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Brae, Northeast Greenland, Over the Last Century

J. Mouginot™? (), A. A. Bjerk™ (), R. Millan"2 (2}, B. Scheuchl’ (), and E. Rignot™*
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Grenoble INP, IGE, Grenoble, France, 3Centre for GeoGenetics, Natural History Museum of Denmark, University of
Copenhagen, Copenhagen, Denmark, “NASA, Jet Propulsion Laboratory, Pasadena, CA, USA

Abstract we use a multisensor approach to assess the surge history over the past century of
Storstremmen and L. Bistrup Brae, which drain the Northeast Ice Stream, Greenland. Storstremmen surged
around 1910 and Bistrup in 1913 and during the 1950s. Between 1978 and 1982, the speed of Storstrammen
peaked at 3 km/year during an active surge phase that lasted 10 years and the glacier has stayed in a
quiescent phase since. Bistrup started to surge in 1988, peaked in 1993, and stopped in 1996. Both glaciers
displayed a slow surge initiation and termination. Since 1993, ice builds up in the upper part of Storstrammen
at a 1 m/year, its lower part is thinning at its ablation rate of 1.4 m/year, and the grounding line has
retreated by 10 km between 1992 and 2017, or 400 m/year. At these current rates, we project that
Storstrammen will meet presurge conditions in 2027-2030.

Plain Language Summary Storstrammen and L. Bistrup Bree in east Greenland probably are the
largest surge-type glaciers in the world. Based on the history of frontal positions, it was suggested a surge
periodicity on the order of 70 years. In this study, we use a multisensor approach combining historical data
sets with the modern remote sensing techniques to reassess the surge history of Storstrammen and
document the unknown behavior of L. Bistrup Bree. We found that, between 1978 and 1982, the speed of
Storstrammen peaked at more than 3 km/year during an active surge phase that lasted 10 years and the
glacier has stayed in a quiescent phase since. L. Bistrup Brae started to surge in 1988, peaked in 1993, and
stopped in 1996. Since 1993, ice builds up in upper part of Storstremmen at a 1 m/year, its lower part is
thinning at its ablation rate of 1.4 m/year, and the grounding line has retreated by 10 km between 1992 and
2017. At these current rates of mass accumulation upstream and retreat downstream, we project that
Storstrammen will meet presurge conditions in 2027-2030.

1. Introduction

Glacier surge is a cyclic phenomenon, which is internally driven by oscillations in bed conditions that may
lead to rapid episodic advances of the ice margin (Meier & Post, 1969; Sharp, 1988). Surge motion is caused
by the rapid sliding induced by high water pressure (Robin & Weertman, 1973), which arises from a major
restructuring of the basal hydraulic system from evolving glacier geometry and stress distribution (Kamb
et al,, 1985; Raymond, 1987). For marine terminating glaciers, a surge may cause the discharge of icebergs
to the ocean to increase significantly, hence enhancing the rate of mass loss of the glacier. Changes in climate
may affect the frequency of surges (Harrison & Post, 2003) or activate surging behavior (McMillan et al., 2014),
which in turn impacts sea-level rise.

Storstremmen and L. Bistrup Brae are among the largest surge-type glaciers in the world (Higgins, 1991).
Together with Zachariae Isstram and Nioghalvfjerdfjorden, they form the Northeast Greenland Ice Stream
(M. A. Fahnestock et al., 2001; Figure 1a), which reaches far into the ice sheet to the flanks of Greenland’s sum-
mit (Rignot & Mouginot, 2012). Storstremmen and L. Bistrup Brae flow, respectively, north and south around
the nunatak complex of Dronning Louise Land, then merge again in Borgfjorden (Figure 1b). Their terminus
positions have experienced large fluctuations over time: the glaciers retreated about 15 km between 1913
and 1950, remained stable from 1950 to 1978, and readvanced by 8 km between 1978 and 1984 (Reeh et al.,
1994). This large frontal advance was recognized by Reeh et al. (1994) as a prolonged surge of Storstrgmmen,
which transferred 50 km® of ice from the upper basin to the lower part of the glacier (Figure 1b). Based on the
history of frontal positions, the authors suggested a surge periodicity on the order of 70 years.
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Figure 1. (a) Ice surface speed using a logarithmic scale of the northeast Greenland Ice Stream. Dotted lines are drainage
basin boundaries of Storstrammen and L. Bistrup Bree. (b) Zoom of (a) on Storstremmen and Bistrup. Black box indicates
the location of (c) and (d). The regions annotated with (+) and (—) are the accumulation and ablation areas of
Storstremmen, respectively. Yellow stars indicate the regions of ice speed extraction in Figure 2. Segment a-b (black
thick line) was flown by NASA in 1994, 1997, 2007, and 2014 (Figure 3). (c) Ice front location from 1907 (light orange) to 2017
(dark orange) overlaid on topographic slope from the 1978 DEM (Korsgaard et al., 2016) smoothed with a low-pass
Gaussian filter of 200 m. Dashed black lines indicate a break in slope at the transition between grounded and floating ice.
(d) Differential interferogram from Sentinel-1a/b showing the tidal-induced vertical motion in April 2017. (e) Ice front
variations from 1907 to 2017 along the thick black arrow in (c). Frontal advances indicate surges of Storstremmen (colored
in purple) or L. Bistrup Brae (colored in brown).

