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Lesson Plan—Migrating Temperatures
Summary

Students will graph data and make conclusions based on real-time data obtained by NASA’s Giovanni web-based application.  This can be included in a study of climate change and the oceans.
Key Concepts

· Creating a graph (title, labelling axes, scale, plotting points, determining trend line)
· Using technology to obtain real-time/near real-time data.

· Interpreting data and generating inferences.
· Understanding remote sensing/satellite data acquisition.

Objectives

Include clear, measurable statements of what students will be able to do, such as:

· Students will demonstrate an ability to generate graphs using NASA’s Giovanni web page, obtaining pertinent data for the study at hand. 
· In groups or with a partner, students will interpret data on the graphs, noting general graph trends and localized and time-dependent trends. 

· Students will demonstrate an ability to graph necessary information, determine a trend line, and compare and contrast their data with other groups.

· Students will demonstrate an ability to extrapolate data to future years based on the trend that they observe in their graphed data set. 

· Students will be able to communicate results of their investigation.
Materials

· Computers (at least 8 for the classroom), globe, scales (rulers), blank graph templates.
Procedure
1. Introduce students to the concepts of the lesson in a discussion of longitude vs. latitude, and of temperature vs. latitude.  The global conveyor belt of ocean currents, sea surface temperatures vs. temperature at depths, and Giovanni’s data acquisition of sea surface  information would be good background material.  See http://reason.gsfc.nasa.gov/Giovanni for more information.  
2. Students should be broken into pairs, or groups of no more than three or four.  There are eight different data sets to investigate, and groups may double up on data set. 
3. Log onto the NASA Giovanni Website (http://reason.gsfc.nasa.gov/Giovanni)

4. Select OBPG MODIS-Aqua Monthly Global 9-km Products JAVA edition (first choice).

5. Select a region of ocean on the map (teacher can give exact coordinates to give uniform results).  For this study, the best coordinates are: North latitiude:75 N;  South latitude: 50 N;  West longitude:  30 W;  East longitude:  2 W.
6. In the parameter section choose Sea Surface Temperature 11 Micron Night from the drop down menu.  

7. In the Plot Type select Lat-lon map, Time-averaged.
8. In the date section, select 2003, October in both fields.
9. All other fields can be left unchanged
10.  When the students have checked all of their fields, they are to select ‘Generate Plot’at the bottom of the screen. If the plots are not immediately viewed on screen, have them check tabs at the bottom of the screen (OBPG MODIS…), and the plot will appear.  

11.  At this point, students should be assigned a temperature interval corresponding to a specific color.  The following intervals should be used:                                                             0 – 2 °C,   2 – 4 °C,  4 – 6 °C,   6 -- 8 °C ,  8 – 10 °C,  10 -- 12  °C,  12—14 °C,  >14°C.
12. Students should look at the October, 2003 graph. This graph represents the time-averaged temperature of the surface of the sea during that month.  The students should focus on the 12°W longitude line, extending from the top to the bottom of the graph. The data that they are to record is the latitude that corresponds to the northern edge of their temperature interval, as indicated by the color scale.  The latitudes can be read from the left side of the graph.  A straightedge or ruler may be helpful.  This will be the upper boundary of their specific color as they view the graph. Record the date, temperature interval, and the latitude on a handout or in a lab notebook.   

13. Close the graph window, and return to the original Giovanni window.  Leave all fields the same except the year – change both fields to 2004. (2004 October).  Generate plot.   Repeat the recording of the latitude boundary for the same temperature.  
14. Repeat for 2005 October, and 2006 October.  Record all data.   
15. Students should determine the degrees of latitude that their temperature interval has migrated from 2003 to 2006.   

16. Students should plot all 4 years of data on a graph provided by the teacher (see Additional Resources, below).  Determine a trend line for the data, and extend this line to the future years indicated on the graph.  

Possible class discussion questions:

· Is there a noticeable trend in each graph?  If so, what is it?

· Compare and contrast:  do all temperature intervals investigated in the class indicate an increasing latitude extent as time goes on?
· What would be your prediction for the northern extent of your temperature interval in a) 3 yrs, b) 5 years, or c) 10 years?

· What would your graph look like if your y-axis was numbered from 0 to 90 degrees (the equator to the north pole)?  Would you be able to determine a trend from this type of information?

· What is the actual distance -- in kilometres or miles -- that the temperature boundary moved in the 4 years that you studied?  (Students will need map or globe and scale to determine this…)

· Do you feel that 4 years of data is enough information to make an accurate prediction of an overall trend in sea surface temperatures in this region?  How could more data be obtained for historical surface temperatures?
· Do you think other parts of the globe would show the same trends? (see extensions…)

· What effect does a changing sea temperature have on the ice sheet covering Greenland?   On the global conveyor belt of ocean currents? On weather in Europe or Canada?

Extensions, or further investigations:

· Investigate another longitude line for SST (sea surface temperature) changes, or investigate a specific location of interest.  How have the temperatures changed in the last 4 years?  Do archived news reports of sea conditions give any historical data that would be useful?

· Investigate another month, other than October.  Is this trend still seen?

· What other data does the Giovanni site give you that might be of interest?

· Check out the following website: http://www.argo.ucsd.edu.  Is there any real-time data that could update information?

· Check out the National Data Buoy Center website: http://ndbc.noaa.gov.   How much information is available for each buoy you select?  Could this be used for a temperature study, year-to-year?  What else could be studied from this site?
· Check out the national snow and ice data center website:  http://nsidc.org for data on Greenland ice pack.
Assessment

· Did the student navigate and find the correct graph on the Giovanni website?
· Did the student correctly graph the data including lables and reasonable numbering scale?
· Did the student extrapolate out the data in order to determine future trends?
· Did the student produce a reasonable trend line?
· Did the students participate in the class discussion after the activity?
Additional Resources
Please list any Web sites, books, publications, or other resources that would be helpful for teachers or students preparing for this lesson.

Table:  

Data determined on 8/02/07.  Student’s data may vary slightly.

October SST 12° W Longitude

	TemperatureRange
	2006
	2005
	2004
	2003

	>14° C
	52.7°N
	<51°N
	<<51°N
	52.5°N

	12-14° C
	59°N
	57°N
	54°N
	58°N

	10-12° C
	63°N
	60°N
	61°N
	62°N

	8-10° C
	64.7°N
	64°N
	64.5°N
	64°N

	6-8° C
	66°N
	64.5°N
	67°N
	66.5°N

	4-6° C
	69°N
	66.5°N
	71°N
	67.5°N

	2-4° C
	71°N
	68°N
	72.5°N
	70.5°N

	0-2° C
	75°N
	75°N
	75°N
	72°N

	-2 - 0° C
	75+°N
	75+°N
	78+°N
	75°N

	<2° C
	ICE
	ICE
	ICE
	ICE
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Got time?

If you have time before your presentation, it would be helpful for me for you to provide

· Relevant content standards—National Science Education Standards: http://www.nap.edu/readingroom/books/nses/html/6a.html
· Science skills (using the Essential Science Skills grid on the EARTH Web site: http://www.mbari.org/earth/skills.htm
· Ocean Literacy Standards:
http://www.coexploration.org/oceanliteracy/documents/OceanLitChart.pdf[image: image2.png]
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