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Statistically significant Arctic sea ice
extent loss is occurring in all months

Observed Arctic Sea Ice Extent Trend Observed Arctic Sea Ice Trend
(percent/year) Significance Level

May
Apr

Mar
Feb
Jan -

1989 1992 1995 1998 2001 2004 2007 2010 1989 1992 1995 1998 2001 2004 2007 2010

Trend End Year (1979-X) Trend End Year (1979-X)

-1% 0% 1% 90% 95% 100%
Figure modified from Kay et al. (2011)




Why has Arctlc sea ice extent decreased
during the late 20" century?
What do we expect in the future?

they capture important processes
influencing Arctic sea ice trends.)



Observed Arctic sea ice decline is “faster
than forecasted” by CMIP3 models...

Arctic September Sea Ice Extent:
Observations and Model Runs
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Stroeve et al.,




Some climate models can reproduce
observed 1979-2005 Arctic sea ice loss...

Observed CCSM4 #1 CESM-CAMS #1
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Many Arctic processes are well represented
in CCSM4, but important biases remain.

(de Boer et al. accepted, Jahn et al. accepted)

Sea ice thickness distribution

Seasonal variations in sea ice extent OBSERVED
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Can natural processes alone explain the
observed sea ice extent trends?

CCSM4 1850 control trends
CCSM4 Last Millenium (1000-1850) trends
—|3- Mean and 2-sigma range in natural CCSM4 trends (158)
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Observed 1979-2005
trend cannot be
- explained by modeled
00 o  natural variability alone!

September Arctic Sea Ice Extent
27-year Trend (percent/year)

Figure modified from Kay et al. (2011)




CCSM4 Trends

ensemble member #1 ensemble member #4
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Figure modified from Kay et al. (2011)




Dividing the average CCSM4 trend by the
observed trend suggests that internal
variability explains approximately half of
the observed 1979-2005 September Arctic

sea ice extent Ioss._,w
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Are six CCSM4 ensemble members
enough to understand late 20t century
Arctic sea ice trends?

CCSM4 1850 control trends
CCSM4 Last Millenium (1000-1850) trends
—|3- Mean and 2-sigma range in natural CCSM4 trends (158)
X Significant observed 1979-2005 trend (1)
O Significant CCSM4 1979-2005 trends (4)
1 Insignificant CCSM4 1979-2005 trends (2)
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Figure modified from Kay et al. (2011)




Can Arctic sea ice
extent temporarily

Increase In a
warming world?
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1950-2005 (x6)
— 1850 control (1300 years)
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Figure modified from Kay et al. (2011)




- Statlstlcally S|gn|f|cant Iate 20th century September Arctlc
. sea ice extent loss cannot be explained by natural

- processes alone.

- A 6-member CCSM4 ensemble suggests that internal
. variability explains approximately half of the observed
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»+ 1979-2005 September Arctic sea ice extent loss.
- Because both internal variability and greenhouse forcing



EXTRA SLIDES




New data + Ice loss = New discoveries

July 2, 2007

No cloud response
to summer sea ice
loss, but cloud
increases over
newly open water
during early fall.

Kay and Gettelman
(2009)
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How many ensemble members are
required to detect a forced trend

_TS Nmin

& B R R 3 6 9 12 15 21 27

Nmin for detecting JJA differences
between 2060-2051 and 2005-2014
from Deser et al. (2010)




Four CCSM4 ensemble members are
needed to detect a forced 1979-2005 trend
In September Arctic sea ice extent
(Nmin=4).

The 20™ century Arctic sea ice loss in the 6-
member CCSM4 ensemble is consistent
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A new Arctic environment

Current Ice Extent Sea Ice Extent
09/16/2007 09/09/2011

National Snow and Ice Data Center, Boulder, CO
National Snow and Ice Data Center, Boulder, CO
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Maps from NSIDC

Total extent = 4.1 million sq km

Declining sea ice creates new challenges and opportunities.




