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Abstract

The Improved Limb Atmospheric Spectrometer (ILAS)-Il sensor aboard the Japanese
ADEOS-II satellite was launched into its sun-synchronous orbit on 14 December 2002
and performed solar occultation measurements of trace species, aerosols, tempera-
ture, and pressure in the polar stratosphere until 25 October 2003. Vertical trace gas
profiles obtained with the balloon version of the Michelson Interferometer for Passive
Atmospheric Sounding (MIPAS-B) provide one of the sparse data sets for validating
ILAS-II version 2 and 1.4 data. The MIPAS-B limb emission spectra were collected
on 20 March 2003 over Kiruna (Sweden, 68° N) at virtually the same location that has
been sounded by ILAS-II about 5.5 h prior to the sampling of MIPAS-B. The intercom-
parison of the new ILAS-II version 2 (Northern Hemispheric sunrise) data to MIPAS-B
vertical trace gas profiles shows a good to excellent agreement within the combined
error limits for the species O3, N,O, CH,, H,O (above 21 km), HNO3, CIONO,, and
CFC-11 (CCI5F) in the compared altitude range between 16 and 31 km such that these
data appear to be very useful for scientific analysis. With regard to the previous ver-
sion 1.4 ILAS-II data, significant improvements in the consistency with MIPAS-B are
obvious especially for the species CH, and H,O, but also for O3, HNO3, CIONO,, NO,,
and N,Oz. However, comparing gases like NO,, N,Og, and CFC-12 (CCI,F,) exhibits
only poor agreement with MIPAS-B such that these species cannot be assumed to be
validated at the present time.

1 Introduction

Satellite measurements are important for monitoring the atmosphere within the context
of naturally and anthropogenically induced climate changes since atmospheric param-
eters can be derived from these remote sensing measurements above large areas of
the Earth. The second version of the Japanese Advanced Earth Observing Satellite
(ADEOS-II) was launched on 14 December 2002 and operated sporadically between
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January and March 2003, followed by a continuous and routinely operation between 2
April and 25 October 2003. A malfunction of the solar power subsystem prevented a
further operation after this date.

Apart from satellite observations, balloon-borne measurements are a valuable tool
to obtain distributions of a large number of trace species with sufficiently high vertical
resolution over most of the stratospheric altitude region. Due to the quasi-Lagragian
observation, long integration times are possible which significantly reduce the influence
of noise in the recorded spectra. Since the number of balloon launches is restricted due
to logistical and financial constraints the quality of coincidence between the satellite
measurement and the balloon observation is a crucial issue.

A flight of the balloon version of the Michelson Interferometer for Passive Atmo-
spheric Sounding (MIPAS-B) instrument was carried out from Kiruna (Sweden, 68° N)
on 20/21 March 2003 as part of a validation campaign for the chemistry instruments
MIPAS, GOMOQOS, and SCIAMACHY aboard the environmental satellite ENVISAT (see,
e.g., Wetzel et al., 2007). Owing to the long duration of this flight, a good match with
observations of the Improved Limb Atmospheric Spectrometer (ILAS)-II sensor aboard
the ADEOS-II satellite could be managed, too. Limb emission spectra were observed
by MIPAS-B at virtually the same location that has been sounded by ILAS-II about
5.5h prior to the sampling of MIPAS-B. In this paper, analysed data (version 1.4 and
2) of ILAS-II are compared to observations with the MIPAS-B instrument. The paper
provides an assessment of these new ILAS-II version 2 data following up the earlier
presented validation of version 1.4 data (Wetzel et al., 2006).

2 Instruments and data analysis

ILAS-1I was one of five sensors aboard the ADEOS-II satellite and has been designed
similarly to its predecessor (Sasano et al., 1999; Nakajima et al., 2006) using the solar
occultation technique. Four spectrometers covered the infrared (3—13 um; including
a narrow high-resolution channel for the detection of CIONO,) and the near visible
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region (753-784 nm) with a spectral resolution from 0.129 um up to 0.15nm. Ob-
servations were confined to high latitudes (57° N-73°N and 64° S—-90° S) because of
the geometrical relation of the solar occultation events with the sun-synchronous orbit.
Measurements were performed approximately 14 times daily in each hemisphere. First
sporadic soundings were carried out in January 2003. Routine measurements were
taken from April to October 2003. Vertical profiles of species related to ozone chem-
istry, including Oz, HNO3, NO,, N,O, CH,, H,O, CFC-11 (CCI;F), CFC-12 (CCI,F,),
CIONO,, and N,Og, as well as aerosol extinction coefficients at 780 nm, temperature,
and pressure can be derived from the measured spectra. Retrieval calculations were
performed with an onion-peeling algorithm with a multiparameter least squares fitting
procedure (Yokota et al., 2002). A total error is calculated as the root sum squares of
the internal and external errors at each profile altitude. Internal errors are estimated
from the final residuals in the spectral non-linear least squares fitting. External errors
comprise uncertainties in the non-gaseous correction due to aerosols and temperature
uncertainties. Spectroscopic parameters were chosen from the high-resolution trans-
mission molecular absorption database (HITRAN; Rothman et al., 2003; Rothman et
al., 2005). The retrieval grid was set to 1 km, while the typical vertical resolution ranges
between 1.3 and 2.9 km.

