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Little Ice Age
The time period that led to the expansion of valley and cirque glaciers worldwide, with their maximum extent reached 

around 1700-1850 AD in many temperate regions and around 1900 in Arctic regions.

The , Mont Blanc region, French Alps. The left image is an excerpt from a Birman painting just after the Little Ice Age 

maximum. The photograph on the right was taken from a similar location in 2000. Arrows indicate similar positions on the 

glacier margins and indicate the level of subsidence of the glacier surface.
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Innalzamento di quota anche della vegetazione, 

https://www.mdpi.com/2072-4292/15/15/3847
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The glaciers of the Dolomites

• In the 2000s, there was 
a sense that something 
had been changing for 
about 10 years, and 
photographs with 
historical comparisons, 
were used to look for 
objective evidence
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Agosto 2013

Reduction of thicknesses

9mauro.valt@arpa.veneto.it



Marmolada Glacier

https://www.sciencedirect.com/science/article/pii/S

0169555X23001071https://www.sciencedirec

t.com/science/article/pii/S0169555X2300107
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Riduzione della estensione

Crolli
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https://www.sciencedi

rect.com/science/articl

e/pii/S0034425719304

614

End of summer skiing in Marmolada 

in 2007
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https://www.repubblica.it/cronaca/2017/08/2

2/news/c_era_una_volta_lo_sci_d_estate_la_r

esa_dell_ultimo_ghiacciaio-173564734/

2017
2011

STELVIO 



One of the causes is high temperature

Very hot summers (summer 2023)
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Average temperature 

June – October 2023, Dolomites
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average 

temperature 

for the months 

of June, July 

and August. 

The positive 

trend of about 

0.6°C every 10 

years (+2.4°C in 

40 years!!) can 

be observed.
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Permafrost- Piz Boè 2908 m

-9.1 m

-25.7 m

16.6

Media 

2010-2022

-14.2 m

-25.0 m

10.8

2023

-5,8 metri

16mauro.valt@arpa.veneto.it



Collapse, infrastructure damage

Esposizioni tipiche, SvizzeraEsposizioni tipiche, Svizzera

Torre Trephor 07/06/2004 17

https://www.slf.ch/it/permafrost/permafrost-e-

pericoli-naturali/crolli-di-rocce-nel-permafrost/
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TOFANA permafrost rescue project
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INCREASED 

ROCKFALL, 

DISRUPTION
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Lowering of groundwater 

debris, increased instability, 

creation of erosion channels
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Sentiero Alta Via delle Dolomiti n. 2
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Before climate

change

During the change 

in the 

readjustment 

phase.

After readjustment

Disequilibrio
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1986 2007

ELA

Climate change = disequilibrium

2024

22mauro.valt@arpa.veneto.it



Death (perhaps temporary) of a glacier: from glacier to rock glacier
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Death of small glaciers
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INCREASED 

ROCKFALL, 

DISRUPTION
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More ephemeral lakes
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Adattamento nell’ 

alpinismo
Cambiamento delle abitudini anche in 
montagna.

Negli anni ‘80 erano state pubblicate 
delle guide sull’arrampicata su ghiaccio 
anche per le Dolomiti.

Oggi queste “vie di ghiaccio” sono 
scomparse e alcune sono diventate 
percorsi estremi di sci alpinismo.

Le strategie di adattamento degli alpinisti: 

le vie di ghiaccio sono diventate sci 

alpinistiche di alto livello

2007

2030
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Adaptation in skiing: programmed snow

Nordic ski slope Slope 8 m 
wide, 40 cm thick cost
5,000 Euro per 
kmAgordino alpine ski 
slopeCost 1.9-3.0 Euro 
per m3.

5 ski areas: 100. km of
slopes, 3.2 Million
hectares of snow, 1.5 
Million m3 of water, 
average thickness 50 cm 
of snow on the slope. 

Water/snow conversion
factor 1.9 (1 m3 water, 
1.9 m3 snow)
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Nevesport-n.-14-30-Aprile-1969
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Mitigation: geotextiles for snow protection
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Circa 40.000 metri 

quadrati di geotessile



Mitigazione: snowfarming

A Livigno la neve stoccata dall’inverno, circa 45000 m3, viene utilizzata in due 

occasioni: la prima, ad Agosto, per l'evento 1k Shot e Gara da li Contrada, 3000 

m3 di neve il resto ad per'anello di sci fondo a partire da ottobre.

Levi, Finlandia

Val Formazza
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FUTURO?
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Jouvet et al., (2011)

 1850: : Alpine glaciers have reached their maximum extent in the past 10,000 years

 1850-2015: Glaciers have shrunk areally by 60%

 Currently: Glaciers are at their lowest extent in the past 7-10 thousand years

 21st century: Alpine glaciers will disappear below 3,000 m in the possible decades

 Glacier retreat has and will have major implications for hazard at high altitudes, water resource 

availability, and sea level rise, beyond any variation known to Homo Sapiens



MANTO NEVOSO
Snow cover has strong natural variations from year to year and reacts to changes in 

temperature and precipitation.

Because air temperature is the most robust parameter in climate models, scenarios 

for future snowpack evolution are most reliable at elevations with strong 

temperature sensitivity, i.e., low and middle elevations (up to 1500-2000 m). 

Above 2000 m, even with the expected temperature changes, it will still be cold 

enough for it to snow, and future snowpack evolution will depend on the amount of 

precipitation and thus on future weather scenarios.

According to some authors, even in the future (2021-2050), natural snowfall will 

show wide year-to-year variability and multidecadal variability that may mask the 

effect of long-term warming at the regional scale.  

However, simulations of regional climate models show a drastic decrease in both 

the duration of snow cover and water resources in Europe by the end of the 21st 

century.
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For the Alps at an altitude of 1500 m, recent simulations predict a reduction in SWE 

of 80-90% by the end of the century.

However, it should be noted that the increase in air temperature projected for the 

coming decades is accompanied by large uncertainties about changes in winter 

precipitation. For continental Europe, climate models show no clear change in 

precipitation until 2050 and a slight increase in winter precipitation.

Future climate will most likely not allow for permanent snow cover during summer, 

even at the highest altitudes in the Alps and summer skiing, with obvious 

implications for remaining glaciers.

As a result of progressive warming, constraints for planned snow production will 

increase sharply in the European Alps, especially at low and mid-elevations up to 

about 1,500 m, as the time slots for snow production (today's technologies with 

temperature-related technical limitations) will shrink sharply at all elevations. 
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Permafrost

Global warming will result in:

•progressive warming of permafrost  from cold to 

temperate (t closer to 0 °C)

•deepening of the active layer

•extension of areas no longer in equilibrium with climatic 

conditions

•increased instability of walls and slopes  likelihood of 

disruptions and interference with infrastructure

•increased frequency of phenomena
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maggiore propensione al dissesto dei territori interessati dal permafrost
mauro.valt@arpa.veneto.it



Clima.arpa.veneto.it





Variabili

• In the early 1980s, the eruption 

of Mexico's El Chichon volcano 

caused a slight cooling that 

counteracted the global decrease 

in snowfall, but this was a 

phenomenon limited in time

(Nortanicola, https://www.eurac.edu/it/magazine/in-tutte-le-aree-

montane-del-mondo-la-neve-si-ferma-in-media-due-settimane-in-

men).
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Grazie per l’attenzione
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