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Motivation

• Fragmentation of ground snow observations from meteorological, 
hydrographic, and avalanche offices, as well as research facilities

• National and regional boundaries often define study extent
• But, Alpine climate does not adhere to man-made artificial boundaries

Auer et al. 2007, HISTALP, 
http://www.zamg.ac.at/histalp/index.php
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Data sources
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Data coverage
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Methods – preprocessing 

• Merging
• QC

• Fixed thresholds
• Temporal consistency
• 0cm == NA
• Combination of automatic pre-screening and manual checks

• Gap filling
• Spatial interpolation using up to 5 highly correlated neighbour

series
• Spatial consistency

• (reverse gap filling) Reconstruction of series based on up to 5 
neighbours

• Aggregation
• To monthly or seasonal values if >90% of data available
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Methods – statistical analysis

• Regionalization
• PCA (principal components analysis)
• K-means

• Trend analysis
• GLS (generalized least squares)
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Results – PCA 

First 5 PCs explain
84% of variability in 
daily snow depth



Matiu, Michael: Snow depth in the European Alps 1971 to 2019 928/04/2020

Results – Regionalization 

http://www.zamg.ac.at/histalp/project/maps/gar_reg.php
Leading horizontal climatological subregions of the Greater Alpine Region (GAR). Thin 
lines: Results of PCA (based on single element monthly anomalies) for AP air pressure, 
T air temperature, PR precipitation, S sunshine, CL cloudiness. Bold lines: The CRS 
(coarse resolution) compromise allowing for intraelemental comparisons based on 
equal subregions for each climate element, from Auer et al. 2007. 

http://www.zamg.ac.at/histalp/project/maps/gar_reg.php
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Results – Interannual variability
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Results – Trend summary snow depth
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Results – Trend summary snow cover duration
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Conclusions

➢ Snow variability matches temperature and precipitation patterns
➢ Snow climatology in the Alps depends largely on large-scale forcing
➢ Decreasing snow depth 1971-2019, with stronger trends at lower elevations

and in spring
➢ Trends differed by region: Generalizing from one Alpine region to another

should be done cautiously
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