Geol 310, Geomorphology Lab 2
Name: 

Partner: 

Partner: 

Finish field measurements by end of lab 



Final report due 


Measurements, Data, Accuracy, and Precision

Designing a good scientific project is deceptively difficult.  It requires a lot of fore-thought to clearly outline the problem you want to test or investigate, deciding what sort of data you need to collect to answer your problem, and figuring out what sort of measurements you need to make to gather those data and how to make them.  As you make your measurements, you also need to figure out how good your data are, by assessing their accuracy and their precision. 
Lab Objectives

The overall objective of this lab is to help you develop a critical mind about gathering and evaluating data.  This sort of approach is vital to doing well in this class, and in any science.  More specifically, the objectives are to learn:

1. how to use three different tools (methods) to collect quantitative position data about a landscape: a level and tape; a GPS (global positioning system); and a total station.

2. how to compile these data on a spreadsheet, and then plot them as a topographic map or surface using computer software.

3. how to evaluate the quality (accuracy and precision) of those data by comparing the two maps to what you know is actually out there.

4. finally, give an assessment of the benefits and limitations of each method for collecting data.
Definitions:

Accuracy vs. Precision:  Most people use these two terms almost interchangeably, and few people actually use them correctly.  In science, they mean very different things, both important to assessing data quality.  Accurate means “capable of providing a correct reading or measurement." In physical science, a measurement is accurate if it correctly reflects the size of the thing being measured.  Precise means "repeatable, reliable, getting the same measurement each time."  We can never make a perfect measurement. The best we can do is to come as close as possible within the limitations of the measuring instruments.  
Here’s a classic way to demonstrate the difference.  Suppose you are throwing darts at a target, trying to hit the bull's eye (the center of the target) with each of five darts. Here are some representative patterns of darts in the target.
	Neither Precise Nor Accurate 
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	This is a random pattern, neither precise nor accurate. The darts are not clustered together and are not near the bull's eye. 


	Precise, Not Accurate 
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	This is a precise pattern, but not accurate. The darts are clustered together but did not hit the intended mark. 


	Accurate, Not Precise 
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	This is an accurate pattern, but not precise. The darts are not clustered, but their 'average' position is the center of the bull's eye. 


	Precise and Accurate 
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	This pattern is both precise and accurate. The darts are tightly clustered and their average position is the center of the bull's eye. 


 

In each case did you hit the target where you aimed? Which one represents 'repeatability or reliability'? Which one represents 'correct but sloppy'?
Now it’s your turn!
Out in the grass field south of the new Communication Building, you will measure the shape of the grassy bowl with the large Douglas Fir tree in the center of it.  You will initially divide into groups of 3.  Each group will decide (rock, paper, scissors?) who will characterize the topography of the swale by which of 3 methods: (1) level and tape; (2) total station; or (3) handheld GPS.  This will then make 3 new “methods” groups: 10 students in the LEVEL group, 10 in the TOTAL STATION group and 10 in the GPS group.  Each method group will try to figure out the best way to collect a set of topographic data about this simple landform.  You will be collecting what is called “X-Y-Z” positional data.  The X and Y are the positions North-South (aka “northing”) and East-West (aka “easting”, and the Z data is the altitude.  Your method group will need to gather enough position points to fully characterize the grassy bowl.  That means running transects back and forth across it and along it, being sure to characterize the near and far edges of the area too.
Then you will re-join your other two original group members to compare the data collected by the three methods.  All this is supposed to happen in today’s three hour class/lab session: 

· 30 minutes for Intro and group formation

· 90 minutes for instruction and data collection

· 60 minutes for data downloading, analysis using the Surfer program in the Geology Computer Lab (ES230)
(1) Sighting Level (7 units available)
The level mounted on a Jacob’s staff is pretty straightforward. Sighting through the level scope allows you to see locations that are at the same elevation as the level (which is ____ m above the ground.  You can then measure (with a tape or by careful pacing) where that location is.  Note that all data is relative to a single starting point (e.g. x meters north (or south); y meters east (or west); z meters higher (or lower).  Don’t be deceived by the simplicity of this tool—it has served geographers and geomorphologists well for centuries.
(2) Total Station (2 units available; instruction by George Mustoe)
The Total Stations are high-precision laser theodolites, a standard surveying tool which uses a laser to measure distances from the instrument to a reflector mirror on a rod very accurately.  The instrument then uses a computer to calculate the angles and convert the straight-line distances into X-Y-Z coordinates (usually in meters).  Note that all data is relative to a single starting point (e.g. x meters north (or south); y meters east (or west); z meters higher (or lower).  Total stations are extremely accurate and precise when used properly, but they’re tough to set up properly and take experience to use well. A sample data table is included at the end of this handout (copy more if necessary).
(3) Global Positioning System (GPS) (10 units available; instructions below)
The GPS units rely on satellites orbiting the earth in very well known orbits to calculate positions.  Basically, the satellites broadcast signals that say exactly where they are at all times, and the handheld unit you have can calculate its distance from each satellite it receives signals from.  By triangulating, it can tell you where you are at any given time.  GPS is different than a total station in that it the former gives you a measure of where you are on the surface of the earth, whereas the total station only gives you a relative position (in most cases, your position relative to where the total station is set up).  On the other hand, GPS generally is only accurate to within 3-5 m for horizontal positions (that is, your actual position may be anywhere within a circle that is about 3-5 m in diameter), unless you have very expensive GPS equipment (we don’t!).  And lots of things can degrade the quality of the GPS readings (refer to your notes from the GPS primer).
Collecting Waypoints using Garmin GPSmap 60C

1) Where you have a clear view of the sky, start the GPSmap 60C by pressing and releasing the POWER key; screen should move to the Satellite Page.

2) Press and release the MARK key to display the Mark Waypoint Page. Note that your current position is assigned a map symbol, a unique ID number, a date and time of recording, location coordinates, and if available, elevation. To save a waypoint to the Waypoints List, use the ROCKER key to select “OK” and press ENTER.
3) You can now collect as many waypoints as time and memory allow.

4) Downloading data from the Garmin GPSmap 60C:

a. Log in to computer in ES230
b. Connect the Garmin GPSmap 60C via cable to the upper USB port on the PC

c. Right click on My Computer; choose Data1 on ‘Geologist’; choose Classes; choose Geol310; choose G7towin.exe
d. Choose Waypoints tab; Download Waypoints from GPS

e. Choose File tab: save as “yourfilename”.csv to the desktop or your U: drive

f. The data from the GPS will be configured into a spreadsheet compatible file

Using Surfer8 to view topographic data from a .csv file:

1) Launch Surfer8 from the desktop of a computer in ES230
2) Choose Grid; choose Data; open “yourfilename”.csv

3) View data-- be sure you know which columns contain which values (northing, easting, elevation); this will make a .grd file

4) Once you are satisfied with your .grd file, choose Map; choose Contour Map; use your .grd file to map a contour map; be sure to include a title and labels on your axes.
5) Try to figure out how to plot your individual data points (Surfer8 manual in ES230-- probably need to use the overlay function

Data Comparison and Report Assignment
How you plot and compare the data for the three methods of measuring topography is up to you and your partners.  Take some time to think about it.  Your report for this lab should consist of a short (< 1 typed page) comparative description of the accuracy, precision and efficiency of three methods.  You may include as many supporting tables and figures as you need, so long as they are labeled, numbers and well-organized.  
Please refer to the Guideline for Lab Reports posted in the Course Documents section of the class Blackboard site.

Please turn in one report per group by the due date (next week).
Survey Data Form
	Pt #
	Northing
	Easting
	Elevation
	Notes
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