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ABSTRACT 
  
Measurements of OClO total columns can serve as an 
indicator of stratospheric chlorine activation. It has 
been shown in several studies that OClO observations 
from GOME are well suited to characterise the spatial 
and temporal evolution of the chlorine activation in 
both hemispheres. Here we present OClO observations 
from SCIAMACHY in nadir mode. Since to date no 
operational OClO products are available we 
investigated scientific products processed by the 
Universities of Heidelberg and Bremen. We compared 
the SCIAMACHY OClO SCDs to simultaneous 
observations from GOME and also to OClO 
observations made by the AMAYX-DOAS instrument 
on the DLR-Falcon. In both cases a good agreement 
was found. However, compared to GOME data the 
SCIAMACHY OClO SCDs still show a relatively 
large offset and scatter.  
 
1. INTRODUCTION 

 
Solomon et al. [1] first proposed that activation of 
stratospheric inorganic chlorine, namely the conversion 
of the ozone-inert reservoir species HCl and ClONO2 
into ozone-destroying chlorine oxides (ClO, Cl2O2), is 
responsible for the dramatic ozone destruction 
observed since the beginning of the 1980s over 
Antarctica during late winter and spring [2]. In the cold 
stratosphere of the polar night inorganic reservoir 
species are converted into activated chlorine species by 
heterogeneous reactions, which occur on polar 
stratospheric clouds (PSCs) formed at the low 
stratospheric temperatures prevailing during polar 
night [1,3]. 
One commonly used remote sensing technique for the 
monitoring of the stratospheric chlorine activation is 
the spectroscopic measurement of OClO 
[4,5,6,7,8,9,10]. The most important stratospheric 
source of OClO is the reaction of BrO and ClO. In the 
sunlit stratosphere inorganic bromine primarily resides 
in BrO. BrO concentrations vary only slightly, and the 
availability of ClO often limits the formation of OClO. 
It has been shown by [11] that OClO can (at SZA < 
92°) serve as an indicator for the amount of 

stratospheric ClO, i.e. the chlorine activation [see also 
4]. 
In this study we present OClO data derived from 
spectra measured by GOME and SCIAMACHY. These 
data allow to monitor the stratospheric chlorine 
activation on a daily basis.  

2. DATA ANALYSIS AND RESULTS 
 
The SCIAMACHY DOAS OClO analysis was 
performed in the UV spectral range (for details see 
[7,8]. In contrast to the GOME analysis for the 
SCIAMACHY in addition to the trace gas cross 
sections further spectra were included in the DOAS 
fitting process (see Table 1).  
 
Table 1 Reference spectra used in the DOAS analysis 
Spectrum Remark 
OClO 213 K, Krominga et al., 2003 [12] 
O3 223 K, Bogumil et al., 2003 [13] 
O4 298 K Greenblatt et al., 1990 [14] 
NO2 220 K, Vandaele et al., 1997 [15] 
Ring Calculated, Bussemer, 1993 [16] 
Offset 1/Io included in Fit 
Polarisation 1 Eta from key data 
Polarisation 2 Zeta from key data 
Fraunhofer 1 Atmospheric spectrum, SZA 70° 
Fraunhofer 2 Direct solar spectrum, ESM 
Fraunhofer 3 Direct solar spectrum, ASM 
 
These spectra characterise the polsarisation sensitivity 
of SCIAMACHY and were taken from the key data. 
Moreover, also different Fraunhofer reference spectra 
were used: Besides atmospheric measurements at low 
SZA (see [7]) also direct solar spectra via the ESM or 
ASM diffuser were selected. In Figure 1 and 2 the 
influence of the different choices is presented. Without 
the use of the polarisation corrections spectra the 
derived OClO SCDs show two major shortcomings: 
First the OClO SCDs outside the polar vortex and at 
small SZA can show values significantly different from 
zero. In addition, also a large scatter of the data is 
found. Including the polarisation spectra in the fitting 
procedure reduces both problems and leads to much 
more convincing results. The Bremen SCIAMACHY 
OClO analysis includes additional spectra in the DOAS 
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fitting process; they are partly derived empirically. 
Accordingly the OClO SCDs from this analysis show a 
further reduced scatter (Fig. 3). Nevertheless, still an 
offset is found, which leads to apparent negative values 
outside polar regions. 
 