As compared to data version 1.4 the following improvements have been applied for
processing version 2: a transmittance correction has been adopted taking into account
the changing spectrometer signal due to the distortion of the entrance slit by solar heat
energy during the sunrise occultation events (Northern Hemisphere). A new tangent
height registration method was applied using information of the gimbal mirror angle
instead of the sun edge sensor method used for the version 1.4 data which was af-
fected by the occurrence of polar stratospheric clouds (PSCs) in the lower stratosphere
(Tanaka et al., 2007). Another major difference between ILAS-II version 2 and version
1.4 data is the use of HITRAN 2004 (Rothman et al., 2005) line parameters instead of
HITRAN 2k (Rothman et al., 2003).

The balloon-borne Fourier transform spectrometer MIPAS-B is a limb-emission
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sounder which covers the midinfrared spectral range (4 to 14 um) and operates at
cryogenic temperatures. Besides a high performance and flexibility of the pointing sys-
tem the suitability of MIPAS-B to validate instruments like ILAS-1l is based mainly on its
high spectral resolution (about 0.07 cm™" after apodization) allowing the separation of
individual spectral lines from continuum-like emissions in combination with a high radio-
metric accuracy. A comprehensive overview and description of the instrument is given
by Friedl-Vallon et al. (2004) and references therein. As part of the validation program
of the chemistry instruments aboard the European environmental satellite ENVISAT
a MIPAS-B flight was carried out on 20/21 March 2003 from Kiruna (Sweden, 68° N).
The flight duration of more than 15h from 18:22 UTC (20 March) to 09:38 UTC (21
March) also permitted a good match of the sunrise measurement of the ILAS-II sen-
sor aboard ADEOS-II. Radiance spectra were observed at the same location ILAS-II
had measured about 5.5 h prior to the sampling by MIPAS-B. Both instruments mea-
sured nearly the same air masses inside the polar vortex over a wide altitude range in
the absence of polar stratospheric clouds (Wetzel et al., 2006). The mean horizontal
distance of the observed tangent points of both sensors was less than 100km in the
overlapping altitude region. MIPAS-B measures all atmospheric parameters ILAS-Il is
covering. Retrieval calculations of atmospheric target parameters were performed with
a least squares fitting algorithm using analytical derivative spectra calculated by the
Karlsruhe Optimized and Precise Radiative transfer Algorithm (KOPRA; Stiller et al.,
2002; Hopfner et al., 2002). A Tikhonov-Phillips regularization approach constraining
with respect to the form of an a priori profile was applied. The resulting vertical res-
olution lies typically between 1.5 and 3km and is therefore comparable to the vertical
resolution of ILAS-II. The error estimation includes random noise as well as the mutual
influence (covariance effects) of the fitted parameters, temperature errors, and line of
sight inaccuracies. Spectroscopic parameters chosen for the MIPAS-B retrieval are
consistent with the database taken for the ILAS-II data analysis. More details of the
MIPAS-B data analysis is given by Wetzel et al. (2006) and references therein.
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3 Profile comparison of trace species

In this section, profiles of trace gases measured by MIPAS-B are compared to ILAS-I|
version 1.4 and 2 data. To account for the small temporal and spatial mismatch of
both observations, ILAS-Il measured quantities were linearly interpolated to the poten-
tial temperature levels corresponding to the MIPAS-B altitude grid. Volume mixing ratio
(VMR) differences of measured trace species are displayed together with the combined
total errors of both instruments within a 95% confidence limit. They have been calcu-
lated by the root sum squares of the total errors of each instrument neglecting spectro-
scopic inaccuracies since the same spectroscopic database and the same molecular
bands have been used during the retrieval process of both instruments. The compar-
ison between the VMR difference and the combined total error of the two instruments
is appropriate to identify unexplained biases in the ILAS-Il data. These biases are
considered to be significant when they exceed the combined error limits.

