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What is sea ice?

* Frozen surface of the ocean — orlglnates

ithin ocean




What is seaice

= Sea ice does not include land ice
(glaciers, ice sheets)

= Does not include
other floating ice
(ice shelves,
icebergs)

= |f seaice m_elts,
sea level will not
rise

Image Courtesy Sebastian Copeland



Annual sea ice variability
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The shrinking summer ice cover




September 2012: A new record low
° G ° ¢ Sept 16, 2007: 4.17 million sg. km

Sept 14, 2008: 4.51 million sqg. km

Sept 12, 2009: 5.10 million sqg. km
Sept 19, 2010: 4.60 million sqg. km

Sept 9, 2011: 4.33 million sqg. km

Average Monthly Arctic Sea Ice Extent
September 1979 - 2012
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What is causing the sea ice to retreat?

Warmer temperatures in all seasons

Enhanced ice-albedo feedback

Earlier development of open water
More open water

iIn September

Thinner spring ice

Warmer autumn temperatures




Warmer in all seasons

925 hPa air temperature anomalies from ERA-Interim
averaged from 60-90N




Earlier formation of open water

Negative trends in summer ice concentration imply a
corresponding reduction in albedo

Trends from 1979 to 2012 in %/decade
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Enhancement of the ice-albedo feedback
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Leads to increased absorbed solar ener

2002-2008 anomalies in cumulative absorbed SW
relative to 1979-2008 mean
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Figure from Stroeve et al., 2012




Ice is becoming younger and thinner

» At the same time the extent has
decreased, the ice has become younger

and thinner.
1985
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In 2013, less than 5% of the ice cover is
5 years or older compared to > 20% in
1980s and early 1990s

Data from Maslanik, Fowler and Tschudi




Younger ice is thinner ice
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Lots of basal melt in summer 2007

« Extremely large amount of ice bottom melting in
Beaufort Sea in summer 2007!
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Other factors behind ice loss

» Changes in atmospheric circulation

- c Winter (DJF) AO Index

winter Arctic
Oscillation in late
1980s/early 1990s

AO Index

Dominance of
summer Arctic
Dipole Anomaly

pattern
(2007-2011)

JJA SLP Anomalies JJA 925 hPA Ano




Intrusion of warm water into Arctic

* Heat carried into the Arctic basin by the

W. Spitsbergen current and the Bering
Strait inflow has been documented

* But the mixing of those flows inside the
Arctic basin remain a subject of
research

 Certainty is that a small change in
ocean heat flux can have a large
effect on ice thickness.

Figure from Woodgate et al., 2012 showing Bering Strait
throughflow increases ~50% from 2001 to 2011.




Black carbon from incomplete combustion

Atmospheric warming
from black carbon
aerosols

Black carbon on snow
and ice enhances melt

newsbusters.org (left), blogs.tnr.com (right)




Implications of summer ice loss

Arctic Amplification

Sea Ice Loss

LOW SUN, UNPERTURBED LOW SUN, POSITIVE CLIMATE FORCING
LWTLWI
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*Ocean picks up more heat in summer
*Releases more heat back to the atmosphere in autumn and winter




Arctic Amplification

Widespread warming of the Arctic
troposphere acts to weaken the
north-south temperature gradient at
high latitudes.

Observations show that the
poleward thickness gradient has
decreased over the past several
decades.
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from 1979 to 2012 during fall
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longitudes. Red is significant at




Impacts of Arctic Amplification

Thickness and Zonal Wind Speed Differences between
60-80°N and 50-30°N
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Changes in zonal flow alter both vertical Rossby wave propagation and wave
breaking by merdionally propagating waves

Weakening of extratropical zonal flow is connected to increases in the incident of
blocking and could cause air outbreaks during winter with pronounced sea ice loss
Francis and Vavrus, 2012).




Impacts on atmospheric circulation
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Numerical experiments forced with sea ice
reductions reveal changes in the large-scale
atmospheric flow consistent with the
3 negative phase of the Arctic Oscillation [e.g.
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Permafrost carbon cycle

Permafrost contains about 1600 Gt of carbon. For comparison,
carbon content of Earth’s atmosphere is about 730 Gt.
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Implications of summer ice loss

“Greening” of the Arctic tundra

Maximum NDVI over tundra 3 LI |
(below) and trends (right) Z } - Ry
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Implications of summer ice loss

Increases in humidity and cloud cover
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Implications of summer ice loss

Commercial shipping

 Northeast Passage
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Implications of summer ice loss

Access to Natural Resources

USGS estimated in 2008 that 90 billion barrels of oil, 1,700
trillion cubic feet of natural gas and 44 billion barrels of
natural gas liquids may be found 1n the Arctic, of which
~849% occurs offshore.
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Implications of summer ice loss

Polar bears and other charismatic
megafauna
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Future warming projections

Air temperature: A1B scenario by 2100

Global mean warming of ~2.8°C (or ~5F);
Much of land area warms by ~3.5°C (or ~6.3F)
Arctic warms by ~7°C (or ~12.6F)
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N IPCC-AR4 ensemble mean, ATB Scenario, courtesy M. Holland
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Future sea ice projections
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Accelerated thawing of permafrost

odele Area Containing
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Large reductions in permafrost area expected as Arctic
continues to warm

Lawrence and Slater, 2005




Conclusions

‘We are quickly losing the ice cover
Impacts are already being felt

Essentially ice-free summers by 20307?

*Arctic amplification will be a big issue

Impacts on atmospheric circulation

Since AA has emerged only recently in the real
world, the robustness of linkages between sea ice
loss and mid-latitude weather remains unclear

Impacts on terrestrial warming and carbon cycle

*The geopolitics of Arctic change — many wild cards

{ p——
INSIDC
=%




The National Snow and Ice Data Center (NSIDC)

Studying the Earth’s frozen realms

Courtesy NSIDC and NASA Mmc
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