UNIT

Adopt-A-Drifter Program
LESSON 5

Ground-Truthing Satellite Imagery with Drifting Buoy Data

Subject (Focus/Topic): Ocean and Atmospheric Science: Sea Surface Temperature
Grade Level: 5th – 9th grade

Average Learning Time: 1 50-minute class
Lesson Summary (Overview/Purpose): Students will utilize data from drifting buoys and satellites using the Adopt-a-Drifter website and the NOAA National Operational Model Archive Distribution System (NOMADS) server in order to construct tables showing sea surface temperature. They will use the data collected directly from the drifting buoys to verify the data collected by remote sensing (satellites). Ground-truthing is essential in the calibration of remote sensing instruments, in order to provide us with accurate data.
Overall Concept (Big Idea/Essential Question): Are satellite sea surface temperature readings accurate?

Specific Concepts (Key Concepts):
· Ground-truth information, often referred to as "reference data," involves the collection of measurements or observations about objects, areas or phenomena that are being remotely sensed. 

· Two primary methods exist for determining sea surface temperature (SST) on regional and global scales, buoys which can directly measure SST, and satellite observations which can indirectly infer SST. 

· Both methods have their advantages. Buoys take measurements directly in the ocean, so their data should be reliable. However, their data are limited to their actual locations. Satellites remotely infer sea surface temperatures, and may have to be recalibrated, but they can cover large areas in a relatively short amount of time.
Focus Questions (Specific Questions):

· What are two methods in which sea surface temperature can be measured?

· How do we know if sea surface temperature data measured by remote sensing techniques is valid?

· Why is monitoring sea surface temperature important?

Objectives/Learning Goals:

· Students will construct tables containing sea surface temperature data from drifting buoys and satellite data.

· Students will compare drifting buoy data with satellite imagery to ground-truth the satellite images.

Background Information:

Ground-truth information, often referred to as "reference data," involves the collection of measurements or observations about objects, areas, or phenomena that are being remotely sensed. This ground-truth information can be used by scientists to aid in the interpretation, analysis, and validation of the remotely sensed data. Ground-truthing can be expensive and time consuming. In order to have an accurate and sufficiently large reference data set, we must access as many sites as possible, often in the remote places.

Two primary methods exist for determining sea surface temperature on regional and global scales. The first involves traditional, direct measurements of sea surface temperature using ship-borne instrumentation using both fixed and drifting buoys. A rather large network of these observation platforms was set up over the past several decades to provide near continuous measurements of sea surface characteristics linked through a global telecommunication system. However, sufficient coverage of the sea surface temperature is only from 60 degrees North to 30 degrees South and even there gaps occur. The second method uses satellite observations to indirectly infer sea surface temperature.  Infrared sensors on environmental satellites can be used to measure the temperature across large expanses of the ocean surface. 
This data has many important applications that allow scientists to use ocean temperatures to observe ocean circulation and locate major ocean currents. Ocean current analysis can facilitate ocean transportation and, by using sea surface temperature, scientists can monitor changes in ocean temperatures and relate these to weather and climate changes. Sea surface temperature can also aid in the detection of newly formed sea ice, which might otherwise go unnoticed. The same data can also be used to monitor the amount of ice on inland bodies of water such as the Great Lakes and Hudson Bay. Finally, sea surface temperature can be used to help locate living resources that are associated with specific thermal features in the oceans, such as fish that prefer a specific temperature range. 
These temperatures are inferred from radiance measurements in a set of discrete spectral channels sensitive to emission of electromagnetic energy from Earth's surface. One enormous advantage of satellite usage is that it can cover huge areas in a relatively short time. Even though clouds and places of high humidity can interfere with the satellite data collecting in such a way that the satellite images must be adjusted to accommodate these factors, satellite imagery for measuring sea surface temperature is still a valuable tool.

Common Misconceptions/Preconceptions:

· A satellite is located too far from the earth’s surface to accurately measure sea surface temperature.
· Data collecting instruments always provide accurate data and do not need to be checked or recalibrated.
Materials:
· Internet access to Adopt-a-Drifter website:

http://www.adp.noaa.gov/track_drifting_buoys.html
· Internet access to NOAA Sea Surface Temperature Satellite Images:

            http://nomad2.ncep.noaa.gov/ncep_data/
· Printer

· Ground-Truthing SST Data table (provided)
· Map of the world (for display)

· Globe (or large sphere to represent Earth)

· Object to represent satellite
Technical Requirements:
· Student access to the Adopt-a-Drifter and NOAA websites.
· Student access to a computer printer.
Teacher Preparation:

· Make copies of the data tables for each student.

· Ensure that students will have access to the internet and to a computer printer.

· Provide students with Wrap-Up questions (can be written on board).

