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Lab 2:  Stability

Purpose: 1.  Examine, evaluate, quality control (if required), and plot the 
temperature and salinity from two soundings collected from YP Station 11 from CTD casts last year during your youngster “Gen Ocean” classes.  
   2.  Hypothesize as to the relative densities of each profile (which 
       sounding is more or less dense through the column and why?)
   3.  Calculate, plot, and evaluate the densities of each sounding.
   4.  Calculate, plot, and evaluate the stability (based on the 
       stability parameter “E”) for each sounding.
   5.  Calculate, plot, and evaluate the buoyancy (Brunt-Vaisala) 
       frequency for the stable portions of each profile. 

Deliverables:  This lab has two deliverables.  First, you will need to construct a MATLAB script to read in the data, make the appropriate calculations, and plot the pertinent profiles.  Next, you will need to use this information to answer the analysis questions at the end of the lab in a formal lab report.  The format for that report is the same as that used for Lab 1.

Turn in:  	1. A hard copy of your lab report (in class) with a hard 
   copy of your script file attached by the given due date.  
		2. E-mail your m-file to your instructor by the due date.  

General Instructions:

1.  This lab builds on the skills you developed in Lab 1.  It is highly recommended that you build on the MATLAB code you wrote for Lab 1 (just be sure to save this new script under a different name).

2.  One difference from previous labs is the Quality Control step.  An important part of working with field data is evaluating the quality and accuracy of the data you have collected prior to making any calculations.  

3.  A second difference you may notice is that previously we have evaluated a particular column of water as stable or unstable, depending on the vertical structure of temperature, salinity, and/or density.  Here, however, we are going to evaluate the stability at each point in the column which will enable us to compare the stability at different levels within one sounding, as well as between soundings.

4.  The MATLAB skill you will add in this lab is the finite differencing that is required to evaluate the stability parameter “E”.  We will need to calculate  at every data point in each column, and that calculation is  slightly different for the data in the interior and the data at the boundaries.  The most efficient way to do that is to set up a loop (or two).  That procedure is covered in further detail later in the instructions.

   
Part One:  MATLAB

1.  Open MATLAB and switch to your working directory.

2.  Download the following files from the course website to your working directory:
	A. 31Aug-Sta11-Cast1.xls  data from YP Station 11 collected in 2011
	B. 07Oct-Sta11-Cast3.xls  data from YP Station 11 collected in 2011
3.  Ensure you have the following files available to you (they should still be in your working directory).
	C. bulkmod.m  script to calculate bulk modulus (K)
	D. ro.m   script to calculate reference density

HEADER

4.  Set up the header information in a series of comments at the top of the file.  Follow the same format as in lab 1.

5.  As you write your script, ensure you document each section with comments.

6.  Beneath the header, clear all loaded variables and close all open figures. 

LOAD and QUALITY CONTROL THE DATA

7.  Load the data from the CTD casts during August and October. 

8.  Open the data files and look at the information for each sounding.  

9.  Something should strike you as odd about the data near the surface in the August sounding.  Specifically check the first 30 lines of data and focus on the “depth” column.  What do you notice?  How could this happen?  (Think through the process of lowering the CTD while on the YP.)  Perform the same analysis for the October sounding.

10.  BEFORE you modify the file, save the original Excel files as 31Aug-Sta11-Cast1_ORIG.xls and 07Oct-Sta11-Cast3_ORIG.xls.  That way, should you ever need to return to the original data you may do so.  

11.  CAREFULLY delete rows that you think might represent “bad data.”  Save the files as 31Aug-Sta11-Cast1.xls and 07Oct-Sta11-Cast1.xls.

12.  Load the new, modified data into MATLAB.  Separate the data set into the specific variables.  From EACH sounding, we will need to use depth, temperature, and salinity.  (Check the excel files to make see which data are in which column.) Note that the depths are different in each of these cases, so you will need to set up separate depth (and therefore separate pressure) variables for each sounding.  This varies from the structure of the data set in lab 1. 

13.  Note that depth is given in meters, which is equivalent to decibars of 
pressure.  The bulk modulus (K) formula, however, requires that pressure
be given in bars.  Define a variable for pressure and be sure to convert decibars to bars.

EXAMINE TEMPERATURE & SALINITY CHARACTERISTICS AT EACH LOCATION 

14.  Note that the temperatures are given in degrees Fahrenheit.  Ensure you convert these data to Celsius (you could read them in under a variable such as Aug_Temp_F and convert that to one named Aug_Temp_C). 

15.  Plot temperature profiles (temperature vs. depth) for both locations on a single plot.  
1.  distinguish between the soundings (line color, style, etc.)
2.  provide a legend.
3.  provide a title (that includes your names) 
4.  label your axes with the appropriate variable name (units)

16.  Plot the salinity profiles (salinity vs. depth) for both locations on a new plot.  Keep your notation for the profiles consistent with the previous plot.  (You may want to use the command “figure” before plotting each new figure to keep your figures separate.)

