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The Greenland Ice Sheet is the largest body of freshwa‐
ter ice in the Northern Hemisphere. If this ice sheet
were to melt, the global eustatic sea level rise would
be almost 7 meters. In the coming decades and centu‐
ries, the Greenland Ice Sheet will be highly susceptible
to the predicted strong warming of this part of the Arc‐
tic and because of its proximity to the Atlantic Ocean.
The reaction of the Greenland Ice Sheet must be seen
and understood in context with the climate changes in,
around and above Greenland. Long‐term temperature
observations from the east and west coasts of Green‐
land display not only uncorrelated but opposing trends.

Generally, the west coast experienced climate warming from 1873 to1930 followed by a
cooling period until 1985. Since that year, West Greenland has experienced a warming of
2‐4 °C, primarily driven by winter temperature anomalies. The present warm period is not
unprecedented in the record but is matched by the record warm decades of the 1930s
and 1940s. The few and scattered direct climate records from observations on the Green‐
land Ice Sheet also reveal a warming trend since 1985, which is the time span of the data
series on the ice sheet.

© GEUS

As a consequence of increasing temperatures, the mass balance of the Greenland Ice
Sheet has changed: The interior, high altitude parts of the ice sheet have thickened be‐
cause of accumulation of an increased snowfall. The area above 2000 m has gained an av‐
erage of 5 (±1) cm in altitude annually since year 2000 adding 60 (±30) Gt of mass to the
ice sheet each year.
The increment of accumulated mass is more than counterbalanced by the increased loss
of mass by melting and by ice discharge into the ocean. The area experiencing surface
melting is monitored by satellites and has increased significantly in extent since 1979, with
a record‐breaking surface melt area measured in 2007. In general, half of the total mass
loss from the Greenland Ice Sheet is caused by surface melt and run‐off. The annual gain
in surface mass, (i.e. received snowfall minus mass lost by melt), has a 50‐year average
value of 290 Gt, but has been reduced by 45 Gt during the recent 15 years. This trend has
been identified as being above the background variability caused by normal fluctuations in
the climate.
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Ilulissat Icefjord with locations during 1850-2006 of the glacier terminus of Jakobshavn Isbræ.

The margin of the Greenland Ice Sheet is characterized by very variable ice dynamics, as
areas of slow glacial movement are separated by fast flowing outlet glaciers and ice
streams. Much of the ice from the fast flowing ice streams and outlet glaciers is dis‐
charged into the ocean. Annual mass loss through ice discharge has increased 30 % during
the recent decade: From 330 Gt in 1995 to 430 Gt in 2005. This raise was brought about
by accelerated flow of outlet glaciers and this loss exceeds that caused by melting proc‐
esses during the few recent warm years.

© T. Mote, Univ. of Georgia
© R. Braithwaite, Univ. of Manchester

Surface meltwater is drained through a ”moulin”.

In 2007, these areas of the ice sheet experienced a
longer surface melt period than the average for the preceding 34 years.

The total change in ice sheet mass can be assessed by comparing the surface mass bal‐
ance (received snowfall minus mass lost by melt) with the loss of mass through ice dis‐
charge, by remote sensing of elevation changes, or by mass changes – detected as gravita‐
tional changes – measured from space. A compilation of mass balance estimates reveals
that the Greenland Ice Sheet is losing volume and that the mass loss has increased in re‐
cent years from 50 (±50) Gt annually in 1995‐2000 to 160 (±50) Gt each year in 2003‐2006.

Presented 28 April 2009 in Tromsø at the ”Melting Ice” Conference

page 3 of 8

Arctic Council

❄

AMAP

❄

Snow, Water, Ice and Permafrost in the Arctic

Module 2: The Greenland Ice Sheet in a Changing Climate
Lead Author: Professor Dorthe Dahl‐Jensen, University of Copenhagen, Denmark

Extended Summary
Projections of future reactions of the Greenland Ice Sheet to climate warming show that
the loss of mass will increase. Furthermore, for the high Arctic region the IPCC climate
scenarios predict temperature increases c. 50 % higher than those predicted globally. This
will increase the length and intensity of the melt season and will extend the area
experiencing summer melt.
There are important uncertainties in the forecasts of climate and surface mass balance.
The evolution of the surface mass balance demands a downscaling of atmospheric models
tightly coupled with surface mass balance processes. However, this downscaling is not yet
developed to a sufficient level. Current climate models project that Greenland’s surface
mass balance will become negative in the event of a global warming of 3.1 (±0.8) °C (i.e.
warming over Greenland 4.5 (±0.9) °C).

