Earth Systems Science

Laboratory 1

Using and Interpreting Topographic Maps

Objectives:
· To learn how to use a topographic map to determine horizontal distances, elevation differences, and the steepness of slopes.

· To test hypotheses using a topographic map as a tool to provide data about a landscape.

· To learn about different coordinate systems for locating a point on Earth’s surface.  

· To become familiar with the Florida River sampling sites and terrain characteristics.

Key Terms and Concepts:
Graphical scale
Verbal scale

Fractional scale
Contour interval

Index contour

Elevation

Gradient

Latitude/Longitude
UTM


Township/Range
Declination

Vertical exaggeration

Internet Resources:
http://www.geography.about.com/science/geography/cs/topographicmaps/
http://mcmcweb.er.usgs.gov/topomaps/
http://www.ordsvy.gov.uk/
http://www.tec.army.mil/
http://www.orienteering.org/
http://oddens.geog.uu.nl/index.html
http://www.topozone.com
http://terraserver.microsoft.com
http://www.delorme.com/
http://www.topo.com/

 HYPERLINK "http://www.topo.com/" 
 
Topographic Maps
All maps are two-dimensional representations of a three-dimensional world.  A topographic map shows you the shape of the land's surface using contour lines that connect areas of equal elevation.  Most topographic maps also contain information about cultural features, such as roads and buildings, and about vegetation, locations of streams, and other natural features.  In the U.S., most topographic maps are made by the U.S. Geological Survey (USGS).  
Topographic maps, like other maps, are useful for determining distances between points.  Unlike other types of maps, they also provide information about elevation differences, about the locations of valleys and ridges, and about how steep various slopes are.

 Important features of topo maps: Tools for map interpretation

Scale allows you to convert map distance into real-life distance.  Map scales come in three forms:

A graphical scale is usually a line divided into segments showing what distance on the ground is equivalent a distance on the map.

Example:

 

The map distance between the “0” tick mark and the “1000” tick mark on the map represents 1000 feet on the ground.

A verbal scale states the number of feet or miles on the ground that equal one inch on the map.  It can be expressed in words or as an equation.

Example:  1 inch = 1000 feet

A distance of 1 inch on the map is equivalent to 1000 feet on the ground.

A fractional scale is a ratio of distance on the map to distance in the real world.  It can be expressed as a ratio or as a fraction.

Example:  1:12,000; 1/12,000

A distance of 1 inch on the map is equivalent to 12,000 inches on the ground.

Any combination of the three types of scales may be found on a map, so it is important to be able to convert between them.  A graphical scale can be converted to a verbal scale fairly easily, by measuring the length of the graphical scale line.  Converting a fractional scale to a verbal scale is simply an exercise in unit conversion.  All three examples above represent the same map scale:  1:12,000, or one inch = 1000 feet.
Example:   Converting fractional scale to verbal scale.

Q:  For hiking, many people use 1:24,000 scale topographic maps.  How many feet in the real world are represented by one inch on the map?

A:  The ratio 1:24,000 means that one inch on the map represents 24,000 inches in the real world.  So this question is really just a unit conversion problem:  how many feet is 24,000 inches?


1 foot = 12 inches


24,000 inches x 1 foot/12 inches = 24,000/12 feet = 2000 feet

So, on a 1:24,000 scale map, one inch on the map is equivalent to 2000 feet.

Contour lines:  The elevation of the land surface above sea level is represented on a topographic map by contour lines.  Every point on a contour line has the same elevation.  You can think of a contour line as representing a horizontal slice through the land surface.  A set of contour lines tells you the shape of the land:  hills are represented by concentric loops, whereas stream valleys are represented by V-shapes in contour lines.  Steep slopes have closely-spaced contour lines, while gentle slopes have very widely-spaced contour lines.

The contour interval is the elevation difference between adjacent contour lines.  It is important to know the contour interval in order to interpret how steep a given slope really is, or how much elevation difference is represented by a certain number of contour lines.
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Every fifth contour line is an index contour, drawn darker than the other lines.  If an index contour is long enough, its elevation is usually written somewhere on it.  If the contour interval is not stated on your map, you can determine it from the elevation difference between adjacent index contours.

Map Symbols and Colors: USGS topographic maps use a standardized set of colors to designate features:

· Black – man-made features such as roads, buildings, etc.

· Blue – water (lakes, rivers, streams, reservoirs, etc.)

· Brown – contour lines

· Green – vegetated areas such as forests

· White – areas with little or no vegetation

· Red – major highways; boundaries of public land areas

· Purple – features added to the map since the original survey

Coordinate Systems
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Map-making faces the challenge of representing the Earth’s curved surface on a flat piece of paper.  Different methods called map projections are chosen based on the scale and purpose of a particular map, but all projections result in some degree of distortion of the ‘ground truth’ being mapped.  Regardless of projection or distortion, all maps rely on a grid system to describe the location of a point on the ground.  There are several common grid systems (coordinate systems) used on maps published in the U.S.  All are based on a geometric X-Y coordinate system, where X is the horizontal component and Y is the vertical component: 

Geographic Coordinate System (GCS) – Latitude/Longitude
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In the Geographic Coordinate System, lines of latitude run parallel to the equator and divide the earth into 180 equal portions from north to south.  The reference latitude is the equator (0°), and each hemisphere is divided into 90 degrees north and south.  The north pole is 90° N and the south pole is 90° S.  Wherever you are on the earth’s surface, the distance between lines of latitude is the same (60 nautical miles).  

