Surface hydrology in Antarctica

Why should we care!?
What do we currently know about its future?
Where do the uncertainties come from?

Crédit : R. Fletcher

Charles AMORY and many others

Snow workshop — 9 June 2022, Grenoble



Ice sheet mass balance is the main uncertainty in sea level projections 2/14

Surface mass balance
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Melting is pervasive along the ice surrounding Antarctica
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Estimates of melt and runoff rates rely entirely on models

Runoff
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No current trend

Occurs mostly over peripheral ice
shelves (GRACE)

Runoff into ocean?
Meltwater mostly refreezes

Depends on models, resolution,
rocks....



Surface hydrology can enhance dynamical mass loss
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Desintegration of Larsen B in 2002 (Scambos et al. 2003)
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Surface hydrology influences :

* |ce-sheet surface mass balance

(runoff, melt-albedo feedback)

* lce-sheet dynamics

(lubrification, basal melting,
hydrofracturing)
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Future surface hydrology increases risk of ice shelf disintegration h 6/14

lce shelveg accessible Precipitation — Sublimation — Erosion|— Runoff — Ice discharge

to meltwater

100% 1% >5% 1% (22% ?)|  >90%

Present day (end of century)

% Precipitation

Vulnerability Buttressing
Ice shelves vulnerable Ice shelves providing —Lo
to water-driven collapse substantial buttressing
Conceptualizing the regions of Antarctic ice shelves that will control the Runoff at the surface of Antarctica in 2100
ice sheet’s response to atmospheric warming (Lai et al. 2020). as simulated by MAR driven by CNRM-CMé-|

under ssp5-8.5 (Kittel et al. 202 | a).



Producing melt estimates involves a long calculation chain 7714

Global > Regional S::Z:e
Model Model
rates
Large-scale circulation High resolution
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Driving global models need to be carefully selected
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Models were chosen :

53

according to their ability to
represent the current Antarctic
climate

to account for the large diversity
in projected climate changes
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Surface hydrology causes futur SMB to decrease over ice shelves
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Kittel et al. (202 | a)
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Extrapolating end-of-century SMB
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Clouds drive differences in surface melt projections /14
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Erosion enhances future surface melt 12/14

Snow transport in Adelie Land
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No lateral transfert of water in current parameterizations 13/14

1-D approach 3-D process
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Sources of simulation uncertainty
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