| Re-
“global-fit” approach Carlotti, 1989. The iteration is started tri€vals using Sequential Estimation, documentatiohtet

with initial guess values taken from a climatology Rgme-  //Www.atm.ox.ac.uk/MORSEmainly differs from the ESA
dios et al.(2007). The grid on which retrieved profiles are PrOCessor in using optimal estimatidRddgers2000 rather
sampled is given by the tangent altitudes of the measurema_n an_unregul_arlzed Iea_st squares fit a_pproach._ The op'q_mal
ments. In a first step, temperature, pressure at the tangeﬁﬁtlmat_lon pro_\/ld_es certain a_ldvantages in numer|ga|_§tab|||ty,
altitude, and pointing correction with respect to tangent alti-at Fhe ”S,k, of biasing the retngval towe}rds the a priori in case
tude separation are retrieved. This information is passed off! insufficient measurement information, and the sequential
to the trace gas retrievals. These are performed separate pect allows memory usage to be mlnlmlsed (at the expense
and independently for each species, using climatologica f increased CP_U time), ef_fectlv_ely by mcorporatl_ng mea-
information for interfering species. Spectral microwindows SU'ements from just one microwindow/tangent altitude at a
are selected using the methodology developeDinghia LM rather than all simultaneously.

et al.(2009. Further details of this processor are reported It uses the same microwindows and absorption coefficient
in Raspollini et al(2006). look-up tables as the ESA processor, and additionally re-

trieves CFC-11, CFC-12,4Ds and CIONG.

The internal forward model is based on the RFM (Ref-
erence Forward Modehttp://www.atm.ox.ac.uk/RFMbut

www.atmos-meas-tech.net/3/1487/2010/ Atmos. Meas. Tech., 3, 18872010
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Fig. 4. Distribution of mean values of CFC-11 vmr (left column), ascending/descending differences (middle column), and relative differences
(right) for Oxford 1-D (top row) and Bologna MIPAS2-D (bottom row) retrievals. Time bin is one month, latitude birf ipddssure is
82 hPa.

using the pretabulated monochromatic absorption coeffipresented here were retrieved with the 1-D version of the
cients rather than a full line-by-line calculation. IMK/IAA processor.

The a priori estimates required for the optimal estima- However, the L2 processor is capable of taking into ac-
tion approach are taken from the climatology Reéme-  count some properties of a horizontally inhomogeneous at-
dios et al. (2007 (which also provides the initial guess mosphere, e.g. the inclusion in the forward model of exter-
for the ESA retrievals). These do not distinguish betweennally given gradients of temperature and/or species, together
day and night or longitude, so the a priori estimates usedvith a proper length scale. A more sophisticated method,
at a particular latitude are identical for the ascending andnamely the retrieval of temperature gradients, constrained by

descending passes within any one day. a priori information from ECMWF data, is routinely used for
more recent IMK/IAA retrievals, e.g. for the L2 data of re-
2.2.3  IMK/IAA Scientific L2 processor duced resolution spectra for MIPAS data from 2005 aom(

Clarmann et a).20098. The retrieval of horizontal vmr gra-
dients is routinely employed in the L2 processing of NO,

The retrieval strategy employed in the IMK/IAA L2 proces- NOj, and CO Eunke et al.2009).

sor has been extensively discussedvby Clarmann et al.

(20031. As with the ESA Offline L2 processor, measure- 5 3 o_p retrieval

ments at all tangent altitudes are analyzed in one step rather

than sequentially, but contrary to the global-fit approach, theTwo-dimensional retrievals have been operated with the

retrieved atmospheric state variables are represented on @MTR (Geofit Multi-Target Retrieval) analysis system fully

fixed altitude grid rather than on a grid defined by the tan-described inCarlotti et al.(200§. GMTR was developed

gent altitudes, and the cost function involves a constraintgs an open source code, Specifica”y designed for MIPAS

This regularization of the least squares fit is a Tikhonov-typemeasurements, delivered to ESA and included in the BEAT

first-order smoothing constraint for temperature and volumerools repositorylttp://envisat.esa.int/services/bedthe up-

mixing ratios. The sequence of analyses of species is chograded version 2.1 of GMTR was used to generate the

sen such that error propagation is minimised. Multiple targetMIPAS2-D database of level 2 products used in this paper

retrievals are performed whenever necessary to avoid propgPapandrea et a201Q Dinelli et al., 2010.

gation of errors due to uncertain parameters. Version 2.1 of GMTR can be exploited for the analysis of
For the bulk of IMK/IAA data presented here, the atmo- all the MIPAS observation scenarios and includes the possi-

sphere is assumed to be horizontally homogeneous with rebility of performing retrievals using the Optimal Estimation

spect to temperature and mixing ratios of constituents. Datanethod Rodgers2000. This new functionality was intro-

of data versions V3O _8, V30O.F-118 and V3QHNO3.7 duced to better handle measurements affected by clouds in

Atmos. Meas. Tech., 3, 1487507, 2010 www.atmos-meas-tech.net/3/1487/2010/
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Fig. 5. Same as Fig3, but for HNO; of IMK (top) and ESA 1-D (middle) and MIPAS2-D (bottom) retrievals.

