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Most Trusted Spokespeople

Percent who rate each spokesperson as
extremely/very credible, and change from 2016 to 2017

Edelman Trust Barometer 2017



Topics

 Permafrost ?
e Problems

e Facts

e Uncertainties
e Challenges

e Conclusion
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What i1s Permafrost?

Temperature

e It is a thermal condition 0PC N

e Permafrost # Ground Ice Active Layer

i ACUVe Layer Permafrost Table
e If ground ice: Latent heat!
» Slow response to climate change Permafrost

» Controlled by surface conditions

Permafrost Base
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Permafrost - Water

Futurism 2017
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Where 1s Permafrost in Canada?
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Problems

e Infrastructure Failures

e Reports on Changing
Environment

e Uncertainties in Design
Parameters

e Science, Politics, Agencies
and Public
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Calmels et al., 2015




Permafrost Degradation
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Flooding




Lake Outbursts
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Morse and Wolfe 2014
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Aufeis / Icing

(c) Wikiwand



Changes, Changes, Changes

 Active layer thickening

* Permafrost degradation — Sinkholes
» Coastal erosion

 Flooding

* Aufeis formation

* New mass movements

— New Hazards and new Risks
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Infrastructure Failure and Climate Change

In most cases, climate warming may act as an
accelerator or catalyst for ongoing permafrost
degradation associated with construction
activity and existing infrastructure.
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Instanes, 2003



Permafrost and the Environment
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After Polar Research Board, 2014

and Jorgenson et al., 2010



A Changing Environment

Sea ice conditions have changed; the ice is thinner, freezes up later and melts earlier.
Similar observations have been made for lake ice.

Aniuvat (permanent snow patches) are decreasing in size. There is more rain, and the
snow and ice form later in the year and melt earlier.

The weather is unpredictable. It changes faster than it used to with storms blowing up
unexpectedly.

Water levels have gone down, making it hard or impossible to travel by boat in certain
areas.

Temperatures are warmer throughout the year.

New species have been observed.

The land has been observed to be drier and the stability of the permafrost is changing.
The length and timing of the traditional Inuit seasons have changed.
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Nunavut Climate Change Centre



Temperature Change for Three Latitude Bands
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Arctic Temperatures

Cohen et al., 2014



Cryosphere, Sea Ice & Sea Level

IPCC, 2013

Arctic summer sea ice extent

PCC, 2013 NSIDC, 2017

http://www.columbia.edu/~mhs119/Seal evel (2015-07-30)



http://www.columbia.edu/%7Emhs119/SeaLevel
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Engineering Design
How can/does Climate Change Impact
Engineering Design in Cold Climates?

* What is the project timeline?

 What are the knowns and what are the unknowns?

* \What are the hazards and consequences?

 Adaptation measures?
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Timeline: Short vs. Long-Term

IPCC, 2013
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Long-term

IPCC, 2013
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Data, Data, Data

Borehole Temperatures Active Layer Thickness

AWS

GTN-P Biskaborn et al., 2015
Networkfor
Permafrost
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Climate RiIsk

IPCC, 2014
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CSA Climate Risk Framework

Failure
consequences

igible

Low

>
Low Climate change sensitivity High

. . Environment Canada, 1998; CSA, 2010
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Climate Change Sensitivity

How does a climate element affect the environment and

the infrastructure or structure?

o Changes in air temperature
= Seasonal temperatures and natural variability
= Min. and max., i.e. extrema

o Precipitation

= Snow VvsS. rain
= IDF

o Others, such as Ground Temperature, Active Layer
Thickness, Frost, Sea Level, Chemistry, ...
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Example: Air Temperatures

e Short-Term: Based on historic data
 Long-Term: Based on climate projections
* Natural variability / Extrema 0
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Ground Temperatures / Permafrost

 Affected by air temperature and rate of change
oE.g. +1°C In 10 years vs. +1°C in 50 years

e But also other parameters including
oSnow Cover (Drift)
oVegetation
oHydrology / Freshet
oCloud Cover / Solar Radiation
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Environmental Changes

e Tallks

 Permafrost Aggradation

e Mass movements

2017 Connhauaht Summer Institute in Arct



Glacier and Permafrost

km3

GlacierChange.org

Haeberli et al., 2016



Summary

e Climate warming has stronger influence on ground and environmental
stability in the Arctic than other areas

* Need to understand time horizon and data source

« Climate sensitivity based approach

« Asses terrain sensitivity to climate change and its implication on
engineering design

o Consider potential increase in frequency and magnitude of extreme
events

o Air temperature and precipitation projection to be used as proxies, not as
the directly parameters for design

 Local climate and environmental data are critical for design
e Adaptive engineering

bgcengineering.com



Dradirtinn ic Very

Climate Change Could Make Siberiaan |
Attractive Place to Live clal Iy
ture

Although anticipated warmer temperatures promise to render the region
more comfortable for people, the transformation might turn permafrost

areas into inhospitable bogs.
EOS, July 12, 2017

Niels Bohr (1885 — 1962),
Danish Physicist
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