Lines of longitude run perpendicular to the equator and converge at the poles, and therefore do not have an equal distance between lines at all points on the globe.  The reference line for longitude (0°) is the prime meridian, which runs from the North Pole to South Pole through Greenwich, England.  Longitude is subsequently measured from 0-180° E or W of the prime meridian.  Negative longitude values are assigned to lines west of the prime meridian.  

GCS values can be stated in decimal degrees (Durango ex. -107.877, 37.287) or in degrees-minutes-seconds (Durango ex. 107°52’32”W, 37°17’9”N).  Each degree can be separated into 60 minutes (’) and each minute into 60 seconds (”).  The USGS maps you will use in this lab are called 7.5 minute quadrangles because each side of the map covers 7.5 minutes of latitude or longitude.  
Universal Transverse Mercator (UTM)

The Universal Transverse Mercator system is widely-used because it produces the least amount of distortion for maps that cover large areas.  In this system, the earth is divided into 60 north-south zones that are each 6° longitude in width.  Coordinates are written as the UTM zone and an easting-northing pair in meters.  The easting is the projected distance in meters east or west of the center of the UTM zone.  The northing is the projected distance in meters from the equator (Durango ex. Zone 13, 244956, 4130253).

Public Land Survey System (PLSS)

The Public Land Survey System is used mostly in the western part of the U.S., originally to designate rural undeveloped areas.  It is a grid system measured in U.S. miles, with each township being a square of 6 miles on a side.  Townships are divided into 36 sections, each a square mile, and sections are divided into quarters and quarters of quarters.  
The red star in the diagram would be located as NW1/4, NW1/4, sec. 14, T2S, R3W.  



(diagram from National Atlas)
Compass Directions
A compass operates because the earth has a magnetic field.  Lines of magnetic flux travel from the South Pole to the North Pole.  The geographic North Pole (True North, a star on a topographic map’s north arrow), however, is not where your compass needle will point!  Due to the molten nature of the earth’s iron core, the magnetic field is always shifting slightly.  A compass needle, instead, points to Magnetic North (MN on a topographic map).  The angle between True North and Magnetic North is called declination, and this angle varies with time and location.  You can look up the declination at any given location or time on NOAA’s website (http://www.ngdc.noaa.gov/seg/geomag/jsp/Declination.jsp).  
The declination in the Durango region in Winter 2007-08 is 10°E.

______________________________________________________________________________
Part 1:  Visualizing Terrain with Durango East and West Quads

Go outside with your lab instructor (who will have compasses, a GPS unit, and several copies of Durango East and West quads).

From the viewpoint, observe the terrain within and around Durango.  Start thinking about reasons why some terrain is steeper while other regions are flatter.  

1)  Adjust your compass for the current magnetic declination (10°E).  Find the north arrow at the bottom of one of the USGS quads.  What is the stated declination?  When was this map made?  How much is the declination changing each year?
2)  Using your adjusted compass, rotate the outer circle until 296° is at the tick mark.  Rotate the compass and yourself until the compass needle rests in the “north arrow box”.  What landmark are you pointing to?  

3)  Now orient your compass to point to 230°.  What landmark is this?  

4)  Without looking at elevations on the maps, hypothesize which of the above two landmarks is higher.  Is there a tool on your compass to measure this?
5)  Using the maps, locate our viewpoint in latitude/longitude, UTM, and township/range.  What is the elevation here?
6)  Before going inside, your instructor should demonstrate how the GPS unit quickly locates itself and provides coordinates and elevations.  How close are these coordinates to your map-based coordinates for the viewpoint location?  
Part 2:  Topography of the Florida River Corridor
Go back inside and use the Lemon Reservoir, Rules Hill, Durango East, Loma Linda, Gem Village, and Bondad Hill quads, along with a ruler, calculator, and planimeter to complete the following exercises.

Working with the Lemon Reservoir map, answer the following questions:
1)  What is the scale of this map?

2)  Measure the length of Lemon Reservoir with a ruler.  Convert inches on the map to miles on the ground.  (1 map inch = 2000 feet on ground; 1 mile = 5280 feet) Show your work!
3)  What is the contour interval?

4)  What is the name and elevation of the highest point on the map?  Where is the lowest point?  

5)  Relief is the difference in elevation found in a region.  What is the total relief represented on this map?  

