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Che cos’e un ghiacciaio e quali sono le caratteristiche piu importanti



Che cos’e un ghiacciaio e quali sono le caratteristiche piu importanti

In inverno la neve lo
ricopre completamente

WINTER




Che cos’e un ghiacciaio e quali sono le caratteristiche piu importanti

In estate parte della neve
fonde in particolare nella
zona di ablazione

SUMMER



L Altitudine della Linea di Equilibrio = ELA (Equilibrium Line Altitude)
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L” Altitudine della Linea di Equilibrio = ELA (Equilibrium Line Altitude)
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e Il diagramma della criosfera
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Altitudine della ELA

Valley glacier

Mountain glacier

Small glacier

a) Prima del riscaldamento



Altitudine della ELA

Valley glacier

Mountain glacier

Small glacier

ELA2
ELA1

b) Dopo il riscaldamento ma
prima dell’assestamento
glaciale



Altitudine della ELA

Valley glacier

Mountain glacier

Small glacier

ELA2

c) Dopo il riassestamento
glaciale



Rapporto tra Area di Accumulo e Area di Ablazione — AAR (Acc. Area Ratio)

Ghiacciai puliti di tipo alpino
AAR = 0.67

per un ghiacciaio alpino “sano” 77,
ed'iniequilibrio con il clima




Rapporto tra Area di Accumulo e Area di Ablazione — AAR (Acc. Area Ratio)

Q& , © SGL - Servizio Glaciologico Lombardo

AAR - 0.10 Ghiacciaio dell’Adamello

23 settembre 2018

ghiacciaio alpino NON in equilibrio con il clima




Il ghiacciaio della Marmolada... gia un morto che cammina

Elevation (m asl)
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Santin et al., 2019



Il ghiacciaio della Marmolada... gia un morto che cammina
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Il ghiacciaio della Marmolada... gia un morto che cammina
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Il ghiacciaio della Marmolada
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: : +1.6 °C in 100 anni
Climatologia (2200 m) +1.3 °C ultimi 30 anni

“Attuale” (1981-2010) o
MAAT 1.1°C (c = 0.6).
July 9.2°C, February -6.0°C

Alla fine della Little Ice Age
(1851-1880)
MAAT -0.3°C (0 = 0.8)
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Colucci & Guglielmin, (2015) Int. Journal Clim.
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Glacial evolution in the Julian Alps since the Little Ice Age
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Matterhorn-Cervino a fine agosto

Anni 2000




Matterhorn-Cervino a fine agosto

Distribuzione potenziale del Permaforst

Permafrost

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.

French (2007)



Permafrost

ground-thermal regime

PERMAFROST
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In un ambiente che si scalda

e Riscaldamento del permafrost

* Inspessimento dell’active layer

e Assottigliamento del permafrost
* Risalita della permafrost base



scongelamento deI permafrost in rocua




scongelamento del permafrost in roccia

Distribuzione potenziale del Permaforst

I Extensive permafrost likely, very thick in places

B Extensive permafrost likely, increasing thickness

B Extensive permafrost likely

0 Local permafrost possible, patchy to extensive
Local permafrost possible, frequent patchy distril
Local permafrost possible, patchy, discontinuous

Weber et al., 2019 (ETH)




scongelamento del permafrost in roccia
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https://www.youtube.com/watch?v=SxdaXGgoQW8
https://www.youtube.com/watch?v=RYRfPrhCWzs
https://www.youtube.com/watch?v=E6Y2U1j0E0Y

TORINO

Caldo e temporali
sulle Alpi: "chiusi
per frana" il
Cervino e il Monte
Bianco

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
month during Europe’s record-breaking heat
wave, a new alpine lake formed at 10,000 feet
on the Massif, which is normally permanently
frozen.