 
Fig. 1 OClO SCD derived from SCIAMACHY 
(scientific algorithm from the University of 
Heidelberg, SCIA-orbit 2510). Including polarization 
spectra from key-data in the DOAS fit improves 
significantly the consistency of the results. 
 

 
Fig. 2 Influence of different Fraunhofer spectra on the 
OClO SCDs derived from SCIAMACHY observations 
(scientific algorithm from the University of 
Heidelberg, SCIA-orbit 2510). Results from 
simultaneous GOME observations are also included in 
the diagram. 
 
In Fig. 4 maps of the OClO SCDs from GOME and 
SCIAMACHY are shown. In both data sets a good 
agreement is found: High values towards the south pole 
as can be expected from meteorology and viewing 
geometry. It is important to note here, that there is a 
small temporal difference between both overpasses, 
which can explain at least part of the remaining 
differences. 
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Fig. 3 SCIAMACHY OClO (orbit 2510) results from 
the scientific algorithm of the University of Bremen. 
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Fig. 4 Comparison of maps of OClO SCDs derived 
from GOME and SCIAMACHY (scientific algorithms 
from the University of Heidelberg).  
 
We also compared the SCIAMACHY OClO SCDs to 
values derived from the AMAX-DOAS instrument 
flown on the DLR-Falcon [17,18]. On January 26th, the 
DLR-Falcon flew from Kiruna (67.82°N, 20.34°E) to 
the north east, turned at 80°N, 30°E and came back on 
almost the same route. During the flight OClO slant 
columns were measured by the AMAXDOAS 
instrument in the 180°, 92°, and 88° viewing 
directions. The OClO slant columns for 92° are shown 
in Fig. 5.  
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Fig. 5. AMAX-DOAS OClO slant columns measured 
in January 26 in the 92° viewing direction as a function 
of latitude and longitude. 
 

 
Fig. 6: OClO SCDS from SCIAMACHY (scientific 
algorithm, Uni-Bremen). The black line is the vortex 
boundary at 40 PVU, the cyan line is the 200K 
temperature isoline, both at 475K potential 
temperature. Only 5 orbits of SCIAMACHY data are 
available up to date. 
 
In the northeast OClO concentrations are high which 
partly is a result of large SZA but also of larger local 
OClO concentrations. This is supported by the GOME 
and SCIAMACHY measurements and also the 
ECMWF temperature and PV analysis data. The vortex 
position and SCIAMACHY OClO SCDs are plotted in 
Fig. 6. From the satellite maps it is clear, that OClO 
was present within the vortex, which was close to 
Kiruna on the day of measurements, leading to a large 
gradient along the flight track. During the flight, OClO 
SCDs ranged between 0.7-3.5*1014 Molec/cm2 as a 
function of latitude and SZA, which again is in 
excellent agreement with the variation observed in the 
SCIAMACHY data north of Kiruna. While this is a 
very encouraging result, a point by point validation of 

the satellite data will only be possible if the full 
radiative transfer and horizontal change in OClO is 
taken into account. 
 

3. CONCLUSIONS 
 
We presented first OClO SCDs derived from 
SCIAMACHY using two scientific algorithms 
(developed at the Universities of Heidelberg and 
Bremen). Reasonable OClO results can so far only be 
achieved if additional spectra are included in the fitting 
procedure. The main improvement is found if 
polarisation spectra from the SCIAMACHY key-data 
are used indicating that still problems in the absolute 
calibration of SCIAMACHY spectra exist. The 
comparison of SCIAMACHY OClO SCDs with 
GOME and aircraft observations shows very good 
overall agreement. Remaining limitations of the 
derived SCIAMACHY OClO SCDs are a large scatter 
of the SCIAMACHY data and an offset which can lead 
to (unphysical) values ≠ 0 outside polar regions. It is 
interesting to note that already a simple normalization 
procedure might yield a pragmatic solution for the 
offset problem: the OClO results of a whole orbit must 
be shifted in order to lead to values close to zero for 
low latitudes. 
The derived SCIAMACHY OClO SCDs are already a 
very promising data set. They allow to continue the 
OClO time series from GOME and thus to monitor the 
evolution of stratospheric chlorine activation during the 
period of probable Cly decrease in the stratosphere. It is 
recommended that a specific OClO analysis following 
the scientific retrievals should soon be implemented as 
an operational data product. 
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