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Project Title: An investigation of the sensitivity of high Arctic permafrost to climate change
Principal investigator: Dr. Wayne Pollard, Professor, McGill University

2012 Research Team: Wayne Pollard, Michael Becker, Miles Ecclestone, Laura Thompson
and 2 student field assistants from McGill

2012 Fieldwork: Planned fieldwork includes April 5-17, and June 28-July 10.

2012 Field sites: The Eureka area on the Fosheim Peninsula, Ellesmere Island (80°00°N
85°95°W), and the Expedition Fiord area, Axel Heiberg Island (79°25°N; 90°45°W).

Funding source: Natural Science and Engineering Research Council (NSERC) and
ArcticNet

Introduction.

This is a long-term project that examines how climate change is affecting high Arctic
permafrost conditions and high arctic landscapes. The main aims of this project are: (1) to
monitor climate conditions for different landscape (e.g. tundra, mountains, coasts, wetlands
...) and assess local climate variability and how much the climate is changing, (2) to evaluate
the nature and extent of ground ice in permafrost, (3) to determine the amount and rate of
landscape change caused by warming and melting permafrost (thermokarst), and (4) to map
these changes on a decadal scale. The information collected in this study will improve our
general understanding of how climate and permafrost interact which will allow for the better
prediction of future changes. Through our case studies we are providing new information
about climate, permafrost, ground ice and thermokarst.

Progress Report — 2011 Fieldwork.

Last year’s field program was shortened because of health reasons and limited access to
logistics. For the second year in a row PCSP was unable to provide promised helicopter and
twin otter support at the dates scheduled, as result we wasted a lot of time waiting for aircraft.
In 2011 I was in only able to get into the field from April 1-10 and July 1-9. April fieldwork
involved geophysical mapping of ground ice and ice wedges in at Expedition Fiord and
Eureka, the collection of climate data and the collection of frozen sediments and ground ice
for thaw sensitivity analyses. In July my fieldwork was limited to dGPS and ground
penetrating radar surveys of ice wedges and massive ice deposits at Expedition Fiord on Axel
Heiberg Island. Preliminary data on ice wedge subsidence indicates a potentially important
area of climate change related disturbance. In this study we used different survey tools like
radar and electrical profiling to assess the subsurface conditions. The impact of climate
change on ice wedges documented a 10-15 cm deepening of ice wedge troughs and the
development of new areas of subsidence in the past 2-3 years.

2012 Field Program.

Climate change is the most significant environmental challenge facing the North. 1 am
beginning a new cycle of NSERC funded research which places greater emphasis on
measurement of processes associated with climate change than simply detecting change. The



aim of my 2012 field program is to investigate how climate change will affect ice-rich
permafrost and in particular how rates of thermokarst may change. The proposed research will
be divided in to two complementary themes: (1) the analysis of the meta-stable relationship
between continuous permafrost and the active layer, and (2) ice wedges as a quasi-stable complex
system. A major focus of both studies is the measurement of mass and energy fluxes in the active
layer and coupling between the atmosphere, active layer and permafrost. A common research
design will be applied to both projects. This research will be undertaken at Expedition Fiord on
Axel Heiberg Island (79°25N;90°43’W) and near Eureka on Ellesmere Island (79°59°N;
85°49°W). These sites were selected because they are representative of common ecosystems,
because of their accessibility, availability of baseline data, and existing research facilities. My
long term field programs at these sites provide a strong basis for comparison. | will assess the
sensitivity of key permafrost systems to warming by defining the surface energy balance, and
measuring mass and energy fluxes in the active layer and at the active layer permafrost interface.
This study will identify critical thresholds of change and potential feedbacks. In this study we
will test 4 linked hypotheses. Hypothesis 1: Climate change is already causing significant
changes to the high arctic permafrost regime. Hypothesis 2: The active layer structure and ice
distribution buffers permafrost systems in a self-regulating manner through complex feedbacks
linked to latent heat and the thermal offset. Hypothesis 3: Increases in active layer depth in areas
of ice-rich permafrost (and ice wedges) will be characterized by complex feedbacks associated
with latent heat and convective heat fluxes from melting ground ice. And Hypothesis 4: Ice-rich
permafrost systems have a critical threshold “tipping point” where they shift from a meta-stable
quasi-static state into disequilibrium and the time it takes return to equilibrium is related to ice
content. This research will look at fluxes of energy and matter at key interfaces (ground surface,
base of the active layer, and the top of permafrost) and at cryostratigraphic contacts to assess
potential geophysical and biogeochemical responses of different landscapes to a range of climate
change scenarios. Three sets of activities are planned, but only 1) mass and energy flux
measurements, and 2) ground ice mapping and analyses are related to field work. The third
activity will use observations from the field as the basis for modeling future change.

Significance:

This research has made significant inroads into the understanding of permafrost in the high
Arctic and in particular cold polar deserts. It is providing new insights into the origin and age
of permafrost systems, rates of change and the potential vulnerability of ice cored landforms.
The magnitude of warming projected for the high Arctic will have significant effects on both the
ecology and geomorphology of the region. Previous research has focused mainly on the
downstream consequences of warming permafrost on vegetation, and most climate models have
yet to incorporate an adaptive ecosystem in response to global warming. This work will identify
how changes in the active layer, soil moisture, vegetation and topography will either amplify or
buffer the affects of climate change on these systems.
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