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PREFACE
The Canadian Councils of Resource Ministers developed a Biodiversity Outcomes Framework 1
in 2006 to focus conservation and restoration actions under the Canadian Biodiversity Strategy. 2
Canadian Biodiversity: Ecosystem Status and Trends 2010 3 was a first report under this framework.
It assesses progress towards the framework’s goal of “Healthy and Diverse Ecosystems” and
the two desired conservation outcomes: i) productive, resilient, diverse ecosystems with the
capacity to recover and adapt; and ii) damaged ecosystems restored.
The 22 recurring key findings that are presented in Canadian Biodiversity: Ecosystem Status and
Trends 2010 emerged from synthesis and analysis of technical reports prepared as part of this
project. Over 500 experts participated in the writing and review of these foundation documents.
This report, Trends in permafrost conditions and ecology in northern Canada, is one of several reports
prepared on the status and trends of national cross-cutting themes. It has been prepared and
reviewed by experts in the field of study and reflects the views of its authors.
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Ecological Classification System – Ecozones+
A slightly modified version of the Terrestrial Ecozones of Canada, described in the National
Ecological Framework for Canada, 4 provided the ecosystem-based units for all reports related to
this project. Modifications from the original framework include: adjustments to terrestrial
boundaries to reflect improvements from ground-truthing exercises; the combination of three
Arctic ecozones into one; the use of two ecoprovinces – Western Interior Basin and
Newfoundland Boreal; the addition of nine marine ecosystem-based units; and, the addition of
the Great Lakes as a unit. This modified classification system is referred to as “ecozones+”
throughout these reports to avoid confusion with the more familiar “ecozones” of the original
framework. 5

4

Ecological Stratification Working Group. 1995. A national ecological framework for Canada. Agriculture and AgriFood Canada, Research Branch, Centre for Land and Biological Resources Research and Environment Canada, State
of the Environment Directorate, Ecozone Analysis Branch. Ottawa/Hull, ON. 125 p. Report and national map at 1:7
500 000 scale.

5

Rankin, R., Austin, M. and Rice, J. 2011. Ecological classification system for the ecosystem status and trends
report. Canadian Biodiversity: Ecosystem Status and Trends 2010, Technical Thematic Report No. 1. Canadian
Councils of Resource Ministers. Ottawa, ON. http://www.biodivcanada.ca/default.asp?lang=En&n=137E1147-1

ii

Table of Contents
PREFACE ......................................................................................................................................................... I
Acknowledgements ................................................................................................................................ i
Ecological Classification System – Ecozones+ ........................................................................................ ii
LIST OF FIGURES ........................................................................................................................................... III
LIST OF TABLES ............................................................................................................................................. III
INTRODUCTION ............................................................................................................................................. 1
IMPLICATIONS OF CHANGES IN PERMAFROST CONDITIONS ....................................................................... 3
TRENDS IN PERMAFROST CONDITIONS IN EACH ECOZONE+ ........................................................................ 6
Taiga Plains Ecozone+ ............................................................................................................................ 6
Taiga Shield Ecozone+ ............................................................................................................................ 9
Boreal Plains Ecozone+ .......................................................................................................................... 9
Boreal Shield Ecozone+ .......................................................................................................................... 9
Boreal Cordillera Ecozone+ .................................................................................................................. 10
Arctic Ecozone+.................................................................................................................................... 10
Taiga Cordillera Ecozone+ .................................................................................................................... 13
REFERENCES ................................................................................................................................................ 14

