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What is the our atmosphere made of?
(dry measurements, water vapor varies from 0.1%-7%) 

Gas 
Composition Volume (%)
Nitrogen 78.084
Oxygen 20.948
Argon 0.934
Trace Gases 0.0342

Trace Gas 
Composition Volume (%)
Carbon Dioxide 0.0314
Neon 0.00182

Helium 0.000524
Krypton 0.000114
Methane 0.0002
Hydrogen 0.00005
Nitrous oxide 0.00005
Xenon 0.0000087
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Chemical 
Reactions in the 
Atmosphere

Hydroxyl Radical Reactions in the Atmosphere



Three Planetary Examples

Mars’s atmosphere is so thin that it has almost no 
greenhouse effect. 

Venus’s dense atmosphere results in a runaway 
greenhouse effect that increases the planet’s 
temperature by hundreds of degrees. 

Earth lies in between, with its greenhouse effect.



Three Planetary Examples

Average Temperature can be misleading, due to the 
distance from the Sun. Therefore we can correct for 
this variance. 

In summary:

Sun provides on average 240 watts/m^2. Radiation 
is governed by the inverse square law. The energy 
loss by radiation is proportional to distance from the 
sun.

Therefore, if these planets did not have an 
atmosphere the surface temperatures would be 
-50C, -18C, +55C for Mars, Earth, and Venus 
respectively. 



Three Planetary Examples

The surface temperatures are different, because of 
the greenhouse effect of the atmosphere. 

Mars atmosphere is about 1% the density of earth, 
much more energy is released into space. 

Venus atmosphere is about 100X density of earth, 
and 96% CO2. Even if Venus was located in a 
different orbit, the greenhouse effect of the 
atmosphere would still make it a very hot planet. 



3 Ways to explain the Greenhouse effect 

N2 and O2 molecules are stable diatomic 
molecules with zero enthalpy of formation, 
largely transparent to both incoming sunlight and 
outgoing infrared radiation. Earth’s atmosphere is 
90% of these. Do not cause a greenhouse effect. 

Water vapor and carbon dioxide are the most 
influential Greenhouse gases in our atmosphere 
even at trace amounts. 



3 Ways to explain the Greenhouse effect 

Simple: A big blanket covering the earth, increasing the 
surface temperature. 

Intermediate: Greenhouse gases absorb outgoing radiation 
from the earth. Re-radiate back towards the earth, heating the 
surface. 

Advanced: Upper atmosphere is colder than the lower 
atmosphere. Therefore, the greenhouse effect depends on the 
temperature difference between surface and upper 
atmosphere. Increasing greenhouse warming actually cools 
the upper atmosphere. 

This is a correlation between the energy 
from the sun and surface temperature of 
the planet due to the composition of the 
atmosphere.



Dynamic Chemical Cycling 

Nitrates, Sulfates, and Phosphates are compositional components that can impact cloud formation. There 
are also natural cycles for these molecules, industrial pollution can increase the amounts of these 
molecules. Not necessarily a significant greenhouse gas, but have documented effects on public health 
(respiratory diseases, carcinogens, etc.) 



Dynamic Chemical Cycling 

The time for 1 complete cycle can 
vary based on the location. On 
average the cycle can complete in 
about a week.



Dynamic Chemical Cycling 

The time for complete short term 
cycle can vary based on the 
amount of vegetation (terrestrial or 
aquatic) present. The average for 
the short term cycle is about 5 
years. 

Significantly different than the 1 
week from the water cycle. 

The big question is: If this cycle is 
hacked and out of balance, would 
it be enough the change the 
climate?



Human Impacts 

1) When predicting the future climate, we 
need to consider the human impacts.

2) Fossil fuel combustion removes stored 
carbon from the ground into the 
atmosphere.

3) Atmospheric carbon dioxide has risen 
40% in the industrial era. 



Human Impacts 

4)  Rampant deforestation across the globe, has 
a significant effect on carbon sequestration.

5) Agriculture and urbanization has decreased 
the amount of reflected sunlight, absorbing more 
energy in the biosphere.

6) Computer models that do not include a human 
impact display different data than what we see 
today. 

7) Computer models that INCLUDE the human 
impact on CO2 concentrations display data 
similar to what we see today. 



Human Impacts 

8) Not to mention ocean acidification and 
coral bleaching. Some predictions indicate 
that over 75% of all coral reefs will be gone 
with 50 years. 

9) Overpopulation and urbanization, food 
insecurity, famine, poverty, pollution, 
distribution of freshwater, etc.

10) Big question: What are the energy 
needs of the future, given the level of 
dependence and the projected population 
growth? 



Part 1 Summary 
1) The composition of our atmosphere is made up Nitrogen (N2), Oxygen (O2), and water (H2O), with 

trace amounts of other gases CO2, Ar, etc. 

2) Water and CO2 are the most significant greenhouse gases in our atmosphere, gases that can 
re-radiate heat. Each have their own chemical cycles, the CO2 is a longer cycle, so atmospheric 
carbon will stay in the atmosphere longer than water vapor. 

3) Mars has a very thin atmosphere and doesn’t have a greenhouse effect, while Venus has a very 
dense atmosphere with a significant greenhouse effect. 

4) Chemicals in the atmosphere are not static, they can continuous react with one another. Hydroxyl 
radicals are highly reactive, along with halogens in aerosol form. Compounds can also react with 
large bodies of water, ie ocean acidification. 

