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Overview:

Today we will conduct a simple experiment, measuring mass, volume, and temperature in order to understand what controls water density. This experiment will help us understand ocean circulation, namely deep currents driven by density contrasts in the water produced by temperature and salinity variations. Wind-driven surface currents also affect ocean circulation. 
Part I. Physical Properties of Seawater
Density - Defined as a mass per unit volume. In oceanography the units are expressed as:

Density = Mass (g) / Volume (cm3)

Note 1 cm3 = 1 milliliter. Pure water at 40 C has a density that is exactly 1.0000 g/cm3.

Temperature – Temperature is a measure of the average kinetic energy that water molecules possess.  The warmer the water, the more movement will be exhibited by individual water molecules.  Lower temperatures will decrease water molecule movement. In pure water at 00 C the movement of water molecules is decreased significantly so that weak chemical (hydrogen) bonds between the water molecules become stronger than the kinetic movement of the water molecules.  At this point the water freezes and becomes a solid (ice).   

(°F - 32) * 5/9 = °C

Salinity – Seawater is obviously salty, and the measure of the degree of saltiness of seawater is called salinity, expressed in parts per thousand, otherwise known as per mil (%o).  Average seawater has a salinity of 35 %o, which means:

965 parts 
Water


35 parts

Dissolved Solids (salts)


1000 parts 
Total
Today, typical seawater varies in its salinity between 31 to 40 %o.  Salinity is directly correlated with density; the more salty the seawater, the greater the density. 

Experiments with Density
Many interesting phenomena in the oceans are caused by the interaction of two volumes of water, each with a different density. In this experiment, you will investigate the relative effects of temperature and dissolved salt on the density of water. Temperature and salinity are responsible for a wide variety of fluid dynamics in the ocean- from tidal mixing in estuaries to thermohaline circulation that moves water all over the planet.

Begin with the question, “Is salty water always denser than fresh water?”

Decide with your lab group on 2 alternate hypotheses that could help prove this idea true or false through an experiment.  A hypothesis is an idea that explains something and can be tested to find out if it is true or false. An example of a hypothesis is “A plastic BB always sinks in water.” An alternate hypothesis is “Changing the salinity and temperature of the water can make a plastic BB float” In today’s situation, one possible hypothesis is “The hotter fresh water is, the denser it becomes.”

Hypothesis # 1

Hypothesis #2

Work with your group to devise an experiment that will test your hypotheses, and thereby answer the question, using any (or none) of the following materials:

Tap water                                Ice
Salt

Mass balance


Graduated cylinder

Beaker

Food coloring


Wooden block


Balls/ Beads

After discussing ideas with your lab group, write an outline of your planned procedures, explaining how it will test your hypothesis. You do not have to use the same materials to test each of your hypotheses. 
Use the space below to present the results of your experiments.
	
	True or False?
	Pertinent Results

	Hypothesis #1
	
	

	Hypothesis #2
	
	


Based on your results, what do you conclude? Specifically, what is your answer to the initial question?

Layers of the Ocean:
The structure of the ocean is caused by a density difference between the three ocean layers:  

1. Surface mixed zone: the top layer of the ocean. This zone is warmed from absorption of solar radiation and is mixed by wave and tidal action. This warm layer does not extend more than 300 meters below the surface and therefore by volume accounts for only 2% of the world’s oceans.  Note that there is only a surface zone present at the lower and middle latitudes. 

2. Transitional zone: below the surface zone, present to a depth of 1000m; the transitional zone occupies about 18% of the world’s oceans by volume and is present only below the surface mixed zone. This zone is present in the low to middle latitudes.

** The transition zone in the lower and middle latitudes defines an area where both density increases and temperature decreases rapidly. In the transition zone, the rapid change in density is referred to as the pycnocline and the rapid change in temperature is called the thermocline.
3. Deep zone: most of the ocean by volume (80%) consists of the deep zone. The deep zone is actually present at the earth’s surface at the high latitudes. 
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Part II. Physical Properties of Seawater
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Use the data in Table 1 to construct low and high latitude density profiles on Figure 1.  Make sure you create a key to differentiate between your high and low latitude profiles.  
Rank the three layers in terms of density for the lower latitude (i.e. which layer has the lowest, medium and highest densities?)
Surface mixed zone
__________________

Transitional zone
__________________

Deep zone

__________________

Is this arrangement of densities what you would expect?  What is the trend or pattern?  Why?

Define pycnocline and label the pycnocline for high and low latitudes on your graph above.  Is it the same in each?  

Table 2: Temperature variation with depth at high and low latitudes.

