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crust caused by the load of the ice. Estimates of the vol-
ume of the Inland Ice vary from c. 2.6 million km3

(Holtzscherer & Bauer 1954) to 2.9 million km3 (Bamber
et al. 2001; Layberry & Bamber 2001), corresponding to
c. 7% of the world’s fresh water (Reeh 1989).

Mass balance of the Inland Ice
Snow accumulation in the central parts of the ice sheet and
loss in the marginal parts govern the mass balance of the
Inland Ice. The accumulation is estimated to be 500–600
km3 ice per year, which until 2000 was assumed to approxi -
mately match the loss. About half of the loss was ascribed
to melting, and the other half to calving. Bottom melting
of floating glaciers may reduce the calf-ice production of
North and North-East Greenland outlets (Reeh 1989,
1994, 1999).

Although calving glaciers are widespread along the coasts
of Greenland, the main annual loss of calf ice from the
Inland Ice is concentrated at a rather small number of out-
lets along its c. 6000 km long perimeter. Many of the impor-
tant calving glaciers are found along the west coast of
Greenland, with approximately 84 km3 of the calf-ice pro-
duction originating from five outlets (Table 1, Fig. 5). Four
of these occur along a 300 km stretch of coast in the Disko
Bugt – Uummannaq Fjord region.

The calf-ice production of Jakobshavn Isbræ is of par-
ticular importance for the mass balance of the ice sheet
(Fig. 5). The production has generally been estimated to
be about 35 km3 ice per year, corresponding to more than
10% of the estimated total output of icebergs from the
Inland Ice, but more recent estimates are higher, around
50 km3 per year in 2003, according to Joughin et al. (2004).
Jakobshavn Isbræ is considered the most active glacier in
Greenland by Legarsky & Huang (2006). The reason for
the large ice production is that a major part of the Inland
Ice drains towards the central part of West Greenland, espe-
cially the relatively low uplands in the interior of Disko Bugt
(Fig. 3).

With regard to the dynamics of glaciers, determinations
of movement and calf-ice production over long time spans
are rare. For Jakobshavn Isbræ and Sermeq Avannarleq in
Torsukattak velocity measurements go back to 1875. It
appears from scattered velocity records for the Disko Bugt
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Fig. 3. Map of Greenland showing the location of Jakobshavn Isbræ and
the deep cores on the Inland Ice. The approximate ice drainage area to
Jakobshavn Isbræ is shown with the solid red line, and the ice drainage
area to the entire Disko Bugt region with the dashed line; these are
based on the flow-line map of Zwally & Giovinetto (2001). The dot-
ted red line shows the trend of the ice divide. Summit (3238 m a.s.l.)
is the highest point on the ice sheet, and Gunnbjørn Fjeld (3693 m a.s.l.)
is the highest mountain in Greenland. Original map base by Simon
Ekholm, reproduced with the permission of Kort & Matrikelstyrelsen
(KMS) [National Survey and Cadastre], Copenhagen. 

Glacier Latitude
 Production Velocity

  (km3/year) (km/year)

Jakobshavn Isbræ (Sermeq Kujalleq) 69°11´N c. 35 5–7
Sermeq Kujalleq in Torsukattak 70°00´N 8–10 2.6–3.5
Sermeq Kujalleq (Store Gletscher) 70°20´N 14–18 4.2–4.9
Rink Isbræ (Kangilliup Sermia) 71°45´N 11–17 3.7–4.5
Gade Gletscher 76°20´N c. 10 

Sources: Bauer et al. (1968a); Carbonell & Bauer (1968); Weidick (1995). 

Table 1.  Calf-ice production from the five largest outlets
in West Greenland
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region from the last part of the 19th and the 20th century
that the glaciers have maintained a rather permanent rate
of flow.

In other parts of Greenland, outlets from the ice sheet
show pulsating or surging behaviour, such as Harald Moltke
Bræ (Ullip Sermia) in North-West Greenland (Mock 1966),

Storstrømmen in North-East Greenland (Bøggild et al.
1994) and Eqalorutsit Killiit Sermiat in South Greenland
(Weidick 1984). More recent examples are provided by
Rignot & Kanagaratnam (2006).

Over the past decades, aircrafts and satellites are increas-
ingly being used to monitor the Inland Ice. This has led to
more detailed observations on changes of velocity, calf-ice
production, ice elevation and frontal positions. This devel-
opment coincided with dramatic changes in the marginal
parts of the ice sheet. Marked thinning and recession have
been reported for many outlets in Greenland (Rignot &
Kanagaratnam 2006). The velocity of many glaciers has
increased, and the ice-sheet mass deficit changed from 90
to 220 km3 per year between 1996 and 2005. In East
Greenland, Kangerlussuaq Gletscher (Fig. 1) accelerated
210% from 2000 to 2005, and its front receded 10 km.
With its velocity of 13–14 km/year it is now the fastest gla -
cier in Greenland. Helheimgletscher farther south acceler-
ated 60% and receded 5 km. In 2001, the velocity of this
glacier was measured to be c. 8 km/year (Thomas et al.
2001). In West Greenland, Narsap Sermia accelerated by
150% from 2000 to 2005 while Jakobshavn Isbræ accel-
erated by 95% and receded c. 10 km. The velocity of
Jakobshavn Isbræ was 12.6 km/year in 2003 (Joughin et
al. 2004).

The marked flow-velocity increase is considered to be
related to global warming, which leads to increased melt-
ing and sliding in the marginal parts of the ice sheet (Krabill
et al. 2000, 2004). A thinning of around 2 m per year is
reported for marginal parts of the Inland Ice, which is
scarcely matched by a snow accumulation increase of 5–6
cm per year in the central parts of the ice sheet (Alley et al.
2005; Johannesen et al. 2005; Dowdeswell 2006; Rignot
& Kanagaratnam 2006). However, whereas Jakobshavn
Isbræ has maintained the high frontal velocity for several
years, the velocity increase of other glaciers (Kangerlussuaq
Gletscher and Helheimgletscher in eastern Greenland)
seems to have been a short-lived event as the velocity and
discharge have decreased since 2006 (Howat et al. 2007;
Truffer & Fahnestock 2007).

The net loss of ice from the Greenland ice cover plays
an important role in global sea-level rise, and therefore
more detailed investigations of the causes for the marked
changes in Greenland are required to assess and model
ongoing and future changes. The recently observed changes
may lead to a new stable situation, but if the changes con-
tinue they may eventually lead to the disappearance of the
Inland Ice (Alley et al. 2005). However, we note that the
Inland Ice did not disappear during the Eemian, even
though temperatures were around 5°C higher than at the
present.
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Fig. 4. Bedrock topography below the Inland Ice, from Bamber et al.
(2001) and Layberry & Bamber (2001); data provided by the National
Snow and Ice Data Center DAAC, University of Colorado, Boulder,
USA. Elevations are not corrected for the present load of the glacier ice
(cf. Fig. 17). The map shows the ‘channel’ connecting the subglacial cen-
tral basin to Jakobshavn Isbræ and the Disko Bugt region.
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