List of Figures
Figure 1. Permafrost map for Canada................................................................................................. 1
Figure 2. Ground temperatures between 1984 and 2007 at depths near 10 metres in the
Mackenzie valley south of Norman Wells. .......................................................................... 7
Figure 3. September ground temperature profiles between 1985 and 2001 for a site in a
degrading peatland near Fort Simpson Northwest Territories........................................... 8
Figure 4. Maximum summer thaw depth for a site (BH4) at Baker Lake, 1997 to 2007. ................. 11
Figure 5. Observed and mean annual ground temperatures (MAGT) at a depth of 15 metres at
Alert (BH5), 1978 to summer 2008. .................................................................................. 12
Figure 6. Monthly ground temperatures at a depth of 5 metres at Environment Canada’s
borehole at Iqaluit, 1988 to 2002. .................................................................................... 13

List of Tables
Table 1. Permafrost decay rates for frozen peatlands in northern Quebec....................................... 9

iii

INTRODUCTION
Permafrost is soil, rock, or sediment that remains at or below a temperature of 0°C for at least
two consecutive years. Permafrost has an important influence on the biophysical environment
and processes largely because it can contain ice as pore ice, ice lenses, ice wedges, and other
massive ice bodies (Mackay, 1972). The permafrost region covers about half the Canadian
landmass (Figure 1). In the northern portion of the permafrost region, permafrost is continuous
and may be several hundred metres thick and have temperatures colder than -5°C
(Heginbottom et al., 1995; Smith et al., 2001a). Further south, permafrost becomes discontinuous
and patchy, is only a few metres thick and persists at temperatures approaching 0°C (for
example Smith et al., 2008).

