2

The Atmosphere
• The earth’s atmosphere is a thin layer of gases
that surround the planet.
• These gases consist primarily of nitrogen and
oxygen, but also includes carbon dioxide,
water vapor, and trace amounts of other gases.
• Life as we know it could not exist on the planet
without the atmosphere.
• While the atmosphere itself is not home to any
ecosystems, it does enable ecosystem services
that are necessary for life to exist.
• For example, the atmosphere plays a critical
role in the water cycle by allowing for water to
evaporate, move, and fall as precipitation.
• Without a stable atmosphere, there could not
be reliable patterns of precipitation.
• Cellular respiration in most living organisms
depends on sufficient levels of atmospheric
oxygen.

The Water Cycle

Source; Khan Academy
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Atmospheric Ecosystem Services
• Atmospheric nitrogen gas is another ecosystem service.
• Nitrogen is needed to produce amino acid molecules,
which are used to assemble proteins in all living
organisms.
• Plants called legumes use nitrogen gas as their cells
assemble amino acids and proteins.
• Other species use these amino acids to assemble their
own proteins.
• The carbon atoms used in all biomass comes from
atmospheric carbon dioxide that is absorbed by plants.
• CO2 is also critical for regulating global temperatures.
• A very specific range of CO2 concentration is necessary
to keep the earth’s surface hospitable to living species.
• The atmosphere also contains ozone (a molecule
comprised of 3 oxygen atoms).
• The ozone layer protects all life on earth from excess
levels of harmful solar radiation.

Atmospheric Molecules

Source of
nitrogen for all
proteins

Source of carbon
for all living org’s

Oxygen that is
needed for cellular
respiration.

Precipitation is
crucial for ecosystem
function.
Source: Wikimedia Commons
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Group Questions
•What is the atmosphere?
•What are six examples of ecosystem
services that are provided by the
earth’s atmosphere?
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Air Pollution - CFCs
• Some kinds of human activity can be detrimental to the
atmosphere and the ecosystem services that it provides.
• Atmospheric pollution (or air pollution) consists of
excessive levels of a specific chemical or particle in the
atmosphere that disrupts ecosystem function & services.
• While some air pollution occurs naturally (such as
volcanoes or wildfires), most air pollution today is the
result of human activity.
• CFCs are one example of human-caused air pollution.
• CFCs are synthetic molecules that were used in cooling
systems and aerosol cans.
• CFCs break down ozone molecules, causing a breakdown
of the protective ozone layer.
• Government bans on the use of CFCs have stopped
further damage to the ozone layer.

An Ozone Molecule

The Ozone Layer filters out
harmful solar radiation.
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CFCs break
down the
ozone layer.

Source: EPA

6

Air Pollution - Acid Rain
• Another example of human-caused air pollution is acid
rain.
• Acid rain occurs when byproducts from fossil fuel
combustion mix with precipitation in the atmosphere,
creating precipitation that is more acidic than normal
rainwater.
• This acidic precipitation damages the tissue of living
species and upsets the balance of some ecological
cycles of matter.
• In the US, the Clean Air Act Amendments of 1990
required the adoption of technologies such as the
catalytic converter in cars and “scrubbers” in power
plant smokestacks.
• The use of these technologies greatly reduced the
prevalence of acid rain.

Forests damaged by
acid rain.
Source: Getty Images
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Group Questions
•Briefly summarize CFCs/ozone and
acid rain as examples of atmospheric
pollution.
• Summarize how and why these
problems occurred. Then explain if
and how these problems were
resolved.
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Air Pollution - Greenhouse Gases

• Today, most atmospheric pollution is due to excess
greenhouse gases like carbon dioxide (CO2).
• Greenhouse gases slow the movement of heat from the
earth’s surface into space by absorbing and scattering
infrared radiation (energy emitted from a heated object).
• Greenhouse gases allow visible light to reach the earth’s
surface but slow the loss of this energy when it is converted
into heat by scattering this radiation in different directions.
• This is known as the greenhouse effect.
• Just like the glass windows of a greenhouse or a car,
greenhouse gases allow light to pass through but slow the
loss of infrared radiation, raising temperatures.
• The greenhouse effect is necessary for life on earth.
• Without greenhouse gases, the earth would be identical
to the moon - cold and lifeless.
• However, greenhouse gases are now reaching levels at
which they are causing harm to ecosystems.

