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Permafrost underlies 25% of land mass of 
northern hemisphere

Soil or rock 
remaining below 
0°C from one year 
to the next



Permafrost is an important feature of the 
northern landscape

Pingo

Massive ice

Patterned ground

Permafrost 
affected peatlands

Ice lenses



Presence of permafrost and ground ice 
presents challenges to northern development

Thawing of massive
ice

Techniques to preserve 
frozen ground

Foundation design for 
permafrost 
environments

Utilidors

Ice-rich soil 



Warming and thawing of permafrost can lead to instabilities in the 
landscape that can have implications for ecosystems and northern
development

Unstable ground

Thawing of ground ice and 
thermokarst terrain

Adaptation techniques required to 
preserve frozen ground Implications for infrastructure design



International Polar Year
Thermal State of Permafrost

• Improve characterization of current 
permafrost conditions

• Improve characterization of changes in 
permafrost conditions

• Enhance our understanding of permafrost-
climate relationship



Eastern 
Arctic

Central 
Arctic

Western 
Arctic

Yukon
Altitudinal
Transect





Western Canada



Collaborative field 
project to fill gaps



0

2

4

6

8

10

12

14

16

18

20

-5 -4 -3 -2 -1 0

Temperature (°C)

D
ep

th
 (

m
)

NC-01
NCL-01
HL-02
WBL-01
JF-02

0

2

4

6

8

10

12

14

16

18

20

-3 -2 -1 0 1 2 3

Temperature (°C)

D
ep

th
 (

m
)

CL-01
EC-02
OC-01
84-2B
OFP-01
85-8A
TRC

Mean Annual Ground Temperature 2007-2009

Discontinuous 
Permafrost

Continuous Permafrost 
Below Tree line



Updated Thermal Regime – Mackenzie Corridor

Late Summer 2008-09 Ground Temperatures 5-8m depth
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temperature where no recent 
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Mackenzie Valley
Thermal Monitoring Sites

• network of thermal 
monitoring sites along 
pipeline corridor
• 20+ years of data

Canyon 
Creek

Table Mountain

Manners 
Creek

Petitot
River



Mean Annual Air Temperature and 5 year Running Mean s
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Trends in Permafrost Temperature
Central and Southern Mackenzie Valley

1984-2008 (10-12m depth)
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Sites where permafrost has 
degraded in the last 4 decades 
based on comparison of 
observations in 1964 and 
2007/08

MP825 - Aug. 2008
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Change in Permafrost Conditions since 1964

Permafrost degradation at ~25% of sites

% of sites where permafrost has degraded since 1964
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Central Arctic
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Baker Lake 
Thaw Depth

General increase in thaw depth
5 cm per year 1998-2007

Baker Lake BH4 Thaw Depth
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Eastern Arctic



Pangnirtung to Alert 
Transect

• cold permafrost (<-5°C)
• generally more responsive 

to changes in climate

0

2

4

6

8

10

12

14

16

-15 -10 -5 0

Temperature (°C)

D
ep

th
 (

m
)

Alert BH5
(82.5°N)
Arctic Bay
(73°N)
Pond Inlet
(72.7°N)
Clyde River
(70.4°N)
Igloolik (69.4°N)

Pangnirtung
(65.7°N)

Mean Annual Permafrost Temperature (15m)

y = -0.4913x + 26.586
R2 = 0.9025

-14

-13

-12

-11

-10

-9

-8

-7

-6

-5

-4

60 65 70 75 80 85

Latitude (deg N)

T
em

pe
ra

tu
re

 (
°C

)



CFS Alert
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Reconstruction of Ground 
Surface Temperature History 
from Deep Temperature Profiles

Pat Bay and Gemini
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Reconstruction of Ground Surface 
Temperature History - Alert
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CFS Alert
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Alert BH5
15m Depth
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• IPY snapshot
• Updated baseline

Current Thermal State of 
Permafrost in Canada



Current Thermal State of 
Permafrost in Canada 
and recent rates of 
change (°C per decade)

<0.04-1.2°C
since 1990s

1.0°C
since 1990s

<0-0.2°C
(since 1980s)

<0.2-0.8°C
since 1970s



Summary
• Improved characterization of current thermal 

state of permafrost
– baseline against which change can be measured

• Characterization of recent changes in 
permafrost conditions
– Permafrost warming in all regions
– Magnitude variable

• Key information provided to:
– Improve assessments of climate change impacts

– develop adaptation strategies to deal with climate 
change
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