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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 investigations carried out in this subproject employed results of model simulations with the fully coupled chemistry-climate model ECHAM4.L39(DLR)/CHEM (E39/C). 

The relationship between changes in the model's North Atlantic Oscillation (NAO) and the simulated variability of stratospheric ozone has been investigated. For this purpose, an extreme NAO index composite study of the winter seasons of the time-slice scenario "1990" as well of the ECMWF reanalysis data set (ERA, 1979-1993) has been carried out. The results show that in the positive NAO phase the stratospheric polar vortex is stronger and colder than in the negative NAO phase. In the troposphere, the subtropical jet streams are weaker around the globe, whereas the mid-latitude storm track over the North Atlantic is shifted north-eastward and shows stronger zonal winds. Associated with the circulation patterns in the troposphere, the positive NAO phase is characterised by a reduced vertical propagation of stationary waves from the troposphere to the stratosphere. At the same time, transient wave activity is enhanced in the troposphere. The described patterns are found in both the reanalysis as in the model data indicating that E39/C reproduces the dynamical relationships related to the NAO.

After the implementation of a wavenumber-frequency analysis (WFA) and its verification, numerous applications have been developed. These applications aim at a) identifying how accurate E39/C represents transient large-scale Rossby waves in comparison to ECMWF reanalyses (ERA) and b) how these waves change through different time-slice experiments. The model represents the observed wave amplitudes well not only in the sum over all frequencies, but also in the different considered frequency bands. E39/C tends to underestimate the amplitudes of eastward travelling waves at small periods while enhancing these waves at greater periods. However, it simulates well the baroclinic character of these waves in respect to vertical amplitude growth and inclination. A remarkable feature of the model is its ability to simulate so-called "normal modes" very accurately.

A transient model simulation (1960 to 2000) using E39/C has been started in July 2002 and is running successfully on the DLR NEC SX-4 computer. It is expected that the model experiment will be finished at the end of January 2003. The progress of the simulation can be viewed continuously on the KODYACS webpage. The transient simulation considers several natural and anthropogenic effects which influence atmospheric composition and climate, e.g., major volcanic eruptions, the solar cycle, the quasi-biennial oscillation (QBO), increase of stratospheric chlorine loading due to increased CFC emissions, increase of greenhouse gas concentrations and surface emissions. The respective values have been defined on the basis of measurements. Observations are also employed for the definition of boundary conditions, i.e., sea surface temperatures and Cly and NOy  at the top of the model. Detailed analyses of the results of the transient model simulation have been started in co-operation with the other KODYACS partners.