3.1 Ozone

The results for the comparison of the trace species ozone are shown in Fig. 1. The
overall agreement between ILAS-Il and MIPAS-B measured quantities is found to be
quite good. The shapes of all measured profiles are very similar. The clear negative
bias in the previous ILAS-Il version 1.4 data is reduced significantly in the newer data
version. Except for the region around 30 km, differences calculated for the new version
2 data are clearly within the combined error limits and the mean absolute difference
averaged over all coincident altitudes amounts only 6%.

3.2 Nitrous oxide and methane

Profile comparisons of N,O and CH, are considered together since the behaviour of
these long-lived trace gases in the stratosphere in terms of transport and lifetime is
similar. Figure 2 and Fig. 3 display the intercomparison of N,O and CH,, respectively.
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Both tracers exhibit very low values in the altitude region around 22 and 23 km which
point to strongly subsided air masses originating from the upper stratosphere or lower
mesosphere (Engel et al., 2006). Both ILAS-II data versions reproduce the N,O profile
observed by MIPAS-B very well. Differences are clearly inside the combined errors
and mean absolute deviations over all coincident altitudes amount only about 4 ppbv
(~17%) whereas the mean deviation even amounts only —0.1 ppbv (-11%) for the
version 2 data.

Small differences inside the combined error limits are also obvious when looking
at the CH, comparison with the ILAS-II version 2 data. The negative bias visible in
the version 1.4 data above 22 km has vanished in the newer data version such that
the mean absolute difference diminished to 0.06 ppmv (9.4%). A slightly downwards
increasing CH, positive bias is visible below 23km. Anyhow, the intercomparison of
N,O and CH, confirms that MIPAS-B and ILAS-II actually sounded air masses with
similar characteristics.

Measured N,O-CH, relationships serve as self-consistency checks since they are
not influenced by any mismatch of air masses with different degree of subsidence.
Both measured correlations (see Fig. 4), ILAS-Il and MIPAS-B, are quite close to the
standard relationships deduced by Engel et al. (1996) and Michelsen et al. (1998) af-
ter trend-correction to the year 2003 taking into account mean increase rates of CH,
and N,O. The positive bias in the ILAS-Il CH, version 2 data in the lowermost strato-
sphere (cf. Fig. 3) yields to mesh points which are slightly above the standard N,O-CH,
correlations.

3.3 Water vapour and hydrogen budget

H,O profiles measured by MIPAS-B and ILAS-Il are presented in Fig. 5. The strong
vertical gradient in the MIPAS-B profile above the hygropause at 13km reflects the
subsidence of air masses in the polar vortex. The significant negative bias in the
ILAS-II version 1.4 data has disappeared in the newer data version above 21 km and
deviations are now within the combined error limits in this altitude region.
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The oxidation chain of CH, in the stratosphere produces about two molecules of
H,O. The sum H=[H,O]+2[CH,] is therefore a good measure for the hydrogen bud-
get in the stratosphere because it is a quasi conserved quantity in this altitude region.
Figure 6 displays the hydrogen budget as measured by ILAS-Il and MIPAS-B in com-
parison to earlier observations (Engel et al., 1996; Herman et al., 2002). Inferred
MIPAS-B volume mixing ratios are quite close to these observations. Above 21 km the
agreement between MIPAS-B and ILAS-II data version 2 is pretty good. The negative
bias of up to 1 ppmv in the ILAS-II data below this altitude is caused by the large neg-
ative bias in H,O which is partly compensated by the small positive CH, bias in this
altitude region.

3.4 Nitrogen species

Comparison results for the nitrogen reservoir species HNO4 are depicted in Fig. 7. Up-
dates of HNO; spectroscopy have been performed from the HITRAN 2k to the HITRAN
2004 spectroscopic database (Rothman et al., 2005). Hence, MIPAS-B retrieval cal-
culations have been carried out with the same spectroscopic data base that was used
for the ILAS-II data analysis. The shape of the profiles observed by both instruments
is very similar, including the dip at 24 km. While there is a small positive bias visible in
the ILAS-II version 1.4 data, this bias completely disappears in the new version 2 data.
Residual differences between ILAS-Il and MIPAS-B are now very small (mean absolute
difference less than 6%; mean difference less than —2%).