In this study, we use a multisensor approach combining historical data sets with the modern remote sensing
techniques to (1) reassess the surge history of Storstremmen between 1913 and 1990 as described by Reeh
etal. (1994), (2) document the unknown behavior of L. Bistrup Brae in response of the surge of Storstrammen,
(3) describe the evolution of the system since 1990, and (4) project when the next surge of Storstremmen
will occur.

2. Materials and Methods

We use historical maps, aerial, and satellite imagery to delineate the ice front positions of Storstremmen and
Bistrup Brae over the last century. Although not accurate to modern standards, the historic maps are critical
for providing historical information on the ice front positions in the earlier part of the 20th century. As shown
in Figure 1c, the ice front position was first mapped during the 1906-1908 Denmark Expedition (Koch &
Wegener, 1911, 1930; Reeh et al,, 1994; Supporting Information Figure S1). In 1912, Koch and Wegener
returned to northeast Greenland and made another detailed survey of the front (Koch & Wegener, 1930).
The maps have been georeferenced near the ice margin using ground control points of recognizable
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features. Aerial surveys were performed in 1932, 1950, 1963, 1967, 1968, and 1978 (Figures S2-S5). From 1973
to present, satellite images provide frequent coverage of the glaciers and their frontal positions with high
precision. All aerial images are scanned at 600 dpi and georeferenced according to the 1978 orthorectified
aerial photo (Korsgaard et al., 2016). For oblique aerial images (1932 and 1950) the procedure described in
Bjork et al. (2012) has been used, and only the areas encompassed by ground control points have been used
to delineate the glacier margins (see Figures S2 and S3).

We build a 50-year time series of surface ice velocity using 10 satellite sensors and aerial platforms
between 1967 and 2017. We estimate displacements between declassified CORONA images from
August 1967 to March 1968 (Figure S6). Both images are orthorectified and precisely georeferenced before
feature tracking using ice-free areas in the orthorectified 1978 aerial imagery (Korsgaard et al., 2016). We
use Landsat-1&2/MSS images between 1973 and 1976 and combine image pairs up to 1 year apart to
measure the displacement of surface features between images as described in Dehecq et al. (2015; two
examples are given in Figures S7 and S8). We use the 1978 2-m orthorectified aerial images to correct
the geolocation of Landsat-1 and -2 images (Korsgaard et al., 2016). Landsat did not acquire images over
this glacier between 1976 and 1984, so we use alternate image sources. For 1978, we use an orthorectified
American HEXAGON spy image acquired on 30 March that was declassified in 2013 (Figure S9), and orthor-
ectified aerial pictures from Danish Survey acquired on 2 and 10 August (Figure S10). For 1982, we find
another American HEXAGON spy image recently declassified. The image is resampled at 2-m spacing (ori-
ginal resolution between 60 cm and 1.2 m) and georeferenced to the 1978 aerial mosaic. Because the clo-
sest images in time from the spy data are the aerial photos from 1978 (4-year lapse) or Landsat-4
acquisitions from 1984 (2 years), feature tracking is impractical so we manually track in QGIS the migration
of the meanders of supraglacial rivers at the center of Storstrammen (Figure S11). The 1982 HEXAGON
image is not orthorectified, but we estimate that the induced errors on the relatively flat glacier surface
are negligible compared to the large glacier displacement observed between the periods 1978-1982
(12 km) and 1982-1984 (3.2 km). Between 1984 and 1991, 684 Landsat-4&5/TM image pairs were acquired
up to 1-year apart (Figure $12). Only a few Landsat-4 and -5 images (~3%) needed geocoding refinement
using the 1978 reference as used previously. Between 1991 and 1998, we process radar images from the
European ERS-1/2, with a repeat cycle varying from 3 to 36 days depending on the mission phase (Figure
S13). Between 1999 and 2013, we use RADARSAT-1/2, ALOS/PALSAR, ENVISAT/ASAR to determine surface
velocity (Joughin et al.,, 2010; Rignot & Mouginot, 2012). After 2013, we use Landsat-8, Sentinel-1a/b, and
RADARSAT-2 (Mouginot et al.,, 2017). All synthetic aperture radar (SAR) data sets are processed assuming
surface parallel flow using the digital elevation model (DEM) from the Greenland Mapping Project
(Howat et al., 2014) and calibrated as described in Mouginot et al. (2012, 2017).

