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INTRODUCTION
With the possible inclusion of terrestrial ecosystems as carbon sources or sinks for
greenhouse gases, there is a heightened interest in quantifying and modeling ecosystem
atmosphere carbon exchange. Peatlands in the Boreal and Subarctic regions of the northern
hemisphere represent a significant sink for carbon and contain and estimated 1/3 of the world’s
soil carbon stored as peat (Gorham 1991). Most of this peat is sequestered as permafrost that
responds dynamically to climate change (Vitt et al. 1994, Halsey et al. 1995). Since the end of
the Little Ice Age, roughly 100 years ago, permafrost has been degrading across a sensitive band
of the boreal forest (Vitt et al. 1994). Degradation has resulted and will continue result in a shift
in peatland ecosystems from permafrost bogs to poor fens (Vitt et al. 1994). This shift in
ecosystems results in an increase carbon sequestration rates (Turetsky et al. 2000).
Here we present the published preliminary results of our efforts to quantify the change in
carbon sequestration rates and magnitude of carbon storage across continental western Canada
(Vitt et al. 2000). While we have not requested further funding, my graduate student (Merritt
Turetsky) will continue to examine additional cores from areas of permafrost degradation to
more fully elucidate the variation in carbon sequestration rates.

SUMMARY OF DATA ANALYSIS
Peatlands and peatland complexes across continental western Canada were inventoried
by type from 1:40,000 to 1:60,000 aerial photographs and the data transferred to 1:250,000 base
maps. The presence of permafrost as peat plateaus or permafrost lenses in continental bogs and
internal lawns (degraded permafrost) was identified to the nearest 10% cover following Vitt et
al. (1994). Peatland distributions were determined from the 1:250,000 maps through digitizing
onto provincial base maps. Aerial extents were calculated in ARC/INFO for 0.25° latitude and
0.5° longitude grids by wetland type. Summaries have been completed for Alberta (Vitt et al.
1996) and Manitoba (Halsey et al. 1997). A zone of permafrost degradation was determined
based on the extent of internal lawns. Within this zone current permafrost and the amount that
has degraded (area of internal lawns) was quantified. Degradation within this zone was then
subdivided into four subzones determined by percent degradation increments of 25%. The
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amount of permafrost currently in disequilibrium with climate was determined for each grid cell
by examining the difference between the inventory and amounts predicted by a model that
defines permafrost at equilibrium with climate:
yi = 0.3y(i-1) – 14.6xi – 0.1

(1)

where yi = percent of permafrost bogs and xi = mean annual temperature (Halsey et al. 1995).
Using long-term net organic matter accumulation values for permafrost bogs and internal lawns
collected from single, but representative sites (Turetsky et al. 2000), change in net organic matter
accumulation due to permafrost degradation is predicted.
The maximum southerly extent of permafrost during the Little Ice Age for continental
Canada extended between 55°-57° N latitude in Alberta and 52°-53° N latitude in Manitoba as
indicated by the presence of internal lawns (Fig. 1). Internal lawn outliers are also found in
some southern boreal uplands of Saskatchewan and Manitoba. Although permafrost degradation
is currently in disequilibrium with climate (Halsey et al. 1995, Camill and Clark 1998), a
northerly regression of the southernmost limit of permafrost has occurred, with percent
degradation becoming progressively less towards the north throughout continental Canada (Fig.
1).
Detailed mapping of peatland landforms in continental western Canada has allowed us to
calculate areas of regional permafrost change. Permafrost distributions over the last millennium
have fluctuated in a sensitive zone that covers about 672,000 km2 of continental western Canada.
Within this zone, 28,800 km2 of permafrost was present during the Little Ice Age. Subsequent
degradation, as interpreted from current internal lawn distribution, represents 2,627 km2 , or 9%
of this permafrost (Table 1), with most being found in the south (Fig. 1). Following the
equilibrium model of Halsey et al. (1995) the amount of permafrost that could melt in today’s
climate was calculated as 8,430 km2 (Table 1). As an estimated 9% of this permafrost has
currently melted following internal lawn distributions, 5,813 km2 remains today in
disequilibrium, representing 22% of the current permafrost area (Table 1). As degradation
approaches equilibrium with the climate of today, the amount of permafrost that can potentially
degrade increases by an order of magnitude in the northern part of the zone (Fig. 2).
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FIGURE 1: Zone of active permafrost degradation in continental western Canada, based on the
presence of internal lawns. Degradation of permafrost was calculated for 0.25° latitude and
0.50° longitude grids using maximum area of Little Ice Age permafrost peatland extent relative
to the present area represented by internal lawns. Areas of permafrost landforms were taken
from 1:250,000 maps constructed for the provinces from 1:40,000 to 1:60,000 scale aerial
photographs and digitized into ARC/INFO. The zone of permafrost degradation is subdivided
into four subzones based on the percent of internal lawns that has melted:1- 1-25% melted; 226-50% melted; 3- 51% melted; 4- 76-100% melted.
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Melting of permafrost results in an increase in storage of organic matter, and thus carbon,
in the boreal forest (Turetsky et al. 2000). Since the Little Ice Age, long-term organic matter
accumulation averaged over a 100 year period has changed +5%, an increase of 2 x 1011 gyr-1
(Table 1). In contrast, at equilibrium, the area of internal lawns will result in a 16% change in
organic matter accumulation averaged over a 100 year period, increasing around 5 x 1011 gyr-1
from Little Ice Age amounts (Table 1). This is approximately equivalent to 10% of the annual
organic matter harvested by the forest industry in continental western Canada following biomass
estimates for the Boreal Plains by Penner et al. (1997).