CALCULATE DENSITY FOR EACH SOUNDING

17.  Load the data from the constants_lab1.xls file.


18.  Name the variables contained in the data set (you should have constants to calculate the secant bulk modulus (K) and the constants to calculate the reference density, ).  Look at the data in excel to see what information you are being given, and name the variables appropriately).  Look back at your methodology in Lab 1 to remember how to properly read the constants (remember you only want the first 15 rows of reference density).	

19.  Calculate the secant bulk modulus for the August sounding using the “bulkmod.m” script.

20.  Calculate the reference density for the August sounding using the “ro.m” script.

21.  Repeat steps 18-20 using data from the October sounding.   

22.  Calculate the density for the August sounding using the IES80 formula.

23.  Calculate the density for the October sounding using the IES80 formula.  


EXAMINE DENSITY CHARACTERISTICS AT EACH LOCATION 

24. Plot the density profiles for both locations on a new plot.  Keep your notation for the profiles consistent with the previous two plots.



Part Two:  Stability and Brunt-Väisälä frequency

1. To calculate stability from a dataset with discrete data points, we need to figure out how to discretize the partial derivative.  One of the simplest methods is the finite difference technique:


.

When calculating the finite difference, it is best to use as many data points as possible while still minimizing the distance between points.  For this lab, to calculate E at data point #2, we will use information from the data points immediately below (point 3) and above (point 1):


.

The general form of the above equation at point k (an interior data point) is:




This general form of a finite difference method is also known as a leapfrog technique, which you will learn about in more detail next year in SM415.  

2.  Coding this equation into MATLAB, where the stability E at each point depends on information at the surrounding points, is exceedingly difficult without the use of loops.  In a loop, we will give the data points the index k and iterate through all points, up to the length of the variable.  We will first focus on the interior points, returning shortly to the calculation of stability E at the top and bottom points.  The length function in MATLAB returns the number of rows in a variable.  

>> last = length(Aug_dens);
>> for k=2:last-1
>>  E(k) = -(1./Aug_dens(k)).*(Aug_dens(k+1)-Aug_dens(k-1))./(z(k+1)-z(k-1));
>> end

This simple loop iterates through the index k, starting at 2 and ending at the next-to-last point (“last-1”).  It calculates the stability parameter E at each depth in terms of the density difference across the neighboring points.  

3.  Code this loop into MATLAB to calculate E at the interior points (remember the above loop only calculates E at n-2 number of points, where n is the length of Aug_Temp_C).  You should make use of “length” function in MATLAB, and keep in mind that August and October data sets have different lengths.



4.  For the top (k=1) and bottom (k=last) data points, we cannot use the same finite difference technique as above.  We will instead use a modified version that uses fewer data points:


.



.  

5.  Code these two equations for E into MATLAB to complete the calculation of the stability parameter at all levels in the sounding.

6.  Use your values of E to calculate the Brunt-Väisälä (BV) frequency at each depth level.  

7.  Plot stability and BV frequency profiles (stability vs. depth, BV frequency vs. depth) for both months on a single plot (you should have 2 plots: one of stability for Aug & Oct, another of BV freq for Aug & Oct).  
a.  distinguish between the soundings (line color, style, etc.)
b.  provide a legend.
c.  provide a title (that includes your names) 
d.  label your axes with the appropriate variable name (units)



Final points

Following the style guidelines introduced to you in Lab 1 (i.e., section headers, formatting, etc.), summarize your findings in a 3-5 page report.  Be sure to discuss each point raised in the Purpose section at the start of this lab.  Also make sure to explain the observed variations in stability and Brunt-Väisälä frequency.  Include all figures in your lab report.


oleObject3.bin

image4.wmf
(

)

(

)

(

)

(

)

(

)

(

)

11

1

11

kk

Ek

kzkzk

rr

r

æö

+--

=--

ç÷

ç÷

+--

èø


oleObject4.bin

image5.wmf
(

)

(

)

(

)

(

)

(

)

(

)

21

1

1

121

E

zz

rr

r

æö

-

=-

ç÷

ç÷

-

èø


oleObject5.bin

image6.wmf
(

)

(

)

(

)

(

)

(

)

(

)

lastlast1

1

last

lastlastlast1

E

zz

rr

r

--

=--

--


oleObject6.bin

image1.wmf
0

r


oleObject1.bin

image2.wmf
11

E

zz

rr

rr

¶D

æö

=-»-

ç÷

¶D

èø


oleObject2.bin

image3.wmf
(

)

(

)

(

)

(

)

(

)

(

)

31

1

2

231

E

zz

rr

r

æö

-

=--

ç÷

ç÷

-

èø


