
Questions

- Are we (the glaciological community) responsible for “running” with this
interpretation before it is has been fully examined?

- For example, the “Zwally effect” has already been included in prognostic,
numerical flow models1

- Several papers2,3 focus on if/how sfc meltwater can penetrate thick, cold ice

- Zwally and others (2002) has been referenced ~100 times … this is a LOT
for a recent glaciology paper (contrast  with Alley and Whillans (1991),
referenced ~65 times)

- IPCC 2007: “Dynamical processes related to ice flow not included in current
models but suggested by recent observations could increase the
vulnerability of the ice sheets to warming, increasing future sea level rise.
Understanding of these processes is limited and there is no
consensus on their magnitude.” (summary for policy makers)

1Parizek and Alley (2004), 2Alley and others (2005), 3van der Veen (2007)



Seasonal accleration along western flank of GIS

Some observations after the fact:

(1) Zwally et. al (2002) interpretation is based on observations
at a single location on the ice sheet (one GPS receiver)

(2) 10-20% is relatively small w.r.t. seasonal accelerations
observed on other polar glaciers1 and at other sites on the
GIS2,3

With respect to (1) and (2), obvious questions are:

- How does pattern of acceleration vary spatially?

- Could small accelerations at SC be the result of larger
accelerations downstream that propagate via longitudinal-
coupling?

1Bingham and others (2005),  2Mohr and others (1998),  3Rumrill and others (2006) 



- brief background on Greenland ice sheet (GIS)

- background on seasonal flow acceleration along the 
western flank of the GIS (the “Zwally effect”)

- a more general hypothesis for explaining the ZE

- testing this hypothesis using:

- flow modeling

- recent observations

- summary and conclusions

field camp, central Greenland
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Expanded Hypothesis

- at some distance downstream from SC, meltwater reaches and
lubricates the ice sheet bed on a seasonal basis

- accelerations follow as a result of increased basal sliding

- accelerations propagate upstream to SC and result in accelerated ice
flow there as well

- if upstream propagation is sufficiently damped such that accelerations
need to be local to reproduce the observations at SC, the Zwally
hypothesis is supported

- if, on the other hand, longitudinal stresses are effective at propagating
accelerations upstream, the actual source for the changes could be
closer to the ice-sheet margin

- Why is it important to distinguish between these two seemingly
similar hypotheses?



- brief background on Greenland ice sheet (GIS)

- background on seasonal flow acceleration along the 
western flank of the GIS (the “Zwally effect”)

- a more general hypothesis for explaining the ZE

- testing this hypothesis using:
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Flow Modeling

Model:

- 2D flowband model solves equations for thermomechanical
flow in plane-strain using Finite Volume Method1

- “sliding” through basal layer with power-law rheology (can
parameterize basal motion due to hard or soft bed)

Boundary Conditions:

- zero flux at up/downstream boundary (hundreds of km
upstream is flow divide, downstream is terminus)

- free surface

- no slip at base of sliding layer
1Price and others (in review) 



Flow Modeling
Simplifying assumptions:

(1) initial, steady-state (taken as mean annual) velocity field obtained
using accumulation rate profile that is the negative of the instantaneous
vertical velocity

(2)  maximum acceleration at SC assumed to occur coincident with
maximum acceleration at points downstream; no time lag between
when a pull from downstream is initiated and when it is “felt” at SC

(3)  no thermomechanical evolution – look at end member cases for
(a) isothermal ice with small sliding contribution and (b) polythermal ice
with large sliding contribution (temperature profile from Funk et. al
(1994))**

(4)  resistance from lateral drag is a minor contribution to force balance

(5)  smoothed bedrock profile

**a thawed, sliding bed is assumed in both cases 





horiz. velocity
model: ~25 cm day-1

obs: 25 cm day-1

horiz. velocity
model: ~35 cm day-1

obs: 32 cm day-1

Initial, steady-state for isothermal model

km downstream from SC



… to simulate an increase in basal lubrication and sliding initiated from 15km
downstream of SC to the margin, soften the basal layers there …

km downstream from SC



… increase in surface velocity D km downstream is ~25% (Us/U0=1.25 = A)
… increase in surface velocity at SC is ~2%

We want to compile results for many model runs in which we systematically 
vary the length scale, “D”, and “A”, the magnitude of the acceleration at D 
(through Δsliding)

km downstream from SC          


