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Abstract

We examine volume mixing ratios (vmr) retrieved from limb emission spectra recorded
with the Michelson Interferometer for Passive Atmospheric Sounding (MIPAS). In level 2
(L2) data products of three different retrieval processors, which perform one dimen-
sional (1-D) retrievals, we find significant differences between species’ profiles from5

ascending and descending orbit parts. The relative differences vary systematically
with time of the year, latitude, and altitude. In the lower stratosphere their monthly
means can reach maxima of 20% for CFC-11, CFC-12, HNO3, H2O, 10% for CH4 and
N2O. Relative differences between monthly means of 1-D retrieval results and of the
true atmospheric state can be expected to reach half of these percentage values, while10

relative differences in single vmr profiles might well exceed those numbers. Often there
are no physical or chemical reasons for these differences, so they are an indicator for
a problem in the data processing. The differences are generally largest at locations
where the meridional temperature gradient of the atmosphere is strong. On the con-
trary, when performing the retrieval with a tomographic two dimensional (2-D) retrieval,15

L2 products generally do not show these differences. This implies that inhomogeneities
in the temperature field, and possibly in the species’ fields, which are accounted for in
the 2-D algorithm and not in standard 1-D processors, may cause significant devia-
tions in the results. Inclusion of an externally given adequate temperature gradient
in the forward model of a 1-D processor helps to reduce the observed differences.20

However, only the full tomographic approach is suitable to resolve the horizontal inho-
mogeneities. Implications for the use of the 1-D data, e.g. for validation, are discussed.
The dependence of the ascending/descending differences on the observation strategy
suggests that this problem is to be expected to affect in general 1-D retrievals of in-
frared limb sounders, if the line of sight of the instrument has a significant component25

in the direction of the horizontal temperature variation.
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1 Introduction

1.1 MIPAS on Envisat

MIPAS, the Michelson Interferometer for Passive Atmospheric Sounding, is a mid-
infrared emission Fourier transform spectrometer which is part of the core payload
of Envisat (Fischer et al., 2000, 2008). It scans the atmosphere vertically in limb geom-5

etry detecting atmospheric thermal radiation from the middle atmosphere and upper
troposphere. The instrument shares in the advantages common to IR limb emission
sounders, namely a) good sensitivity due to collecting photons along a long line of sight
(LOS), b) good vertical resolution, since the majority of the signal is emitted close to
the tangent point, c) independence on external radiation sources, which means that10

measurements during day and night, especially important at polar night, can be per-
formed.

MIPAS is installed at the rear of Envisat. In its nominal observation mode it is
looking backwards with respect to the satellite’s flight direction. Envisat performs a
sun-synchronous near polar orbit at 800 km altitude (14.4 orbits per day) with the de-15

scending node crossing at 10:00 MST (mean solar time). Because of the associated
longitude drift of the orbit MIPAS measures limb radiance spectra of a certain region on
Earth with approximately 12 h difference with the dayside data being measured during
the descending and the nightside data during the ascending part of the orbit.

1.2 Motivation20

Several scientific algorithms have been developed to retrieve the concentration of at-
mospheric species from MIPAS spectra. Among a number of common assumptions,
the so called one dimensional (1-D) algorithms assume a horizontally homogeneous
atmosphere along the LOS since the largest variations in the atmosphere occur in the
vertical direction. On the contrary, the tomographic 2-D retrieval by Carlotti et al. (2001)25

was developed to model the horizontal gradients as seen by MIPAS LOS since, espe-
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cially in regions of strong gradients, the assumption of homogeneity along the LOS can
fail.

Although e.g. Livesey and Read (2000) for Aura/MLS and Carlotti et al. (2001, 2006)
and Steck et al. (2005) for MIPAS discussed the advantages of being able to model
the inhomogeneity of the atmospheric fields, no systematic assessment of shortages5

in 1-D results due to the horizontal homogeneity assumption was performed up to now.
A first hint that there are differences in MIPAS 1-D retrieval results depending on what

appeared to be due to day/night conditions was discovered by Höpfner et al. (2007). In
that work several species retrieved with the IMK/IAA L2 processor were compared to
results of ACE-FTS (Bernath, 1999; Bernath et al., 2005) measurements. A separation10

of data with respect to several criteria was performed to check for in/out vortex and
day/night conditions. Notably in CFC-11 there was a clear influence of whether day or
night data of IMK/IAA was chosen (see Figs. 6 and 7 of Höpfner et al. (2007)). MIPAS
daytime values were by about 10% higher than their nighttime counterparts. CFC-
12 also showed a day/night difference, albeit with a magnitude of 5–10% somewhat15

less pronounced (see Fig. 8 ibid.). Since ACE data was not separated accordingly
(there is occultation data for sunrise and sunset data, but only the latter one had been
used for the comparison) but rather remained unchanged, the conclusion was that
there is an anomaly in the version of MIPAS CFC-11 and CFC-12 data adopted for the
comparison. In subsequent investigations this anomaly was associated with shortages20

in the 1-D retrieval of MIPAS data, depending on whether vmr profiles were retrieved
for ascending or descending orbit parts, and on the different horizontal temperature
gradients crossed by the instrument lines of sight.

