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• What is the greenhouse effect?
• What are greenhouse substances? E.g. gases, clouds, and aerosols
• Importance of water. Ice, liquid water, and water vapor
• Why we are concerned about CO2?
• “Feedbacks” and “direct” climate forcing. Water cycling and carbon cycling
• Clouds, rain, and storms.
• How much do human activities contribute?
• Where does about half of it go?
• How will this change in the future?
• Big questions about future climate change?
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And with apologies … 
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Remember for later …
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What if the Earth had a shiny surface …
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What if the Earth had a “real” surface …
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… at night
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… remembering that it is still really cold

6/3/2021 © 2021 California Institute of Technology. U.S. Government sponsorship acknowledged. 8



jpl.nasa.gov

Add clouds
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A greenhouse effect
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Clouds make for complicated effects
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Add gases
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And greenhouse gases
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A US Pioneer: Eunice Newton Foote
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https://www.climate.gov/news-features/features/happy-200th-birthday-eunice-foote-hidden-climate-science-pioneer

Page from America Journal of Science, 1857

https://www.nytimes.com/2020/04/21/obituaries/eunice-foote-
overlooked.html

Bell jars filled with different gases 
exposed to sunlight

“Secondly: The action of the sun’s 
rays was found to greater in moist 
air than in dry air.”
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1859 and John Tyndall
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Influence of CO2 on climate - 1896 
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Svante August Arrhenius, born February 19, 1859
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With numbers
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The Terrestrial Planets
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By Mercury image: NASA/JHUAPL
Venus image: NASA/JPL-Caltech
Earth image: NASA/Apollo 17 crew
Mars image: ESA/MPS/UPD/LAM/IAA/RSSD/INTA/UPM/DASP/IDA 
Public Domain, https://commons.wikimedia.org/w/index.php?curid=92818238
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What is challenging about water?
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The Blue Marble from Apollo 17
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Public domain; Wikipedia; original uploaded by M. Manary
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The Water Cycle
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https://gpm.nasa.gov/education/water-cycle
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Big questions
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• How will the water cycle change?
• More precipitation?
• Increased storm intensity?

• Reduced snow/ice cover
• Surface get even warmer?

• How will clouds change?
• High clouds? – trap heat?
• Low clouds? – reflect more 

sunlight?

Climate feedbacks from water

Water availability
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The Big Three
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Water

Energy

Carbon
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The Big Three

24

Water

Energy

Carbon
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What about carbon dioxide?
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Keeling Curve
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https://www.esrl.noaa.gov/gmd/ccgg/trends/mlo.html
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Big questions (again)

• How much carbon 
dioxide will we put in 
the atmosphere?

• How much can the 
oceans and biosphere 
absorb?
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Global Carbon Cycling

Are the assumptions 
correct?

What is happening 
on the regional 

scale?

How are they 
changing with time?
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OCO-2 Launched July 2, 2014
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One year smoothed map of CO2

6/3/2021 © 2021 California Institute of Technology. U.S. Government sponsorship acknowledged. 31



jpl.nasa.gov

Rainforests – Lungs of the Planet?
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By Andyb3947 - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=90146764
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Changes in the Tropics (2015 relative to 2011). 

Image credit: NASA/JPL-Caltech

[Junjie Liu et al., Science 2017]
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OCO-2 and Los Angeles

Figure from Schwandner et 
al., Science, (2017)
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Takeaways

• Instead of greenhouse gases, we should think greenhouse substances
• Aerosols
• Clouds
• And not just gases

• Climate change is forced by changes to atmospheric carbon dioxide
• How much will it increase
• How much can be taken up by the oceans and land

• The exact climate change response is tied to changes in the water 
cycle 
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