
ACPD
7, 9319–9365, 2007

Intercomparison of
ILAS-II target

parameters with
MIPAS-Envisat

A. Griesfeller et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

EGU

Atmos. Chem. Phys. Discuss., 7, 9319–9365, 2007
www.atmos-chem-phys-discuss.net/7/9319/2007/
© Author(s) 2007. This work is licensed
under a Creative Commons License.

Atmospheric
Chemistry

and Physics
Discussions

Intercomparison of ILAS-II Version 1.4 and
Version 2 target parameters with
MIPAS-Envisat measurements
A. Griesfeller1,*, T. von Clarmann2, J. Griesfeller1,*, M. Höpfner2, M. Milz2,
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Abstract

We compared measurements taken by two satellite-borne instruments, ILAS-II and
MIPAS-Envisat, between May and October 2003. Using the coincidence criteria of
±300 km in space and ±12 h in time for H2O, N2O, and CH4 and the coincidence criteria
of ±300 km in space and ±6 h in time for ClONO2, O3, and HNO3, a different number of5

coincidences have been found for the gases. The data were separated into sunrise and
sunset measurements, which correspond to Northern and Southern Hemisphere data,
respectively. For the sunrise data of ILAS-II, a clear improvement from Version 1.4 to
Version 2.1 was observed for H2O, CH4, ClONO2, and O3. For ILAS-II N2O and HNO3
data there were no large differences between the two data sets. In particular, the ILAS-10

II Version 1.4 data were unrealistically small for H2O, CH4, and O3 and unrealistically
large for ClONO2 above 20 km to 30 km. The differences between the two algorithm
versions for the sunset data were not as large as for the sunrise data for all gases,
and for H2O and CH4. ILAS-II Version 1.4 data fitted even better to the MIPAS-Envisat
measurements than Version 2.0.15

1 Introduction

Water vapor (H2O), nitrous oxide (N2O), methane (CH4), ozone (O3), nitric acid
(HNO3), and chlorine nitrate (ClONO2) are trace species that play important roles in
global warming, the greenhouse effect, and ozone-depletion processes in the lower
stratosphere. As the most effective greenhouse gas in the troposphere, H2O is re-20

sponsible for about 65% of the natural greenhouse effect. H2O is highly variable both
in space and in time, so it is quite complicated to derive its influence on climate and
chemistry. In particular, the amount of water vapor in the stratosphere has some effect
on global warming (Forster and Shine, 1999). In the stratosphere, significant changes
have been observed during the last four decades (Nedoluha et al., 1998). As a long-25

lived and vertically stratified species, N2O is a useful tracer in dynamical studies (World
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Meteorological Organization, 2003). It is also a greenhouse gas with a much larger
specific effect on global warming than CO2. Like N2O, CH4 is a tropospheric green-
house gas, but it is not as long lived as N2O (World Meteorological Organization, 2003).
Its influence on global warming is larger than that of N2O. O3 is a stratospheric gas,
with 90% of its column amount in the stratosphere and only 10% in the troposphere,5

that absorbs UV radiation in the stratosphere, keeping this radiation from reaching the
Earth. Observing the vertical profile of O3 is important for several reasons, including
monitoring O3 loss in the polar vortex (Bevilacqua et al., 1997; Singleton et al., 2005).
Another key species in stratospheric ozone chemistry is HNO3, a main nitrogen ox-
ide reservoir gas, which determines the chemical and physical properties of the polar10

stratospheric clouds (PSCs) that play a central role in stratospheric ozone depletion
(Solomon, 1999; World Meteorological Organization, 2003). ClONO2 is a long-lived
stratospheric chlorine reservoir species which plays an important role in the ozone loss
chemistry with heterogeneous reactions on the surface on polar stratospheric clouds
(Solomon, 1999).15

The Advanced Earth Observing Satellite-II (ADEOS-II) with the Improved Limb At-
mospheric Spectrometer-II (ILAS-II) was launched on H-IIA Launch Vehicle Flight No. 4
from Tanegashima Space Center at 10:31 a.m. on 14 December 2002 (Japanese Stan-
dard Time).

