CLASS COPY
DENSITY OF SEAWATER AND THERMOHALINE CIRCULATION LAB
Marine Science

Variations in salinity and temperature are the two most important factors in creating density differences in the oceans. These density differences are very important in deep-ocean circulation, which we will discuss later in the term.

Salinity is the amount of dissolved material in water, and is expressed as parts per thousand. Variations in salinity are influenced primarily by changes in the water content of seawater. For instance, in regions where evaporation rates are high, removing the water and leaving behind the salts increases the concentration of dissolved material in seawater. Alternatively, in regions of high precipitation or runoff from rivers, the additional water dilutes the seawater and lowers salinity. Because the factors that influence the concentrations of salts in seawater vary, the salinity of seawater also varies with latitude and depth.

Like salinity, ocean temperatures vary with latitude and depth. Temperature also affects density of seawater, but seawater is more sensitive to temperature fluctuations than salinity. For example, cool surface water, which has a greater density than warm water, forms in the Polar Regions, sinks, and flows towards the tropics.

PART 1. TEMPERATURE, SALINITY AND DENSITY EXPERIMENTS

Materials:

· 2 1 liter bottles

· Tornado tube

· Hot and cold tap water

· Salt

Procedure

1. Fill one bottle full of hot tap water. Fasten the tornado tube on. 

2. Fill the other bottle with ice water. Add six drops of food coloring to the ice water.

3. Place the yogurt lid over the top of the cold water bottle. Press firmly down on the yogurt lid and invert the cold water bottle and quickly place it over the opening of the tornado tube attached to the hot water bottle. Carefully slide away the yogurt lid allowing the two bottles to join together in the tornado tube. Screw the cold water bottle tightly into the tornado tube.

4. Lay the bottle gently on their side—and then do not disturb them. Tighten the tornado tube if you see any leakage.

5. Observe the bottle at eye level. Have one group member watch the movement for at least five minutes. During this time, the other two members can set up the next experiment.

Q1. Make a sketch of your observations below:

Q2. Which temperature of seawater has the greatest density? _______________ Explain how you know this: ________________________________________________________________________

________________________________________________________________________

6. Fill two bottles with room temperature tap water. Fill one bottle to the top and leave about an inch of space at the top of the second bottle. 

7. Add five spoonfuls of salt and eight drops of food coloring to the bottle with the space at the top. This is the SALTY bottle. Fasten the tornado tube on this bottle. 

8. Finish filling the salty water bottle to the top of the tornado tube with tap water.

9. Place a yogurt lid over the FRESH water bottle. Press firmly down on the yogurt lid and invert the fresh water bottle and quickly place it over the opening of the tornado tube attached to the salt water bottle. Carefully slide away the yogurt lid allowing the two bottles to join together in the tornado tube. Screw the cold water bottle tightly into the tornado tube.

10. Lay the bottle gently on their side—and then do not disturb them. Tighten the tornado tube if you see any leakage.

11. Observe the bottle at eye level. Have one group member watch the movement for at least five minutes. During this time, the other two members can set up the next experiment.
Q3. Record the observations of your experiment below:

Q4. Given equal temperatures of water, which sample of water has the greatest density? _______________ Explain how you know this: 

________________________________________________________________________

________________________________________________________________________

PART 2. MIXING OF HOT AND COLD WATERS

Materials:

2 Styrofoam type cups, each with a push pin

Plastic container

Small weights
Food coloring

Hot, cold, and room temperature tap water

Procedure.

1. Place weight in cups to keep them from floating or tipping.

2. Set your cups into the container. Fill the container with room temperature tap water to a height of about 1.5 cm below the rim of the cups. 

3. Remove the cups. Add ice water in one of the cups and add six drops of blue food coloring, stirring it in. Add hot tap water in the other cup, and add six drops of red food coloring, stirring it in.

4. Carefully place the cups in the container of water. Make sure the push pins are facing away from each other. 

5. Pull out the push pin in each cup. Begin to observe, making sure you are at eye level with the setup. Place a piece of blank white paper behind the setup to help you observe.

6. Continue to add hot and cold water into the appropriate containers to keep the water level in each cup approximately at the top.
Q5. Record your observations of this experiment below:

Q6. When hot and cold water mix, what happens to the cold water? _________________

Explain how you know this from the experiment you just conducted: 

________________________________________________________________________

________________________________________________________________________

Q7. Predict what you think would happen to a pool of equatorial seawater as an ocean current carries it to the higher latitude polar regions in terms of temperature and density:

________________________________________________________________________

________________________________________________________________________

Q8. In your own words (and without consulting the textbook) explain what you think upwelling means based on your observations from this experiment:

________________________________________________________________________

________________________________________________________________________

PART 3. MIXING OF FRESH AND SALTWATER

Materials:

· Two clear plastic cups: one filled with freshwater, one filled with saltwater

· Food coloring

· Ice cubes

Q9. List two ways you could determine which of the containers has salt water. (REMEMBER, TASTING IS NEVER A SAFE SCIENTIFIC PROCEDURE).

_____________________________________________________________________

1. Place 3 ice cubes in each container. 

Q10. Predict whether ice will melt faster in fresh water or salt water. Explain your reasoning below.

Prediction: _________________________________________


Explanation: ______________________________________________________

________________________________________________________________________

________________________________________________________________________

2. After a few minutes, place two drops of food coloring on top of the ice in each container.

Q11. Record your observations below.

Q12. Do your observations match your prediction? Why or why not? 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

Q13. Do ice cubes melt faster in freshwater or saltwater? ______________________

Q14. Why did the icy water sink to the bottom of the freshwater cup? _______________

________________________________________________________________________

Q15. Would you expect the surface, colored layer to be fresh or saltwater? 

________________________________________________________________________

________________________________________________________________________

Q16. Does your experiment support or refute the results of your salinity experiment from Part 1? Explain why or why not.

________________________________________________________________________

________________________________________________________________________

PART 4. SALINITY, TEMERPERATURE, DENSITY AND THERMOHALINE CIRCULATION.

1. Open up all of the following 3 links:

Link #1:   http://www.emc.ncep.noaa.gov/research/cmb/sst_analysis/images/monsstv2.png
Link #2:   http://upload.wikimedia.org/wikipedia/commons/3/3e/Wiki_plot_04.png
Link #3:   http://www.physicalgeography.net/fundamentals/8q_1.html
Examine each of these images and look for any relationships between sea surface temperatures from the first image, sea surface salinity from the second image, and the locations of warm and cold currents in the third image.  Record these relationships in the space below.

2. Now, based on your observations from the previous question, write a hypothesis that explains these relationships.

Go to the following two links:  
http://www.pik-potsdam.de/~stefan/thc_fact_sheet.html
http://www.windows.ucar.edu/tour/link=/earth/Water/circulation1.html&edu=mid
 and use the information to answer the following questions:
3. Based on the information in these websites and what you have learned from the experiments, what combination of temperature and salinity favors the sinking of ocean water? 

4. Scientists refer to the global conveyor belt as “thermohaline circulation.” What do they mean by this?
5. How are deep-water circulation and surface circulation related?
6. What things specifically cause salinity changes or “freshwater fluxes”?  Which of these causes salinity to increase and which ones cause it to decrease?
7. In what areas does “deep water formation” or the beginning of the ocean conveyor current occur ?
8. How could freshwater from a nearby land mass affect salinity of the adjacent ocean?

9. The polar ice caps are frozen freshwater. How could global warming and associated melting of the polar ice caps affect the global conveyor belt?  

