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CONTINUED SPREADSHEET MODELLING OF GEOMORPHIC PROCESSES AND LANDFORMS!


The purposes of this, previous, and subsequent exercises include:

· competency with spreadsheets - a basic tool of computing,

· introduction to modeling - a basic tool of science, and

· improvement in understanding of landform/landscape evolution.


In each exercise you will be asked to build or modify a model, first in a cookbook fashion, then with the freedom to experiment.  You will also need to generate graphical output and comment briefly in writing about the model, its assumptions, YOUR assumptions in changing the model, and the results of running the model.
Each inset paragraph describes an action; italicized instructions must be followed in the write-up.  Bold-faced words are key terms (if bold and underlined – heavy emphasis).
SCARP2
Open the accompanying spreadsheet – SCARP2.xls.  Save it to your drive space by some other name (abbreviated author names – JoeMarySCARP2 – are good).  Save often!  This scarp evolution model (cf. previous simulation) uses a deceptively simple mathematical equation to portray the changes in a scarp (“escarpment” – an oversteepened part of a landscape, often formed by fault rupture, stream undercutting, or erosion by mass wasting) over time.   Note that this is a numerical model – it does actually mathematically reproduce the processes of slope evolution (but you have to understand how it works)!
MODEL DESCRIPTION

As with the previous exercise, Column A (“X”) lists horizontal distance (assumed to be in meters, of course!), and Column B (“Y0”) the starting relative elevation at each 1 m increment.  “Y0” is commonly shown as “Y0” and is read “Y-naught” – it refers to the initial conditions or condition at time T0.  Graphing Column B (Y0) against Column A (X) in X-Y graph format yields a profile of the starting scarp. [Note: this has already been done for you.]  The next three columns are this week’s model – you MUST examine the equations in each cell in order to understand the modeling process.  
This week’s exercise builds on your previous one, except that instead of the running mean, we here calculate the TRANSPORT POTENTIAL (Column C), which is a function of the slope (calculated from Columns A & B) and the EROSIVITY (a constant entered in cell D1).  [Note: Cell C3 only includes a fixed value in order to eliminate edge effects.]  The elevation change at a point (dY, Column D) is calculated as the difference between transport in (from the preceding cell) and out (to the next cell), divided by the length of the increment. A new point elevation is then calculated as the starting elevation minus the change (Column E).  The entire block (Columns C, D, and E) must be copied to the right of Column E for the next increment.  Do NOT do so yet, however.  Note the use of absolute column and cell references in the transport potential equation.  Note also that Columns C, D, and E COULD be combined into a single complex equation, which would markedly reduce final spreadsheet size!
· Consider the significance of the EROSIVITY constant.  I find it best to consider this as a measure the ratio of driving to resisting forces.  Larger numbers represent greater disequilibrium and more rapid change, smaller numbers imply the opposite.  List the variables included (inferentially) in erosivity, and characterize each one as driving and resisting, large or trivial, linear or power...
· The starting erosivity value is close to the maximum the model can stand, thus might represent the evolution of noncohesive material in the absence of protective vegetation and a climate that is characterized by intense rainfall.  For our purposes, each model step likely represents several hundred years of evolution, depending on the assumed setting.  Just for fun – if your modeling includes a simple scarp, try increasing erosivity to 0.5 to see what happens!  Models – sheesh!
· Is erosivity really constant?  You could force it to vary “randomly” – see programming note (below).
ASSIGNMENT

Your assignment is to use this realistic model to address some of the issues which arose with the last model (which was, after all, only a simple running mean) by using this model to investigate a non-trivial real-world slope evolution issue.  
Examples: 
· add stratigraphy by using a different erosivity for layers at different elevations by referring cells above a selected height on the scarp to a different erosivity value than those below that height (see programming notes – below); 
· modify initial topography to investigate the effects of far-field slope (faulting of sloping colluvium) by dictating a reasonable pre-fault slope in Column B; 
· test the effects of multiple offset events by running the model for several thousand years, then adding another 5 m of offset in the middle, then running it again; 

· test the result of parallel or en echelon faulting rather than a single rupture…

Feel free to consider unusual alternatives!

