Climate Change and4he Arctic




From last week......
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Today’s Menu

nat is the Arctic, exactly?
nat are the signs of warming in the Arctic?
nat causes that Warming?

nat are some of the Arctic effects?






Polaris....the North Star




Arctic means “Country of the great
bear”

@
3 Pol
: o/_ .
4 /O
o X , e
1 n -
i - a
L . ep
A ‘_,‘o"
L d i

i Little * Polaris
& Dipper **
* %

* Pointer

(o Dinper &
Big Dipper . Stars

R



@ Kennan Ward Photography










Arctic wildlife
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Arctic Circle
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People of the Arctic
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Saami Council (SC)

Russian Association of Indigenous

Peoples of the North (RAIPON)

Aleut International Association (AIA)

Inuit Circumpolar Conference (ICC)

Gwich'in Council International (GCl)

Arctic Athabaskan Council (AAC) ©2004, ACIA / Map ©Clifford Grabhorn




Life in the Arctic: Both Vulnerable and
Resilient



http://www.greenfacts.org/glossary/tuv/vulnerability-ecosystems.htm
http://www.greenfacts.org/glossary/pqrs/species.htm
http://www.greenfacts.org/glossary/pqrs/population-population-group.htm

Climate Change as a challenge to resilience...



http://www.greenfacts.org/glossary/abc/climate-change.htm
http://www.greenfacts.org/glossary/tuv/ultraviolet-radiation.htm
http://www.greenfacts.org/glossary/mno/ozone.htm
http://www.greenfacts.org/glossary/ghi/habitat.htm
http://www.greenfacts.org/glossary/pqrs/population-population-group.htm
http://www.greenfacts.org/glossary/pqrs/population-population-group.htm
http://www.greenfacts.org/glossary/def/ecosystem.htm

Two systems are important in understanding climate
change: The carbon cycle and solar radiation

Garbon dioxide (CO,)

Carbon is released g
inte the Iat'nmspham - Reflection and H:lnrptlm
when fossil fuels ars burned . of solar radiation.

Carbon is released
into the atmosphers
during respiration of
Used in photoesynthesis
1o praduce carbohydrates




For understanding climate change we need to understand the
role of Carbon dioxide. In the atmosphere, carbon combines
with oxygen to produce the gas, CO,



http://en.wikipedia.org/wiki/Earth's_atmosphere
http://en.wikipedia.org/wiki/Carbon_dioxide
http://en.wikipedia.org/wiki/Carbon_dioxide

The Carbon cycle The transfer of carbon dioxide from
the land to the atmosphere: The Carbon Cycle: long
(geological) and short (biological):
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http://en.wikipedia.org/wiki/Deep_ocean

The Geological Carbon cycle: From
Carbon to CO, and back again

CO, & other
volcanic
gases

Ocean Crust (basalt)
Carbonate Sediments (limestone)




The biological carbon cycle: From
Carbon to CO, and back again

Carbon dioxide (GO, )
‘\ in the atmosphere
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Biological cycle has much more impact on carbon exchange
than fossile fuel burning but much of the carbon dioxide
released by fossile fuels stays in the atmosphere......
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Warm and cold ocean water




In the atmosphere, some of the CO, is
concentrated and becomes a greenhouse gas
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http://www.physicalgeography.net/physgeoglos/c.html
http://en.wikipedia.org/wiki/Greenhouse_gas

Now...here comes the sun. Solar radiation
powers the climate system

}  "SOLAR ENERGY"? — LIKE I DON'T DO
ENOUGH FOR THE LITTLE TWERPS ALREADY! |



http://www.windows.ucar.edu/tour/link=/sun/sun.html

Changes in the sun and changes in the
Earth’s orbit: warming and cooling factors



http://www.windows.ucar.edu/tour/link=/the_universe/uts/earth3.html
http://www.windows.ucar.edu/tour/link=/sun/atmosphere/sunspots.html

Once the Sun's energy reaches the
Earth, Three things can happen.

energy received from the Sun | energy emitted by the Earth

energy flux in Watts per square meter


http://www.windows.ucar.edu/tour/link=/earth/climate/cli_spectrum.html
http://www.windows.ucar.edu/tour/link=/earth/climate/cli_energyalbedo.html

climate Is determined by balance
between radiation and absorption
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Global Warming: Balance between
warm and cold is disturbed
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“Forcings”: Volcanos, sunspots, fossile
fuel burning

Global mean radiative forcing (Wm-2)
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Cooling factors: albedo.....

