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During fjeld work in 1989 it was noted that the front of Storstrømmen glacier,
North-Bast Greenland, had advanced by more than 10 km as compared to its position in
1978. lnspection of satellite images shows that the advance took place in the period
from 1978 to 1984. Scattered observations of frontal positions back to 1913 indicate a
general retteat until 1978. During the advance after 1978, the ice discharge in the
frontal region of Storstrømmen was as much as 10.8 km3 per year, which is about half
the discharge from Jakobshavn Isbræ, West Greenland, the most productive calving
glacier in Greenland. Observed surface-elevation and surface-velocity changes during
a period overlapping that of the large frontal advance show all the characteristics
associated with a surge.

N. R., Dansk Polarcenter/Geological Survey of Greenland, øster Voldgade 10,
DK-J350 Copenhagen K, Denmark.
C. E. B.' & H. O., Alfred Wegener Institut for Polar and Marine Research, D-2850
Bremerhaven, Germany.
'Present address: Geological Survey of Greenland, øster Voldgade 10, DK-/350
Copenhagen K, Denmark.

Reconnaissance flights over the frontal region of Stor
strømmen during 1989 revealed that the calving front had
advanced by more than IO km since the last aerial pho
tograph coverage in 1978.

The aim of this paper is to discuss fluctuations of the
front of Storstrømmen during the past 80 years, with
special emphasis on the period of the rapid frontal ad
vance. Prior to the advance in 1978, frontal positions
were located using aerial photographs and expedition
reports going back to the beginning of the century. Front
al positions since 1978 are provided by analysis of satel
lite images. Calculated balance-velocity distributions be
fore and after the advance have been compared with
observed surface velocities. This comparison reveals
large changes of the dynarnics of Storstrømmen in a
period encompassing the time of the rapid frontal ad
vance which shows many characteristics associated with
a surge. Finally, the stability of the floating glacier tongue
and the marine section of the glacier is discussed.

Similar large frontal advances have been reported for a
few local glaciers in North and East Greenland, e.g. for a
glacier in Victoria Fjord (82°N, 45°W) by Higgins &
Weidick (1988), and for glaciers in the Scoresby Sund
area 500 km further to the south (Olesen & Reeh, 1969;
Rutishauser, 1971). However, this is the first report of
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recent fluctuations of the lnland lce margin in North-East
Greenland.

Weidick (1988) discussed a number of documented
surging or pulsating outlet glaciers in other parts of
Greenland, for example Equalorutsit Kitdlit Serrnia in
South Greenland (61°N, 45°W) which showed a sudden
advance in the beginning of the 1940s (Weidick, 1984).
Another example is Harald Moltke Bræ in North-West
Greenland (76°35'N, 67°55'W) which calves into Wol
stenholme Fjord, and is reported to have undergone a
change in velocity from 30 mJyr to 1000 mJyr between
1915 and 1965 (Mock, 1966).

As mentioned above, the calving front of Storsttøm
men advanced more than 10 km between 1978 and 1984.
During this period, c. II km3/yr of ice was extruded into
Borgfjorden from Storstrømmen (Fig. I). This is about
half the calving flux from Greenlands most productive
calving glacier, lakobshavn Isbræ (e.g. Echelmeyer et al.,
1991), and three times the ice calving fluxes from all the
major outlet glaciers from the lnland Ice in North Green
land (Higgins, 1991). During the advance, the average
velocity in the frontal region of Storstrømmen must have
reached at least 2 km/yr.

In July-August 1989 and 1990 a glaciological pro
gramme was carried out on the margin of Storstrømmen
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glacier, North-East Greenland (77°N, 22°W) by the
Alfred Wegener Institute for Polar and Marine Research,
Bremerhaven. The glaciological programme shared logis
tic support with an expedition to North-East Greenland
organised by the Geological Survey of Greenland.
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Storstrømmen

