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COURSE DESCRIPTION

Global geochemical cycles provide the general framework describing the continuous redistribution and transformation of chemical elements in the earth system. Of particular importance are the elements carbon, oxygen, nitrogen, phosphorus, sulfur, silicon and iron, whose cycles are intimately linked to biological activity. The global cycles of these elements constitute the life support system of our planet. They exert major controls on the chemical composition of the atmosphere and ocean, earth’s climate, global biological productivity and diversity, and the evolution of sedimentary rocks. This course focuses on the processes and mechanisms driving global biogeochemical cycles of carbon and nutrient elements on both short (100-104 years) and long (>104 years) time scales. Attention will also be given to the perturbation of the cycles of carbon and nutrients by human activity. To explore the interactions between the processes, as well as between the elemental cycles themselves, we will use simple mass balance models. Model simulations will be carried out with the dynamic modeling software STELLA. Students are further required to write a short research term paper on an elemental cycle of their choice. 
COURSE CONTENTS

1. Origins: elements, isotopes, earth and life (2 weeks)

· Nucleosynthesis, earth differentiation, early earth conditions

· Origin of life, early biosphere

· Chemistry and evolution of the ocean/atmosphere

2. Global cycles: concepts and models (3 weeks)

· Reservoirs, fluxes, residence times, response times

· State variables, forcings, spatial and temporal scales

· Linear and non-linear cycles

· Stability, bifurcations, feedbacks, chaos
3. Global biogeochemical cycles: the machinery (2 weeks)

· Open systems, disequilibrium

· Tectonic and climatic forcings, sedimentary cycle

· Water cycle
· Chemical weathering

· Redox cycling: carbon, sulfur, iron

4. The carbon cycle (2 weeks)

· Carbon reservoirs, speciation

· Long-term versus short-term carbon cycle 

· Silicate and carbonate weathering

· Terrestrial biosphere and soils

· Oceanic carbon cycle

· Anthropogenic perturbation carbon cycle

5. Nutrient cycles (2 weeks)

· Biogenicity, limiting nutrient, nutrient ratios

· Beyond nitrogen: phosphorus and silicon cycles
6. Key interfaces of the earth system (2 weeks)

· Sediments: early diagenesis of organic matter 

· Biogeochemical processes in lakes
· Plants, soils and weathering

GRADING
Homeworks:


30%

Independent project:

35%

Exam:



35%

Homeworks must de turned in at the beginning of class on the designated date. There will be one exam; it will be closed book and include the material presented in class plus that covered by the reading list. 


INDEPENDENT PROJECT

The objectives of the project are to (1) build a global, pre-human, biogeochemical cycle of an element of your choice, and (2) determine how the cycle is being affected (perturbed) by human activity. 

To achieve these goals, you should undertake the following steps:

1. Select an element whose cycle is significantly affected by biological activity.

2. Identify the key geological, physical, biological and geochemical processes that control the cycling of the selected element.

3. Build a conceptual box model of the element’s cycle that includes 5-8 reservoirs and the fluxes between the reservoirs.

4. Based on literature data, provide estimates of the pre-human and reservoir sizes and fluxes. Assume the pre-human element cycle is at steady state.

5. Implement the model in STELLA. Formulate mathematical expressions for the fluxes; unless otherwise justified, use first-order rate expressions.
6. Use the steady state cycle as initial conditions and derive the rate parameters in the flux equations.
7. Determine how human activity is perturbing the cycle (i.e., what fluxes are being perturbed and how). Derive mathematical functions describing different scenarios of the anthropogenic perturbation as a function of time. 

8. Run your STELLA model to determine the response of the element’s cycle to the various perturbation scenarios.

You will be expected to

1. Turn in a preliminary draft of your cycle model (steps 1-6) on the last class day before Spring Break.

2. Prepare a 15-minute oral (powerpoint) presentation of your model and the main results.  The presentations will be scheduled during the last weeks of classes.   

3. Write a report describing the steps outlined above. The report should be no less than 5 and no more that 10 pages long, excluding figures and references. It must be turned in during the last week of classes.
HOMEWORKS

The homeworks all involve the use of the dynamic modeling software STELLA. Dynamical models are powerful tools in many areas of the earth, ocean and atmospheric sciences. Even simple dynamic models, such as the box models we will use, can provide insight into the seemingly complex behavior of most natural systems. More specifically, they allow one to make the transition from observation to theoretical understanding and, ultimately, prediction. 

Focus of the homeworks is on building the models (reservoirs, fluxes, forcing functions), deriving reasonable mathematical process formulations, obtaining parameter values, assessing the model sensitivity, and delineating meaningful scenarios. Care should also be taken that the numerical solutions are accurate and stable. While the homeworks will include specific assignments, you are encouraged to use your models to explore additional problems, questions or scenarios you find interesting. Also, feel free to question the assumptions underlying the models and try out alternative process formulations.    

