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Overview: 
 
• Motivation 
 
• Fingerprint Technique 
 
• Examples of Height Dependence 
 
• Open Problems 
 
• Conclusion and Outlook 
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Motivation: 
 
It is well known and documented, that most  
mountain regions of the world exhibit  
a significant height dependence of precipitation  
 

Session AS1.3  12543 



4 EGU_VIENNA_2012 

 
How are such curves obtained? 
 

 
But this is not the vertical gradient ! 
 
This is the gradient along the slope ! 

2D 
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Distinguish between the horizontal 
and the vertical gradient ! 

 
A dense precipitation network is required 
at different horizontal and vertical locations ! 
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Mathematical solution to determine the horizontal and 
vertical precipitation gradient: 
 
Fingerprint technique 

Solution for R0 , ch , cv  through application of variational  
principle, using smoothness constraint ! 

Total 
precipitation 

Residual 
precipitation 

Vertical  
gradient 
(Fingerprint 2) 

Horizontal 
gradient 
(Fingerprint 1) 

weight weight 

smooth 

given 

Session AS1.3  12543 



7 EGU_VIENNA_2012 

The application of the fingerprint technique is 
operationally carried out by the VERA  
(Vienna Enhanced Resolution Analysis) System 

http://www.univie.ac.at/amk/veraflex/test/public/ 
http://www.univie.ac.at/amk/veraflex/test/fingerprint/ 
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Examples: weight of the vertical fingerprint 

)6/)(sin(*10 kmhhmmR rvalleyflooh  
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Examples: vertical fingerprint 
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Examples: 6hr-time series of  
vertical precipitation  difference  

January 2012, Kleinwalsertal 
RR-sum(764m): 205,2mm 
RR-sum(2500m): 321,8mm (+57% / 1736m) 
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Examples: downscaling with vertical fingerprint 

Winter 2011/12 

Spatial interpolation without height dependence 

Spatial interpolation with height dependence 
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Open problems/ work to be done: 
 
• precipitation correction (wind, solid precipitation,…) 
 
• selection of optimal fingerprints (functions) 
 
• defining minimum requirements for station  
 density/distribution 
 
• systematic evaluation of height dependence with respect 
 to weather patterns/flow regimes 
 
• comparison with other platforms,  
 e. g. vertical pointing radar  
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Conclusion and Outlook: 
 
• the (pure) vertical gradient of precipitation can be obtained 
 from a sufficiently dense observational network 
 
• this can be used for downscaling purposes, on short term 
 as well as climatological time scales 
 
• investigation of vertical gradients with respect to  
 weather pattern/ flow regimes promises a better insight  
 into precipitation processes over complex terrain 
 
• knowing such relations promises an improved  
 nowcasting/forecasting of the small scale precipitation 
 distribution over complex terrain 
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