		
Science of Global Warming
In Five Steps

SUMMARY OF FINDINGS

Review the findings for questions 1-4 summarized below.  Make an hypothesis of what will happen to Earth’s surface temperature considering the answers to questions 1-4.  

1. What makes a greenhouse gas a greenhouse gas?
ANSWER: In brief, greenhouse gases are transparent to sunlight but absorb infrared radiation emitted by Earth.   Greenhouse gases let in sunlight to warm Earth but absorb thermal radiation from Earth.  The gases get warm and thus, they further warm Earth’s surface.  Greenhouse gases are transparent to sunlight, allowing solar radiation through the atmosphere to eventually warm Earth’s surface.  These same gases are not transparent to the thermal radiation emitted by Earth.  Instead, they absorb and are warmed by the thermal radiation emitted by Earth. Earth’s thermal radiation is restricted from escaping to space. And, the warmed greenhouse gases surrounding Earth act to keep Earth’s surface warmer than it would be without the gases. 

· University Corporation for Atmospheric Research, “The Greenhouse Effect” website
http://www.ucar.edu/learn/1_3_1.htm
· Archer, D., Global Warming: Understanding the Forecast, 2nd Edition, Wiley, 2011.  Chapter 4 “Greenhouse Gases” online
http://forecast.uchicago.edu/chapter4.pdf 

2.  Is carbon dioxide a greenhouse gas? How do we know?
ANSWER: Yes.  Carbon dioxide is a greenhouse gas.

· American Institute of Physics, “The Discovery of Global Warming” website
http://www.aip.org/history/climate/co2.htm (see the first two paragraphs)

2. (continued) How do we know carbon dioxide is a greenhouse gas?
ANSWER:  Many sites say CO2 is a greenhouse gas, but how do we know?  This has been known since the late 1800’s through theory and experiments, and, can easily be observed in lab experiments.  Similar to Tyndall’s experiment in 1959, we can actually show carbon dioxide is a greenhouse gas in a simple classroom demonstration.

· American Institute of Physics, “The Discovery of Global Warming” website describes the original theory from the 1820s onward:
http://www.aip.org/history/climate/co2.htm 
· Climate Literacy and Energy Awareness Network (CLEAN), “Greenhouse Gas in a Bottle Demonstration” website includes a video demonstration of the experiment replicated from National Weather Service’s, “JetStream - Online School for Weather” 
http://cleanet.org/clean/community/activities/c2.html

3. Is the amount of carbon dioxide in the atmosphere increasing?  How do we know?
ANSWER: Yes.  We know because measurements since 1958 show atmospheric CO2 is rising.  It has increased almost 30% in the last 50 years. 

· National Oceanic and Atmospheric Administration / Earth System Research Laboratory, “Trends in Atmospheric Carbon Dioxide” website contains record from 1958-today
http://www.esrl.noaa.gov/gmd/ccgg/trends/

4. Is CO2 increasing because of human activities? How do we know CO2 is increasing because of human activities?
ANSWER: Yes.  Carbon dioxide in the atmosphere is increasing because of human activities.

· Environmental Protection Agency, “Overview of Greenhouse Gases” website
http://www.epa.gov/climatechange/ghgemissions/gases/co2.html 

4. (continued) How do we know CO2 is increasing because of human activities?
ANSWER: The increase can be attributed to humans by considering the simple combustion equation for fossil fuels combined with knowledge that fossil fuels supply most of the world’s energy needs.  Only half of known human releases accumulate and remain in the atmosphere.

· De Leon, N., Chemistry 101 class notes, Indiana University Northwest, “Combustion Reactions” website 
http://www.iun.edu/~cpanhd/C101webnotes/chemical%20reactions/combustion.html
· Energy Information Administration, International Energy Outlook 2011, ““Energy-related carbon dioxide emissions” website details worldwide fossil fuel energy consumption
http://www.eia.gov/forecasts/ieo/emissions.cfm
· Scripps Institution of Oceanography / Scripps CO2 Program, “Keeling Curve Lessons” website indicating about half of human CO2 releases stays in atmosphere. (see graph)
http://scrippsco2.ucsd.edu/program_history/keeling_curve_lessons_3.html
· Aside: Timing and timescales matter.  The current rapid rise in atmospheric carbon dioxide is likely unprecedented in Earth’s history.  CO2 varies over time by natural processes. But, natural variations take a VERY long time to significantly change atmospheric C02.   Carbon dioxide had taken nature millions of years to remove from the atmosphere and store as global fossil fuel deposits.  Through burning these fossil flues, humans have released millions of years of carbon dioxide in just the last 100 years.  

Summary and Discussion…what will happen? 

1. Greenhouse gases warm Earth’s surface.
2. Carbon dioxide is a greenhouse gas.
3.  The amount of carbon dioxide in the atmosphere is increasing.
4.  The increase is rapid, substantial, and from human activities.
Therefore, ________________________________??? 

What do you predict will happen to global average temperature as a result?