The comparison for the temporary chlorine and nitrogen reservoir species CIONO,
is shown in Fig. 8. The profile shape measured by MIPAS-B exhibiting high amounts of
CIONO, of up to 2.3 ppbv, which are typical for the late arctic winter vortex after pas-
sivation of active chlorine, is nicely reproduced by ILAS-II. Except the highest altitude
region around 30 km where some deviations between ILAS-II and MIPAS-B are visible,
the agreement between both sensors is excellent. The mean absolute difference is
less than 10%.

The comparison of the short-lived nitrogen species NO, is given in Fig. 9. As for
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HNQO,, spectroscopic NO, updates in the HITRAN databases had to be taken into ac-
count when performing the MIPAS-B retrieval. The molecule NO, exhibits a strong
diurnal variation in the stratosphere and is in photochemical equilibrium with NO and
N,Os. To balance these temporal variations the MIPAS-B results have been photo-
chemically transferred to the time and location of the ILAS-II observations with the help
of the three-dimensional Chemistry Transport Model (CTM) KASIMA (Karlsruhe Sim-
ulation model of the Middle Atmosphere; Kouker et al., 1999). The model was run in
a 2.0°x2.0° horizontal resolution. The MIPAS-B NO,, values were corrected by scaling
them with the altitude dependent NO, ratio determined from the modelled NO, profiles
for the measurement times and locations of both sensors. In spite of the photochem-
ical correction, a significant negative bias of up to about 1 ppbv is visible regarding
the ILAS-II version 2 data. Investigations of the influence of different photolysis rates
used in the CTM can only account for about 4% mean absolute differences in NO,
above 22 km (Wetzel et al., 2006). This effect can therefore only partly help to explain
the remaining differences between ILAS-Il and MIPAS-B measured quantities. Here,
ILAS-1I Northern Hemispheric sunrise data are being discussed. In contrast, Randall
et al. (2007) used ILAS-II version 2 Southern Hemispheric sunset NO, data for their
studies. They found this data in qualitative agreement with NO, measured by POAM llI,
although they also noticed a small negative bias in the ILAS-II mixing ratios compared
to the POAM lII observations.

As mentioned above, NO, is also photochemically linked with N,Og such that this
latter species exhibits a diurnal variation, too. This has to be taken into account when
comparing N,Og data of both sensors. However, although ILAS-II N,Og mixing ratios
of the new version 2 have increased compared to the old version 1.4 (leading to a
smaller negative bias compared to MIPAS-B) they are still less than zero except the
altitude region near 30 km. Hence, a sound comparison to MIPAS-B measured N,Os
quantities is not yet meaningful for this molecule.
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3.5 Chlorofluorocarbons

Figure 10 and Fig. 11 show the retrieved volume mixing ratios of the important chlorine
source gases CFC-11 (CCl3F) and CFC-12 (CCI,F,). For the species CFC-11, the
agreement between ILAS-II and MIPAS-B is pretty good below 20 km altitude. The
increase of ILAS-II CFC-11 mixing ratios above 20 km which is not visible in the MIPAS-
B data is far less pronounced in the newer data version and not significant with regard
to the large error bars which seem to be overestimated for this molecule.

An increase of volume mixing ratios above 23 km is also seen in the new ILAS-II data
version of the retrieved CFC-12 profile. Such an increase appears not realistic because
mixing ratios reach more than 500 pptv at 35 km which corresponds to tropospheric
values. The increase is also not visible in the MIPAS-B data. Below 22 km a significant
positive bias of at least 100 pptv in both ILAS-II data versions is clearly visible.

