EARTHSYS/ESS 8: The Oceans 
Final Project/Paper in lieu of Final Exam

Due dates:
Paper topic: 
  Tuesday, May 16 (in class)
Paper outline:  Tuesday, May 23 (in class)
Final paper: 
  Thursday, June 1 (in class) 
Background:  
In this course, we have only been able to introduce you to a small handful of the many aspects of oceanography, including tools you can use to study the oceans and some of the fundamental concepts associated with physical, biological, and (geo)chemical oceanography.  

The final project for this course aims to allow you to choose a topic related to oceanography that interests you and to explore it further.  This may be something directly connected to concepts or tools presented in class, or it may be something you have heard about from the news, other courses, your own research, etc.  We hope to engage your interests and curiosity in a new way, and ask that you spend the time to learn a little bit more about a particular topic that you find fascinating! 

Requirements:  
· Paper topic (due Tuesday, May 16 in class)
· Write a brief description (0.5-1 page) of what you plan to discuss/research.
· Include at least two articles (scientific, news, etc.) that provide motivation and relevance for your research. 

· Prepare to share and discuss proposed topics in class on May 16
· Paper outline (due Tuesday, May 23 in class)
· Bring outline of your paper (including organization, major topics, references, guiding questions) to discuss during in class “Research Paper Workshop”
· Final paper (due Thursday, June 1 in class)
· Papers should be an in-depth analysis of your chosen topic. See “Guiding Questions” below to help guide the discussion and organization of the paper.

· Final papers should be 2000-3000 words and include at least five scientific references. You may also include figures, tables etc. as you see fit.
· Include at least five scientific terms learned in class (highlight these terms in bold). Example terms might be: upwelling, thermohaline circulation, convection, Ekman transport, primary/secondary coast, primary production, satellite altimetry, biological pump, etc.
Guiding questions: You should address two or more of these in your report. 

· What are the biggest advances made relating to your topic in the last 30 years? 

· What are some unanswered questions relating to your topic?  

· What tools are used to study your topic?  Describe the type of information they yield, including the drawbacks of each tool.

· How is your topic influenced by or related to the multiple disciplines of oceanography? (eg. biological, chemical, physical oceanography)

· How does your topic impact or interact with humans? For example: How do people benefit?  Or, What are some misconceptions about your topic?

· What aspects from your own background (i.e., your major, previous research you have done, previous courses you have taken, etc.) could help advance the field of study relating to your topic?  

· How will your topic change in the future, for example due to climate change, environmental issues, or global development?

Example Topics and References:
1. Ocean Acidification

Orr, J.C. et al. 2005. Anthropogenic ocean acidification over the twenty-first century and its impact on calcifying organisms. Nature 437: 681-686.
2. Paleoceanography/Tracers of Past Ocean Circulation

McManus, J. F. et al., 2004, Collapse and rapid resumption of Atlantic meridional circulation linked to deglacial climate changes. Nature 428: 834-836.
3. Abrupt Climate Change

Manabe, S. and R. J. Stouffer. 1995. Simulation of abrupt climate change induced by freshwater input to the North Atlantic Ocean. Nature 378 (6553): 165-167.

4. The Science of Marine Protected Areas

Agardy, T., et al.  2003. Dangerous targets? Unresolved issues and ideological clashes around marine protected areas. Aquatic Conservation 13(4):353-367.

5. Ocean Biogeochemistry and Climate Change

Arrigo, K. R., G. L. van Dijken and S. Pabi. 2008. Impact of a shrinking Arctic ice cover on marine primary production. Geophysical Research Letters. Vol. 35. L19606.
6. Law of the Sea: How the Oceans Will Be Affected by Climate Change
Borgerson, S. G. 2008. Arctic Meltdown-The Economic and Security Implications of Global Warming. Foreign Affairs 87(2): 63-77.

7. Marine Conservation

Roberts, C. M. et al., 2002, Marine Biodiversity Hotspots and Conservation Priorities for Tropical Reefs. Science: 295: 1280-1284.

8. Human Health and Ocean Pollution (Mercury)
Sunderland, E. M., D. P. Krabbenhoft, J. W. Moreau, S. A. Strode, and W. M. Landing. 2009. Mercury sources, distribution, and bioavailability in the North Pacific Ocean: Insights from data and models. Global Biogeochemical Cycles 23: GB2010, doi: 10.1029/2008GB003425.
9. Fisheries and Management
Botsford, L. W., J. C. Castilla, and C. H. Peterson. 1997. The Management of Fisheries and Marine Ecosystems. Science, 277: 509-515.

10. Ocean Ecosystem Services

Worm, B., et al. 2006, Impacts of Biodiversity Loss on Ocean Ecosystem Services. Science, 314, 787-790.

11. El Nino and climate change
Sang-Wook et al., 2009, El Nino in a changing climate, Nature 461: 511-515.