Keywords:
· Sea surface temperature (SST)
· Satellite imagery

· Drifting buoys

· Remote Sensing

· Ground-truthing

· Calibration

· Global Ocean Observing System (GOOS)

Pre-assessment Strategy/Anticipatory Set:

· Display a map of the world. Point to a location in the ocean. Ask students how they think we could find the sea surface temperature for that location.

· Explain to students that there are two ways that we can collect sea surface temperature data – directly with buoys (fixed and drifting) and indirectly using remote sensing satellites.

· Display a globe (or another large sphere to represent Earth). Show students how satellites are located in space, above our atmosphere, and how they orbit the Earth.
· Ask students which method they think is best for collecting sea surface data on a large, global scale – using direct SST measurements with buoys or using remotely sensed SST measurements with satellites. Have them turn-and-talk to discuss the question with a partner. Then, have students share their thoughts with the class.
Lesson Procedure:

1. Have students access the Adopt-a-Drifter website at: http://adp.noaa.gov/track_drifting_buoys.html
2. Students can select and click on any drifting buoy, sea surface temperature (SST) and table of measurements.

3. Have students print the table of measurements for the buoy selected.

4. Have students access the NOAA sea surface temperature satellite images using the following directions:

· To create your own time series of OI SSTs, go to the NCEP NOMADS server:

· http://nomad2.ncep.noaa.gov/ncep_data/
· Then, you'll see a list of data sets.

· Under “Climate Monitoring (real time)” find “SST” and select “plot.”
· Select “control file” (for weekly 1990 onward, weekly 1980's, or monthly.)

· Select “include variable definitions and units” for better information describing available data.
· Select “map.”
· Click on “Next Page” button.
· Select a variable (sst 1 level)

· Select any extra operations from menu 1 and 2



** - For OIv2 SST, total fields are now Kelvin.  To get SSTs in 


Celsius, use the K->C conversion in the 2nd pull-down menu for 


extra operations.



(Don't use this option for anomalies or increments).

· Select date (date should match the drifting buoy date that is being compared.)

· Select “map projection.”

For select regions not included in the “map projection' pull-down 
menu, choose “custom” from the menu, and enter your starting lon/lat and dims.


     An example for a custom location: lon=250  width=50 






 lat=-25 height=60
· Select “Draw” option.
· Click on  “Plot” button.
· A plot should appear.
· Towards the bottom is an option to download a postscript file.
· For some additional useful info, see:


http://www.cpc.ncep.noaa.gov/products/wesley/ncep_data/index.html


     Contact: Diane.Stokes@noaa.gov
5. Have students compare the SST from the buoy to the SST from the satellite at a particular location and date. They should do this for 5 different locations and dates. 

*Note: To get the satellite map for another date, simply hit the back button 

and change the date. Everything else should stay the same unless the buoy 

moved out of your area on the map.

6. Have students fill in the data table. 

Wrap-up:
Once students complete the data table, students should write the answers to the following questions independently, on a separate sheet of paper. After writing their answers, if time allows, they can discuss their ideas with the class.

1. Are the SST temperatures the same for the buoy and the satellite images?

2. If not, for what reasons would you think they are different?

3. If so, for what reasons would you think they are the same?

4. Why are data for sea surface temperature important?
 
Assessment and Evaluation:
Check each table to ensure that the data has been represented correctly. Collect the answers to the wrap-up questions and grade them based on their accuracy and correct use of scientific vocabulary and language.

Standards:

· National Science Education Standards Addressed (Grades 5-8):

NSES D: Earth and Space Science
Sub-category: Structure of the earth system
· Ocean Literacy Principles Addressed (Grades K-12):
Principle 3: The ocean is a major influence on weather and climate.


Fundamental Concepts: a, b
Principle 7: The ocean is largely unexplored.


Fundamental Concepts: b, d, e
· Atmospheric Science Literacy Principles Addressed:

Essential Principle :

Fundamental Concept: 
· Climate Literacy Principles Addressed:

Essential Principle 1: The sun is the primary source of energy for Earth’s climate system.

Fundamental Concept: A
Essential Principle 2: Climate is regulated by complex interactions among components of the Earth System.


Fundamental Concepts: A, B, F

Essential Principle 5: Our understanding of the climate system is improved through observations, theoretical studies, and modeling.


Fundamental Concepts: B, C

· State Science Standard(s) Addressed:

Will differ depending on your state

Additional Resources:

Websites:

Ocean Literacy Principles - http://www.coexploration.org/oceanliteracy/scopeandsequence/publicreview/index.html#cfds
Climate Literacy Principles – http://www.climate.noaa.gov/index.jsp?pg+/education/edu_index.jsp&edu=literacy
Atmospheric Science Literacy Principles – http://eo.ucar.edu/asl/
Adopt-a-Drifter Program – http://www.adp.noaa.gov

Tracking Page – http://www.adp.noaa.gov/track_drifting_buoys.html
University of Southern California (USC) Earth Sciences –

http://earth.usc.edu/~stott/Catalina/Oceans.html
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