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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
unchanged: (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. Aims 2 & 3 are particularly
important given the dramatic increase in melting permafrost observed in 2011 and 2012. 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 — 2012 Fieldwork.

In 2012 fieldwork focussed on 3 sites located near Eureka on Slidre Fiord. | was based at the
Eureka weather station for 10 days during which | surveyed and sampled 17 new thaw
slumps located within 3 kilometers of the Environment Canada weather station. Ice samples
were collected to determine ground ice origin and to obtain a better estimate of ice content.
The pattern of thawing permafrost and associated collapse of the ground surface (called
thermokarst) is directly related to the type and amount of ground ice in permafrost. The
Eureka area is extremely sensitive to melting permafrost because of the widespread
occurrence of massive ground ice. Massive ground ice refers to thick (3-10m) layers of nearly
pure (80-90% by volume) ice beneath 1-4 m of marine sediments. My work in the Eureka
Sound Lowlands over the past 20 years has identified at least 10 areas each covering several
kilometers where ground ice represents a significant part of the near surface permafrost.
Aerial reconnaissance in 2012 revealed an unprecedented level of thermokarst, for example
the area surrounding Slidre Fiord and the Southern Fosheim Peninsula (within 40 km of
Eureka) contained 250+ thaw slumps, and most were newly formed. The previous record
number of slumps observed in this area was 91 back in 1998. In response to this we initiated
a remote sensing-based monitoring program. We obtained high resolution satellite images



from July 2012 and July and September 2011, these images will be used to map the location
of thermokarst activity and estimate rates of change.

In 2012 | was in the field from April 4-11 and June 25 - July 7. April fieldwork
involved ground penetrating radar mapping of ground ice and ice wedges in at Expedition
Fiord and Eureka areas, the collection of climate data and the collection of frozen sediments
and ground ice. In July my fieldwork was included more ground penetrating radar surveys of
ice wedges and massive ice deposits, sampling of ground ice and aerial surveys. In 2011 we
identified ice wedge subsidence as a potentially important area of climate change related
disturbance, however in 2012 we confirmed this by discovering catastrophic subsidence of
several ice wedge polygons. 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.

2013 Field Program.

Climate change is the most significant environmental challenge facing the North today. I
have just begun 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 2013 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 changes occurring in the active layer
and identifying connections between the atmosphere, active layer and permafrost. Fieldwork will
be conducted in the Expedition Fiord on Axel Heiberg Island (79°25N;90°43’W) and The Eureka
area on Ellesmere Island (79°59°N; 85°49°W). These sites were selected in 2012 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 are asking 4 questions: (1): How is climate change already
causing significant changes to the high arctic permafrost regime? (2) Can the active layer buffer
the permafrost system through complex feedbacks linked to the way energy interacts with soil
and thawing? (3) How much change can occur in the active layer depth before melting ground ice
can occur? And (4) what are the mechanisms that cause ice wedge polygons to collapse so
rapidly? Three sets of activities are planned for 2013, including: (a) the detailed measurement of
changes in the ground surface using a high resolution gps system coupled with ground
penetrating radar. These data will be included in the remote sensing data base and will be used to
correct the position of satellite images from 20122 and 2012, (b) a detailed study of active layer
processes and the measurement of temperature and moisture changes in mid-summer. This will
involve the collection of sediment and ice samples from the active layer an top of permafrost, and
(c) continued aerial surveys of changes throughout the Fosheim Peninsula.

Significance:

This research has made significant inroads into the understanding of permafrost in the high
Acrctic. 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. This work is even more important given the increased level of mineral exploration
being conducted in this area.
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