Instructors Notes for GLACPRO exercise

The GLACPRO exercise allows students to explore a region of interest to them (and you!).  I append a sample sign-up sheet for glaciated valleys of the Bitterroot Range – regions with longer or more complex glaciated regions (e.g., the upper Rio Grande River in the San Juan Mountains of Colorado) may require more columns for more students to sign up to model past ice in such basins.  At this point all class members should feel that they can make Excel dance to their tune (although they may not have been introduced to macros and the like).  They should also be comfortable with reading and translating cell formulas, thus understanding the steps involved in model operation.  Graphing, including all required information and good artistic design should also be second nature to them.
· Your first task is to select an area of study.  You might look at the Glacier modeling section of my Web Page - http://www.homepage.montana.edu/~ueswl/ - for outcomes from the northern Rocky Mountains (of Montana), the Yellowstone icecap, and the Wind River Range.  The fewer students you have in your class, the fewer valleys are required (Longs Peak or Mt. Rainier?).  Ackerly (1989) looked at the NE United States, for example.  Recast the sign-up sheet to reflect your selection.  You may wish to photocopy or print maps on a scale for the entire class to color as part of the project (see student instructions).
· Once the students have chosen valleys, their first (and hardest) task is to determine the maximum extent of the former glacier.  The placeholder data set in the model is from Halfmoon Creek, CO.  Not all termini are this obvious and impressive!  A common error/problem is poor starting data.  In my opinion, Ackerly (1989) had this problem – the model outcome will only be as good as the starting data.  The students should input the moraine crest elevations ONLY as far upstream as they are obvious.  In the absence of lateral moraines an arbitrary starting thickness can be used – see Schilling and Hollin (1981; Table 2) for a table of such values as a function of valley slope.

· The BEDROCK ELEVATION data are deceptively simple – just march up the valley by fixed distance intervals, interpolating elevations.  But what about fill?  What about postglacial erosion?  What happens if the valley is now occupied by a reservoir (see Lake Chelan, WA)?

· The model MUST be run up-ice.  Why it must is an interesting discussion – it is worth noting that from the slab approximation, ice will reach an equilibrium thickness in any steep reach regardless of how much farther it extends down valley, thus there is no unique solution running the model down-ice (although it appears to work). Many valleys split into tributaries up-ice.  I ask each group to model at least one tributary in addition to their main valley (or two small straight valleys).

· Students are supposed to meet outside of class to discuss ice divides – it appears they often wait to the last minute and then find time constraints.
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Pitfalls:

· Extending moraine crests to the drainage divide.  I don’t know why, but some students think they must have data all the way up the glacier – the reason for the model is to project where no such data exist!

· Making their steps too long.  The model is conservative – long steps only matter where the bed is rising rapidly.  Still – the warning that step length should be of the order of ice thickness to 1.5 or 2X ice thickness is a valid one.  Schilling and Hollin (1981; Table 1) discuss the consequences.

· Miscalculation of shape factor.  You might ask them to show you their calculation before they continue to ensure they haven’t stopped half-way across, input incremental instead of cumulative distance, or inserted the nominal map scale (if using online maps) rather than the actual on-screen scale (which must be computed by comparison to the bar scale TopoZone, for example, provides).

· Using inappropriate values for basal shear stress.  the values should generally be 1 bar (100 kPa) if no data are available, 0.01 to 1 bar on deformable beds (see the N. Rockies example on my Web Page), and 1 to 8(?) bars in well-drained valley reaches with converging and decelerating flow (see the Wind River example on my Web Page).
· Starting tributaries with copied values, rather than by reference to cell contents.  If the base model is tweaked, the tributary won’t change automatically – this can be obvious from ice surface profiles that don’t converge down-valley.

· Failure to accurately mark ice margins and color ice extents within the entire basin of interest (whether explicitly modeled or inferred from the results of modeling).
I append a rubric that may be helpful for scoring, thus grading, student submissions.
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Glacial Reconstruction Checklist
Model

1. Basal shear
2. Shape factors
3. Tributary
Profile

1. Step Length

2. Data

3. End

4. Mechanics (VE, Names, Title)

5. “Moraines”

Map

1. Starting point

2. Elevations
3. Tributaries

4. Difficulty factor

5. Cirques

6. Complexity factor

Write-up
1. Morphology

2. Glaciation

3. Group glaciation

4. Orientation

5. Climate