Figure 1. Permafrost map for Canada.
Source: adapted from Heginbottom et al. (1995)
The active layer is the upper part of the ground that thaws each summer and refreezes in the
winter. The active layer overlies permafrost and its thickness is influenced by a number of
factors, including climate and local factors such as snow cover, vegetation, presence of an
organic layer, soil moisture conditions, and surficial materials (Smith et al., 2001a). Active layer
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thickness can vary from less than 0.5 metres in vegetated organic terrain to several metres in
areas of exposed bedrock (Smith et al., 2001a). Moisture and gas fluxes are generally confined to
the seasonally-thawed active layer. Permafrost and the characteristics of the active layer
therefore can influence both physical and chemical processes. These processes interact and,
along with climate, they shape the landscape, vegetative communities, and ecosystems from the
boreal forests to the tundra (for example Mackay, 1995; Walker et al., 2004; Kokelj and Burn,
2005; Lewkowicz and Harris, 2005; Kokelj et al., 2007a).
Changes in both the areal extent and thickness of permafrost have occurred in the past in
response to changes in climate occurring at scales of decades to centuries to millennia.
Permafrost increases in areal extent and thickens under a cooling climate, while a warming
climate results in thickening of the active layer and thinning or even disappearance of
permafrost. Changes in permafrost conditions over the past several thousand years are
discussed by Smith and Burgess (2004) and Smith et al. (2001a). Under warmer conditions
during the mid-Holocene, 6,000 to 9,000 years ago, the southern limit of permafrost was north
of its present position and active layers were generally thicker where permafrost was present
(for example Burn et al., 1986; Zoltai, 1995). Following the mid-Holocene Warm Period, cooler
conditions about 3,700 to 5,000 years ago resulted in an increase in permafrost extent (for
example Zoltai, 1993; Vardy et al., 1998).
During the Little Ice Age between 1550 AD and 1850 AD, air temperatures were about 1°C
colder and permafrost occurred farther south than at present (for example Vitt et al., 1994). At
the southern fringes of the discontinuous permafrost zone, some of this permafrost persists in
organic terrain, in particular Sphagnum-dominated peatlands (Halsey et al., 1995). Permafrost
has been preserved under warmer present day climate conditions by a thick layer of insulating
peat. More recently over the past two to three decades, warming of permafrost has been
observed across the permafrost regions. Further discussion of more recent changes in
permafrost conditions is found below.
Changes in permafrost conditions are expected over the next century in response to climate
warming. Warmer and thinner permafrost in the southern portion of the discontinuous
permafrost zone may ultimately disappear under anticipated climate warming, while in areas of
thicker and colder permafrost, warming will likely result in thickening of the active layer and a
decrease in permafrost thickness (Smith and Burgess, 2004). Simulations at a circumpolar scale
project increases in active layer thickness of 20 to 60% over the next century (ACIA, 2005).
However, models at these scales often use generalized representations for vegetation conditions
and characteristics of earth materials which are important influences on the thermal response of
permafrost. Results of modeling studies in the boreal and tundra environments of the
Mackenzie Valley region, an area where recent increases in air temperature have been the
greatest, indicate that thaw depths will increase 15 to 40% over the next century in response to
climate warming, with smaller increases occurring where a thick organic layer is present (Woo
et al., 2007).
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IMPLICATIONS OF CHANGES IN PERMAFROST
CONDITIONS
Permafrost is an important feature of the northern Canadian landscape and has impacts on the
biophysical environment. Important inter-relationships exist between permafrost conditions,
hydrological processes, soil conditions, and vegetation (Jorgenson et al., 2001; Hinzman et al.,
2005). Permafrost and the ice-rich soil associated with it essentially provide the physical
foundation for vegetation communities and ecosystems. Changes in permafrost conditions
resulting from natural processes, climate change, or human activity can therefore have
implications for both aquatic and terrestrial ecosystems.
A number of recent publications (for example Woo et al., 1992; Brown et al., 2004; Smith and
Burgess, 2004; Mackenzie River Basin Board, 2004; ACIA, 2005) provide reviews of the linkages
between permafrost conditions, hydrology, and vegetation including the implications of
warming and thawing permafrost for aquatic and terrestrial ecosystems. Large quantities of
moisture in permafrost are locked up as ground ice with only a thin layer (often less than one
metre thick) of the overlying ground, the active layer, thawing and refreezing on an annual
basis. Where permafrost is present, moisture and gas exchanges and biological processes are
largely restricted to the seasonally-thawed active layer. Frozen ground plays an important role
in northern hydrology through its influence on infiltration, runoff, and groundwater storage
and flow (Woo et al., 1992).
Frozen ground and active layer thickness can influence rooting zone depth and soil moisture
conditions which are important for vegetation succession and growth and also indirectly affect
the hydrologic cycle through the influence on evapotranspiration (Woo et al., 1992; Hinzman
et al., 2005).
Changes in the surface energy balance resulting from, for example, changes to vegetation cover
due to natural processes (such as fire) or human activity (such as clearing for infrastructure
construction) or changes in climate (air temperature and precipitation) can result in increases in
ground surface temperature, and warming and thaw of permafrost (for example Mackay, 1995;
Burgess and Smith, 2003; Smith et al., 2008). Ground surface settlement may occur as ice-rich
permafrost thaws, a process referred to as thermokarst development (Jorgenson et al., 2008).
Since ground ice conditions vary spatially, differential settlement may occur resulting in
irregular topography. The impact of thermokarst development depends on ground ice and
drainage conditions. Ponding (thermokarst ponds) may occur where settlement of ice-rich
terrain occurs if drainage is poor.
In subarctic and boreal regions, flooding of tree roots may occur where drainage is poor,
resulting in a change in the ecosystem structure as forests are replaced by wet sedge meadows,
bogs, and thermokarst ponds and lakes (Jorgenson et al., 2001; Hinzman et al., 2005; Jorgenson
and Osterkamp, 2005). The change in subsurface conditions and shift in ecosystem will be
accompanied by changes in biological productivity, biomass, gas exchange, nutrient cycling,
vegetation patterns and biodiversity (Racine et al., 1998; Lloyd et al., 2003; Lantz et al., 2009). In
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peatland areas, frozen peat plateaus that are normally forested may be replaced by ponds or
sedge wetlands as ice-rich peat and underlying mineral soil thaws and collapses (Burgess and
Tarnocai, 1997; Smith et al., 2008). Forested peatlands may therefore become fens (Aylsworth
and Kettles, 2000; Christensen et al., 2004; Hinzman et al., 2005). The overall result of
thermokarst development may be a new ecosystem that favours aquatic birds and other species
instead of a forested ecosystem that supported land-based birds and mammals (Hinzman et al.,
2005). Thermokarst processes, including expansion of lakes due to thaw slumping (Kokelj et al.,
2009a), have also been found to alter the chemistry of tundra lakes which may have implications
for aquatic ecosystems (Kokelj et al., 2009b).
Frozen peatlands store significant amounts of carbon. Climate warming in permafrost regions
can therefore affect the carbon cycle through changes in greenhouse gas sources and sinks
associated with thawing or burning of permafrost-affected peatlands (for example Robinson
and Moore, 2000).
As thaw deepens over time, infiltration of water into the ground is less limited and may
increase. Depending on precipitation and soil conditions, and therefore drainage characteristics,
the upper layers of the soil may become drier which may impact ecosystem dynamics
(Yoshikawa and Hinzman, 2003). These drier conditions may make vegetation more susceptible
to forest fires (Hinzman et al., 2004; Hinzman et al., 2005).
Deepening of the active layer and breaching of the permafrost can facilitate drainage to the
subsurface leading to drainage of wetlands, ponds, and lakes (Smith et al., 2005a). A number of
studies have reported a drying trend in thermokarst lakes and other water bodies in various
regions, such as the Old Crow Flats area of the Yukon (Labrecque et al., 2001), Alaska
(Yoshikawa and Hinzman, 2003), and Siberia (Smith et al., 2005a). Where ground ice contents
are high, thawing and erosion of drainage channels may result in catastrophic drainage of lakes,
such as has occurred in northwest Canada (Marsh and Neumann, 2001; Marsh, 2008; Marsh
et al., 2009).
Changes in permafrost causing transitions to drier conditions, such as shrub and forest tundra,
can result in the loss of aquatic ecosystems. Plant communities that are unable to successfully
colonize cold, poorly drained soils underlain by permafrost could expand under warmer drier
conditions. Drier conditions associated with better drainage along thermokarst pond banks, for
example, could support trees and large shrubs (Lloyd et al., 2003; Hinzman et al., 2004;
Hinzman et al., 2005). It should also be noted that growth of shrubs and trees may, in turn,
affect the ground thermal regime and permafrost conditions by catching snow which leads to
warmer subsurface conditions in the winter and further promoting permafrost degradation
(Smith, 1975).
In the polar desert of the high Arctic, the maintenance of a high water table is critical for the
existence of patchy wetlands which provide hydrological and ecological conditions important
to plants, insects, birds, and rodents (Woo and Young, 1998). A shallow active layer restricts
drainage and maintains the high water table. Increases in active layer thickness resulting from
warming of the ground will improve drainage and lower the water table. In addition, thawing
of ice-rich permafrost beneath the wetland followed by slumping and erosion can lead to its
4

