
Renato R. Colucci

Cambiamento climatico, evidenze 
globali e locali 

20191897

Ghiacciaio del Mandrone- Adamello

CNR
ConsiglioNazionaledelle Ricerche

Dipartimentodi Scienzedel Sistema 
Terra e Tecnologieper ƭΩ!ƳōƛŜƴǘŜ

ISMAR Trieste



CheŎƻǎΩŝun ghiacciaioe qualisonole caratteristichepiù importanti



WINTER

CheŎƻǎΩŝun ghiacciaioe qualisonole caratteristichepiù importanti

In inverno la neve lo 
ricoprecompletamente



SUMMER

CheŎƻǎΩŝun ghiacciaioe qualisonole caratteristichepiù importanti

In estate parte della neve 
fonde in particolare nella 
zona di ablazione
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Il diagramma della criosfera
1900
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Altitudine della ELA
1900

1960 2005

a) Prima del riscaldamento

Valley glacier
Mountain glacier

Small glacier
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Valley glacier

Mountain glacier

Small glacier

b) Dopo il riscaldamento ma 
ǇǊƛƳŀ ŘŜƭƭΩŀǎǎŜǎǘŀƳŜƴǘƻ 
glaciale

Altitudine della ELA
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1960 2005
Valley glacier

Mountain glacier

Small glacier

c) Dopo il riassestamento 
glaciale

Altitudine della ELA



Rapportotra Area di Accumuloe Area di AblazioneςAAR (Acc. Area Ratio)

Ghiacciaipuliti di tipo alpino

AAR = 0.67 
per un ghiacciaioalpinoάsanoέ 
ed in equilibrio con il clima

ELA

67%

33%



Rapportotra Area di Accumuloe Area di AblazioneςAAR (Acc. Area Ratio)

© SGL - Servizio Glaciologico Lombardo

AAR = 0.10 
ghiacciaioalpinoNON in equilibrio con il clima

GhiacciaioŘŜƭƭΩ!ŘŀƳŜƭƭƻ
23 settembre2018



Il ghiacciaiodellaaŀǊƳƻƭŀŘŀΧ giàun morto checammina

Santinet al., 2019



Il ghiacciaiodellaaŀǊƳƻƭŀŘŀΧ giàun morto checammina

Santinet al., 2019

2004 Ą 2014
Å riduzionedel 

30% In volume
Å Riduzione

topografica
media 5 m
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Il ghiacciaiodellaaŀǊƳƻƭŀŘŀΧ giàun morto checammina
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Il ghiacciaio della Marmolada 
1900
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AWS Canin
2203 m a.s.l.



άAttualeέ(1981-2010) 
MAAT 1.1°Cόˋ Ґ лΦсύΦ 
July 9.2°C, February -6.0°C

Alla fine dellaLittle Ice Age
(1851-1880) 
MAAT -0.3°C όˋ Ґ лΦуύ
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Climatologia(2200 m) 

La Piccola Età Glaciale (LIA)
Ca. 1300-1850

+1.6 °C in 100 anni
+1.3 °C ultimi 30 anni

Colucci & Guglielmin, (2015) Int. Journal Clim.
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I ghiacciai del Canin in F.V.G. 

1881 1883
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2.367 km2

0.383 km2

AREA

-83%
Colucci & ¿ŜōǊŜ, 2016 - Journal of Maps



0.066 km3

0.003 km3

VOLUME

-96%
Colucci & ¿ŜōǊŜ, 2016 - Journal of Maps
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Matterhorn-Cervino a fine agosto
1900

!ƴƴƛ Ψсл Anni 2000



www.c3project.net

Matterhorn-Cervino a fine agosto
1900

1960 2005

Distribuzione potenziale del Permaforst

It is defined on the basis of temperature

that is ground(i.e. soil, sediments, bedrock, etc.) 
that remains at or below 0°C(i.e. the pressure 
melting point for pure ice) for at least 2 
consecutive years

Moisture, in the form of water or ice, may or 
may not be present in permafrost

Permafrost may not necessarily be frozen since 
the freezing point of included water may be 
depressed several degrees below 0°C.

Permafrost

French (2007)



Seasonally frozen and thawed: 
ACTIVE LAYER

Perennially 
frozen

Perennially 
unfrozen

Seasonally cryotic

Perennially 
cryotic (2y) 

PERMAFROST 
THICKNESS

Perennially 
non cryotic

PERMAFROST 
TABLE

PERMAFROST 
BASE

D
e

p
th

T> 0°CT< 0°C 0°CGround surface

In un ambiente che si scalda

Å Riscaldamento del permafrost
Å Inspessimento ŘŜƭƭΩŀŎǘƛǾŜlayer
Å Assottigliamento del permafrost
Å Risalita della permafrost base

Permafrost
ground-thermal regime



www.c3project.net

scongelamento del permafrost in roccia
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1960 2005

Distribuzione potenziale del Permaforst

scongelamento del permafrost in roccia

Weber et al., 2019 (ETH)
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1900

scongelamento del permafrost in roccia

Rock Fall Switzerland
Rock Fall Pizzo Cengalo(CH) 
Rock Fall SwissAlps

Weber et al., 2019 (ETH)

https://www.youtube.com/watch?v=SxdaXGgoQW8
https://www.youtube.com/watch?v=RYRfPrhCWzs
https://www.youtube.com/watch?v=E6Y2U1j0E0Y
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Another study from last month, which appears 
in the journal Arctic, Antarctic, and Alpine 
Research, warned that mountaineering itself 
is imperiled by climate change. Researchers 
assessed the 100 mountaineering routes laid 
out in the influential guidebook The Mont 
Blanc Massif: The 100 Finest Routes, 
published in 1973. They found that of the 95 
climbing itineraries they studied, 93 had been 
impacted by climate change, with 26 being 
greatly affected. Three climbing routes no 
longer exist. The signs of change are 
becoming more apparent as well; earlier this 
ƳƻƴǘƘ ŘǳǊƛƴƎ 9ǳǊƻǇŜΩǎ ǊŜŎƻǊŘ-breaking heat 
wave, a new alpine lake formed at 10,000 feet 
on the Massif, which is normally permanently 
frozen.
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