Climate Change Has Made Climbing the
Matterhorn More Dangerous

Melting permafrost is leading to more frequent rockfalls and
landslides on the iconic peak and other areas of the Alps




Valle d'Aosta

Galleria Fotografica Video
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ANSA.it » Valle d'Acsta » Prosegue movimento ghiacciaio Planpincieux, ma & costante

Prosegue movimento ghiacciaio
Planpincieux, ma € costante

Parte frontale si € mossa di 45 centimetri nelle ultime 24 ore
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Il ghiacciaio di Planpincieux, sul versante italiano del massiccio del
Monte Bianco, continua a muoversi, ma con velocita costante. Lo
rivela il bollettino di oggi relativo al monitoraggio che viene effettuato
dalla Regione Valle d'Aosta e dalla Fondazione Montagna Sicura
utilizzando un sistema radar. Nelle ultime 24 ore lo scivolamento
verso valle della massa & compreso tra i 45 centimetri della parte
frontale e i 40 centimetri degli altri due settori piti a monte, tra cui
quello da 250 mila metri cubi. L'allerta per il pericolo della caduta del
ghiacciaio nella sottostante Val Ferret & scattata martedi 24
settembre. Nello scenario peggiore, prefigurato dai modelli
matematici elaborati dai tecnici, il ghiaccio potrebbe invadere un
breve tratto della strada comunale che & stata chiusa al traffico,
istituendo una viabilita alternativa.

Val Ferret Settembre 2018



https://www.youtube.com/watch?v=Hos0_kPMFbk

C3 Cave’s Cryosphere and Climate www.c3project.net

Anche la criosfera sotterranea, “nascosta”, sta
scomparendo e con essa gli archivi di informazioni
contenute nel ghiaccio
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La ricerca scientifica in questo ambito e una

LOTTA CONTRO IL TEMPO per cercare di salvare piu
informazioni possibili prima che vadano inseorabilmente
perse... in acqua



Climate Change o Global Warming?
Cambiamento climatico o Riscaldamento Globale?

Naturale o Antropogenico ?
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Che cosa significano pochi gradi di differenza a livello GLOBALE ?

02040 80 120km
S R |

nadmorska vidina (m)

2864 \ Zebre, M., Stepisnik, U., 2018
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Che cosa significano pochi gradi di differenza a livello GLOBALE ?

1-Mrzladraga

2 - Mojska draga

3 - Smrekova draga
4 - Skrbina
5-Crnadraga




9 C3 Cave’s Cryosphere and Climate www.c3project.net

" 1-Crnidol

- 2-Crnadraga & Zebre, M., Stepisnik, U., 2018

' 3-Grda draga

4 - Jelenja draga
5-Vala
6 - Cabranska polica
- 7 - Klanska polica Gomance Gorski kotar:
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Il cambiamento climatico nelle citta... un problema di Percezione
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Soprattutto tra i giovani




Dove siamo?
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Un’atmosfera piu calda e un’atmosfera piu energetica
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A cura di OSMER-ARPA

f misure tra
1000 e 2000 m

200km/htrah18e 19z
sul monte Rest, dato piu
alto rilevato in regione

Marinelli 159 km/h
Casera Pieltinis 149 km/h



Masse d’aria sul Mediterraeno (29 ottobre 15:00 UTC)

A. Ricchi, D. Bonaldo, R.R. Colucci, S. Carniel
ISMAR CNR
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* la dinamica degli eventi 2018 e 1966 ¢ simile

* |e precipitazioni in 24 ore furono decisamente superiori nel 1966

* le precipitazioni in 2 giorni sono state simili all’evento del 1965,
- ma NON nelle 24 ore

* La pausa tra le piogge del 28 e 29 e stata decisiva per il Tagliamento:
questi due elementi sono importanti per la questione idraulica della piena del fiume

* Anche se non abbiamo dati strumentali per il confronto, é altamente probabile
che il vento sia stato piu forte quest’anno rispetto al 1966

* Il mare Mediterraneo piu caldo, frutto di una estate che é risultata la seconda piu
calda da ALMENO 180 anni ed un periodo di 7 mesi ﬁaprile-ottobre) il piu caldo
mai osservato ha influito sulla intensita del vento sulle Alpi

Questo e il segnale del Global Warming



2013-2018

Anomalie globali di temperatura rispetto
al trentennio 1981-2010
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Linear temperature trend (°C per century)

Longitugg W) Rahmstorf et al., 2015 Nature



Arctic Amplification — AA
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Arctic Amplification — AA
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Less sea ice means more heat is absorbed into the ocean. Just as a
heart circulates blood and regulates the body’s temperature, the
ocean controls the world’s climate system by circulating heat,
moisture, and nutrients around the planet. Disruptions in this
system, such as extra heat, have global impacts and can lead to
more frequent and extreme weather events around the world.