These shortages, together with the different assumption adopted by 1-D and 2-D
retrievals, motivates the thorough analysis of the impact of temperature inhomogeneity25

on the retrieved results presented in this paper.
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2 Processing of MIPAS data

2.1 Level 1b processing

The level 1b (L1b) processing, i.e. the generation of geolocated and radiometrically
calibrated near IR limb radiance spectra from the instrument’s detectors output is done
exclusively by ESA. A detailed description of the procedure can be found in Kleinert5

et al. (2007). All of the level 2 processors described in the following use the L1b data
of this same source.

2.2 L2 processing

L2 data, i.e. the geolocated atmospheric physical and chemical quantities derived from
L1b spectra, are estimated by fitting synthetic spectra produced with radiative transfer10

models to the observations. In this work we consider 1-D and 2-D retrievals of MIPAS
data. Here the term 1-D retrieval is used for retrievals where, based on the fact that
the bulk of information comes from the region close to the tangent height, the atmo-
sphere is assumed to be horizontally homogeneous with respect to mixing ratios of
constituents and to temperature and pressure. On the contrary in 2-D retrievals the15

atmospheric state is allowed to vary also in the horizontal (Carlotti et al., 2001; Steck
et al., 2005). The assumption of horizontal homogeneity fails in presence of e.g. strong
horizontal gradients, which are modelled in the 2-D approach by a simultaneous fit of
the complete orbit.

A common feature of all 1-D processors considered here and the 2-D processor is20

that only small parts of the measured spectrum, so-called microwindows, which depend
on retrieval target and altitude are used (von Clarmann and Echle, 1998; Dudhia et al.,
2002). The spectral positions and extents of the microwindows might differ between
the diverse processors, depending on the retrieval target. Some details of the adopted
1-D and 2-D retrievals are briefly summarized hereafter.25
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2.3 1-D retrievals

In this paper we present data of three different 1-D MIPAS L2 retrieval proces-
sors, namely the ESA offline processor (data designated ESA), the University of Ox-
ford MORSE/OPTIMO processor (data designated Oxford), and the IMK/IAA proces-
sor(designation IMK/IAA). Apart from the use of microwindows the 1-D processors5

have in common some more properties:

– The retrieval is performed with global fit approach (Carlotti, 1988).

– The retrieval sequence starts with joint retrieval of temperature and an altitude co-
ordinate, which is tangent pressure for ESA and Oxford processors, and tangent
altitude for the IMK/IAA processor.10

– The retrieval targets are processed sequentially (some exceptions are discussed
below).

It has to be noted that any error in the result of the first processing step, i.e. the
retrieval of the temperature profile, will propagate into the species profiles’ retrievals.

2.3.1 ESA Offline L2 processor15

A thorough description of this processor is given by Raspollini et al. (2006).

2.3.2 Oxford University L2 processor

The Oxford L2 processor, MORSE (MIPAS Orbital Retrievals using Sequential Estima-
tion, documentation at http://www.atm.ox.ac.uk/MORSE/) mainly differs from the ESA
processor in using optimal estimation (Rodgers, 2000) rather than a regularized least20

squares fit approach. The optimal estimation provides certain advantages in numeri-
cal stability, at the risk of introducing a bias, and the sequential aspect allows memory
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usage to be minimised (at the expense of increased CPU time), effectively by incorpo-
rating measurements from just one microwindow/tangent altitude at a time rather than
all simultaneously.

It uses the same microwindows and absorption coefficient look-up tables as the
ESA processor for the main target species, and additionally retrieves CFC-11, CFC-12,5

N2O5 and ClONO2.
The internal forward model is based on the RFM (Reference Forward Model, http:

//www.atm.ox.ac.uk/RFM) but using the pretabulated monochromatic absorption coef-
ficients rather than a full line-by-line calculation.

The a priori estimates required for the optimal estimation approach are taken from10

the climatology of Remedios et al. (2007) (which also provides the initial guess for
the ESA retrievals). These do not distinguish between day and night or longitude, so
the a priori estimates used at a particular latitude are identical for the ascending and
descending passes within any one day.

2.3.3 IMK/IAA Scientific L2 processor15

The retrieval strategy employed in the IMK/IAA L2 processor has been extensively dis-
cussed by von Clarmann et al. (2003). The regularization of the least squares fit is a
Tikhonov-type first-order smoothing constraint for temperature and volume mixing ra-
tios. Multiple target retrievals are performed whenever necessary to avoid propagation
of errors due to uncertain parameters.20

For the bulk of IMK/IAA data presented here, the atmosphere is assumed to be
horizontally homogeneous with respect to mixing ratios of constituents and tempera-
ture. Data of data versions V3O T 8 (as input for species’ retrievals), V3O F-11 8 and
V3O HNO3 7 presented here were retrieved with the 1-D version of the IMK/IAA pro-
cessor. However, the L2 processor is capable of taking into account some properties of25

a horizontally inhomogeneous atmosphere, e.g. the inclusion of externally given gradi-
ents of temperature and/or species, together with a proper length scale, in the forward
model. A more sophisticated method, namely the retrieval of temperature gradients,
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constrained by a priori information from ECMWF data, is routinely used for more recent
IMK/IAA retrievals, e.g. for the L2 data of reduced resolution spectra for MIPAS data
from 2005 on (von Clarmann et al., 2009). The retrieval of horizontal vmr gradients is
routinely employed in the L2 processing of NO, NO2, and CO (Funke et al., 2009).

