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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. The results suggest that the observed winter pattern of NAO is a result of the modulation of barotropic Rossby modes by the stratospheric circulation

Based on a linear regression/correlation analysis of monthly mean atmospheric sea level pressure data from the NCEP reanalysis (1948-2000) we find a significant anticorrelation between pressure in the northern North Atlantic and North Pacific only if the stratospheric circulation is in the ”strong polar vortex” regime, but not when the vortex is weak. Since some general circulation models (e.g. ECHAM4) are biased towards the strong vortex regime, they tend to reproduce this anticorrelation already in the mean. The pattern of the ”Arctic Oscillation” is shown to be consistent with the mean surface pressure differences between the

two stratospheric regimes. The typical southwest-northeast tilt of the node line of the North Atlantic Oscillation in Northern Hemisphere winter is due to a superposition of correlation patterns based on physical processes working in the troposphere (a strictly meridional dipole and the pattern resulting from planetary wave refraction in the strong vortex regime) and those produced by the rapid transition from one stratospheric regime to the other with subsequent downward propagation of the signal.
 Two teleconnection patterns in the EP flux divergence field due to planetary waves with wavenumbers (WNs) 1 to 3 were studied in the Northern Hemisphere winter. One dipole evolves in the stratosphere (stratospheric interannual oscillation (SIO)), the other in the troposphere (tropospheric interannual oscillation (TIO)).TIO and SIO are associated with anomalous meridional planetary wave propagation in the troposphere and stratosphere, respectively, and tropical (SIO) or midlatitude (TIO) SST . 
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