Frontal variations 1913-1978

Figure 2 shows marginal positions before the initiation of
the frontal advance in 1978. The positions of Bredebræ
and 'Northern Front' were first observed during the
1906-08 Danmark Ekspedition. However, the frontal po
sitions shown on the map published aner the expedition

south-easterly direction. A second icefal1 is found around
300 m a.s.1. A NW-SE trending ice divide, which termi
nates in Germanla Land at around 300 m elevation, sep
arates ice flowing north-east (Kofoed-Hansen Bræ) from
ice flowing south (Storstrømmen); the latter follows a
southerly direction for another 50 km between Dronning
Louise Land and Germania Land befare terminating in
Borgfjorden. At 100 maltitude, the flow of Storstrøm
men is divided by a small semi-nunatak, into two calving
fronts: the 12 km wide Bredebræ front and a 4 km wide
front, for convenience referred to as 'Northern Front'.
Near Bredebræ, Storstrømmen merges with L. Bistrup
Bræ, a large glacier which flows south of Dronning
Louise Land. To judge from the flow-pattern apparent at
the surface of the glaciers near their junction line, L.
Bistrup Bræ appears to have remained essentially station
ary, so that the advance of the calving front aner 1978
must be ascribed to Storstrømmen.

Fig. 2. Frontal positions af Storstrømmen from 1913 to 1978
(see lower right corner in Fig. 1 for location).
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The Storstrømmen - Kofoed-Hansen Bræ
glacier complex

Several outlet glaciers drain the Greenland Inland Ice
north of Dronning Louise Land around 77°30'N. The
most important are Kofoed-Hansen Bræ and Storstrøm
men (Fig. l) which drain through the 30 km gap between
Ymer Nunatak and Alabama Nunatak at an elevation of
about 1050 m, which roughly coincides with the altitude
of the equilibrium line. Atter an icefall at 800 m above
sea level (a.s.I.), the flow direction of Storstrømmen and
Kofoed-Hansen Bræ changes from an easterly to a more

Fig. 1. Map of Storstrømmen. The approximate location of the
grounding line shown by 'gr '78', has been detennined from the
surface contour map based on aeriai pholographs from 1978
(GGD, 1990,1992) and airborne radio echo soundings also from
1978 (Overgaard, 1984); see Figure 4. Dashed line shows frame
of Figures 2 and 3.
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Fig. 3. Frontal positions of Storstrømmen from 1978 to 1986
(see lower right corner in Fig. 1 for location).
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Between 1978 and 1980 a major advance occurred
along hoth the 'Northern Front' and the Bredebræ front
(Fig. 3). The advance of the 'Northern Front' was about 4
km and covered an area of 15 km2• The advance of
Bredebræ first filled up the previously mentioned embay
ment, and was subsequently followed by a frontal ad
vance of 1-2 km. The area covered by the advance of
Bredebræ was 75 km2, of which the fonner embayment
constitutes approximately 50 km2

.

Between 1980 and 1984 Storstrømmen made further
advances alang bath fronts. The 'Northem Front' ad
vanced some 8 km inta Borgfjorden reaching the 1913

Fig. 4. Longitudinal section along the central flowline leading to
front of Bredebræ. The ice surface is detennined from the
surface contour map based on aerial photographs from 1978
(GGU, 1990; 1992). Heavy line marks bottom topography as
determined by airborne radio echo soundings in 1978 (Over
gaard, 1984). The thickness of the floating part of the glacier is
determined from the surface altitude, assuming free floating
conditions.

tion between the two glaciers was thus reduced to a 4 km
wide confluence zone.

