NAME:__________________


Surface Processes (Greg Hancock, College of William and Mary)
Evolving Hillslopes I
Today, we are going to investigate the evolution of a "hillslope" as it is progressively eroded by a diffusive process, rainsplash.  This week, we will create an "analog hillslope" and subject our little slope to simulated rainfall.  Next week, we will use a predictive numerical model incorporating our mathematical expressions for hillslope diffusion to simulate the evolution of a hillslope.

The Tasks:


1) build a hillslope


2) listen to Greg yak for a while to develop the math of diffusional processes


3) expose our hillslope Rainfall Simulator and record topographic changes through time


4) evaluate the erosion rates and diffusivity for our hillslope

Materials:


Plastic storage box

Coarse sand, slightly wetted

Sprinkler


Ruler w/ holes


Nail




Screen for boxes


Clear ruler


Pencil




slope worksheet


Raingauge


Flour and cake pan


An Analog Model of Hillslope Evolution

Building the Hillslope

[image: image1.wmf]To start, your group should construct a hillslope in the plastic storage box you have been given.  Construct the hillslope so the hillcrest evenly extends from side to side in the center of the box, and the slopes on either side are straight (see diagram below).

Surveying the initial slope profile

Once you have constructed your slope, we will get some practice measuring the slope profile.  Take the ruler with holes in it, align one side of the ruler with the two black tick marks on either end of your storage box, and place the tick marks on the ruler at the hillcrest.  Clamp the ruler down using the binder clips.  Now, using the nail and another ruler, take measurements of height as a function of distance across your hillslope by 

a) carefully inserting the nail into each hole along the ruler

b) lowering the point of the nail down to the surface  

c) measuring the height the nail sticks up above your ruler to the nearest millimeter

Record this information in the attached data table.

Instructor note:  After hillslope construction, we go through the math described in the Instructor notes.  Some suggestions after completion of the math discussion would be to have them make predictions of the relationship between rate of elevation change, slope, and curvature that they would expect on the basis of the equation.  The predictions can then be compared to their results at the end of the lab.

Rainfall simulator experiment
We will use a rainfall simulator (i.e., a sprinkler) to bombard your slope and cause it to change.  We will run the sprinkler for with 10 minutes at a time.  After rainfall run, you should carefully measure the slope profile as you did above, and record your data in the attached table – MEASURE TO THE NEAREST millimeter.  Always measure in the same direction across your slope.

During the experiment, make observations and collect data to answer the following questions:

How is material being transported?

Take a close look at the hillslope as raindrops bombard it.  Describe and sketch how material is being moved on your hillslope.  Include some indication of how far individual grains appear to travel in a rainsplash "event".  

What is the fall height, raindrop size, and raindrop kinetic energy?

Average fall height, h:  _______________ cm

Average drop diameter, volume, and mass (volume of sphere=(4/3)r3):


Diameter: ____________ cm


Volume: _____________ cm3

Mass (volume(density), m: ______________ g

Note:  If we have trouble with this measurement, a reasonable range for typical raindrop sizes is 0.05-0.20 cm.

Drop velocity at impact

Remember that the drop converts potential energy (mgh) to kinetic energy (0.5mv2) as the drop falls from its highest point to the hillslope surface.  Note: use g=1000 cm/sec2
Drop velocity at impact: _____________ cm/s

Drop kinetic energy (Remember, KE = 0.5mv2; use units of g, cm, and secs to get the answer in calories):  

Drop kinetic energy at impact:_________________ calories = g(cm2(sec-2
Entering the data and plotting hillslope evolution
Once you are done with the simulator experiments, use the Excel file slope.worksheet (Found in excel_files.xls) to enter the data.  Note that you should enter the distance along the hillslope plot and the elevation following each experiment.

Once entered, copy the distance vs. elevation data into Kaleidagraph.  Copy the numbers only.  Then:

1) Plot all of the profiles on a single graph,  

2) be sure to label your axes and your lines.  Be sure to turn these in with your lab.

Keep in mind your good graphing skills.

Is change in height related to slope or curvature?

In the Excel file, the slope, curvature, and rate of height change are calculated automatically from your entered data.  We will use this information to determine whether erosion is in fact related to any of these things…

It will be a little awkward, but first copy only the numbers from columns G, H, and I from the file.  Paste them in a new Kaleidagraph worksheet.  Then, copy columns J, K, and L, in the Excel sheet and paste them below the other stuff in your Kaleidagraph worksheet.  Then, finally, copy M, N, and O and place them below the other things in Kaleidagraph. Now you have three columns in Kaleidagraph: slope, curvature, and rate of change in height.

Plot 1) slope vs. rate of change in height and 2) curvature (slope of the slope) vs. rate of change in height.  On the second plot, delineate fields of positive curvature, negative curvature, erosion and deposition.

QUESTIONS

a) Consider your elevation vs. distance plot.  Describe where your hillslope changed the most during the rainfall experiment, making reference to your graphs.  Please explain qualitatively why this might have happened.

b) Based on your plots of rate of change in height vs. curvature and slope, does the rate of change in height appear to be related to either of these things?  Why or why not, making reference to your graphs.

c) Please calculate the diffusivity, being careful to include the correct units.  Remember, 


[image: image2..pict].

z/t = rate of change in height, F = the diffusivity, and z/x = slope.  The terms to the right of the F are the curvature, or the slope of the slope, so there should be a linear relationship between curvature and rate of change in height based on this equation. 

Diffusivity calculation (use units of cm2/min):

Instructor note: Students may make this calculation in one of several ways.  Preferably, they make a scatter plot of curvature (x-axis) vs. erosion rate (y-axis), and fit a line to that and recognize that the slope of that fit is the diffusivity.  Alternatively, they can take a few pairs of curvature and erosion rate measurements and divide curvature by erosion rate to determine the diffusivity.

Suggestions from reviewers: Following this calculation (which likely will occur outside of lab time), it would be important to provide students with diffusivity values measured on hillslopes elsewhere.  In addition, there should be an opportunity to discuss once again what settings might be conducive to diffusive processes, how the diffusivity value might change under different conditions, and how the sand-box model differs from reality.

d) What does this diffusivity term mean? Consider the units and it’s position in the equation above, and speculate about what this number represents in the landscape. Be sure to look back at how we obtained this term in our development of the diffusion equation.

e) In lecture, we will discuss values of diffusivity obtained or estimated for other settings.  Compare and contrast these values with the one you have obtained, and speculate as to how the field conditions (climate, process, etc.) might result in different values for the diffusivity.
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