SO414 Oceanic and Atmospheric Processes

Lab 2: Ocean Equation of State 

1  Introduction and MATLAB review

MATLAB can be a time-saving computational tool in this class if we know how to write reusable programs. A program file in MATLAB is called an M-file. M-files can be functions, which perform a specific task such as calculate a physical parameter, or they can be scripts, which perform a wide range of tasks (calculations, plotting, etc) and may call upon functions in order to get the job done.

To build a new M-file, open MATLAB and click on the new file icon in the Editor window or go to

File >New >Blank M-file 

As an example file, type the following line into an M-file and plot a circle of radius 1: 

x = [-1:0.01:1];

y_top = sqrt(1 - x.^ 2});

y_bottom = -sqrt(1-x.^2);

plot(x,y_top)

hold on

plot (x,y_bottom)}

Now save the file as circle.m on the desktop. Ensure the Current Directory menu bar shows your desktop, and at the side in the Current Directory window you will see ’circle.m’. There are two ways to run the file:

Click on “circle.m” in the Current Directory window, then hit the green play arrow at the top of the editor window.

Or type “circle” in the command window.

2  Creating Functions using m-files

A more sophisticated use of m-files is to create functions which can be called from the command window or other m-files. When calling a function, one specifies the name of the function and the various input arguments. An important note of all function files in MATLAB is:

The name of the function has to be the same as the name of the function M-file.

As an example, we can call a function that specifies the roots of a second order polynomial equation with coefficients a, b and c. If we name the function “root”, the command to call this would be

>> root (a,b,c)

The associated m-file could look something like: 

function[x]=root(a,b,c)

x(1) = (-b+sqrt(b^2-4*a*c))/(2*a);

x(2) = (-b-sqrt(b^2-4*a*c))/(2*a);

Type this in a file root.m, verify it is in your MATLAB working directory, and then at the command prompt type

Root(1,-5,6)

The output should be:

ans =

3  
2

3  Equation of State

We are interested in using the International Equation of State for seawater (IES-80) as a program in MATLAB. The equation is:
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where pressure (p) is measured in bars, temperature (T) in degrees Celsius, salinity (S) in Practical Salinity Units, and density in  EQ kg/m\s\up5(3). The approximate polynomial expressions for density at standard pressure, (S,T,0), and the secant bulk modulus, K(S,T,p) are in the lecture notes or in Pond and Pickard’s ”Introductory Dynamical Oceanography.”

4  Lab Assignment

4.1  Background

The Gulf Stream is one of the strongest ocean currents. The strength of the front associated with this current may be expressed as the density change across the front at a given depth. An oceanographic cruise in August 1982 collected the following two soundings, one north of and one south of the Gulf Stream and reported the salinity and temperature at 100-decibar intervals down to 1000 decibars. 

4.2  Data

The data from the northern sounding (37.6N 71.0W):

	Pressure
	Temperature
	Salinity

	0
	26.148
	34.646

	100
	14.356
	35.897

	200
	10.307
	35.360

	300
	8.046
	35.117

	400
	6.235
	35.052

	500
	5.230
	35.018

	600
	5.005
	35.044

	700
	4.756
	35.027

	800
	4.399
	34.992

	900
	4.291
	34.991

	1000
	4.179
	34.986


The data from the southern sounding (36.65N 71.0W):

	Pressure
	Temperature
	Salinity

	0
	25.698
	35.221

	100
	21.427
	36.637

	200
	18.798
	36.555

	300
	18.189
	36.526

	400
	17.726
	36.477

	500
	17.165
	36.381

	600
	15.952
	36.105

	700
	13.458
	35.776

	800
	11.109
	35.437

	900
	8.798
	35.178

	1000
	6.292
	35.044


4.3  Functions

The instructor will supply you with electronic copies of two M-file functions, one to compute the secant bulk modulus, and one to compute density at 0 decibars for the each sounding.  
4.4  Tasking

0. Input the data above from the two soundings into MATLAB.  You can copy/paste the data following this guide:

>> north = [

… paste data here …

] ;
which would create a data file “north” with the northern sounding data in 3 columns and 11 rows.

1.
Construct a MATLAB script (M-file) which calls the two provided functions. This script should:
(a)
Calculate the density at each layer in both soundings 

(b)
Compute the density difference at each layer 

(c)
Plot (in a clearly labeled graph) the density differences vs. pressure in dbars. 

2.
E-mail your MATLAB scripts to your instructor who will verify they work. Ensure you have included the appropriate material (file name, student name, etc...) in a comment block at the beginning of your files following the standard header format for this class.

3.
Complete the lab write up, ensuring you address the analysis questions.

4.
Your final write up turned in to your instructor should be formatted in six sections. Suggestions for how to approach each section are listed below:

(1) Introduction: Describe the subject area of meteorology/oceanography you are addressing, and why it is of interest or importance.

(2) Hypothesis: This should be a statement that notes the observation of a certain phenomenon or condition, and offers an explanation to why the phenomenon exists or behaves in a specific manner.

(3) Methods: Normally this will detail the field or lab work done to collect the data for analysis. In this case since you are doing no actual collections, you should identify what parameters your data contains and where it was collected.

(4) Results: State how successful the measurements were at capturing the phenomenon you are studying. Point out any obvious structure or biases shown in the data, or quality issues the data seems to have. (Was it collected at a sufficient scale or resolution?  Did you get a continuous series or is there missing data? ) Graphs and illustrations can help in any section, but are most often quite helpful in this section and in the analysis section. A tabulated presentation of the collected data is often included in this section.

(5) Analysis: Explain the physics and oceanography behind what the data are showing. Results of calculations performed on the data are sometimes shown, tabulated, and explained here. Discuss relationships between the data sets. Use the analysis questions below to guide your write-up of this section.

(6) Conclusions: Did your results and analysis support or disprove your hypothesis?  If you cannot say definitively one way or the other, discuss what ambiguities remain and how they might be corrected in a subsequent effort.

4.5  Analysis Questions

1.
At what depth is the Gulf Stream front strongest?  If this is not the ocean surface, why not?  What factor (S,T or p) seems to contribute most to the difference at this depth?  

2.
Explain why your plot crosses from positive to negative values of density differences, if such crossings occur. 
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