Light Radiation

Infrared Radiation (heat)
Greenhouse gases like CO2 allow light
radiation to reach the earth but slow
the loss of infrared radiation (heat) by
absorbing and scattering this energy
in different directions.
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Group Questions
•What is a greenhouse gas? What is the
greenhouse effect? How do
greenhouse gases enable changes to
the earth’s surface temperatures?
•T or F: greenhouse gases are
naturally-occurring and are necessary
for life on earth; therefore they
cannot be a pollutant. Explain.
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CO2 molecules are comprised of
three atoms and multiple elements.
This makes CO2 capable of absorbing
and scattering infrared radiation,
raising global temperatures.
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• For a molecule to be a greenhouse gas, it must absorb and
scatter infrared radiation. To do this, it must…
• 1. Have three or more atoms.
• 2. Be comprised of multiple elements (types of atoms).
• Carbon dioxide molecules have three atoms and are
comprised of multiple elements (carbon and oxygen).
• This enables CO2 molecules to absorb and scatter infrared
radiation, slowing its movement into space (see top image).
• N2 and O2 comprise 99% of the atmosphere but these
molecules only have two atoms, and these molecules are only
composed one kind of element.
• As a result, they cannot interact with infrared radiation and
do not contribute to the greenhouse effect (see image à).
• While CO2 comprises only 0.04% of the atmosphere, it is the
most abundant greenhouse gas.
• As such, changes to atmospheric levels of CO2 have
significant consequences for global temperatures.

O

C

N

Greenhouse Gases
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N
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While O2 and N2 molecules
comprise 99% of the atmosphere,
they are unable to absorb and
scatter infrared radiation due to
their molecular properties.

N

N

N2 (78.09%)

O

All Others (0.92%)

O

O

O2 (20.95%)

C

O

CO2 (0.04%)
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Group Questions
•What molecular properties are needed
for something to be a greenhouse
gas?
•T or F: CO2 is only 0.04% of the earth’s
atmosphere, so its effects on the
earth’s temperature must be minimal.
O2 and N2 are far more abundant and
should affect temperatures far more
significantly.

Carbon Cycle Balance

• Carbon dioxide levels
are increasing because
rates of combustion,
cellular respiration, and
decomposition are
exceeding rates of
photosynthesis.
• Most of this
imbalance is due to
human activity.
• The combustion of
fossil fuels is mostly
responsible for CO2
emissions that exceed
what can be absorbed
by photosynthesis.

…but this one is not balanced.

These arrows are balanced…

This figure shows the movement of carbon atoms as a result of photosynthesis, respiration,
decomposition, and combustion (as well as passive movement into/out of oceans). While in most cases
the movement of carbon atoms is mostly balanced, the use of fossil fuels creates an imbalance. As a
result, more carbon atoms move into the atmosphere as CO2 than are moved out.

Source: Great Lakes Bioenergy Research Center
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Group Questions
•Why are atmospheric CO2 levels
rising? Where is all this extra CO2
coming from?

How CO2 affects ecosystems

• Rising levels of CO2 slow the loss of infrared
radiation, increasing the average surface
temperatures of the planet.
• These changes in temperature alter climate
patterns, including the length of seasons and the
frequency of precipitation.
• A warmer atmosphere has a greater capacity to keep
precipitation in the air for longer periods of time.
• This results in less frequent but more intense
precipitation events, causing a greater frequency of
strong storms, flooding, and droughts.
• These changes in precipitation lower carrying
capacities & biodiversity, impair ecosystem services,
and reduce the capacity for food production.
• Recent changes to climate from rising CO2 levels is
known as anthropogenic climate change.
• Anthropogenic means “human-caused”.

Changes in Heavy Precipitation

Changes in Consecutive Dry Days

Source: National Climate Assessment - GlobalChange.gov
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Group Questions
• How do rising CO2 levels affect climate
patterns such as seasons and rates of
precipitation?
• How can rising CO2 levels worsen the
risk of both flooding AND droughts?
• Why does it matter if CO2 levels
change? How does this affect
ecosystems? How does this affect
humans?
• What is anthropogenic climate change?
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Unprecedented Spikes in CO2
• Atmospheric CO2 levels have increased by more than 50% since the Industrial
Revolution.
• In the entire time that humans have existed as a species, there has never been
another time in which CO2 has increased this much or this quickly.
• This is very strong evidence that this is not part of a natural cycle.
• This rate of increase of atmospheric CO2 also matches the rate at which human
beings are producing CO2 by combusting fossil fuels and other substances.
• Half of the CO2 emitted since 1850 is still in the atmosphere today.
From the time human
beings first evolved,
levels of CO2 never
rose above 300 ppm.
Levels of CO2 are now
above 400 ppm and are
rising at a rate never
seen in the existence of
human beings.
Source: NASA Climate Change
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Natural Cycles vs. Today
• The changes occurring today are far too rapid to be the
result of natural cycles.
• Variations in the Earth’s orbital path and tilt (called
Milankovitch Cycles) can change how much solar
radiation reaches the surface of the planet, changing
surface temperatures.
• These three cycles occur over periods ranging from
26,000 years to over 100,000 years.
• Ice ages throughout Earth’s history are in large part
due to changes in the Milankovitch Cycles.
• The current changes to climate due to rising CO2 levels
have occurred in a span of less than 200 years.
• This is far less than the tens of thousands of years
required for naturally-occurring cycles to take place.
• Furthermore, spikes in atmospheric CO2 levels
coincide with extensive combustion of fossil fuels
beginning with the start of the Industrial Revolution.