the line of sight, and to cope with the limb-scanning patternOne feature of Geo-fit is that the retrieval grid is independent
that changes with latitude. of the measurement grid so that atmospheric profiles can be
retrieved with horizontal separations different from those of
the measured limb scans. This feature makes it possible to
define the horizontal resolution of the retrieval on the basis

) ] ] _of its trade-off with the precision of the retrieval parameters
With the Geo-fit MIPAS observations taken along the orbit (Carlotti et al, 2007.

track are analyzed in two dimensions by exploiting the fact The MTR approach enables to perform the simultaneous

that the limb sequences are continuously repeated along theyrieval of different targets in order to minimize the system-
plane of the orbit. To account for deviations of the point- ytic error components due to the spectroscopic intereference
ing from the orbit plane (see SedLl), a zonally homoge- 4t giverse species. In GMTR, the simultaneous retrieval is
neous at_mos_phere is assumed (see.detans_a}nd impact pf ”}b%rformed op, T, H20 and @, then followed by the indi-
assumption irDinelli et al, 2010. This repetition makes it yiqya retrieval of all other targets. The better quality of the
possible to gather the information about a given location ofy;TR products reduces the systematic errors propagated on
the atmosphere from all the lines of sight that cross that |°'subsequent targets.

cation whatever sequence they belong to. Since the 100p of Tha gata of GMTR will be designated MIPAS2-D in what
overlap between nearby sequences closes when the air magsgows.

measured by the starting sequence is observed again at the

end of the orbit, in a retrieval analysis the full gathering of

information can be obtained by merging in a simultaneous3 Survey of the anomaly

fit the observations of a complete orbit. The Geo-fit ap-

proach operates a 2-D discretization of the atmosphere whiciio explore the problem broached in Sec we examined
enables to model horizontal atmospheric inhomogeneitiestetrieval results of a time span from the beginning of the

The GMTR analysis system is based on the Geo-fit ap
proach Carlotti et al, 2001) upgraded with the Multi-Target
Retrieval functionality Dinelli et al., 2004).
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Fig. 6. Distribution of average HN@(left column), ascending/descending differences (middle), and relative differences (right) for ESA 1-D
and MIPAS2-D data at 82 hPa (first and second row, respectively), and at 11 hPa (third and last). Data bins are the sam4.as in Fig.

mission in mid 2002 to the temporary break in March 2004 parts.

In the next step each of these ascending/descending

of several 1-D L2 processors (ESA, Oxford, and IMK/IAA) subsets was sorted into time bins of 30.4369 days (represent-

and 2-D results (Bologna) for several species.

3.1 Analysis method

ing the length of a mean month) and latitude bins of.15
Special care was taken to guarantee that the averaged lati-
tudes of contributing geolocations within corresponding as-
cending/descending latitude bins do not differ more thah 0.2

For each of the 1-D processors and for the 2-D processof0 avoid unwanted biasing of either subset. Finally, mean
the data was treated in the f0||owing manner: first, all verti- profiles within the time/latitude bins were calculated. Hence
cal profiles of volume mixing ratios were interpolated onto a for each bin there are two mean profiles: one calculated from
fixed reference pressure grid1 which is equiva|ent toal kmprofiles of the ascending and one calculated from profiles of
altitude grid. Then the whole data set was separated intdhe descending part of the orbit.

data of geolocations of ascending and of descending orbit

Atmos. Meas. Tech., 3, 1487507, 2010
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Fig. 7. Same as Fig3, but for O3 of ESA 1-D (top) and MIPAS2-D (bottom) retrievals.

In the following we present mean profiles, which are cal- spatial distributions and they cover the typically observed
culated as mean of ascending and descending profiles, diffescenarios of atmospheric gradients. In particular, CFC-11
ence profiles, which represent the differences of the meansriginally discussed byiopfner et al.(2007) is taken as an
between ascending and descending data (i.e. ascending mexample of a gas of tropospheric origin, Hilfor gases with
nus descending), and relative differences, which are the lattestrong local production in the stratosphere. Water vapour is
divided by the former. Atmospheric pressure is used as thaliscussed separately for its peculiar distribution. ,CN>O
vertical coordinate throughout the study. and CFC-12 are briefly reported to show the level of consis-

We concentrate mostly on the latitude band frorfi 850 tency among the gases.
45° S where the anomaly can be seen very clearly. How- As already noted in Sect.1 ascending and descending
ever, there is an electronic supplement to this paper, whictparts of the orbit largely correspond to day and night condi-
contains plots for all latitude bands. We shall use negations. A diurnal variation of temperature or of species’ vol-
tive/positive signs of latitudes synonymous to S/N indicatorsume mixing ratios will consequently have an effect on the
for southern/northern latitudes. ascending/descending differences presented here. So first

The data coverage strongly depends on the year and moniffe 100k into the expected diurnal variations in the altitude
and a little bit on the altitude. Between 10 and 500 singlef@nge considered here: to assess the expected temperature
prof”es are used for the month|y means and differences Ca|yariati0ns we will use ECMWF reanalySiS data in the section
culations for each latitude band. After December of 20020 ascending/descending differences in temperature directly.
for each month there are more than 150 profiles per montf°FC-11, CFC-12, Cil and NoO do not have sources in the
available to calculate means and differences. Half of thosdower and middle stratosphere, so no diurnal variation is ex-
months got more than 250 geolocations. However, at altituddected. Ozone does show a diurnal variation at altitudes of

levels below 200 hPa the numbers are considerably reducegPProximately 50 km and above, while HY@ expected to
since cloud contaminated altitudes were rejected. show a significant variation already at 40 km, but none in the

lower stratosphere at 20 krBi@asseur and Solomp2005.
For water the photochemical lifetime is of the order of sev-
eral months in the altitude range considerBdagseur and

