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Global warming — It’s a gas...
o

he greenhouse effect is what happens
when certain atmospheric gases trap

energy that otherwise would be lost to space.
This effect is natural and supports life, but
human activities have caused some of these
gases to increase artificially, leading perhaps
to climate change. In February 2007, the
Intergovernmental Panel on Climate Change
— top scientists from many countries
— declared that human activities since the
industrial revolution have likely caused
global warming. That group wasn’t the first
to weigh in on mankind’s effect on climate.

Scientists began to theorize about global
warming as far back as the 19th century with
Jean Baptiste Joseph Fourier, a French math-
ematician and physicist, who postulated in
an 1827 essay that atmospheric gases might
affect the planet’s temperature. Svante Ar-
rhenius, a Swedish chemist, made reasonably
accurate calculations about global warming
in 1896. He developed a theory that varying
levels of carbon dioxide in the atmosphere
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ature of the surface of
the Earth and account
for prehistoric ice ages.
To understand global
warming, we need to
start at the source: the

sun.

Sunlight is the primary heat source for
our planet. The sun heats the Earth, the
Earth transfers that heat to the atmosphere.
The surface of the sun emits radiation at a
temperature of around 10,000 degrees Fahr-
enheit. Lucky for us the sun is far enough
from the Earth that our surface temperature
is somewhere around a balmy 53 degrees F
at ground level. But it’s not just the distance
that keeps our planet at such a human-
friendly temperature. The Earth’s surface is
warmer than 0 degrees F because it is heated
by both sunlight and infrared light emitted
by the atmosphere.

Gases that emit and absorb infrared light

Reflected solar &
rared emitted by the
earth and atmosphere

Infrared emitted by,

Y

11T
LU uu..,”“r
wrt iy

are perhaps more properly called “infrared
active gases” because their molecules vibrate
and rotate when they are stimulated by
infrared light, producing heat. Contrary to
popular belief, the primary greenhouse gas
is not carbon dioxide, but ordinary water
vapor. Water vapor is the most important in-
frared active gas in our atmosphere because
it absorbs and emits infrared light at most
wavelengths. Clouds are also very active
infrared absorbers and emitters, and they
also scatter a lot of sunlight back to space
that would otherwise heat the surface. In
order, the major greenhouse gasses are water
vapor, carbon dioxide, methane, and ozone.
But carbon dioxide is the gas that we humans
not only have the most power to control,
but which also is largely responsible for the
recent warming trend. We also have some
control over methane and ozone gases.
Ozone, it should be noted, is a reactive
gas formed when three oxygen atoms bond
together. Ozone in the stratosphere is a good
thing because it absorbs UV light that would
otherwise kill plants and animals on Earth.

The issue with ozone depletion is that chloro-
fluorocarbons destroy stratospheric ozone,
so their use in propellants in spray cans and
in refrigerators has been phased out in many
places. Both ozone and chlorofluorocarbons
contribute to global warming, albeit with less
gusto than other molecules like water vapor
and carbon dioxide.

Gasoline- and diesel-powered vehicles,
coal-fired power plants and animals use
organic molecules as fuel and give off, among
other things, carbon dioxide and water va-
por. Plants, rocks and oceans are depositories
for some of the carbon dioxide. The National
Oceanic and Atmospheric Administration
has been making carbon dioxide measure-
ments at Mauna Loa in Hawaii since 1959.
Carbon dioxide levels from before that
time are inferred from measurements of air
bubbles trapped in ice cores.

Currently, out of 1 million air molecules,
380 are carbon dioxide. Fifteen years ago
when I first started teaching at Nevada, the
number was around 365, and in the year
1750, prior to the industrial revolution, the
number was closer to 280. This number
keeps going up because we keep burning
coal, oil, wood and cow dung, and because
nature also dishes out carbon dioxide from
volcanoes. The global warming fuss is really
about a few potent molecules.

Suppose we instantly doubled the number
of carbon dioxide molecules in the atmo-
sphere? Not much would happen to the
amount of sunlight initially absorbed at the
Earth’s surface, but the atmosphere would
now absorb and emit more infrared light,
which in turn would heat up the land and
oceans. This is why we are concerned about
the levels of infrared active gases like carbon
dioxide in the atmosphere. Earth’sland and
ocean surfaces effectively absorb infrared
radiation, but they respond by evaporating
more water vapor. Land surfaces heat in a
fairly predictable manner, but when oceans
are heated they respond by circulating the



water around as they try to make the tem-
perature the same everywhere. As the oceans
warm, glaciers, such as the one that covers
Greenland, have begun to melt, which in
turn causes sea levels to rise.

Earth’s climate has been through some
interesting gyrations over the past several
hundred million years. Inferences are that
300 million years ago, oxygen was 35 percent
of the atmosphere instead of 20 percent as
it is now. It may have been that at one time,

with all the continents huddling near the

equator, deposition of atmospheric carbon
dioxide into rocks and oceans was very ef-
fective to the point that a vast ice age ensued.
The cycle changed with volcanic eruptions
of infrared active
LOOK ONLINE gases. The devel-
More information, visit http:// opment of agri-
www.physics.unredu/ATMShtml culture in the last
8,000 years may
have produced enough methane and carbon
dioxide to prevent us from sliding back into
an ice age. But changes in the level of carbon
dioxide and methane over the last 700,000
years are linked in lockstep with atmospheric
temperature changes. May hindsight help us
with foresight.

READING LIST

1. Clouds in a glass of beer: Simple experiments in atmospheric physics
by Craig Bohren.

2. What light through yonder window breaks? By Craig Bohren.

3. Kicking the Carbon Habit by William Sweet.

MOVIES

1. An Inconvenient Truth by Al Gore.

2. The Great Global Warming Swindle by TotalDrivel, available from
http://www.youtube.com/watch?v=XttV2(688pU.

WEB SITES

Alook at the amount of sunlight and infrared light around the world at
the website http://cmdl1.cmdl.noaa.gov:8000/www/all/rad/

BBC News: Guide to Climate Change: http://news.bbc.co.uk/2/shared/
spl/hi/sci_nat/04/climate_change/html/greenhouse.stm






