Lab 4 – Numerical calculation of a Geostrophic flow field from a pressure field given by a data set
I - The Geostrophic equations of motion:

As we learned in SO335, and we will also re-learn in chapter 8, a Geostrophic flow in the atmosphere obeys a 2-D set of equations provided that 
1 – The flow is steady state

2 – We assume linearity (no advection) – Notice that assumptions 1 and 2 state that geostrophic flow requires no acceleration.
3 – Friction is neglected
4 – As stated above, the flow is 2-D. This is a simplification of the fact that the flow is hydrostatic in the vertical. 


The resulting equations after making these set of assumptions are:
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For theoretical purposes of this lab, we will assume that the air density is a constant value
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We will also neglect variations in the Coriolis parameter and assume a constant value of
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II – The theoretical pressure field
On the share drive under the following directory,
J:\d10class\Barrett\SO 414\Lab problems\Lab 4 - Gesostrophic flow
You will find a datafile that contains a 51 x 51 array of pressure values in millibars corresponding to a theoretical surface pressure distribution contained in a 500km x 500km 2-dimensional domain.  An image of the surface pressure contours are shown in figure 1

[image: image5]
Figure 1- Contours for a theoretical surface pressure distribution.  Pressure is given in millibars (mb). Notice that the spacing in the graph is 1mb for educational purposes of the lab to clearly see the shape of the pressure field whereas actual surface pressure maps use a spacing of 4 mb.

You can load this pressure field into MATLAB by typing load('pressure.mat');
Note that for this pressure array, p(i,j): 

The  “i” index, refers to north-south or y positions of the pressure field and the “j” index refers to east-west or x positions of the pressure field.
**Feel free at this point to try to reproduce the contour plot shown in figure 1.  Make note that you will have to specify a proper domain of your choose to do this extra step.  
III – Developing a program to calculate the geostrophic wind from a given pressure field

In the same directory listed in section II, you will find an m-file titled “geo.m”  The contents of the file are listed below.  As in the last lab, this code is currently unfinished and the portion of the code that you need to add is in the last loop where you see the underlined and italicized text.
%%%%%%%%%%       geo.m              %%%%%%%%%%%%%%%%%%%
% this establishes the density value and coriolis parameter (which we 
%% will assume to be constant)
%% the dx and dy are used to establish the uniform gridpoint distance
rho=1.2;
f=4e-5;
dy=10000;
dx=10000;
%%%% This is a loop to deal with our standard issues at the boundaries 
%%%% of the problem
for m=1:51
u(1,m)=-(1/(f*rho))*(p(2,m)-p(1,m))/dy;
u(51,m)=-(1/(f*rho))*(p(51,m)-p(50,m))/dy;
v(m,1)=(1/(f*rho))*(p(m,2)-p(m,1))/dx;
v(m,51)=(1/(f*rho))*(p(m,51)-p(m,50))/dx;
end
 %%%  This creates the domain of x and y elements in the form of arrays
for i=1:51
    for j=1:51  
    x(i,j)=dx*j;
    y(i,j)=dy*i; 
    end    
end
%%% Here is where your theoretical and computational prowess will shine 
%%% develop a finite difference code based on the geostrophic equations 
%%%% that create horizontal velocity components for the given pressure 
%%% field from the spreadsheet
for i=2:50
    for j=2:50  
Here is where you need to add a finite difference code in accordance with the geostrophic equations (equations- 1) to find the east west and north south components of the horizontal velocity field. Unlike in the stability lab, the grid distance throughout the 2-D domain is uniform and specified by the variables dx and dy given at the beginning of the code.  Use this to your advantage. Also, be careful about units- pressure is given in millibars. 
    end    
end
IV – Your task and guidance
Once you have created the proper code for the horizontal geostrophic velocity, you should be able to produce a graph of the 2-D velocity field over the domain.  

1.  What you need to turn in is a 2-D geostrophic vector velocity field with the pressure field contour plot superimposed on top.  

In addition you need to have a write-up with the following explanations at a minimum:

2. From your graph created in 1, explain how the pressure field and velocity field are related.
3.  From theoretical means, justify your observation from 2. 
4. A set of assumption are made to simplify the equation so of motion to the geostrophic flow equations.  Which assumptions were violated through the course of this lab.
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