The polar-orbiting environmental satellite Envisat (Envisat = ENVIronmental20

SATellite), which was launched on the night of 28 February 2002, in Kourou (French
Guiana) on board an Ariane 5, carries ten instruments on board. Envisat is the largest
satellite developed by the European Space Agency (ESA) to date. One of these ten
instruments is the remote sensing instrument for atmospheric chemistry Michelson In-
terferometer for Passive Atmospheric Sounding (MIPAS) (Fischer, 1992, 1993; Fischer25

and Oelhaf, 1996).
This study investigates the differences between the vertical profiles derived from the

data of MIPAS-Envisat and ILAS-II between May and October 2003. Measurement
results were compared and differences were investigated in detail. The comparison
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with the ILAS-II Version 1.4 and Version 2 data involved the retrieved data based on
spectra version V3O (ESA: IPF 4.61/4.62) of a scientific data processor, developed at
the Institute of Meteorology and Climate Research, Karlsruhe, Germany (IMK) (von
Clarmann et al., 2003a,b), in cooperation with the Instituto de Astrof́ısica de Andalucı́a
(IAA) in Granada, Spain (Funke et al., 2001).5

2 Measurements and data analysis

2.1 ILAS-II

The ILAS-II solar occultation instrument was developed by the Ministry of the Environ-
ment (MOE) of Japan to succeed the ILAS. It was operated onboard the Advanced
Earth Observing Satellite-II (ADEOS-II) spacecraft of the National Space Development10

Agency (NASDA) of Japan (recently restructured to become the Japan Aerospace Ex-
ploration Agency (JAXA)) (Nakajima et al., 2006) during its sun-synchronous polar orbit
at an inclination angle of 98.7◦ and a height of 802.9 km. Measurements were made
approximately 14 times daily in each hemisphere from January to October 2003. Lat-
itudinal coverage was from 54◦–71◦ N and 64◦–88◦ S, varying seasonally. The instan-15

taneous field of view (IFOV) for the infrared (IR) spectrometer at the tangent point was
1.0 km in the vertical and 13.0 km in the horizontal. ILAS-II included four observation
channels. Three of them measured in the IR (850–1610 cm−1, 1754–3333 cm−1, and
778–782 cm−1), and one in the visible (VIS, 12 755–13 280 cm−1). ILAS-II used a so-
lar occultation technique to measure stratospheric vertical profiles of O3, HNO3, NO2,20

N2O, CH4, H2O, ClONO2, N2O5, CFC-11, CFC-12, and aerosol extinction coefficients.
Vertical VMR profiles of atmospheric constituents are derived with an onion-peeling
retrieval method (Yokota et al., 2002). The retrieval vertical grid interval was 1 km. Ver-
tical resolutions were 1.3–2.9 km at tangent heights of 15 to 55 km (Nakajima et al.,
2006). ILAS-II functioned continuously from April to October 2003 with some sporadic25

measurements between January and March 2003. Data obtained using the Version 1.4
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retrieval algorithm have been validated by other independent measurements (Ejiri et al.,
2006; Irie et al., 2006; Saitoh et al., 2006; Sugita et al., 2006). Further details about
ILAS-II have been reported by Nakajima et al. (2006). ILAS-II measured absorption
over a large spectral range. The gases examined in this paper were measured with
Channel 1 at wavelengths from 850 to 1610 cm−1 with 44 spectral elements. There5

are many differences between ILAS-II Version 1.4 and Version 2. The most impor-
tant change for the Northern Hemisphere data was the improvement of transmittance
correction in the Northern Hemisphere: solar heat energy caused a distortion in the
entrance slit, which resulted in abnormal transmittance. This was corrected only for
the Northern Hemisphere data, because the transmittance distortion apparently ap-10

peared only for sunrise occultation events. Other major differences between ILAS-II
Version 1.4 and Version 2 are the use of the HITRAN 2004 (Rothman et al., 2005) line
parameters instead of HITRAN 2000 (Rothman et al., 2003) and the improvement of
tangent height registration.