demise and thermokarst processes may dissect the landscape leading to wetland drainage (Woo
et al., 2006; Woo and Young, 2006). Loss of these wetlands can cause alterations in plant species
and potential loss of wildlife habitat (Woo et al., 2006) especially for muskoxen which use the
wetlands in summer.
Streamflow normally exhibits a quick response to snowmelt and rainfall events where
permafrost is present as the active layer is easily saturated and most water travels to the stream
as overland flow (Woo, 1976). Drainage basins in the permafrost region will therefore have a
high runoff-to-rainfall ratio and once the precipitation or snowmelt event is over streamflow
quickly declines as permafrost restricts groundwater flow (i.e. baseflow) to the stream (Kane
et al., 1998; Lilly et al., 1998). As permafrost degrades and active layers thicken, subsurface flow
will become more important leading to a more uniform distribution of streamflow throughout
the year (Woo et al., 1992; Michel and Vaneverdingen, 1994; Hinzman et al., 2005). In many
streams in the permafrost region there is often no or very little winter flow, but with permafrost
degradation (particularly in the discontinuous permafrost zone), which may lead to talik
(unfrozen zones) formation, winter base flow will increase which will sustain winter streamflow
(Hinzman and Kane, 1992; Yoshikawa and Hinzman, 2003; Janowicz, 2008). Summer peak
streamflows are also expected to decrease as permafrost degrades due to increased infiltration
(and reduction in runoff) and subsurface flow (Yoshikawa and Hinzman, 2003; Hinzman et al.,
2005).
These alterations in streamflow and water levels may lead to changes in aquatic ecosystems and
fish habitat. In addition, the increased contribution of subsurface and groundwater flow to
surface water bodies can lead to changes in water chemistry as dissolved load content increases,
which may also affect fish and other aquatic life (Hinzman and Kane, 1992; Michel and
Vaneverdingen, 1994; Hinzman et al., 2005; Frey and McClelland, 2009). Slope failures and
erosion along rivers and streams associated with thaw of ice-rich permafrost and resulting loss
of strength can result in increased siltation as well as damming of rivers and associated changes
in the river course and possible upstream flooding (Aylsworth et al., 2000; Lamoureux and
Lafreniere, 2009), all of which can effect aquatic habitats.
Loss of bearing strength, settlement of soils, and increased soil permeability that can accompany
thawing of ice-rich permafrost also have important implications for northern infrastructure (for
example Smith et al., 2001a; Couture et al., 2003). Of particular concern is the loss of integrity of
containment structures, including, sumps and tailings ponds and piles and other waste storage
sites, which often depend on the presence of permafrost to isolate contaminants from the
surrounding environment. The inability to maintain frozen conditions can lead to increased soil
permeability, loss of integrity of containment dams, and mobilization of contaminants which
may have implications for both terrestrial and aquatic ecosystems (for example Dyke, 2001;
Hayley and Horne, 2008; Furgal et al., 2008).
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TRENDS IN PERMAFROST CONDITIONS IN EACH
ECOZONE+
Recent results from permafrost thermal monitoring sites indicate that warming of permafrost is
occurring across the permafrost region (for example Smith et al., 2005b), although the
magnitude of this warming varies regionally. Since the 1980s, warming of shallow permafrost of
0.3 to 0.6°C per decade has occurred in the central and northern Mackenzie region in response
to a general increase in air temperature. Warming of shallow permafrost has been observed in
the eastern and high Arctic but this mainly occurred in the late 1990s. Further evidence of
permafrost warming and thawing in recent decades, in particular the southern portions of
permafrost zone, is provided by investigations of loss of frozen peatlands. A summary of
observed recent changes in permafrost conditions for each ecozone+ is provided below.

