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Arctic sea-ice summer extent
Sep 16, 2007 nsidc.org Northern Hemisphere Extent Anomalies Sep 2008
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B Sul A 2007 record sea-ice minimum, almost one
: guarter less in extent than previous
record minimum in 2005

A 2008 also with greatly reduced summer
Ice extent

A Winter ice extent is decreasing but at
much slower rate: More seasonal ice
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Explaining the 2007 record minimum Arctic
sea-ice summer extent

Longer-term ice thinning in line with
Arctic warming driven by impact of

greenhouse gases on longwave radiation
balance

Warm inflow of Pacific and Atlantic water

Unusual weather pattern with persistent
southerly winds brought warm air and
moved ice towards North Pole in 2007

(4) Warming of water north of Alaska as a
result of thinned & reduced ice cover
melts back ice from below in summer
(>2 m of summer bottom melt north of
Alaska!); less clouds in 2007

(5) Thinner, younger & more mobile ice

cover more susceptible to episodes of
extreme summer retreat
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Shimada et al. (GRL, 2006) & Thursday March 26, 11.20h; Also: V. Ivanov, 12.00h
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(2) strengthening of sea ice motion and
upper ocean circulation

(1) change in lateral boundary condition
for sea ice motion
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2007: Anomalous surface wind and ice
advection patterns (relative to 1979-2006)

Ice advection & production anomalies
(coupled ice-ocean model) Ice production (2007)
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Lindsay et al., 2009
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Solar heat into surface waters in pack ice:
lce-albedo feedback hard at work?

Solar heating linear trend (% yr't, 1979-2005)

Perovich et al.,
GRL, 2007 .
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Maslanik et al.
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Sea-ice system services

Docomber A Applied concept of
e services (MEA -
o Soasonatico on0  Poromiticoone () 2005) to sea ice

A Types, locations &
times of use

A Link impacts to
Stabilizer (1c), trzgfr?::f(tg; : | N fo rm at| on
Platform (2b), source of food & re q u | re d to

O(10- water (2c,d), subsistence (3a)
%

100} km Marine hazard (1b), geologic agent (1d), re S p O n d to C h a'n g e

o(10- cultural landscape (3b)
1000) km

O(10) km

Climate regulation (1a), foodwebs & biodiversity (4a,b)

O(1000) km

Eicken et al., Arctic, 2009
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Regulating services Sea_ice System SerViceS

AClimate regulator
A Marine &
A Stabilizing el e
A Geol ogic agent
sediments, bottom interaction)

Supporting services

Alce-based foodwebs

AReservoir and driver of biological
diversity (e.g., extremophiles)

Provisioning services

A Transportation
APlatform (subsistence & industry)
A - Freshwater sour
ASource of food

Cultural services

A Subsistence act
A lce as part of
landscape (incl. tourism)
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Climate regulation services of sea ice:
Ice-albedo feedback

Solar heating linear trend (% yr't, 1979-2005)

Perovich et al., AN - 5.0

GRL. 2007 . )} - o | A Models consistently show
3 B 40 amplified warming in the

3.5 Arctic (Aapol ar
o cli mate change
w .'e SEZE| A Such enhanced warming is
N T g F generally attributed in large
-~y T part to ice-albedo feedback
BNl A [ce-albedo feedback (Arctic
s e o sea ice & snow) roughly
s equivalent to +3-4 W m'?2
~2.0 longwave radiative forcing
o attributed to doubling of
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—4.5
-5.0

3/24/09 ASSW 2009: Impacts of sea-ice change 13



Light climate regulation services of sea ice:
Impacts on marine primary production

Solar heating linear trend (% yr'1) Arrigo et al. (2008)
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Arctic Ocean primary production: Two thirds of increase from
459 (2006) to 544 (2007) Tg yr'* due to longer growing season
(based on models & remote sensing data; Arrigo et al., 2008)
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But: There i1s no free lunch

a) Winter NO, (umol/L) at 100 m depth b) Summer NO, (umol/L) at 100 m depth

180°W 180°W

Bluhm & Gradinger (2008) based on EWG Arctic Hydrochemical Atlas
(Timokhov, Colony et al., 2001)
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—ice edge

Upwelling after 15 days But maybe a free dessert?

{rim)

Ice-edge retreat over shelf break:
Impacts on upwelling (model results

Ice edge: 100 km from Carmack & Chapman, GRL,
2003):
[ ice edge | Upwelling at coast and downwelling

at ice edge: Only shelf water
circulates If the shelf-break is ice-

Ice edge: 112 km covered.

| Summer ice retreat exposes more of
—ice edge the shelf-break for longer periods to
N upwelling-favorable winds.

Upwelling depth increases as slope

becomes ice-free. Salty, nutrient-rich
water can cross the whole shelf in a
thin bottom boundary layer.

f30 200 km)
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Early dinner &
no dessert for
the benthos

A Thursday,
- Talks by Mizobata,
Grebmeier, Frey,
Griffith, Chen, Carroll,
Leu

Bluhm &
Gradinger
(2008) 18