2.2 MIPAS-Envisat15

MIPAS-Envisat (Fischer, 1992; Fischer and Oelhaf, 1996; Fischer et al., 2000) was
developed at the ESA. It is a limb emission spectrometer that takes measurements of
CH4, ClO, ClONO2, CO, CFC-11, CFC-12, H2O, HNO3, HNO4, HOCl, N2O5, N2O, NO2,
NO, O3, and further trace gases in the infrared between 4µm and 15µm (2410 cm−1

and 685 cm−1) with a spectral resolution of 0.035 cm−1 (unapodized) in five spectral20

bands, between 12 km and 68 km, performing 14.4 orbits per day. The orbit is sun
synchronous in 800 km altitude with an inclination of 98.55◦. The field of view is 30 km
in the horizontal and 3 km in the vertical at the tangent points. While the operational
ESA data are processed with a code described by Ridolfi et al. (2000), we used data
from a science oriented data processor, developed at IMK in cooperation with IAA. The25

data used for comparison are based on calibrated radiance spectra generated by offline
level-1 reprocessing and were labeled V3O. The scientific data processor uses the
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Karlsruhe Optimized and Precise Radiative transfer Algorithm (KOPRA) as a forward
model for the retrieval (Höpfner et al., 1998; Stiller et al., 1998; Stiller, 2000). MIPAS-
Envisat took measurements nearly continuously from July 2002 until the end of March
2004. Instabilities in the interferometer driver velocity led to a temporary interruption of
operational measurements at that point, but it was restarted with a different observation5

scheme in early 2005. Several MIPAS-Envisat data have already been validated, e.g.
O3 (Steck et al., 2007; Bracher et al., 2005; Verronen et al., 2005; Wang et al., 2005),
N2O (Bracher et al., 2005), HNO3 (Wang et al., 2007), and ClONO2 (Höpfner et al.,
2007). However, these validation results are based partly upon different spectra, not
only the spectra generated by offline level-1 reprocessing presented here. For MIPAS-10

Envisat the spectroscopy dataset of Flaud et al. (2003) is used. In contrast to the large
spectral range in which the ILAS-II measurements were performed, the MIPAS-Envisat
measurements used narrow wavelength bands called microwindows.

3 Results

Using the coincidence criteria of ±300 km in space and ±12 h in time for H2O, N2O, and15

CH4 and the coincidence criteria of ±300 km in space and ±6 h in time for ClONO2, O3,
and HNO3, a different number of coincidences were found for these gases as shown
in Tables 1 and 2 (see Sect. 3.2). The number of coincidences is different for each
gas because MIPAS-Envisat data from the scientific data processor was not always
available. Besides the number of coincidences, the average distance in space and20

time for the Northern and Southern Hemispheres are also listed in Tables 1 and 2
(see Sect. 3.2), respectively. These coincidence criteria were chosen to increase the
number of coincidences and obtain more reliable statistics.
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3.1 Northern Hemisphere

All Northern Hemisphere ILAS-II data considered here are sunrise data. The ILAS-II
data are from the two retrieval algorithm Versions 1.4 and 2.1. The MIPAS-Envisat data
of H2O, ClONO2, O3, HNO3, N2O, and CH4 are based on off-line spectra of Version 3
(V3O). In the Northern Hemisphere the measurements were made during summertime,5

so no polar vortex has to be considered. Measurements were performed between
54.8◦ N and 71.0◦ N (ILAS-II) and between 55.7◦ N and 72.4◦ N (MIPAS).

3.1.1 Water vapor

For the comparison of MIPAS-Envisat and ILAS-II H2O data, we used Version
V3O H2O 11 of the scientific processor of MIPAS. The retrieval of the MIPAS-Envisat10

H2O data has already been described in detail by Milz et al. (2005). Since the assump-
tion of local thermodynamic equilibrium (LTE) is no longer valid above 50 km for the
MIPAS-Envisat measurements, we compared only the data up to 50 km. In this com-
parison, we found 216 coincidences for the measurements in the Northern Hemisphere
with most of the coincidences found from August until October (Fig. 1). For all months15

there was a clear improvement between the MIPAS-Envisat and the ILAS-II data from
ILAS-II Version 1.4 in blue triangles to Version 2.1 in red circles.

