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total ice volume

Likelihood is low for a
return to mid-80’s
conditions, but high
for continued losses
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GOing, going... ©NewsScientist

The volume of Arctic seaice s falling even faster than the extent.
In 2009, average ice volume between July and September, as estimated by the PIOMAS model, fell to a record low
of 8000 cubic kilometres, 55% less than the 1979 to 2000 average. This year it is on course to be even lower

SUMMER SEA ICE VOLUME: CHANGES IN SEA ICE VOLUME: Daily volume

PIOMAS estimates for July-Sept (cubic km) compared with the 1979-2000 average for that day
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continued to decline.

Figure from S. Ngheim, JPL




Extent (millions of square kilometers)
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Arctic Sea Ice Extent
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National Snow and Ice Data Center, Boulder CO

Ice-free ocean absorbs solar heat
that must be released to the
atmosphere before new ice can
form in the fall



National Oceanic and Atmospheric Administration Home Sealce Heat

» Future of Arctic Sea Ice and Global Impacts

The Arctic is losing sea ice, impacting climate & weather farther South

Changes in the Arctic
atmosphere increase
variability in global winds

With potential outbreaks
ting of cold Arctic air and winter
winds storms in US and Eurasia

Loss of Arctic sea ice...

changes atmospheric
pressure and winds... t surfaces over
ice-free Arctic

potentially resulting in more severe winter
storms in the eastern US and Eurasia

Tell me more.... How changes in the Arctic impact weather and climate in Europe, Asia and the US

Impacts




Warm Air Over the
Arctic

Surface air temperatures
north of 60 deg. N, for the last
decade are the warmest of
the last century.

Variability in time and space is
high. During winter 2009,
Eurasian Arctic was very cold,
while other Arctic areas were
warm.

For the entire 2009, the
central Arctic had warming
amplified by at least a factor
of two compared to lower
latitudes.
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Arctic Ocean Warming

Recent in situ data show warming of
the Atlantic layer of water entering the
Arctic Ocean from 2003, with a peak
around 2007 and cooling thereafter.
(Polyakov)

summer SST anomal

Pacific water inflow was also unusually
warm in summer 2007 and less
thereafter. (Woodgate)

-----

Satellite data show very warm surface
water on the Pacific side of the Arctic
in summer 2007, with cooling
thereafter. (Reynolds)

Other data show sub-surface warming
at about 30 meters in the Canada
Basin. (Jackson)

Is the long term trend toward a
warmer Arctic Ocean?



IMPACTS OF A WARMING ARCTIC

Possible Changes in Fish Distribution
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Arctic Monitoring and Assessment Programme

sea ice extent.

Wind patterns are a major driver of

AMAP Assessment Report: Arctic Pollution Issues, Figure 3-26
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Ocean
Acidification

Increasing CO, in the atmosphere
leads to increasing CO, in the surface
ocean through equilibrium processes.
The “biological pump” can further

draw CO, from the atmosphere to the :j |
ocean by converting CO, to organic g2
matter that is exported to deep water T g |
before it can be decomposed back to = 7g |
CO,.
7.6 -
74 ‘ ‘ . ‘ ‘
Experts believe that the ice-free Arctic -25 -20 15 -10 -5 0 5
could take up much CO, and be a time (million years before present)

significant global CO, sink. More
direct exposure to the atmosphere and
to sunlight would increase equilibrium
uptake and photosynthesis. Recent

data (Cai et al. 2010.Science, 329 p How will marine ecosystems respond to a pH

556.) demonstrate the equilibrium | | K illenia?
uptake over the Canada Basin, but evel unknown over milienia:

show limited photosynthetic uptake
due to nutrient limitation. Perhaps no
“sink” in the Arctic?



This is not the result of “global
warming”, but a consequence of
gradual warming of the permafrost
once it was submerged thousands of
years ago.

But continued destabilization of the
submerged permafrost could affect
the present day atmospheric warming
by release of large amounts of CH,.

Continued observations are required.
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Temperature Increase (°C)
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Response capability
in the Arctic in the
event of a major oll
spill

Risks and
vulnerabilities
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Potential Future Changes

Loss of sea ice/thinner ice leads to increased human
use of the Arctic, changes to habitat and food webs for
marine mammals, increased primary productivity

Altered ocean atmosphere heat exchange leads to
changes in Arctic and hemispheric weather and climate

Surface ocean acidification leads to ecological stress
and food web alteration

Destabilization of shallow subsea permafrost with
increased methane release, accelerates global warming
and works against mitigation actions



Conclusions

Physical change in the Arctic marine environment seems
likely to continue along the current path

Chemical changes are evident — ocean acidification, likely
accelerated methane release, POPs, aerosols

Ecosystem change seems inevitable as does increased
human activity in the Arctic marine environment

Indigenous and subsistence lifestyles will be transformed to
an even greater degree

Legal/regulatory/policy regimes are not evolving quickly
enough, in the Arctic or globally to counteract these trends

Research and sustained observations more important than
ever in the Arctic