MODELING NOTE:

· You may wish to compare one model to another (a simple scarp to a complex one, for example).  The way to do this is to enlarge the model using SmartCopy (click-drag to select the entire starting block, then click-hold on the square “handle” and drag).  I suggest extending the column titles separately from the model itself – two SmartCopy steps.  Then, copy the starting columns to another worksheet (right-click on a worksheet tab, Insert, New worksheet), make your modifications, and graph the results from both models on the same chart to facilitate direct comparison.

MODELING PROCESS:

· WRITE your proposed modeling activity in English.
· E.g., “We propose to compare the evolution of a single, simple 6-m fault scarp to that of a compound scarp (2-m faulting events every “2000 years”) in order to determine how such a situation might be recognized in the field, for example, in the siting of a critical facility such as a hospital.”  Note: have your instructor critique your proposed activity

· TRANSLATE your proposed activity into general programming activities.

· E.g., “Build one model that shows the evolution of a single scarp with initial relief of 6 m.  Build another model that starts 2 m of relief, then add additional 2-m offsets at the same distance along the profile after the equivalent of 2000 and 4000 years of scarp evolution.  Graph the two profiles to compare the shapes of the scarps.  If necessary, calculate the difference between the scarps and graph it as a function of distance to emphasize where the major differences lie.
· Finally, PROGRAM using Excel to accomplish the desired task.

· E.g., “Use SmartCopy to extend the column titles, then the model columns, to the equivalent of 8000 years of scarp evolution.  Insert another worksheet, copy the starting columns to it, change the initial scarp height to 2 m, and add additional 2-m offsets by inserting two columns at the appropriate places to describe an additional 2-m offset and add it to the elevation of the upper (footwall) black.  Finally, graph as new series comparable steps in time as well as comparable steps in terms of midslope angles.”
PROGRAMMING NOTES:
· To fill a block with predictably changing values, manually input the first few values and then use SmartCopy to extend the pattern.  Two cells will suffice for linear change, three cells may be required for more complex (e.g., exponential) patterns.
· The =RAND() function returns a random number evenly distributed between 0 and 1.  If you multiply it by a constant (e’g’, (=RAND())*0.3) it returns a number randomly distributed between 0 and 0.3.  To use a different random value at each step you might have to change the absolute cell reference in the equation to an absolute row reference, then put a new random value in the uppermost cell of each step (D1, G1, J1…).    Note that random numbers are not really random (they are drawn from an internal table) and they recalculate every time the model reopens (you may have to Copy/Paste Special…Values to chose random values and then fix them as constants).

· To refer to a choice of erosivity values you should use a conditional expression.  Excel’s =IF function allows you to use a logical expression (e.g., “if elevation on the scarp is greater than 4 m, use a lower erosivity value because a calcite-cemented soil – “caliche” – is eroding more slowly than if elevation on the scarp is 4 m or less”) to select from one or more options.
· In an empty spreadsheet cell, click on the fX button next to the Formula Bar, select “Logical” functions, chose “IF” to view the applicable syntax and click on “Help with this function to view examples and options.
· You can annotate your spreadsheet by Inserting Comments in cells to emphasize or explain what you have done.  I will typically do the same to suggest improvements.
Your report should include printouts of significant modifications to the model as well as meaningful model output.  Please accurately describe and justify any vertical exaggeration in your graphical output.  You should also include a brief (1-2 page) written (typed or word-processed) DESCRIPTION of your simulation, EXPLANATION of your results, and DISCUSSION of the model.

GRAPHICAL DISPLAY
Once again, the starting graph I have provided to you is crude and ineffective.  Use the principles of good graphical design we discussed last time to build one or more graphs that effectively communicate the results of your modeling effort.
DATA MANIPULATION

Consider other ways to view the data.  Some of the changes that occur are very subtle – they would show up better if you considered the differences between time steps rather than the actual elevation along the scarp.

WRITE-UP
In either Excel, compose a paper including the contents requested.  Uuse a textbox and spell-check your work.  Specifically, due when I specify, produce one or more “perfect” graphs showing your model of the real world using the instructions given here, and a short (1-2 page) discussion as outlined in italics above and below.  Your product should be submitted to me electronically, ideally as an attachment to an e-mail message.  
Please feel free to include constructive criticism of this exercise: what did you learn, what was confusing, what could make it clearer…?
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