We present here the analysis of ascending/descending diﬁeﬁollorphonf?loa’. SO nto d|urnatl vana’ugn IS e>.<pected.d. d
ences for temperature and a number of key species retrieved n the foflowing, temperature and Species are discusse
from MIPAS spectra, which all have a fundamental role for adopting specific 1-D retrieval algorithms which most clearly

the greenhouse effect and/or ozone chemistry. Temperatur%epICt the anomalous behaviour or have the best time cover-

is a key quantity in the analysis of mid/thermal IR spectrag%e‘ U?Ists srie_cmcl comments_ atire t”_‘a‘i'e' resu]!tfhfrom _the
since the strength of the spectral emission lines directly de- merent 1-U retrieva’s are consistent in terms of the main
Fltudellautude/ume features of the anomaly.

pends on the temperature. The analyzed gases have differeft

3.2 Results for temperature and key species
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3.2.1 Temperature spheric gradients which are generally negative with latitude
and altitude.
Figure1 shows pressure versus time plots of monthly mean Figure 3 contains pressure versus time plots for the lati-
temperatures, ascending minus descending differences d@ide bin 60 S-45 S. The ascending/descending differences
temperature, and relative differences for the latitude binin 1-D data (first two rows, second and third column from the
60° S—45 S. For the top row plots the temperature data wasleft) show a pronounced annual cycle with higher CFC-11 in
taken from ECMWEF reanalyses. This data is taken as referprofiles of ascending orbit parts during northern summer and
ence, especially for the difference data, because in tempetower values during northern winter with a similar time be-
ature a day/night difference is expected. The second, thirdhaviour among the 1-D processors. Peak values are reached
and fourth row show data of the IMK/IAA, Oxford, and ESA at 70-100hPa for IMK/IAA and 100-200 hPa for Oxford
1-D processors, respectively, while in the last row MIPAS2- data. In general the most pronounced differences for Ox-
D data is shown. ford data are located mostly in the region where the CFC-11
Generally, the mean temperatures (first column) ofprofile still is almost constant or has a weak vertical gradient,
ECMWF, 1-D and 2-D processors coincide quite well in pat- While the IMK/IAAs CFC-11 differences are mostly found
tern and magnitude. However, in the ascending/descendinj! the region of the greatest vertical CFC-11 gradient. This
differences (second column) there are considerable disagre&ight be caused by the different methods of constraining the

ments. The ECMWF reference data features a weak annudftrieval, see Sect2.2.2and2.2.3 Both datasets show max-
cycle of amplitude 1K. All data of 1-D retrievals show a imum relative differences of more thar20% below 70 hPa

clear annual cycle between 5hPa and 200 hPa with amp”(the pressure level at which CFC-11 has decreased to approx-

tudes of up to 5K. Between these altitude levels MIPAS2-Dimately half of the ground/maximum value). Large relative
data exhibits only a weak cycle with amplitudes of approx- differences above 20-30 hPa are due to low absolute values

imately 1K. A common feature of all difference patterns is of CFC-11 at these altitudes.
a phase shift of the annual cycle with pressure level: Max- MIPAS2-D data do not show a clear pattern below 40 hPa

ima/minima are reached 2—3 months earlier at 10 hPa than dteither in terms of absolute or relative differences. The as-

100 hPa level. cending/descending differences rather are close to zero or do
exhibit a seemingly random pattern above 80 hPa. Only rel-
322 CFEC-11 ative differences at pressure levels around 30 hPa depict an

annual cycle with amplitude comparable to that of the 1-D

The first trace gas we analyze is CFC-11. Once releasegata’ while the phase is shifted by 1./2 year at a magnitude
comparable to measurement uncertainties.

in the troposphere, the long lived gas is characterised by
a height independent vmr in the troposphere, and strato-
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Fig. 9. As Fig. 3, but for ESA (top) and Bologna MIPAS2-D (bottom) L2 data of® Note that the plot of the average data has a logarithmic
scaling of the values, while absolute and relative differences have a linear one and that the scale of the relative error&B80%6y&ran
with the other species shown.

