Overview of Exercise:

This exercise was used in a 2-hour lab section near the end of an undergraduate geomorphology course.  It has two parts.  The first part is a discussion of a paper written by Roger Hooke on humans as geomorphic agents.  We discussed the paper both in terms of the role of humans on erosion and earth-moving and in terms of the methodology of the paper.  
The second part of the lab moved to actually having students do some simple estimations of volumes, rates, and costs of human erosion and earth-moving activities.  I provided the framework for them and their job was to set up the problem, either look up or estimate any missing information, and make some calculations.  The three problems here include one on mountain-top removal, one on coastal erosion, and one on local construction and road sanding projects.  You can modify them to give students as much or as little information as you deem necessary, depending on the students.  For the coastal erosion problem, I am attaching a one page flier on a project in Florida – there are plenty of other examples on the web that you can use.  This one comes from Coastal Engineering, Inc.  
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Anthropogenic Effects on Geomorphology & Problem solving:
In lab this week, we are going to focus on anthropogenic effects on geomorphology.  This includes how people have changed the landscape and, in particular, how they have accelerated rates of sediment movement well above historical rates.  We will start with a discussion of a paper by Roger Hooke: “On the history of humans as geomorphic agents”.  We will then look at some case studies of areas where humans have significantly altered natural geomorphic processes, and do some “back-of-the-envelope” calculations to assess the magnitude of the disruption.
I. Discussion of Hooke (2000).  

Please read through the paper by Hooke (2000) and come prepared to discuss the following questions.

1. What are the major causes of intentional human-induced erosion? 

2. What is meant by “unintentional” erosion?

3. How have intentional and unintentional erosion changed over time?

4. Why did unintentional erosion decline so quickly in the past 50 years?

5. Explain what the “multiplier” term is in Table 1.  

6. How does Hooke calculate the total amount of earth moved annually over the past 5000 years? What is the total volume of earth moved over that time period? 

7. What do you think about his method of calculating the total amount of earth moved by humans through time?  Reasonable?  How does it compare to Montgomery’s calculations of erosion?

II. “Back-of-the-envelope” calculations:
Roger Hooke uses a style of calculating known as a “back-of-the-envelope” calculation.  He has reasonable estimates for volumes of sediment moved at a few places and extrapolates out based on population, trends through time, and his best estimates where information is missing.  This style of calculation is actually quite useful in figuring out the relative magnitude of different events/processes/etc. and thus the likelihood that they will be important.  We will run through an example of a back of the envelope calculation in class (problem 3), and then break up into two groups to work on problems 1 and 2.  We will get back together afterwards to discuss and share.  

1. Mountain-top removal.

Hooke mentions that coal mining is “still one of the most significant earth moving endeavors”.  In some parts of the Appalachians, this is accomplished through a process called “mountain-top removal”.  In mountain-top removal mining, the entire top of a mountain is literally trucked away to get at a coal seam underneath.  The remaining rubble is dumped into nearby valleys.  

What volume of material does this represent for a given mountain?  Up to 150 meters of mountain-top can be removed for this.  To figure out the areal extent of a typical operation, go to Google Earth and type in “Cedar Grove, West Virginia”.  Look around and find some coal mines.  Determine a reasonable volume or range of volumes for a mine.
If the material is dumped into a 1 km long stretch of valley, how deep will the fill be?

Over the next few years to decades, this material may wash downstream, possibly filling in pools and wiping out a lot of aquatic habitat.  If the material is spread out over a channel 10 m wide to a depth of 0.5 m, how far downstream will the sediment extend?

How long do you think the sediment problem in the channel will persist?

2. Barrier island stabilization.

Barrier islands are maintained through longshore drift along sandy coastlines.  They are mobile features, with sand that is transported down the shore replenished from upstream sources.  They may also migrate shoreward through time.  For a barrier island to maintain its natural migratory behavior, it needs to have a sand source and the freedom to move.  
People really like living on barrier islands, and as buildings become permanent fixtures, the inherent mobility of the barrier island becomes problematic.  Sand can be held in place from longshore drift with jetties or groins.  The island can be kept from migrating shoreward with seawalls.  However, holding the sand in place locally shifts the problems elsewhere because the sand that is leaving point A is used to maintain the beaches at point B.  Thus, once beaches are stabilized, sand replenishment becomes an issue, because there is less sand moving to the island from beaches “updrift”.  Dredging ships can be used to haul in sand from off-shore and replenish the beach, but this becomes expensive and must be maintained.

Let’s look at the magnitude of the problem by investigating Florida’s coastline.  I have fact sheets on a couple beach nourishment and artificial structure construction projects along Florida’s coastlines.  

What is the approximate cost per mile of shoreline to dredge, haul, and replace the sand?  

Most beach nourishment projects are temporary at best, and have to be continually replenished.  If the beach has to be replenished every 5 years, what is the average rate of shoreline retreat per year?

How many miles of shoreline are there in Florida likely to need replenishment?  (Use Google Earth and some estimating skills)

What is the approximate total cost per year to taxpayers to keep these beaches full of sand?

3. Local erosion into Amity Creek

The Lakeside neighborhood is expanding north, with a new subdivision being constructed of single-family homes.  Let’s assume 20 homes are built each year on ½ acre lots.  Approximately half of the lot is cleared for construction.  Although construction fences are used, sediment still escapes.  If an average of 1 cm of sediment is lost from the entire area where construction is occurring, what volume of sediment moves off of the lots in a given year?  

If you spread all of that sediment back over the entire watershed, what is the depth of sediment lost per year?  The Amity Creek watershed is 40.9 km2 (or 10,000 acres) in area.

There are 58.8 miles of roads in the Amity Creek watershed.  MnDOT recommends about 500 pounds of sand/mile be put on the roadway when there’s freezing rain above 15°F and up to 750 pounds/mile when there’s any precipitation below 15°F.  How much sand likely washes off of roads in Amity per year?  
How does this volume compare with the construction erosion?