The occurrence of large tabular icebergs and tidal
cracks along the 'Northern Front' on 1954 photographs
ean be taken as an indication of a floating front (Mock,
1966). However, on aerial photographs taken in 1964 and
1978 very few icebergs ean be seen in front of 'Northern
Front', and tida( cracks are not visible behind the front.
This probably means that the 'Northcrn Front' retreated
to the grounding line during the recession from 1954 to
1964. As opposed to 'Northern Front', the Bredebræ front
was apparently afloat even in the retreat stage between
1950 and 1978. That Storstrømmen was at10at in 1978
over a 10-15 ki10metre distance behind the Bredehræ
front is illustrated in Figure 4. The faet that the position
of the Bredebræ front was virtual1y unchanged during the
period 1950-1978 suggests that the 1978 situation is
representative for the entire period.
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by Koch & Wegener (1911) are rather schematic, and
probably not accurate enough to allow conciusions about
1ater fluctuations. In 1912 J. P. Koch and A. L. Wegener
returned to North-East Green1and. They spent the winter
of 1912-13 at their station Borg erected on Storstrømmen
near Bredebræ before their crossing of the In1and Ice in
1913. During their stay, a detailed survey of the front was
made (Koch & Wegener, 1930). The map compiled from
the observations in 1912-13 shows the east-facing Bre
debræ front to pass from Kap Jarner northwards to
Bræøerne, and the south-facing 'Northem Front' to be
10cated between Bræøerne and Daniel Bruun Land. The
height of the calving front approximate!y half-way be
tween Kap Jamer and Bræøeme was determined to be 32
m above sea level. At the wintering station Borg (Fig. 2)
some 4 km upstream from the calving front, the surfaee
elevation was detennined to be 64 m a.s.l., and the ice
movement to be 1.7 km/yr.

Maps based on aerial photographs taken in 1950 for the
British North Greenland Expedition (Hamilton et
al.,1956) show calving front positions similar to those
obtained from oblique aerial photographs taken a few
years later in 1954. Between 1913 and 1950 the 'North
em Front' had retreated 8 km whereas the Bredebræ front
had retreated up to 15 km, causing an embayment to open
up between Storstrømmen and L. Bistrup Bræ. The junc-
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changed between 1978 and 1989 (Reeh et al., 1993), the
volume added to the frontal part af the glacier during the
advance will have to match a mass loss af similar magni
tude somewhere in the ablation zone. This mass lass
corresponds to a mean thinning of 15 m over the whole
ablation zone. However, a discrepancy of up to 80 m
between surface elevations determined by Doppler satel
lite measurements in 1989 and 1990, and surface eleva
tions determined photogrammetrically by means of the
1978 aerial photographs shows that the thinning is non
uniform, and that the mass loss is concentrated around
300 m altitude (Reeh et al., 1993).

Fig. 5. Frontal variations of Storstrømmen since 1912-13. The
front position in 1978 is used as datum.

front position at Bræøerne, thus adding an area of about
48 km2 to the glacier. As far as Bredebræ is concerned,
flow-lines apparent on LANDSAT satellite images can be
traced some 8 km further out into Borgfjorden than the
1980 front position, so that the 1984-position ol' the
Bredebræ front was almost identica! to the 1913 position.

Since 1984 the frontal positions have remained static,
although same disintegration af the Bredebræ front began
in 1986: satellite images from 1986 reveal a fraeture zone
had opened up just south of Bræøerne releasing a 20 km2

segment from the front. Since 1986 no major changes
have occurred in the position of the fronts, allhough large
crevasses have been forrned in the frontal region of the
glacier.

The frontal variations are further illustrated in Figure 5
which shows frontal positions along the central flow lines
leading to 'Northern Front' and Bredebræ respectively,
using the positions in 1978 as datum. Although the gen
eral pattern ol' variation is the same for the two fronts,
there are important differences, particularly in the period
1950-1978. Whereas in this period the Bredebræ front
was virtuaIly unchanged at its most retreated position,
'Northern Front' experienced a gradual retreat, and did
not reach its most retreated position until sometime be
tween 1964 and 1978. This difference in behaviour will
be further commented on in the discussion.

Based on observations by J. P. Koch and A. L. We
gener (Koch, 1913; Koch & Wegener, 1930) and pho
togrammetric altitude measurements (GGU, 1992), the
mean altitude of the calving front is estimated to be
approximately 30 m a.s.l. Assuming the front to be afloat,
this gives a minimum average thickness of the noating
tongue of 210 m. Based an the area added to the glacier
during the advance between 1978 and 1984 and this ice
thickness, the cumulative volume of the ice advance is
calculated to be as much as 45 km3

• Since surface eleva
tions around the equilibrium line were virtually un-

Surfaee velocity observations

Surface velocities have been measured by means ol'
several methods.

