High alpine mountain
facing climate change
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Alpine climate since the end of the Little Ice
Age
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The Mer de Glace
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Consequences on mountainee
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— Access to climbing routes 3795 mas.l.
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At the hut...
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Cosmiques hut (Mont Blanc), 1998, 600 m3
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(XX/95 - YY %)

) Eboulements / écroulements 28-27
Dégradation du permafrost

Chutes de pierres (cryoclastie, ruissellement) 55-52

Couvertures glacio-nivales «en glace» plus tét dans la 5855

saison éstivale (voire de maniére quasi permanente)

Retrait des couvertures

NN N NN Y

S - Accroissement des angles de pente 53-50 .
glacio-nivales et évolu-
tion des arétes en neige Retrait des couvertures glacio-nivales; apparition du suk 53.50 A
rocheux en général trés fracturé voire déstructuré
Aréte de neige devenant plus étroites 25-24 .
Désenglacement et ion de la <
47-45
hauteur des moraines o« \ o A
Accroissement des angles de pente des =
Processus moraines @745 ."d \ .
paraglaciaires
Déstabilisation rocheuses (chutes de pierres,
= il .‘ 47-45 J )
Développement de la torrentialité en zone § <
proglaciaire e o \ .
Désenglacement du substratum rocheux et apparition de dalles lisses 77-73 / .
Désenglacement du substratum rocheux et apparition 30-28
de blocs instables / . .
Apparition de nouvelles zones de crevasses 47 -45 ..ﬂ \ . .
Crevasses et rimayes plus ouvertes 78-74 .,.d / \ . .
Retrait glaciaire Fragilisation des ponts de neige .

Rupture du front de glaciers froids 4-4 \
Chutes de séracs issues du front de glaciers froids 12-11 ’
» 3
> > = Chutes de séracs issues de la surface des glaciers 23-22
<& & 3 g
S & 3
Nbre of \*@ é,& e,b 5 Rupture du front de glaciers tempérés 7-7 \
<]
routes Ke?p Q‘o&o&% Q?'b = Modification de I'hydrologie supra-glaciaire (bédiéres plus <
& o = -
A o&z < > l larges et profond s o \ A .
<€
Accroissement de l'angle de pente de certains secteurs 73-70 \ .
304
Surface des glaciers plus souvent «en glace» 49-47 .,ﬂ ’ \ .
Développement d’une couverture détritique a la surface des glaciers 24-23 ‘.ﬂ \ A
Chutes / glissement de matériaux rocheux a la surface des glaciers 11-10 .,ﬂ \ .
204
Regel nocturne moins fréquent
32 34 .
’,ﬂ Approche
4 / Voie
X
© Descente
S N
NG .
€ . oo A ; K
& o Augmentation de la dangerosité A Allongement et plus grande pénibilité du cheminement s
>
1 5 2 . 5 A % i o
0 2 @ Accroissement de la difficulté technique A Modification du tracé et des techniques de E
=

Modification level progression requises



Slope
anglet Thinning of the
snow ridges

Ice/snow
covers |

Slopes
snow — ice

Crevassing 1

PanoMax - CMB

Snow bridges less De-icing ridges / Rock falls
: . Cold — warm
thick atncg Im;)re Night loosening blocks rck avalanches glaciers /
unstable’ freezing| T destabilization



Snow/ice covers evolutiomsuiLte o . rErusLIQUE P GRANDS CHARMOZ

Rébuffat, 1973 Leliévre, 2017
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Aiguille du Midi (3842 m a.s.l.)
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August 23, 2017 — SLF Davos
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Real increase in volume / ndmber

of rockfalls or better observation?
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\D\rus west f?é‘e —292,000 m3 — June 29-30, 2005




Xiuoweys ap sa||Inbry




Drus + Aiguilles de Chamonix (1850-2009)
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The permafrost

Magnin et al., 2017
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Smchrvars, le 17 juille 2015

COULOIR py GOUTER

DANGE

CHUTES pg PIERRES

s climatiques octuelles augmengen
pierr
Qinsi que I'ascen,

de chutes do

E CAREFU|

FALLING ROCKs

The weathey cond

ilions increqase he
and “Aiguilly diy Go,
Remember o, can

vl

falling rocks, The
Oler™ climbing arg very dangeroys,

elessness Y endanger someone else’s [ife,
MAIRIE DE SNNT-GEWNS

avenve dy Mont d'Arbes . 74170 Saint-Gervais fos bains

5047 75 64 WW.sainlgervais.com -ma[vio@min!ngqu.‘,.

coridor's crogsing

50
G 433 (0)4

-

e
-onne pass

sme. L2

\va{pin\
tmifieu e teF
etit mil ar 5@
5 016 1818 o dans le P ¢-Blanc p
015 3 0% ernier €51 s Mon
. s AjuUTe 29'“': o \,,‘eek'endn?rsscens"’” i;a{\ons
712016 3 034700 et dune °°mzemau fortee e ordre. EXP
Le 27107 g con: % 'a n
1 ation faisalt savoie « 98 ratt jusad s
Linform Je Haute- au Gouter @ 74 Partage
préfecture Le refuge o 26
normale »- §‘”’f§; e kjg
o
acebock R 3
ger sur F
£}

Bete.en 1990 and 2017 :
« 102 dead
« 230 injured



Temperature [°C]

2 by

g ¥ 4 P A
R ) ~n. :
A w o4
= » = \ 4 1
T
Ve -

Daily temperature at 10 m in depth - Aiguille du Midi

jan.2010 jan.2011 jan.2012 jan.2013 jan.2014 jan.2015 jan.2016 jan.2017
Date [mm.yy]

jan.2018



Altitude (m)

100 150 50 100 50 100 150 200 250 300 350
Distance (m) Distance (m) Distance (m)

Altitude (m)
g

100 150 50 100 50 100 150 200 250 300 350
Distance (m) Distance (m) Distance (m)

2100 (RCP 8.5)

3300

8

Altitude (m)
g

-,

=
! 3

100 150 50 0 50 100 150 200 250 300 350
Distance (m) Distance (m) Distance (m)

10 15
CENNEEEE

-10 - 0
ENENEREEEEEEEEE

Température (°C)

5

Maghin ef 22017




CMIP5 models, RCP scenarios
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Greater future global warming inferred
from Earth’s recent energy budget

Patrick T. Brown! & Ken Caldeira!
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Climate models provide the principal means of projecting global warming over the remainder of the twenty-first
century but modelled estimates of warming vary by a factor of approximately two even under the same radiative
forcing scenarios. Across-model relationships between currently observable attributes of the climate system and
; the simulated magnitude of future warming have the potential to inform projections. Here we show that robust
across-model relationships exist between the global spatial patterns of several fundamental attributes of Earth’s
top-of-atmosphere energy budget and the magnitude of projected global warming. When we constrain the model
projections with observations, we obtain greater means and narrower ranges of future global warming across the major
radiative forcing scenarios, in general. In particular, we find that the observationally informed warming projection for
the end of the twenty-first century for the steepest radiative forcing scenario is about 15 per cent warmer (+0.5 degrees 1
Celsius) with a reduction of about a third in the two-standard-deviation spread (—1.2 degrees Celsius) relative to the raw
model projections reported by the Intergovernmental Panel on Climate Change. Our results suggest that achieving any
given global temperature stabilization target will require steeper greenhouse gas emissions reductions than previously 0
calculated.
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