2.4 2-D retrieval5

Two-dimensional retrievals have been operated with the GMTR analysis system fully
described in Carlotti et al. (2006). GMTR was developed as an open source code,
specifically designed for MIPAS measurements, delivered to ESA and included in the
BEAT tools repository (http://envisat.esa.int/services/beat). The upgraded version 2.1
of GMTR was used to generate the MIPAS2-D database of level 2 products used in this10

paper (Papandrea et al., 2010; Dinelli et al., 2010).
Version 2.1 of GMTR can be exploited for the analysis of all the MIPAS configura-

tions and includes the possibility of performing retrievals using the Optimal Estimation
method (Rodgers, 2000). This new functionality was introduced to better handle mea-
surements affected by clouds in the line of sight, and to cope with the limb-scanning15

pattern that changes with latitude.
The GMTR analysis system is based on the Geo-fit approach (Carlotti et al., 2001)

upgraded with the Multi-Target Retrieval (MTR) functionality (Dinelli et al., 2004).
With the Geo-fit MIPAS observations taken along the orbit track are analyzed in two

dimensions by exploiting the fact that the limb sequences are continuously repeated20

along the plane of the orbit. This repetition makes it possible to gather the information
about a given location of the atmosphere from all the lines of sight that cross that lo-
cation whatever sequence they belong to. Since the loop of overlap between nearby
sequences closes when the starting sequence is reached again at the end of the orbit,
in a retrieval analysis the full gathering of information can be obtained by merging in a25

simultaneous fit the observations of a complete orbit. The Geo-fit approach operates a
2-D discretization of the atmosphere which enables to model horizontal atmospheric in-
homogeneities. A remarkable feature of Geo-fit is that the retrieval grid is independent
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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 (Carlotti et al., 2007).

The MTR approach enables to perform simultaneous retrievals of different targets5

that can interfere, thus eliminating the systematic error components due to the propa-
gation of the uncertainties on pressure, temperature and on the concentrations of the
molecules included in the fit that could affect the retrieved targets.

The data of GMTR will be designated MIPAS2D in what follows.

3 Survey of the anomaly10

To explore the problem broached in Sect. 1.2 we examined retrieval results of a
time span from the beginning of the mission in mid 2002 to the temporary break in
March 2004 of several 1-D L2 processors (ESA, Oxford, and IMK/IAA) and 2-D results
(Bologna) for several species.

3.1 Analysis method15

For each of the 1-D processors and for the 2-D processor the data was treated in
the following manner: first, all vertical profiles of volume mixing ratios were interpo-
lated onto a fixed reference pressure grid, having the equivalent of a 1 km vertical step
in log-pressure. Then the whole data set was separated into data of geolocations
of ascending and of descending orbit parts. In the next step each of these ascend-20

ing/descending subsets was sorted into time bins of 30.4369 days (representing the
length of a mean month) and latitude bins of 15◦. Finally mean profiles within the
time/latitude bins were calculated. Hence for each bin there are two mean profiles:
one calculated from profiles of the ascending and one calculated from profiles of the
descending part of the orbit.25
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In the following we present mean profiles, which are calculated as mean of ascend-
ing and descending profiles, difference profiles, which represent the differences of the
means between ascending and descending data (i.e. ascending minus descending),
and relative differences, which are the latter divided by the former. Atmospheric pres-
sure is used as the altitude coordinate throughout the study.5

We concentrate mostly on the latitude band from 65◦ S to 45◦ S where the anomaly
can be seen very clearly. We shall use negative/positive signs of latitudes synonymous
to S/N indicators for southern/northern latitudes.

3.2 Results for key species

We present here the analysis of ascending/descending differences for a number of key10

species retrieved from MIPAS spectra, which all have a fundamental role as green-
house effect and/or ozone chemistry. The analysis focuses on gases having different
distribution, so as to cover the typically observed scenarios of atmospheric gradients.
In particular, CFC-11 originally discussed by Höpfner et al. (2007) is taken as an ex-
ample of gas of tropospheric origin, HNO3 for gases with strong local production in the15

stratosphere. Water vapour is discussed separately for its peculiar distribution. CH4,
N2O and CFC-12 are briefly reported to show the level of consistency among these
relevant gases.

In the following, each species is discussed adopting specific 1-D retrieval algorithms
which most clearly depict the anomalous behaviour or have the best time coverage.20

Unless specific comments are made, results from the different 1-D retrievals are con-
sistent in terms of the main altitude/latitude/time features of the anomaly.