We map the glacier grounding line using InSAR data from the European Earth Remote Sensing (ERS-1/2)
radar satellite collected in 1992 (3-day repeat cycle), in 1996 (1-day apart), and Sentinel-1a/b in
November 2015 and April 2017 (Scheuchl et al., 2016). We employ differential InSAR technique (Rignot
et al, 2011) on interferograms from radar images within the same month. After correcting the signal for
surface topography using 2014 Greenland Mapping Project DEM, we use the differential interferograms
to quantify the short-term vertical motion of the ice forced by changes in oceanic tides (Figure 1d). To
digitize the grounding lines, we pick the inward limit of detection of vertical motion, where the glacier
becomes afloat with a precision of about 50 m, as in Rignot et al. (2011). In addition to the InSAR ground-
ing lines, we estimate the grounding position from the 1978 DEM using the break in slope (Figure 1c) with
a precision of about 500 m (Rignot et al., 2011).

Finally, we document the evolution of the ice surface elevation and ice thickness along a flight track from
NASA’s Operation IceBridge over Storstrammen and L. Bistrup Brae (Figure 3). As provided by the Center
for Remote Sensing of Ice Sheets, ice thickness is calculated assuming a real dielectric constant of 3.15 for
ice with no firn correction and associated error of about 25 m. We use the 25-m posting 1978 topography
derived from aerial imagery (Korsgaard et al,, 2016), the scanning LiDAR Airborne Topographic Mapper oper-
ated by NASA between 1993 and 2014 (Brunt et al., 2017), the Multichannel Coherent Radar Depth Sounder
operated by Center for Remote Sensing of Ice Sheets through NASA programs between 1999 and 2014
(Gogineni et al., 1998; Rodriguez-Morales et al., 2014), and the time-dependent ArticDEMs created by the
Polar Geospatial Center from DigitalGlobe, Inc. imagery.
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3. Results

Figures 1c and 1e show the ice front evolution along their center flowline of Storstremmen (indicated by
the black arrow in Figure 1c) since 1907. During the Denmark expedition of 1907-1908 (Figure S1), the
terminus was at an advanced position and continued to advance until the next expedition in
1912-1913 (Figure S2). In April 1913, Koch and Wegener (1930) witnessed a change in the flow of L.
Bistrup Brae near their camp site and described it as a speedup. This speedup may have been part of a
surge and fits well with the assumed periodicity of L. Bistrup Brae surges. Aerial pictures taken in 1932
(Figure S3) suggest that the ice margins retreated by about 5 km by 1932 and another 5-6 km by 1950
(Figure S4), hence reaching the most retreated known position of the glacier in the past century. Other
aerial images taken in 1963 indicate that the front advanced about 5 km compared to 1950, but retreated
again by roughly 3 km in 1966 and another 2 km by 1973 to reach its most retreated state, which is not
documented in Reeh et al. (1994). Between 1973 and 1984, the front position advanced rapidly by 12 km
to reach a similar position as during the 1913 stage. Since 1984, the front has retreated by about 5 km,
approximately halfway between the known extremes for advance and retreat of the front. The similarity
between the 1913 and 1984 frontal positions suggests that the 1913 advance of the glacier front was the
result of a rapid advance due to the surge of Storstremmen. Reeh et al. (1994), however, did not report
the front advance between 1950 and 1963. Although the 1950s image is oblique and so distorted when geor-
eferenced, the comparison with the aerial image taken in 1963 shows that the supraglacial medial moraine in
the center of L. Bistrup Brae moved forward, its ice front advanced by 5-6 km, and the suture zone between
Bistrup and Storstremmen migrated northward, that is, toward Storstremmen (see Figures S4-S7). This
suggests that the 5-km advance of the terminus observed between 1950 and 1963 should be attributed
to a surge of L. Bistrup Brae and that the active surging phase centered around 1963.

