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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.
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Schedule of Topics by Week

Dates
Week 1

Week 2
Week 3
Week 4
Week 5
Week 6

Week 11
Week 12

Week 13

Week 14
Week 15

Notes Readings

Overview Denning 2017; LeQuere 2013
LAND

Photosynthesis & Biogeochemistry Denning, Bonan, Schulze

Eddy Covariance & Disturbances Baldocchi, Beer

Ecosystem Manipulations & FACE Norby, Luo, Finzi, LeBauer

Global Terrestrial Carbon Running, Pan

Fossil Fuels & Energy Raupach

ATMOSPHERE
Observing Atmospheric CO2 O’Dell, Graven
Atmospheric Transport & Inverse Modeling Peters, Schuh
Other Atmospheric Carbon Tracers Ballantyne
CLIMATE
Carbon-Climate Feedback Friedlingstein, Thornton
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.

http://ats760.atmos.colostate.edu
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Readings
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Denning, A. S. (2017), Combustion to Concentration to Warming: What Do Climate Targets Mean for
Emissions? Climate Change and the Global Carbon Cycle, in Reference Module in Earth Systems and
Environmental Sciences, pp. 1-11, Elsevier.

LeQuere, C. et al. (2013), The global carbon budget 1959-2011, Earth Syst. Sci. Data, 5(1), 165-185,
doi:10.5194 /essd-5-165-2013. (PDF)
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Denning, S. (1993), Relating Surface Energy Budgets to the Biochemistry of Photosynthesis: A Review for
Non-Biologists, unpublished manuscript. (PDF)

Bonan, G. 2008. “Chapter 17: Leaf Photosynthesis.” In: Gordon Bonan, Ecological Climatology — Concepts
and Applications. Cambridge University Press. p 237-252. (PDF)
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elevated CO2 in a warm-temperate forest, Ecology, 87(1), 15-25. (PDF)

LeBauer, D. S, and K. K. Treseder (2008), Nitrogen limitation of net primary productivity in terrestrial
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Williams, R. and M. Follows (2006). Ocean Dynamics and the Carbon Cycle, Chapter 6: Carbonate
Chemistry Basics. Oxford University Press. (PDF)

Feely, R. A, S. C. Doney, and S. R. Cooley (2009), Ocean acidification: present conditions and future changes
in a high-CO2 world, Oceanography, 22, 36-47. (PDF)
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and B. Tilbrook (2004), The Oceanic Sink for Anthropogenic CO2, Science, 305(5682), 367-371,
doi:10.1126/science.1097403. (PDF)

Sarmiento, J. L., and N. Gruber (2006). Ocean Biogeochemical Dynamics. Chapter 8: The Carbon Cycle.
Princeton University Press. (PDF)
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trends in the Southern Ocean carbon sink, Global Biogeochem. Cycles, 22(3),
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Archer, D., and V. Brovkin (2008), The millennial atmospheric lifetime of anthropogenic CO2, Climatic
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carbon dioxide uptake by land and oceans during the past 50 years, Nature, 488(7409), 70-72,
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Petron, and A. Hirsch (2007), An atmospheric perspective on North American carbon dioxide
exchange: CarbonTracker, Proceedings of the National Academy of Sciences, 104(48), 18925. (PDF)

Schuh, A. E. et al. (2013), Evaluating atmospheric CO 2inversions at multiple scales over a highly
inventoried agricultural landscape, Global Change Biology, 19(5), 1424-1439,
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CLIMATE

Friedlingstein, P., P. M. COX, R. A. Betts, L. Bopp, W. Von Bloh, V. Brovkin, P. Cadule, S. C. Doney, M. Eby, and
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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, [ 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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