3.2.1 CFC-11

The first case we analyse is CFC-11, a gas once released in the troposphere, showing
a height independent vmr in the troposphere, and stratospheric gradients which are25

negative with latitude and altitude.
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Figure 1 features pressure versus time plots for the latitude bin 60◦ S–45◦ S. The
differences in 1-D data (first two rows, second and third panel from the left) show
a pronounced annual cycle with higher CFC-11 in profiles of ascending orbit parts
during northern summer and lower values during northern winter with a similar time
behaviour among the 1-D processors. Peak values are reached at 70–100 hPa for5

IMK/IAA and 100–200 hPa for Oxford data. In general the most pronounced differences
for Oxford data are located mostly in the region where the CFC-11 profile still is almost
constant or has a weak vertical gradient, while the IMK/IAA’s CFC-11 differences are
mostly found in the region of the greatest vertical CFC-11 gradient. This might be
caused by the different methods of constraining the retrieval, see Sects. 2.3.2 and10

2.3.3. Both datasets exhibit maximum relative differences of more than ±20% below
70 hPa (the pressure level at which CFC-11 has decreased to approximately half of the
ground/maximum value). Large relative differences above 20–30 hPa are due to low
absolute values of CFC-11 at these altitudes.

MIPAS2-D data do not show a clear pattern below 40 hPa neither in absolute nor15

in relative differences. The differences rather are close to zero or do exhibit a seem-
ingly random pattern above 80 hPa. Only relative differences at pressure levels around
30 hPa depict an annual cycle with amplitude comparable to that of 1-D data, while
the phase is shifted by 1/2 year although at a magnitude comparable to measurement
uncertainties.20

In Fig. 2 Oxford and MIPAS2-D data are displayed in latitude versus time plots at
80 hPa and 82 hPa, respectively. In both hemispheres, the sign of the differences in
1-D data essentially is the same for all latitudes for a given time. However, the sign
changes in the course of the year, but not with local season. Ascending data ex-
hibits greater vmr values than descending data around JJA-months and smaller values25

around DJF-months. At this pressure level the major differences are located in the
Southern Hemisphere in a band from 75◦ S–30◦ S. In the Northern Hemisphere the
amplitude of the annual variation is weaker than in the south. CFC-11 of IMK/IAA (not
shown in the Figure) exhibits a very similar pattern, albeit again somewhat weaker than
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Oxford’s data.
Although there are indications for an annual cycle in MIPAS2-D data, neither sign nor

distribution of patterns of differences do generally coincide with that of 1-D data. On
average the values of the differences, either absolute or relative, are much lower than
in 1-D data.5

3.2.2 HNO3

Figure 3 shows the same type of plots as in Fig. 1 for ESA and MIPAS2-D HNO3 data.
Again a conspicuous annual cycle can be seen in 1-D data, albeit the vertical structure
of the difference profiles is distinct from that of CFC-11, in that there is a change of
sign of the differences with altitude. The greatest absolute and relative differences10

are located at altitude regions where HNO3 is rapidly varying with altitude. The sign
of the differences at altitudes where the vmr decreases with height is consistent with
the behavior of CFC-11 (mean values constant or decreasing with altitude). Relative
differences of up to 20% may occur where HNO3 values are still greater than half of
the peak value.15

Below 10 hPa there is only a seemingly random pattern visible in MIPAS2-D data.
In Fig. 4 latitude versus time plots at 80 hPa and at 12 hPa (i.e. at pressure levels

where HNO3 is increasing and decreasing with altitude, respectively) are shown for
ESA HNO3 data, as well as for MIPAS2-D data at 82 hPa and at 11 hPa. For middle
and high latitudes 1-D data at 80 hPa features a similar pattern, albeit with opposite20

sign, as CFC-11 in the absolute differences. The sharp jump of the sign of the relative
differences is due to extremely low HNO3 volume mixing ratios around the equator.
The time/latitude pattern of differences at a higher altitude (12 hPa) shows the same
sign of the differences as the corresponding CFC-11 plot (Fig. 2). So again in both
hemispheres, the sign of the differences in 1-D data essentially is the same for a given25

time and altitude.
MIPAS2-D absolute differences at the 82 hPa level show some distinct features, but

again there is virtually no coincidence with those of 1-D data. At 11 hPa the picture is
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not much different: a clear annual cycle is missing and coherent patches of the same
sign in both hemispheres, as seen in 1-D data, are absent.

3.2.3 H2O

Figure 5 gives a view on the behaviour of ESA and MIPAS2-D water vapour. At and
below 200 hPa there is a clear annual cycle in 1-D data with the phase as in CFC-11,5

with the extremal relative differences reaching more than 50%. A cycle with reversed
phase and maximum amplitude of 20% is discernible at altitudes around 120 hPa. The
pressure level of approximately 160 hPa which divides the two phase regimes is close
to the level of minimum water vapour vmr (left plot). Altitude regions of very great
vertical negative gradients, essentially those below the tropopause, exhibit very high10

differences compared to the other species discussed so far. Again, the sign of the
differences directly depends on the sign of the vertical vmr gradient. The cross section
at pressure level 120 hPa (Fig. 6) shows in 1-D data a pattern which correlates partly
with that of HNO3 at 80 hPa, but is not very clear.

