The world of underground ice
In a changing climate

Steve Kokelj, Permafrost Scientist, NWT Geoscience Office
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Outline

* |ce In the permafrost
— Aggradational ice

— Ice-wedge ice

— Massive tabular ground ice
 Thawing of icy

permafrost and

landscape change




Permafrost and the north
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Ground ice




Segregated ice-lenses

Surface disturbance — increased thaw depth

Surface subsidence
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Drunken forest = ice-rich terrain




lce-wedge ice
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Polygonal terrain




Polygonal terrain




Polygonal terrain




Polygonal terrain




Polygonal terrain




Polygonal terrain and ice wedges




assive ice and ice-cored terrain




“The hills are getting really messy”
Robert Alexie Sr. Fort McPherson




Questions

— What are the environmental impacts of large thaw
slumps?

— Are there more slumps and are they bigger than
before?

— What causes large, long-lived thaw slumps to form?

— What are the landscapes impacted by these
disturbances?



Slump ‘Life Cycle’
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Debris run-out

A fine-grained sediment slurry
fills the trunk valley.

Erosion

Deposition



Mega-slump
timescale

Rate of retreat = 2-15 m yr?!
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Suspended sediment (mg/L)

Major Iimpacts on streams and river
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New stream sediment pattern

|
o
o
=,

(NLN) Anpigun

0T0Z/LNMT

0T0Z/L/L

0TOZ/LIE

0102/62/9

010c/sc/9

010Z/1Z/9

0T0Z/91/9

0T0Z/9ICT

0T0Z/9/8

Kokelj et al., 2013, JGR



he Peel River Is being impacted
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Landsat image 1985

Stony 1 1985



Stony 1_2011



Size distribution of slumps, 1985 and
2011
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To grow or not to grow




Debris flow video
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Debris flow activity, hot and dry period,
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Thaw slump and debris flow activity,
summer 2010
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More extreme rainfall events
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Removal of debris keeps slumps youthful
and growing
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What landscapes are being impacted?

Creation of an online mapping tool
GNWT Spatial Data Warehouse
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Mappers included: GNWT summer students, Culture and Heritage,
AANDC and NTGO Geomatics staff, University of Victoria



Zoom Iin and mappers classify grid cell




Slump density
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Slump Growth (m°/year)

Eastern Banks Island
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Coastal slumping
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Lakeside slumping
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Valley-stream side slumping
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Conclusions

e The distribution of near-surface ground ice is an
Important control on environmental sensitivity of
permafrost landscapes




Conclusions

« Thawing of ice-rich permafrost is causing landscape
changes; some landscapes are more susceptible to
change than others




Conclusions

« Degradation of ice-cored terrain can cause major
changes in the behaviour of streams and rivers

e The impacts are widespread and detectable in some
large rivers




Major slumping follows the pattern of moraine
systems associated with the Wisconsinan
glaciation

N 7 T REEEE
CANADA
“‘¢‘ Permafrost
S Permafrost distribution:
- Bl Subsea Permafrost

. I Extensive Continuous
‘ o1 [N Extensive Discontinuous
. \ Sporadic Discontinuous

0 Isolated

Ground ice content:
High

EiEE Medium - High

#8 Medium
Low - Medium
Low

/7 Nil - Low

-——— -.vj '1
r
L]

Areas impacted
- by abundant 2

 thaw Vo B

slumping



Conclusions

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




Thank you




