Density and Circulation 

Ocean 101 Lab – Winter 2000
Name ________________________

Homework #5
Section _______________________

Due next Wednesday in lecture.
TA's Name ____________________

General guidelines: Always show your work, including units!

Part A: Density dynamics





points

1. Because of our planet's orientation to the sun the equatorial regions absorb 


( more / less ) energy than the polar regions. (circle one)
()



2. The Earth's ocean can absorb a huge amount of solar energy without boiling because (circle the best answer):
()


a. phytoplankton absorb so much sunlight.


b. the latent heat of vaporization is so small.


c. the heat capacity of water is so high.


d. the sun's power is much weaker than it used to be.

3. When heat flows from the warm equatorial ocean to the air above, the air 


( rises / sinks ) and thereby provides energy to the global wind system. (circle one)
()

4. The sun is constantly adding energy to the Earth, yet the planet has NOT always been getting warmer and warmer.  What process removes energy from our planet?



a. heat flow into the core
b. radiation to space
c. evaporation
(circle one)
()

5. In the following table, specify how each situation changes the density of liquid water.  Put a checkmark in the "Increases" column if the water's density would increase, or in the "Decreases" column if it would decrease.
()

Situation in the water:
density INCREASES
density DECREASES

Water temperature increases from 25oC to 28oC near the equator under a bright sun



Salinity increases due to evaporation near Hawaii



A freshwater lake's temperature increases from 1oC to 2oC beneath the early spring sun



Sugar is added to the water and dissolves



Cold Atlantic salt water changes as it mixes with warm fresh water from the Amazon River 
(in the salt water)
(in the salt water)

Pressure decreases in the sea water as a hurricane passes overhead



Deep sea water density changes as it mixes with hot fresh water from a hydrothermal vent
(in the sea water)
(in the sea water)

Salinity increases and temperature drops in the surface water as sea ice forms near the Antarctic 



6. Which of the three density profiles (A-C below) represents a situation that is... (put one or more letters, A, B, and/or C in each blank)
()


...stable? _____
...unstable? _____
...neutral? _____



...well-mixed? _____
...associated with strong thermoclines? _____




A
B
C



Density 
Density 
Density 

up
Depth

down


7. Cities like Los Angeles and Denver have serious air pollution problems because they often have windless days and unusual atmospheric density profiles.  Assume that a winter storm on Sunday left the air over Denver with an initial density profile similar to C (above).  Considering only the effect of temperature on density, what would the density profile look like at noon on Monday if the morning sun warmed the air near the ground (0-500 m) while the upper air remained cold?




Density


7a. Sketch the density profile at noon relative to 
1km


the initial situation using the diagram to the right.

()



500m



0m 


7b. If there is no wind on Monday morning, where will the pollution from commuters' cars and factory smoke stacks end up?  Assume that the density of the pollution is half-way between the density of the air at 0m and 1km. (circle one)
()


a. high in the atmosphere, away from most people's lungs


b. in the middle of the atmosphere, away from most people's lungs


c. low in the atmosphere, in most people's lungs


d. equally dispersed throughout the atmosphere, and not a health concern

Part B: Analyzing oceanic salinity and temperature profiles

8. As a member of an oceanographic research team, you collected temperature and salinity data from a range of depths at a measurement station located at 47oN, 127oW.  The coordinates indicate that this station is located in which body of water?

  _______________________________________ 
()

9.Data examples from NE Pacific


typical open ocean profiles...


-- identify halo/thermo cline


-- summer winter mixed layer difference


-- use T-S diagram to determine depth of pycnocline and stability of water column

10. Plume question?


Use T-S diagram to determine final stability and depth of a plume, given end-member T-S values...


Must go step by step through drawing straight line between end-members and then finding density that would result from equal volumes mixing…


Part C: What is the fate of Seattle's sewage?

11. Due to population growth in the greater metropolitan Seattle area a new sewage treatment plant must be constructed.  The treated sewage needs to be pumped into Puget Sound at a depth and location that ensures that there will be no negative impacts on recreation or fishing in the Sound.  As an environmental consultant, you are presented  (see next page) with the proposed location (bathymetric map) of the sewage outfall (end of the sewage pipe), along with salinity (S in o/oo), temperature (T in oC), and potential density (rho in g/cm3) profiles acquired nearby.


11a. What is the density of the surface water?



____________ g/cm3
()


11b. How was the surface water layer (0-5 m) most probably formed?


11c. What is the density of the water at the depth of the proposed end of the sewage pipe?



____________ g/cm3
()


11d. In general, is the density profile in Puget Sound (  stable / neutral / unstable )?




(circle one)
()


11e. On the T-S diagram in problem 10, plot and label the salt water near the end of the sewage pipe.  Now plot the sewage water, which is fresh (o/oo) and has a temperature of 20oC.  Assuming that the volume of sewage water is thoroughly mixed with an equal volume of the water surrounding the end of the pipe, at what depth will the sewage end up?



____________ m
()

14. Because of budgetary constraints the adminstrators of the new sewage plant occasionally pump raw sewage through the pipe.  During these periods, 5% of the sewage volume consists of fats and organic solids that have a density that is less than the density of the local surface water.   Describe (in 2 sentences or less) what will happen to those fats and solids if the wind is blowing from the west, towards the recreational beaches that are located just north of West Point the ship canal? 