In Fig. 4 Oxford and MIPAS2-D data are displayed in lat- differences of up to 20% may occur where HiN@lues are
itude versus time plots at 82hPa. In both hemispheres, thstill greater than half of the profile peak value.
sign of the differences in 1-D data is essentially the same for Below 10 hPa there are virtually no relative differences in
all latitudes for a given time. However, the sign changes inMIPAS2-D data.
the course of the year, but not with local season. Ascend- |, Fig. 6 latitude versus time plots at 82hPa and at
ing data exhibits greater vmr values than descending data 1 ppa (i.e. at pressure levels where HN®increasing and
around JJA-months and smaller values around DJF'monthFdecreasing with altitude, respectively) are shown for ESA
At this pressure level the major differences are located i”HN03 data and for MIPAS2-D data. For middle and high
the Southern Hemisphere in a band fron13890' S. Inthe  |atitudes 1-D data at 82 hPa features a similar pattern, albeit
Northern Hemisphere the amplitude of the annual variationyith opposite sign, compared to CFC-11 in the absolute dif-
of the differences is weaker than in the south. CFC-11 offerences. The sharp jump of the sign of the relative differ-
IMK/IAA (not shown in the Figure) exhibits a very similar gnces is due to extremely low HN@olume mixing ratios
pattern, albeit again somewhat weaker than that found in Oxaround the equator. The time/latitude pattern of differences
ford retrievals. at a higher altitude (11 hPa) shows the same sign of the dif-

There are no indications for an annual cycle in MIPAS2-D ferences as the corresponding CFC-11 plot (BigSo again
data, values of the ascending/descending differences, eithén both hemispheres, the sign of the differences in 1-D data

absolute or relative, are much lower than in 1-D data. essentially is the same for a given time and altitude.
MIPAS2-D absolute differences at the 82 hPa level show
3.2.3 HNG; some distinct features, but again there is virtually no coin-
cidence with those of 1-D data. At 11hPa the picture is
Figure5 shows the same type of plots as in Fgor IMK, different: the annual cycle is weaker with a phase shift of

ESA and MIPAS2-D HNQ@ data. Again an annual cycle 6 months.

can be seen in 1-D data, albeit the vertical structure of the

difference profiles is distinct from that of CFC-11: ascend-3.2.4 Ozone

ing/descending differences change sign with altitude. The

greatest absolute and relative differences are located at altESA and MIPAS2-D data of ©are depicted in Fig7. Due
tude regions where HNgis rapidly varying with altitude. to photolysis, 0zone concentrations are subject to day/night
The sign of the differences at altitudes where the vmr de-changes at altitudes of 45 km and higher up. Therefore only
creases with height is consistent with the behavior of CFC-11data from altitudes significantly below 45 km (roughly 1 hPa)
(mean values constant or decreasing with altitude). Relativavill be considered in the discussion of the differences. At

www.atmos-meas-tech.net/3/1487/2010/ Atmos. Meas. Tech., 3, 18872010



1498 M. Kiefer et al.: Temperature inhomogeneities and MIPAS retrieval

H20 (ESA), p = 115 hPa H20 (ESA), p = 115 hPa ppmv H20 (ESA), p = 115 hPa %
anp o B e I e e e
40
60 60 1 60 1 ]
1
= || || 2
ol e
2,
2 0 g 0 I 0 n 0
E
T —30 -30 n 1 —-30 n 1
-
-0 I : -60 1 -60 ]
i m Bl -
—90L. &8 & v L 0.2 —90L . o o el P e -2 =900l it v ey B L
JASONDJFMAMJJASONDJFMA JASONDJFMAMJJASONDJFMA JASONDJFMAMJ JASONDJFMA
2003 2004 2003 2004 2003 2004
H20 (MIPAS2D), p = 115 hPa log(ppmv)  H20 (MIPAS2D), p = 115 hPo ppmv H20 (MIPAS2D), p = 115 hPa %
90 TR 1 B e o T 90 T T
40
60 |- o 60 [ 1 60 [ 1
1
'S 30F 30F 4 30F ‘I
1 0.8
[} Oop or - Q O - 0
o
2 0.6
B 30 -30F 1 —-30F I
=1
—60 o4 —60F - —60F -
—40
o MEH ... A ool —90 e

JASONDJFMAMJJASONDJ FMA JASONDJFMAMJJASONDJFMA JASONDJFMAMJJASONDJ FMA
2003 2004 2003 2004 2003 2004

Fig. 10. As Fig. 4, but water vapour for ESA data at 115 hPa (top row) and MIPAS2-D data at 115 hPa (bottom).

50-100 hPa there is a clear annual cycle with the phase coB.2.5 HO
responding to that of HN@in the same pressure level range.
This again is an indication that the vertical gradient of the Figure9 gives a view on the behaviour of ESA and MIPAS2-
prof"e gives the Sign of the phase of the annual Cyc|e’ sincd water vapour. At and below 200 hPa there is a clear annual
both species show an increase with altitude there. Howeveycle in 1-D data with the phase as in CFC-11, with the ex-
in the altitude range of decreasing Ozone there is no annudremal relative differences reaching more than 50%. A cycle
Cyc|e of opposite phase, but rather a marked feature at ZWIth reversed phase and maximum amplitude of 20% is dis-
6 hPa in MAMJJ months of 2003 which does not fit well into cernible at altitudes around 115hPa. The pressure level of
the DJF/JJA pattern seen in the species dicussed so far. MaPproximately 160 hPa which divides the two phase regimes
imum relative differences of up to 25% occur at 50—-100 hPais close to the level of minimum water vapour vmr (left plot).
however, at altitudes with more than 4ppmv (ha|f of the Altitude regions of very Iarge vertical negative gradients, es-
Ozone peak Va|ue) 0n|y differences of up to 10% emergesentia”y those below the tropopause, exhibit very hlgh differ-
It has to be noted that ESA and Oxford (not shown) data co-ences compared to the other species discussed so far. Again,
incide very well, while IMK (not shown) data does show a the sign of the differences directly depends on the sign of
much different behaviour above 20 hPa. the vertical vmr gradient. The cross section at pressure level
In MIPAS2-D data absolute differences show maxima 115hPa (Fig10) shows in 1-D data a pattern which corre-
where Ozone is h|gh, but there is no Change of the Sigriates partly with that ofHN@at 82 hPa, butis not very clear.
around this pressure level of 5-10hPa. The same features NO annual cycle can be seen in 2-D data. However, as-
are visible in relative differences with maximum values of cending/descending differences are found at low latitudes.
5%. Altogether the pattern does not have a strong coinci-
dence with that of 1-D data, but ascending/descending dif3-2.6  CFC-12, Ch, N2O