(l) Near the ice margin in Germania Land, theodolite
surveying from land based points was used for deter
mining stake displacements during a 13 month period
from luly 1989 to August 1990. Displacements are
accurate to within 10 cm.

(2) Repeated GPS positioning was undertaken in 1990 ol'
stakes between 2.5 and 10 km from the ice margin in
Germania Land. At two points, where a comparison
between elevations determined by theodolite survey
ing and GPS observations was possible, elevation
differences were less than lO cm, indicating an accu
racy ol' the GPS measurements in the order of 10 cm.

(3) In a transect between 6 km and 60 km from the
eastern margin ol' Storstrømmen in Germania Land,
ve10cities were determined by repeated positioning in
1989 and 1990 of eight stakes by means of a JMR-l
Doppler satellite receiver. The observations at each
point lasted 2-5 days and the number of accepted
satellite passages varied between 12 and 25, yielding
an estimated accuracy of the positions ol' 1-2 m.

(4) Between 700 and 1000 m elevation a large number of
lakes are found on the ice surfaee (Reeh et al., 1991).
The lakes are located in stationary surface depres
sions and owe their existence to the now ol' the
glacier over large bedrock undulations. Due to the
predominant katabatic wind blowing in the down
glacier direction, a pressure ridge forms at the bound
ary between open water and lake ice every summer.
The pressure ridges are passively transported along
by the glacier motion and are eventually deposited an
the glacier surface as a series of curved ridges, re
tlecting the crescent-shaped rim of open lake water
formed during the summer period by the persistently
blowing katabatic wind. Since the ridges are forrned
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Temporal velocity variations

and 1984, a minimum value of the veloeity at the front
during this period is estimated to be 1.5 kmlyr. A more
realistic value of the average frontal velocity in the period
1978-1984 is probably 2 kmlyr, because the frontal ad
vance was accompanied by significant calving activity
filling up Borgfjorden with icebergs.

Sinee the velocities have been observed at different
locations along the central flow line, it is in general not
possibie to use the observations directly to assess tempo
ral variations of lhe surface velocities. However, by start
ing at a location where the velocity is known, il is pos
sible to calculate a steady-state (balance) distribution of
the surface velocities along the entire central flow line,
using the principle of mass conservation (the equation of
continuity). Observed velocities at other locations along
the flow line ean then be compared to the calculated
steady state velocities in order to assess possibie temporal
velocity fluctuations.

In one case, however, a direct comparison between
velocities observed in two different periods is possible:
average velocities for the period 1989-1990 determined
by Doppler satellite observations, and average velocities
for the period 1970-1978 based on distances between
lake ridges, are located in the same section of the flow
line. As will be shawn below, these two sets of velocities
are in some agreement, indicating no substantial ehange
of the surface velocity in the upper reaches of Storstrøm
men between the periods 1970-1978 and 1989-1990.
This is consistent with the moderate ehange of surface
elevation between 1978 and 1989-1990 in the same sec
tion of the flow line (Reeh et al., 1993), and supports the
hypothesis that the upper reaches of Storstrømmen were
relatively unatlected by the dramatic ehanges that oc
curred farther down the glacier between 1978 and 1984.

The continuity equation to be used for calculating

Method

Doppler
Lake ridges
Lake ridges
Doppler
Doppler
Doppler
Doppler
Aerial photogr.
Front advance

Period

1989-1990
1970-1978
1970-1978
1989-1990
1989-1990
1989-1990
1989-1990
1964-1978
1978-1984

259
256
283
249
307
291
272
130

1500/2000

Velocity m1year

Tabte l. Observed suiface vetocities

1075
860
760
678
575
430
320
60
30

Altitude
ID a.s.1.

m/yr
140

120

100

80

60

40

20

o
o 2 4 6 km 8 10 12 14 16

Table l shows measured surface velocities of points
near the central 1l0wline of Storstrømmen. The velocities
were obtained by the different methods described above.
More importantly, they represent average velocities over
different time periods and at different locations along the
central flow line. The Doppler satellite observations pro
vide surface velocities for the period luly 1989 to August
1990. The 'lake ridge' velocities on the other hand, repre
sent the period from approximately 1970 to 1978,
whereas the velocities determined by A. K. Higgins are
averages for the period 1964-1978. The 'Doppler' veloc
ities and the 'lake ridge' veloeities were measured be
tween 50 and 120 km behind the calving front in contrast
to the 'Higgins' velocities whieh are measured in the
region near the grounding line loeated about 10-15 km
behind the 1978 position of the Bredebræ ealving front
(see Fig. 1).

