
Air Quality and Climate Change



Coal and Oil Formation

Both are Fossil Fuels: remains of plants and animals that died 

anywhere from 400 million to 1 million years ago.

Called “Buried Sunshine” because organisms stored energy from 

the sun, buried under sediment over time. The heat and pressure 

from the overlying sediment creates the fuel.

Both are made largely of carbon, which gives off a lot of energy 

when burned.

How is Coal different than Oil?

Coal is formed from organisms (mostly 

plants) that lived on land typically in 

swamps. 

Oil is formed from organisms (mostly 

plankton) that lived in the oceans.



Air Quality

Burning fossil fuels releases compounds that pollute the biosphere.

Forms of Air Pollution:

1) Smog

2) Ozone

3) Acid Rain



Smog

A type of air pollution caused by the interaction of sunlight with 

pollutants produced by fossil fuel emissions.

Full of particulates, which are microscopic bits of dust, metal, 

and unburned fuel (1-10 microns in size).

These can be inhaled and cause many health problems.

Bejing:       After a day of rain After a day of Sun



Ozone

NO2 produced in fossil-fuel combustion  reacts 

with O2 to create O3 (Ozone). Ground level 

ozone is very dangerous to living things. 

Can cause asthma, emphysema, and is 

very harmful to plants



Acid Rain
Type of precipitation (water formation) produced when 

pollutants in the water cycle cause rain pH to drop 

below normal levels.

pH: amount of H+ ions in a solution.

Lots of H+ = Low pH

pH scale: 1-14

Neutral pH= 7

Normal Rain slightly acidic (5.6)

Acid Rain any pH less than this.

Threatens water supplies and plant life. Can 

result in growth rate declines. Makes plants 

more vulnerable to disease and weather.



Greenhouse Effect

Light energy from the sun (solar 

radiation) is either reflected or 

absorbed by the Earth.

When it is absorbed it is 

converted into heat energy 

(infrared radiation).

That heat energy either escapes 

the Earth through the 

atmosphere, or gets absorbed by 

greenhouse gases and reflected 

back down.

This is how heat is trapped 

within the troposphere and how 

the Earth stays warm.



Greenhouse Effect

Greenhouse gasses include: 

Water (H2O)

Methane (CH4)

Carbon Dioxide (CO2)

Nitrous Oxide (N2O)

The first 3 are natural, and in

fact necessary to keep the Earth

warm.



Global Warming
The greenhouse effect is natural 
and necessary for most life here 
on Earth.
Without the greenhouses gases in 
our atmosphere the Earth’s 
average temperature would be      
-160C ! This happened to Mars 
which lost its atmosphere.

If a planet has extremely high 
concentrations of greenhouse 
gases in its atmosphere however 
it can have a runaway greenhouse 
effect.
This is the case with Venus, 
whose high concentrations of 
carbon dioxide give it an average 
surface temperature of 4250C!!!



Climate Change
As more CO2 is added to the atmosphere, it traps more heat reflected from the Earth and raises 

the average global temperature. 



Climate Change
What about the fact that 
atmospheric CO2 levels 
have cycled every 100 
million years or so?
We can tell what the levels 
of CO2 were in the 
atmosphere thousands of 
years ago by analyzing ice 
cores drilled from ice 
sheets. 
These cores show that CO2
levels did cycle in the past, 
but never went over 300 
parts per million (ppm) or 
increased at the rate we 
see currently. Today we 
are at 380 ppm.
That’s higher than CO2
levels have been for at 
least the last 420,000 
years, and probably for the 
last 20 million years. 



Climate Change
Most scientists believe 
there is a direct link 
between the amount of 
CO2 pumped into the air 
and the increase in 
average temperature the 
Earth has experienced 
recently.
Carbon Dioxide traps 
heat, and today we are 
releasing more CO2 than 
any other greenhouse 
gas into the atmosphere.
Millions of tons of CO2 
are released each year 
from power plants that 
burn coal or oil and from 
cars that burn gasoline. 
Millions of trees are 
burned in the rainforests 
each year to clear land 
for farming as well.









Effects of Climate Change

High global 

temperatures

(Heat Waves)

Increased drought, 

extreme weather.

Raising sea levels caused 

by melting ice.

Acidification of the 

ocean.







Albedo

Albedo measures how reflective a surface is in a 

fraction or %.

Something with an albedo of 0 or 0% 

would be black and not reflect any 

light at all.

A surface with an albedo of 1 or 100% 

would be white and reflect all light 

that hits it.

Asphalt has an albedo of around 0.07 

or 7%, meaning that most of the light 

is absorbed not reflected. This is why 

sidewalks get hot on sunny days!



Albedo

Albedo measures how reflective a surface is in a 

fraction or %.



Albedo

This is why snow and ice help keep the planet cool. 

They have a high albedo, and therefore light energy 

is not converted into heat but reflected back off into 

space. 



ͦ庠

Albedo

• As the Earth’s temperature begins to rise, more snow 
and ice will melt. This in turn causes the Earth to heat 
up even faster, because light that was once reflected 
will now be absorbed at a greater rate. 



䳀ѓ

Positive Feedback

We call this a positive 

feedback loop 

where:

A produces more of B, 

which then in turn 

produces more of 

A.

Melting sea ice creates a lower albedo, which then in 

turn causes more ice to melt.



䳀ѓ

Negative Feedback

Of course there is also negative feedback as well.

You are probably most familiar with this in 

homeostasis.

With negative feedback: A produces B, which then 

stops or lowers the production of A 



䳀ѓ

Negative Feedback

With climate change there are many more examples 

of positive rather than negative feedback.

Here is one example of negative feedback in the 

climate:

Global warming is expected to intensify rates of land 

degradation and desertification, which in turn 

results in more windblown dust. Dust acts to cool 

the surface (by raising albedo), thus lowering the 

temperature of the Earth. 



䳀ѓ

Positive vs. Negative Feedback
. 

Positive feedback tends to promote instability in 

systems (think spiraling out of control).

Negative feedback tends to promote stability in 

systems (think again about homeostasis).