Figure 1d shows the grounding position in 1978, 1992, 1996, 2015, and 2017. The 1978 position is the most
upstream known position of the grounding line. Between 1978 and 1992, the grounding line of
Storstremmen and L. Bistrup Brae advanced by 14 and 1.5 km, respectively. While Storstrammen’s grounding
line remained relatively stable between 1992 and 1996, the grounding line of L. Bistrup Brae's advanced by
3.5 km over the same time period. Since then, both grounding lines have retreated significantly. L. Bistrup
Bree is back to its 1992 position and Storstrammen has retreated 10 km since 1992, or 400 m/year, and is
now 5 km downstream of its 1978 position.

Figure 2 shows the ice velocity evolution from 1967 to present. Storstremmen was flowing at a slow pace
(about 0.2 km/year) between 1967 and 1976. Its speed increased to reach an averaged maximum speed of
3 km/year between 1978 and 1982. After 1982, Storstrammen speed steadily decreased to a near stop by
1991. Since then, the glacier has returned to background velocity rates.

The behavior of L. Bistrup Brae follows a similar pattern as Storstrammen but shifted by 10 years. Its speed was
relatively low, around 0.1 km/year, between 1974 and 1986. After 1986, the speed of L. Bistrup Braze started to
increase, first slowly to reach 0.45 km/year in 1990, then abruptly to 1.35 km/year by 1993. Between 1993 and
1996, a sharp decrease in speed is observed back to its previous slow state. Since then, the glacier has dis-
played only small seasonal changes in speed (<0.1 km/year; Figure 2b).

Figure 3 shows the change in surface elevation along the NASA’s Airborne Topographic Mapper flight line
between 1993 and 2014, the ArcticDEMs between 2012 and 2015, and the Multichannel Coherent Radar
Depth Sounder radar sounder in 1999 and 2014 (Figure 1b). The upper part of Storstreammen has thickened
at a rate of 1.0 m/year since 1993 (63 km above the 1978 grounding line), while the lower part has thinned at
1.4 m/year (7 km above the 1978 grounding line). The transition between thinning (lower) and thickening
(upper) regions of Storstremmen is about 20-22 km above the 1978 grounding line.

4, Discussion

The last surge of Storstremmen in 1982 reported by Reeh et al. (1994) did not include satellite or aerial images
between 1978 and 1989, hence could not resolve the entire surge cycle. Here we find that the active surge
phase lasted 10 years, or twice as long as reported by Reeh et al. (1994). Since 1988, Storstrammen has been
in a quiescent phase, with ice building up in a reservoir area in the upper part (115 to 80 km in Figures 3a and
3b) of the glacier, while its lower part (70 to 115 km in Figures 3a and 3b), near the terminus, is thinning.
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Figure 2. Time series of ice speed from 1964 to 2017 of (a) Storstremmen and (b) L. Bistrup Brae with sensor defined by
color and symbol, at locations defined by yellow stars in Figure 1b.

We document for the first time the surge behavior of L. Bistrup Brae which started in 1988, when the surge of
Storstrammen ended. This cycling is consistent with the observations by Koch and Wegener between 1907
and 1913. Yet it is not clear how the surges of the two glaciers are coupled. On the one hand, the two glaciers
coalesce at their common ice front and therefore may exert back forces to one another. On the other hand,
the ice front history suggests that the surge of L. Bistrup Brae in the 1950s did not follow the surge of
Storstrammen. Our reconstruction suggests that the surge cycle for the two glaciers is 70 years for
Storstrammen (~1910 and 1982) versus 30-50 years for L. Bistrup Brae (~1912, the 1950s, 1993; Figure 1e),
which means that the surge cycles are different. Since 1997, L. Bistrup Brae is also in a quiescent phase, with
ice thickening in the upper part (10 to 40 km) while its lower part is thinning (40 to 70 km in Figures 3a
and 3b).

