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1. Compare satellite, submarine, and simulated (“reanalysis”) 
sea-ice thickness products 

2. Analyze changes in the variability of sea-ice thickness using 
a reanalysis product and a global climate model

3. Quantify future projections (21st century) of Arctic sea-ice 
thickness and volume using a regional approach

Explore changes in the temporal and spatial 
variability of Arctic sea-ice thickness over the 

satellite-era and 21st century



The Arctic.
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Observing ice.
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The missing
sea-ice thickness 
(SIT) record
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LINDSAY 2010, EOS

CHANGING DATA



TIME SPATIAL DOMAIN
PIOMAS 1979 - present pan-Arctic

Submarine 1986 - 1993 upward looking sonar (narrow)

ICESat 2004 - 2009 ICESat domain

CryoSat-2 2011 - present pan-Arctic

ICESat-2 2018 - present pan-Arctic

SEA ICE DATA SETS



TIME SPATIAL DOMAIN
PIOMAS 1979 - present pan-Arctic

Submarine 1986 - 1993 upward looking sonar (narrow)

ICESat 2004 - 2009 ICESat domain

CryoSat-2 2011 - present pan-Arctic

ICESat-2 2018 - present Pan-Arctic

SEA ICE DATA SETS
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Trends & 
Variability.
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DECEMBER
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Future projections.



Climate model projection of summer sea ice through 2100
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Regional impacts.
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Russia Alaska

MODIS (Terra) Satellite on 20 February 2018





















Changing 
Sea Ice Thickness

MELIA ET AL., 2016
“Sea ice Decline and 21st

century trans-Arctic 
shipping routes”

PIZZOLATO ET AL., 2016
“The influence of declining sea 
ice on shipping activity in the 

Canadian Arctic”

POST ET AL., 2013
“Ecological consequences 

of sea-ice decline”

LANG ET AL., 2016
“Sea ice thickness and recent 

Arctic warming”
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Visualization by The New York Times
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Changes to 
weather.



R/V Lance – Greenland Sea – May 2017



R/V Lance – Greenland Sea – May 2017
Turbulent heat fluxes
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R/V Lance – Greenland Sea – May 2017
Turbulent heat fluxes
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Future Arctic
How does sea-ice thickness 
decline influence the large-

scale atmospheric response?

Significant warming
response over Arctic Ocean

Weakening of jet stream

LABE ET AL. 2018, GRLWarmerColder
Surface Air Temperature

“Contributions of Ice Thickness to 
the Atmospheric Response From 
Projected Arctic Sea Ice Loss”



LABE ET AL. 2018, GRL

High Pressure

Low Pressure

Sea Level Pressure (SLP)



Loss of sea-ice thickness reinforces large-scale atmospheric response

LABE ET AL. 2018, GRL

+ =

Sea Level Pressure (SLP)



Longer records.



“The Bear spent its most illustrious years in the treacherous waters of the Arctic in the U.S. Revenue Cutter Service. Photo courtesy of the Alaska and Polar Regions Collections, Elmer E. Rasmuson
Library, University of Alaska Fairbanks.”

https://www.reuters.com/investigates/special-report/climate-change-ice-shiplogs/



https://www.oldweather.org/
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Large regional and internal variability of sea-ice thickness
Need for longer (“consistent”) satellite record

Atmosphere sensitive to changes in Arctic sea-ice thickness
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QUESTIONS…
Large regional and internal variability of sea-ice thickness

Need for longer (“consistent”) satellite record
Atmosphere sensitive to changes in Arctic sea-ice thickness