Figure 2 shows the mean profiles of all coincidences along with the differences. The
differences were calculated using the bias determination specification by von Clarmann
(2006), the error bars represent the standard error of the mean difference. Obviously,20

the small values of ILAS-II Version 1.4 above 20 km were unrealistic. Up to 45 km
there was good agreement between the MIPAS-Envisat measurements and the ILAS-
II Version 2.1 data (except for the lowest data point). Above 45 to 50 km the values of
the MIPAS-Envisat H2O data were larger than the ILAS-II data. The largest differences
were around 45 to 50 km with 2.6 ppmv (35%) for Version 2.1 data and 6.6 ppmv (85%)25

for Version 1.4.
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3.1.2 Nitrous oxide

We used MIPAS-Envisat N2O V3O N2O 8 for comparison with the ILAS-II data. As
was the case with H2O, most of the coincidences we found between August and Oc-
tober (Fig. 3). In the five months from May until October there were 219 coincidences
between MIPAS-Envisat and ILAS-II N2O data. The retrieval of the MIPAS-Envisat N2O5

and CH4 data has already been described in detail by Glatthor et al. (2005).
For the tropospheric gas N2O, the differences between the MIPAS-Envisat and the

ILAS-II data were small (Fig. 4). There were also no large differences between the two
retrieval versions of ILAS-II. Above 30 km the differences were small for both ILAS-II
retrieval versions. The largest differences occured around 13 km and 14 km with val-10

ues of 0.04 ppmv (12%) and 0.05 ppmv (14%) for ILAS-II Version 2.1 and Version 1.4,
respectively. Mixing ratios measured by MIPAS-Envisat were found to be larger than
the ILAS-II measurements for the whole height range.

3.1.3 Methane

For the comparison of MIPAS-Envisat and ILAS-II CH4 data we used Ver-15

sion V3O CH4 8 of the scientific processor of MIPAS. The coincidences were the same
as for N2O.

Similar to the case of H2O, there was a clear improvement from ILAS-II Version 1.4
to ILAS-II Version 2.1. The small values of Version 1.4 above 25 km were unrealistic.
Between MIPAS-Envisat and ILAS-II Version 2.1, the agreement was quite good. The20

largest differences, with 0.2 ppmv (14%), were at 22 km.

3.1.4 Ozone

The comparison of MIPAS-Envisat (V3O O3 7) and ILAS-II O3 data led to 118 coinci-
dent measurements in four months. The majority of these coincidences (59) were in
October (Fig. 7), where there seemed to be two peaks between 25 km and 40 km.25
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For O3 there was a slight improvement from ILAS-II Version 1.4 to ILAS-II Ver-
sion 2.1, especially above 20 km. For the comparison with ILAS-II Version 2.1 data,
the differences were about 0.3 ppmv (10%) for nearly the whole height range whereas
above 20 km the differences with the ILAS-II Version 1.4 data increased, with the largest
values of 0.85 ppmv (15%) being seen at 39 km.5

3.1.5 Nitric acid

The coincidences we found for HNO3 (V3O HNO3 7) were the same as for O3 (Fig. 9).
The retrieval of the MIPAS-Envisat HNO3 data has already been described in detail
by Mengistu Tsidu et al. (2005). Wang et al. (2007) also compared HNO3 data from
MIPAS-Envisat and ILAS-II (only Version 1.4).10

Figure 10 shows the differences between MIPAS-Envisat and ILAS-II measurements.
The differences were quite small. The differences with ILAS-II Version 1.4 were slightly
larger than with Version 2.1, especially above 20 km. The largest differences were
around 25 km with 0.6 ppbv (7%) and 0.9 ppbv (10%) for Version 2.1 and Version 1.4,
respectively. These differences were comparable to the differences found by Wang15

et al. (2007) for the ILAS-II Version 1.4 data. It is remarkable that, although in Ver-
sion 2.1 the HITRAN 2004 line parameters were used instead of HITRAN 2000, no
large differences were found, which might result from the fact that ILAS-II used not only
the 11.3µm band but also the 7.6µm region for the retrieval, which compensates for
the high bias of the 11.3µm region (Wang et al., 2007).20

3.1.6 Chlorine nitrate

For this comparison, the IMK Version V3O ClONO2 11 was used. As in the case
of H2O and CH4, there was a clear improvement in the ILAS-II ClONO2 data from
Version 1.4 to Version 2.1 above 30 km (Fig. 11). There was quite a good agreement
between MIPAS-Envisat and ILAS-II Version 2.1. Below 25 km, there were large values25

of ILAS-II data for both versions of the ILAS-II retrieval algorithm. The retrieval of the
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MIPAS-Envisat ClONO2 data has already been described in detail by Höpfner et al.
(2004, 2007).

