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IPCC 2007

http://www.ipcc.ch/SPM2feb07.pdf
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Recent changes in the Arctic
Recently, the Arctic has been characterized by a complex of 
rapid, interrelated, pan-Arctic changes e.g,

• Reduced sea ice cover
• Warmer Atlantic waters,
• Increased air temperature over most of the Arctic, 
• Warming of permafrost,
• Melting of Greenland ice sheet

The physical changes have large impacts on the Arctic  
ecosystems and society.
Anthropogenically driven climate change interacts with natural 
variability (SI and DECCEN time scales).
Adaptation and mitigation are needed to respond to the changes
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Recent observations: SAT
Change Surface Air Temperature (°C), 1957-2006 [from NASA GISS]

Annual Winter



http://data.giss.nasa.gov/cgi-bin/cdrar/do_LTmapE.py

SAT changes



Warming of 
the Arctic 

Ocean

Temperature increase in 
core of AW of up to ca. 
0.75oC; thicker AW layer

Polyakov et al., 2007
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Trends? Or natural Variability?

NABOS program, Polyakov et al.; IARC

AW temperature: Variability or secular change?



http://igloo.atmos.uiuc.edu/cgi-
bin/test/print.sh?fm=09&fd=12&fy=1979&sm=09&sd=12&s
y=2009

Sea Ice Trends: Ice Extent

http://igloo.atmos.uiuc.ed
u/cgi-
bin/test/print.sh?fm=09&
fd=12&fy=1979&sm=09&
sd=16&sy=2007



Sea-ice trends: ice extent

http://nsidc.org/arcticseaicenews/http://nsidc.org/news/images/20081002_Figure3.png

Arctic Sea Ice Down to Second-Lowest Extent
2007: Minimum sea ice extent

2008: Likely Record-Low Volume 

Abrupt changes will present surprises 

http://nsidc.org/images/arcticseaicenews/20080924_Figure3.jpg
http://nsidc.org/images/arcticseaicenews/20091005_Figure3.png
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Sea-ice trends
Disappearance of old 
sea ice between 1982 
and 2007

Credit: Animation from NSIDC 
courtesy of C. Fowler and J. 
Maslanik; Colorado Center for 
Astrodynamics Research.
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Sea-ice trends: ice extent

http://nsidc.org/news/press/20091005_minimumpr.html

-11.2% per decade

Non-linear systems

Abrupt changes

Need to learn how to interpret data 
from observing systems

http://nsidc.org/images/arcticseaicenews/20091005_Figure3.png
http://nsidc.org/images/arcticseaicenews/20091005_Figure5.png
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Sea-ice trends
Disappearance of old 
sea ice

http://nsidc.org/images/arcticseaicenews
/20090406_Figure5.png

http://www.arcus.org/search/seaiceoutlook/2010/june



Sea-ice trends: projections

Holland et al., 2006



Sea-ice trends: outlooks

SEARCH Sea Ice Outlook, June 2010;
http://www.arcus.org/files/search/sea-ice-
outlook/2010/06/images/summary/sioresultschartfig1rev_0.jpg



Sea-ice trends: ice extent

http://nsidc.org/arcticseaicenews/
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Greenland Ice Sheet

The melt area is increasing … and the slip seems to accelerate

NSIDC
http://cires.colorado.edu/scien
ce/groups/steffen/greenland/
melt2005/melt2005and1992.5

inch.jpg

V = 2.8*106 km3



Greenland Ice Sheet

Faster flow of outlet glaciers … and faster interaction between 
surface and grounding line

http://svs.gsfc.nasa.gov/vis/a000000/a003300/a0033
95/JakobshavnOverheadWdates.1024_web.png
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Thawing permafrost

http://www.gi.alaska.edu/snowice/Permafrost-
lab/projects/projects_active/proj_processes_magt1m.html

ACIA, 2004
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Shift in vegetation zones



Synthesis

Big Sky meeting, 
2003

20 plus scientists 
from diverse 
backgrounds
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Impacts
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Impacts
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Climate Change as part of 
Environmental Change

• Climate Change can not be seen in isolation
• In principle, the same human-induced pressures that 

are forcing the climate system towards a new state 
have significant effects on other environmental 
systems such as water resources, ecosystems, food 
supply, etc.

• The physical changes have large impacts on the Arctic  
ecosystems and society.

• Adaptation and mitigation are needed to respond to the 
changes
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Arctic feedback on global climate:
Freshwater connection

‘Great Ocean Conveyor Belt’ principle; 
Broecker, 1991
Freshwater export from Arctic to North Atl.
Heat transfer from ocean to atmosphere
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Arctic and global climate:
Future conveyor shutdown?

Key Questions:

• Can changes in freshwater fluxes from the 
Arctic to the North Atlantic shut down the 
conveyor (MOC, THC)?

• What would be the consequences of a 
conveyor shutdown in a greenhouse world?
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The Arctic freshwater reservoir



Arctic and global climate:
Freshwater connection

‘Great Ocean Conveyor Belt’ principle; 
Broecker, 1991
Freshwater export from Arctic to North Atl.
Heat transfer from ocean to atmosphere
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80’s and 90’s: Emerging details



30

First signs of change: Rossiya 1990

Quadfasel et al., Nature, 1991; Deep-
Sea Res., 1993

Temperature increase: ca. 1oC



31

More changes

94 vs 91



Changes in the Greenland Sea: Related?



33Shift in front between Atlantic and 
Pacific Water

1990’s: Basin - scale changes

Temperature increase in core of 
Atlantic water (up to ca. 2oC)
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Arctic freshwater distribution

River Runoff
Pacific Water
Sea-ice melt
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Schlosser et al.

