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This research program aims to describe and explain ongoing changes in
the area, mass, and flow of the Devon Island ice cap so that we can
estimate its recent, current, and future contribution to changes in global
sea level. We are interested in how climate warming may cause faster
flow of glaciers that end in the ocean, and how faster flow may lead to
more mass loss by iceberg calving. Our work combines field studies with
satellite and airborne remote sensing, and with modelling of ice cap flow
and the interactions between ice and the atmosphere. Our fieldwork
involves calibrating and validating measurements made by remote sensing
instruments, and measuring changes in ice thickness, snow properties,
glacier flow, meltwater production and runoff, and rates of iceberg
calving.

Recent Progress

Changes in the mass balance of Canada’s Arctic ice caps in the 21st
century are bigger than any seen previously in the 55-year period of
observations. These recent changes are mainly due to warming of the
summer climate and increased surface melting. The decade of the 2000s
had the warmest summer temperatures in the last 60 years, and 2005-
2009 was the warmest 5-year period. Across the Queen Elizabeth Islands,
glacier lost mass about 3.8 times faster after 2005 than over the
previous 50 years. Both modeling and satellite measurements show that,
from 2007-2009, ice caps in the Canadian Arctic contributed more to
global sea level rise than any other source apart from the ice sheets in



Greenland and Antarctica. Our surveys of the Devon Ice Cap show that
there has been a huge change since 2005 in how quickly snow is turned
into glacier ice. Even at the highest elevations on the ice cap where,
until the 2000s, surface melt occurred only once or twice a decade,
surface meltwater is penetrating deep into snow and firn near the glacier
surface and refreezing to form ice. The last time this happened was
around 4200 years ago. This is reducing the amount of water that can
be stored in the ice cap, and increasing the fraction of each year’s melt
that runs off to the ocean.

2014 Field Season:

This year our fieldwork focused on three areas i) investigating the calving
process in an effort to determine how tidewater glaciers respond to
climate change and contribute to the mass loss of ice caps, ii) a study
of how the biogeochemistry of basal ice differs between warm-based and
cold-based ice, and iii) a pilot project to establish continuously recording
GPS units on bedrock. We also repeated measurements required to
update our ongoing records of the Devon Ice Cap's mass change.

1) CryoSat/Summit: ongoing maintenance to record Devon Ice Cap
mass change

Since 2004 we have taken routine measurements of the amount of ice
and firn, and the temperature of the air and firn along a 40-km long
transect which runs from the ice cap summit to its southern margin. This
year (May 2014) only the minimum measurements required to maintain
our observational record were taken. Specifically, data from 15
temperature and humidity sensors were collected and the height of the
2013 summer surface, which is used to estimate the amount of mass
gained or lost over the last year, was measured at 22 permanent mass
balance stakes. Three existing automatic weather stations were
downloaded (and two were removed), and one new automatic weather
station was installed.

2) Belcher Glacier

On Belcher Glacier, we made a kinematic GPS survey of a 35 km long
centerline transect that we have surveyed annually since 2007 to monitor
surface height changes along the glacier. An existing automatic weather
station (AWS), located approximately 25 km from the glacier terminus at



900m elevation, was dismantled and replaced with a new AWS system at
the same location. The AWS data help us track the relationship between
summer melt events and glacier motion.

This year much of our work on the Belcher Glacier focused on the
terminus region. Five existing continuously running differential GPS units
that measure how fast the glacier is flowing were serviced (data
downloaded, instruments reset) and re-positioned if necessary. Three new
dGPS units were installed bringing the total number of continuously
running dGPS units in the terminus region to eight. Time-lapse cameras
are used to record iceberg calving from the glacier terminus. One
existing camera was serviced and four new time-lapse cameras were
installed on cliffs overlooking the terminus region.

3) Basal Ice Sampling

Approximately 50 Ilbs of basal ice samples were collected from several
locations on the Sverdrup Glacier and the Western Margin of the ice cap.
These samples have been transported back to the laboratory and are
being analyzed for their physical, biogeochemical, and microbial
characteristics to explore how these properties differ between warm-
based ice (Sverdrup Glacier), which represents fast flowing glaciers with
active subglacial drainage systems, and cold-based ice (Western Margin),
which represent slow flowing/stationary glaciers with no meltwater at the
bed.

4) Bedrock GPS

We have initiated a pilot project to evaluate a geodetic method of
monitoring glacier mass change. This method uses continuously
recording GPS stations installed on bedrock near a glacier to measure
the vertical motion of the earth's crust as it responds elastically to
unloading as glacier mass is removed. We expect that long term
records of these measurements derived from ice marginal sites will be
affected by fluctuations in snow accumulation, summer melt, and/or
mass loss by iceberg calving/marine melting, while measurements from
sites on bedrock outcrops in ice cap interiors will be more strongly
affected by variability in snow accumulation.

We have been operating one GPS station on a bedrock outcrop near the
Belcher Glacier since 2007, and this station was serviced in May 2014. A
second GPS station was installed on a rock outcrop near the Sverdrup



Glacier.
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