Figure 12 shows the differences between the MIPAS-Envisat and ILAS-II data. For
the Version 2.1 data, the differences (besides the lowest tangent altitude) were rela-
tively small up to 30 km. Above 30 km the differences increased with largest differences5

of 0.13 ppbv (31%) at 35 km. For Version 1.4, the differences also were quite small be-
low 30 km, but above that, the values were unrealistically large, resulting in very large
differences with 0.6 ppbv (56%) around 37 km. This variation can be attributed to diur-
nal variation due to photochemistry (Höpfner et al., 2007).

3.2 Southern Hemisphere10

All ILAS-II data taken in the Southern Hemisphere were sunset data. The ILAS-II
data were from the two retrieval algorithm Versions 1.4 and 2.0. Measurements were
performed between 68.5◦ S and 87.8◦ S (ILAS-II) and between 67.7◦ S and 86.6◦ S (MI-
PAS). The coincidences were separated into those from inside and those from outside
the polar vortex using the criterion of Nash et al. (1996) at an equivalent latitude of15

550 K. There were only six coincidences in May which were outside or at the edge of
the polar vortex. All the other coincidences were clearly inside. The coincidences were
listed in Table 2.

In the Southern Hemisphere there were no large differences between the two re-
trieval algorithms of ILAS-II. The differences between MIPAS-Envisat and the two ILAS-20

II retrieval versions are nearly the same. For H2O and CH4 ILAS-II Version 1.4 fits even
better to the MIPAS-Envisat measurements than Version 2.0.

3.2.1 Water vapor

In the Southern Hemisphere 614 coincidences were found for H2O and 608 of them
were inside the polar vortex. In Fig. 13, it can be seen that there was no improvement25

between the two algorithm versions of ILAS-II. Above 45 km, the ILAS-II Version 1.4
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data were slightly too large in comparison with the MIPAS-Envisat data.
The differences between MIPAS-Envisat and the two ILAS-II retrieval versions were

not as large as for the Northern Hemisphere data (Fig. 14). This time the ILAS-II Ver-
sion 1.4 agreed better with the MIPAS-Envisat data. The differences were about 1
to 2 ppmv (10 to 20% above 22 km) for nearly the whole altitude range, with smaller5

differences between MIPAS-Envisat and ILAS-II Version 1.4 data than with ILAS-II Ver-
sion 2.0 data. Below 20 km, both instruments saw dehydrated air inside the polar
vortex with very small VMR values of about 1 to 1.5 ppmv.

3.2.2 Nitrous oxide

Inside the polar vortex we found 568 coincidences between MIPAS-Envisat and ILAS-II10

measurements. Most of these coincidences (335) were in September (Fig. 15). There
were no large differences between ILAS-II Version 1.4 and Version 2.0 data.

As N2O is a tropospheric gas, the largest differences were obviously in the tropo-
sphere (Fig. 16). For this comparison the differences between the MIPAS-Envisat and
ILAS-II measurements were quite small for the whole altitude range for both algorithm15

versions of ILAS-II. Especially above 20 km the differences were smaller than for the
Northern Hemisphere data. The largest differences were around 13 km with 0.06 ppmv
(21%) for Version 2.0 and 0.04 ppmv (14%) for Version 1.4. The MIPAS-Envisat mea-
surements had larger values than the ILAS-II measurements for the whole height range
for both hemispheres.20

3.2.3 Methane

Figure 17 shows the comparison of ILAS-II Version 1.4 and Version 2.0 data with
MIPAS-Envisat data. For the Southern Hemisphere data the agreement between the
two retrieval versions of ILAS-II was much better, but in comparison with the North-
ern Hemisphere measurements, the differences between MIPAS-Envisat and ILAS-II25

Version 2 were larger than between MIPAS-Envisat and ILAS-II Version 1.4.
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The differences are shown in Fig. 18. They were smaller than in the Northern Hemi-
sphere, and the differences were especially small for ILAS-II Version 1.4. The largest
differences for Version 2.0 were around 17 to 18 km with 0.26 ppmv (35%) and for Ver-
sion 1.4 around 12 to 13 km with 0.12 ppmv (10%).

