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Amplified Warming Signal
Great potential for early signals for a climate change and
for discovering new phenomena.
Ref: Hansen et al., 2010

(2008-2012)




Arctic AVHRR Surface Temperatures
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Arctic versus Global
Surface Temperatures

EEELEE N BECELE RS B B S S T DS T
- b) Yearly ST Trends
FAVHRR Arctic > 64°N Trend = 0.69 # 0.08(°C/dec)

—Normalized Hansen > 64°N Trend = 0.60 * 0.07(°C/dec)§
- Normalized Global Hansen Trend = 0.17 + 0.02(°C/dec) -

1985 1990 1995 2000 2005 2010



Surface Melt in Greenland

Area of melt in
Greenland.
Record high in
2012

Spring melt in Greenland in 2002
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The Changing Cryosphere
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Changes in the Cryosphere

Sea Ice
g"_lce Shelf

Frozen Ground
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. Glaciers have been losing mass (about 226 Gt/yr since 1971)

. Ice sheet in Greenland has been losing mass (about 215 Gt/yr
since 2002 or 0.emm/yr of sea level rise)

. Ice sheet in the Antarctic has been losing 147 Gt/yr since 2002

. Snow cover has been declining in spring and especially in June

. Active layer of the permafrost has been warming up while the thi
of seasonally frozen grounds has been decreasing.

. Sea ice cover In the Arctic has been declining rapidly




Greening of the Arctic

From 1980 to 2008, NDVI was increasing and highly correlated
with surface warm index and sea ice concentration

Sea Ice Concentration Summer Warmth Index (SWI) Maximum NDVI
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Bhatt, u. s. , D. A. Wal ker, M. Raynol ds, J
al., (2010) Circumpolar Arctic tundra vegetation change is linked to sea-ice decline,
Earth Interactions, 14, 1-20, doi:10.1175/2010EI1315.1.



Relevance of SORCE to
Sea Ice Cover Studies

£ Ice-albedo feedback as driven by the sunis a
key factor affecting the extent of the sea ice

cover
e Length of ice melt and melt rate Is influenced
by the sun
e The role of the sun, clouds and other factors on

the rapid decline of the sea ice cover in the
Arctic needs to be better understood.



Historical
Satellite Ice
Extent and Ice
Area In the
Arctic

Source:

SMMR (1978 to 1987)
SSM/I (1987 to present)
AMSR-E (2002 to 2011)
AMSR?2 (2012 to present
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Northern Hemisphere

Ice Extent Anomalies

Monthly Anomalies
and Trends of Sea Ice
Extent and Area in the _

Arctic I R

Ice Area Anomalies

Overall trends from 34-
year data set is

-3.8 % per dec, ice extent
-4.4 % per dec, ice area.

Area (108 km?)

Trend: -51600 + 2000 km2/year
(-4.4 + 0.2 %/dec)

Trends since 1996 is
-8.5 % per dec, ice extent
-9.1% per dec, ice area

(1]

Ice Concentration Anomalies

Sea Ice highly variable
since 2007

Ice Concentration (%)

Trend: -0.09 + 0.005 km2/year
(-1.0 £ 0.05 %/dec)
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ANOMALOUS DECLINE
IN THE ARCTIC
PERENNIAL AND

MULTIYEAR ICE COVER,
1979 TO 2012

Ice Extent (10® km?2)

Ice Albedt; Feedback:

Comiso, J. C. and C. L. Parkinson, (2004)
Satellite observed changes in the Arctic,
Physics Today, 57(8), 38-44.
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- Yeoarly Ice Trend: =51512.3 km?/yr (-4.4 = 0.4 %/dec)
— Perennial Ice Trend: —88651.0 km?/yr (-12.5 + 1.3 %/dec)
[ Multiyear Ice Trend: —63611 7 km?/yr (- 14 7 + 1.8 %/dec)




2012 Arctic Storm & Sea Ice Minimum




Historical In Situ and Satellite Data

Annual and Summer Ice Extents
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NASA P3 Overflight over a
British Nuclear Submarine
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Comiso, J.C., P. Wadhams, W. Krabill, R. Swift, J.
Crawford, and W.Tucker, Top/Bottom multisensor
remote sensing of Arctic sea ice, J. Geophy. Res.,
96(C2), 2693-2711, 1991.
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Anomalous decline in the Arctic ice thickness
from both Submarine and ICESat data
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Kwok, R. and N. Untersteiner, 2011, The Thinning of Arctic Sea Ice, Physics
Today, 64(4), 36-43.



Changes in the atmospheric circulation as
revealed by the Arctic Oscillation

4| a) Arctic Oscillation (Monthly)
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AO Index

Run Avg Trend: —0.0016 AO Index/yr
Monthly Trend: —0.0019 AO Index/yr

b) Arctic Oscillation (DJFM Average)

AO Index

DJFM Trend: —0.0046 AO Index/yr




Ice Extent (10° km?)
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Unexpected Trends

£ Cooling In parts of Antarctica

e Positive trend In the Antarctic sea
IcCe cover



Surface temperature trend, 1981 to 2012



