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Lab 9:  Ocean Circulation
The Problem


The water in the ocean does not stay in the same place but moves around. If we can predict where the water moves to and how fast it moves, it will help us to deal with problems like oil and other contaminant spills in the ocean. Our basic problem today is: what will happen to contaminants (like oil in the gulf!) are spilled into the ocean? Assume that the contaminants move as the water does.

Activity 1: Vertical ocean structure: will our contaminant sink or float?


Let’s examine how deep water in the ocean circulates.  Deep-ocean circulation moves water vertically in the ocean.  As we will explore in class, surface waters can become too dense (through changes in temperature and/or salinity), which makes them sink beneath the surface.  This sinking causes the denser water to spread slowly beneath the surface, into the deep ocean.
Your GTA will perform a demonstration 
1. Observations:

a. What happened to the blue water when it was added?   Draw a picture and describe in your own words.
b. What about the red dyed water?  

2. Think back to your convection cell notes: which color represents warm water: the red or blue dye?  Which represents cool water? Explain your reasoning.  

3. Based on what you know about how changes in temperature and salinity affect density, how do you think deep-ocean currents might be generated?

Figure 1 shows typical data for temperature and salinity in the Pacific Ocean, from near the south pole to the northern Pacific. Here the contour lines are lines of equal temperature (upper diagram) and salinity (lower diagram). 
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FIGURE 1. Vertical cross-sections from the sea surface to 5000m deep of temperature (top panel, ˚C), and salinity (bottom panel, ‰) in the Pacific Ocean. Hatched areas represent the sea floor. Cross section along the meridian of 170°W from 90˚S to 55˚N. 

4. Refer to Figure 1, which shows cross-sections of temperature and salinity from south to north through the Pacific Ocean. Describe the distribution of temperature and salinity throughout the profile (from the ocean surface to the bottom). 
5. Do the temperature data make sense in light of our density experiments in a previous lab and from the demonstration? 
6. How about the salinity data?

Plot the data below in Excel. Make two plots: depth (on the y-axis with zero on top) versus temperature (x-axis) and depth (again on the y-axis) versus salinity. You may choose to do part c before printing but that’s up to you. Print your graphs to the local printer when done.

	Depth (m)
	Temp ((C)
	Salinity (0/00)

	0
	24.4
	36.5

	250
	21.2
	36.3

	500
	6.9
	35.6

	750
	5.1
	34.7

	1000
	4.9
	34.4

	2000
	4.8
	34.8

	3000
	4.7
	34.9

	4000
	4.6
	34.8


7. On your graphs of salinity versus depth and temperature versus depth, draw horizontal lines that separate, by depth, the following zones or layers (also label the 3 zones):

a. Mixed or surface zone of uniformly warm water.

b. Thermocline, where the temperature decreases rapidly downward (with these data it would also be possible to plot the halocline, where salinity decreases rapidly downward)

c. Deep zone of uniformly cold water.

8. Compare your graphs of the data above, which shows a temperature and salinity profile at one location in the ocean to the data in Figure 1, which shows a profile of the entire Pacific Ocean. Do you think these data are from low (tropical) latitudes, mid (temperature) latitudes, or high (polar) latitudes? Why?
9. Examine the temperature and salinity data in Figure 1. Compare the vertical changes in temperature and salinity at tropical, temperate and polar latitudes. 

a. In which parts of the ocean is the water column unstable (that is, where do you think density remains the same or even decreases with depth)? 

b. In which parts of the ocean is the water column stable (that is, density increases with depth)? 

c. Given your answers to a and b above, where would you expect ocean water introduced at the surface to remain at the surface?  Where would you expect them to sink?  

Activity 2: Drifter data to plot surface currents: where will the contaminant move at the surface?

Since the dawn of human civilization, people have thrown objects into the water to see where the currents would take them (the old “note-in-a-bottle trick’). We continue to do the same thing with more sophisticated, high-tech tools.

Figure 2 shows an example of a drift current meter. They are released into the ocean by ships or airplanes. They float with the currents and take measurements of the water with built-in instruments. They are tracked by satellites in orbits far above earth and transmit data several times a day.

The floats on the drifter keep it at the surface of the water and hold an antenna for sending data to a satellite above. Metal vanes extend 1-meter below the surface and cause the ocean currents to move the “drifter” instead of the surface wind.

[image: image4.png]


Table 2 contains data from buoys that drifted on currents in the North Pacific OceanFigure 2. Drift current meter

1. Plot data from 3 buoys (Table 2) on the map of the Pacific Ocean (Figure 3). Use longitude and latitude data to plot the position of each buoy location during the year; then connect the locations with lines and draw an arrow to show the direction of motion.
NOTE: By convention, “East” longitudes are given positive values and “West” longitudes are given negative values.

2. Refer to Map of Surface Currents (Figure 4) provided. What are the names of the surface currents that moved the buoys whose paths you plotted?
Buoy 12410:

Buoy 15022:

Buoy 22217:

3. The currents plotted in (a) are all part of the North Pacific gyre, a clockwise-moving current that redistributes heat in the North Pacific.

a. What is the name of the current that moves water past the coast of California?

b. Do you think it carries warm or cold water past our coast?

4. Based on the data you plotted (a years worth of travel), estimate how long it would take for a contaminant spilled off the coast of southern California to reach the coast of Japan.

