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Thermohaline Circulation Guide
The Objective:

· Observe how differences in the temperature and salinity of water affect the motion of water.
An Overview


Sea water in the Polar Regions becomes colder and more saline during winter months.  As a result, water near the surface of the Polar Sea becomes more dense and gradually sinks to the sea floor.  This is one of the mechanisms that propel a network of deep ocean currents referred to as the Thermohaline Circulation.


Students can trigger a deep water current by adding cold water containing food dye to warmer water. They can also trigger a deep water current by adding more saline water colored with food dye to less saline water. 

One strategy to employ is to have half of a class experiment with differences in temperature and the other half experiment with differences in salinity. An optional baseline trial can be done beforehand to establish that a change in temperature and /or salinity is responsible for the observed deep water current.

Examples of National Science Education Learning Standards:

· As a result of their activities in grades 5-8, all students should develop an understanding of the properties and changes of properties in matter.

· A substance has characteristic properties such as density, a boiling point, and solubility, all of which are independent of the amount of the sample…... (Page 154)

· As a result of their activities in grades 5-8, all students should develop an understanding of the structure of the earth system.

· Water is a solvent. As it passes through the water cycle, it dissolves minerals and gases and carries them to the oceans. (Page 160)

· As a result of their activities in grades 9-12, all students should develop an understanding of geochemical cycles.

· Movement of matter between reservoirs is driven by the earth’s internal and external sources of energy. These movements are often accompanied by a change in the physical and chemical properties of matter…... (Page 189)

STEM Contexts include a study of the:

· The relationship between the temperature and density of water.
· The relationship between the salinity and density of water.
· The similarities and differences of wind driven surface ocean currents the thermohaline circulation that results from differences in the density of water.
   www.umassk12.net/ipy
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Comparing and Contrasting the Networks of Ocean Currents:

Students may be familiar with the Gulf Stream that has a strong influence on the climate of the Eastern United States and Northern Europe. The Gulf Stream is a surface ocean current that originates as the Trade Winds push warm Atlantic Ocean water in the Equatorial Region to the west. The surface current is then deflected to the northeast along the coastline of North America. The Gulf Stream is then pushed to the east by the global winds called the Westerlies. 
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Source: http://www.windows.ucar.edu/tour/link=/earth/Water/ocean_currents.html

A map of the “Thermohaline Circulation” (shown below) can be used to compare and contrast surface ocean currents and the thermohaline circulation either prior to or following this activity. 
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Source :http://www.windows.ucar.edu/tour/link=/earth/Water/thermohaline_ocean_circulation.html
Differences between the two types of ocean currents include:
· The manner in which the ocean currents are produced.

· Surface currents are more confined to a body of water than the thermohaline circulation.

Similarities of the two types of ocean currents include:

· Both types of ocean currents transport matter and energy.
· Both types of ocean currents influence the climate of land masses.
Important Note: These differences and similarities do not reflect the complexities of the affect of ocean currents on Earth’s Climate System
The Optional Baseline Trial

This trial can be used as an example of how experimental controls are established during a scientific investigation and can be presented as a demonstration of the experimental procedure.
Additional Experimental Procedures Include:

· Creating sea floor terrains to observe changes in the direction of deep water currents.

· Experimenting with differences in temperature and salinity simultaneously.

· Experimenting with the smallest temperature or salinity difference that results in a deep water current.
Representative Responses to Questions Posed
The Optional Baseline Trial

Question 1: There seems to be a very slight spreading of the dyed water into the larger container of water.

Question 2: Placing the cup of dyed water into the larger container of water may result in turbulence that causes the dyed water move.

Question 3: If the water level in the plastic cup was higher than the water in the larger container of water then a difference in water pressure would have caused the dyed water to move downward into the larger container of water. 

The Difference in Salinities Trial

Question 4: The dyed water moved downward into the larger container of water and then moved across the bottom of the larger water container.  It then seems to spread upward and to the sides when it reached the other end of the container.

Question 5: Water that contains dissolved salt is more dense.

Question 6: A more concentrated saltwater solution would probably affect the motion.
The Difference in Temperature Trial

Question 7: The dyed water moved downward into the larger container of water and then moved across the bottom of the larger water container.  It then seems to spread upward and to the sides when it reached the other end of the container.

Question 8: The colder water is more dense than the warmer water. Note: That may be some classes where students have learned that water is most dense at a temperature of 4º Celsius.
Question 9: A greater difference in temperature could result in a more rapid motion of the dyed water.
Question 10: The “thermo” portion of the term applies to differences in the temperature of water. The “haline” portion of the term applies to differences in how much salt is dissolved in the water.

Internet Resources

The Results of a search on the Digital Library for Earth System Education

· http://www.dlese.org/library/query.do?q=deep%20ocean%20currents&s=0
NASA Resources

· http://aquarius.nasa.gov/seawater_mix_sink.php
· http://education.gsfc.nasa.gov/ess/Units/Unit3/U3L11A.html
· http://seawifs.gsfc.nasa.gov/OCEAN_PLANET/HTML/oceanography_currents_1.html
· http://sealevel.jpl.nasa.gov/education/activities/ts1siac1.pdf
UCAR Resources
· http://www.windows.ucar.edu/tour/link=/earth/Water/deep_ocean.html
· http://www.windows.ucar.edu/tour/link=/earth/Water/density.html&edu=high
NOAA Resources (the first one has an animation)

· http://oceanservice.noaa.gov/education/kits/currents/06conveyor.html
· http://oceanservice.noaa.gov/education/kits/currents/welcome.htm
UCLA’s Lesson Plans for Grades 4-8

· http://www.msc.ucla.edu/oceanglobe/pdf/climatecurents/currentsentire.pdf
Woods Hole Oceanographic Institute’s use of satellites

· http://www.whoi.edu/science/PO/people/sjayne/pdfs/wahr_currents_jgr2002.pdf
New York Times article about decrease in flow of water from the Arctic to the Atlantic

· http://query.nytimes.com/gst/fullpage.html?res=9507EED71F31F932A15755C0A9679C8B63
Surface Currents

NOAA Resources

· http://oceanexplorer.noaa.gov/library/readings/gulf/gulf.html
· http://www.oscar.noaa.gov/
NASA Resources
· http://sealevel.jpl.nasa.gov/
· http://www.nasa.gov/mission_pages/ostm/main/index.html
University of Southern Maine web site

· http://www.usm.maine.edu/maps/lessons/nr05b.htm
History of the Gulf Stream

· http://www.keyshistory.org/gulfstream.html
