Modelling subglacial drainage and its role in ice-ocean interaction
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Subglacial drainage

Permeable sediments

‘Distributed’ systems

‘Channel’ systems



Channel dynamics
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- Most of the potential energy dissipated by turbulence is converted to latent heat
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Channel dynamics Steady-state channel with constant discharge
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- Melting rate and creep closure rate are reduced near grounding line.

- Results in trumpet-like shape of channels, and relatively low water speed at outlet.



Channel dynamics Steady-state channel with constant discharge
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- However, advection of channels with the ice prevents them becoming too large
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- Further analysis indicates outflow water speed U ~ CQ¥"u)"(sin6)”*  ( ~ 3 mY/4 g~27/4



General comments

- Routing of subglacial water controlled primarily by topography
(probably largest factor in determining portal locations).

- Expect large seasonal signal of subglacial discharge when
surface meltwater present.

- Subglacial drainage system exhibits instabilities that likely lead to
episodic discharge (in addition to weather-driven episodes).
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Previous modelling results
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A simplified model - ice

Depth-integrated model for ice shelf (standard) Parameterised interface melting
oh / L= eyp|U(T = T).
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+ prescribed ice depth and speed over grounding line



A simplified model - plume
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Simplified plume model (conservation laws)

/ Parameterised entraiment e = Ey|U||Vb,

V- (DU) =¢e¢ + / Along slope buoyancy due to salinity
V. (DUU) - DgﬁsSA (_ B _) (kDY) _W (coupling to ice dynamics)
V- (DUV) = DgBsSa (— _ —) (DY) - GV
V- (DUS) =eSa + V- (kDVS) + ”}g"/’ \Turbulent eddy viscosity
V- (DUT) =¢€T, +V - (kDVT) + M - — (smooths small-scale velocity differences)

\ Heat exchange with ice

+ prescribed subglacial discharge at grounding line



Reduced model results

One-dimensional steady-state ice-shelf shape (melting rate approximately uniform)
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Linear stability analysis

- Small transverse perturbation of arbitrary wavenumber

(due to variable grounding-line ice depth or variable subglacial discharge)




Reduced model results
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- Perturbations at grounding line grow downstream, driven by transverse flow into
channels and enhanced buoyancy-driven acceleration.

- Transverse ice flow is relatively ineffective at smoothing out channels.

- Stabilisation of small wavelengths is due to turbulent mixing in the plume layer.

Dallaston, Hewitt & Wells, in review



Summary

Subglacial drainage channels are likely to trumpet out near
grounding line.

Expect a smooth transition from subglacial melting
(potential energy) to frontal melting (ocean heat).

Uneven spatial distribution of discharge and/or basal
topography at grounding line can cause channelisation
due to enhanced melting of the shelf.

Primary factors in channelisation are flow-focussing and
buoyancy-driven acceleration, counteracted by turbulent

mixing.