Taiga Plains Ecozone+
An extensive permafrost monitoring network in the Mackenzie Valley region of western
Canada provides records of permafrost temperature in the upper 20 to 30 m. Some of these
records are over 20 years long. In the central Mackenzie Valley (near Norman Wells), where
permafrost is up to 50 m thick and at temperatures of about -1°C, warming of 0.3°C per decade
since the mid-1980s at a depth of 10 m has been observed, as shown in Figure 2 (Smith et al.,
2005b; Romanovsky et al., 2007). Similar rates of permafrost temperature increases of
0.1 to 0.2°C per decade at a depth of 15 m have occurred since the 1960s in colder permafrost (-2
to -3°C) at spruce forested sites in the northern portion of the ecozone+ in the Mackenzie Delta
(Kanigan et al., 2008). Kokelj et al. (2007b) found that ice wedges were inactive in spruce forests
of the eastern Mackenzie Delta, suggesting that winter conditions have become warmer.
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Figure 2. Ground temperatures between 1984 and 2007 at depths near 10 metres in the Mackenzie
valley south of Norman Wells.
Note that the frequency of measurements was reduced in the mid-1990s at the two most southern sites.
Source: adapted and updated from Smith et al. (2005b)
In the southern Mackenzie Valley (near Fort Simpson) and northern Alberta where permafrost
becomes patchy and warmer (temperatures close to 0°C), increases in permafrost temperatures
have been much less (Figure 2). This absence of a trend or reduced increase in permafrost
temperature in warm permafrost is probably due to the large amount of latent heat required for
phase change in the ice-rich unconsolidated sediments (Smith et al., 2005b). In the southern
portion of the ecozone+, permafrost is largely confined to organic terrain. Much of this
permafrost likely formed during the Little Ice Age and has been preserved under warmer
climatic conditions by a thick layer of insulating peat (for example Halsey et al., 1995). Since
permafrost in these peatlands is generally ice-rich, ground temperatures at depth become
isothermal as temperatures approach 0°C (Smith et al., 2008). Increases in thaw depth have been
observed (Burgess and Smith, 2003), and some sites with thin permafrost (<5 m thick) have
completely degraded over the last one to two decades (Figure 3) (Burgess and Smith, 2003).
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Figure 3. September ground temperature profiles between 1985 and 2001 for a site in a degrading
peatland near Fort Simpson Northwest Territories.
Source: adapted from Smith et al. (2008)
Other evidence of changes in permafrost conditions in the southern Taiga Plains comes from
analysis of air photos to determine the change in the area of frozen peatlands over time.
Beilman and Robinson (2003) examined four sites in the southern Mackenzie Valley and found
that over the latter half of the 20th century, the area of frozen peatlands decreased by 10 to 50%,
with an average of 22% of the peat plateaus degrading over this period.
While these changes in permafrost distribution and thermal state within the Taiga Plains are
consistent with changes in air temperature over the last few decades, changes in snow cover are
also important in determining the response of permafrost to a warming climate. Snow cover
acts as an insulator and reduces heat loss from the ground during winter resulting in warmer
winter ground temperatures compared to areas of minimal snow cover (for example Goodrich,
1982; Burgess and Smith, 2000; Burn et al., 2009). Also, frozen peatlands progress through a
natural evolution from an early stage of permafrost development to a mature stable stage and
an overmature stage during which thermal degradation results in thawing of permafrost and
collapse of peatland surfaces (Burgess and Tarnocai, 1997). Wildfires within the region may also
result in changes in permafrost conditions (Mackay, 1995). Where burning is severe, damage to
the surface organic layer may occur in addition to removal of vegetation. This reduction in
surface insulation together with an increase in surface albedo can result in warming and
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thawing of the ground such as that observed in organic terrain of northern Alberta following
fires in 2004 (Smith et al., 2008).

