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“ The stakes are high. Climate 
change has profound 

implications for virtually all 
aspects of human well being, 
from jobs and health to food 

security and peace within and 
among nations. Yet too often 
climate change is seen as an 

environmental problem when it 
should be part of the broader 

development and economic 
agenda. Until we acknowledge 

Kofi Anan. Former Secretary General of the United Nations
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CO2 Levels Now at ~ 385 ppmv

CO2

Concentrations over 
the past 400,000 

years, with current 
levels of CO2 higher 
than they have been 

in 800,000 years.

CO2 Pre-Industrial Levels 
where at ~ 280 to 300 

ppmv

Let’s look at this 
scale of time, the past 
10,000 years or so.

Let’s look at the Earth’s climate 
during the time that humanity, as 

we know it, established itself.



One Degree Matters



2008 “Actual”
Emissions as 
reported by 

the GCP 
based on an 
analysis of 

IEA data, EIA 
and other 

major 
sources of 
fossil fuel 
emissions 
worldwideF
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Year 2008
Atmospheric CO2

Concentration:
387 ppm

~ 40% above pre-industrial

Atmospheric CO2 Concentration 

Growth in Atmospheric CO2 Concentrations/Year

1970 - 1979: 1.3 ppm/year
1980 - 1989: 1.6 ppm/year
1990 - 1999: 1.5 ppm/year
2000 - 2007:  2.0 ppm/year

2007:  2.2 ppm/year
2008:  2.3.ppm/year
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At this 
accelerating 

rate we will be 
at 500 ppm by 

2050
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What are some of the consequences 
for the Arctic Region?

What are some of the consequences 
for the Arctic Region?



September 10 - 14, 2009September 10 - 14, 2009

140 Years = An Increase of 1.25 OC or 2.25 OF 



Spruce bark beetle dramatically changes the forest, the 
landscape, and ecological systems.

Healthy Impacted

Kenai 
Peninsula in 

Alaska
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Let’s look at the role the oceans play in 
the dynamics of climate change. 



Why are the oceans Important?

Data from Levitus et al, Science, 2001

Because, that is where the heat goes !



Warming of the World ’s Oceans

(An Analysis of the past 40 Years)

Source: T.P. Barnett, et al 2005

No Anthropogenic 
Forcing ( Blue )

With 
Anthropogenic 
Forcing ( Green)

Observational 
Data (Red Dots )



Critical RegionCritical Region

Does this Melting of Sea Ice have other Effects, such 
as an Impacts on Oceanic Circulation?



These shifts are 
governed by (1)
changes in 
oceanic 
temperatures, 
(2) salinity, (3)
nutrients, (4)
changing 
patterns in North 
Atlantic Deep 
Water formation, 
and (5)
interspecies 
interactions.

Climate 
driven 

changes in
marine 

ecosystems.



There is a very critical issue evolving in the 
ocean, due solely to the increase of CO2 over 

the ocean surfaces  
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The ocean pH changes will persist for thousands of years. 
Because the fossil fuel CO2 rise is faster than natural CO2
increases in the past, the ocean will be acidified to a much 
greater extent than has occurred naturally in the past 25 

Million Years [Caldeira and Wicket, 2003].

Impacts Up The Food Chain



The sea and inland ice is changing rapidly and disappearing in 
places essential to indigenous residents of the Arctic.





Thawing PermafrostThawing Permafrost



Methane Bogs in Siberia

QuickTime™ and a
H.264 decompressor

are needed to see this picture.



Projected Snow Cover Change 2070-2099 based on IPCC A 2 ScenarioProjected Snow Cover Change 2070-2099 based on IPCC A 2 Scenario



Recent Findings:

4.1 Million Square Kilometers on 
September 15, 2008

ACIA Model 
Projections 

in 2004

Actual Sea Ice 
Extent 2007 

and 2008



Daily Sea Ice from January to September 2008

QuickTime™ and a
 decompressor

are needed to see this picture.



