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Quantitative Methods in Oceanography & Meteorology – SO335        

Lab 2
1.  Loading *.mat files - 
Before beginning open a new m-file in MATLAB.  Write the first two lines as 

clear all
format long
a. Now go to the share drive for the course and download the MATLAB file lab2.mat
 into the folder:  

C:\ Temp
b. To load this file we will use the MATLAB load command. Type
load('lab2.mat')

as the third command in your m-file. Then save and run the resultant program. Notice that you now have a 19x10 array named boise in your workspace.  To see the various elements of boise, double click on the array in your workspace or just type boise in the command window.
The boise array was obtained from the following data table:


PRES  HGHT  TEMP  DEWP  RH  DD   WETB DIR SPD   W


 mb     m     C     C    %   C     C  deg knt  g/kg


----------------------------------------------------


915   874  33.2  -1.8  11 35.0  13.9 330   8   3.66


887  1147  27.8  -0.2  16 28.0  12.3 330  10   4.25


850  1517  24.4  -1.6  18 26.0  10.4 320  11   4.00


788  2172  18.0  -5.0  20 23.0   6.6 284  17   3.34


700  3170   9.8 -12.2  20 22.0   0.5 275  16   2.14


623  4125   2.6 -23.4  13 26.0  -5.6 284  13   0.93


556  5033  -4.5 -20.5  27 16.0  -9.6 263  18   1.35


500  5860 -10.7 -32.7  15 22.0 -15.4 275  18   0.49


440  6826 -18.5 -38.5  15 20.0 -21.7 290  16   0.31


400  7530 -22.7 -44.7  12 22.0 -25.4 300  15   0.18


375  8000 -24.9 -43.9  15 19.0 -27.2 326  11   0.21


300  9580 -37.1 -52.1  20 15.0 -38.1  25   7   0.10


250 10820 -46.3 -61.3  17 15.0 -46.8  40   1   0.04


216 11776 -53.1 -66.1  19 13.0 -53.4 338  13   0.02


200 12270 -54.1 -67.1  19 13.0 -54.4 320  17   0.02


150 14080 -62.1 -76.1  14 14.0 -62.2 285  22   0.01


139 14553 -60.5 -76.1  11 16.0 -60.3 290  26   0.01


108 16117 -58.3 -80.7   7 18.0 -62.9 286  20   0.01

  
100 16590 -55.7 -80.7   8 17.0 -63.8 285  18   0.0
         Table 1: Air sounding data for Boise Idaho on 28 Aug 2005 at 00Z

c.  We will now specify individual elements of the boise array by using parentheses.
For example, by typing boise(2,9), I am requesting the array element in the second row and ninth column: the command window output is 10 and, looking at table 1, I know the appropriate units are knots. 
i. (4 pts) Find the following elements in the boise array – Use table 1 to specify the units:



a) boise(14,1) ______________________

b) boise(5,8)  _______________________

d.  One can use colon command as a dummy place holder in the above examples to isolate specific columns or rows of the overall array.  For example, if I wish to isolate the height column (column 2), I would type 

boise(:,2) 

In the above command, I can also creat a 1x19 column array named height that contains the height data from the boise array as follows 
height=boise(:,2) 

e.  isolate the pressure, temperature and dew point temperature columns from the boise array and rename them press, temp and dewpt respectively 
(12 pts) Write the MATLAB commands you used in the spaces below

Command for creating the press column array__________________________________ 

Command for creating the temp column array___________________________________ 

Command for creating the dewpt column array__________________________________

f.  We will now use the line command to plot pressure as a function of temperature.  The vertical axes should be your pressure values and the horizontal axes should be temperature. 
i. The simple command for graphing pressure as a function of temperature with a red line is line(temp,press, 'Color','red')
Whenever we make a line graph in MATLAB, the horizontal axis will be specified by the first argument and the vertical axes by the second argument.  The last two arguments, 'Color','red', indicate that we wish to create a red line.  The default color for a line is blue.  Type 

line(temp,press,'Color','red')
iii.  What are the associated units of the x and y axes (4 pts)?
x axis units_________________________
y axis units: ________________________
g.  To plot another line graph on the same set of axes, first type 

hold on

This tells MATLAB to keep the figure we have created open and to use it for any additional line graphs we create.

