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Global Distribution of Atmospheric Carbon Dioxide

Threa dimensional repreésentation of the latibedinal distribution of atmosphenc carbon deoxide In the manne Boundary Byer. Data from e GEMD CoDpErabve
air sampiing natwork were usad. The surace represents data smoothed in ime and latilude. Contact: Or. Piater Tans and Thomas Gl_‘r".r.lay, NOAA ESEL
GMD Carbon Cyche, Boulder, Colorado, (303) 497-6678 (pleter tansiinoea gov, hitp:fwww.cmdl noaa.gow/cogg)-




Fahrenheit Kelvin Celsius

Gabriel Fahrenheit  Eacl Sun's surface temperature

Anders Celsius

William Thomson

Boiling point of water
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Shortwave solar radiation Longwave radiation and heat transfer
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A BLACK BODY Note: Earth magnified 2,850,000 times.
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Reflected back to space

Incoming 515 W/m2 Reflected back to space
solar radiation 100 W/m?2
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Weather Climate

Shorter-term fluctuations Longer-Term Changes

In atmospheric environment broad composite of
(e.qg., temp, press, ws, wdir, condition of a region (e.qg., temp, rainfall,
rainfall amount, etc) snowfall, ice cover, winds)

Hours, Days, Weeks Years (and longer)

Specific location for specific time Mean state of a specific region

(e.g., continent, ocean, or entire planet)
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CAUSES CLIMATE SYSTEM CLIMATE VARIATIONS
(external forcing) (internal interactions) (internal responses)

Changes in
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Organic-C + O, —» CO, + H,O + heat
H,O + CO, —» C;H,,04+ O,

Organic-C + O, — CO, + H,0O + heat + NO + SO,

NO — HNO,

SO, —» H,50, — sulfate aerosol
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TABLE 1.1 Response Times of Various Climafe System Components

Component Response time (range) Example

Fast responses

Atmosphere Hours to weeks Daily heating and cooling
Gradual buildup of heat wave

Land surface Hours to months Daily heating of upper ground surface
Midwinter freezing and thawing

Ocean surface Days to months Afternoon heating of upper few feet
Warmest beach temperatures late in
summer

Vegetation Hours to Sudden leaf kill by frost

decades/centuries Slow growth of trees to maturity
Sea ice Weeks to years Late-winter maximum extent

Historical changes near Iceland

Slow responses

Mountain glaciers 10-100 years Widespread glacier retreat in 20th century
Deep ocean 100-1500 years Time to replace world’s deep water
Ice sheets 100-10,000 years Advances/retreats of ice sheet margins

Growth/decay of entire ice sheet
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McCarty Glacier - Alaska




Muir and Riggs Glaciers
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- Recent Sea Level Rise

23 Annual Tide Gauge Records
== Three Year Average
= Satellite Altimetry
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Carbon Dioxide Variations
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Global Temperatures

——  Annual Average
—— Five Year Average
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Tectonic cooling (-0.00002°C)

Orbital cooling (-0.02°C)
—_— e

Temperature
changes (°C)
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061 Climate Change
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CO, and SO,

0

A Excess Input rates




\ Sulfate

B Excess concentrations in atmosphere
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Estimated present-day reserves of fossil fuels (mainly coal) should last for
another few hundred years and will add far more CO, to the
atmosphere than has accumulated so far.

Unless technology or conservation efforts reduces this excess emission of
CO, to the atmosphere, atmospheric CO, will increase within the next
200 years to levels 2X — 4X pre-industrial levels.

Resulting in CO, levels comparable to 10s of millions of years ago in
warmer greenhouse worlds.

This warming will overwhelm natural variations in climate and could cause
climatic and environmental changes unprecedented in human
experience.

As regional patterns of temperature and precipitation change, impacts on
human populations will vary from favorable to unfavorable by region
and season.
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Inherent uncertainties make it
difficult to predict climate over
the next few decades.
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However, 50 yrs from now, as
equivalent-CO, concentrations
approach 2X the pre-industrial
value, climate change will have
overwhelmed natural variability.
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Impact of our unintended
experiment should be obvious,
and debate over Earth’s
sensitivity to ghg will have
been settled.
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Natural climatic variability over a
few years (i.e., EI Nino,
volcanic eruptions), represent
only brief departures from
longer-term underlying trends.
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These short oscillations are
irrelevant to projections over
next 1000 years.
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Global temp. changes produced
by all natural causes unlikely to
reach 1 C over next 1000
years.
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Atmospheric CO, levels continue to rise at rate of 1.5 ppm (0.4%) per year because of
fossil fuel combustion and clearing of forests.

Rate of increase will probably accelerate in future, but at unknown rates.

Uncertainties center on two issues:
1) How much carbon will human activities emit?

2) How will Earth system distribute this additional CO, among its atmospheric,
oceanic and terrestrial reservoirs of carbon?

Projections of future carbon emissions based on three factors:
1) Population

2) Emissions per person

3) Carbon use efficiency (CUE)
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Emissions per person is linked to the average standard of living.

In many nations, standards of living increase over time, and in the past this process
has required more carbon-based fuel for industrialization and day-to-day
individual consumption (for cars and home heating or cooling).

In the near term, largest changes will occur in SE Asia as nations moving from semi-
industrialized economies to join industrialized nations.

Some developing countries will also move from farm-based economies to semi-
industrialized status.




Buy a fuel-efficient car
Take mass transit (bicycle or walk) to work

Car-pool

Take a look at other ways in which you waste energy at
home or at work

Education: Learn more about this issue.




Buy products from companies that are trying to reduce
their own impact on the climate

(e.g., Wal-Mart, Green Mountain Energy)

In October 2005, CEO H. Lee Scott announced a goal to transform Wal-Mart
iInto a company that runs on 100 percent renewable energy and produces
zero waste.

In addition, he recently articulated commitments:

- to cut the corporation's greenhouse-gas emissions by 20 percent over the
next seven years,

- double the fuel efficiency of its truck fleet within 10 years,

- reduce solid waste from U.S. stores by 25 percent in the next three years




Websites for more information

www.realclimate.orq

www.ipcc.ch Feb 2"d 2007 Assessment

www.climateark.orq

gcmd.gsfc.nasa.gov Global Climate Change Master Directory

www.globalchange.gov U.S. Global Change Data and Information System



http://www.realclimate.org/�
http://www.ipcc.ch/�
http://www.climateark.org/�
http://www.globalchange.gov/�
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Global Distribution of “C Composition of Atmospheric CO,
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Contact Information

Barry Lefer
blefer@uh.edu

(13-745-5250
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