4 Conclusions

The intercomparison of ILAS-II trace species to MIPAS-B measurements has shown
that the overall agreement between both sensors has significantly been improved for
the new ILAS-II (Northern Hemispheric sunrise) data version 2 in comparison to the
older version 1.4. This is fully consistent with the recent findings of Griesfeller et
al. (2007) who compared ILAS-Il H,O, N,O, CH,, O3, HNO3, and CIONO, data to
MIPAS on ENVISAT. A summary of the assessment of the individual comparisons is
given in Table 1. For the species O3, N,O, CH,, HNO3, CIONO,, and CFC-11 a good
to excellent agreement between MIPAS-B and ILAS-II version 2 data could be identified
in the compared altitude region between 16 and 31 km. Hence, the new data version 2
of these molecules appears to be very useful for scientific studies. For the species H,0,
a good agreement has been achieved for altitudes above 21 km (version 2 data) while
for altitudes below a significant negative bias of about 1 ppmv is still obvious. ILAS-II
NO, and N,Og are widely characterized by negative biases compared to MIPAS-B re-
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sults although the magnitude of the biases has decreased from ILAS-Il version 1.4 to
version 2 data. In contrast, CFC-12 is still marked by a positive bias in comparison to
the balloon-borne observations. Hence, these latter gases cannot be assumed to be
validated at the present time. Reasons for these observed deviations are still specula-
tive and need further investigations. It should be mentioned that these gases provide
only minor contributions to the transmittance spectrum in the low-resolution ILAS-II
infrared channels and their spectral signatures are overlapped by strongly interfering
gases. Hence, their detection and analysis is quite difficult given the ILAS-II spectral
resolution.
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Table 1. Quality of agreement of ILAS-II data versions 1.4 (v1.4) and 2 (v2) compared to
MIPAS-B independent observations on 20 March 2003. Results are given for different species;
mean absolute difference (MAD), mean difference (MD), comments and ratings (++ very good;
+ good; o fair; — poor) are summarized. Mean difference values are calculated over all coinci-
dent altitudes.
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Species MAD (v1.4) MAD (v2) MD (v1.4) MD (v2) Comments and ratings vi4d v2
O, 11.6% 6.3% -10.0% -6.3%  small negative bias (within comb. errors) + +
N,O 16.6% 18.1% -11.8% -11.1% very good agreement +4+  ++
CH, 55.7% 9.4% —-53.0% 0.2% very good agreement for v2 + ++
H,O 28.4% 11.2% -28.4% -9.2%  negative bias (not for v2 above 21 km) - o
HNO4 14.2% 5.8% 14.2% -1.6%  very good agreement for v2 + + +
CIONO, 19.0% 8.6% 15.4% -8.3%  very good agreement for v2 + + +
NO, 120.7% 79.0% -78.9% —60.0% negative bias - o
N,Og - - - - mostly negative ILAS-II mixing ratios - -
CFC-11  22.7% 25.7% 14.2% 25.7% good agreement below 20 km +
CFC-12  69.6% 84.3% 69.6% 84.3% positive bias - -
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Fig. 1. Comparison of O4 profiles measured by MIPAS-B and ILAS-II (data versions 1.4 (v1.4)
and 2 (v2)) on 20 March 2003 above northern Scandinavia together with differences and com-

O, Volume Mixing Ratio (ppmv)

Diff./Err. (ppmv)

bined total errors. Mean difference values are calculated over all coincident altitudes.
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Fig. 2. Comparison of N,O profiles as measured by MIPAS-B and ILAS-II. Annotation as per

Fig. 1.
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Fig. 3. Comparison of CH, profiles as measured by MIPAS-B and ILAS-II. Annotation as per

Fig. 1.
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Fig. 4. N,O-CH, relationships as measured by MIPAS-B and ILAS-II (ILAS-II error bars for
CH, values less than 0.3 ppmv are omitted for clarity). Trend-corrected reference correlations
observed by other instruments (in-situ, Engel et al., 1996, and Atmospheric Trace Molecule
Spectroscopy Experiment, Michelsen et al., 1998) are shown for comparison. The Northern
Hemispheric tropospheric correlation value of 2003 is marked by a black circle.
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Fig. 5. Comparison of H,O profiles as measured by MIPAS-B and ILAS-II. Annotation as per

Fig. 1.
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ments (solid grey bar) carried out by Herman et al. (2002) are shown for comparison.
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Fig. 7. Comparison of HNO; profiles as measured by MIPAS-B and ILAS-Il. MIPAS-B HNO4
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which have been used for the ILAS-1I version 1.4 and 2 data retrievals, respectively.
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Fig. 8. Comparison of CIONO, profiles as measured by MIPAS-B and ILAS-II. Annotation as

per Fig. 1.
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Fig. 9. Comparison of NO, profiles as measured by MIPAS-B and ILAS-II. MIPAS-B NO, was
retrieved with HITRAN 2k (HIT-2k) and HITRAN 2004 (HIT-2004) spectroscopic data bases
which have been used for the ILAS-II version 1.4 and 2 data retrievals, respectively. MIPAS-B
mixing ratios have been photochemically corrected to the time and location of ILAS-1l observa-
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tions. Annotation as per Fig. 1.
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Fig. 10. Comparison of CFC-11 profiles as measured by MIPAS-B and ILAS-II. The Northern
Hemispheric tropospheric value of 2003 is marked by a black half circle. Annotation as per
Fig. 1.
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Fig. 11. Comparison of CFC-12 profiles as measured by MIPAS-B and ILAS-II. The Northern
Hemispheric tropospheric value of 2003 is marked by a black half circle. Annotation as per

Fig. 1.
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