Milankovitch Cycles

Circular Orbit

vs. Oval Orbit
Cycles last 100,000 years.

Less Axial Tilt

vs. More Axial Tilt
Cycles last 41,000 years.

Less Wobble

vs. More Wobble
Cycles last 26,000 years.
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Group Questions
•How do we know that changes to
levels of atmospheric CO2 and the
resulting changes to climate aren’t
just part of another natural cycle
like those that caused the previous
ice ages?

What can be done?

• Just like acid rain and the hole in the ozone layer, this is a
human-caused problem that can be fixed.
• The solution is to decrease rates of cellular respiration,
decomposition, and combustion, and increase rates of
photosynthesis and biosynthesis.
• CO2 levels can also be reduced by carbon sequestration.
• This is the process of preventing or slowing the rate at
which biomass is converted back into CO2 and H2O
during respiration, decomposition, and combustion.
• For example, farmers can minimize tillage, slowing the
rate of decomposition of leftover crop biomass in fields.
• Planting perennial crops and converting some farmland
back into habitat also sequesters carbon in the soil.
• Until CO2 is removed during photosynthesis, it will
remain in the atmosphere, slowing the loss of infrared
radiation.
• CO2 is very stable and long-lived. It does not just ‘go
away’ or ‘disappear’ from the atmosphere.

During photosynthesis &
biosynthesis, CO2 and H2O are
converted into biomass. This
reduces atmospheric CO2 levels.
CO2

2
CO

If the plant is consumed, burned,
or decomposed, biomass will be
converted back into CO2 & H2O.
This increases CO2 levels.
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However, if combustion and
decomposition can be slowed or
delayed, atmospheric CO2 levels
will increase less rapidly.

Center for Carbon Removal
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Economical Carbon Solutions
• The solutions used to fix the problem of acid rain could also be an option for
reducing excess levels of atmospheric CO2.
• The Clean Air Act of 1990 requires power plants to have a permit for each ton of
SO2 that they emit above a safe limit (SO2 is a major cause of acid rain).
• Power plants that have low emissions can sell their “leftover” permits to other
power plants that are over their limit.
• This provides economic incentives for utility companies to switch from coal to
lower-polluting sources of energy (such as
natural gas, wind turbines, and solar panels).
• CO2 limits and permits would allow high-CO2 emitters
to pay to have their emissions offset by low-CO2 power
plants & by CO2-absorbers (e.g. farms and forests).
• This could provide needed economic benefits to
owners of land with high rates of photosynthesis, High CO2
such as forests and carbon-neutral farms.
Low CO2
Power
Plant

CO2-Absorbers (forests & farms)
Sells CO2 Credits

Buys CO2 credits

Power
Plant

Sells CO2 Credits

Source: Northwestern Engineering - Northwestern University
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Group Questions
•How do we fix this problem? What
needs to happen on a global basis?
•What does it mean to sequester
carbon?
•What are some options that were
used for other kinds of atmospheric
pollution that might work for
addressing excess CO2 levels

Individual Choices Matter Most

• Carbon emissions are due in part to
individual lifestyle choices.
• American lifestyles result in nearly
double the CO2 emitted per person
compared to other similar nations.
• This indicates that Americans could
significantly reduce their carbon
emissions while maintaining a high
standard of living.
• Simple lifestyle changes can reduce a
person’s carbon emissions by
hundreds of pounds per year (see
examples below).
• When you use less energy, utility
companies pollute less.
Decreasing TV time
to 2 hours per day

118 lbs.

373 lbs.
Shortening showers
by 5 minutes per day

The CO2 emissions per American are
much higher than the that of citizens in
most other industrialized nations.

USA

Choosing Only
No-Rush Shipping

384 lbs.

EU

China

India

Africa

Eating only the USDA
serving sizes of foods

349 lbs.
Adjusting the
thermostat by 2o

370 lbs.

Source: Energy Trends Insider
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Group Questions
• How do the levels of CO2 emissions
compare between the US and other
similar nations?
• T or F: reducing carbon emissions
requires a reduction in the quality of
living. Explain.
• What are some simple options that
individuals could use to reduce their
personal CO2 emissions?
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