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Fig.1: Spectral decomposition of the variance spectrum of Arome-France. The colours indicate the relative 
impact of various observation types (see colour scheme on the right) on the analysis for different spatial 
scales. For humidity, radar observations (orange) and GPS ZTD (light blue) are of major importance on all 
length scales. For scales less than 100km, radar data and, to a lesser extent GPS for humidity, provide the 
main contribution to variance reduction.   
 
 

 
Fig.2: Example of Harmonie performance under severe weather conditions (Spain, 6 November 2011). Left: 
observed 24h accumulated precipitation from a network of ground stations. Right: +24h Harmonie 24h 
accumulated precipitation. Both location and intensity of the precipitation (173 mm observed in the Basque 
region) have been captured very well. 
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Fig.3: Sub-km resolution Harmonie experiments for Gran Canaria. 
Left panel: topography as available in Harmonie (upper figure, gtopo30 1km resolution maps) and higher 
resolution topographic data. 
Right panel: behaviour of u10 as modelled by a 500m resolution Harmonie model, using the gtopo30 
toptographic information (upper left) and the higher resolution local topographic data (lower right). The wind 
fields from the latter experiment look more realistic.  
  
 

 

 
Fig.4. Case study of an extreme convective event over the eastern border of the Netherlands (14 July 2010). 
Above the radar composite of that day. Below two runs of ALARO without (left) and with (right) cellular 
automata. The cellular automata is most active in the leading edge of the squall line, leading to more realistic 
(more intense and organized) convection.  
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Summary of plans for the continuation of the project  
(10 lines max) 
In the coming year, the data assimilated into Harmonie are to be enhanced with more remote sensing 
observations, in particular radar and GPS data, and the impact of these data will be assessed and optimized. The 
performance of hybrid ensemble data assimilation, air-mass dependent background error covariances and rapid 
update cycling will continue to be studied. 4D-VAR will be developed further but at a lower priority. Forecast 
model developments will focus on improving the description of low clouds, fog and the winter stable boundary 
layer at present resolutions, enhancing the snow and forest aspects of the surface scheme, and experimentation 
with different initialization strategies.  Experimentation with use of the model at sub-km resolutions which has 
recently started, will be intensified in the coming year.   
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