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IN PROVAM in 2001 atmospheric observations from 1949 to 2000 were studied. A physical reference system was used to investigate the variability of global atmospheric circulation. The mass and horizontal motion fields are projected onto free oscillations (normal modes) of  a set of linearized equations of motion. So we were able to decompose the global circulation into one barotropic and several baroclinic as well as in gravity-inertial and planetary Rossby  components. This allows a physically self consistent filtering of the fields of mass and motion. The analyses were done with global data, but we concentrated on northern hemisphere winter. The tropospheric circulation is characterized by the barotropic components, the stratospheric by the 2nd baroclinic component. 

We also studied the concept of dynamic coupling between tropospheric and stratospheric circulation on the basis of linear wave theory (Charney-Drazin theorem). Here a multiple linear regression between the strength of the polar vortex (PC1 of the lower stratospheric circulation) and the first 10 PCs of the tropospheric circulation was performed.  The resulting pattern we call “barotropic-baroclinic”. The tropospheric circulation field of this pattern captures the winter NAO pattern better than does the PC2 pattern of the barotropic (tropospheric) circulation. This result suggests that the observed winter pattern of NAO is a result of the modulation of barotropic Rossby modes by the stratospheric circulation. Most of the climate models have a too cold and strong polar vortex and possess therefore a clear bias in the variability structure. This is important in the interpretation of model results. While the regression pattern with lower tropospheric temperature of the barotropic-baroclinic pattern is similar to the one found for weak polar vortex by Perlwitz et al (2000) the barotropic pattern is dominant in the strong vortex regime.