Taiga Shield Ecozone+
A quantification of changes in the distribution of frozen peatlands of northern Quebec on the
east coast of Hudson Bay is presented by Payette et al. (2004). Air photos were utilized to
characterize the changing patterns of permafrost and thermokarst ponds between 1957 and
2003. Their results show that permafrost has degraded since 1957 with the rate of loss of frozen
peatland area being greater after 1993 (5.3% per year) as shown in Table 1. Surface subsidence
of 1 to 1.5 m has occurred in response to melting of ground ice. Payette et al. (2004) concluded
that the main driver for the accelerated rate in permafrost thawing was increases in snow
precipitation and air temperature. An increase in thermokarst ponds is also found over this
period (Beaulieu and Allard, 2003; Vallee and Payette, 2007). Fortier and Aubé-Maurice (2008)
report, based on analysis of air photos and satellite imagery, that this loss of permafrost is
continuing in this region with a decrease in permafrost extent between 1957 and 2005 of 40%
near Umiujaq and an increase in thermokarst of 175%. Additional evidence of changing
permafrost conditions in northern Quebec is provided by observations of shallow permafrost
temperatures that indicate warming since 1993 (Allard et al., 2007).
Table 1. Permafrost decay rates for frozen peatlands in northern Quebec.
Period
Rate of permafrost loss
1957-1983
2.5% per yr
1983-1993
2.8% per yr
1993-2003
5.3% per yr
Source: Payette et al. (2004)

