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Float like a buoy, sing like a cetacean

Using SOCCOM float data to explore Southern Ocean chemistry

Summary

Recent innovations in data-collecting instrument floats have revolutionized ocean sciences.   Over the past ten years more than 3000 such floats have been placed by ocean researchers throughout the marine world.  These flexible, powerful, and relatively cheap devices provide a critical link in the data chain vital to understanding the complex interactions of the ocean system.  Recently a new effort was launched to enhance the fleet of data floats operating in the Southern Ocean.  These new floats have expanded our ability to collect biogeochemical data that researchers will need to unlock the complexities of the connection between all s oceans and the Earth’s changing climate.

In this lesson students will use the new data coming from these floats to make observations about currents in the Southern Ocean, and will interpret some of the data sets available to infer relationships between chlorophyll and oxygen in the ocean.
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Key Concepts

· chlorophyll and oxygen concentrations are interelated
· data-collection floats follow ocean currents and collect dense multi-demensional data sets 
· Southern Ocean currents have major influence on world climate systems
Objectives

· Students will map movements of SOCCOM floats using latitude and longitude.
· Students will infer Southern Ocean surface current patterns from float movements.
· Students will make inferences based on comparisons of float positions to chlorophyll and oxygen readings.
Materials

· graph paper 4 squares/inch works well
· longitude/latitude Summary Chart for 30 floats
· sample of plotted float drift
Procedure
A. engage

1.  Post or distribute the do-now question:  “How do we explore and make discoveries about the Earth?  List at least five different ways.” Share individual answers with the class as is your custom, focus on land, atmosphere and ocean exploration.  Possible answers could be examining rock formations, seismic measurements, balloons, ships and submarines, diving, satellites, etc.  Discuss advantages and disadvantages of each, show pictures if necessary.
2.  Show a picture of a research ship such as the Gould.  Explain that scientists often rely on research ships to carry them around the ocean as they make their measurements.  Ask students what might be the advantages (carry lots of stuff, big enough to handle equipment, safe on the ocean) and disadvantages (limited time and space on board, slow, equipment not measuring all the time, expensive -- $50,000 per day) of using a research ship.
3.  Show video Argo Floats: how do we measure the ocean?  In pairs students can summarize the video, focusing on the advantages of the new technology of floats.  Show map of distribution of floats over the oceans, point out that there are few in the Southern Ocean.
B. explore

1.  Introduce SOCCOM program.  Show home page of the website:  http://soccom.princeton.edu/.   At the top of the home page there are three slides in rotation:  a map showing the current locations of the floats, scientists launching a float from a research vessel, and a close-up of a float above the water.  Place the cursor on the image to pause the slide show.  Allow students to comment; what do they notice, what questions do they have about each, etc.  If time and interest permits, explore the Broader Impact drop-down menu for addition background materials from the SOCCOM team and an animation that shows the biogeochemical modified float in action.
2.  Explain that SOCCOM floats are all going into the Southern Ocean (sometimes mistakenly called the Antarctic Ocean).  Point out that this ocean surrounds Antarctica and is connected to the Pacific and Atlantic Oceans to the north.  https://en.wikipedia.org/wiki/Southern_Ocean#/media/File:Location_Southern_Ocean.svg .
3.  Introduce float tracking activity.  Review longitude and latitude if necessary (or have your social studies teacher do it for you).  Hand out graph paper to individuals or small groups.  Assign one float per team or individual from the list of 30 floats contained in Longitude/Latitude Summary Chart.  Graph paper should be oriented with longitude set up from left to right corresponding to west to east (sample).  Students should put in the degrees longitude depending on the most westerly and most easterly way points of their chosen float.  A range of 50° should be sufficient.  Similarly, they well have to set the latitude scale depending on the north-south drift of the float.  Most should be between -40° and -70°.
4.  Once students are finished check to see that they have plotted a minimum of 20 way-points.  Be aware that there may be more than one Y value for a given X value, and vice versa.  (Don’t tell your math teacher about this until the lesson is finished.)  You may have them check their work against the plots from the SOCCOM.  
5.  Alternatively, or in addition, project this map on your white board or Smart Board and have students come up and roughly draw their plots to create a class set.  Ask students what interesting movements and overall patterns they see in the drift floats paths.  They may turn and talk, then write briefly, and share with the class.  Record their thoughts.  Finally, show the interactive map http://www.mbari.org/science/upper-ocean-systems/chemical-sensor-group/soccom-float-visualization/  from the SOCCOM site and ask students if they see similarities and/or differences in the drift paths.
6.  Another option is to show the Earth: A Visualization Global Weather Conditions in surface current mode.  Again, have students look for connections between the surface currents and the float paths, and offer possible explanations.

7.  Finally, introduce the Antarctic Circumpolar Current with the video. 
C. explain

1.  Students will generate graphic data to compare readings made by the float that they tracked.  Direct students to the SOCCOM website; observation drop-down menu; SOCCOMViz data portal. This takes them to the data access by individual float.  
2.  Students will select their original float by number, then select Plot, Adjusted Data, Good Only data, All Date available.  They are new ready to choose the variables to compare for their float.

3.  Explain that the class will start by looking at changes in chlorophyll seen in the water by the float.  The instrument in the float that does this is a fluorometer.  The fluorometer “sees” chlorophyll by shining light of a particular wavelength range at the water.  Any chlorophyll in the water absorbs that light and re-emits light of a different wavelength.  The fluorometer measures the light that comes back.  We use that measurement at an indicator of the amount of chlorophyll in the water.  (There are several good ways to demonstrate this in class; one easy method is to shine a black light on white shirt, or fluorescent minerals if you have them.)
4.  Explain that one thing we are looking for is how location affects the amount of chlorophyll in the water; so students should select chlorophyll as the y-axis variable (the dependent variable) and then choose date (which is the correlates with location) for the x-axis variable (the independent variable).  They should then print the graph (landscape, leave space at the bottom) and put their name, date, class, float number at the top of the page.
5.   Explain that we also are looking for how much oxygen is dissolved in the water compared to how much chlorophyll is in the water.  In this case make put the oxygen on the x-axis and the chlorophyll on the y-axis. Again have students print their graphs. 
D. expand

1.  If you are fortunate enough to be using this lesson during one of the SOCCOM research cruises to complete placement of the Southern Ocean floats consider communicating with the researchers on board.  At the time of this writing the next cruise will be en route sometime starting around November of 2016.  Check the blogs drop-down on the home page to see which researchers will be producing a weblog.  Students can write back with questions, and can expect to receive a reply within a week.  These blogs can be highly technical, if so students can ask questions about anything related to the work of scientists if the field.  It’s even acceptable to say “I’m a seventh grader in XYZ Middle School.  Could you break down what you said about krill so that I can understand it better?”
E. evaluate

1.  According to the data from your float, how was the amount of chlorophyll in the water affected by the position of the float.  Refer to where the float was moving compared to the currents, and land masses, and north and south positions.  Students should put their answers on the bottom of the graph.
2.  According to the data from your float, how was the amount of oxygen in the water affected by the amount of chlorophyll in the water?  What does that tell you about how chlorophyll and oxygen are related?
Assessment

· evaluate questions (above)
Additional Resources

Please list any Web sites, books, publications, or other resources that would be helpful for teachers or students preparing for this lesson.
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