No features which hint at an annual cycle can be seen in 2-D data.15

3.2.4 CFC-12, CH4, N2O

Beyond the species presented already, several more are processed by the diverse
MIPAS L2 processors and a selection of these was analyzed with the same method. In
Fig. 7 the features of mean vmr values and relative differences of CFC-12, CH4, N2O
of Oxford 1-D and Bologna MIPAS2-D in the latitude bin 60◦ S–45◦ S are shown.20

CFC-12

As already noted by Höpfner et al. (2007) there is also an effect in an old data version
of IMK/IAA CFC-12 (Fig. 7 shows Oxford data due to better coverage). The overall
picture is much like in CFC-11 of Oxford. Differences are pronounced in the altitude25
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region below 10 hPa. Again the maximum relative differences reach ±20% below the
level of approximately half of the ground vmr value (at 40 hPa), while MIPAS2-D data
does not show any clear pattern.

CH4

Up to approximately 30 hPa there is a clear annual cycle with the relative difference5

amplitude reaching 15%. The phase of this cycle is consistent with that of CFC-11
up to 10 hPa. Above 10 hPa, at altitude levels where CH4 vmr is still a quarter of the
ground value, there is a reversal of the sign of the annual cycle. Again there are no
noticeable features in MIPAS2-D data.

N2O10

A weak annual cycle, roughly consistent with CFC-11 is visible up to approximately
10 hPa. Maximum differences of 10–15% occur, but only for positive differences.
MIPAS2-D relative differences depict no clear pattern below 10 hPa, while above the
values are not reliable due to low volume mixing ratios and uncertainties comparable
to the observed features.15

4 Discussion

In the majority of the 1-D retrieval targets we analyzed, ascending/descending differ-
ences show a distinct annual cycle in the latitude range 60◦ S–45◦ S at pressure levels
of 10–100 hPa, which roughly corresponds to 15–30 km altitude, i.e. to the lower strato-
sphere. Often an annual cycle is discernible in other latitudes too, with the sign of the20

differences at a given time of the year corresponding to that of the differences in 60◦ S–
45◦ S at that time. Mostly no systematic features are visible in in 2-D retrieval data of
the same species.
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The relative lack of systematic features in the 2-D retrieval contrary to 1-D retrieval
implies a connection of this anomaly to horizontal temperature gradients. Figure 8
shows the horizontal temperature gradient as seen along MIPAS’ LOS. Since MIPAS
is essentially looking backwards with respect to the platform’s flight direction, the sign
of the temperature gradient along LOS depends on whether the platform moves on5

the ascending or descending part of the orbit. In a region with temperature increasing
northwards, MIPAS sees a negative gradient on ascending and a positve on descend-
ing movement, see e.g. the latitude −60◦ in the upper panel of the figure. The curves
superimposed to the gradient field represent MIPAS’ LOS for tangent altitudes 15, 20,
and 25 km, the altitude region where most targets discussed in the preceding sections10

show a distinct annual cycle. The signs of the temperature gradients along LOS for
latitudes with pronounced relative vmr differences (see e.g. Fig. 2), e.g. at 60◦ S or at
45◦ N for JJA months, or 45◦ S and 70◦ N for DJF months, respectively exhibit the same
signs on ascending and descending orbit parts. The reversal of the gradient at 60◦ S
for JJA months might partly explain the reversal of the sign in the annual cycle of CH415

differences. From Fig. 9 it becomes clear that in the latitude band 60◦ S–45◦ S the hori-
zontal gradient along constant latitude at altitudes corresponding to 10–100 hPa shows
a periodic pattern over the course of the year with extremal values in DJF and JJA
months.

Therefore, if there were a bias in the temperature/vmr retrievals due to a systematic20

error introduced by neglecting the effects of the temperature gradient, the annual cycle
in the differences between ascending and descending orbit parts, as well as the global
pattern of differences, would be explained in a natural way.

It has been noted already that for a given latitude band, signs of the ascend-
ing/descending differences seem to depend on the sign of the vmr profile’s vertical25

gradient. This could be interpreted as vertical shift between the mean profiles of as-
cending and descending orbit parts. A vertical shift in turn would hint at a problem in the
assignment of pressure in the ESA and Oxford retrievals and of the LOS in IMK/IAA re-
trievals. In all 1-D retrievals the pressure/LOS is jointly retrieved with the temperature.
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This retrieved 1-D temperature profile is assumed to represent the whole 2-D temper-
ature field for the gas retrievals along the instrument’s LOS. Therefore it suggests itself
to have a look into the temperature retrieval for the cause of the differences.

A set of four orbits (see Fig. 10) was processed with the IMK/IAA L2 processor, using
a modified setup. This modified setup consists of the inclusion of an adequate horizon-5

tal temperature gradient in the forward modelling of the radiance spectrum during the
temperature and LOS retrieval. The temperature gradient is calculated by finite differ-
ences on a grid of width 1◦ from ECMWF reanalysis temperature data (ERA-Interim)
at each actual time/location of MIPAS measurements. The horizontal extension of the
region influenced by the non-zero temperature gradient was assumed to be 400 km.10

The subsequent species retrievals then were fed with the temperature profile and LOS
information of this modified first step in the retrieval chain. No other changes in the
retrieval of the species were made.

