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• Agriculture  
(In Colorado 90% of water is used for 
agriculture) 

• Power generation 
(hydroelectric, steam for coal,  
cooling for nuclear) 

• Ecosystem nutrient supply/export 
• Recreation 

 
Also, water… 
• Is the ocean 
• Is a potent greenhouse gas 
• Heats the atmosphere 

 

Why does water matter? 



Apollo 17, 1972 

Photos of Earth 
 shows us the water cycle 







Out in Colorado… 
Where does our precipitation come from? 

Graduate student Jesse 
Nusbaumer ponders the 
origin of precipitation 

? 



Boulderado hotel, corner of Spruce and 13th street in Boulder 





What fraction of Colorado precipitation comes from different places? 
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Back in Colorado 
Where does our precipitation come from? 

Jesse has a hypothesis! 

Water from the 
Gulf of Mexico 

Water from the 
Pacific Ocean 

I know water is H2O. 
 
 
 

And I know H and O have 
different isotopes,  
which are a label. 
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Oxygen atoms and isotopes 



Where does rain in Colorado come from? 



A closer look at evaporation 

Liquid 
(Ocean) 

Vapor 
(Atmosphere) 

Water molecules continually moving 
 
Occasionally,  
    a molecule will escape the liquid 
Occasionally,  
    a molecule to plunge into the liquid 
 
If more go out then in,  
   we call it evaporation 
 
If more go in than out,  
   we call it condensation 
 
It is more likely that lighter isotopes jump 
out of the liquid. 
So, ratio of heavy to light isotopes can be 
used to figure out what fraction of water 
remains in ocean or atmosphere 



• Consider a cat in a box…. 

A little bit of physics…. 

Notion of “likelihood” and “preference” essential element 
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Back in Colorado 

Water from the 
Gulf of Mexico 

Water from the 
Pacific Ocean 



Summit Camp, Greenland 





Snow piles in layers 
Layering gives a time history 
Each snow event is the tick of a clock.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Snow layers at TAWO 

2013 

2012 

refreeze 

melt 

A year of snow 
accumulation 

2012 

2011 





Isotopes give record of past water cycles 



• Isotopes are a label. 

• Used to figure out how water moves around 
(between ocean, atmosphere, land, ice sheets) 

• The label comes from differences in evaporation  
and condensation in the history of the precipitation 
(changes at a molecular scale influence the global scale) 

 
• Knowing how this works, it can be used to understand  

• changing patterns of precipitation 
• how climate has changed in the past 

 http://cires.colorado.edu/education/outreach/waterspotters/ 
http://www.nsf.gov/news/special_reports/science_nation/waterspotters.jsp 
David Noone (dcn@colorado.edu) climate.colorado.edu 

Water spotters: what’s the color of your water?  

http://cires.colorado.edu/education/outreach/waterspotters/
http://www.nsf.gov/news/special_reports/science_nation/waterspotters.jsp
mailto:dcn@colorado.edu


 



Water Spotters program 
NSF supported study of water cycle in 
Colorado 
• Multi level student involvement: 
• Grad students 
• Undergraduate students helping in 

lab tasks 
• Middle school student helping with 

rain water sample collection 
• (Also curriculum modules for 

science teachers and professional 
development under a MESA 
program) 



 



• Consider 100 small cats running out the door… 

Isotope physics 2 

FAST 

• Versus 100 big cats ….  

slow 

Einstein, 1906 
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