
Recent ice mass loss of outlet glaciers and ice caps
in the Qaanaaq region, northwestern Greenland

Introduction
The Greenland ice sheet and
peripheral ice caps are
rapidly losing mass. The rate
of mass loss is increasing
particularly in northwestern
Greenland, but observational
data are sparse in that region.
To quantify current ice loss
in northwestern Greenland
and to better understand
driving processes, we studied
outlet glaciers and ice caps in
the Qaanaaq region (Fig. 1).
This study is a contribution
to a multidisciplinary Arctic
research project in Japan,
GRENE Arctic Climate
Change Research Project.

Fig. 1. Study site Qaanaaq in 
northwestern Greenland.

Result 1. Thinning of ice caps and outlet glaciers
Surface elevation change over the ice caps and outlet glaciers was measured by

means of ALOS PRISM satellite image photogrammetry. Six ice caps in the region
thinned at a mean rate of 1.14 m a−1, which indicates recent acceleration in ice loss
(Saito et al., 2016). Elevation change in the lower reaches (< 200 m a.s.l.) of the
studied 16 glaciers ranged from −0.72 to −6.7 m a −1. Outlet glaciers were more rapidly
thinning than the ice caps, suggesting a key role of ice dynamics in the glacier change.

Fig. 2. Surface elevation change (2006–2010) of ice caps/outlet glaciers in the Qaanaaq region.

Fig. 5. (a) Surface elevation change rate (2007–2010) and (b) ice flow speed (2007) of 
Bowdoin and Tugto Glacier (Tsutaki et al., 2016).

Result 3. Marine- and land-terminating glaciers
From 2007 to 2010, Bowdoin Glacier thinned more rapidly (−4.1±0.3 m a−1) than
nearby land terminating Tugto Glacier (−2.8±0.3 m a−1) (Fig. 5a). Bowdoin Glacier
flows faster and recently accelerated (Fig. 5b). Considering the surface mass
balance, > 60% of the thinning of Bowdoin Glacier was dynamically induced.
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Result 6. Tidally controlled seismicity
Seismometers installed near the calving front of Bowdoin
Glacier showed tidally controlled seismic events (Fig. 7a).
Ice speed also showed tidal variations (Fig. 7b),
indicating falling tide induced acceleration, longitudinal
extension and cracking (Podolskiy et al., 2016).

Fig. 7. (a) Seismic event frequency near the calving front of 
Bowdoin Glacier with tide, and (b) ice speed and tide.
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Result 8. Sediment discharge from glaciers/ice caps
Glaciers and ice caps discharge sediment laden meltwater into the ocean. Its
influence on the ocean environment was investigated by mapping ocean area
covered with turbid water, using reflectivity at 555 nm of AMSR-E and
AMSR-2 (Fig. 8). Our analysis showed turbid water expands in summer from
calving glacier fronts and glacier fed rivers' mouths. Annual maximum in
turbid ocean area was correlated to summer mean temperature (Fig. 8c),
suggesting an increase in sediment discharge under warming conditions.
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Summary and outlook
We quantified recent mass loss of outlet glaciers and ice caps in the Qaanaaq region,
northwestern Greenland. Atmospheric warming is a key driver of the observed ice
mass loss, but other processes including albedo reduction play a crucial role.
Moreover, rapid changes of marine-terminating outlet glaciers suggested additional
influence of ocean environment (e.g., seabed geometry, submarine melting, calving).
On the other hand, glaciers and ice caps are affecting ocean environments by
increasing freshwater and sediment discharge into the ocean. To improve our
understanding on changing Greenland coastal environment, we continue our study
in Qaanaaq under the framework of ArCS (Arctic Challenge for Sustainability)
Project (2015–2020). The aim of our new project is to investigate ice-sheet/glacier–
ocean interaction and its consequences on the coastal environment. Furthermore, in
collaboration with social scientists and Qaanaaq village residents, we investigate
impacts of environmental changes to the human life in Qaanaaq.
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Result 5. Retreat of Bowdoin Glacier
After a ~50 years stable phase, Bowdoin Glacier began
rapid retreat in 2008 (Fig. 6a). Our fjord measurements
revealed a ~50 m high bedrock bump at the front position
before 2008 (Fig. 6b) (Sugiyama et al., 2015).

Fig. 6. (a) Frontal retreat and (b) geometry of Bowdoin Glacier.
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Fig. 4. Cumulative retreat distance 
of outlet glaciers in the Qaanaaq 
region.

Result 3. Glacier retreat
Front positions of outlet glaciers
in the region were mapped on
Landsat imagery from 1984 to
2014 (Fig. 4). The glaciers began
retreat at around 2000, resulting
in retreat of all the glaciers during
the study period. Six out of 17
glaciers (Heilprin, Tracy,
Farquhar, Melville, Bowdoin,
Diebitsch) retreated more rapidly
than the other glaciers (>1 km
from 1980s to 2014).

Fig. 3. (a) Ice speed (1984–2014) and (b) acceleration (2000–2014) of 
outlet glaciers in the Qaanaaq region.

Result 2. Acceleration of outlet glaciers
Ice flow speed of 17 outlet glaciers was measured using Landsat
imagery from 1984 to 2014 (Fig. 3a). The glaciers flow at rates
of 10−1860 m s−1 near the glacier front. After 2000, significantly
large acceleration (> 5 m s−2 in 2000–2014) was observed at five
glaciers (Heilprin, Tracy, Farquhar, Bowdoin, Diebitsch) (Fig. 3b).
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Result 7. Melt increase on dark ice surface
Ice surface of Qaanaaq Ice Cap has been progressively
darkening over the last decade (Figs 8 a, b). Altitudinal
dependence of the melt rate indicates enhanced melting
over the dark ice region (Fig. 8c) （Sugiyama et al., 2014）.

Fig. 8. (a) Study site of Qaanaaq Ice Cap. (b) Dark ice region at
~700 m a.s.l. (c) Brightness intensity of ALOS PRISM image
(29 August, 2009) and summer melt in 2012 along the
survey route.
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Surface elevation change
(2006–2010)

Fig. 9. (a) MODIS image taken on July
16, 2012, (b) reflectivity at 555 nm
(Rrs 555), and (c) annual maxima in
high turbidity ocean surface area and
summer mean temperature from
2002 to 2014（Ohashi et al., 2016）.