ferences can clearly be seen. Beyond the species presented already, several more were
From Fig.8 it can be seen that again 1-D differences have Y P P Y,

) : rocessed by the diverse MIPAS L2 processors and a selec-
the same sign for northern and southern hemispheres for .
. i . o tion of these was analyzed with the same method. InFig.
a given time, yet the amplitude is significantly stronger at

southern latitudes the features of mean vmr values and relative differences of
MIPAS2-D data shows a pattern similar to the one of CFC-12, CH, N2O of Oxford 1-D and Bologna MIPAS2-D

MIPAS2-D HNQO;s at 82 hPa. Again there seems to be no in the latitude bin 60S-45 S are shown.
stringent correlation to the pattern of 1-D data.
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Fig. 11. Absolute values of Oxford (left column) and relative differences of Oxford (middle column) and Bologna MIPAS2-D (right column)
of CFC-12, CH,, and NyO (top to bottom row, respectively) in the latitude birf&-45 S.

CFC-12 N2O

As already noted byHopfner et al.(2007) there is also an A weak annual cycle, roughly consistent with CFC-11 is vis-
effect in an old data version of IMK/IAA CFC-12 (Fid1  ible up to approximately 10 hPa. Maximum differences of
shows Oxford data due to better coverage). The overall pic10-15% occur, but only for positive differences. MIPAS2-
ture is much like in CFC-11 of Oxford. Differences are pro- D relative differences depict no clear pattern below 10 hPa,
nounced in the altitude region below 10 hPa. Again the max-while above the values are not reliable due to low volume
imum relative differences reaeh20% below the level of ap-  mixing ratios and uncertainties comparable to the observed
proximately half of the ground vmr value (at 40 hPa), while features.

MIPAS2-D data does not show any clear pattern.

CHy 4 Discussion

Up to approximately 30 hPa there is a clear annual cycle withy 1 cause of the anomaly: a hypothesis

the relative difference amplitude reaching 15%. The phase

of this cycle is consistent with that of CFC-11 up to 10 hPa. To sum up the findings of the preceding sections: in ascend-

Above 10hPa, at altitude levels where £Mmr is still a  ing/descending differences t The majority of the analyzed 1-

quarter of the ground value, there is a reversal of the sigrD retrieved data, either temperatur or species, show a dis-

of the annual cycle. Again there are no noticeable features ifinct annual cycle of ascending/descending differences in the

MIPAS2-D data. latitude range 60S—45 S at pressure levels of 10-100 hPa,
which roughly corresponds to 15-30 km altitude, i.e. to the
lower stratosphere. Often an annual cycle is discernible in
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Fig. 12. Horizontal temperature gradient along MIPAS’ line of sight at the tangent point averaged for JJA (top) and DJF months (arrows
indicate the viewing direction). The gradient is calculated from ECMWF reanalysis temperature fields. The latitude coordinate begins at the
South Pole on the left side, first follows the ascending part of an orbit up to the North Pole (broken vertical Iie at@then follows the
descending orbit part down to the South Pole again. Superimposed curves represent MIPAS’ line of sight for tangent altitudes 15, 20, and
25 km for measurement locations at@and 458 N (top panel) and 45S and 70 N (bottom).