© M. Fahnestock, Univ. of N. Hampshire

12

Recent large-area total balance measurements of the Greenland Ice Sheet (Gt=Gigaton=10 kg).
Heights of boxes cover the published error bars or ranges in mass change rate over those intervals.

The additional mass loss through ice dynamics will cause Greenland’s overall mass balance
to become consistently negative. Current projections with coupled ice sheet and climate
models indicate an annual average mass loss on the order of 180 Gt for the 21st century
(i.e. 0.5 mm of global eustatic sea level rise annually). This is equivalent to a 5 cm sea level
rise by the year 2100, primarily due to increased melting and run‐off. Model estimates
range from 1 to 11 cm sea level rise. Model predictions diverge beyond the year 2100, as
differences in ice dynamics and regional studies to date forecast an accelerated ice sheet
decline in response to a 3‐4 °C regional warming over Greenland, but with c. 1,000 years
required for a 1 m contribution to global eustatic sea level rise from the ice sheet. The
prognosis is very susceptible to the degree of sustained warming over Greenland. A tem‐
perature increase of 5‐6 °C will lead to c. 2 m of sea level rise by year 3000, while 10‐12 °C
or warmer would result in 5‐7 m of eustatic sea level rise over the coming millenium.
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Our understanding of Greenland Ice Sheet dynamics has serious gaps limiting our ability to
project the ice sheet’s sensitivity to climate warming. The dramatic acceleration of many
fast flowing glaciers and ice streams is still poorly understood and, therefore, not fully im‐
plemented in applied ice sheet models. During the past decades, observations have
shown that ice discharge can double within 1‐2 years, – and may even be reversed. Inves‐
tigations point towards the influence of relatively warm ocean currents on the stability of
glacier termini and ice flux as well as the increased volume of surface meltwater penetrat‐
ing to the glacier base where water then acts as a lubricating agent enhancing ice flow.

© S. Marshall, Univ. of Calgary

Modelled Greenland Ice Sheet surface topography in 3000 A.D. for (a) the 4 °C and (b) 8 °C warming scenarios.

The first attempts to include in the models the increasing ice discharge via the marine out‐
let glaciers have predicted an additional 4.7 cm of sea level rise by year 2100. Doubling
the discharge would raise the sea level 9.3 cm. Combined with the losses associated with
surface mass balance, 10‐14 cm of eustatic sea level rise from the Greenland Ice Sheet can
be expected by year 2100. It needs to be stressed that these models still suffer from a
very incomplete understanding of the atmosphere‐ocean‐ice interactions.
Global sea level from 200 A.D. to 2100 A.D.
The future sea level rise of 1 m is calculated from
st
global warming of 3 °C in the 21 century.
The dotted line indicates the UN IPCC prediction.
The blue shade indicates the degree of uncertainty of
the calculations.

© Aslak Grinsted, Niels Bohr Institute, Univ. of Copenhagen

The Greenland Ice Sheet changes will have both local and global impacts and will affect
human societies significantly. Globally, the melting ice sheet will contribute to sea level
rise. At present, the annual ice sheet loss of 110‐210 Gt corresponds to 10‐20 % (i.e. 0.3‐
0.5 mm) of the 3 mm observed global sea level rise each year. Recent projections for glob‐
al eustatic sea level rise by year 2100 are as high as 1.0 (±0.5) m. Total sea level rise also
comprises thermal expansion of the ocean, melting of ice caps and glaciers, as well as the
evolution of the Antarctic Ice Sheet.
Presented 28 April 2009 in Tromsø at the ”Melting Ice” Conference

page 5 of 8

Arctic Council

❄

AMAP

❄

Snow, Water, Ice and Permafrost in the Arctic

Module 2: The Greenland Ice Sheet in a Changing Climate
Lead Author: Professor Dorthe Dahl‐Jensen, University of Copenhagen, Denmark

Extended Summary
Evaluating the risks and changes introduced by the projected evolution of the Greenland
Ice Sheet is strongly related to how fast the changes, and hence sea level rise, will occur.
This is highly unknown as it relates directly to the understanding of the processes acceler‐
ating the ice streams and fast moving glaciers. These processes need to be studied much
more intensely.
With increased melt water run‐off and iceberg discharge from the Greenland Ice Sheet,
salinity and density of the recipient marine surface water are reduced, especially in the
Greenland fjords and coastal waters. These changes will result in stronger gradients be‐
tween the fresh surface water and the more saline water below and strongly impact the
primary production of the affected marine areas. The increased freshwater run‐off may
boost the hydrological circulation in the fjords, hence significantly increasing the transport
of nutrients from the ocean into the fjords. Consequently, the primary production in
coastal marine areas is expected to expand due to a combination of increased nutrient
import and improved light availability owing to a somewhat reduced sea ice coverage.

