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Research Question

Why do snow dynamics matter?

• Snow patterns are changing across Europe

• Regional responses differ between MED, 

CEU, and NEU

• Water-availability impacts remain uncertain

NEU

CEU

MED
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Objective

Regional and multi-scale SWE variability

• How does SWE vary across MED, CEU, and NEU?

• Are SWE trends consistent across annual, 10-year, and 30-year scales?

• How strongly is SWE related to temperature?

• Can long-term persistence explain part of the variability?

EGU26 HS7.4: European snow dynamics and changing patterns under climate variability
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Data & Method

Data 

• ERA5 monthly reanalysis via KNMI Climate Explorer

• Europe, 1950–2025

• SWE and 2 m air temperature (mean, max, min)

EGU26 HS7.4: European snow dynamics and changing patterns under climate variability

Method 

• Annual, 10-year, and 30-year aggregation

• Trend and variability analysis

• SWE–temperature correlation

• Hurst–Kolmogorov persistence analysis
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SWE-Temperature Trends in MED

EGU26 HS7.4: European snow dynamics and changing patterns under climate variability

0,018

0,021

0,023

0,026

0,028

0,031

0,033

1950 1960 1970 1980 1990 2000 2010 2020

SW
E 

in
 (m

)

Mediterranean Europe Snow Water Equivalent 

Year Average 10 Year Average 30 Year Average Linear (Year Average)

13,0

14,0

15,0

16,0

17,0

18,0

1950 1960 1970 1980 1990 2000 2010 2020

Te
m

pe
ra

tu
re

 (°
C

)

Mediterranean Europe Temperature (°C) 2m

Year Average 10-Year Average 30-Year Average Linear (Year Average)

Key Result:

• Clear warming signal in MED

• No corresponding SWE decline

• SWE variability dominates the weak trend
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Snow Water E. m/year 1,14E-05

Temperature °C/year 0,0304

Slope



SWE-Temperature Trends in CEU
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Key Result:

• Clear warming signal in CEU

• SWE does not show a consistent decline

• Variability remains large relative to the trend

Snow Water E. m/year 4,61E-05

Temperature °C/year 0,0327

Slope



SWE-Temperature Trends in NEU
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• NEU shows warming and increasing SWE

• SWE increase is more evident in NEU than in MED/CEU

• Regional variability still controls the signal
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Key Result:
Snow Water E. m/year 8,63E-05

Temperature °C/year 0,03

Slope



Hurst–Kolmogorov Variability Analysis
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Long-term persistence
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• Climacograms show how variability 

changes at longer time scales

• HK analysis helps distinguish trend from 

persistence

Hurst Empirical

Temperature 0,90

Temperature Min 0,86

Temperature Max 0,86

Snow Water Equivalent 0,62
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Climacogram: Mediterranean region
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Hurst–Kolmogorov Variability Analysis
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Climacogram: Central regionLong-term persistence

• Temperature remains more persistent than SWE

• SWE shows moderate persistence

• Snow-water variability remains more irregular 

than temperature

Hurst Empirical

Temperature 0,82

Temperature Min 0,84

Temperature Max 0,81

Snow Water Equivalent 0,72



Hurst Empirical

Temperature 0,79

Temperature Min 0,81

Temperature Max 0,78

Snow Water Equivalent 0,72
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Climacogram: Northern regionLong-term persistence

• SWE persistence is stronger in Northern Europe

• SWE variability is closer to temperature variability

• Snow-water conditions show a more stable 

multi-year signal



Mediterranean Europe:

Warming-sensitive SWE variability
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Mediterranean snowpack is highly sensitive to warming, making SWE 

increasingly variable and less reliable as seasonal water storage.

17,0

18,0

19,0

20,0

21,0

22,0

23,0

0,000

0,005

0,010

0,015

0,020

0,025

0,030

0,035

1950 1960 1970 1980 1990 2000 2010 2020

Te
m

pe
ra

tu
re

 (°
C

)

SW
E 

in
 (m

)

SWE–Max Temperature

Snow Water Equivalent Temperature



Central Europe:

Warming-driven shifts in SWE variability
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Central European SWE shows high variability under warming, suggesting 

increasing temperature influence on snow-water dynamics.
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Northern Europe: 

Positive SWE–temperature co-variability
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Northern Europe shows warming alongside persistent SWE, indicating that 

temperatures often remain cold enough for snowfall and snow storage to continue.
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Pearson Correlation Analysis Across 

Three Regions
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• -1 ≤ r ≤ 1 
• Significant positive correlation: r > 0.25 
• Significant negative correlation: r < -0.25
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Temperature-driven SWE decline in 

Central and Mediterranean Europe
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Central and Mediterranean Europe are closer to the 0°C 
rain–snow threshold, so higher temperatures reduce SWE 

by increasing melt, shortening snow persistence, and 
shifting precipitation from snow to rain. This reflects a 

temperature-controlled snow regime.
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Temperature-driven SWE decline in 

Central and Mediterranean Europe
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Central and Mediterranean Europe are closer to the 0°C 
rain–snow threshold, so higher temperatures reduce SWE 

by increasing melt, shortening snow persistence, and 
shifting precipitation from snow to rain. This reflects a 

temperature-controlled snow regime.
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Why does SWE increase with temperature 

in Northern Europe?
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Northern Europe shows a positive SWE–temperature 
correlation because warming can coincide with wetter 

winters while temperatures remain below freezing.

However, continued warming may weaken this relationship 
by reducing snowfall fraction and snow retention.
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Main Takeaway
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• Warming is clear across European regions

• SWE trends are weak compared with variability

• Long-term persistence complicates simple trend interpretation.

European SWE response is regional, not uniform
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Key message:

Temperature is important, but it does not explain 

European SWE changes alone.



Multi-Decadal Annual Averages Across 

European Regions
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Region Slope

Mediterranean 0,026

Central 0,033

Northern 0,029



Multi-Decadal Annual Averages Across 

European Regions
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Minimum Temperatures
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Region Slope

Mediterranean 0,030

Central 0,038

Northern 0,039
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