other latitudes too, with the sign of the differences at a givenof the atmosphere might play a role, because a major differ-
time of the year corresponding to that of the differences inence between 1-D and 2-D retrievals is the treatment of atmo-
60° S—45 S during that time (see also the electronic supple-spheric inhomogeneities. Furthermore, the facts that in the
ment to this work). Mostly no systematic features are visible1-D temperature retrievals there is already a clear effect (see
in 2-D retrieval data. It has to be noted that diurnal variationsSect.3.2.1), and that species retrievals from mid-IR emission
would show up as differences with unchanged sign over thespectra strongly depend on temperature, suggest to refine this
time, as e.g. in ozone above 45 km, and that this kind of dif-hypothesis: the major part of the ascending/descending dif-
ference is well visible in 1-D and 2-D retrievals (see FHg. ferences of 1-D retrieval results is caused by the neglect of
levels above 1 hPa). the horizontal temperature inhomogeneities in the retrieval
A key point in our analyses is that we only consider dif- algorithm.
ferences of mean profiles of ascending and descending or- This hypothesis is supported by the findings of several re-
bit parts for each L2 processor, and therefore can assumgieval studiesStiller et al.(2002 examine the sensitivity of
that most of the differences between the different processorspecies retrievals to simplifying approximations in radiative
will cancel out to first order. This of course does not hold transfer modelling for MIPAS spectra. The horizontal struc-
for systematic errors which depend on the platform’s direc-ture of the atmosphere is chosen to be consistent with a late
tion of movement or on day and night condidtions (which winter arctic polar vortex boundary situation. It is found that
are largely synonymous to descending and ascending movdhe most relevant modelling error is the neglect of horizontal
ment), as e.g. influence of non local thermodynamic equilib-gradients in the temperature fields. The associated errors in
rium. However, with respect to the case of non local ther-the model spectra occur close to the line centers in all spectral
modynamic equilibrium special care was taken in the selectegions considered. In that study there is also found an effect
tion of the spectral lines employed in the retrievals, so onlyof horizontal gradients of trace gas abundances. However,
very small effects might be expected. Obviously there is anonly for HNOz and CIONQ there is a clear error contribu-
influence of the different regularisation strategies on the dif-tion. For other species, the contribution to the model spectra
ferences, as noted in Se8t2.2 However, the main features errors is small (see Table 1 8tiller et al, 2002).
found in the data are not affected. Carlotti et al.(200]) consider 1-D and 2-D retrievals based
The relative lack of systematic features in the 2-D retrievalon synthetic spectra generated from a realistic atmosphere.
contrary to the 1-D retrievals suggests that inhomogeneitieShey find that the contribution of temperature/pressure
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Fig. 13. Differences between ascending and descending orbit parts of horizontal temperature gradients along MIPAS’ line of sight at the
tangent point. Temperature data was taken from ECMWF reanalysis data on MIPAS measurement geolocations, and the method presente

in Sect.3.1was applied. Note that additionally a factor of 1/2 has been applied (see text).

tracks of orbits 4483 and 4490 4.2 Corroboration of the hypothesis

%[ ‘ Q@yog ‘ ‘ ‘ ‘ RS ‘ g 4453
ol % 90 4.2.1 Geometrical consideration
G
s 0] desc. g q To confirm the validity of the hypothesis we take several
e asc g% - steps: first we look at the geometrical relation of the hori-
3 9 : £ ] zontal temperature gradient and the line of sight of MIPAS.
'g I 4 % 1 Figure12 shows the horizontal temperature gradient as seen
s § 77777777777777 ] along the line of sight at the tangent points associated to the
_sol O ___ $ gE ,,,,,,,,,,,, ] pressure given as ordinate. A positive gradient along the line
I 3 jg % ] of sight means that around the tangent point the temperature
—-90 A A SR S AR - A

increases with distance from the instrument.

Since MIPAS is essentially looking backwards with re-
spect to the platform’s flight direction, the sign of the tem-
Fig. 14. Geolocations of orbits 4483 (blue) and 4490 (red) selectedperature gradient along the line of sight depends on whether
to illustrate the influence of the inclusion of an external temperaturethe platform moves on the ascending or descending part of
gradient in the forward model of the 1-D retrieval. Ascending partsthe orbit. In a region with temperature increasing north-
of the orbits feature an inclination to the left while descending orbit wards MIPAS sees a negative gradient during ascending and
parts are inclined to the right, as indicated by the arrows. a positve during descending movement, see e.g. the latitude

60° S in the upper panel of the figure. The curves superim-
. . ) posed on the gradient field in Fifj2 represent MIPAS’ line
inhomogenesities on _thr_e error of_the 1-D ozone retrieval, AVof sight for tangent altitudes 15, 20, and 25 km, the altitude
eraged over one orbit, is approximately 50%. region where temperature and most of the targets discussed
) Steck et aI(ZOOE) present 1-D and 2-D retneval case stud- i, the preceding sections show a distinct annual cycle. The
ies for synthetic MIPAS measurements. A realistic 2-D tem-Signs of the temperature gradients along the line of sight for

Perat“re field of approximately 6Qvidth in latitude is de- latitudes with pronounced relative vmr differences (see e.g.
fined, and synthetic measurements are generated. Then ig. 4), e.g. at 60S or at 45N for JJA months, or 455

D retrieval_s are p_erformfaq,_ based on these synthetic spectran g 7¢ N for DIF months, respectively, show the same signs
A, comparison with the |n_|t|al 2,'D f'elq shows tempgrature during ascending and descending orbit parts. The reversal of
Q|fferences o'f.up to 10K in regions with obvious horizontal the gradient at 60S for JJA months might partly explain the
inhomogeneities. reversal of the sign in the annual cycle of g#ifferences.

