Notes for Evolving Slopes I Lab

Construction of a physical model of slope evolution by rainsplash diffusion

Goals

a) develop the analytical expression for elevation change by diffusive processes

b) test the analytical expression by simulating evolution of a physical hillslope model

Materials

a) Rubbermaid plastic storage bins (see photograph in Photos from Lab) w/ small holes drilled in the bottom for water drainage

b) landscape fabric cut to size of storage bin bottoms

c) 1 50 lb bag of sand per 5 groups (use coarse sand rather than the fine playground sand)

d) wooden yardsticks (I got them cheap at Ace Hardware)

e) long nails 

f) short rulers

g) cake pan with flour for capturing raindrops

h) calipers for measuring raindrop diameter

Outline of Lab Activities

1) construction of physical hillslope model

2) discussion and development of the analytical expression for elevation change by diffusion, including discussion of “diffusion” and “diffusional processes”, the concept of flux, and derivation of the erosion equation followed by the diffusion equation

3) test the predictions of the diffusion equation by subjecting a physical hillslope model to rainsplash (a hypothesized diffusional process)

Description of Lab Activities
1) Students construct straight-sided, straight-ridged sand hillslope
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2) discuss how to measure the hillslope profiles, and they then measure the hillslope profile they have constructed
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3) discuss diffusive processes that act on hillslopes and the transport coefficient

Some diffusional processes already discussed in lecture:

Biologic activity, e.g. animal burrowing and walking, tree throw

Rainsplash

To ask students: If a gopher (as an example of a diffusional process) on a hillslope moves some material around, what do you think controls the distance and direction of material movement by this gopher?

Answer: Slope is important – if the surface is sloping steeply, the gopher will general push material in the downslope direction (easier, keeps it below a burrow rather than above), and it will ravel further down the slope on steeper slopes; if it is flat, however, there is no “downslope” movement, and the gopher may even spread things in all directions evenly.

First Key Concept about diffusional processes:  the movement of material by diffusional processes is controlled by the topographic slope.  We can think of the material flux:

Flux of material = q
where q is the sediment transport rate in dimensions of mass moved/(unit hillslope width x time).  Our conceptual model suggests that the q depends on slope, so an appropriate mathematical expression might be:
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where z is the elevation, x is distance down the slope, and k is the transport coefficient.  This equation simply states that the flux downslope is linearly related to the slope, with the proportionality between flux and slope contained in k.

k has dimensions of mass/(hillslope width x time).

To ask students: Develop a list of things that might influence the material flux for a given slope, and hence a list of things that must be contained within this k proportionality.

Answer: Complicated, and related to several things - for instance:

1) bigger and/or more gophers, or larger raindrops mean more material movement and therefore a larger flux for a given slope – hence, a bigger k
2) unconsolidated, fine grained material lacking cohesion is more easily moved by the diffusional process, resulting in a larger flux for a given slope – hence bigger k

4) discuss flux and the erosion equation

To ask students: If your constructed hillslope was being attacked by a diffusional process, where would you expect the material flux to be greatest, and where would you expect the erosion rate to be greatest?

Students generally guess correctly the the flux is going to be greatest where the slope is the steepest, but incorrectly state that the same will be true for the erosion rate.   To illustrate why the erosion rate isn’t just related to the material flux, develop first the concept of mass balance and then the erosion equation.

If we consider a small piece of the hillslope, we can think of the amount of material stored on that small piece, the amount of material being brought to that small piece (i.e., the flux into that space), and the amount of material being brought out of that space (i.e., the flux out of that space).  If we think of a small cube of soil on the slope:


[image: image4.wmf]
This is an expression of the conservation of mass.  The change in volume of material in the box is related to the change in the height of the surface, but what would we need to do to get to height?  Divide by the length and width of the box:
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The second expression is the erosion equation.

To ask students:  What conditions are necessary for erosion to take place?  For deposition? Do you want to modify where you think erosion rates on the hillslope are greatest?

Answer:  In order to have any change in the surface elevation, we have to have q not equal to zero – in other words, the amount of material coming into our space must be different than the amount fo material leaving our space in order to have change.  On our hillslope, the straight slopes would have just as much material moving into our box as out – so, in fact, the place where erosion would be occurring is at the hillcrest, where there is only flux going downslope, and nothing coming in to replace it.

5) develop the diffusion equation
Take this development one step further.  Since we have an expression for q, we can substitute this into our erosion equation:
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Here, the rate of elevation change depends on the slope of the slope, known mathematically as the curvature, with a proportionality constant of F, known mathematically as the diffusivity.

6) test this analytical equation with a physical model

To ask students: Let say you conduct an experiement to determine whether this equation proved to be good for predicting hillslope evolution.  What data would you collect?  What would you compare to what, and what would the relationship be if this equation was a good prediction of hillslope response to diffusive processes?

Answer: If true, there should be linear relationship between measured rates of change on the hillslope (
[image: image7.wmf]) and curvature, with the slope of that relationship being the diffusivity.  When the curvature is negative, the rate of change should also be negative.

7) conduct hillslope experiments using sprinkler

Photo of constructed “hillslopes”.  Note that hillcrests are below the top of each box.





To measure profiles, a yardstick with holes drilled into it at regular intervals is laid across the top of the box, and attached with clips at either end.  The edges of the box are marked to show where to align the ruler, and the center of the yardstick is lined up over the hillcrest each time.  Students then lower a nail through each hole in the yardstick until it just touches surface.  The distance the nail extends below the yardstick is then measured.  Assuming an arbitrary reference elevation for the yardstick, this distance can then be subtracted from the reference elevation to obtain a relative elevation for each point measured on the hillslope.
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