3.2.4 Ozone5

MIPAS-Envisat and ILAS-II O3 data had 218 coincidences in five months (Fig. 19).
In the Southern Hemisphere the differences between the two retrieval versions of

ILAS-II were smaller, as was found with the other gases (Fig. 20). The largest differ-
ences were with 0.63 ppmv (17%) for Version 2.0 and 0.45 ppmv (12%) for Version 1.4
at around 27 to 28 km. Above 39 km, the differences between MIPAS-Envisat and10

ILAS-II Version 2.0 were smaller than between MIPAS-Envisat and ILAS-II Version 1.4.
Below 39 km the situation was reversed.

3.2.5 Nitric acid

For the comparison of the southern hemispheric HNO3 data inside the polar vortex,
there were 227 coincidences (Fig. 21). Most of the coincidences were found in Septem-15

ber. HNO3 had a bi-modal distribution seen by both instruments in July 2003. In all
other months there was only one mode. The large data in high altitudes in this bi-modal
distribution were due to a high-altitude enhancement which was also seen by MIPAS-
Envisat (Stiller et al., 2005). The low ILAS-II data for low altitudes were the result of
denitrification.20

Figure 22 shows the differences between the MIPAS-Envisat and the ILAS-II mea-
surements. The differences were similar to the differences found in the Northern Hemi-
sphere. For both retrieval versions the largest differences were at 25 km with 0.68 ppbv
(10%) and 0.75 ppbv (10%) for Version 2.0 and Version 1.4, respectively. As was the
case for the comparison of the Northern Hemisphere data, these differences were25

comparable to the differences found by Wang et al. (2007) for the ILAS-II Version 1.4
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data.

3.2.6 Chlorine nitrate

In contrast to the measurements in the Northern Hemisphere there were no large dif-
ferences between the two retrieval algorithms of ILAS-II in the Southern Hemisphere
for ClONO2 (Fig. 23). We found 199 coincidences between the MIPAS-Envisat and5

the ILAS-II measurements inside the polar vortex. Most of these coincidences were in
September and October.

Figure 24 shows the differences between the MIPAS-Envisat and the ILAS-II data.
The differences were relatively small for both retrieval versions of ILAS-II. The largest
differences between MIPAS-Envisat and the ILAS-II Version 2.0 data were at 31 km10

with 0.19 ppbv (24%) and also at 31 km with 0.21 ppbv (27%) for ILAS-II Version 1.4.

4 Conclusions

The vertical VMR profiles of H2O, N2O, CH4, O3, HNO3, and ClONO2 were measured
by MIPAS-Envisat and compared to profiles derived from ILAS-II measurements. We
compared the measurements taken by these two instruments between May and Oc-15

tober 2003. Using the coincidence criteria of ±300 km in space and ±12 h in time for
H2O, N2O, and CH4 and the coincidence criteria of ±300 km in space and ±6 h in time
for ClONO2, O3, and HNO3 a different number of coincidences was found for the gases.
The data were separated into sunrise and sunset measurements, which correspond to
Northern and Southern Hemisphere data, respectively. For the Northern Hemisphere20

data of H2O, CH4, ClONO2, and O3 from ILAS-II a clear improvement was observed
from Version 1.4 to Version 2.1. For N2O and HNO3 data from ILAS-II there were no
large differences observed. The differences between the two different algorithm ver-
sions for the Southern Hemisphere data were not as large as for the Northern Hemi-
sphere data for all gases. Southern hemispheric H2O and CH4 profiles from ILAS-II25
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Version 1.4 fitted better than Version 2.0.
For the H2O data, a clear improvement between the two retrieval versions of ILAS-

II was noticed. The small values of ILAS-II Version 1.4 above 20 km in the Northern
Hemisphere data were unrealistic. Up to 45 km there was good agreement between
the MIPAS-Envisat measurements and the ILAS-II Version 2.1 data. Above 45 km, the5