From the combination of ice thickness and ice velocity reported here, we estimate that the total ice discharge
during the surges of Storstrammen (1975-1988) and L. Bistrup Brae (1985-1996) is 126+/—14 and 11+/—-2 Gt,
respectively. Reeh et al. (1994) estimated that 50 km> (45 Gt between 1978 and 1984) was transferred for the
upper to the lower part of Storstrammen, or half our estimate. Using the output of the regional climate model
RACMOV2.3p2 downscaled at 1 km (Noél et al., 2018), we find that the average surface mass balance for the
period 1960-1989 for Storstrgmmen and L. Bistrup Brae was 1.7+/—0.8 and 1.04+/—0.3 Gt per year, respec-
tively. Using this average SMB value, the total mass accumulated over Storstrammen basin between two
surges (1910 and 1982) should be 121 and 37 Gt for L. Bistrup Brae between the surges of the 1950s and
1993. The 126 Gt discharged by Storstremmen during its last surge is therefore comparable with the accumu-
lated ice mass during 72 years, which means that the surge brought the glacier to a state of mass balance
over a period of 70 years. In contrast, the 11 Gt discharge by L. Bistrup Bree during the 1993 surge is 3 times
smaller than the mass accumulated over its basin based on RACMO. Several reasons could explain the
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Figure 3. Change in surface elevation of Storstremmen and L. Bistrup Brae (a) measured with ATM/NASA data, ArcticDEM
data compared to the 1978 DEM and (b) bed elevation from the MCoRDS radar sounder along profile in Figure 1b (thick
black line). Black line near bed indicates the ice bottom elevation derived from floatation using the 1978 DEM (ice den-
sity =917 kg/rn3 and sea water = 1,024 kg/m3). Hatched blue is ocean water in 1978. (c) Time series of elevation change of
the upper and lower parts of Storstrammen measured with ATM/NASA (circles) and ArcticDEM (squares) compared to
the 1978 DEM at the locations indicated by black vertical dashed lines in (a), and time series of distance from 1978
grounding line (triangles) along the black arrow profile in Figure 1a. The 1978 state of Storstremmen represents surge
initiation (gray box). Each time series is linearly extrapolated (dashed and solid black lines) to intercept in 2027-2030 when
the 1978 conditions will be repeated. DEM = digital elevation model; ATM = Airborne Topographic Mapper.

difference for L. Bistrup Brae. One possibility is that the mass discharge by L. Bistrup Brae varies from one surge
to the next and that the last surge was small, for example, because the recent surge of Storstremmen had
already transferred a large amount of ice to the lower part, hence obstructing the flow of L. Bistrup Brae
through Borgfjorden. Another possibility is that L. Bistrup may have surged in the 1930s, for which we
have no data, that is, its surge cycle is closer to 30 years or may also be irregular.

Since the end of the surges in 1988 (Storstremmen) and 1996 (L. Bistrup Brae), we observe that the glaciers are
returning to their presurge configurations. Storstremmen’s upper part is thickening at 1 m/year (Figure 3c),
while its lower part is thinning at a rate of 1.4 m/year, similar to the average thinning modeled by RACMO
(1.3+/—0.1 m/year between 1992 and 2017), that is, the glacier lower reaches are thinning at their ablation
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rate. The grounding lines and ice fronts are retreating, thus reducing basal friction and back pressure applied
on the upper parts, similar to the mechanism that lead to the destabilization of a glacier in Svalbard described
by McMillan et al. (2014). The 1978 DEM and grounding line position reveal the glacier configuration at the
inception of Storstrammen surge. It is reasonable to expect that if the same conditions are reproduced in
years to come, the system will surge again. The surge will repeat if the boundary conditions are repeated
and the amount of mass that accumulates upstream reaches a similar level. While we do not know the sur-
ging configuration of L. Bistrup Brae in 1988 that would allow us to extrapolate its next surge, we have infor-
mation from the 1978 DEM at the onset of Storstremmen’s surge.

Between 1994 and 2014, the upstream surface elevation of Storstremmen from 20 to 60 km above the 1978
grounding line has increased up to 20 m while the downstream elevation (0 to 20 km above the 1978 ground-
ing line) decreased by up to 30 m (Figure 3a). If we assume that the 1978 conditions correspond to a presurge
state, with similar rates of thinning, thickening, and grounding line retreat to those observed between 1992
and 2017, we estimate that the presurge configuration will be met between 2027 and 2030 (Figure 3c). If cor-
rect, the surge period of Storstrammen will be 52 years instead of 72 years from Reeh et al. (1994) and ice
front reconstruction. The 28% shorter cycle may be linked to a change in recent climate. Indeed, the surface
ablation rate of the lower part of the glacier modeled by RACMO has increased by 25% between the periods
1958-1970 and 2010-2017. While the change in subaqueous melting of the glacier floating sections is not
known, several studies suggests that ocean temperature is warming around Greenland (Rignot et al., 2012;
Straneo et al., 2010), which would lead to faster retreat of the grounding line.

