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ACRONYMS AND ABBREVIATIONS  

 

CDOP   Continuous Development and Operations Proposal 

DLR   German Aerospace Centre  

DOAS   Differential Optical Absorption  Spectroscopy 

GDP   GOME Data Processor 

GOME   Global Ozone Monitoring Experiment 

MetOp   Meteorological Operational satellite 

NRT   Near-real-time 

O3MSAF  Ozone Monitoring Satellite Application Facility 

OMI   Ozone Monitoring Instrument 

OTO/OClO  Offline Total OClO 

SCIAMACHY Scanning Imaging Spectrometer for atmospheric Chartography 

SZA   Solar Zenith Angle 
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Applicable O3MSAF Documents 

 

[ATBD]  Algorithm Theoretical Basis Document for GOME-2 Total Column Products of 

Ozone, NO2, SO2, BrO, H2O, HCHO, OClO, tropospheric NO2 and Cloud 

Properties, DLR/GOME-2/ATBD/01, P. Valks, D. Loyola, N. Hao, M. Rix, S. 

Slijkhuis,. 

[PUM] Product User Manual for GOME Total Columns of Ozone, NO2, SO2, BrO, H2O, 

HCHO, OClO, tropospheric NO2, and Cloud Properties, DLR/GOME/PUM/01, , D. 

Loyola, W. Zimmer, S. Kiemle, P. Valks, S. Emmadi. 

[PRD] Product Requirements Document, SAF/O3M/FMI/RQ/PRD/001/Rev. 06, D. Hovila, 

J., S. Kiemle, O. Tuinder, H. Joench-Soerensen, F. Karcher, 2008. 

 

Technical information 

 

GOME-2 product name  total column OClO (OTO/OClO) 

Validation reporting period  January 2008 - December 2008 

Level-2 processor version GDP 4.4, UPAS version 1.4.0 

Input GOME-2 Level-1B data version table  

Start Date Start Orbit Level 1B Version 

Jan 04, 2007 1093 4.0 

Jan 07, 2009 11521 4.1.0 

Apr 07, 2009 12796 4.2.0 

Aug 18, 2009 14687 4.3.0 
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1. INTRODUCTION  
Anthropogenic release of long-lived halogenated compounds into the atmosphere has lead to a 

significant increase of chlorine and bromine in the stratosphere, resulting in dramatic ozone loss in 

the polar winter stratosphere (ozone hole) and less spectacular but equally important loss at other 

latitudes. The stratospheric ozone layer acts as a protective shield against UV radiation from the 

sun, and reduction in stratospheric ozone amounts leads to increased UV radiation at the surface 

with impacts on the biosphere and human health. Therefore, emissions of long-lived chlorine and 

bromine containing substances have been regulated in the Montreal Protocol and its amendments, 

and atmospheric levels of the precursor substances have been decreasing over the last decade. In 

order to assess the effectiveness of the measures taken, in particular in the context of climate change 

which impacts on ozone recovery, monitoring of stratospheric chlorine and bromine contents is 

important. 

Satellite instruments operating in the UV/visible part of the spectrum such as GOME, 

SCIAMACHY and OMI cannot observe the main chlorine reservoirs (HCl and ClONO2), nor the 

main reactive chlorine substance (ClO). However, the OClO molecule which is thought to be 

formed mainly from the reaction of ClO and BrO has strong absorption features in the UV part of 

the spectrum, and OClO columns are routinely retrieved from satellite UV/vis measurements. As 

OClO is rapidly photolysed, it can only be observed at low sun around 90° solar zenith angle. The 

presence of OClO in the measurements is interpreted as indication for the presence of ClO which in 

turn is indicative of chlorine activation. Thus, OClO measurements can be used to identify chlorine 

activation and to monitor its change over time. Adding OClO slant columns to the operational 

GOME-2 data will extend the existing record of stratospheric chlorine activation measurements 

from 1995 to the future.  
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2. RETRIEVAL SETTINGS A ND DATA SET USED 
The results presented here are based on a one year data set of GOME-2 OClO columns for 2008. 

The IUP Bremen data are based on the consolidated lv1 data set version 4.0 until June 2008 and 

NRT lv1 data (also version 4.0) for the rest of the data. The operational data product OTO/OClO 

from DLR has been specifically produced for this intercomparison. In most of the figures, an older 

version of the product is being used which had a solar zenith angle cut-off if any of the solar zenith 

angles (satellite, top of atmosphere, bottom of atmosphere) was larger than 92° SZA. In the latest 

data version, this constraint has been removed and this is the data shown in the comparison with 

respect to solar zenith angle (Figure 14). 