MIPAS-Envisat values were too large. The largest differences between ILAS-II and
MIPAS-Envisat H2O data were around 45 to 50 km with 2.6 ppmv (35%) (Version 2.1)
in the Northern Hemisphere and 1 to 2 ppmv (10 to 20% above 22 km) in the South-
ern Hemisphere (both Version 1.4 and Version 2.0). But compared to the Northern
Hemisphere measurements, the differences between MIPAS-Envisat and ILAS-II Ver-10

sion 2 were larger than between MIPAS-Envisat and ILAS-II Version 1.4 in the South-
ern Hemisphere. For both H2O and CH4 there were unrealistically small values in
Version 1.4 above 25 km in the Northern Hemisphere data. Between MIPAS-Envisat
and ILAS-II Version 2.1, the agreement was quite good. The largest differences with
0.2 ppmv (14%) were at 22 km. In the Southern Hemisphere, the largest differences15

for Version 2.0 were at around 17 to 18 km with 0.26 ppmv (35%) and for Version 1.4
they were even smaller with 0.12 ppmv (10%) at around 12 to 13 km. O3 showed
only a slight improvement from ILAS-II Version 1.4 to ILAS-II Version 2.1 in the North-
ern Hemisphere. For the comparison with ILAS-II Version 2.1 data, the differences
were of about 0.3 ppmv (10%), whereas above 20 km the differences with the ILAS-II20

Version 1.4 data increased with the largest values of 0.85 ppmv (15%) at 39 km. In
the Southern Hemisphere the differences between the two retrieval versions of ILAS-
II were smaller, with the largest differences of 0.63 ppmv (17%) for Version 2.0 and
0.45 ppmv (12%) for Version 1.4 at around 27 to 28 km. In the ClONO2 data, the im-
provement in the Northern Hemisphere from ILAS-II Version 1.4 to ILAS-II Version 2.125

was again obvious because of the unrealistically large values of Version 1.4 data above
30 km. For the Version 2.1 data, the differences were relatively small up to 30 km.
Above 30 km, the differences increased with largest differences of 0.13 ppbv (31%) at
35 km. In the Southern Hemisphere the differences were relatively small for both re-
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trieval versions of ILAS-II, with the largest differences between MIPAS-Envisat and the
ILAS-II Version 2.0 data being 0.19 ppbv (24%) and 0.21 ppbv (27%) for ILAS-II Ver-
sion 1.4 both at 31 km. Both N2O and HNO3 data showed no large differences between
the Version 1.4 and Version 2.1 in the Northern Hemisphere. The N2O data showed
the largest differences in the Northern Hemisphere around 13 and 14 km with val-5

ues of 0.04 ppmv (12%) and 0.05 ppmv (14%) for ILAS-II Version 2.1 and Version 1.4,
respectively, in the Southern Hemisphere at around 13 km with 0.06 ppmv (21%) for
Version 2.0 and 0.04 ppmv (14%) for Version 1.4. The differences for HNO3 were quite
small with 0.6 ppbv (7%) and 0.9 ppbv (10%) for Version 2.1 and Version 1.4 around
25 km in the Northern Hemisphere and 0.68 ppbv (10%) and 0.75 ppbv (10%) for Ver-10

sion 2.0 and Version 1.4, respectively, in the Southern Hemisphere.
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A., Mengistu Tsidu, G., Milz, M., Steck, T., Stiller, G. P., Wang, D. Y., Fischer, H., Funke, B.,15
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Table 1. Coincidences of MIPAS-Envisat and ILAS-II measurements in the Northern Hemi-
sphere.

Gas # of Average Average Average Average

coinc. ∆ space ∆ lat. [◦] ∆ long. [◦] ∆ time

[km] [hours]

H2O 216 168 −0.27 −1.37 6:11

±84 ±1.04 ±3.05 ±2:24

N2O 219 168 −0.27 −1.35 6:11

±83 ±1.04 ±3.04 ±2:26

CH4 219 168 −0.27 −1.35 6:11

±83 ±1.04 ±3.04 ±2:26

O3 118 167 −0.29 −1.92 4:21

±86 ±1.05 ±2.61 ±1:21

HNO3 118 167 −0.29 −1.92 4:21

±86 ±1.05 ±2.61 ±1:21

ClONO2 118 167 −0.29 −1.92 4:21

±86 ±1.05 ±2.61 ±1:21
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Table 2. Coincidences of MIPAS-Envisat and ILAS-II measurements in the Southern Hemi-
sphere. The number in brackets indicate the number of coincidences inside the polar vortex.