The data set comprises two orbit pairs: 4482, 4489, and 4483, 4490 of 8 January
2003. The orbits were chosen pairwise such that in the latitude range 60◦ S–45◦ S15

the geolocations have approximately the same longitude values, as it can be seen in
Fig. 10. The key difference of orbits of a pair is that MIPAS scans the region on an
ascending orbit part for the one and on a descending part for the other one, with a time
lag of approximately 12 h. In what follows we shall call the area at 60◦ S–45◦ S/115◦ W
region W and at 60◦ S–45◦ S/65◦E the region E.20

Figure 11 shows the temperature field T along the orbit and differences in the tem-
perature field caused by the inclusion of the horizontal temperature gradient. The differ-
ence is calculated as T of data of the modified setup minus T of data version V3O T 8.
Obviously, values of differences are high where the horizontal temperature gradient is
most pronounced. This is the case for the latitude region 45◦ S–60◦ S as well as in the25

vicinity of the winter pole (northern polar vortex). At altitudes up to roughly 100 hPa the
differences reach ±3 K, while above ±1–2 K are found. It is essential that although the
difference plots for the two orbits look quite similar, there is a major difference in that
the signs of the differences are opposite for each of the regions E and W (notice the
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reversal of the relative position of E and W in the two orbits).
In Fig. 12 the resulting absolute vmr differences of CFC-11 and HNO3 are presented.

Differences are calculated between vmr of the retrievals fed with the changed temper-
ature and LOS data, and vmr of data versions V3O F-11 8 and V3O HNO3 7. Again
the signs of the differences for each of the regions E and W only depend on whether5

the corresponding measurements were taken on an ascending or descending orbit
part. Therefore in a difference of means of profiles of ascending orbit parts (W for orbit
4483, E for 4490) and means of profiles of descending orbit parts (E for 4483,W for
4490) the contributions will not cancel out but rather approximately double the value of
a single difference.10

A condensed presentation of the differences between the results of the modified
processing and the old data is given in Fig. 13 for data of all four orbits. There is
a conspicuous impact of the modification of the IMK/IAA L2 processor on the tem-
perature profiles. In the pressure range 10–300 hPa there is a clear decrease of the
absolute differences. Ascending/descending differences around the 100 hPa level even15

change from −5 K to −1 K. Obviously these changes in the temperatures by entering
the retrieval of CFC-11 have a significant positive impact on the CFC-11 absolute differ-
ences. For the V3O F-11 8 data the absolute differences are in good agreement with
the January 2003 values of Fig. 1, while CFC-11 ascending/descending differences of
the modified L2 processing are much closer to zero. The improvement can well be20

seen in the relative differences. In HNO3 there is an advantage of data of the modified
processing over V3O HNO3 7 data only above 30 hPa.

Altogether this means that already the inclusion of an appropriate external horizontal
temperature gradient in a 1-D retrieval attenuates the ascending/descending differ-
ences.25

This does not imply that the temperature field inhomogeneities are the only cause for
deviations of 1-D retrieved vmr profiles from true atmospheric state, as it is known that
inhomogeneities in the species vmr fields might well cause significant deviations too
(Swartz et al., 2006). However, for mid IR limb sounding the temperature profile is a

1723

http://www.atmos-meas-tech-discuss.net
http://www.atmos-meas-tech-discuss.net/3/1707/2010/amtd-3-1707-2010-print.pdf
http://www.atmos-meas-tech-discuss.net/3/1707/2010/amtd-3-1707-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/


AMTD
3, 1707–1742, 2010

Temperature
inhomogeneities and

MIPAS retrieval

M. Kiefer et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

key quantity with strong influence on all species retrievals, which makes it so important
to know this quantity as accurate as possible.

5 Conclusions

To sum up our conclusions with respect to the phenomenon’s cause, impact and impli-
cations:5

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 systematic behaviour.10

3. The pattern of the differences with respect to altitude and latitude implies that
there is a combined effect of temperature gradient along MIPAS’ LOS – which, for
the same meridional temperature gradient, changes sign between ascending and
descending orbit parts – and the species’ vertical gradient.

4. A simple correction strategy, namely the inclusion of externally given horizontal15

temperature gradients in the forward calculations of the 1-D retrievals, appropri-
ate for time and location of the measurements, significantly reduces the ascend-
ing/descending differences for a test data set of four orbits.

There are two options to deal with the problem:

1. Passive approach: for data of 1-D processors a thorough error characterization20

including effects of temperature field inhomogeneities will be necessary.

2. Active approach: data processing should be carried out with processors capable
of fully handling inhomogeneities (such as the GMTR, Carlotti et al., 2006) or
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at least those of the temperature field in the atmosphere (such as the gradient
inclusion strategy employed in this study).

Implications for the users of MIPAS data of 1-D L2 processors are:

1. In any work using profiles of MIPAS 1-D retrievals it has to be checked whether
the phenomenon demonstrated in this paper has to be taken into account.5

2. Especially validation work should be very carefully designed to avoid a bias due
to the 1-D processor induced asymmetry of data of ascending and descending
orbit parts.

