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Climate Change: Global and Regional Perspectives

Explore the effects climate change on the 
global scales and on the Arctic region, 
with an emphasis on recent scientific 
findings.



Let’s begin with a focus on current 
scientific understandings of climate 
change at global scales and across 

hundreds of thousands of years.
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Alaska and western Canada, the average winter temperatures have increased 
by as much as 3 to 4˚C over the past 60 years, which is a significant increase 
given that the global average increase over the past 100 years has been only 

about 0.6±0.2°C. 

Temperature Reconstruction for the Past 2000 Years

Last 100 Years
Last 100 Years



What are some of the recent scientific 
findings regarding climate change and 

how important are they in understanding 
the consequences for societies globally 

and within the Arctic region?



Global-mean temperature over the past 125 Years, with 
2005 being the highest on record.
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Source: NASA/Hansen, et al 2006



Mean Annual Temperature Changes for Alaska (oF), 1949 - 2004



What role do the Ocean’s Play in 
Climate Change?

• Oceans contain  97% of Earth’s water, hence they 
are fundamental in the global hydrological cycle.

• Oceans experience 86% of evaporation, hence they 
are central to the energy exchange on planetary 
scales. 

• Oceans receive 78% of planetary precipitation; for 
example, a 1% increase in Atlantic precipitation 
equals the annual Mississippi runoff.

• The oceans control the timing and magnitude 
of the changes in global climate system.



Why are the oceans Important?

Data from Levitus et al, Science, 2001

Because, that is where the heat goes !





Global Warming of the World’s Oceans (T.P. Barnett, et al 2005)
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Earth’s Energy Imbalance: Confirmation and Implications
James Hansen, et al (Science 2005)
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Significance of Hansen’s Science Paper: 
The Earth is now absorbing 0.85 +/- 0.15 W/m2 more 
energy from the Sun than it is re-emitting back into
space. This imbalance is confirmed by precise
measurements of increasing ocean heat content over the
past 10 years. 
Major implications:

“An expectation of additional global warming of about 
0.6oC without further change of atmospheric 
composition.”
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Global cyclonic events (hurricanes, typhoons, cyclones)

Emanuel’s (2005) research shows 
a 70% increase in the intensity of 
global cyclonic weather (i.e, 
hurricanes, typhoons, etc.) since 
the mid-1970s, which is reflected 
in an increase in category 3,4,5 
hurricanes in the Atlantic region. 

Low lying areas are particularly 
vulnerable., such as this island in 
the Mississippi Delta, which 
virtually disappeared during 
hurricane Katrina.

or in places like Tuvalu.





World Bank 
recently projected 
750 ppm for CO2

levels by 2100



Critical RegionCritical Region

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



Changes in Oceanic Temperatures of Importance.Changes in Oceanic Temperatures of Importance.



Conveyor OFF

• Strong cooling 
in North Atlantic

• Warming 
everywhere else

• No net global 
change
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The Greenland Ice 
Sheet Dominates Land 

Ice in the Arctic
Over the past two decades, 

the melt area on the 
Greenland ice sheet has 
increased on average by 

about 0.7%/year (or about 
20% from 1979 to 2005).
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Ice in the Arctic
Over the past two decades, 

the melt area on the 
Greenland ice sheet has 
increased on average by 

about 0.7%/year (or about 
20% from 1979 to 2005).

Source: Business Week Aug. 2004



2005
Greenland Ice Sheet Melt Rates



Projected 
to be in the 

range of
+ 30 to 60 C

Greenland’s Annual Temperatures are Projected to Increase

2070 - 2090

Climate models indicate that the local warming over Greenland 
is likely to be up to three times the global average. 



Where are we on the issue of sea level rise and 
where does it fit into the climate change issue?

• 2001: The Intergovernmental Panel on Climate 
Change (IPCC) estimated global sea level would rise 
from about 0.2 m up to about 1 meter by 2100. 

• 2005: More recent studies suggest that sea level rise 
globally will continuing to increase during this 
century to a projected range from 0.25 up to 2 
meters.



Many coastal communities are facing 
increasing exposure to storms, reduced sea 
ice, and rising sea levels.

The village of Shishmaref, 
located on an island just off the 
coast of Alaska and inhabited 
for 4000 years, is now facing the 
reality of moving. 

