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Surface Processes Lab (Greg Hancock, College of William and Mary)
Evolving Hillslopes II
Numerical modeling is an important tool in surface processes for allowing us to explore the evolution of landscapes without having to wait long periods of time.  In addition, construction of numerical models forces us to consider how to cast surface processes in numerical form, to consider which processes are important in a given setting, and to recognize those areas of the field in which more research is needed to understand a particular process.  Since we have developed the numerical theory of hillslope diffusion and have collected data from a hillslope evolving by this process, we have a unique opportunity to construct a numerical model of landscape evolution and to test that model using data.  We have constructed a relatively simple hillslope in this lab, and we know that real-world landscapes can be much more complex, so we will also use our model to observe and consider the evolution of more complicated landscapes.

The Questions:

1) can a numerical model accurately reproduce your observations of slope evolution?


2) how might other, more complex, topographies evolve by diffusive processes?

Materials:


SLOPE model

SCARP model

RANGE movies
A Numerical Model of Hillslope Evolution

What is a numerical model?
We will first discuss how we might piece together a numerical model of hillslope evolution.  To set up a model, we will need to have: 

1) a model for how the hillslope might evolve, cast in a mathematical form; 

2) initial conditions for starting the model off and running; 

3) boundary conditions for the edges of our model, since we are not modeling the entire world;

4) a time step over which we will carry out each of our calculations.

What were the initial and boundary conditions in your analog model of hillslope evolution?

Part 1: Modelling your hillslope

I have placed an Excel spreadsheet model called Slope.model, in the lab folder (found in excel_files.xls for workshop).  I have embedded in this spreadsheet the math that we have discussed in class, but you could have easily done this as well.  

In this model, you specify your initial conditions based on the initial hillslope profile from your experiment last week.  In the yellow shaded area on the left, enter the distance and elevation of your initial hillslope profile. You should also input the diffusivity from your hillslope experiments in the yellow shaded area at the top of the spreadsheet.  From this the transport coefficient will be calculated assuming a normal density of the material.  I have put in a time step, but you can change it to see what it does.  The spreadsheet then calculates of how much sediment transport occurs at a particular point based on the slope of that point and the time interval.  It then determines how much the elevation changes at each point by calculating how much sediment is delivered to a point from versus how much is carried away from the point q). 

Once you have input your initial conditions and diffusivity, the model will automatically calculate slope profiles over 15 time steps.

1.  From the model spreadsheet, copy the distance across the slope and initial elevation columns, and paste them in Kaleidagraph.  Now, paste the remaining elevation columns from your model into Kaleidagraph.  Make a plot of the model hillslope profiles and another of the rainfall simulator hillslope profiles. 

2. Compare the hillslope evolution through time predicted by the model to the hillslope evolution observed during the rainfall simulation experiment, taking the time step into consideration.  Are they comparable?  Why might they be different?  

3. Where in the geologic world might we create hillslopes that start out looking somewhat like your initial slope (i.e., is this experiment relevant to the real world??)?  Please propose 3 examples. 

Part 2: Considering a scarp

I have placed another Excel spreadsheet model called scarp.model, in the lab folder.  (Found in excel_files.xls for workshop)

This model is similar to the previous one, but I have specified the initial conditions.  You will need input your diffusivity for the diffusional process once again in the yellow area at the top.  I have put in a time step, but you can change it to see what it does.  Once you have input your transport coefficient and density, the model will automatically calculate slope profiles over 15 time steps.

1.  From the model spreadsheet, copy the distance across the slope and initial elevation columns, and paste them in Kaleidagraph.  Now, paste the remaining elevation columns from your model into Kaleidagraph.  Make a plot of the model hillslope profiles through time, remembering the good graphics rules.
2. Note we have created something a little different than our previous hillslope – this is instead a scarp.  What geologic events might produce initial features such as this one?  Please propose 2 examples.

3.  Where does the scarp never change elevation, and why is this the case?  Please be explicit.

4.  Describe in words how the scarp evolves through time.  What will it eventually look like, assuming that the two ends of the model scarp extend off into infinity?

Part 3: More complicated topography

I have also provided two movies of diffusional modeling of more complicated topography, range.avi and range2.avi. To start the movies, double click on the icon, and a viewer should start up.  Play each movie several times and answer the folllwing.

Questions on range.avi

1. Very briefly, why are the hillcrests decreasing in elevation, and why are the swales increasing?  I am looking for specifics based on your quantitative knowledge of the diffusional process.

2. Why are the midpoints of the slopes not changing elevation?

3.  Given the time spacing between each of the profiles, and the final curvature of the topography, please make an estimate of the diffusivity of this landscape.  Please show your work.

4. What form is this topography ultimately evolving toward, and will it ever get there?

Questions from range2.avi
5.  Here the topography is much sharper at a smaller length scale than the original smooth topography in range.avi.  The smaller scale sharp topography is fairly quickly destroyed, and then the landscape looks much like the evolution of range.avi.  Why is the smaller scale topography destroyed so quickly?

Part 4: Hillslope evolution with eroding channels

We will consider one last situation outlined below.  Imagine the low points in our topography are being eroded by streams at a rate shown in the image below.  Now, the channels set the boundary conditions for the model hillslopes, and the boundaries are moving.
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1. Plot the elevation of any particular hillcrest through time (the time of each profile is at the top of the figure) in Kaleidagraph.  Note that the channels are eroding downward at a steady, fixed rate.  How about the hillcrests toward the end of the model run, based on your plot?  What does this imply about this model "landscape" at the end of the experiment?

2. What would happen, in your mind, if the rate of channel erosion suddenly changed to zero?  On the plot, please draw another profile, to the best of your ability, assuming another 10,000 years pass.  Do this carefully, considering the topography and that only diffusive processes will now cause change.  Does this shape look like someplace you have seen in the field, and where is that?
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