5) One form of carbon sequestering is photosynthesis, activities like deforestation coupled with fossil 
fuel combustion can Increase the concentration of CO2. 



Quiz Discussion #1 

#1

Carbon Dioxide makes up 0.03% of the composition of the atmosphere. Do you think a 
variance of 0.02% is a significant change? How would you measure the composition of the 
atmosphere? How would you predict the effects of this variance? Design an experiment. 

#2

Ocean acidification is a natural carbon sequestration method intended to keep the 
homeostasis constant. It is likely that the coral reefs will not last through this century. If we 
are not willing to save the reef, will we be willing to save the next ecosystem that is in 
danger? What is considered “worth” saving?



Energy: 

The Good
The Bad
and The Ugly



How much energy do we have on Earth? 

The world energy 
supply of 13,647 
Mtoe, estimated 
about 1.59 x 10^11 
KWh

Coal, oil, and natural 
gas (all fossil fuels) 
combine to make up 
81.4% of our energy 
supply 



How much energy do we use on Earth? 

 

Estimated 68.7% of energy 
supply was consumed (2015)



Electricity Generation and usage 



#1

What observations can you make 
from this figure? 



#2

What observations can you make 
from this figure? 



#3

What observations can you make 
from this figure? 



Compare Top 5 Supply and Consumption 
Countries



Coal as the Primary Energy Supply in China

The political, social, and economical 
decisions that China makes, will 
determine the energy market of the 
future. 

The People’s Republic of China is the 
#1 supplier and consumer of coal 
energy in the world. The majority of 
the energy used is powering the 
industrialization and modernization of 
the country. 



What does this energy consumption buy us? 



CO2 Emissions from combustion of fossil fuels



CO2 Emissions from combustion of fossil fuels

109% increase in CO2 
emissions 42 years!



EVERYTHING POINTS TO THIS QUESTION

Can a 109% increase in CO2 emissions into 
the atmosphere, over a short period of time, 
have a measurable effect on the global 
climate?



Known Effects of increase atmospheric CO2

1) Density of the atmosphere can affect the 
surface temperature, due to the 
Greenhouse Gas Theory. 

2) CO2 is makes up a small percentage of 
the entire atmospheric composition 
(0.03%), but CO2 is 92% of all trace 
gases. 

3) The CO2 chemical cycle can be short 
term (5 year cycle) or long term (1000’s of 
years).

4) Water vapor in the atmosphere has a 
much greater percent composition (up to 
7%). The water cycle is about 1 week. 

Has the average 

temperature of the 

earth increased 

over the same 

period of time? 



CO2 and Temperature over a short period of time



CO2 and temperature of a long period of time

Current CO2 
by volume

How will the 
temperature 
change? 



Temperature over a LONG LONG time (reconstructed)



Potential Consequences of Warm Climate

Taken as a whole, the range 

of published evidence 

indicates that the net damage 

costs of climate change are 

likely to be significant and to 

increase over time.

- Intergovernmental Panel on Climate 
Change



Potential Consequences of Warm Climate

1) Unless global energy consumption pivots to resources that 
produce less atmospheric CO2, carbon dioxide levels will rise.

2) Global temperature increase will be beneficial for some areas 
while destructive to other areas, based on geography and 
weather patterns. 

3) Polar caps can buffer the effect of a temperature increase by 
melting into liquid water. Do we observe a decrease in Arctic sea 
ice? In turn the sea level could rise. 

4) Prevalence of extreme weather will increase, due to the large 
differential between warmer and cooler climates. Does extreme 
weather have economic impacts? What sections of the 
economy and societal demographics are impacted the 
most? 



Economic Cost to Climate Change: Case Study 

3 Categories for Case Studies
● Droughts/Water scarcity  

● Thunderstorms/Floods

● Hurricanes/Coastal Property 
Damage
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Economic Cost to Climate Change:Case Study 
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We know people in 
poverty will be affected 
the most, first. 
Privilege can buy a 
second chance.



China Leads in Global Shift to Renewable Energy





4 Possible Scenarios

Four different GHG emissions scenarios are 
modeled by the IPCC, forecasting the potential to 
follow the “Wedge” approach to mitigating climate 
change. There is no one solution to anthropogenic 
climate change. 



Part 2 Summary 

1) The global energy supply is mostly made of fossil fuels, as is the majority of the global energy 
consumption. Fossil fuel combustion has waste, this waste is CO2. 

2) Different energy sources are used primarily in different sectors of the economy. This can help 
develop energy use plans for the future. 

3) China’s energy use can change the world. This is why they are leading the production or renewable 
energy technologies. (Cost limiting)

4) High levels of atmospheric CO2 has expensive consequences. Consequences that will mostly 
affect people in poverty. 

5) CO2 stabilization is possible, 4 main scenarios exist based on different criteria. Still the only hope 
we have of intervention is to try and craft global policy that caps the amount of CO2 emissions. The 
earth is repairable, as documented with the Ozone hole, but we as a people have to agree that this 
ecosystem is worth saving. 



Research Quiz #2

#1 

List the renewable energy resources or technologies. Find or calculate the amount of 
electricity (kWh) each produces. (hint: on an equal scale)

#2 

Another problem that is tangential is plastic pollution. Find evidence for consequences of 
the amount of plastic pollution in the ocean. Brainstorm ways to reduce plastic pollution 
with the class. Is biodegradable plastic a viable solution? 



To learn more, watch the movie and read the 
IPCC report.… The End 
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