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AMAP’s geographical coverage



AMAP Climate Assessments - leads
Status, Feedbacks & Forecast:      Russia & USA 
Land ice: Canada, Denmark/Greenland, 

Russia  & USA
Sea ice: Canada, Norway & USA
Permafrost: Russia & USA
Snow: Canada
Arctic Freshwater Synthesis: Canada
Ocean Acidification: Norway & USA
SLCF: - BC & Ozone: Norway & USA 

- Methane: Canada & USA 3http://www.amap.no, 
,Feedbacks



Arctic (temperature) Amplification:  
2‐3 times changes in Mid‐latitudes

ESRL



Arctic Temperature Redone figures from the Pithan feedback paper and 
the Arctic temp plot from our Earth's Future paper (Overland et. al. 2014)
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Ice is getting younger and thinner

Based on satellite observations; from J. Maslanik, C. Fowler, Univ. Colorado

Much of older, thicker ice north of Alaska now melting away during summer
Mar 2010 – Mar 2011Mar 1985 – Mar 1986



Pacific Arctic Ocean Heat Storage

ALASKA

Beaufort Sea

Mackenzie
Delta

°C

Sept. 12-13, 2011

MODIS sea surface temperature (colors) and true-color 
composite image (land, sea ice, and clouds) Temperature Color Scale

6-8°C ocean temperature anomalies,
the largest in the world.

Glider track

Mackenzie Plume

Albedo feedback

Melt stratification

Arctic Dipole winds

Ocean Currents East Winds



Chukchi	Sea
Number	of	months	of	ice	
cover	from	IPCC	Models
(more	than	15%	ice	
concentration)

Ice	Free:
Shift	from	2‐3	Months	to	
4‐5	months	by	2030
Winter		still	wins! Wang and Overland in press



850 GEO HGT 
DEC Climatology

DEC 2009

Normal “POLAR VORTEX” of west to east flowing 
winds traps cold air in the Arctic:

But this pattern broke down in 
December 2009 allowing cold 
air to spill southwards

Present 
Climate 
“Surprise”



June Snow Cover 2012 relative to 1971‐2000



2030 2050 2080

Projected mean change (%) in snow cover from 16 CMIP5 models for  
rcp85

Annual maximum monthly SWE

Annual snow cover duration

208020502030







Greenland Mass Balance 



Key Findings: Ocean Chemistry

Key finding 1
Arctic marine waters are 
experiencing widespread and   
rapid ocean acidification

Key finding 2
The primary driver of ocean 
acidification is uptake of carbon 
dioxide emitted to the atmosphere 
by human activities

Key finding 3
The Arctic Ocean is especially 
vulnerable to ocean acidification

Key finding 4
Acidification is not uniform across 
the Arctic Ocean

Average global surface 
ocean pH has fallen 
from a pre‐industrial 
value of 8.21 to 8.10, 
corresponding to an 
increase in acidity of 
28.8%. Values of 7.8–
7.9 are expected by 
2100, representing a 
100–150% increase in 
acidity (NOAA/PMEL)



Some drivers of Arctic change
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Climate change

Global economic 
development

Migration

Global pollution

Transport and 
shipping

Local 
development

Mining

Recreation and tourismErosion

Technology 
development

Fisheries

Ecosystem change

Loss of sea ice

Oil and gas Ocean acidification

Population

Infrastructure



The charismatic losers: Walrus:
Calves get separated from their mothers;

Haul-outs are on land

Carin Ashjian, 2004
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Arctic – the Barometer of the Globe
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70 % Loss in Sea Ice Volume  since 1980
One Way Trip!

Decline in Arctic Multiyear Sea Ice Coverage 40 % 
Since 1980 (Red)

Arctic is Now Mostly First Year Sea Ice(Blue)

R. 
Kwok



Climate changes appears to increase the north‐south range of 
the Jet Stream and slowing, even locking sometimes, it 

position over the northern hemisphere 



Attack of the Polar Vortex – Early January 2014

Warm

Warm

Cold







Too Much Summer Sea Ice 
due to weak ocean currents



What is Special about the 
Arctic?


