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How do glaciers respond to climate change 
and  contribute to sea level change?

→ Talk by R. Hock



Glaciers = conveyor belt for ice to the ocean

iceberg calving
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
Antarctica…exclusive way of mass loss



Greenland ice sheet
Snow-melt

Calving 

Total mass balance 

Jakobshavn isbræ/ sermeq kujalleq
less than 7% of GrIS area
but ~1/3 of solid ice Q (!!)



Antarctic ice sheet

• Transport depends on how 
fast the conveyor belt goes…

• Do glaciers change speed?



credit: E. Schytt Mannerfelt

Example for a change of gear: Scheelebreen, Svalbard

2 km



What determines basal sliding?

Beaud et al., 2022
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Context – Past evolution



©A. Luckman, 2021

Data: J Kohler, NPI

Kongsvegen



Water intake
Heat & pressure Motorized hose wheel

Drilling Instrumentation
Data logging

Glacier ice

Hot water drilling: rapid access to glacier base

subglacial water pressure, 
seismicity, 
sediment strength

Data recording and retrieval



meteo : T + P

Q

Pw: BH1 + BH2

Ploughing 
force& azimuth

speed

seismic power

seismic events:
rate & amplitude

3 melt seasons of varying duration and intensity

3 melt seasons of varying duration and intensity

longterm increase and complex variations in summer, 
NOW : decline...( ?)

some co-variation with Pw, but not simple

longterm increase and complex variations in summer, 
NOW : decline...( ?)

co-variation with Q

co-variation with Q







Multi-day

seasonal



Seasonal evolution
Drainage + dynamics

Seasonal variation Seasonal variation + longterm increase



Outlook 
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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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