Arctic Amplification — AA
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Riscaldamento molto piu marcato su alcune
zone artiche rispetto alle medie latitudini



L’Amplificazione Artica puo portare a pattern
meteorologici piu persistenti alle medie latitudini
attraverso 2 meccanismi che influiscono sulle
ONDE DI ROSSBY




SCIENTIFIC REPLIRTS
Quasi-Resonant Amplification

Article OPEN Published: 27 March 2017

Influence of Anthropogenic Climate

Change on Planetary Wave Resonance and R A
Extreme Weather Events

Michael E. Mann B8, Stefan Rahmstorf, Kai Kornhuber, Byron A. Steinman, Sonya K. Miller &Dim

Coumou
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NEW RESEARCH IN Physical Sciences ¥ Social Sciences ' Science Advances 310ct 2018
Role of quasiresonant planetary wave k-]

dynamics in recent boreal spring-to-autumn

extreme events

Vladimir Petoukhov, Stefan Petri, Stefan Rahmstorf, Dim Coumou, Kai Kornhuber, and
Hans Joachim Schellnhuber

PNAS June 21, 2016 112 (25) 6562-6367; published ahead of print June 6, 2016
https:/idoi.org/10.1073/pnas. 1606300113



Quasi-Resonant Amplification — QRA

1) Deformazione

in latitudine ’
delle onde di
Rossby i

2) rallentamento
delle onde di
Rossby

Francis et al., 2012



Quasi-Resonant Amplification — QRA

1) Deformazione
in latitudine
delle onde di
Rossby

2) rallentamento
delle onde di
Rossby

Maggiore probabilita di
eventi estremi ad
impronta calda

— Precipitazioni intense

- Ondate di calore
estremo

- Tempeste (vento) piu
forti

— Periodi aridi



Dove stiamo andando?
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Business as usual?

Dove stiamo andando?
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The Earth’s energy budget

Heat balance at the top of the atmosphere

Black body emission curves of the Sun and Earth

black body radiation curve for different
temperatures peaks at
a wavelength inversely proportional to the

L)

temperature
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The Earth’s energy budget

Atmospheric absorption spectra - Normalized black body emission spectra
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The Earth’s energy budget

Water vapour feedback

Radiation Transmitted by the Atmosphere
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Spectral Intensity
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Effect of removal of individual
greenhouse gases on longwave
radiation

GEOO04-648SM Glaciologia - Colucci R.R.



The Earth’s energy budget

Water vapour feedback

The POSITIVE FEEDBACK is so efficient to amplify the initial effect of 2 to 3 times

L

WARMING
50-75% OF ANTROPOGENIC

' GLOBAL
INCREASE GLOBAL Global Warming IS
WARMING ORIGINATED BY WATER
VAPOUR
INCREASE OF H,0

INCREASE OF GREEN
HOUSE EFFECT (more IR
absorbed)

GEOO04-648SM Glaciologia - Colucci R.R.



The Earth’s energy budget

Water vapour feedback

Why always CO,
plays the role of
devil ?!

GEO04-648SM Glaciologia - Colucci R.R.



The Earth’s energy budget

Water vapour feedback

Total water
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The Earth’s energy budget

Green house EFFECT

“[T) 288 R=T15°C

S

Radiation FROM
the atmosphere

Absorption by
greenhouse gases

GREENHOUSE
EFFECT

GEOO04-648SM Glaciologia - Colucci R.R.
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2018 total

36.831 billion
tonnes of CO,

P o /'M‘\

United States

European Union
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tonnes of CO,




China: Where China goes, the world goes. The country
is the largest source of CO; and its emissions are
growing while other big emitters are turning the
corner. CAT says China is on track to see its emissions
peak by 2030 — in line with its Paris pledges — but
that is not consistent with keeping global warming
below 2 °C.

ok

CHINA 2018
27% of total

Total CO,
emissions
by country

—_— o o

Source: Global Carbon Project




United States: US emissions surged in 2018, but they
have been declining generally over the past decade
because coal use has fallen, in favour of natural gas
and renewables. However, President Donald Trump is
rolling back provisions to curb greenhouse-gas
pollution and wants to pull the country out of the Paris
accord.