[image: image7.wmf]
[image: image8.wmf]
Figure 2: Temperature profiles at high and low latitudes

Not only does temperature vary with depth, but it also varies with latitude. Use the data in Table 2 to construct high and low latitude temperature profiles in Figure 2. Make sure you construct a key to differentiate between your high and low latitude profiles.
Rank the three layers in terms of temperature for the lower latitude (which layer has the lowest, medium and the highest temperature?)
Surface mixed zone
__________________
Transitional zone
__________________
Deep zone

__________________
Is this arrangement of temperatures what you would expect?  What is the trend or pattern?  Why?
How are the physical properties (density and temperature) you just graphed related to one another?
Label the thermocline for high and low latitudes on your graph above.  

Compare and contrast the pycnocline and thermocline present on the graphs you constructed.  Do they occur at similar depths, follow similar trends, etc.  

Which ocean layer defines the top of the pycnocline and thermocline? Explain.
Part III. Seawater Chemistry
Seawater has a remarkably uniform chemistry. The same portions of dissolved solids are present nearly every place in the oceans. When solids are broken down in a solution of water to individual atoms or molecules (collection of atoms) these particles commonly become electrically charged.  An ion is an electrically charged atom or molecule. There are two types of ions:
Positively charged ions = cations

Negatively charged ions = anions
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Therefore, seawater contains dissolved cations and anions.  The dominant cation is Na+ (sodium) and the dominant anion is Cl- (chlorine). The relative proportions of ions in seawater are constant throughout the world’s oceans. The salinity (total amount of ions) can change significantly but the proportion of ions is fixed.  So, no matter the salinity, seawater is always dominated by sodium and chlorine.
Table 4:  Ocean surface water salinity and temperatures for the Atlantic basin
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Use the data in Table 4 to construct plots of salinity and temperature variations with latitude.
Describe the salinity (high, medium, low) at the following latitudes:

0°
____________

30°      ____________

60°
____________

Why is the salinity of surface sea water near the equator relatively low? Hint: think about the climate at the equator.
Why is the salinity of surface sea water high at the middle latitudes? Hint: look at one of the maps in the room to see what kind of areas are 30(N and 30(S.

Thinking about the previous two questions, which processes control salinity? Can you think of any others?

Part IV. Surface Currents
While deep currents are driven by temperature and salinity-driven density contrasts, surface currents are driven mainly by wind. 

Driving Forces for Surface Currents
Surface currents (in the upper 400m) are driven by wind stresses resulting from friction between moving air and the underlying water. Thus, surface wind-driven current patterns in the ocean mimic prevailing wind zones on Earth, with one modification. Once water starts moving under the influence of wind stress, it is affected by an apparent turning force due to the Earth rotating underneath it. This apparent deflection, known as the Coriolis effect, causes moving water to be deflected to the right of its original path in the Northern Hemisphere, and to the left in the Southern Hemisphere. 
Refer to section 7.2 in your textbook to answer the following questions.
How are the Coriolis effect and Ekman transport related?

How does Ekman transport affect the net transport direction of surface waters relative to wind direction?
On the diagrams below, use arrows to show the direction of surface water transport.
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   Northern Hemisphere



Southern Hemisphere


__________________    __________________     __________________   __________________

When water is pushed away from shore, cold, nutrient-rich waters rise from the depths to create upwelling currents. When water is pushed toward the shore, water piles up there and is forced downward, creating downwelling currents. Based on this information, draw arrows on the diagrams above showing what happens to the water as a result of Ekman transport. In the space below each diagram, label whether upwelling or downwelling is taking place.
In which situation would you expect to see higher primary productivity and why?
Major Surface Currents of the World
Combining the drag of the prevailing winds with the Coriolis deflection in each hemisphere, we end up with several elliptical current cells, known as gyres, which dominate each of the major ocean basins.
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Using the maps of the ocean wind (top) and currents (bottom), determine which direction currents and wind are moving in each of the five locations listed below. Record your findings in the table below using compass direction, e.g., N, S, E, W, NE, NW, etc. Use your textbook to label the currents on the bottom map as warm or cold (make a legend)
	Location
	Direction of Movement

	
	Ocean Current
	Wind Circulation

	U.S. west coast
	
	

	U.S. east coast
	
	

	North Pacific Ocean (around 40° N, 170° W)
	
	

	North of Antarctica, at 50°S, 100°E
	
	

	West of South America, 10°S, 100°W
	
	


In general, from what latitudes (high or low) do the warm and cold ocean surface currents come from? How is this related to their temperature, salinity, and density?
Describe the function of ocean currents in the distribution of heat on Earth.

Which direction (clockwise, counterclockwise) do the major ocean gyres turn in the Northern Hemisphere? Which direction do they turn in the Southern Hemisphere?

Name some areas of the world where you would expect there to be rich fisheries.
How might the addition of warm, salty water leaving the Mediterranean Sea and entering the North Atlantic Ocean contribute to thermohaline circulation? (Refer to your text for a diagram of thermohaline circulation)
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Figure 1: Plot high and low latitude density profiles





Table 1: How density varies with depth for both a high and low latitude location
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