Gas # of Average Average Average Average

coinc. ∆ space ∆ lat. [◦] ∆ long. [◦] ∆ time

[km] [hours]

H2O 614 189 0.20 0.06 7:22

(608) ±68 ±1.30 ±17.52 ±3:48

N2O 574 188 0.21 0.01 7:25

(568) ±68 ±1.28 ±17.78 ±3:48

CH4 574 188 0.21 0.01 7:25

(568) ±68 ±1.28 ±17.78 ±3:48

O3 224 207 −0.06 −0.70 2:58

(218) ±54 ±1.44 ±15.06 ±1:33

HNO3 233 209 −0.11 −0.38 2:58

(227) ±54 ±1.53 ±15.34 ±1:32

ClONO2 205 211 −0.06 −0.60 3:01

(199) ±54 ±1.42 ±15.19 ±1:36
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Fig. 1. Comparison of the H2O measurements in the Northern Hemisphere. The mean profiles
of the MIPAS-Envisat measurements are shown as black squares, the mean profiles of the
ILAS-II V1.4 data as blue triangles and the mean profiles of the ILAS-II V2.1 data as red circles
for each month we found coincidences.
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Fig. 2. Differences between MIPAS-Envisat and ILAS-II measurements of H2O in the Northern
Hemisphere. The mean profiles of all coincidences of the MIPAS-Envisat measurements are
shown as black squares, the mean profiles of the ILAS-II V1.4 data as blue triangles and the
mean profiles of the ILAS-II V2.1 data as red circles. At the right hand side the differences along
with the standard error of the mean difference between the MIPAS-Envisat measurements and
the ILAS-II V1.4 data are shown in blue and between the MIPAS-Envisat and the ILAS-II V2.1
data in red.
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Fig. 3. As in Fig. 1 but for N2O.
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Fig. 4. As in Fig. 2 but for N2O.
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Fig. 5. As in Fig. 1 but for CH4.
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Fig. 6. As in Fig. 2 but for CH4.
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Fig. 7. As in Fig. 1 but for O3.
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Fig. 8. As in Fig. 2 but for O3.
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Fig. 9. As in Fig. 1 but for HNO3.
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Fig. 10. As in Fig. 2 but for HNO3.
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Fig. 11. As in Fig. 1 but for ClONO2.
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Fig. 12. As in Fig. 2 but for ClONO2.
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Fig. 13. Comparison of the H2O measurements in the Southern Hemisphere. The MIPAS-
Envisat measurements are shown as black squares, the ILAS-II V1.4 data as blue triangles
and the ILAS-II V2.0 data as red circles for each month we found coincidences.
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Fig. 14. Differences between MIPAS-Envisat and ILAS-II measurements of H2O in the South-
ern Hemisphere. The mean profiles of all coincidences of the MIPAS-Envisat measurements
are shown as black squares, the mean profiles of the ILAS-II V1.4 data as blue triangles and
the mean profiles of the ILAS-II V2.0 data as red circles. At the right hand side the differences
along with the standard error of the mean difference between the MIPAS-Envisat measure-
ments and the ILAS-II V1.4 data are shown in blue and between the MIPAS-Envisat and the
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Fig. 15. As in Fig. 13 but for N2O.
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Fig. 16. As in Fig. 14 but for N2O.
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Fig. 17. As in Fig. 13 but for CH4.
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Fig. 18. As in Fig. 14 but for CH4.
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Fig. 19. As in Fig. 13 but for O3.
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Fig. 20. As in Fig. 14 but for O3.
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Fig. 21. As in Fig. 13 but for HNO3.
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Fig. 22. As in Fig. 14 but for HNO3.
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Fig. 23. As in Fig. 13 but for ClONO2.
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Fig. 24. As in Fig. 14 but for ClONO2.
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