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How do glaciers respond to climate change

and contribute to sea level manie?
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All glaciers (outside Greenland & Antarctica):

Ice discharge accounts for “11% of mass loss change
(King&Gourmelen 2020)

BUT:
-~ Regionally important: Svalbard ~50%
- Mass balance of GrIS would be positive w/o Q
o . Antarctica...exclusive way of mass loss

e

Glaciers = conveyor belt for ice to the ocean




Total mass balance and its components 1987-2024 (Gt/hydrological year)

w— Surface Basal Marin Snow_mEIt

Source: Carbon Brief, based on updates to Mankoff et al. (2021).
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g/ less than 7% of GrIS area
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but ~1/3 of solid ice Q (!!)



Ice velocity from Rignot et al., 2011.] lce sh’eams-'BfA'ﬁtarctica
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Example for a change of gear: Scheelebreen, Svalbard

credit: E. Schytt Mannerfelt
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Generalized sliding law applied to the surge dynamics of Shisper
Glacier and constrained by timeseries correlation of optical satellite
images

Flavien Beaud'?, Saif Aati', Ian Delaney**, Surendra Adhikari®, and Jean-Philippe Avouac'

Finite-element modeling of subglacial cavities and
related friction law

0. Gagliardini,' D. Cc;hen,2 P. Ribackf and T. Zwinger"
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Surge in 1948

Woodward, J., Murray, T. and McCaig, A. (2002),
Formation and reorientation of structure in the surge-
type glacier Kongsvegen, Svalbard. J. Quaternary Sci.,

17:201-209. https://doi.org/10.1002/jgs.673
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Drillin Instrumentation
Heat & pressure Motorized hose wheel = Data logging .

[T ™ LNy

Hot water drilling: rapid access to glacier base Data recording and retrieval

subglacial water pressure,
seismicity,
sediment strength
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Hysteresis classes

Linear classes
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Multi-scale variations of hydro-mechanical conditions at the base of
the surge-type glacier Kongsvegen, Svalbard

Coline Bouchayer'?, Ugo Nanni?, Pierre-Marie Lefeuvre®, John Hulth?, Louise Steffensen Schmidt?,
Jack Kohler®, Francois Renard"*, and Thomas V. Schuler®
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Observed weakening of glacier ice-bed interface caused
by climatic and hydro-mechanical feedbacks: towards
glacier-wide acceleration?
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Seasonal evolution
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Drainage + dynamics ..

Ugo Nanni "*, Coline Bouchayer'?, Henning Akesson', Pierre M. Lefeuvre *,
Erik S. Mannerfelt', Andreas Kéhler *, Louise S. Schmidt ', John Hult ',
Francois Renard %°, Thomas V. Schuler '
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Glacier dynamics controls the transport of ice to the ablation area

Calving more efficient mass loss than melting
Rapid changes in ice flow determined by basal friction

Friction to a large degree controlled by subglacial water pressure, BUT

Complex spatio-temporal behavior of drainage system, incl non-connected parts
(barely handled by models)

Unstable sliding can occur
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