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Purpose

The lab is designed to help you become familiar with the geography of ocean currents and the processes that produce them.
Lab Objectives
· To create and test a model of surface ocean currents.

· To create and test a model of subsurface, density driven currents.

· To create a map of global ocean currents and determine current velocity, direction, and temperature for 7 locations in the ocean.
Materials

· Rectangular plastic tank
· Food coloring
· Soda straw
· Wood block
· Colored pencils
· Circular glass dish
· Two plastic tubes with corks and holes drilled in them
· Two 200 ml beakers
· The computer program “GeoAtlas”
Write up


Your write-up for this lab should include notes for the four models in parts 1 and 2, answers to the follow-up questions asked in each part,  a world currents map (figure 6) and the accompanying table (table 1) completed, and answers to the follow-up questions asked at the end of part 3.  You may either add your data and answers to this document if you downloaded it in Microsoft word format, or type up a separate document containing the information listed in the previous sentence.
Background


Within the world’s ocean basins seawater is constantly in motion.  Any beachcomber who walks along an Oregon or Washington beach can verify this simple fact.  Often following winter storms, these beaches will be littered with pieces of Styrofoam or soft drink containers that floated there from as far away as the Pacific shores of Asia.  The circulation of marine waters involves both surface currents and the movement of deep-water masses.


A surface current is the horizontal movement of seawater within the top kilometer of ocean.  Such currents generally flow in a circular pattern called a Gyre (Figure 1).   The largest of these gyres, the west wind drift, travels around the entire globe off the coast of Antarctica.  Smaller gyres are found in all three major oceans above and below the equator.  In all these cases surface currents are driven by the winds blowing over the oceans.  The speed and direction of these currents is influenced by three principle factors: 

	1. The speed and direction of the winds driving them - Currents in open ocean generally flow in the same direction as the prevailing winds blowing above them.

2. The rotation of the earth - As the earth turns ocean currents are deflected to the right in the northern hemisphere and to the left in the south.  This effect is known as the Coriolos effect.

3. The presence of landmasses - As a current approaches a continent or island it is diverted by it.   In the Pacific Ocean the continents forms a “fence” which force surface currents flow in two large gyres, one above the equator, the other below it.  This same pattern is produced in the Atlantic.  
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Figure 1 – Major gyres in the western hemisphere.  The lowermost current, the West Wind Drift is a circumpolar current since there are no landmasses to block it.  The upper two gyres, on the other hand are bordered on the west and east sides by continents.  As you will see in Part 3 of this lab, this picture is a highly simplified portrait of circulation in the Pacific.



Currents in deep ocean like their surface counterparts, also take circular paths.  However, unlike surface currents they move both horizontally and vertically.  Furthermore, their flow rate is considerably slower (water in these currents makes a complete cycle every 500 to 2000 years) and they are largely unaffected by surface winds.  The movement of deep water masses is driven primarily by differences in density produced by variations in salinity and temperature.  An example of this is a flow of water known as the Antarctic Bottom Water.  This current is formed when cold, high salinity water is produced during the freezing of sea ice.  The combination of high salinity and extremely cold temperatures results produces extremely dense water which sinks to the bottom of the Atlantic ocean basin and flows north.    

Method


This lab is divided into three parts.  In part 1 you’ll be creating a working model of surface currents to see how they are driven by surface winds and modified by the configuration of the ocean basins they are flowing in.  In part 2 you’ll be creating a working model of subsurface currents to see how changes in density create both vertical and bottom water flows.  Finally in part 3 you’ll be using an interactive atlas to draw conclusions about actual surface ocean currents.

Part 1 –Modeling surface currents


In part 1 of this lab you’ll be modeling the production and flow of ocean surface currents.  To do this you’ll need the plastic tank that you used in the coastal geology lab, a soda straw, some food coloring and tap water.  For this part you’ll be created two models of surface flow that differ in regards to how the flow is restricted by landmasses.
Model 1.1 – Modeling currents in an “unrestricted” ocean basin.

1. Fill a plastic tank with tap water to an approximate depth of 1 cm.  This part of your model of simulates an ocean basin.

2. Using a large soda straw blow across the surface of the water on one side of the pan.  Aim the straw so that the air flows horizontally over the surface of the water and parallel to the long side of the tank.  This part of your model simulates a surface wind.

3. As you are blowing place 1 drop of food coloring in the water in front of the straw.  The food coloring will act as a tracer that will allow you to see which way the water in the tray is flowing.

4. Using figure 2, draw lines and arrows indicated how the food coloring moved within the tray.  Like our previous labs, you can either use your favorite graphics program to draw on the figure or print out this handout draw on the figure with colored pencils and take a digital photograph of your drawing.  This can be pasted into your write-up.
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Figure 2 – Record the currents that you observed in model 2.1 on this figure.



Model 1.2 – Modeling currents in an “unrestricted” ocean basin.

1. Empty and refill the tank with tap water to an approximate depth of 1 cm.

2. This time place a wood block in the tray at the location indicated in figure 3. This part of the model represents a large landmass.

3. Repeat steps 2 and 3 of model 1.1.  Record your observations on figure 3.
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Figure 3 – Record the currents that you observed in model 2 on this figure.