Surge motion is usually caused by rapid basal sliding due to high water pressure (Robin & Weertman, 1973),
which arises from a restructuring of the basal hydraulic system from an evolving glacier geometry and stress
distribution (Kamb et al., 1985; Raymond, 1987). The initiation of the surges of Storstreammen or L. Bistrup Brae
took years to buildup. The velocity map from 1973 to 1975 (see Supplemental Materials), 8 years before the
peak active phase, shows that Storstrammen was already flowing at a slow pace of 150 to 200 m/year. The
initiation and termination of the surges observed here differ from those in Alaska (e.g., Variaegated, Bering,
or West Fork glaciers) or Sortebrae, east Greenland (Pritchard et al., 2003, 2005), that started and ended sud-
denly with the same seasonal timing: winter-summer. Storstrammen and Bistrup surges are more character-
istic of surging glaciers found in Svalbard (Murray et al., 2002) or the Canadian Artic (Millan et al.,, 2017; Van
Wychen et al., 2016) with slow initiation or termination and long active phases. The Svalbard style of surge
(slow initiation and termination) has been explained by a switch between frozen and unfrozen bed condi-
tions (Clarke, 1976; Fowler et al., 2001), which leads to meltwater production and therefore a rise in basal pres-
sure. The buildup of ice mass increases the driving stress, which generates more heat. For Storstremmen, it
would be necessary to evaluate if the relatively small change in thickness (+2%) during the quiescent period
is sufficient to generate enough heat to raise the bed to the pressure melting point.

The denser velocity measurements gathered between 1988 and 1990 reveal that, toward the end of the
active phase, Storstrammen displayed strong seasonal fluctuations with maximum speed in July and slower
speeds in winter (Figure 2a). This observation suggests that the glacier flow was probably controlled by the
seasonal input of subglacial water. This could in turn imply that meltwater was able to accumulate at the base
of the glacier and raise basal pressure (Kamb, 1987). Although production of surface melt water is limited in
the accumulation area and above, Storstrammen and L. Bistrup are part of Northeast Greenland Ice Stream
which experiences significant ice melt at the base as shown by ice penetrating radar and ice core drilling
(M. A. Fahnestock et al., 2001; Grinsted & Dahl-Jensen, 2002; Oswald & Gogineni, 2012) due to anomalously
high geothermal flux (Rogozhina et al., 2016) and enhanced basal friction (M. Fahnestock et al., 2001).
Some of this meltwater is likely routed toward Storstreammen and L. Bistrup Brze, where it would accumulate.
As shown in Figure 3b, about 130 km upstream the grounding line, Storstremmen’s bedrock drops by 1,000
from 600 m above sea level to 400 m below sea level, and then rises again to 100 m below sea level about
100 km from the grounding line. A similar configuration is observed on the accumulation area of L. Bistrup
Brae where the bedrock altitude decreases from 150 m above sea level to 500 m below sea level and then rise
to 100 m below sea level (Figure 3b). These deep basins form natural reservoirs for subglacial water
to accumulate.

The slow surge probably initiates when a combination of high basal water pressure or total accumulation of
mass (water or ice), and reduced back pressure from the lower part or retreat of the grounding line past the
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1978 limit, is reached. The surge terminates when enough mass has been transferred from the upper to the
lower parts, hence offering renewed back pressure to the upper system. A participant to the grounding line
retreat may be the subaqueous melting of the glacier floating section (Figure 3b). At Zachariae Isstrem, an
increase in ocean temperature combined with a decrease in ice mélange gluing the ice shelf bits together
were likely the main drivers for more rapid iceberg detachment and glacier acceleration (Khan et al,, 2014;
Mouginot et al., 2015). The ocean conditions and bathymetry at the front of Storstremmen and L. Bistrup
Brae are unknown at present, but are of interest to refine our understanding of the conditions that lead to
surge conditions, in particular to define the role of ocean thermal forcing in constraining the retreat of the
ice front, if any.

5. Conclusions

Using a multisensor approach, we assess the surge history between 1907 and 2017 of Storstrammen and L.
Bistrup Brae. Both glaciers have been in a quiescent phase since 1988/1996 but we project that conditions
leading to a surge, including total thickening in the upstream area and grounding line retreat in the lower
reaches, will likely be repeated around 2027 and 2030 for Storstrammen. The study demonstrates the
practical use of historical data spanning nearly one century, reanalyzed with modern constraints, to under-
stand the long-term history of northeast Greenland surging glaciers.
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