HOW COLD AIR
IS MADE

INEFFECTIVE
- SUNLIGHT

22006 WWW.ACCUWEATHER.COM




Reflected Solar radiation: cooling
factors (forcings)

The cooling factors
Volcanic .
eruptions bio:nas; l:'ummg
White upper (torest fires) Burning of
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Aerosols: tiny particles of liquid or dust suspended in
Albedo: ability of a the atmosphere (most important anthropogenic aerosols RITID)
Energy reflected  syrface to reflect light.  is sulphate produced from SO,) M

CRARHIC CEBUN : HILIME REXACEWCT.

Sources: Radative forcing of climate change, the 1894 repord of the sciantific assassment working group of IPCC, summary for policymakera, WMO, UNEP; L.D. Danny Harvey, Climate and global emironmental
change, Pranfice Hal, pearson Edycalion, Harlow, Urited Kingdom, 2000.



Warming factors: direct absorbtion and heat trapped by greenhouse

gases-- 1 he carbon cycle meets solar radiation

The Greenhouse effect

3 Some solar radiation is 6 Some of the infrared
reflected by the atmosphere radiation passes

and earth’s surface through the atmosphere
and is lost in space

REENHOUSE
G

5 Some of the infrared radiation is
absorbed and re-emitted by the
greenhouse gas molecules. The

240 Wiatt per i direct effect is the warming of the

s earth’s surface and the troposphere.

- o Surface gains more heat and
& ___infrared radiation is emitted again

2 Netincoming solar radiation

Sources: Okanagan university college in Canada, Department of geography, University of Oxford, school of geography; United States Environmental Protection Agency (EPA),
Washington; Climate change 1995, The science of climate change, contribution of working group 1 to the second assessment report of the intergovernmental panel on climate change,
UNEP and WMO, Cambridge university press, 1996.
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Feedback Mechanisms

The Greenhouse effect

3 Some solar radiation is 6 Some of the infrared
reflected by the atmosphere radiation passes
and earth’s surface through the atmosphere
and is lost in space

at
Incoming solar radiation:
343 Watt per m?

g R

5  Some of the infrared radiation is
absorbed and re-emitted by the
greenhouse gas molecules. The

direct effect is the warming of the
earth’s surface and the troposphere.

2 Net incoming solar radiation:
240 Watt per m?

- S Surface gains more heat and
A infrared radiation is emitted again

Sources: Okanagan university college in Canada, Department of geography, University of Oxford, school of geography; United States Environmental Protection Agency (EPA),
Washington; Climate change 1995, The science of climate change, contribution of working group 1 to the second assessment report of the intergovernmental panel on climate change,
UNEP and WMO, Cambridge university press, 1996.



One reason the arctic is so important: The Ice-Albedo
feedback

As snow and ice melt,
darker land and ocean
surfaces absorb more

solar energy.

More of the extra trapped
energy goes directly into
warming rather than
into evaporation.

The atmospheric layer that
has to warm in order
to warm the surface is
shallower in the Arctic.

As sea ice retreats,
solar heat absorbed by the
oceans is more easily transferred
to the atmosphere.

Alterations in atmospheric
and oceanic circulation can
increase warming.

©2004, ACIAY Map ©Cliffc




Ice Albedo feedback




Ice Albedo effect




Greenhouse effect is natural......

