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[image: ]People are currently mining millions of years’ worth of stored photosynthetic carbon from the solid Earth and transferring it to the atmosphere where it is profoundly changing the chemistry, physics, and biology of the atmosphere, land, and oceans. Exchanges with the oceans and land surface have been modified substantially, so that currently only about half of anthropogenic emissions remain in the atmosphere. These “carbon sinks” are poorly understood, contributing a great deal of uncertainty to future climate. 
We consider biogeochemical and transport processes in land ecosystems, the oceans, and atmosphere as well as anthropogenic emissions. We will conclude with a study of changes in carbon cycling in the past and future, including predictions by coupled Earth System Models.
The class format consists of two formal lectures per week. Notes will be downloadable in advance from the website. Readings will be assigned each week from textbooks and the current scientific literature. A series of computational exercises will be assigned to develop understanding of the material. 
Course grade is the average of five computational exercises that will be assigned periodically throughout the semester. 


Schedule of Topics by Week
	Dates
	Notes
	 Readings

	 Week 1
	 Overview
	 Denning 2017; LeQuere 2013

	
	
	

	 LAND


	Week 2
	Photosynthesis & Biogeochemistry
	Denning, Bonan, Schulze

	Week 3
	Eddy Covariance & Disturbances
	Baldocchi, Beer

	Week 4
	Ecosystem Manipulations & FACE
	Norby, Luo, Finzi, LeBauer   

	Week 5
	Global Terrestrial Carbon
	Running, Pan

	Week 6
	Fossil Fuels & Energy
	Raupach

	
	
	

	   OCEANS


	Week 7
	 The Physical Ocean
	 W&F, Sabine

	Week 8
	 Carbonate Chemistry & Ocean Acidification      
	 W&F, Feeley

	Week 9
	 Marine Biology, Nutrients, & Circulation
	 Selections from W&F

	Week 10
	 Paleocarbon and the Long Tail
	 Archer & Brovkin

	
	
	

	  ATMOSPHERE


	Week 11
	Observing Atmospheric CO2
	O’Dell, Graven

	Week 12 
	Atmospheric Transport & Inverse Modeling
	Peters, Schuh

	Week 13
	Other Atmospheric Carbon Tracers
	Ballantyne

	
	
	

	  CLIMATE
	
	

	Week 14
	 Carbon-Climate Feedback
	Friedlingstein, Thornton

	Week 15
	 21st Century Carbon & Climate
	Gregory, Arora



We will take an all-day field trip to a subalpine eddy-covariance flux tower in the Medicine Bow National Forest of Wyoming which is documenting the collapse of a subalpine forest due to spruce beetle infestation.
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ASSIGNMENTS

There will be five class projects over the course of the semester. Each assignment involves writing and using a simple computer program to do some calculations using simplified “toy” models of the carbon cycle to investigate processes in the real world.  
You are welcome to work on these in groups or on your own. Use any programming language or environment you like. If you are new to programming I suggest a well-supported open-source modern environment supported on all platforms, like Python,  R, or Octave. If you’ve never written computer programs before, I suggest a wonderful book by John Zelle or the free online programming course provided by the Khan Academy. I have a few copies of the Zelle book to lend. I am happy to provide a lot of help with the programming projects outside of class time as well, because I think this is a very important part of the course.
All of the assignments are also linked to the web-based toy models provided on the class website. The website provides all the code used to drive the web-based models. You are welcome to use the code on the website as a template, copy-paste it as much as you want, and check your answers against mine if you find that helpful.
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