Similar Issues at Banks Island





Many Island Nations are low-
lying coral atolls (Kiribatio,  the 
Marshall Islandso, Tokelauo and 
Tuvalu), many of which have only 
a few meters of topographic
height (~ couple of meters) and hence 1 or 2 
meters of sea level rise results in a loss of  ~ 50% 
or more of their island’s land area. 

Tuvalu



Status of the Arctic Sea Ice
What happened in 2005?



When did the changes in Arctic sea ice begin?

Breakpoint
around 1950 - 1960



Status of the Arctic Sea Ice.
What happened in 2005?

Lowest on record during human times



Five Models Project Sea Ice Extent for Mid-SeptemberFive Models Project Sea Ice Extent for Mid-September

GFDL Simulation 
Projects 50% 

Reduction by 2050

GFDL Simulation 
Projects 50% 

Reduction by 2050



Northern Sea 
Route is 45% 
Shorter than 
through the 
Suez Canal

The ACIA models 
projects that the 

current navigation 
season of 20-30 

days per year will 
increase to 3-6 
months/yr by 
2080, with one 

model indicating 
an ice-free 

summer by 2040
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1. Barents Sea
2. Southern Kara Sea 

and Western Siberia
3. Northern Kara Sea
4. Laptev Sea
5. East Siberian Sea
6. Chukchi Sea
7. Alaska North Slope
8. East Greenland

Worlds Petroleum Potential
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“Right now the weather is unpredictable. In the older 
days, the edlers used to predict the weather and they 
were always right, but now, when they try to predict 
the weather, it’s always something different…..”

Z. Aqqiaruq, Igloolik 2000



Treeline is moving north into formerly treeless 
areas bushes and willows are getting bigger and 
taller

Vegetation/ Land

Water levels are lowerLakes/ Rivers/

There is less sea ice and it is thinner in winter
Later freeze-up and earlier break-up Ocean/ Sea Ice

Less snow than in the past
Snow disappears earlier

Rain/ Snow

More persistent clouds
More warm weather
Warmer winters in all the regions
More extreme weather
conditions in last 10-20 years

Atmosphere/ 
Weather/

Winds

ObservationsParameters

Indigenous Communities across the Arctic were ObservingIndigenous Communities across the Arctic were Observing



Indigenous communities are facing 
major economic and cultural impacts.

Indigenous communities are facing 
major economic and cultural impacts.



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



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.



Polar Bears are profoundly impacted by the loss of sea ice.

Biodiversity impacts in the Arctic Region.



Hudson Bay

An early 
indicator of 

the changing 
climate
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Recent Summary of 2 oC Increase Globally on the Arctic Region

“Destruction of indigenous hunting cultures; total 
loss of summer Arctic sea ice; likely extinction of 
the polar bear; disruption of ecosystems due to 
60% lemming decline; only 42% of existing Arctic 
tundra remains stable; high Arctic breeding 
shorebirds and geese are in danger; and common 
mid-Arctic species also impacted.”

Source: Avoiding Dangerous Climate Change, 
Cambridge University Press 2006



Even if we Stop CO2 Emissions 
Now, Stabilization will Require 

Several 100 Years

There is a fundamental asymmetry between the time scales 
that the climate system reacts to increases in greenhouse 
gases and the time scales to recover from such increases. 



Reduction CO2 missions sooner, moves these 
delayed consequences downward and reduces the 

time required to stabilize the responses.

There is a fundamental asymmetry between the time scales 
that the climate system reacts to increases in greenhouse 
gases and the time scales to recover from such increases. 



What can we do?

Climate Change: Impacts in Alaska and 
the Arctic and Private Sector Solutions



UNFCCC Conference of the Parties 11 (CoP 11)

The CoP 11 adopted the concept of fostering 
a ranges of “Dialogues” at regional, sectoral, 
common interests levels. 

These ”Dialogues” would consider methods, 
mechanisms, and strategies to go beyond 
Kyoto.

Consider organizing such efforts.



Consider the Socolow Wedges Strategy
Implement Economy-wide Carbon-Intensity Reduction

1. Increase fuel economy from 30 to 60 
mpg

2. Reduced use of vehicles 
3. Increase energy efficiency of buildings 
4. Increase today’s coal power efficiency 

from 32% to output at 60%
5. Increase gas powered power plants
6. Capture CO2 at power plant
7. Increase nuclear powered electrical 

plants
8. Increase wind powered electrical 

generation 
9. Increase the use of photovoltaic power 

sources 
10. Increase the use of biomass fuel



Thank
You
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