The DOAS retrieval settings used have been harmonised as much as possible between IUP Bremen 

and the operational data product OTO/OClO from DLR. They are listed in Table 1. Remaining 

differences between the two data products are linked to different treatment of spectral calibration, 

shift & squeeze and details of the interpolation and fitting routines.  

For the SCIAMACHY data used in section 5, the same settings were used as for GOME-2 with four 

exceptions: 1) the SCIAMACHY-FM NO2 cross-sections were used, 2) the undersampling was 

calculated using the IUP-Bremen software, 3) an offset and slope were included in the fit based on 

the earth-shine, not the irradiance spectrum, and 4) a ñmagic ratioò spectrum derived from the ratio 

of two measurements taken with and without cloud is included in the retrieval. 

Table 1: Summary of retrieval settings used 

Parameter Settings 

Wavelength window 365 ï 389 nm 

Polynomial 5 coefficients 

Background Most recent solar irradiance 

Cross-sections 

NO2  GOME2-FM @ 223 K Gür et al., 2005 

O4 Hermans et al., 1999 

OClO Kromminga et al., 1999, 213 K, convoluted 

Ring GOMETRAN, provided by IUP-Bremen 

Zeta POL_ZETA.203 Version 1.2 

Undersampling Provided by DLR 

Offset 1 / solar spectrum 
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3. CONSISTENCY OF GOME-2 OCLO PRODUCT 
As a first step, the GOME-2 OClO data from the operational product are analysed for their internal 

consistency. For OClO, the expectation is that no OClO is retrieved under any conditions outside 

the activated polar vortex in spring. If present, OClO is situated in the stratosphere and surface 

elevation, surface spectral reflectance and clouds should not have an impact on the results. As no 

OClO is expected outside the vortex, light path differences (airmass factor variations) cannot play a 

role there and consequently, there should be no variation with solar zenith angle (SZA) or viewing 

angle. 

3.1 Overall pattern 

In Figure 1, the monthly averages of the OClO slant columns from the operational products are 

shown for the year 2008. The colour scale used includes negative values to better display the range 

of values obtained. However, even using this scale, on some months values are outside the range. 

GOME-2 OClO columns nicely pick up enhanced OClO in the periods of chlorine activation in the 

Northern Hemisphere (January and February) as well as in the Southern Hemisphere (July to 

September). However, the columns are not 0 outside these special regions as one would expect from 

atmospheric chemistry considerations. In particular in the Northern Hemisphere in summer, but also 

in Southern Hemispheric summer, very low values (-5x10
13

 molec cm
-2
 and less) are observed over 

large regions. These results are clearly unphysical. In addition, high values (>2x10
13

 molec cm
-2

) 

are retrieved at high latitudes outside the regions where chlorine activation is expected. This poses a 

serious problem for interpretation of the data as these values would be taken for chlorine activation 

but probably are related to retrieval or lv1 problems. 

Some of the patterns visible in the maps appear to be linked to topography (higher values over high 

mountains), reflectivity (higher values over bright surfaces) and sea-land contrast. This is indication 

of either spectral interference by O4, Ring effect or surface albedo or of lv1 data calibration issues, 

e.g. linked to signal strength. 

In some months, stripes (January), an overall offset (March) or systematic patterns (September) are 

apparent in the monthly averages. These are probably linked to GOME-2 instrument changes and 

are discussed in more detail in section 3.2. 
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Figure 1: Monthly averages of OClO slant columns from the operational product 

for 2008 

3.2 Lv1 problems 

 

Figure 2: One day of OClO slant columns from the operational product 

 showing the change in offset occurring when the solar spectrum changes 

As could already be seen in Figure 1 for September, the OClO columns sometimes have large 

offsets to their ñnormalò values, probably as result of lv1 calibration problems. This is further 

illustrated in Figure 2, where results from a single day (September 15, 2008) are shown. Clearly, 

there is an offset in a group of orbits, and a similar pattern is observed on other days in September 

and in other months. In Figure 3, the values found close to the equator (+/- 20° latitude) are shown 

for each orbit in 2008 (some outliers have been removed). As one can see, there is a general low 

bias of several 10
13

 molec cm
-2

, a smooth seasonal variation and several periods where a pattern of 

varying OClO offset is observed (January, march, twice in September). On the latter occasions, the 

daily images look as Figure 2. One explanation for this behaviour could be a slow drift in the lv1 

which is occurring between the updates of the solar spectra which happens in the first orbit West of 

Europe. Such a drift can for example be explained by instrument switch-offs such as the double 

switch-off period occurring in September 2008. For this reason, instrument switch-offs are also 

indicated in Figure 3. 
























