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1 Introduction

It is easy to understand why satellites are important for stratospheric data assimilation, since few other types
of observations of the stratosphere exist. However, since the subject of this year’s Annual Seminar is the
use of satellite observations for numerical weather prediction (NWP), some obvious questions are: Why is
stratospheric data assimilation important for NWP in the first place, and what are the some of the special
challenges associated with it?

The main motivation for including a stratosphere in an NWP system is to improve the use of satellite observa-
tions of the troposphere. This is because direct assimilation of radiance data involves calculating the radiative
transfer along the path observed by the satellite, using estimates of the atmospheric state generated by the as-
similating model. Since many tropospheric sounding channels important for NWP have some sensitivity to the
stratosphere, the model must provide accurate information on the entire atmospheric column to allow data from
these channels to be used well.

There are various studies indicating the important role that stratospheric variability plays in driving tropospheric
weather on monthly and seasonal timescales. An improved representation of the stratosphere may therefore
ultimately help to extend the useful forecast range in NWP models.

Most NWP models nowadays extend far into the stratosphere, and often include part of the mesosphere. Since
February 2006 the top level of the ECMWF forecast model has been at 0.01hPa, with approximately half of the
91 vertical levels outside the troposphere. The uppermost 4 of these serve as a sponge layer, whose purpose is
to absorb upward propagating waves and prevent spurious reflection at the upper boundary. Consequently the
highest model level that can be considered as physically meaningful is located at 0.1hPa, which corresponds to
an altitude of around 65 km well into the mesosphere.

Challenges in stratospheric data assimilation arise from the presence of large model errors combined with
incomplete observational coverage. Satellite observations of the stratosphere mainly contain information about
temperature and ozone. Radiance assimilation produces changes to the model wind field via balance constraints
imposed by the analysis, but whether these constraints as currently formulated are actually suitable for the
stratosphere is an open question. Furthermore, the dynamical constraint imposed by 4D-Var can affect the
wind field as well. This is a potential benefit of 4D-Var, but we have found that the assimilation of ozone profile
data in the lower stratosphere can generate large and unrealistic changes to upper stratospheric flow. This is
mainly due to the large biases in the ozone data relative to the model, together with the lack of observational
constraints available for the upper stratosphere.

Acknowledgements

This presentation has relied on input and results provided by Rossana Dragani, Sean Healy, Elias Hólm, Marco
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