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DLR project:

Investigation of mutual influences of greenhouse effect and changes of dynamic and chemical processes in the UT/LS employing model simulations and observations,

as a part of the joint-project:

Coupling of dynamics and atmospheric chemistry in the stratosphere (KODYACS)

The coupled chemistry-climate model ECHAM4.L39(DLR)/CHEM has been employed for so-called timeslice experiments. Four distinct numerical experiments have been carried out, which have each been integrated for 20 model years in a quasi-stationary mode, i.e. keeping the physical and chemical boundary conditions constant (concentrations of greenhouse gases, sea surface temperatures, upper and lower boundary conditions for chemical species). The model simulations have been defined with respect to atmospheric conditions related to the timeslices (years) "1960", "1980", "1990", and "2015". The employed model configuration as well as first intercomparisons of the "1990" simulation with observations can be found in Hein et al. (2001). Additional investigations of dynamic and chemical values in the lower stratosphere were given by Schnadt et al. (2002). The model results show that the coupled model system is not only able to reproduce fairly well the climatological mean state, but also the observed interannual and seasonal variability of dynamic and chemical values and their trends during recent decades. This has been indicated by intercomparisons of model results with satellite data and long-term observations from ground stations (e.g., Hohenpeißenberg). The analyses of model data show that considering mutual effects of dynamic and chemical processes is important to realistically describe the atmospheric behaviour and changes.

To further analyse the causes of atmospheric changes, an algorithm for a wave frequency analysis (WFA) has been implemented at DLR. Employing this method, a first intercomparison has been carried out, which is based on the ECMWF re-analysis data (ERA) and on results of the so-called reference simulation ("1990"). This study shows fair agreement of the model results with the analysis data regarding the reproduction of the observed distribution of frequencies and amplitudes of planetary waves at distinct wave numbers.

The definition of the planned transient model simulations (1960-2000) with the coupled chemistry-climate models ECHAM4.L39(DLR)/CHEM and MAECHAM/CHEM has been finished. In KODYACS these simulations will be employed for further investigations with respect to chemistry-climate interaction processes. Consistent and uniform data sets have been constructed, which will be needed for the transient simulations with both model versions, e.g. for sea surface temperatures, the distribution of stratospheric volcano aerosol, the zonal mean lower stratospheric winds in the tropics and subtropics (QBO), the chemical conditions at the upper boundary of ECHAM4.L39(DLR)/CHEM.