In Fig. 13 we show the ascending/descending differences
of the horizontal temperature gradients as seen along the line
of sight at the tangent points. Actually the difference is di-
vided by two, so that the modulus is an approximation to
the modulus of the horizontal temperature gradient along

-180-150-120-90 -60 =30 O 30 60 90 120 150 180
longitude [deq]
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Fig. 15. Temperature field (left column) along orbits 4483 (top row) and 4490 (bottom) as retrieved with the modified IMK/IAA L2 data
processor (details see text). The orbit starts at the plot frame’s left side at approxim&t8lyT2@ right column gives the differences in the
temperature fields along the respective orbits. Differences are calculated per geolocatamasdified retrieval minug’ of 1-D IMK/IAA

data (version V30T _8). Vertical lines indicate the latitude band°45-60 S (dashed) and the poles90 is the South Pole). The continuous

line running between the frames’ lower boundary and 60 hPa indicates the pressure level of the lowest tangent altitudes used in the retrievals
Near the bottom of the plot frame plus signs indicate measurements with and diamonds measurements without daylight. Capitals W and E
above the plot frames indicate the longitude regions’1¥5nd 65 E, respectively (see Fig4 and text). Note the interchange of W and E
between top and bottom row.

latitude. The horizontal gradient along the line of sight in von Clarmann et a(2009g, who analyze 2-D averaging ker-
the latitude band 60545 S shows a periodic pattern over nels and confirm this finding and quantify the shift for tem-
the course of the year with extremal values around DJF angberature to be 50-100 km.

JJA months and a negative phase shift with altitude. The pat-

P ; : : Without loss of generality, we take as an example the lat-
tern in this figure’s left plot and that of ascending/descending, ;
differences of 1-D temperature retrievals (see rows 2—-3 oi’wde 60 S from the upper plot of Figl2 (JJA months) and

Fig. 1) are almost perfectly anti-correlated. There is aIsotritBho TfPe; f;:t'tu?et I?}'el' Qn the ast(_:enﬂmg pa:t IOI the orbit
quite a good anti-correlation between the patterns of hori—(e alf of the plot) there is a negative horizontal tempera-

zontal cuts as shown in the right plot of Figgand Fig.2. ture gradient along the line (_)f sight, i.e. the.temperature in-
creases from the tangent point towards the instrument. Con-

sequently the peak contribution to the spectrum originates
from a higher temperature as compared to that at the tan-
gent point. On the descending part the conditions are re-
The next step to confirm the validity of the hypothesis is to versed, the peak contribution to the spectrum originates from
show that the sign of the gradient along the line of sight isa lower temperature. Hence the 1-D retrieval result of tem-
consistent with the sign of the ascending/descending differperature will tend to higher values for ascending and to lower
ences in temperature. To show this we employ a result ofvalues for descending orbit parts. The difference ascending
Steck et al(2005, who find from examination of 2-D deriva- minus descending therefore will be positive. This finding
tives that the peak contribution to the spectrum is shiftedis consistent with Figl, in JJA months there is a positive
away from the tangent point towards the instrument, and ofdifference at 60 hPa. From this we can state that the good

4.2.2 Consistency check
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Fig. 16. Absolute differences between retrieval data of modified and original 1-D processing for vmr of CFC-11 (top row) agddfANO

orbits 4483 (left column) and 4490. Meaning of vertical and other lines and symbols as IrbAifpte the interchange of W and E between
top and bottom row.

anti-correlation of the patterns of Figs.and2 on the one  too large, because the region where the region is applicable is
hand, and Figl3on the other, is a strong indication that our confined to a narrow area. The subsequent species retrievals
hypothesis is sound. were then fed with the temperature profile and line of sight
information of this modified first step in the retrieval chain
and also with the prescribed horizontal temperature gradient.
No other changes in the retrieval of the species were made.

4.2.3 Modified 1-D retrievals

Our last confirmation step is to perform a modified 1-D re- ] ) ]
trieval to quantify the influence of the first order part of _ 1h€ Orbit pair 4483 and 4490 of 8 January 2003 is used to
the temperature field inhomogeneities, namely the horizonlllustrate the effects of th_e change_d retrieval setup. The orbits
tal gradients, on the retrieval. A data set of nine days fromWeré chosen such that in the latitude range 645 S the

the time span 7 to 20 January 2003 was processed with thgeqlocatlons have' approxmately thg same Iorjgltu'de va_lues,
IMK/IAA L2 processor using a modified setup. This modi- as_lt_can be seen in Fig4. The I_<ey dlff_erence in thls_orblt _
fied setup consists of the inclusion of a prescribed horizontaPal" IS that MIPAS scans the region during an ascending orbit
temperature gradient in the forward modelling of the radi- Part for the one and during a descending part for the other
ance spectrum during the temperature and line of sight re®ne, With a time lag of approximately 12 h. In what follows
trieval. The temperature gradient is calculated by finite dif- e Shall call the area at 68-45 S/115 W region W and at

ferences from ECMWF reanalysis temperature data (ERA-80” S—45 S/65E the region E.

Interim) at each actual time/location of MIPAS measure- Figure 15 shows the temperature field along the orbit
ments. The horizontal extension of the region influencedand differences in the temperature field (i.e. temperature of
by the non-zero temperature gradient was assumed to beodified setup minus temperature of data version VI38)

400 km. From experience at IMK for many atmospheric sit- caused by the inclusion of the horizontal temperature gradi-
uations this is a reasonable value to take. However, the opent. Obviously, differences are large in regions where the
timal value depends on the actual state of the atmospherdworizontal temperature gradient is most pronounced. This
E.g., near the polar vortex boundary, 400 km might be evens the case for the latitude region 45-60 S as well as

www.atmos-meas-tech.net/3/1487/2010/ Atmos. Meas. Tech., 3, 18872010
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Fig. 17. Compilation in the latitude band 88-4% S of the differences between data of ascending and descending orbit parts for the

old IMK/IAA data (red curves) and for the data from the modified IMK/IAA processor (blue). Averages over nine days are shown in the
left column for temperature (top row), CFC-11 (middle), and HN®ottom); data is separately averaged for ascending (solid line) and
descending (solid line with symbols) orbit parts. Absolute differences between ascending and descending data are shown in the middle,
relative differences are presented in the right column.