UNITED STATES

2018

15% of total ~\

Total CO,
emissions
by country

Source: Global Carbon Project




European Union: The 28 EU nations account for more
than one-fifth of CO, emissions over time, but their
collective annual emissions have dropped by more
than 20% since 1990. Some estimates suggest the EU is
on track to meet its Paris targets. Coal use is dropping
but remains a major source of emissions.

EUROPEAN UNION

Total CO,
emissions
by country

Source: Global Carbon Project

2018
9% of total 4




INDIA

Total CO,
emissions

by cou ntfry/‘

India: India has contributed much less to global
warming than have other large countries, on a per
capita basis. Although its energy use and coal

consumption are growing rapidly, the country is also Source: Global Carbon Project
emerging as a leader in renewable energy.




Russia: The collapse of industry after the break-up of
the Soviet Union caused CO, emissions to plunge, but
they have been rising since. Russia has invested little
in renewables such as solar and wind and the CAT
gives Russia its lowest rating.

RUSSIA
Total CO,
emissions
by country
2018
5% of total

Source: Global Carbon Project



TOTAL CO, EMISSIONS BY COUNTRY

The total global emissions of carbon dioxide from burning
of fossil fuels as well as deforestation, agriculture and
other human activities that affect the landscape.

FAIRNESS

Current emissions are only
one way of looking at the
problem. Although China is
now the largest producer of
CO,, it is responsible for
just 139% of all emissions
over time. Its per capita
emissions are rising
quickly, but the US leads in
per capita and total
emissions.

Source: Global Carbon Project

Source: Global Carbon Project

Per capita (tonnes CO,)

China
United States
EU28
India
Russia
Japan
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South Korea

Canada

World average m
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2018 total

Cumulative emissions

United States
25%,

EU28
22%

China 139%
Russia 7%

India 39,

E— Japan 49,

Rest of
the world
26%
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Risk to power production [Jjij 334
Crop yield change | 35
Habitat degradation ] 91

3,340

Source: IPCC/E. Byers et al. Environ. Res. Lett. 13, 055012 (2018).



Cumulative risks of

2°C | D)

warming

Population affected by various risks (millions of people)
Heatwave exposure

Water stress | ¢ 55
Risk to power production [Jjijj 385
Crop yield change [} 362
Habitat degradation [l 680

Source: IPCC/E. Byers et al. Environ. Res. Lett. 13, 055012 (2018).
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Cumulative risks of
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Population affected by various risks (millions of people)
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Risk to power production [ 742
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Source: IPCC/E. Byers et al. Environ. Res. Lett. 13, 055012 (2018).



Svante Arrhenius

premio Nobel per la chimica nel 1903
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No evidence for globally coherent warm and cold periods over the preindustrial Common Era
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No evidence for globally coherent warm and cold periods over the preindustrial Common Era
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Timing of peak warm and cold periods.
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Conclusioni
Climate Change o Global Warming?
Cambiamento climatico o Riscaldamento Globale?
RISCALDAMENTO GLOBALE

Naturale o Antropogenico ?
ANTROPOGENICO

Che differenza c’e tra meteorologia e climatologia?
ILTEMPO

Che cosa significano + 2.0°C rispetto al Clima che c’e ? (che c’era!ll)
UN MONDO MOLTO DIVERSO DA QUELLO CHE CONOSCIAMO

Ed in passato... il clima e gia stato cosi caldo?
NON VI SONO EVIDENZE NEL CORSO DELL'OLOCENE MA IN PARTICOLARE NEGLI
ULTIMI 2000 ANNI

E poi ci sono quelli che dicono e scrivono tutto il contrario!!!
CE NE FOSSE UNO CHE SI OCCUPI DI CLIMATOLOGIA...
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