3. Averages of 1-D data should best be calculated by first averaging profiles of as-
cending and descending orbit parts separately and averaging the two average10

profiles then. The latter average has to be performed without weighting by the
number of profiles which entered the ascending/descending averages.

4. Since we have found differences of a certain extent in monthly means, we can not
exclude that single profiles, or even averages of few profiles, will show deviations
from the true atmosphere which are larger than that extent.15

One must be aware that 1-D retrieval from measurements of other infrared limb emis-
sion sounders might also be affected by the effects described here if there are temper-
ature gradients along the LOS. The same conclusions as above are likely to hold for
these instruments with respect to their 1-D L2 processors too.
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Fig. 1. Distribution of average values of CFC-11 (left column), of ascending/descending dif-
ferences (middle column), and relative differences (right) for 1D retrievals (top row: IMK/IAA,
middle row: Oxford) and for 2D retrievals (MIPAS2D, bottom row). Time bin is one month, lat-
itude bin is 60◦S to 45◦S. Altitude bins for 1D and 2D data are explained in Section 3.1. The
tick marks of the time axis give the begin of the months and years, respectively.

10

Fig. 1. Distribution of average values of CFC-11 (left column), of ascending/descending dif-
ferences (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 Sect. 3.1. The
tick marks of the time axis give the begin of the months and years, respectively.
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Fig. 2. Distribution of mean values of CFC-11 vmr (left column), ascending/descending dif-
ferences (middle column), and relative differences (right) for Oxford 1D (top row) and Bologna
MIPAS2D (bottom row) retrievals. Time bin is one month, latitude bin is 15◦, pressure is 80 hPa
for Oxford and 82 hPa for MIPAS2D data.

12

Fig. 2. Distribution of mean values of CFC-11 vmr (left column), ascending/descending dif-
ferences (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 bin is 15◦, pressure is 80 hPa
for Oxford and 82 hPa for MIPAS2-D data.
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Fig. 3. Same as Figure 1, but for HNO3 of ESA 1D (top) and MIPAS2D (bottom) retrievals.

than Oxford’s data.
Although there are indications for an annual cycle in MIPAS2D data, neither sign nor

distribution of patterns of differences do generally coincide with that of 1D data. On
average the values of the differences, either absolute or relative, are much lower than
in 1D data.

14

Fig. 3. Same as Fig. 1, but for HNO3 of ESA 1-D (top) and MIPAS2-D (bottom) retrievals.
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Fig. 4. Distribution of average HNO3 (left column), ascending/descending differences (middle),
and relative differences (right) for ESA 1D data at 80 hPa (first row), MIPAS2D at 82 hPa
(second), ESA 1D at 12 hPa (third), and MIPAS2D at 11 hPa (last). Data bins are the same as
in Figure 2.

15

Fig. 4. Distribution of average HNO3 (left column), ascending/descending differences (middle),
and relative differences (right) for ESA 1-D data at 80 hPa (first row), MIPAS2-D at 82 hPa
(second), ESA 1-D at 12 hPa (third), and MIPAS2-D at 11 hPa (last). Data bins are the same
as in Fig. 2.
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Fig. 5. As Figure 1, but for ESA (top) and Bologna MIPAS2D (bottom) L2 data of H2O. 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 errors is larger (±50%)
than with the other species shown.

17

Fig. 5. As Fig. 1, but for ESA (top) and Bologna MIPAS2-D (bottom) L2 data of H2O. 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 errors is larger (±50%) than with
the other species shown.
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Fig. 6. As Figure 2, but water vapour for ESA data at 120 hPa (top row) and MIPAS2D data at
115 hPa (bottom).

3.2.3 H2O

Figure 5 gives a view on the behaviour of ESA and MIPAS2D water vapour. At and
below 200 hPa there is a clear annual cycle in 1D data with the phase as in CFC-11,
with the extremal relative differences reaching more than 50%. A cycle with reversed
phase and maximum amplitude of 20% is discernible at altitudes around 120 hPa. The
pressure level of approximately 160 hPa which divides the two phase regimes is close
to the level of minimum water vapour vmr (left plot). Altitude regions of very great

18

Fig. 6. As Fig. 2, but water vapour for ESA data at 120 hPa (top row) and MIPAS2-D data at
115 hPa (bottom).
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Fig. 7. Absolute values of Oxford (left column) and relative differences for Oxford (middle
column) and Bologna MIPAS2D (right column) of CFC-12, CH4, and N2O (top to bottom row,
respectively) in the latitude bin 60◦S–45◦S. 20

Fig. 7. Absolute values of Oxford (left column) and relative differences for Oxford (middle
column) and Bologna MIPAS2-D (right column) of CFC-12, CH4, and N2O (top to bottom row,
respectively) in the latitude bin 60◦ S–45◦ S.
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Fig. 8. Horizontal temperature gradient along MIPAS’ LOS averaged for JJA (top) and DJF
months. 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 line at 90◦), and then follows the descending orbit part down to
the South Pole again. Superimposed curves represent MIPAS’ LOS for tangent altitudes 15,
20, and 25 km for measurement locations at 60◦S and 45◦N (top panel) and 45◦S and 70◦N
(bottom).