Closer to the calving front, direct velocity observations
are not yet available. However, based on the magnitude
and duration of the rapid frontal advance between 1978

annuaIly, surface velocities can be derived from the
distance between them (Reeh et al., 1991). Similar
observations were used by Echelmeyer et al. (1991)
to determine surface velocities in the lakobshavn
Isbræ region of West Greenland.

(5) In the region west of the semi-nunatak dividing Stor
strømmen inta Bredebræ and 'Northem Front',
A. K. Higgins (unpublished data) obtained surface
velocities by measuring the displacement of distinct
features on the surface visible on aerial photographs
taken in 1964 and 1978. Along a transect A-A' (Fig.
3) velocities range from less than 20 m/yr near the
margins to over 100 m/yr in the centre. The slowly
moving ice near the margins is separated from the
fast moving ice in the central section by two parallel
shear bands (Fig. 6).

Fig. 6. Velocity distribution of profile A-A'. Dotted lines shows.

position of shear bands (see Fig. 3 for location).
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Table 2. Data used to calculate flux velocities

Cross- Surface
Level Width lee thickness sectional area area

m km km km2 km2

O IO 0.24 2.4 100
70 15 0.4 6 225

100 15 0.4 6 60
200 23 0.22 5.06 364
300 33 0.35 11.55 435
400 25 0.45 11.25 118.75
500 22.5 0.7 15.75 281.75
600 15 0.94 14.1 137.5
700 12.5 1 12.5 142.5
800 16 I 16 82.5
900 17 I 17 165

1000 16 l 16 80

steady-state balance-velocity distributions along the flow
line, reads:

transfer funetion for temperatures between Danmark
shavn and Storstrømmen are based on detailed climate
and ablation data obtained by field observations at Stor
strømmen in 1989 and 1990 (for details, see Bøggild et
al., 1994). The reconstructed mass-balance record shows
inter-annual variations of the mean specific ablation be
tween 133 cm of iee/yr and 190 cm of ice/yr, with a mean
of 152 ± 27 cm of ice/yr over the area below 1000 m
altitude.

Figure 7 shows four different calculated steady-state
surfaee-veloeity distributions along the central flow line
of Storstrømmen: (1) Distribution fitted to the velocities
deterrnined in the upper part of the ablation area by
Doppler satellite observations in the period 1989-1990
and lake ridge distances in the period 1970-1978. (2)
Distribution generated by using the average velocity in
section A-A' determined by A. K. Higgins for the period
1964-1978 as starting value for the balance velocity
ealculation. (3) Distribution generated by using avalue of
1.5 kmlyr for the velocity at the 1978-position of the
calving front as starting value for the balance velocity
ealculation; as mentioned above, this value is a minimum
estimate of the average frontal velocity in the period of

Fig. 7. Calculated balance-velocity distributions aJong the cen
tral f10wline of Storstrømrnen. Distances are in kilometres be
hind the 1978-position of the calving front. 'Fitted' denotes the
distribution fitted to the velocities detennined in the upper part
of the ablation area by Doppler satellite observations in the
period 1989-1990, and lake ridge distances in the period 1970
1978. 'From A-A" denotes the distribution generated by using
the average velocity in section A-A' determined by A. K. Hig
gins for the period 1964-1978 as starting value for the balance
velocity calculation. '1.5 km!yr' and '2 km/yr' denote distribu
tions generated by using values of 1.5 km!yr and 2 km/yr
respectively, for the velocity at the I978-position af the calving
front as starting value for the balance velocity calculation.