Arctic Sea Ice Conditions on September 15th 2008

Russia

Alaska

Greenland



Minimum Arctic Sea-ice Extent from 1979 to 2007
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Projections of  Sea Ice Extent for Mid-SeptemberProjections of  Sea Ice Extent for Mid-September

These open waters dramatically change the balance o f reflected radiation 
from about 85 reflected to about 85 absorbed by bot h the open water ocean 
and the non-snow covered land, a major change in th e radiation feedback 

mechanisms, accelerating warming and major changes in weather patterns. 

These open waters dramatically change the balance o f reflected radiation 
from about 85 reflected to about 85 absorbed by bot h the open water ocean 
and the non-snow covered land, a major change in th e radiation feedback 

mechanisms, accelerating warming and major changes in weather patterns. 





80% Absorbed 
by Vegetation 
and dark soil

90% Absorbed 
by Ocean Water

85-90%% 
Reflected by 
Snow and Ice

Changes in the Balance between Snow/Ice Cover and Open Ocean and
Snow-Free Land will Change the Weather Patterns in the Arctic



The Arctic is the Climate Change Bellwether
for the rest of the planet. Changes here 

precede those to come at lower latitudes by a 
generation or so. What is happening to the 

Greenland Ice sheet?

The Arctic is the Climate Change Bellwether
for the rest of the planet. Changes here 
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Greenland Ice sheet?





Ilulissat Glacier: Major Calving EffectIlulissat Glacier: Major Calving Effect



This is about 1 foot every 20 to 25 
years around the entire globe













The Arctic region is facing dramatic changes

• Substantial Changes in Climate and 
weather

• Rapid cultural and social change
• Globalization such as mixed 

economies and technological changes
• High Concentrations of 

Contaminants such as PCBs and 
mercury

• Ozone depletion that leads to UV 
increases

• Substantial Changes in Climate and 
weather

• Rapid cultural and social change
• Globalization such as mixed 

economies and technological changes
• High Concentrations of 

Contaminants such as PCBs and 
mercury

• Ozone depletion that leads to UV 
increases



In Summary:

•Warming of the climate system is unequivocal, as is now 
evident from observations of increases in global average 
air and ocean temperatures, widespread melting of 
snow and ice, and rising global average sea level.

•There is now higher confidence in projected patterns of 
warming and other regional-scale features, including 
changes in wind patterns, precipitation and some 
aspects of extremes and of ice.

•Anthropogenic warming and sea level rise will continue 
for centuriesdue to the time scales associated with 
climate processes and feedbacks, even if greenhouse gas 
concentrations were to be stabilized.

What can we say 
about the future?
What can we say 
about the future?



Note: The substantial warming across the 
Arctic, (upwards of 10 oC or more), from 
very warm in the ice covered ocean to 
less warm in Greenland and Scandinavia. 
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Impacts and 
Consequence of 
the Projected 

Range of 
Temperatures 

towards the end 
of 21st Century 

for:
• Food Security
• Water Issues
• Ecosystems

• Extreme Weather 
Events, and

• Risk of Rapid 
Climate Change 
and Irreversible 
Impacts.

3

IPCC Range1.5oC 4.5oCIPCC Range



750 ppm ~ 4.3 0C

550 ppm ~ 3 0C

450 ppm ~ 2 0C

There is the 
potential that the 
climate is likely, 
as projected by 

the IPCC, to take 
humankind 
where it has 
never been

The question is: At what temperature will we stabilize?

17

IPCC (2007) Forecast







The C-ROADS Projections using the 
CoP 15 Current Proposals by the 192 

UNFCCC Nations 



Thank You !

Climate change is no 
longer simply an 

environmental issue, it is 
an issue of economic 
security as well a an 

equity issue for  human 
well-being. The policy 

challenges are 
extraordinarily difficult!
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