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One of the prominent features in the northern hemispheric winter is the formation of polar stratospheric clouds (PSCs) in supercooled regions of the Arctic polar vortex. Above Scandinavia, these clouds are preferentially generated by the local cooling in the ascending branches of internal gravity waves excited by the flow above the ~ 1000km long and 200km wide mountain ridge (see Fig.1: extended fields of PSCs as seen from the DLR Falcon on 26 January 2000 above Finland). The heterogeneous reactions on the surface of the cloud particles are supposed to be responsible for the Arctic ozone loss in spring when the sun returns. The composition and formation of these PSCs has been observed by several European groups in the Arctic. To guide the observations (by balloons and aircraft), forecasts based on ECMWF runs and mesoscale simulations with the model MM5 have been provided to European groups in the winters 2000/2001 and 2001/2002.
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Figure 1: PSCs as seen from the observers seat of the DLR Falcon on 26 January 2000. 
Based on mesoscale meteorological simulations with the model MM5, several case studies have been performed for the recent winters. The goal is to understand dynamical processes leading to the formation of PSCs above the Scandinavian mountain range. For this purpose numerical

studies resolving spatial scales of less than 50 km are performed. A second goal is to provide this high resolved meteorological information (wind, temperature along mesoscale trajectories) to European groups studying the microphysical properties of the cloud particles.

Figures 2 and 3 show the simulated temperature field and the LIDAR observation of a spectacular mountain wave PSC along the south leg (C-D) from Dörnbrack et al. [2002].
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Figure 2: Temperature at 22 and 26 km on 26 January 2000 at 14UT (+8 h). Results from the second model domain (horizontal grid size 8 km) of the MM5 simulation. The flight leg of the DLR Falcon is indicated by a black line, the individual segments are marked by the letters A-E.
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Figure 3: Backscatter ratio at 1064 nm along the cross-mountain flight leg of the DLR Falcon on 26 January 2000 (colour shading). Superimposed is the MM5 potential temperature along the flight leg at 14 UT (+8 h, C-D). Bottom pannel: elevation of the topography below the flight leg (gray shading: digital topography in 1 km horizontal resolution, black line: topography in the nested domain of MM5).
Climatology of PSCs above Scandinavia

A climatology of meteorological conditions necessary for the existence of polar stratospheric clouds (PSCs) over Scandinavia has been published by Dörnbrack and Leutbecher [2001] The frequency of low enough temperatures for synoptic-scale PSCs is compared with the frequency of additional events when mesoscale PSCs might be induced by the adiabatic cooling in mountain waves. The climatology is based on ECMWF analyses of the 20 winter seasons 1979/80-1998/99 and a simple parameterization of mesoscale stratospheric mountain wave activity [Dörnbrack etal. 2001]. The synoptic-scale formation potential of stratospheric clouds is determined as the fraction of time when the stratospheric minimum temperature is less than the thresholds TNAT (PSC of type I) and Tfrost (PSC of type II). The potential of additional mesoscale formation is computed by reducing the synoptic-scale temperature on dates when stratospheric mountain wave activity is predicted.  This simple approach allows an estimate of the climatological relevance of mountain waves for the existence conditions of PSCs above Scandinavia.

In the climatological mean, maximum stratospheric mountain wave activity is found in January and the maximum seasonal winter average for various levels amounts to 11% of all analysis times (i.e. approximately 3 days per month). Based on the temperature analyses, the existence conditions for PSCs of type I are dominated by synoptic-scale processes (maximum 36% of all analysis times are conducive to their existence) whereas the additional mesoscale fraction is less than 6%. Suitable conditions of ice PSCs occur less frequently. It is found that episodes of temperatures low enough for the existence of PSC of type II are controlled by mesoscale temperature anomalies induced by stratospheric mountain waves; on the synoptic scale the stratosphere above Scandinavia is almost always warmer than the threshold Tfrost.
Ongoing Activities

In collaboration with Piotr K. Smolarkiewicz (NCAR, Boulder, CO) and Mel Shapiro (NOAA, Boulder, CO) we have investigated the influence of Greenland on tropospheric and stratospheric flow regimes. Numerous numerical experiments have been conducted with the anelastic model EULAG. We studied the atmospheric response to the large-amplitude orographic forcing of Greenland on scales ranging from synoptic scale (Rossby wave excitation and dispersion) through meso- (gravity wave excitation, and propogation) and down to microscale (gravity-wave breakdown with subsequent convective overtuning and turbulence generation).

In the initial stage, the primary aim was to assess the model robustness and to establish the confidence in the numerical solutions via testing various optional numerical approximations (e.g., semi-Lagrangian versus Eulerian) throughout the range of flow regimes. Subsequently, the adequacy of mathematical/physical approximations have been tested, by perfoming numerical simulations for selected stratified-rotating flow scenarios with various simplifying assumptions in the governing equations. For example, we have compared a series of simulations on the sphere with equivalent runs assuming either beta- or F-plane approximation. This has lead us to conclude that the beta-plane set up is optimal for the probelm at hand, as it offers uniform linear resolution while capturing the essence of large-scale dynamics. Finally, a number of sensitivity studies have been performed with the aim to explain a severe storm on the eastcoast of Greenland and over Iceland in November 2001. The results so far, suggest that the key ingredient of this event is a rapidly-rotating/strongly-stratified flow regime (i.e., low Froude and Rossby number flow) with a peculiar large amplitude atmospheric response. Associated with this storm large-amplitude gravity propagated into the stratosphere and resulted in a significant disturbance of the evolving polar vortex. The implications of this event for the subsequent evolution of the polar vortex and the observed sudden major warming in December 2001 will be investigated in the future.
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