Boreal Plains Ecozone+
In the Boreal Plains, permafrost is patchy and confined to peatlands. Permafrost within this
zone has been highly dynamic over the last millennium (Vitt et al., 2000). Permafrost likely
formed during the colder climate of the Little Ice Age and has persisted due to the insulation
provided by the peat. Through analysis of air photos, Beilman et al. (2001) and Beilman and
Robinson (2003) have concluded that in some locations permafrost has completely thawed over
the last century especially at the southern limit of the permafrost zone. Beilman and Robinson
(2003) found that 32 to 70% of the frost mound area at field sites in Alberta has degraded over
the last 100 to 150 years.

Boreal Shield Ecozone+
Similar to the permafrost distribution in the Boreal Plains, permafrost in this zone is also largely
confined to organic terrain. Air photo analysis and measurements of rates of peatland collapse
provide evidence that thawing has occurred over the last 50 to 100 years (Beilman et al., 2001;
Beilman and Robinson, 2003; Camill, 2005) in northern Saskatchewan and Manitoba. Beilman
9

and Robinson (2003) found that 53 to 64% of the frost mound area at field sites in Saskatchewan
and Manitoba degraded over the last 100 to 150 years. This permafrost degradation has been
attributed to changes in climate, although frozen peatlands go through a natural cycle of
permafrost formation and thawing (see Taiga Plains section).

Boreal Cordillera Ecozone+
Limited information is available to characterize trends in permafrost in the southern Yukon and
northern British Columbia. Some information however is available for sites along the Alaska
Highway corridor. In the Takhini River Valley, Yukon, records of shallow permafrost
temperatures collected between 1983 and 1996 showed no clear trend (Burn, 1998). In the central
Yukon at Mayo, measurements of thaw depths collected in the 1990s at a forested site have
showed no increase in thaw depth (Haeberli and Burn, 2002).
Preliminary results of field investigations in 2007 along the Alaska Highway corridor between
Whitehorse, Yukon and Fort St. John, British Columbia of depths to the top of permafrost
(James et al., 2008), indicate greater thaw depths than were measured in 1964 by Brown (1967).
The results also indicate that some degradation of permafrost has occurred over four decades at
more than half of the observation points.