h. Now we wish to overlay a line graph of pressure as a function of dewpoint.  Using the example of paragraph (f) as a guide, use the line command to create a green line graph of pressure on the vertical and dewpoint on the horizontal axes.  Your results should look like figure 2 
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Figure 2 – MATLAB image after plotting pressure as a function of both temperature and dewpoint using the line command.

(5 pts)  Write the line command you used to create a green line of pressure vs.  dewpoint

________________________________________________________________________
i. (10 pts) Go into edit-> axes properties and modify the graph as follows.


i.  Title the graph “Skew-T over Boise” and click the X and Y Grid boxes.
ii.  Label the X axes as Temperature
iv.  Label the Y axes as Pressure


v. Convert the Y axis to a logarithmic scale and Reverse it. Set the 

Y limits from 100 to 900.

v. Change the Y axes tick marks to a Step by: 100
vi.  In addition we wish to distinguish the air temp plot from the
dew point plot. Double-click on the dew point line and you should notice the 

associated points are highlighted and a new sub-window will open.  Change the Line type from solid to dashed 
vii.  Now select Insert -> Legend from the upper menu bar of the Figure 1 window. 

viii. Click on the legend box and a new sub-window will appear.  Now double click on the text “data1” in the legend box and you will notice we can edit the text.  Change the text of “data 1” to “Air Temp” and the text of “data 2” (dashed line) to “Dew Point”
viii.  Ensure your graph looks  nice and Print out the resultant graph.
      1). (5 pts)  At what pressure level (in millibars) is the tropopause located? Explain how you came to your conclusion.

II – Creating 2-D graphs in MATLAB (the quiver and contour command)
2. The meshgrid and quiver command
a.   In order to create higher dimensional graphs we need to first define the domain for the given data or vector field. 

The meshgrid command allows us to define these higher dimensional problems by creating a set of uniformly spaced grid points over the domain of interest.  For simplicity, we will stick with 2-D for now.

Let us create a meshgrid defined over the domain
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 with uniform increments of 10 km between each grid point

The command in MATLAB is

[x,y]=meshgrid(-100:10:100);
The above command creates a set of x and y values for every grid point in the entire domain.  To emphasize this point, notice that if you type x or y in the command window, the output is a 2-D array.  This shows that both variables are defined completely over the defined space of interest.

i.  (5pts) – Look under the workspace tab to help determine how many grid points are created by the above meshgrid in the domain 
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Write your answer here:  ________________________________

ii.  (5 pts) Look at the output of the x array.  Are the columns or rows of x values the same?
b.  We can now specify a vector field over the above domain.  Let us start with a simple example of uniform flow field to the east.  The appropriate command to graph vectors is quiver 
A general flow field vector is defined as 
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In this simple example we wish to examine a flow field with 
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(1)
or    u=1;  v=0
To actually create the above flow field we need to define the u and v vectors at every grid point in the domain.  This is not so difficult if we figure out a proper way to relate the u and v vector components to the spatial x and y values of the domain.

For this case, type the following to obtain equation (1)
N=size(x,1);
M=size(x,2); 
u=ones(N,M);
v=zeros(N,M);
Look up the size, ones and zeros commands under help to understand how the each command works.   
Now type 

quiver(x,y,u,v)

and observe the output.
ii.  Let us now examine a more sophisticated shear flow field 
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Assume this flow is defined over the same domain as the previous problem:
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 with uniform increments of 10km between each grid point. As before,  x and y values are in kilometers and wind speeds are in km/hr.
In this case we type

N=size(x,1);
M=size(x,2); 
u=y;
v=zeros(N,M);
quiver(x,y,u,v)

Make note of the output and how the above modifications changed the graph of the first example.

c.  (15 pts).  Using the above examples as a guide, use the quiver function to graph the following hyperbolic flow field over the domain 
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 with uniform increments of 10 km between each grid point
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Assume your x and y values are in kilometers so that windspeeds are in km/hr
Label the associated graph and print the result.

