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WELCOME TO SPREADSHEET MODELLING OF GEOMORPHIC PROCESSES AND LANDFORMS!


The purposes of this 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).
SCARP
Open the accompanying spreadsheet – SCARP.xls.  Save it to your drive space by some other name (abbreviated author names – JoeMarySCARP – are good).  Save often!  This scarp evolution simulation uses a simple mathematical tool - a running mean - 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 simulation model – it does not actually mathematically reproduce the processes of slope evolution, but it sure looks like it does!
MODEL DESCRIPTION

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.]  Column C (“Y1”) is the first increment of scarp evolution, beginning to smooth away the initial relief.  
- Click on any cell (except the first or last) in Column C to examine the “=AVERAGE” function in the formula bar.  Note that I could have used a continuous data syntax – “=AVERAGE(B22:B24) – or  simple arithmetic – “(B22+B23+B24)/3” and the outcome would be unchanged.  Note that any spreadsheet model is a translucent rather than a black-box model because you can see in the formula bar and interpret directly the workings of the model.  Click on the “fX” button to the left of the formula bar to briefly review the available functions – we will use a couple of then next time.
- Click on the first (below the column label “Y1” or last cell on Column C and describe how and explain why the formula there is different. 
Note that the contents of each block change by 1 going down the column; this is done automatically by the Copy command (below) unless it is told not to by anchoring the row or column with a “$” in front of the row or column designator.  Formulas with the $ before either the row or column designator (or both) would be described as absolute cell references, those without are relative cell references.  Next time we will use that capability.
ASSIGNMENT

Your assignment begins by copying Column C to the right AT LEAST 30 times, each simulating about 100 years of scarp evolution. 

- Click-drag to highlight the cells containing “Y0” and “Y1”, then click-hold on the little square (“handle”) at bottom right of the highlighted cells and pull it to the right to at least Y30.   The Excel® SmartCopy capability guesses that you want to increment the number by one at each step.  Note that the formatting (here, the box margin) also copies.

Similarly, copy the contents of column C beneath Y1 to Y2 – Y30+.
If you don’t want to SmartCopy, you must use right-click/Copy, <Ctrl-C>, “Edit/Copy” or the “COPY” button to copy cells to the clipboard, then highlight the top destination cell(s) and right-click/Paste, <Ctrl-V>, “Edit/Paste” or the PASTE button. 

- Experiment with various Copy/Pasting techniques (including right-click/Paste Special) to get a feel for how each might serve you.  Which ones paste the relative cell addresses correctly?
GRAPHICAL DISPLAY
The “Graph” tab displays a truly UGLY graph of the initial conditions.  For your submission, I want you to generate a beautiful graph.  In this context, “beauty” implies most effective transmission of the relevant information (Tufte, 1983); that involves showing the data, emphasizing content rather than form, and avoiding distortion and distraction.  Every good scientific graph must contain all of the following information: author(s), date of generation, a meaningful title, axis labels and units of measure, and a legend or other identification of each series.
- Graph every 10th column (simulating 1000 years of erosion). The starting scarp is already built on the “graph” tab - right-click/Source Data to add additional series.  Use the “Series” tab and “”Add” button, then type a meaningful series name in the “Name” box.  The little white/blue/red button at the right of the X- and Y-series boxes lets you go to your spreadsheet and click-drag to highlight the cells you want to use.  [NOTE: be careful NOT to select the column label, only the cells containing numbers.]  When you have a graph of at least 3000 years of scarp simulation you are done with the easy part of the exercise!
Create the most convincing diagram by right-clicking and changing properties!  Every element of your graph MUST be optimized – scale, title, font, color, grid lines, line style and weight…  
- Try to maintain no vertical exaggeration by click-dragging on the “handles” at the edge of the (selected) graph and/or by right-clicking on the vertical axis and changing the maximum and/or minimum Scale values.  If vertical exaggeration is anything other than 1, it must be stated explicitly in a text box (e.g., “V.E. = 10X”, describing a vertical scale that is 1/10 of the horizontal scale, thus vertical objects appear ten times taller than they are).

- The Windows Drawing toolbar, often docked along the bottom of the spreadsheet page, is very helpful.  [If it isn’t there, go to the Menu bar and click View, Toolbars, Drawing to activate it.]  It includes tools to add text boxes, shapes (check out the AutoShapes options!), lines and arrows and other ways to annotate and customize your graph.

- You are not constrained to an X-Y graph type.  But – ONLY the X-Y graph in Excel retains the numerical information on both axes.  All other graphs treat X-axis information as categories (red fish, blue fish…) rather than numerical values.  BEWARE.  [Remember – save your file often – you may want to recover and restart.]  Right-click, chose Chart Type, and experiment!  Under “Line” are options like a 3-D “ribbon” graph.  If you use a ribbon graph, right-clicking on an existing series and choosing “Options” lets you change the width and spacing of your ribbons.  Right-click, “3D View” allows rotation, etc.
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.

- Click-drag to select the contents of column A, then Copy and past them below the exiting model (say, starting at cell A30).  Then, click to select cell C31 and type (in the formula bar) =.  At that point, Excel “knows” that an equation is forthcoming and it “expects” data, constants, operators, or functions.  Click in cell B2, then – (“minus”), then cell C2.  The formula bar should read: “=B2-C2”.  SmartCopy that cell into the remaining cells below your initial model and to the right of your new column of X-values.
- Create a new graph showing the rate of change at each 1000 years.  Use the Chart Wizard button (it looks like a shelf of books) to build a new graph – it can be a “floating graph” on the spreadsheet page or on a new page of its own.  It must meet all of the specifications of excellent graphs as defined above.

- Note that you have just graphed the first derivative of the scarp model – the rate of change!
WRITE-UP
In either Excel or Word (not both) compose a paper including the contents requested.  In Excel, use a textbox and spell-check your work.  In Word insert appropriate graphs using copy/paste and spell-check your work.  Specifically, due when I specify, produce one or more “perfect” graphs showing several thousand years of scarp evolution 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.  
· DISCUSS the rate of change of slope at various places, particularly at the steepest part of the slope (the midslope).  How would the scarp appear after 100 time steps (~10,000 years)?  After 1000 steps?

· CONSIDER the applicability of this model.  Is this how scarps really evolve?  

· Describe a CONCEPTUAL model for scarp evolution, using words like “slope angle”, “rain splash”, “erosion”, and “deposition”.  Note that you are describing a PHYSICAL model, such as a stream table with rain simulator.  

· How would you make your conceptual model into a MATHEMATICAL model?  What calculations would need to be made at each step? How might you parameterize such variables as scarp composition, vegetation, and climate? [If you can write an equation, please do so – if not, explain in words what relationships are direct (=aX), indirect (=1/aX), linear (=aX), power (=aXb) 
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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