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Abstract
Ozone is an important constituent of the Earth’s atmosphere and monitoring its vertical and 
horizontal distribution on a global scale is important to improve our understanding on air quality, 
tropospheric chemistry, and climate change. For this purpose, satellite measurements in 
different spectral ranges are exploited. For example in the ultraviolet (UV), information about 
ozone can be retrieved in the Hartley and Huggins band between 200 nm and 360 nm. Also the 
thermal infrared (TIR) comprises information about ozone around the 9.6 µm absorption band 
between 1000 — 1065 cm-1. The Global Ozone Monitoring Experiment 2 (GOME-2) and the 
Infrared Atmospheric Sounding Interferometer (IASI) onboard the European MetOp satellites 
continue the long heritage of satellite instruments dedicated to observe ozone. The MetOp 
series consists of three consecutively launched satellites with the first one in orbit since October 
2006, ensuring a continuous data set of nearly two decades. GOME-2 measures earth radiance 
and solar irradiance spectra in the UV, visible and near-infrared spectral range between 240 nm 
and 790 nm and IASI measures TIR radiances between 3.62 µm and 15.5 µm (645 — 2760 
cm-1).

This work presents an effort to improve the estimation of the vertical ozone distribution by 
exploiting satellite measurements in the UV and TIR synergistically, which are provided by 
GOME-2 and IASI, respectively. A prerequisite for a combined UV-TIR retrieval is that both 
individual retrievals are as accurate and consistent as possible to prevent a propagation of 
deficiencies into the combined retrieval. For ozone profile retrievals from the TIR, it has been 
found that omitting thin cirrus clouds in the retrieval introduces a significant error on the 
retrieved ozone profiles. This has motivated a two-step retrieval approach to mitigate the effect 
of thin cirrus clouds on the ozone profile retrieval. The two-step approach includes the retrieval 
of an effective cloud optical thickness from the 15 µm CO2 absorption band and subsequently is 
input into the ozone profile retrieval from the 9.6 µm band. In the UV, ozone retrievals have 
been restricted to wavelengths between 325 — 335 nm because of the severe degradation of 
the GOME-2 spectrometer, which is strongest at shorter wavelengths. Consequently, as a trade-
off total ozone columns are retrieved. Because the used spectral region is affected by 
degradation as well, however to a lesser extent, a mitigation strategy is presented and 
subsequently applied. The employed inversion scheme is based on the scaling of a reference 
ozone profile, which allows for the direct fitting of the total ozone column. This requires accurate 
simulation of the GOME-2 radiances and in this regard three aspects have been studied that 
introduce forward model errors if not accounted for: the assumption of a clear sky model 
atmosphere in the forward model, the representation of the Earth's sphericity, and the need to 
account for polarization in the exploited spectral range. Moreover, it has been shown that the 
used profile scaling approach allows for two different interpretations of the retrieved total ozone 
column. The most common way is to interpret the retrieved total ozone column as an estimate 
of the true column. This requires accurate a priori knowledge of the ozone profile to be scaled 
by the inversion, which otherwise introduces a retrieval error. Alternatively, the retrieved total 
ozone column can be interpreted as an effective column defined by the vertical integration of the 
ozone profile using the total column averaging kernel as an altitude weight. In this way, the 
quality of the data product becomes much less dependent on the a priori assumption of the 
vertical distribution of ozone.

Considering the conclusions from the single band retrievals, the combination of the 325 — 335 
nm UV spectral region and the 1000 — 1065 cm-1 TIR spectral region is discussed. An 



extensive description of the Tikhonov regularization scheme used in the inversion is given to 
provide an insight into the contributions of the UV and TIR spectral bands to the combined 
retrieval. Included is a description of a set of analytic tools for both the combined retrieval and 
its spectral UV and TIR contributions comprising the averaging kernel, the retrieval error, and 
the error correlation between the state vector elements. The performance of the combined 
approach has been tested for simulated GOME-2 and IASI measurements and has shown an 
improvement of the retrieval error, increased sensitivity to ozone in the stratosphere, and a more 
altitude-confined error correlation. All together, these factors indicate that ozone structures can 
be separated better combining the UV and TIR spectral regions. The single band UV retrieval 
has shown a clear dependence of the retrieval sensitivity on increasing solar zenith angle, which 
has improved significantly when combining the UV and TIR spectral ranges in the retrieval. 
Applying the synergistic retrieval approach to GOME-2 and IASI measurements and validating 
the retrievals with ozonesonde measurements at four validation ground stations confirmed the 
findings from simulated measurements.


