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What Causes Global Warming?

There are three positions on global warming: (1) that global warming is not occurring
and so neither is climate change; (2) that global warming and climate change are
occurring, but these are natural, cyclic events unrelated to human activity; and (3) that
global warming is occurring as a result primarily of human activity and so climate change
is also the result of human activity. The claim that nothing is happening is very hard to
defend in the face or masses of visual, land-based and satellite data that clearly shows
rising average sea and land temperatures and shrinking ice masses. The claim that the
observed global warming is natural or at least not the result of human carbon emissions
(see Climate Skeptics below) focuses on data that shows that world temperatures and
atmospheric CO2 levels have been equally high or higher in the past. They also point
to the well understood effects of solar activity on the amount of radiation striking the
earth and the fact that in recent times the sun has been particularly active.

In general, climate scientists and environmentalists either (1) dispute the data based on,
for example, new ice core data or (2) suggest that the timing issue — that is, the rapidity
with which the globe has warmed and the climate changed simply do not fit the model
of previous natural events. They note also that compared to other stars the sun is
actually very stable, varying in energy output by just 0.1% and over a relatively short
cycle of 11 to 50 years quite unrelated to global warming as a whole. The data strongly
suggests that solar activity affects the global climate in many important ways, but is not
a factor in the systemic change over time that we call global warming. As for the final
position that global warming and climate change result from human activity (are
“anthropogenic”), scientists attribute current atmospheric warming to human activities
that have increased the amount of carbon containing gases in the upper atmosphere
and to increased amounts of tiny particles in the lower atmosphere. (NASA offers a
good course module on “The Carbon Question.”)

Specifically, gases released primarily by the burning of fossil fuels and the tiny particles
produced by incomplete burning trap the sun’s energy in the atmosphere. Scientists call
these gases “greenhouse gases” (GHGs) because they act like the wrong way reflective
glass in our global greenhouse. Scientists call the tiny particles ‘black carbon’ (you call
it soot or smoke) and attribute their warming effect to the fact that the resulting layer
of black particles in the lower atmosphere absorbs heat like a black blanket. Scientists
date the beginning of the current warming trend to the end of the 18th or beginning of
the 19th century when coal first came into common use. This warming trend has
accelerated as we have increased our use of fossil fuels to include gasoline, diesel,
kerosene and natural gas, as well as the petrochemicals (plastics, pharmaceuticals,
tertilizers) we now make from oil.
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Scientists attribute the current warming trend to the use of fossil fuels because using
them releases into the atmosphere stores of carbon that were sequestered (buried)
millions of years ago. The addition of this “old” carbon to the world’s current stock of
carbon, scientists have concluded, is what is heating our earth which causes global
warming.
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What are the most important greenhouse gases (GHGs)?

The most common and most talked about greenhouse gases is COZ2 or carbon dioxide.
In fact, because it is so common, scientists use it as the benchmark or measure of things
that warm the atmosphere.

Methane, another important GHG, for example, is 28-36 times as warming as CO2

when in the upper atmosphere (USEPA GWP — Global Warming Potential — estimate
over 100 years), therefore, 1 ton of methane = 28-36 tons eCO2 or CO2 equivalents.

The most commonly discussed GHGs are:

o COZ2 or earben-diexide is produced any time something is burned. It is the
most common GHG, constituting by some measures almost 55% of total
long-term GHGs. It is used as a marker by the United States Environmental
Protection Agency, for example, because of its ubiquity. Carbon dioxide is
assigned a GWP or Global Warming Potential of 1.

o Methane or CH4 is produced in many combustion processes and also by
anaerobic decomposition, for example, in flooded rice paddies, pig and cow
stomachs, and pig manure ponds. Methane breaks down in approximately
10 years, but is a precursor of ozone, itself an important GHG. CH4 has a
GWP of 28-30.

o Nitrous oxide in parean (laughing gas), NO/N2O or simply NOx is a
byproduct of fertilizer production and use, other industrial processes and
the combustion of certain materials. Nitrous oxide lasts a very long time in
the atmosphere, but at the 100 year point of comparison to COZ2, its GWP
is 265-298.

o Fluorinated gases were created as replacements for ozone depleting
refrigerants, but have proved to be both extremely long lasting and
extremely warming GHGs. They have no natural sources, but are entirely
man-made. At the 100 year point of comparison, their GWPs range from
1,800 to 8,000 and some variants top 10,000.
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o Sulphur hexafluoride or SF6 is used for specialized medical procedures, but
primarily in what are called dielectric materials, especially dielectric liquids.
These are used as insulators in high voltage applications such as
transformers and grid switching gear. SF6 will last thousands of years in the
upper atmosphere and has a GWP of 22,800.

What is black carbon and how does it cause global warming?

Black carbon (BC) is tiny particles of carbon released as a result of the incomplete
combustion of fossil fuels, biofuels and biomass. These particles are extremely small,
ranging from 10 um (micrometers, PM10), the size of a single bacterium to less than
2.5 um (PM2.5), one thirtieth the width of a human hair and small enough to pass
through the walls of the human lung and into the bloodstream. Although BC — think
of the plume of smoke from a chimney or a fire — falls out of the lower atmosphere in
days, while it is suspended in the air, it absorbs the sun’s heat millions of times more
effectively than CO2. When wind carries BC over snow, glaciers or ice caps where it
falls out onto the white, normally reflective surface, it is particularly damaging because
it contributes directly to melting. Overall, BC is considered the second biggest

contributor to global warming after COZ2.

What are the most important sources of GHGs and black carbon?

Fossil fuel and related uses of coal and petroleum are the most important sources of
GHGs and black carbon (power generation, industry, transportation, buildings).
Agriculture is the second most important source (animals — cows and pigs), feed
production, chemical intensive food production, and flooded paddy rice production, as
well as deforestation driven by the desire to expand cultivated areas.

(New studies suggest that agriculture is the largest contributor of particulate emissions
in the US and other developed agricultural countries.) Natural sources of GHGs and
black carbon include forest fires, savanna fires and volcanos.
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