Fitted

From A-A'

1.5 km/yr

2 km/yr

• Obs '89- '90

where ai+V. is the average annual net balance (surface
ablation) and Si+Yo is the area of the glacier surface be
tween the vertical profiles i and i+1. Vi and Ai are mean
velocity and cross-sectional area of the fast moving, cen
tral section of the glaeier at position i. Assuming block
flow in this section (Fig. 6), the surfaee velocity can be
taken as a good approximation of the mean veloeity in the
section. In the absence of information about ice thickness
variations aeross the glaeier, the average ice thickness in
any eross-section is assumed to be equal to the ice thiek
ness observed at the point where the eross-seetion in
terseets a longitudinal ice thickness profile obtained by
means of airbome radio echo sounding; the latter was
undertaken in 1978 by the Electromagnetic lnstitute, the
Technical University of Denmark (Overgaard, 1984).

Balance velocity ealculations have been made in steps
corresponding to a 100 m change of altitude along the
flow line from sea level up to 1000 m elevation. Table 2
gives values of the parameters used in the calculations.
Surface areas and profile widths are taken from maps at a
scale of l: l 00 000 drawn by the Geological Survey of
Greenland (GGU, 1990, 1992). Ice thicknesses are taken
from airbome radio eeho measurements.

The net mass balance (surface ablation) used for the
calculations is a mean value over the ablation area recon
structed for the period 1961-1990 by means of a degree
day approach (Braithwaite, 1984; Reeh, 1991). The re
construction is based on mean montWy air temperatures
observed at the nearby weather station Danmarkshavn
(BØggild et al., 1994). The degree-day factor and the

0.5

A-A' 40 60 80

Distance (km)

100 120



rapid front advance from 1978 to 1984. (4) Distribution
using a starting value of 2 km/yr for the velocity at the
1978-position of the calving front, which is a more real
istic estimate of the average front velocity in the period
1978-1984.

The large differences between the four calculated ve
locity distributions clearly illustrate that large velocity
fluctuations accompanied the observed fluctuations of the
glacier front. The relatively good match of the Doppler
and lake ridge velocities to the same calculated velocity
distribution shows that the upper part of the ablation zone
was approximately in balance with the ablation in a
period before as well as after the rapid frontal advance.
However, this balance velocity distribution is neither
consistent with the average velocity determined in sec
tion A-A' by Higgins for the period 1964-1978 (i.e be
fore the rapid front advance), nor with the estimate of the
frontal velocity during the rapid front advance.

If the average velocity determined by Higgins in sec
tion A-A' for the period 1964-1978 is used as starting
point for the calculation of a balance-velocity distribu
tion, then the calculated upstream balance velocities ap
pear to be some 40% lower than upstream velocities
observed before as well as after the rapid frontal advance
(see Fig. 7). In other words, in a period before the rapid
frontal advance, the mass flux in section A-A' was not
sufficient to allow all the mass supplied to the glacier
farther upstream to pass the section. This imbalance
caused by the prescnce of a, relatively speaking, stagnant
ice body near the grounding line must have resulted in a
thickening of the glacier upstream of section A-A' in the
period prior to the rapid frontal advance.

Furthermore, if the estimated minimum frontal veloc
itY during the frontal advance from 1978 to 1984 of 1.5
km/yr is used as starting value for the calculation of a
balance velocity distribution, then the calculated balance
velocities in the upper ablation area appear to be some
40% higher than the observed average velocities for the
periods 1970-1978 and 1989-1990. The discrepancy is
even more pronounced (72%) if the more realistic frontal
velocity of 2 km/yr is used as starting value for the
balance-velocity calculation. This means that during the
rapid frontal advance, the mass tlux through cross-sec
tions in the upper ablation zone of Storstrømrnen was far
from sufficient to keep up with the combined mass loss
by surface ablation and mass flux out af the cross-section
located at the 1978-frontal position. Consequently glacier
thinning must have taken place in the lower ablation zone
during the rapid frontal advance.

The pattem of velocity tluctuations described above,
i.e. 'stagnant' ice near the frontal end of the glacier before
the rapid frontal advance and flow velocities much grea
ter than balance velocities during the rapid frontal ad-

207

vance, is typical 'surge' behaviour. It shows that the
frontal advance was not a normal response to mass bal
ance changes.