Arctic freshwater components
Balances of mass, salt, 18O, and 
nutrients allow us to quantify 
the individual freshwater 
components
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Freshwater components

ca. 13m

ca. 40m

ca. -3.5m ca. 2m



Changing freshwater inventories

From: Arctic report card
http://www.arctic.noaa.gov/reportcard/images/essays/ocean/o3-lrg.jpg



Transfer of freshwater signals



‘A change in the ocean-
climate of sub-arctic seas has 
thus been transferred to the  
deep and abyssal ocean at 
the headwaters of the “Great 
Conveyor”’

Dickson et al 2002

North Atlantic signals
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Additional freshwater fluxes

P-E: 15
RR: 20
Sea ice: 15
(50 years)
Greenland:        90 - 180
(500 – 1000 ys)

Total: 140 - 230

RR: 20

90 to 180
160100

35

125

35

P-E: 15

Sea ice: 15

Total: 283
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NADW formation rate and global SST
In many coupled climate model 
simulations global warming leads to 
reduction of DWF in the North Atlantic
IPCC, 2001

Reduction of deep water formation in 
the NA leads to cooling, mostly over 
the North Atlantic.

Feedback loops:

Future: hot house or big chill?
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Consequences of Conveyor Shutdown

The total freshwater input into the North Atlantic in a 
greenhouse world could be significantly above 100 mSv

IPCC, 2007



The overall objective of SEARCH is to

Understand the nature, extent and future 
development of the system-scale change 

presently seen in the Arctic.

SEARCH: Study of Environmental 
Arctic Change 
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SEARCH: Science questions

1. Is the arctic system moving to a new state?
2. To what extent is the arctic system predictable (i.e., what are the potential 
accuracies and/or uncertainties in predictions of relevant arctic variables over 
different timescales)?
3. To what extent can recent and ongoing climate changes in the Arctic be 
attributed to anthropogenic forcing, rather than to natural modes of 
variability?
4. What is the direction and relative importance of system feedbacks? 
5. How are terrestrial and marine ecosystems and ecosystem services (i.e., 
processes by which the environment produces resources that support human 
life) affected by environmental change and its interaction with human 
activities?
6. How do cultural and socioeconomic systems interact with arctic 
environmental change?
7. What are the most consequential links between the arctic and the earth 
systems?



Science Plan & Implementation Strategy at:
http://arcus.org/SEARCH/index.php

AON:Focus of IPY AO

SEARCH UCP, ARCSS, 
Sea ice minimum 
workshop, 
2009 implementation 
workshop

SEARCH Strategy



SEARCH needs to observe the transition of the 
Arctic system from its present state into a warmer 
world. This will require a new type of observing 
system
The system has to be part of an international, pan-
Arctic network, and observe across domains 
(physical, biogeochemical, and socioeconomic)
The data flow from the observing system will 
provide insight into the nature and rate of change 
The observing system is a tool that will inform the 
Understanding Change and Responding to Change 
activities

SEARCH: Observing System
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NSF AON Projects

IPY AON Awards
(AON was one of three research focus areas
organized according to the number of projects in
each SEARCH Implementation Plan category)

Atmosphere …………………………..  4
Oceans & Sea Ice ……………………  9
Hydrology & Cryosphere …………  2
Terrestrial Ecosystems ……………  2
Human Dimensions ……...………..  2
Data ………………………………………  2

Σ = 21
21 IPY projects
~$37M during FY06 – FY09
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NSF AON Projects

SEARCH Category IPY
Projects distributed among the SEARCH categories as follows:

IPY     LTO      AON
Atmosphere     ……………………………………… 4 3 7
Oceans & Sea Ice     ……………………...... …… 9 7 16
Hydrology & Cryosphere     ………………... … 2 2 4
Terrestrial Ecosystems     ………………………. 2 1 3
Human Dimensions     ……...………………. …. 2 0 2
Data     ………………………………………. ……….. 2 0 2

Σ = ………………………………………………………. 21 13 34
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AON Ocean Observations
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AON Sea Ice Observations
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AON Ocean Observations
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AON Atmosphere Observations

Figure 16. Location of circum-Arctic atmosphere observing sites. 
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AON Permafrost Observations
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AON Hydrological Observations
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AON Snow and Glacier Obs.
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AON Terrestrial Ecosystem Obs.
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AON Community Based Obs.
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NSF Investments into AON

Information from Martin Jeffries, NSF AON program director
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AON in Context
SEARCH
Present status



International partners: DAMOCLES

Developing Arctic Modelling and Observing Capabilities 
for Long-term Environment Studies

reduce the uncertainties in our understanding of climate 
change in the Arctic and in the impacts thereof

– Synoptic observational coverage of the Arctic Ocean sea-ice cover
– Synoptic observation and investigation of atmospheric key 

processes
– Synoptic observation of the Arctic Ocean circulation and key 

processes
– Integration and assimilation of observations with large-scale 

models
– Assessment of impact on environment and humans
– User-friendly return of information to the community



http://www.arcticnet-ulaval.ca/index.php?fa=ArcticNet.showArcticNet


ISAC: long-term position

Anderson; see also Dickson: AOSB Newsletter

ISAC is the future 
program for 
Arctic Change 
research



Perspectives
• The Arctic is changing at a rapid pace.
• Understanding the changes requires 

observations, as well as modeling and 
synthesis activities.

• The observations have to be obtained through 
a pan-Arctic integrated, long-term observing 
system.

• The IPY has provided the impetus to establish 
the Arctic observing system.

• Future international efforts and collaborations 
needed to effectively finish implementation of 
Arctic system observing needs in the context 
of a global Earth observing system (e.g., 
GEOSS).

• Modeling and synthesis efforts have to be 
strengthened
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