Arctic Ecozone+
Information on recent trends in permafrost temperatures in the Arctic Ecozone+ comes from a
number of monitoring sites from the western Arctic to the eastern Arctic and the high Arctic. In
general, changes in shallow permafrost temperatures over the last decade are greater in the
Arctic compared to those areas below the treeline (Taiga and Boreal) due to the lack of a buffer
layer provided by vegetation and thick snow covers. The presence of colder permafrost also
means that phase change and the presence of unfrozen water do not obscure the climate signal.
There is therefore a more direct link between changes in air temperature and changes in
permafrost temperature.
In the western Arctic, permafrost temperature data collected since the late 1990s from the
northern Mackenzie Basin indicate that warming of permafrost has occurred since the early
1990s. On the Tuktoyaktuk Peninsula for example, at a depth of 28 m, permafrost temperatures
increased between 1990 and 2002 at a rate between 0.02 and 0.06°C per year (Smith et al., 2005b).
Analysis by Burn and Kokelj (2009) indicates that near surface ground temperatures in the
tundra uplands of the Mackenzie Delta region have increased 1 to 2°C from the early 1970s to
2007. Modelling analysis conducted for a permafrost monitoring site at Herschel Island in the
Yukon indicate that permafrost temperature at a depth of 20 m has increased by 1.9°C over the
past 100 years (Burn and Zhang, 2009). Recent field observations at this monitoring site also
indicate an increase in active layer thickness since 1985.
In the central southern portion of the Arctic Ecozone+, permafrost temperatures to 3 m depth
have been collected since 1997 at Baker Lake, Nunavut. Between 1997 and 2007, a general
increase in thaw depth (Figure 4) has been observed although there is some interannual
variability within the short record (Smith et al., 2005b; Throop et al., 2008). The largest increase
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in thaw depth occurred between 1997 and 1998 and this was related to the longer thaw season
in 1998 (Smith et al., 2001b).
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Figure 4. Maximum summer thaw depth for a site (BH4) at Baker Lake, 1997 to 2007.
Source: adapted and updated from Smith et al. (2005b) and Throop et al. (2008)
Permafrost temperature data collected since 1978 at CFS Alert, Nunavut can be used to
characterize trends in permafrost in the high Arctic. Although a general increase in air
temperatures has been observed since the 1980s, distinct warming in shallow permafrost
temperatures has only been observed since the mid-1990s. Between 1994 and 2001, an increase
in permafrost temperatures of about 0.15°C per year occurred at a depth of 15 m (Smith et al.,
2005b). Although some cooling of permafrost was observed between 2000 and 2002, recent data
collected from the site indicates that warming of permafrost is continuing at an overall rate of
approximately 0.1°C per year since 1994 (Figure 5). Recent increases in shallow ground
temperatures have also been observed in other Arctic regions such as Scandinavia and Svalbard
(Isaksen et al., 2007a; Isaksen et al., 2007b; Harris and Isaksen, 2008). Although snow cover is
generally thin at these high Arctic sites, its variability can be an important factor affecting the
response of permafrost temperatures to changes in air temperature (Smith et al., 2003). Changes
in snow cover may counteract changes in air temperature occurring over the same period such
that permafrost temperatures may increase in the high Arctic during periods of higher snow
cover but lower air temperature (Taylor et al., 2006).
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Figure 5. Observed and mean annual ground temperatures (MAGT) at a depth of 15 metres at Alert
(BH5), 1978 to summer 2008.
Note that prior to July 2000, measurements were made manually at approximately monthly intervals.
After July 2000, monthly mean temperatures were determined from data logger records.
Source: adapted and updated from Smith et al. (2005b)
In the eastern Arctic, cooling of shallow permafrost was observed until the early 1990s in
response to the general decrease in air temperature that occurred until 1992. An increase in air
temperatures began in 1993. Shallow (5 m) permafrost temperatures at Iqaluit also began to
warm in 1993 with warming continuing through the 1990s (Figure 6). Temperatures at a depth
of 5 m increased at a rate of 0.4°C per year between 1993 and 2000. A similar trend has been
observed in northern Quebec, where cooling of about 0.1°C per year was observed between the
mid-1980s and mid-1990s at a depth of 10 m (Allard et al., 1995). An increase in air temperatures
commencing in 1993 in northern Quebec has been associated with warming of permafrost since
1993 to depths of 20 m (Allard et al., 2002; Ouranos, 2004; Chouinard et al., 2007) and an
increase in active layer thickness (Brown et al., 2000).
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Figure 6. Monthly ground temperatures at a depth of 5 metres at Environment Canada’s borehole at
Iqaluit, 1988 to 2002.
The 12-month running mean for both ground and air temperature is also shown.
Source: adapted from Smith et al. (2005b)

Taiga Cordillera Ecozone+
Limited information is available on changes in permafrost conditions in this ecozone+. Analysis
of sequential air photos beginning in the early 1940s and field surveys by Kershaw (2003) have
facilitated an examination of permafrost landform degradation. A reduction in the area covered
by frozen peat plateaus and palsas of greater than 1% per year has been determined for the
Macmillan Pass area of the Northwest Territories. This permafrost degradation has been
accompanied by the formation of thermokarst ponds. Temperatures measured near the top of
the permafrost between 1991 and 2000 have also shown an increase of about 0.1°C per year
(Kershaw, 2003).
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