23

Fig. 8. Horizontal temperature gradient along MIPAS’ LOS averaged for JJA (top) and DJF
months. 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 line at 90◦), and then follows the descending orbit part down to
the South Pole again. Superimposed curves represent MIPAS’ LOS for tangent altitudes 15,
20, and 25 km for measurement locations at 60◦ S and 45◦ N (top panel) and 45◦ S and 70◦ N
(bottom).
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Fig. 9. Horizontal temperature gradient along MIPAS’ LOS as calculated from ECMWF reanal-
ysis data by the method presented in Section 3.1.

2003. The orbits were chosen pairwise such that in the latitude range 60◦S–45◦S
the geolocations have approximately the same longitude values, as it can be seen in
Fig. 10. The key difference of orbits of a pair is that MIPAS scans the region on an
ascending orbit part for the one and on a descending part for the other one, with a time
lag of approximately 12 h. In what follows we shall call the area at 60◦S–45◦S/115◦W
region W and at 60◦S–45◦S/65◦E the region E.

Figure 11 shows the temperature field T along the orbit and differences in the tem-
perature field caused by the inclusion of the horizontal temperature gradient. The differ-
ence is calculated as T of data of the modified setup minus T of data version V3O T 8.
Obviously, values of differences are high where the horizontal temperature gradient is
most pronounced. This is the case for the latitude region 45◦S–60◦S as well as in the
vicinity of the winter pole (northern polar vortex). At altitudes up to roughly 100 hPa the
differences reach ±3 K, while above ±1–2 K are found. It is essential that although the

24

Fig. 9. Differences of horizontal temperature gradients along MIPAS’ LOS between ascending
and descending orbit parts. Temperature data was taken from ECMWF reanalysis data on
MIPAS measurement geolocations, and the method presented in Sect. 3.1 was applied.
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Fig. 10. Geolocations of the four orbits selected to test the influence of the inclusion of an
external temperature gradient in the forward model of the 1D retrieval. Ascending parts of the
orbits feature an inclination to the left while descending orbit parts are inclined to the right.

difference plots for the two orbits look quite similar, there is a major difference in that
the signs of the differences are opposite for each of the regions E and W (notice the
reversal of the relative position of E and W in the two orbits).

In Figure 12 the resulting absolute vmr differences of CFC-11 and HNO3 are pre-
sented. Differences are calculated between vmr of the retrievals fed with the changed
temperature and LOS data, and vmr of data versions V3O F-11 8 and V3O HNO3 7.
Again the signs of the differences for each of the regions E and W only depend on
whether the corresponding measurements were taken on an ascending or descending
orbit part. Therefore in a difference of means of profiles of ascending orbit parts (W for
orbit 4483, E for 4490) and means of profiles of descending orbit parts (E for 4483,W
for 4490) the contributions will not cancel out but rather approximately double the value
of a single difference.

25

Fig. 10. Geolocations of the four orbits selected to test the influence of the inclusion of an
external temperature gradient in the forward model of the 1-D retrieval. Ascending parts of the
orbits feature an inclination to the left while descending orbit parts are inclined to the right.
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Fig. 11. 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 approximately 20◦S. The right column gives the differences in the
temperature fields along the respective orbits. Differences are calculated per geolocation as
T of modified retrieval minus T of 1D IMK/IAA data (version V3O T 8). Vertical lines indicate
the latitude band 45◦S–60◦S (dashed) and the poles (-90 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 115◦W and 65◦E, respectively (see Fig. 10
and text).
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Fig. 11. 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 approximately 20◦ S. The right column gives the differences in the
temperature fields along the respective orbits. Differences are calculated per geolocation as
T of modified retrieval minus T of 1-D IMK/IAA data (version V3O T 8). Vertical lines indicate
the latitude band 45◦ S–60◦ S (dashed) and the poles (−90 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 115◦ W and 65◦E, respectively (see Fig. 10
and text).
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Fig. 12. Absolute differences between retrieval data of modified and original 1D processing for
vmr of CFC-11 (top row) and HNO3 for orbits 4483 (left column) and 4490. Meaning of vertical
and other lines and symbols as in Fig. 11.

27

Fig. 12. Absolute differences between retrieval data of modified and original 1-D processing for
vmr of CFC-11 (top row) and HNO3 for orbits 4483 (left column) and 4490. Meaning of vertical
and other lines and symbols as in Fig. 11.
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Fig. 13. Compilation in the latitude band 60◦S–45◦S of the differences between data of as-
cending 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 orbits 4482, 4483, 4489, and 4490 are
shown in the left column for temperature (top row), CFC-11 (middle), and HNO3 (bottom); 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.
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Fig. 13. Compilation in the latitude band 60◦ S–45◦ S of the differences between data of as-
cending 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 orbits 4482, 4483, 4489, and 4490 are
shown in the left column for temperature (top row), CFC-11 (middle), and HNO3 (bottom); 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.
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