Follow-up questions

1. In what ways are models 1.1 and 1.2 accurate representations surface ocean currents?  In what way is they inaccurate?

2. What impact did the “land mass” (wood block) that you placed in the tray in model 1.2 have on the currents generated in the tray?  How does the results from this experiment help explain why the major Gyres in the Pacific and Atlantic oceans flow differently from the West Wind Drift.
Part 2 – Modeling subsurface currents 

In this part of the lab you’ll be creating and observing a model of density driven subsurface circulation.  To do so you’ll need a deep circular glass dish, two plastic tubes with holes drilled in them, food coloring, two 50 ml beakers, some saltwater and tap water.

Model 2.1 – Modeling the collision of warm and cold surface currents.


In this experiment you will be modeling the collision of two near surface currents, one warm and the other cold.  Before you create and run the model create a hypothesis based on what you learned in the “Properties of seawater” lab about what you think will happen when cold and warm currents of equal depth and velocity collide.

	Write your hypothesis in this space.  Make sure to explain your reasoning.




1. Fill a circular glass dishes with tap water to a depth of 5 cm.  The water should be around room temperature (20°C).

2. Place each of the plastic tubes with holes at opposite ends of the glass dish (figure 4) with the holes at the bottom of the tubes pointed at each other.

3. Heat 200 ml of tap water to around 40°C. Cool a second 200 ml of tap water to a temperature of 5-10°C.  Do this by placing a beaker of tap water into an ice bath.

4. When both beakers of tap water reach the desired temperature put 1 drop of food coloring into each beaker (red for hot and blue for cold).  
5. While pouring 50 ml cold water into one of the plastic tubes, while simultaneously pouring 50 ml of hot water into the opposite tube.  This will create two streams of water (one hot, the other cold) that will collide with each other.  
6. Draw how the water layered 30 seconds after pouring the contents of the beaker into each of the plastic tubes.  Record what you saw on figure 4.  Make sure to label what you have drawn.
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Figure 4 – Set up for model 2.1 Record your observations for this experiment here.




Follow-up questions

1. How did what you observed compare to your observations?

2. If your experiment did not behave as expected, what do you think accounted for the difference?

3. In the real world, a warm current called the Equatorial counter current collides with a colder current called the California current off the southwestern coast of North America.  Based on this model what do you think would occur as the two currents collide?
Model 2.2 – Modeling the mixing of fresh and salt water


In this experiment you will be creating a model of an estuary where fresh and saltwater interact.  To create this model you will need the glass dish that you used for model 2.1, some food coloring, saltwater, tap water, a 200 ml beaker, and one of the plastic tubes used for model 2.1.  Before you construct and run the model make a hypothesis about what you think will happen when saltwater flows into a body of freshwater.

	Write your hypothesis in this space.  Make sure to explain your reasoning.




1. Fill a circular glass dishes with tap water to a depth of 5 cm.  The water should be around room temperature (20°C).

2. Place a plastic tube with hole near its base at one end of the dish (Figure 5).

3. Fill a beaker with 200 ml of saltwater and add a single drop of food coloring.  The saltwater should also be around room temperature.

4. Pour 50 ml of the saltwater into the plastic tube.
5. Draw how the water layered 30 seconds after pouring the contents of the beaker into each of the plastic tubes.  Record what you saw on figure 5.  Make sure to label what you have drawn.
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Figure 5 – Set up for model 2.2 Record your observations for this experiment here.




Follow-up questions:

1. How did what you observed compare to your observations?

2. If your experiment did not behave as expected, what do you think accounted for the difference?

3. Based on your results from model 2.1, if you were to take water samples from a single spot on a dock in an estuary, where would you find the most saline and the least saline samples?

Part 3 – Investigating the geography of ocean currents

In the final part of this lab you will be determining the speed, direction, and temperature of ocean surface currents using an interactive geophysical atlas (GeoAtlas).  To accomplish this you will be completing the map in figure 6 by drawing arrows on the streamlines indicating direction.  You will also be determining the speed and direction of the currents at the seven locations indicated on figure 2.  Your speed will be in km / hr while directions will be in compass directions (North, Northeast, East, Southeast, South, Southwest, West, and Northwest).  Record your results in table 1. The operation of GeoAtlas will be explained in the introduction video accompanying this lab.
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Figure 6 – Unfinished map of ocean surface currents.  Complete it by drawing arrows on the streamlines indicating flow direction.

Table 1 – Record the speed and direction of the current at sites 1 through 7 in this table.

	Name of current at these sites
	Speed (km/hr)
	Direction

	1. Peru current
	
	

	2. Kuriosho current
	
	

	3. California current
	
	

	4. Gulf stream
	
	

	5. Agulhas current
	
	

	6. Canary current
	
	

	7. West wind drift
	
	


Follow-up questions

1. The Gulf Stream and Canary current are part of the North Atlantic Gyre.  Based on the current directions that you recorded in table 2 for each current, which way is the Gyre rotating (clockwise or counter-clockwise)?  How does this circulation pattern compare to the North Pacific Gyre that includes the Kuriosho and California currents?

2. How does the circulation pattern of the North Pacific Gyre compare to that of the South Pacific Gyre that includes Peruvian current?  What do you think causes this difference?

3. Generally surface seawater temperature at site 4 is warmer than it is at site 6.  What do you think causes this difference in temperature?

4. How does the current at site 7 differ from the other six currents?  What causes this difference?

Modeling and mapping ocean currents - Page  
 PAGE 
1
       