If managed correctly permafrost

degradation can form a substantial increased sink to Canada’s annual carbon budget.
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TABLE 1: Change is net organic matter accumulation based on 100 year mean accumulation
from single, representative sites following Turetsky et al. (2000).

Time
Little Ice Age
Current
Equilibrium

Permafrost
Area
(km2)
28,816
26,189
20,386

Permafrost Organic
Matter
Accumulation
(gyr-1)
3.40 x 1012
3.09 x 1012
2.41 x 1012

Internal Internal Lawn
Change in Organic
Lawn Organic Matter Matter Accumulation from
Area
Accumulation
Little Ice Age
2
-1
(km )
(gyr )
(gyr-1)
0
0
0
11
2,627
4.73 x 10
1.63 x 1011
8,430
1.52 x 1012
5.30 x 1011

MANAGEMENT APPLICATIONS
Continued degradation of permafrost will result in continued loss of forested lands but
with an increase in carbon sequestration. Management practices examining changes in carbon
storage and sequestration rates in Canada’s boreal forest need to take into account the changes
related to this ecosystem shift.

CONCLUSIONS
The aggradation and degradation of permafrost during the last millennium has responded
dynamically to climatic changes that have occurred since the Little Ice Age. Permafrost reached
its southernmost limit at some point during the Little Ice Age and has responded to subsequent
warming by shifting northwards in a disequilibrium fashion (Halsey et al. 1995). Permafrost
melting results in the formation of internal lawns that occur in a broad zone spanning the boreal
forest of continental western Canada. Currently 9% of permafrost within this zone has degraded,
with a corresponding 5% increase in long-term net organic matter accumulation. Large tracts of
permafrost are currently unstable and in disequilibrium with present climate; these represent
22% of current boreal permafrost and a corresponding 11% increase in long-term net organic
matter accumulation upon degradation of this disequilibrium permafrost.
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FIGURE 2: Area of A) current equilibrium permafrost, B) current disequilibrium permafrost,
and C) current degraded permafrost (internal lawn) distribution present within the sensitive zone
demarcated by permafrost degradation. The zone has been subdivided into four areas based on
the percentage of permafrost that has melted following Figure 1.
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Predicted greenhouse gas forced warming from global circulation models is in the range
of 3 to 4°C for northern latitudes by the middle of the twenty-first century (Cohen 1997),
roughly double the temperature rise since the Little Ice Age (cf. Grove 1988, Campbell and
McAndrews 1993). Using warming since the end of the Little Ice Age as an analogue, changes
in mean annual temperatures of this magnitude will have slow, but potentially dramatic impacts
on the permafrost peatland environment, affecting not only the southern limit of permafrost, but
also vast areas of peat plateau in the northern part of Canada’s Boreal Forests, resulting in
substantial loss of forested lands and increases in long-term net organic matter accumulation
generated by this natural disturbance.
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