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Permafrost is a defining feature of high
latitudes
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Active layer is the surface layer of soils that thaws and refreezes annually. If the active
layer deepens and ice-rich ground thaws the ground surface will subside.



Ground temperatures — Mackenzie Delta
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Ground Ice

- ——
IIIHlIHl!HH"mm\‘1y‘.\H\Hd‘lHlllll\'“il\
6 7 9 o nl 12 13

GSC Bookstore T
Librairie de la CGC




17
@)
—
M
S
()]
o
e
-
©
@)
=
S
©
=
D
G
©
=
O




Observed changes in mean annual air temperature
— 1948 to 2000




Climate warming and permafrost




Climate warming and vegetation -
Tundra greening

Postive NDVI changes
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Greening at historical drilling leases
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Permafrost temperatures in drilling waste sumps
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Stablility — shrub growth - thawing




Remove shrubs and cool the permafrost

Ground temperature (°C)

20 -15 -10 -5 0 5 10 15 20 25 30
Shrubs - 2010 0 A T
50 -
100 -
g
< 150
[eX
o]
No shrubs - 2011 200 |
250 -
300 . .
20 15 -10




Dempster Hwy
I air temperatures + shrub + *snow = rapidly
warming permafrost

Ground Temperature at 100 cm (°C)
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“The hills are getting really messy”

Robert Alexie, Fort McPherson




Immense thaw slumps Iin northwestern
NWT




Massive ice in permafrost — buried
glacier ice?




Thaw Slump

Debris flow infills
stream valleys
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Slump video




Peel Plaeau 1985
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Peel Plateau 2011
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Istribution of ice-cored terrain
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Conclusions

* Permafrost conditions are changing in response to
climate warming
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Conclusions

« Knowledge of the permafrost environment and the
response to climate change will inform infrastructure
planning and mitigation measures
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Conclusions

« EXxpect some surprises, consequence of a poor
knowledge base will be bigger and more costly surprises
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Conclusions

* Knowledge sharing and multidisciplinary approaches will
lead to advances in knowledge and adaptation
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Ground Temperature at 100 cm (°C)

\ /
! \ ! .
oo N

10 - Control Dwarf Shrub V4 "

"o === Control Tall Shrub by
== Roadside Tall Shrub 7 B &

>3 v '12 T T T T T T T T T T T T :&
; Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep )

TR\ X

- f < - . - ".‘ » ~
- . " Sawm T - . a . . o 'Y



Conclusions

* Resilience — build in flexibility and develop multiple
options to deal with uncertainty




