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Study Site and Data: Sermeq Avannarleq Flowline
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1. Thomsen and Olsen (1991)
2. lken et al. (1993)

3. Llithi et al. (2002) (Joughin et al., 2010)
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Empirical Motivation: INSAR 2005/2006 Velocities
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Empirical Motivation: GPS 1996/2008 Velocities
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(Jay Zwally, per. comm.)
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Theoretical Motivation: “Alpine” Sliding Model

Variations in sliding velocity are ...where output rate is
due to changes in water storage dominated by conduit
over time (i.e. “dS/dt’)... efficiency.
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Single-Head Hydrology Model (1D): Overview

Water Storage:
1. lce aquifer (S))
2. Conduits (S,)

S=Si‘|‘SC

Water Mass Conservation:
External input (/w)
Internal melt (m/p,,)
Horizontal divergence (dQ/dx)
Change in conduit storage (dS_/df)
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Single-Head Hydrology Model (1D): Conduits
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1D Results: Animation
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1D Results: Animation
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1D Results: Stability and Residence Time

Spin-up to stable state in < 10 years...
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1D Results: Flotation Fraction (P, /P;)

Entire flowline annually
oscillates close to flotation
(P,/P;=1)... consistent
with in situ observations
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Annual mean and minimum
are not sensitive to choice of
bulk ice porosity (¢)... but
annual maximum is.
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1D Results: Changes in Water Storage Over Time (dS/dt)
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Aside: “Perennial” Conduits
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Single-Head Hydrology Model (2D): Overview

Water Mass Conservation:

dh m %, %, db
==]-0x| dy/ el %2
ot Pw dx ay ot
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dy

dx

Sheet-type flow: b
becomes the mean
“gap” width at the ice-
bed interface... higher
order conduit
geometry not required.
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Single-Head Hydrology Model (2D): Overview

Plan: Implement transient equations that describe flow in
the center of a *wide™* conduit to approximate “gap” flow...
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2D Sample Region Output: Overview
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2D Sample Region Output: Animation
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2D Sample Region Output: Animation
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Computational Efficiency (Single Processor)

1D (Flowline) 2D (Test Region)
Numerical Method ode15s 1st iteration Piccard
Transients (/node) heand S, hgand b
Unknowns (/node) 47 46 (est.)
Constants ~ 50 ~ 50
Nodes 120 5000
dt 1d 6 hr
Processor Time (/dt) 0.2s(=1.1min/a) 10s(=4.1hr/a)
Processor Time (/dt/node) 0.0017 s 0.0020 s
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A 1 by 1 km application to the entire Greenland Ice
Sheet would require ~ 2,000,000 nodes... in the
realm of feasibility with a quad- or eight core unit.
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