Summary and discussion

During a relatively short period after 1978, the calving
front of Storstrømmen advanced 10-12 km to a position
similar to that occupied in 1913. The large frontal ad
vance was first recognised in 1989 by comparing field
observations of frontal positions with aerial photographs
from 1978. By analysis of LANDSAT images, the time
for the advance has been more precisely determined to
between 1978 and 1984. During the advance about 50
km3 of ice was transferred from the upper to the lower
reaches of Storstrømmen, and 218 km2 of former fjord
area was covered by glacier ice. The striking similarity
between the 1913 and 1984 frontal positions strongly
suggests that the advanced 1913-position af the glacier
front was also the result of a rapid advance. If true, this
suggests possibIe periodic frontal fluctuations of Stor
strømmen with a period af the order of 70 years.

By comparing observed and estimated surface veloc
ities before, during and after the rapid advance with
calculated steady state balance velocities, it has been
shawn that large velocity fluctuations accompanied the
tluctuations of the position of the glacier front. As de
scribed above, the pattern of these velocity f1uctuations is
typical 'surge' behaviour, and shows that thc frontal
advance was not a normal response to mass balance
changes. The relatively lang duration (5-6 years) of the
active surge phase is longer than typical surging ice
masses in the greater part of the World, but agrees well
with the duration of the active phase as described for
surging glaciers in Svalbard (Dowdeswell et al., 1991).

The two calving fronts, the Bredebræ front and 'North
em Front', show different behaviour after the active surge
phase. Only two years after reaching the maximum ex
tent, the region af the glacier behind the Bredebræ front
began to disintegrate, releasing a large segment of the
front (Fig. 3). The 'Northem Front', by contrast, has not
yet started to retreat.

The stability af a floating ice tongue depends on lateral
and subglacial bedrock attachment (Mercer, 1961). At the
'Northem Front' a kind af stability af the front seems to
have been secured by the Bræøerne which serve as pin
ning points for the floating tongue. Bredebræ lacks this
bedrock contact. This probably explains why the ad
vanced Bredebræ front is less stable than 'Northem
Front' as indicated by the folIowing evidence: (l) In
tensive calving occurred during the Bredebræ frontal ad
vance. (2) The maximum extent of the advance only
lasted from 1984 to 1986, after which a large segment af
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ice broke oft. (3) Some time befare 1950, the Bredebræ
front had retreated back to the position it subsequently
occupied until 1978; it apparently reached a stable bal
ance between ice-flow and iceberg ca1ving. This may be
compared to the more gradual retreat of 'Northem Front'
in the period after 1950, which lasted until the re-advance
of 1978 (Fig. 5).

Along the grounded section of tide water glaciers,
instability is likely to occur when backpressure is reduced
(Meier & Post, 1987). If the glacier is grounded below
sea level, a slight thinning is likely to considerably reduce
basal friction. This, in tum, may cause increased exten
sional flow, which results in further thinning. Another
consequence of the reduced basal friction is that a larger
proportion of the driving force due to gravity must be
taken up by lateral shear along the sides of the glacier.
Thus, shear stresses along the side margins may eventu
ally reach the shear strength of the ice resulting in shear
rupture and further increase of the rate ol' extensional
flow. A well developed shear zone along a large part of
the eastem margin of Storstrømmen observed in 1989 but
nor seen on the aerial photographs from 1978 suggests
that shear rupture actually occurred along this margin
between 1978 and 1989.

As appears from Figure 4, the base ol' Storstrømmen is
located more than 200 m below sea level over a section
extending 30-40 km behind the 1978 grounding line.
Thus, the conditions for the instability caused by the
feed-back mechanisms described above are certainly pre
sent for Storstrømmen.

The glaciological programme on Starstrømmen is con
tinuing. New data collected since 1990 are expected to
provide information about present trends ol' surfaee ele
vation and velocity changes and will be used for selting
up a dynamic model for Storstrømmen, with the purpose
ol' supporting the above discussion in a quantitative way.
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