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ABSTRACT

From the limb viewing geometry (i.c. tangential to
Earth’s surface and its atmosphere) it is possible to
retrieve moderate resolution vertical profiles of various
stratospheric trace gases. BrO and OCIO profiles
retrieved from the SCIAMACHY Limb measurements
in a two step approach are presented and compared to
independent balloon borne and satellite observations.
For the BrO profiles, a good agreement is found. For
OCIO profiles, there exist no correlative validation
measurements so far. However, since OCIO is an
indicator for CIO, the OCIO profiles derived from
SCIAMACHY limb observations are compared to
measurements of CIO by AURA-MLS and ODIN-SMR.

1. STRATOSPHERIC CHLORINE AND
BROMINE ACTIVATION

In the polar winter, stratospheric temperatures can fall
below the threshold for formation of polar stratospheric
clouds (PSCs). On PSC particles, heterogeneous
reactions take place, which convert the ozone-inert
chlorine reservoirs (mainly CIONO, and HCI) into
ozone destroying species (active chlorine, mainly Cl,
CIO and CIOOCI, see e.g. [1]). This activation of
chlorine initiates catalytic ozone destruction cycles like
the ClO-CIOOCI and the CIO-BrO cycle [2,3]. OCIO
(chlorine dioxide) is almost exclusively formed by
reaction of ClO with BrO [4]. The amount of OCIO in
an air mass therefore gives a good indication of the level
of chlorine activation, especially for solar zenith angles
below 90 degrees [5,6,7]. Since OCIO shows strong
differential absorption features in the UV spectral range,
it can be detected by means of Differential Optical
Absorption Spectroscopy (DOAS) [8,9,10]. Nadir
observations of OCIO by GOME [17], the predecessor
of SCIAMACHY, have been applied for the long-term
monitoring of chlorine activation [10,11,12] and for
case studies [13,14,15].

Until the launch of SCTAMACHY, vertical profiles of
BrO and OCIO have not been measured on a long term
and global scale. Compared to observations of total
columns, the knowledge about the vertical distribution
of trace gases allows to establish correlations between
them (and to meteorological parameters) in a much
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more quantitative manner and also on individual altitude
levels. Thus, limb measurements of scattered sunlight
provide a new insight in stratospheric chemistry and are
valuable to investigate still open questions.

2. SCIAMACHY LIMB MEASUREMENTS

The Scanning Imaging Absorption Spectrometer for
Atmospheric Chartography [16] is a UV/VIS/NIR
grating  spectrometer  aboard the  European
Environmental satellite ENVISAT-1. The satellite
operates in a near polar Sun synchronous orbit with
inclination from the equatorial plane of approximately
98.5°. It performs one orbit in 100 minutes with equator
crossing time of 10:00 in descending mode.
SCIAMACHY measures the intensities of the direct
sunlight and of the light scattered back from the earth
and its atmosphere in moderate spectral resolution over
a wide wavelength range in nadir, limb and occultation
viewing modes. At the day side of Earth the instrument
probes the atmosphere in alternating sequences of nadir
and limb measurements. The Limb scans are performed
with approximately 3.3 km altitude steps from ground to
approx. 100 km height. Horizontally the atmosphere is
scanned with swaps across flying direction of 960 km at
tangent point, consisting of 4 pixels with 240 km width
each, see Fig. 1. The instantaneous field of view is
0.045° in elevation and 1.8° in azimuth, which
corresponds to approximately 2.5 km and 110 km at the
tangent point respectively.
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Figure 1: SCIAMACHY limb geometry.









Figure 6: Retrieved vertical profile of BrO number
densities (upper panel) and averaging kernels for the
retrieval with a priori (bottom). Values are displayed
for state no. 9 (63° N) of orbit 10811.

4. BrO: COMPARISON TO BALLOON
MEASUREMENTS

To investigate how well the profiles derived from
applying our two step algorithm on the SCIAMACHY
limb observations agree with independent, correlative
measurements, we compared the BrO profiles to the
ones obtained from balloon measurements performed
especially for the validation of SCTAMACHY [30].
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Figure 7: BrO measurements for the 9" of October,
2003 near Aire sur l'Adour, France. The balloon
observations (red) are performed at the same day and
correlated to the SCIAMACHY measurements (black)
by trajectory calculations. Also, a photochemical
correction to match the SZA of the SCIAMACHY
observations has been applied [30].

5. OClO: COMPARISON TO MEASUREMENTS
OF CIO BY AURA-MLS AND ODIN-SMR

In the Arctic winters 2002/03 and 2004/05 stratospheric
temperatures were well below the threshold for PSC-
formation, especially in January. This caused moderate
to large levels of chlorine activation, allowing to
compare the SCIAMACHY OCIO observations to the
ones of ClO by SMR and MLS. For all examined days,
the maps show a good qualitative and quantitative
agreement in the degree and spatial extension of
chlorine activation, for an example see Fig. 8.
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Figure 8: OCIO number density at 18 km retrieved
from SCIAMACHY limb observations in comparison to
the CIO mixing ratio measured by SMR (Sub Millimetre
Radiometer) on ODIN at 19 km (adapted from [33]) for
selected days in January, 2003. Displayed are values
for the northern hemisphere in polar projection.

6. RESULTS: GLOBAL MAPS

Since the derived profiles are in good agreement with
expectations and all available measurements, we started
to evaluated the whole SCITAMACHY data set (2002-
2007), see Figs. 8 and 9 for examples.

Figure 8: OCIO number density at 18 km for the 21° of
January, 2005 in north-pole projection.
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Figure 8: BrO number density at 18 km for the I of
February, 2005 in equatorial projection.

7. CONCLUSION & OUTLOOK

Results of our two step approach for the retrieval of
vertical profiles from SCIAMACHY limb observations
were presented. The algorithm allows to perform the
profile retrieval either with or without constraining the
inversion by a priori knowledge. The inversion by the
least squares approach (independently from a priori)
results in reasonable profiles for altitudes between 15
and approx. 30 km. For wider altitude ranges, it is
necessary to constrain the inversion by applying a priori
profiles, which is achieved by the optimal estimation
method.

Results for BrO and OCIO profiles were compared to
balloon measurements as well as satellite observations.
For all comparison studies performed, a good agreement
was found. However, the number of correlated
measurements is small (for OCIO none exist so far).

At the moment, the complete record of SCTAMACHY
limb spectra (since October 2002 until present) is
evaluated for NO,, BrO and OCIO profiles. The
obtained data set of vertical profiles will be applied for
studies on stratospheric chemistry, like inter-annual and
inter-hemispheric =~ comparisons  (variability — and
evolution of the magnitude and profile peak height),
correlations to stratospheric temperatures and other
stratospheric trace gases, and comparison to results from
established model simulations.

For BrO and OCIO it may be possible to improve the
profile retrieval if horizontal inhomogenities (see e.g.
[34]) and also the diurnal cycle is accounted for. This is
in particular important for limb measurements close to
the terminator, where the abundance of BrO and OCIO
is strongly depending on the SZA. In this respect, it will
be useful to complete the daytime OCIO profiles
derived from limb observations with the night-time
OCIO profiles from SCIAMACHY occultation
measurements.
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