III. Graphing scalar quantities using the contour command

3.  Using the contour command

 a.  In the previous section, we learned about graphing of vector fields.  It is actually more often the case that one graphs curves along which a physical quantity is held constant.  You are probably already familiar with such curves in applications such as the use of isobars, isotherms or streamlines.  Isobars are lines of constant pressure (isos is the Greek word for equal), isotherms are lines of constant temperature and streamlines are lines related to constant flow as we will learn about in a later chapter.  Let us examine how to use the contour command in MATLAB to graph a scalar quantity.   

b.  To start,  let us create a square meshgrid representing a portion of the earth’s surface
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 with uniform increments of 1km between each grid point.

(Notice that this is a higher resolution domain than the previous section)
(5 pts) Write the command that you will type into MATLAB to define such a domain

________________________________________________________

c.  Now that x and y are defined over the space of interest, let us define a pressure field 
representing an axi-symmetric low pressure system.  The appropriate 2-D function that we will use is
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(2)
Input the pressure function into MATLAB as a function of x and y. Define the function in equation 2 as pres  
Note - Recall from lab 1 that we need to use the vectorized arithmetic operator (.) when performing operations with x and y since we wish to define the pressure field at each point in the domain. We do not wish to square the whole x or y matrices 
(10 pts) Write down the command you typed to input equation 2 into MATLAB in the line below

_____________________________________________________________________

To create a contour graph of equation 2 over the domain we use the following two commands in the command window consecutively

>[C,h]=contour(x,y,pres)

>Clabel(C)

Notice the following about the above commands. 
i. The argument of the contour function are x, y and pres. Specification of x and y as the first two arguments in the contour function defines the domain of the graph and provides the correct axes in the figure.  The third argument, pres, is the actual scalar function we are graphing.  We could also add a 4th argument to specify the number of contour lines but it usually best to allow MATLAB to choose for you so that when you label the contours, you obtain nice integer values. 

ii.  The output of the contour function is the contour matrix C that is used by MATLAB to plot isolines based on the values of pres and the domain specified by x and y. The output h is a vector handle used to specify the labels of the contour lines.  
iii.  The command Clabel(C) identifies numerical pressure values for the given contour lines on the graph.

As a check of your work, you should obtain the following output
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Figure 3 – Contour graph of equation (2) with labels for the pressure field
4.  (15 pts).  Using the above examples as a guide, use the contour function to graph streamline for the following hyperbolic flow field over the domain 
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 with uniform increments of 1km between each grid point
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Assume your x and y values are in kilometers so that 
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 has units of 
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Label the associated graph and print the result.

2. (5 pts)  Does the above contour graph relate to the graph of the velocity field 
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? Describe your answer.
IV. Saving arrays in a *.mat file.  If we wish to save the information from problem 4 in a file, we need to use the save command. Unlike loading a file, we need to consider which arrays we desire to save to the file.  If we do not specify the exact variables we are interested in, all the information in the memory will be saved to the file  Although saving the entire memory may be convenient, it can lead to confusion when dealing with many variables.  Further, if we are dealing with large arrays, saving all of them to a file may lead to memory problems in future calculations.
a.  We wish to save the domain x, y and the scalar function 
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 from problem 4 to a file titled lab2_results.  The appropriate command is 

save('lab2_results','x','y','psi')

Notice the first argument is the name of the file (the *.mat suffix is not needed).  The next arguments of the command are all of the variables that we are interested in saving to the file.

b.  Be sure to review the fundamental commands of labs 1 and 2 prior to starting lab 3 since it will be assumed that you understand this information for future labs. 
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