in the vicinity of the winter pole (northern polar vortex). ing orbit parts (E for 4483,W for 4490) the contributions will
Differences of+3 K occur below 100 hPa. Abowe1-2 K not cancel out but approximately double the value of a single
are found. difference.

glslesientl_al that_la Ith(;]UQh _the d|ﬁ_ereg_(;re plots f_or trf:e t\r/;/o A condensed presentation of the differences between the
orbits look quite similar, there is a major difterence in that the ¢ 1t of the modified processing and the old data is given

signs of the differences are opposite for each of the region%,I Fig. 17 for nine test days. There is a very good agree-
E and W (notice the reversal of the relative position of E and .t petween the differences for the results of the origi-

Win the two orbits). nal retrieval setup (red curves in Fitj7) and the values of

In Fig. 16 the resulting absolute vmr differences of CFC- Figs. 1 (second row),3 (top row), and5 (top row). The
11 and HNQ are presented. Differences are calculated beimpact of the IMK/IAA L2 processor modification on the
tween vmr of the retrievals fed with the changed temperatureetrieval results (blue curves) is considerable. In the pres-
and including the prescribed gradients, and vmr of data versure range 10—-300 hPa absolute differences decrease clearly.
sions V3QF-118 and V3QHNO3_7. Again the signs ofthe  Ascending/descending differences around the 100 hPa level
differences for each of the regions E and W only depend oreven change from-4 K to —1 K. Obviously these changes
whether the corresponding measurements were taken during the temperatures by entering the retrieval of CFC-11 have
an ascending or descending orbit part. Therefore in a dif-a significant positive impact on the CFC-11 absolute differ-
ference of means of profiles of ascending orbit parts (W forences. For the V3®-118 data the absolute differences
orbit 4483, E for 4490) and means of profiles of descend-are in good agreement with the January 2003 values of
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Fig. 3, while CFC-11 ascending/descending differences of at least those of the temperature field in the atmosphere
the modified L2 processing are much closer to zero. The im- (such as the gradient inclusion strategy employed in this
provement can well be seen in the relative differences. In study).

HNOg there is an advantage of data of the modified Processmpjications for the users of MIPAS data of 1-D L2 proces-
ing over V3QHNO3_7 data above 100 hPa. s0rs are:

Altogether this means that already the inclusion of an ap- ] _ ]
propriate external horizontal temperature gradient in a 1-D 1+ In any work using profiles of MIPAS 1-D retrievals
retrieval attenuates the ascending/descending differences. it has to be verified whether the phenomenon demon-

This does not imply that the temperature field inhomo- strated in this paper has to be taken into account. This
geneities are the only cause for deviations of 1-D retrieved ~ an be done with help of the compilation of figures
vmr profiles from true atmospheric state, as it is known that ~ 9iven in the electronic supplement to this paper.
inhomogeneities in the species vmr fields might well cause 2. validation work should consider biases owing to as-
significant deviations tooSwartz et al. 200§. However, cending/descending differences.
for mid IR limb sounding the temperature profile is a key
quantity with strong influence on all species retrievals, which
makes it so important to know this quantity as accurate as
possible.

3. Averages of 1-D data should best be calculated by first
averaging profiles of ascending and descending orbit
parts separately and averaging the two average profiles
then. The latter average has to be performed without
weighting by the number of profiles which entered the
ascending/descending averages. Standard deviations es-
timated from both ascending and descending orbit parts
together will be severely affected by the retrieval errors
described in this paper.

5 Conclusions

To sum up our conclusions with respect to the phenomenon’s

cause, impact and implications:

4. Since we have found ascending/descending differences
of a certain extent in monthly means, we can not exclude
that single profiles or even averages of only few profiles
will show larger deviations. This can be expected to oc-
cur in atmospheric situations with very strong horizon-
tal temperature inhomogeneities, e.g. at the polar vortex
boundary.

1. For several species there is a difference in 1-D retrieval
species’ profiles between ascending and descending
parts of the orbit, which is not explainable in terms
of chemistry or dynamics. For some species monthly
means of relative differences in certain regions can
reach 20% in the lower stratosphere.

2. Data from a 2-D retrieval do not show a corresponding  One must be aware that 1-D retrieval from measurements
systematic behaviour. of other mid infrared limb emission sounders might also be
affected by the effects described here when there are temper-
ature gradients along the line of sight. The same conclusions
as above are likely to hold for these instruments with respect

to their 1-D L2 processors too.

3. The pattern of the differences with respect to altitude
and latitude implies that there is a combined effect
of temperature gradient along MIPAS’ line of sight —
which, for the same meridional temperature gradient,

changes sign between ascending and descending Orbﬁupplementary material related to this
parts — and the species’ vertical gradient. article is available online at:

http://www.atmos-meas-tech.net/3/1487/2010/

4. A simple correction strategy, namely the consideration
amt-3-1487-2010-supplement.pdf
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