The following table lists water sampling points along the length of the Florida River.  Your instructor will assign one site to each group of two-three students. Find your point, and label it on your maps and on the map at the front of the classroom. When your classmates have found their point, locate and mark all of the sampling points with an erasable transparency marker (only on laminated maps, please!).  Record the elevations of each point (watch contour intervals – they change between quads!).
	Location
	Longitude
	Latitude
	Elevations (feet)

	campground
	107° 40'55.64814”W
	37° 27'14.74924”N
	 

	day use area
	107° 40'16.10000”W
	37° 25'22.28113”N
	 

	below dam
	107° 39'52.21490”W
	37° 22'16.59791”N
	 

	CR 245 bridge
	107° 42'17.43100”W
	37° 20'38.70300”N
	 

	CR 234 bridge
	107° 47'35.33153”W
	37° 16'36.34815”N
	 

	CR 225 bridge
	107° 46'34.92668”W
	37° 15'21.24371”N
	 

	CR 223 bridge
	107° 45'27.25069”W
	37° 14'2.73094”N
	 

	old RR bridge
	107° 44'51.78492”W
	37° 12'52.18653”N
	 

	Durango Nature Center
	107° 52'1.82300”W
	37° 3'47.38200”N
	 


Coordinate Conversions:

6)  What are the campground coordinates in the UTM system?
7)  How would you describe the location of the day use area in township-range?

Stream Segment Characteristics:
8)  Look at the terrain and elevation trends along the length of the Florida River.  Which part of the river do you expect to be the steepest?  Why?  How does the shape of the river channel and its valley change over the course of its length?

9)  Measure and calculate the lengths in feet of each stream segment between sampling locations below Lemon Reservoir Dam.  (Hint: Stream segments aren’t straight, so a ruler won’t do!  Use a planimeter or string to get as accurate a measurement as possible).
	Stream Segment
	Segment Length (feet)
	Segment Relief (ft)
	Segment Gradient 

	below dam to CR 245 bridge
	 
	 
	 

	CR 245 bridge to CR 234 bridge
	 
	 
	 

	CR 234 bridge to CR 225 bridge
	 
	 
	 

	CR 225 bridge to CR 223 bridge
	 
	 
	 

	CR 223 bridge to old RR bridge
	 
	 
	 

	old RR bridge to Durango Nature Center
	 
	 
	 


10)  Use the elevations recorded in the first table to calculate the relief of each segment, and record these values in the table above.
11)  Now use the stream segment lengths and relief to calculate the gradient of each segment.  Gradient is a measure of the steepness of terrain or another feature such as a stream.  It is equal to relief divided by length (“rise over run”).  

12) Which stream segment is the steepest? Which is the gentlest?

Longitudinal Profile:
oHoHoA longitudinal profile allows you to visualize the changing gradient along a river’s length. A longitudinal profile is a graph of a river’s elevation versus its length, and the slope of the profile is related to the segment gradient you calculated in the previous section of the lab.
To draw a longitudinal profile:

1) Get a piece of graph paper from your instructor. Draw a line parallel to the long side of the paper, and make a horizontal scale of one inch = 20,000 feet. Draw a second line parallel to the edge of the short side of the paper, and make a vertical scale of 1 inch = 400 feet.
2) When the vertical and horizontal scales are not the same, a profile is said to have a vertical exaggeration. To calculate vertical exaggeration, divide the vertical fractional scale by the horizontal fractional scale:

The vertical scale is 1 inch = 400 ft.  This equals 1 inch = ___________ inches.  The fractional scale is therefore 1/___________ (same number as above).  

The horizontal scale is 1 inch = 20,000 ft.  This equals 1 inch = ___________ inches.  The fractional scale is therefore 1/___________ (same number as above).  

Vertical exaggeration = V scale/H scale = __________________________________

3) Calculate the distance of each sampling site downstream from the “below dam” site:
	Site
	Elevation
	Distance downstream of “below dam”

	below dam 
	 
	 0

	CR 245 bridge 
	 
	 

	CR 234 bridge
	 
	 

	CR 225 bridge 
	 
	 

	CR 223 bridge
	 
	 

	old RR bridge
	 
	 

	Durango Nature Center
	
	


4) Plot the elevation of the “below dam” site on the leftmost side of your graph. Then, plot the elevation of each of the other points, with the elevation on the vertical axis and the distance downstream along the horizontal axis. Connect the dots to see the longitudinal profile of the stream.

5) Which stream segment is steepest? Which has the gentlest slope?

6) Look back at your calculations of stream gradient (in the previous section). Do they agree with your longitudinal profile? If not, go back and check your calculations.
� INCLUDEPICTURE "http://content.answers.com/main/content/wp/en/thumb/2/21/400px-Plssinfo.gif" \* MERGEFORMATINET ���





� HYPERLINK "http://en.wikipedia.org/wiki/Image:Cartesian-coordinate-system.svg" \o "Fig. 1 - Cartesian coordinate system.  Four points are marked: (2,3) in green, (-3,1) in red, (-1.5,-2.5) in blue and (0,0), the origin, in yellow." �� INCLUDEPICTURE "http://upload.wikimedia.org/wikipedia/commons/thumb/0/0e/Cartesian-coordinate-system.svg/250px-Cartesian-coordinate-system.svg.png" \* MERGEFORMATINET ����
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