Greenland: The run away Ice Sheet!
•Geographic and geological setting
•The Greenland Ice Sheet
•Potential sea level contribution
•How do we measure ice sheet change
•Non linear behaviour
•Key hypotheses

Greenland: The run away Ice Sheet
Greenland’s continental ice Sheet extends
over more than 20º of latitude and as such
has massive variability in both precipitation
and mean annual temperature.
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Recent observations have shown that
parts of the ice sheet are thinning at a
remarkable rate, contributing vast amounts
of fresh water to the North Atlantic. This is
critical to future models of sea level and
climate
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Geological History
The geology of Greenland reflects
a history that stretches back over
nearly four billion years. By far
the greatest part of the subcontinent
is
made
up
of
crystalline
rocks
of
the
Precambrian shield. Fjords and
valleys that cross the present day
shield were formed by river
erosion and later deepened by
glacial erosion during the many
advances and retreats of the
inland ice.

The picture above shows a view down one of the large fjord systems
in SE Greenland that drains a large portion of this sector of The
Greenland Ice Sheet. The fjord is choked with large ice bergs calved
from Helhiem and other outlet glaciers.
Here a geologist is collecting samples of glacial erratics for
cosmogenic exposure analysis, to study the Holocene dynamics of
this sector of the ice sheet
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Greenland: The run away Ice Sheet

A large ice berg complete with
basal debris bands in Helheim
Fjord SE Greenland

The Greenland Ice Sheet is an example of a continental ice sheet, where the bulk of the ice
rests on continental crust that is well above mean sea level. Due to its latitudinal range
precipitation and temperature regimes vary massively over the ice sheet. This has important
implications for the ice sheets mass balance. Overall ablation is controlled by two major
factors; firstly seasonal surface melt, and secondly ice berg calving from major outlets of
the ice sheet. This combination means the dynamics of The Greenland Ice Sheet are very
different from that of The Antarctic Ice Sheets.
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Although Greenland contains less ice
than The Antarctic Ice Sheets it
potentially represents a critical tipping
point for the Earths Climate System.
As well as causing rapid sea level rise,
the potential fresh water input into the
North Atlantic could weaken or potentially
interrupt thermohaline circulation.
Therefore understanding the causes and
implications of recent rapid changes that
have been recorded in The Greenland
Ice Sheet is critical.
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How can we measure ice sheet change?
•
•

Local ground/ ice based surveys are critical but provide limited spatial data sets on
ice sheet dynamics
The only way to get a view of ice sheet dynamics is from large scale surveys including

– Aerial surveys, photogrametry and remote sensing
– Satellite imagery and remote sensing
– Large scale survey (logistically very difficult and expensive)

Many Remote Sensing approaches
ranging from:
• Comparison of historical air photography / maps
• Laser / RADR altimetry (inc. airborne or satellite
based LIDAR)
• Gravity measurements from The GRACE
Experiment
• Interferometric Synthetic aperture radar (SAR)
• Multispectral analysis
mappers
(e.g. LANDSAT)
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Recent observations
Recent rapid ‘non-linear’ changes in both the velocity
and surface profile of The Greenland Ice Sheet have
been related directly changes in the atmospheric and
ocean systems. This rapid non-linear response has been
ascribed to two principal hypotheses:

1.The ‘Zwally’ effect (Zwally et al.,2002):Where
increasing surface melt leads to sudden rapid increases
in ice velocity due to increased lubrication of the glaciers
bed by melt water

2. The ‘Jakobshavn’ effect (Hughes, 1986): Where
small changes in ice sheet profile allow the ice sheet to
become relatively more buoyant and therefore become
ungrounded and therefore unstable thus retreat more
rapidly at marine outlets
To predict or model how the ice sheet will react in the
future we need to understand both the external forcing
and the complicated internal responses of the Greenland
Ice Sheet to recent changes

Potential future atmospheric
temperatures as predicted by the IPPC
AR4 emission models

Recent
observations
Ice and climate: a view from space
•The ‘Zwally’ effect (Zwally et al.,2002)
High winter precipitation and increasing summer atmospheric temperatures has massively
increased the volume of meltwater on the surface of the GIS even at high altitudes 30-40km inland
from the calving front! This meltwater forms psuedo fluvial networks on the ice sheet surface that
feed the subglacial hydrological network of the ice sheet. Surface streams desend to the base of
the ice sheet through moulins, and large lakes have been recorded draining catastrophically. Once
at the bed this water lubricates the ice, leading to rapid seasonal increases in ice sheet flow or
velocity. This results in rapid draw down of ice and lowering of the ice sheet surface, thus a positive
feedback effect

• The Jakobshavn effect’ (Hughes, 1986)
Ice sheet thinning allows the ice to become more buoyant, eventually leading to a grounded ice
sheet to start to float. This leads to reduced friction at the base and flow increase and a non-linear
response. Sudden changes in friction can also be caused when the glacier passes pinning points,
topographic obstacles which allow the glacier to stabilise until new buoyancy thresholds are pasted

Cross section of an ice
sheet showing location of
the grounding line and
relationship between
surface ice melt and
increasing ELA altitude

Increasing altitude of surface melt
causes increasing velocity due to
supply of meltwater to base, thus
increasing draw down and thinning.

Grounding line
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Surface melt vs velocity imbalance?
Recent observations have shed some light onto which of these two processes are dominant in controlling
Greenland Ice Sheet dynamics. It was noted that some of the key outlet glaciers that had showed rapid
velocity increases in the past decade showed reduced velocity in 2006 and 2007 despite some exceptional
melt conditions in 2007.
This potentially suggests that meltwater is not the dominant driver of the acceleration of the main outlet
glaciers. Temporarily, there appears to be a force imbalance at the glacier fronts. This will reduce the
annual contribution to rising sea level from glacier dynamic changes.
The bad news is that the degree of acceleration that can occur via the Jakobshavn effect is greater in these
cases than that from the Zwally effect. The Zwally effect is nonetheless real and also implies a direct sea
level impact of greater melt. This question is now the focus of several glaciological research groups.

Scientists from The Universities of Swansea and
Exeter accessing Helheim Fjord in SE Greenland, for
geophysical and glaciological survey work using a
local fishing boat

