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Ice In the climate system

Space Time
* |ce as an archive of climate * |ce In the past
change

* Present changes in ice

* Future projections of ice and
sea level

* |ce reacts to / drives climate
change

Focus on land ice (glaciers, ice sheets)
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Ice as an archive of temperature and CO,

Colder, Longer glacial cycles «———— Warmer, shorter glacial cycles
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To find "Oldest Ice” is a story of ice dynamics

1 DEEP FREEZE
Antarctica may harbour ice up to 1.5 million
years old that could help scientists to understand
0.8 Earth’s past climate.
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Left: Geothermal heat flow (m\W/m?2) needed to have ice melted at the base as a
function of ice thickness and surface accumulation rate; Right: Probability of
finding ice at melting point (Van Liefferinge and Pattyn, 2013).

Probable areas of oldest ice
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A letter to the future

Ok is the first Icelandiciglacier to lose its status as a glacier.
In'the next 200 years all our:glaciersiare expected to follow the same path.
This monument is to'acknowledge that we know

Glacier Mass Change in Europe relative to 1997

what is happening and what needs to be done.

Only you know if we did it. | n‘ ‘ ‘
10 4> f | |
Agiist 2019 :
415ppm CO,
5 -
O -
—5 -
_10 -

— Alps
= Scandinavia South West

= Syalbard

— |celand

- Greenland (periphery)

—20 4 — Scandinavia South East — - — A—\L

s
=
(o)

|

-15 A

Scandinavia North
Southern and Eastern Europe

cumulative mass change in [m w.e.] or [1,000 kg per sqm]

—25 4 Greater Caucasus
Mean of regions
Global mean of all regions
1970 1980 1990 2000 2010 2020
© WMO years




Unprecedented in 3000 years

SATELLITE DATA -

TiDE gauge - Global dam projects
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Melting ice now accounts for half the sea level rise

1971-2018 Components 2006-2018

of sea level
rise

‘ Thermal
Thermal expansion
xpansion ‘

Greenla
Greenland
Glaciers
Glaciers
2.3 mm/year 3.7 mm/year

IPCC ARG (2021)
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Atmospheric Circulation

Precipitation
Evaporation
Sublimation

Equilibrium
Line -
Heat
Ocean
Circulation

Ice sheets gain mass through snowfall, and lose mass through melting
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www.AntarcticGlaciers.org

Pine Island Glacier

lcebergs Floating ice shelf

Ice flow
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* Thinning

\ Melting .
\ \ and recession

1.Early 1970s. Pine Island Glacier is grounded at a bedrock ridge.
2.Warm, inflowing Circumpolar Deep Water melts the base of the glacier. The glacier steepens and

accelerates.
3.Present day, observed by a remotely operated vehicle (ROV). Glacier is thinning and receding.
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Thinning of ice shelves
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Atmosphere-ocean-ice interaction:
uncertainties from drivers to response
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Ice shelf lce sheet

Drivers of

melt

thinning mass loss

« Atmosphere forcing » Sub-shelf melt « Grounding line retreat

» QOcean forcing « Surface melt  Ice shelf buttressing

» QOcean circulation in » Upstream ice flux  Ice flow acceleration
sub-shelf cavities » Calving, damage « Basal sliding

 Surface mass balance

Gudmundsson et al (2019)
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Model simulations of the
observational period
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1/4° reconstruction of the ocean and sea ice states
www.climate.be/paramour
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Coupled model
simulations over
the observational
period
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Greenland ice sheet cumulative mass change and equivalent sea level contribution
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Antarctic ice sheet cumulative mass change & equivalent sea level contribution
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Antarctica: melting ice shelves may lead to ice sheet instability

—> Flux at the grounding line
<— Retreating grounding line

Ice sheet

WHEN and -
WHERE? o —

2065 CE 2115 CE 2315 CE 2415 CE 2515 CE 3015 CE

Pattyn and Morlighem (2020), Coulon (2022)



Irreversible f — Ocean warming
for hundreds e y Ice sheets

or thousands _g ; N

of years

Sea level rise
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Conclusions

* Ice Is a crucial component of the climate system: it reacts to changes
In climate with far-reaching impacts, but it also records past changes
of the climate with utmost detail.

« Sea level will continue to rise for centuries to come, irrespective of
actions taken to reduce global warming. However, fast and
catastrophic sea level rise can be avoided with strong climate
mitigation.

* For warming levels above 2°C, ice loss from the Greenland and
Antarctic ice sheets may become irreversible (tipping points).



