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Agenda

• What is climate?

• Global climate system

• Why the climate is changing?

• Consequences for Alaska

• What to do?

• Why reducing GHG is good for our 
economy? 



Climate is what you expect – weather is what you get.  
Mark Twain

• Weather: “instantaneous” physical state of the atmosphere
• now to perhaps a week from now

• Climate: statistics of weather
• statistics over weeks or longer … decadal  baselines 

• Understanding local climate change is important for current 
and future investments
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What can climate tell us?

• The total precipitation in Anchorage 
in August
• “is on average 3 in” (normal)

• “varies between 0.5 and 9.5 in” 
(variability)

• “contains snow accumulation of more 
than 1 in once in twelve years” 
(extreme event frequency)

4



The Climate System

• Complex and interdependent 
interaction between
• Atmosphere (air environment)

• Hydrosphere (water environment)

• Cryosphere (frozen environment)

• Biosphere (living environment)

• Pedosphere (“Soil layer”)

• All powered by solar heating
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Source: DOI

What is the Greenhouse Effect?
Demonstrated by Swedish physicist 

Svante Arrhenius in 1896
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What is Arctic Amplification?

• High latitudes warm much more 
than mid-low latitudes

• Changes tied to changes 
• Declines in sea ice

• Shorter snow cover season

• Increasing water vapor

• Asymmetric between poles due 
to geography  

Data Courtesy NASA/GISS
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Why do we think the climate is changing?

• Environmental changes on the global 
climate scale
• Rising temperatures

• Rising sea levels

• Increasing extreme precipitation

• Decreasing snow and ice
• Land and sea ice

• Changing plant and animal distributions
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Greenhouse Gases in the Atmosphere

http://www.esrl.noaa.gov/gmd/aggi/aggi.html
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Climate Change: Why?

• Science
• Observations
• Explanation 
• Prediction

• No physically coherent way to explain 
observations without increased 
greenhouse gas concentrations

• Increasing GHGs & associated warming are 
the canvas on which daily weather occurs 

Source: NCA4
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Recent Changes in 
the Arctic & Alaska

• Summer/Autumn Sea Ice Decline

• Earlier Spring River Ice Break-up

• More frequent big wildfire seasons

• Ecological Changes

• Yellow cedar in Southeast

• Spruce bark beetle Kenai Peninsula

• White spruce Interior

• Thawing permafrost

• Marine mammal habitat loss



Alaska Temperatures Going Up

Cool mid-20th century, warmer since the mid-1970s Wet early 20th century and again since early 1970s

Source: NCEI
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Past 50 Years: Warmer and Wetter
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Arctic Sea Ice Coverage Decline

Source: National Snow and Ice Data Center

14



Arctic Ice Volume 1979-2018

Source: Polar Science Center/U. Wash. 
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State of current science on economic effects 
in Alaska

Not accounting for
• Private infrastructure

• Subsistence

• Hydro power

• Tourism/Recreation

• Agriculture (longer growing season) 

• Fishing

• Shipping

• Human health

• National security

• Stranded oil and gas resources 

• …

2019 threat assessment
• Public infrastructure

• Community relocation

• Energy demand (space heating)

• Wildfire

• Ice road transportation



Caveats of 
economic 
projections

Future prices, policies, and technology uncertain

Estimates based on sparse historical data

Climate is changing faster than anticipated

Estimates based on linear change (no tipping points)

At best, estimates are a floor of potential impacts



We tend to 
underestimate 
future change

1990        Year estimate was published  2017

8.2 ft

3.6 ft



Climate Impact of No/Low Ice at Utqiaġvik
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abrupt change, 
tipping point?



Arctic Sea Ice Extent: potential evolution

Natural variability larger than trend at decadal time scales

Source:  Fourth U.S. National Climate Assessment/J. Stroeve20

abrupt change, 
tipping point?



Community 
protection 
and relocation

$50 - $100 million / year

Source: Berman and Schmidt 2019



Western Alaska 
Coastal Flooding

• Dependent on: 

• Storm track and intensity
• Ocean level and wave action
• Sea Ice: coverage and quality…or lack thereof

• Multiple high impact storms in recent years

Golovin, 2005Golovin, 2005



Sea Ice Coverage Changes
Shishmaref
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Environmentally Threatened Communities

2009 assessment

• Erosion

• 178 communities, 26 priority 
action

2019 assessment

• Erosion, permafrost, flooding

• Accounts for uncertainty in 
assessment

• 187 communities



Permafrost (and combined effects) 
highly uncertain

erosion permafrost flooding
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Fire fighting cost 
and property loss

$20 - $40 million / year

• Source: Berman and Schmidt 2019



Frequency 
of large 
wildfire 
seasons has 
increased
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Unquantified impacts on public health 
and tourism









Energy demand 
– Savings in 
space heating

Benefits of $100 - $150 million / 
year

• Source: Berman and Schmidt 2019





Fisheries 
impacts,
yet unknown





Ocean acidification



Salmon and ocean acidification 

• Growth

• Yolk-to-tissue 
conversion 

• Oxygen uptake

• Reduced sense of smell

• Behavior and anxiety

Pink – seawater entry (Ou et al. 2015) Coho – ocean phase (Williams et al. 2018)

Growth

Neural function 

Navigation

Predator avoidance 





Marine toxins/ harmful algal blooms



Maintenance and 
repair of public 
infrastructure

$250 - $420 million / year

Source: Berman and Schmidt 2019



Effects of thawing permafrost
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Permafrost is Warming

Source: V. Romanovsky/UAF 44



Permafrost Outlooks 
1-meter soil temperatures:  reds = areas above freezing

Source: S. Marchenko, UAF/GI Permafrost Laboratory
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What to do?

• Mitigation – reduce GHG

• Adaptation – reduce risk

Preparation and planning



U.S. National Climate Assessment, 2017

While mitigation and adaptation efforts have 
expanded substantially in the last four years, they do 
not yet approach the scale considered necessary to 

avoid substantial damages to the economy, 
environment, and human health over the coming 

decades.



Why mitigation 
makes local  
economic sense

new jobs,

stable energy pricing,

economic development











GHG reduction → home heating assistance



Adaptation

• Proactive adaptation can reduce repair and maintenance impact by 
50% from  to $250 - $420       $110 - $270 million/year 

• Repair and maintenance cost financed locally

• Mostly underfunded 

• Especially problematic in rural Alaska 





Conclusions

• Reduce/eliminate GHG emissions now to prevent cumulative long-
term … substantial damages to economy and environment

• Understanding local climate change is important for current and 
future investments

• Impacts vary across Alaska with rural Alaska hardest hit

• Plan for the worst (large-scale impacts may occur sooner than 
anticipated)

• Be proactive in repair and maintenance of public and private 
infrastructure to avoid ca. 50% of climate change related loss

• Continue to research, plan, prepare and inform local decisions



Thank you!
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