5. If a contaminant moves 50( of longitude along the equator during one year, how fast is it moving in nautical miles/hour? (Clue: at the equator, the distance between degrees of longitude  is 1( = 60 nautical miles)

Table 2. North Pacific Buoy Data

	Buoy number
	Position Day
	Latitude*
	Longitude**

	
	
	
	

	12410
	27-Feb-95
	30.1
	-123.7

	12410
	26-Mar-95
	27.5
	-121.8

	12410
	22-Apr-95
	25.0
	-124.6

	12410
	22-May-95
	23.6
	-128.0

	12410
	24-Jun-95
	22.5
	-133.9

	12410
	24-Jul-95
	23.1
	-138.4

	12410
	26-Aug-95
	20.5
	-145.4

	12410
	25-Sep-95
	20.0
	-147.6

	12410
	20-Nov-95
	17.9
	-155.3

	12410
	18-Dec-95
	21.4
	-159.5

	
	
	
	

	15022
	25-Feb-95
	10.7
	162.0

	15022
	27-Mar-95
	10.5
	152.1

	15022
	23-Apr-95
	11.6
	145.5

	15022
	20-May-95
	12.4
	137.6

	15022
	25-Jun-95
	17.0
	131.1

	15022
	22-Jul-95
	21.7
	127.8

	15022
	27-Aug-95
	33.0
	141.6

	15022
	23-Sep-95
	37.0
	147.8

	15022
	23-Oct-95
	39.3
	152.0

	15022
	25-Nov-95
	40.1
	154.5

	15022
	31-Dec-95
	37.6
	160.4

	
	
	
	

	22217
	27-Feb-95
	51.2
	-162.7

	22217
	27-Mar-95
	50.4
	-165.3

	22217
	24-Apr-95
	48.7
	-159.5

	22217
	29-May-95
	50.7
	-155.1

	22217
	26-Jun-95
	50.4
	-151.7

	22217
	24-Jul-95
	51.5
	-149.3

	22217
	28-Aug-95
	51.0
	-145.0

	22217
	25-Sep-95
	53.1
	-143.8

	22217
	23-Oct-95
	55.2
	-139.1

	22217
	27-Nov-95
	57.1
	-141.4

	22217
	18-Dec-95
	56.9
	-141.7

	
	
	
	

	*All latitudes are in the Northern Hemisphere
	

	**Positive numbers are East Longitudes and negative numbers are West Longitudes


FIGURE 3. Map of the Pacific Ocean for plotting buoy data.
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FIGURE 4. Surface currents of the world ocean

Activity 3: Coriolis Effect:



You’ve learned in class that the Earth’s rotation affects the apparent direction of an object in motion.  We call this the “Coriolis Effect”.  To visually understand what the Coriolis Effect is, and how Earth’s rotation deflects an object’s motion differently in each hemisphere, let’s do an experiment with the classroom globes.

Instructions

1. You will be using the plastic/inflatable globes in the classroom.  First locate the geographical areas of interest:  Look at the North Atlantic Ocean.  Find 60° North, just below the southern tip of Greenland.

2. Tape a sticky note, and put the top of it along 60°N, from the southern tip of Greenland to Oslo, Norway 
3. Scenario 1: You are a Norwegian scientist studying the Greenland ice sheet.  You need to return home to Oslo after a long field season.  You will simulate your flight using a very high tech tool: a pencil.

a. Hold a pencil along 60°N latitude line. Make sure that the pencil continues to point in the same direction as you rotate the earth beneath it. The easiest way to do this is to hold the point tangential where the top of Greenland was at the beginning of the flight.   

b. Observation:  What does your flight path look like?  How did the sticky note move relative to the pencil?  How would that look if you were on the earth?  In other words, in which direction would the flight appear to have been diverted?
4. Scenario 2: After getting back to Norway, you need to prepare to go to a conference in Sicily Italy (almost due south from Oslo).  

a. Place your sticky note so that the top is along the 60°N line and the side makes a straight line from Oslo to Sicily.  Put your pencil along this flight path, and rotate the globe.  
b. Observation:  What does your flight path look like?  How did the sticky note move relative to the pencil?  How would that look if you were on the earth?  In other words, in which direction would the flight appear to have been diverted?
c. Observation: Sicily is lovely, but you have to get back home.  What happens when you fly back the other direction? From Sicily to Oslo? 

5. Scenario 3: To compare your results from observations of the Greenland ice sheets to other regions, you decide to go to the Antarctic peninsula.  To do that, you have to take a flight from the southern tip of South America to the peninsula.    

a. Place your sticky note so that right side of it makes a straight line from the southern tip of South America to the Antarctic peninsula.  Put your pencil along this flight path, and rotate the globe.  
b. Observation:  What does your flight path look like?  How did the sticky note move relative to the pencil?  How would that look if you were on the earth?  In other words, in which direction would the flight appear to have been diverted?
c. Observation: What happens when you fly back the other direction? From Antarctica to South America? 

6. Scenario 4: Your research focus has changed a bit, and you’ve decided to study some tropical high altitude glaciers.  The glacier you are interested is in the high Andes, and the closest airport is Quito.  You’ve had another tough field season, and as a treat, you decide to go to the Galapagos islands for a vacation.  

a. Place your sticky note so that the top is along the equator between the two locations Put your pencil along this flight path, and rotate the globe.  
b. Observation:  What does your flight path look like?  How did the sticky note move relative to the pencil?  How would that look if you were on the earth?  In other words, in which direction would the flight appear to have been diverted?
Activity 4: The 2010 BP Oil Spill

Open the courses folder (bottom right side of the dock) ( O104 (course folder) ( Lab9 ( BP_spill_loopcurrent-2010-07-15.pdf
This PDF is a map released by NOAA during the BP Deep Water Horizon oil spill.

1. What are the major currents on this map?

2. Why do you think NOAA was tracking the oil in relation to these currents?

3. Where could the oil end up if it spread into the Loop Current?

4. According to this document what would most likely happen if the spill was to reach the Loop Current?






















