“Insig ts oh hlgh altitude climate change
from a state-of-the-art model of
Colle Gnifetti, 4400 m a.s.l.

Enrico Mattea
University of Fribourg | T



Introduction









1. Introduction 5



Cold glaciers

1. Introduction 2. Materials and methods 3. Results and discussion 4. Take home message 6




Cold glaciers

e Temperature<0 °C
year-round

1. Introduction 2. Materials and methods 3. Results and discussion 4. Take home message 7/



Cold glaciers
e Temperature<0 °C
year-round

e More resilient to
climate warming

1. Introduction 2. Materials and methods 3. Results and discussion 4. Take home message



Cold glaciers

e Temperature<0 °C
year-round

 More resilient to
climate warming

e Stable on steep
terrain

1. Introduction 2. Materials and methods 3. Results and discussion 4. Take home message



Cold glaciers

e Temperature<0 °C
year-round

 More resilient to
climate warming

e Stable on steep
terrain

e Preserved layers
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Colle Gnifetti, 4450 m a.s.l.
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Colle Gnifetti, 4450 m a.s.l.

e The most studied 2
cold glacier in the ,
Alps: 40+ years of =%l
data! .

E 60 -

« Oldest glacier ice in 5

the Alps (19 kyr BP) Ay

e Recent observations 1 Y p———
suggest possible | I
warming s -
-14 -13.5 -13 -12.5
UNI Temperatures (°C)

] 1. Introduction



Materials and methods



Materials and methods

e Little visible change
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Materials and methods

e Little visible change

e Numerical model of the
glacier
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The glacier model

EIevatlon data Surface
Surface temperature
Weather series energy fluxes
Mass ﬂuxes

Sub-surface

percolation,

refreezing,
settling

Firn temperature
+

Firn density
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The glacier model
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The glacier model

Surface Sub-surface :
Elevatlon data : Firn temperature
Surface temperature percolation, M
Weather series SIelEyiiuxes refree.zmg, Firn density
Mass ﬂuxes settling

868004 .

e Simulation with hourly time-step
e On a gridded domain (2000x250)
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85600 s — |
:l 633000 X [m] S
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The Capanna Margherita weather station
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The Capanna Margherita weather station

e Located next to Colle
Gnifett
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The Capanna Margherita weather station

e Located next to Colle

Gnifetti |
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Model validation
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Model validation
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Model validation
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Modeled glacier temperatures
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Modeled glacier temperatures
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Modeled glacier temperatures
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Modeled glacier temperatures

e Heat plumes from
summer water infiltration

Depth [m]
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Modeled glacier temperatures

e Heat plumes from
summer water infiltration

e Annual temperature cycle
down to 20 m depth
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Modeled glacier temperatures

e Heat plumes from
summer water infiltration

e Annual temperature cycle
down to 20 m depth

Depth [m]

e Last 4 years warmer at all
depths after extreme
2015 summer
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Modeled glacier melt amounts
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Modeled glacier melt amounts
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Take home message

e Simulation of an alpine cold glacier with a distributed and fully
coupled model, using high-quality input data
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Take home message

e Simulation of an alpine cold glacier with a distributed and fully
coupled model, using high-quality input data

 Temperatures and melt amounts are highly variable and significantly
increasing
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Take home message

e Simulation of an alpine cold glacier with a distributed and fully
coupled model, using high-quality input data

 Temperatures and melt amounts are highly variable and significantly
increasing

e Outlook: use the model to (1) predict glacier evolution into the future
(2) help to decide drilling locations
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