[ The Greenhouse Effect |

.FFECT ENHANCED GREENHOUSE EFFECT

The greenouse effect is a natural warming Increasing the amount of greenhouse gases
process. Carbon dioxide {CO,) and certain ather intensifies the greenhouse effect. This side of the
gases are always present in the atmosphere, globe simulates conditions today, roughly two
These gases create a waming effect that has centuries after the Industrial Revolution began.

some similarity to the waming inside a green-
house, hence the name “greenhouse effect

& The Nationgl Academy of Sciences

lllustration of the greenhouse effect (courtesy of the Marion Koshland Science Museum of the
National Academy of Sciences). Visible sunlight passes through the atmosphere without being
absorbed. Some of the sunlight striking the earth| 1 is absorbed and converted to heat, which
warms the surface. The surface| 2 |emits infrared radiation to the atmosphere, where some of it

| 3 is absorbed by greenhouse gases and| 4 re-emitted toward the surface; some of the heat is not
trapped by greenhouse gases and| 5 escapes into space. Human activities that emit additional
greenhouse gases to the atmosphere| 6 increase the amount of infrared radiation that gets
absorbed before escaping into space, thus enhancing the greenhouse effect and amplifying the
warming of the earth.

Image Source: The National Academy of Sciences




Climate change is not new and it can
be abrupt



http://www.windows.ucar.edu/tour/link=/physical_science/chemistry/methane.html&edu=high
http://www.windows.ucar.edu/tour/link=/earth/climate/cli_greengas.html&edu=high
http://www.windows.ucar.edu/tour/link=/earth/climate/cli_define.html&edu=high
http://www.windows.ucar.edu/tour/link=/earth/climate/climate.html&edu=high
http://www.windows.ucar.edu/tour/link=/physical_science/chemistry/methane.html&edu=high
http://www.windows.ucar.edu/tour/link=/earth/polar/cryosphere_glacier1.html&edu=high
http://www.windows.ucar.edu/tour/link=/earth/polar/cryosphere_glacier1.html&edu=high
http://www.windows.ucar.edu/tour/link=/earth/polar/cryosphere_glacier1.html&edu=high
http://www.windows.ucar.edu/tour/link=/physical_science/chemistry/carbon_dioxide.html&edu=high
http://www.windows.ucar.edu/tour/link=/physical_science/chemistry/carbon_dioxide.html&edu=high
http://www.windows.ucar.edu/tour/link=/physical_science/chemistry/carbon_dioxide.html&edu=high
http://www.windows.ucar.edu/tour/link=/physical_science/chemistry/carbon_dioxide.html&edu=high

The amount of greenhouse gas
fluctuates

Age

0 140 120 100 80 &0 40 20
Age (Thousands of Years Before Present)



The last ice age ended 10,000 to 20,000 years ago, as carbon dioxide levels rose from
below 200 parts per million to about 280 parts per million.
Current atmospheric carbon dioxide levels are above 370 parts per million
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The Human Role




Arctic Climate Trends




Rising Temperatures (Celsius)

Two millenia of Arctic temperatures
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The last half-century is the warmest of the 2,000-year temperature record, and the
last 10 years have been especially dramatic

OBSERVED ARCTIC TEMPERATURE,
1900 TO 2000

3
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Melting glaciers

Muir and Riggs Glaciers



http://www.globalwarmingart.com/wiki/Wikipedia:Muir Glacier
http://www.globalwarmingart.com/wiki/Wikipedia:Riggs Glacier
http://www.globalwarmingart.com/wiki/Wikipedia:Glacier
http://www.globalwarmingart.com/wiki/Wikipedia:Glacier Bay National Park and Preserve
http://www.globalwarmingart.com/wiki/Wikipedia:Glacier Bay National Park and Preserve
http://www.globalwarmingart.com/wiki/Wikipedia:Alaska
http://www.globalwarmingart.com/wiki/Wikipedia:Meter

Decline of the snow cover




Melting snow.......

Measurement of freeboard from Space




Increasing precipitation




Projected precipitation




Melting sea ice



http://www.greenfacts.org/glossary/pqrs/sea-ice.htm

Projected sea ice decline

©2004, ACIA / Map ©Clifford Grabhorn



Rising sea level...




Expansion of forests



http://www.greenfacts.org/glossary/tuv/tundra.htm
http://www.greenfacts.org/glossary/abc/carbon-dioxide.htm
http://www.greenfacts.org/glossary/abc/carbon-dioxide.htm
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Increase in Methane




An acdaimed photographer teams up
with scientists to document the runaway
melting of arctic glaciers.




