
Impact of Melting 
Arctic Sea Ice



Who here has ever been north of 
the Arctic Circle?



Agenda
● The Past

○ Arctic sea ice history
○ Paleoclimate data

● The Present
○ Observations
○ Physical Bases
○ Gaps in understanding
○ What can we say for sure in terms of other 

climate impacts? 

● The Future
○ Models 
○ Implications
○ Why should you care?



A Brief History of Arctic Ice (Polyak et al., 2010)

● 47 mya - First time Arctic sea ice formed

● ~3 mya - Modern ice sheets formed 

● 11 kya - Ice free summers
○ 4 C warmer than mid-20th century 

temperatures

● General seasonal retreat since 1900

● Accelerated retreated since 1960

Source: NASA, 2010. 



“The Cryosphere refers to any place on Earth 
where water is in its solid form, where low 

temperatures freeze water and turn it into ice.”

(NASA) 



Observations

Petty et al, 
2017



Physical Bases



Physical Basis - Albedo



Physical Basis - Latent Heat

Wikimedia



Physical Basis - Thin Atmosphere

Wikimedia



Physical Basis - Sea Ice Mediation

Kump et al, 
2010



Physical Basis - Circulation Changes

Wikimedia



Modeling

Kattsov et al, 2010; Agarwal et al, 2018; 
Ivanova et al, 2016
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Which Looks Like...

Wikimedia; Flickr; Pixabay



Arctic Oscillation

NOAA



“CMIP5 arrives at a seasonally ice-free Arctic 
sooner than CMIP3, leading to the conclusion 
that a seasonally ice-free Arctic Ocean within 
the next few decades is a distinct possibility.” 
(Stroeve, 2012)

Nevertheless

NASA, 2012



A Sea Ice-Free Arctic



Albedo
(Polyak et al., 2010)

SOURCE:NSIDC
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Ocean-Atmosphere Coupling
(Kump et al., 2010)
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“The polar vortex is a deep low-pressure 
center in the upper atmosphere (between 

~10 and 50 km) that sits near the North 
Pole during winter and is encircled by a 

fast river of westerly wind known as a jet.”

(Francis et al., 2017)



Polar Vortex
(Cohen et al., 2018) 

Loss of sea ice

Increase of atmospheric temperature

“Dilated geopotential height”

Weaker jet stream

Wavy polar vortex

Colder mid-latitude temperatures and warmer 
Arctic temperatures



Why should 
YOU 
care?



WCRP



Thank you!
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