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1. Abstract

Ultraviolet limb scatter measurements from the eight channel spectrometer SCIAMACHY on board ESA's spacecraft Envisat are used for the retrieval. Comprehensive sensitivity studies, profile validation, and geophysical applications are employed to state the quality, and to explore novel (geo)physical features of the upper atmosphere.

For this, the strongly absorbing Hartley  bands between 250 and 310 nanometer are employed. Fraunhofer and emission lines from atmospheric constituents are considered for the selection of eventually thirteen radiance profiles. The inversion of the limb radiance profiles to ozone concentration profiles is performed by an Optimal Estimation iteration

scheme employing the radiative transfer model SCIARAYS. The full spherical model SCIARAYS derives the weighting functions analytically, and considers the first two orders of Rayleigh-King scattering. The second order of scattering is shown to have only a negligible 

impact on the retrieval. Therefore, the computational rate of the retrieval is fairly high.

The retrieved profiles are supposed to cover an altitude range as wide as possible. The employment of the presented technique provides a sensitivity between thirty-five and sixty-five kilometers altitude, and a slight variation with the solar zenith angle of the respective observation. A vertical resolution of about three to four kilometers is reached. Comprehensive sensitivity studies as well as weighting functions and averaging kernels reveal this area of sensitivity up to seventy kilometers, although the sensitivity decreases significantly above sixty-five kilometers. 

Fits of the respective modeled and measured limb radiance profiles are used to adjust the selection of the wavelengths. They show an agreement of about 1.5 percent in average. The retrieval is almost independent on a priori covariances which are set to sixty-five percent. The initial profile information for the iteration scheme is provided by a five-year highly resolved United Kingdom Universities Global Atmospheric Modelling Programme climatology, which basically consists of observations from the Solar Mesosphere Explorer satellite.

Sensitivity studies show an accuracy of the retrieved profiles below twenty percent, where the largest error source is an incorrent tangent height attitude of the spectrometer. The accuracy to about five hundred meters is archieved by an upstream tangent height retrieval. 

Further error sources are by the measurement geometry induced uncertainties of the specification, and the temperature dependent cross sections. Also, a quantitative and overal summary of the ascertainted errors is given.

Comprehensive validations with coinciding observations from the MIPAS and HALOE satellites, and from a ground based microwave radiometer, provide an agreement within ten percent, at least in an altitude range between thirty-five and fifty kilometers. The validation above 50 kilometers is still incomplete. Anyhow, all comparisions show reasonable agreement, even above fifty kilometers. Further validations have to show whether the retrieved specification of the ozone concentrations agree with other instruments.

2. Algorithm Document (AD)

For a comprehensive description of the algorithm we refer to Rohen et al., (2005), Rohen et al., (2006), and Rohen et al., (2006a). 

The employed forward model is SCIARAYS. SCIARAYS is a fully spherical radiative transfer model which derives the backscattered radiation in limb viewing geometry and was especially developed for SCIAMACHY. In our retrieval we only use the first order of Rayleigh scattering and the ozone absorption as measured by GOME FM. No Aerosol have been taken into account. For comprehensive description we refer to Kaiser (2001

We use Optimal Estimation for the inversion of the limb radiance profiles. The retrieval vector is set up by 13 radiance profiles between 250 and 310 nm with each 21 measurement samples. The vector has a dimension of 273 elements. 

The apriori climatology is provided by the UGAMP (Li, 1995) climatology based on five year climatologies of several measurements of satellites and models. The a priori covariance matrix was set to 65%, and the measurement covariances to 10% on the diagonal. 

Extensive sensitivity studies have been done. The largest error source is the tangent height offset of SCIAMACHY. An overview of the errors is given in Table 1.

Table 1: Overview of the error sources. Further details can be found in (Rohen,2006a).

[image: image1.jpg]Altitude [km] 35 39 45 51 57 65
Albedo 2.0 1.0 0.1 0.02 0.01 <0.01
Scattering modes 2.3 0.8 0.2 0.05 0.01 <0.01
A priori 5 1 3.0 2.5 3.0 7.0
Cross-sections 4.0 5.1 4.0 2.5 0.2 0.05
Background density 1.6 1.85 1.8 0.9 0.1 0.2
Pointing errors 5 9.6 15.5 13.5 16.5 19
Solar zenith angle 14 11 10.5 12.5 13.2 9
Total Error (1 0) 16.5 15.7 19.5 18.8 21.3 22.2





Also, comprehensive validation studies have been done with profiles from MIPAS (IMK) and HALOE v19. They show a general agreement within 10%. Above 50 km, further validations have to be done since the HALOE profiles have to be photo-corrected. For comprehensive sensitivity and validation studies we refer to (Rohen, 2006a). 

3. Product Specification Document

The products are ozone profiles between about 35 and 65 km with a vertical resolution of 1 km. The current retrieval version is 2.25. The profile data are stored in ASCII files with the nomenclature ‘Date’_’orbit’_’number’_’state’.dat. Specifications are described in each profile file. 

The data qualitiy at the moment is fairly good, with exception of profiles from measurements which are affected by noctilucent clouds. A cloud detector implementation is currently ongoing for version 2.26. 
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