Lab: MATLAB Modeling




Name:______________________

GEOL 311: Geomorphology

Modern geomorphological research involves: keen understanding of the landforms, processes and measurements in the field and physics and mathematics based computer modeling of those processes. This allows us to gain insights of the processes, understand past changes, and make predictions of the future. MATLAB computing language is almost universally used by Geomorphologists and other Geoscientists for such modeling purposes. In this lab you will learn some of the basics of the MATLAB computing software, the programming environment, how to build and run simple models, and to plot your results.

In this lab you will build a model that tracks the evolution of a hillslope through time. All programming will take place in the MATLAB editor window. Once your program is ready to run, you save the program and execute it. Typically this results in a number of error messages. You will then proceed to fix all the typos and syntax errors in the program until your program runs without interruption. Typically you will build small sections of the program and make sure each section runs ok until you proceed to the next section. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

***this background material comes from the hillslope lab that you did earlier this semester***

Review the pertinent equations:

dt
= time increment (years)

dx
= unit segment in horizontal direction (meters)

(
= topographic diffusivity (or diffusion coefficient) (m2/year)
Conservation equation:

- (dz/dt)  = (dq/dx)



(1)

In words, Equation (1) effectively states a simple fact, that if more soil enters an area than leaves, it must pile up, causing the ground surface to rise. It is called a "conservation" equation because it states that the volume of material (soil, in this case) is conserved, and there are no sources or sinks of material. More specifically, it states that the rate at which the elevation of a given location decreases equals to the difference in the rates at which sediment enters (from upslope) and leaves that location. Formally, we can say that the rate of landscape lowering equals the divergence of the soil flux. Importantly, this is a universal idea; the expression is valid for any process.  

Transport  equation:

q = -( (dz/dx)




(2) 

Equation (2) says, “the soil flux is proportional to the hillslope gradient.” Intuitively, this makes sense—all else being equal, soil should move faster on a steep hillslope than on a gentle one. Topographic diffusivity is a function of climate, substrate, vegetation, animal activity etc.

Combining (1) and (2), we get an equation for the rate of change in surface elevation with time as a function of hillslope curvature:




(dz/dt) = ( (d2z/dx2)



(3)

Equation 3 is the Diffusion Equation. We want to use this equation to model how the local height (z) along a hillslope or moraine changes through time (t). In this lab, we are going to solve this equation for (z) numerically.
Section 1, modeling space 
Preliminaries



A. Typical computer program follows this logical sequence:


1) definition of parameters and list of constants



2) uploading the data to be processed



3) computing loop that executes given calculations on the data



4) plotting the results



B. Notes about notation: 
-everything in italics in this handout is an actual MATLAB command, when you type it in the editor you don’t need to use italics. 
-End every line with a semicolon, otherwise your commands will flash to the screen when the program runs.

C. First steps

-First start MATLAB, find the editor window, and then find the command window

-Type in the command window 23*56 you get 1288 as the result, try other mathematical calculations.

-Activate the editor window (this is where your computer program is written) and type %your name, date, class, and project. The percent sign at the beginning of the line marks it as non-executable line. This way you can write comments on your program to remind yourself of what the section does or what a parameter is for. Experience suggests you to write copious comments.
-Next write a command clear all; this will erase the memory to allow you to set up the values for all the required parameters. 
Program Structure
A) Define parameters and list constants

1) Type in all your parameters that are listed above, every parameter that you use later in the program has to be defined here (otherwise you will get an error message when you try to execute). 
node_count=29 this is the number of nodes in your hillslope array (will be defined below), if needed you can always come back here and add more parameters if your programming requires them.
2) Upload the data to be processed

Assign your initial hillslope profile to an array. Let’s decide that the slope heights below are in meters at one meter spacing (make sure that dx in your parameter list reflects this).
slope_height = [0 0 0 0 0 1 2 3 4 5 6 7 8 9 10 9 8 7 6 5 4 3 2 1 0 0 0 0 0];
3) Create a computing loop that executes given calculations on the data

There are several different types of loops in the MATLAB:  for...end is the one we use today.
node_now=2;
    for node_now=2:node_count-1

all the mathematical processing goes in here
    end
That is your loop, however, as the program will test in every loop, if the node_now is larger than the node_count you need to increase the node_count by one per loop. Therefore add command node_now= node_now + 1; inside the loop just before the end statement. This will make the model run through your slope_heights array.
Now you need to add your processing commands and calculations inside the loop. This is where the meat of the program is, this is where all the calculations are done.
Let’s use the diffusion equation (3) to calculate how the slope height varies across your hillslope as sediment is moved down hill.
Insert inside your loop the following calculation (make sure you understand what the statement actually does)
    slope_height(node_now)=slope_height(node_now)-(-Kappa*(((slope_height(node_now-1)-...
            slope_height(node_now))/dx)-...

            (slope_height(node_now)-slope_height(node_now+1))/dx)*dt/dx);

4) Plotting the results


The final step here is to plot the results. Let’s plot the sediment transport rate across the hillslope.
figure(1)

plot(slope_height(:))

You are now done for setting up the first part of your program. Try running it. Fix all the errors. Create all necessary labels for the figure and print the figure.

(continue…)
Section 2, modeling time 

Here you will add time calculation to your model, which requires an additional for – end loop.
Also add to your parameter list: maxtime = 1000 this will be the total model time your program will run.

Also add time_now=0; before any of the for end loops, this keeps track of the current model time in your model
Now set up the extra for end loop. Before the first loop, type 
for time_now=0:maxtime;

After the first loop type end.

You also need to keep track of time, so add a line: time_now=time_now+dt; before the last end.
Attach a printout of your program code and figures of sediment transport rate and slope profile to these lab sheets. 

For extra fun:

Try experimenting with different initial profiles for the slope: 1) add one crest, 2) add two crests, 3) set up vertical wall, etc.