© Destination Disko

Local fishing boats dwarfed by icebergs discharged from Jakobshavn Isbræ.

The magnitude of the primary production further depends on solar radiation, availability
of nutrients and CO2 as well as the vertical extent of the mixed layer. Climate‐induced
changes in primary production will propagate to higher trophic levels and ultimately influ‐
ence populations of fish, birds and mammals with likely significant consequences for the
structure, diversity, productivity and exploitation potential of the Greenland marine eco‐
system.
More research is, however, needed in order to quantify how the higher trophic levels of
the food chain will be affected by changes in the physical environment of Greenland wa‐
ters, as a result of the increased melting of the ice sheet. In order to create proper plans
and to take science‐based decisions for the future, cross‐disciplinary research addressing
these issues is in high demand and will be extremely important to the Greenland society,
so economically dependent on marine resources.
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Some of the increased meltwater volume
from Greenland will reach the areas of
deep water formation in the North Atlan‐
tic. However, the amount of freshwater
from the Greenland Ice Sheet is an order
of magnitude smaller than other Arctic
freshwater sources (i.e., the Arctic Ocean)
and therefore regarded as of minor im‐
portance to changes of the global thermo‐
haline circulation.

© D. Zillmann & E. Meissner

Ice fishing for Greenland Halibut at Ilulissat Icefjord.

© www.feelgreenland.dk

Ice and people. Ilulissat, 19 March 2009.

Changes in climate, in the ice sheet and in sea ice conditions all have impacts on people
and society in Greenland, strongly interwoven with modernization and globalization proc‐
esses. While less than a fifth of the Greenland population is economically involved in di‐
rect natural resource harvesting, the cultural identity of Greenlanders remains closely
connected with the renewable resources. At present, most people in Greenland are in‐
volved in or connected to social services, administration, tourism, education, and similar
activities. New prospects for large‐scale mineral and energy resource production are in‐
fluenced by changes in accessibility and transportation. Changes in drainage patterns and
amount of meltwater from the Greenland Ice Sheet may cause major societal impact, and
must be evaluated before major long‐term infrastructure investments such as hydro‐
power plants or roads are planned. Hydropower is expected to be a growing energy re‐
source for domestic consumption and new energy intensive industrial activities will con‐
tinue to be based entirely on a supply of meltwater from the Greenland Ice Sheet.

© www.feelgreenland.dk

Changes in climate, in the ice sheet and in sea ice conditions all impact people and society in Greenland.
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During recent years, it has become very apparent that global warming is causing the
Greenland Ice Sheet to lose mass. The ice sheet is the ‘awakening giant’ and increased
melt and ice discharge can seriously increase the predicted global eustatic sea level in the
next century and, locally, strongly impact the socio‐economic development of the Green‐
land population. Close monitoring of the ice sheet mass balance as well as coupled cli‐
mate and ice sheet predictions are intensely needed and highly recommended as tools to
facilitate impoved forecasts of how to better adapt to a warmer world.

© M. Truffer, Univ. of Alaska

Discharge activity at the terminus of Jakobshavn Isbræ.

This Extended Summary is from the forthcoming scientific and peer‐reviewed publication
”The Greenland Ice Sheet in a Changing Climate” to be published by AMAP in November
2009 as the first deliverable of the Arctic Council initiative “SWIPA – Snow, Water, Ice and
Permafrost in the Arctic”. Lead author for the entire publication is Dorthe Dahl‐Jensen
(Denmark). Lead authors for the chapters are Konrad Steffen (USA), Jonathan Bamber
(UK), Martin Truffer (USA), Mark Fahnestock (USA), Shawn Marshall (Canada), Jens H.
Christensen (Denmark), Erik Buch (Denmark), Minik Rosing (Denmark), and Carl E. Bøggild
(Norway).

© H. Thing

Dorthe Dahl-Jensen attends the departure of an ice traverse team from NEEM, the new ice core site established in 2008 on the Greenland Ice sheet (2,454 m a.s.l. at 77°27’N/51°W) by the international research consortium (North Greenland Eemian Ice Drilling) headed by Dahl-Jensen.
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