Topographic Map Reading

Engage: How to Make a Topo map

How are land features shown on topographic maps?

Use clay to make and model mountains using The Space Place: How to Make a Topo Map website (see http://spaceplace.jpl.nasa.gov/srtm_make1a.htm).
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Your map will show contour lines, lines where the land all has the same elevation.

After you make your mountain answer a few questions.

1. Compare your mountain and your map.  Where your mountain is steep are the contour lines of the map close together or far apart?

2. Where your mountain has gentle slopes are the contour lines of the map close together or far apart?

Compare your mountain and your map to the work of your classmates.  

Explore: Learning the Basics of Contour Maps

1. Making a Topographic map: contouring data.

Topographic maps are made by grouping elevations based on the height at a specific location.  Height at each location could be determined by surveying, studying air photos, or using Global Positioning System.   The groups are divided by contour interval.  For example, if a map had a 10 foot contour interval all the locations between sea level at 10 foot elevation would be greater than 0 (sea level) and less than 10 feet (i.e., 3 feet, 7 feet).

The diagram below shows a small island made of a few small hills.  

A. Draw a line that represents an elevation of 10 feet on the island.

This line should separate elevations less than 10 feet from elevations greater than 10 feet.

B. Repeat this process until all of the elevations are divided by the contour lines.  

Answer the following questions:

C. Where is the steepest part of the island?

D. If you had equipment to pull up the island where would you land your boat and what path would you take to make the work easiest?  Explain your answer.
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2. Making a Topographic map: assigning elevations.
The change in elevation between two contour lines is called the contour interval.  The interval used depends on the gentleness or steepness of the land.

The diagram below shows a part of Sugarloaf Mountain.  

A. Use the information provided to determine elevations at specific locations.

Write the elevation in the boxes.  

Answer the following questions:

B. What is the contour interval on the map?

C. What is the maximum elevation on the map?

D. If you had to hike from the house (black box at the bottom of the map) to the highest point draw a line on your map that would show the easiest (most gentle climb) route.
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3. The Shape of the Land near Marquette
A topographic map shows the shape of the land and the distribution of natural and manmade features.  Use the map provided to answer the following questions.

A. What is the name of the quadrangle of this map? __________________

B. What year was the map published?  ____________________

C. What is the relative fraction of this map? SCALE     __ : ____________________

D. What is the verbal scale of the map? 1 inch = ____________________

E. What is the contour interval of the map? ____________________

F. What is the latitude of the northern boundary of the map? ____________________

G. What is the longitude of the western boundary of the map? ____________________

H. What is the approximate total relief of this map area? (the total relief is the difference in elevation between the highest and lowest point on the map - hint: the highest point is usually associated with areas of steeper contours - for the lowest point think about what tends to be found in low areas) 

Total relief – ____________________

I. What is the name of the quadrangle directly south of your map quadrangle? note: names (and sometimes scales) of adjacent quadrangles are listed in “( )” along the boundaries 

Name – ____________________

J. Locate St. Michael school in Marquette and give the township and range description for the property. (estimate to the nearest 1/4 of a 1/4 - i.e. NWI/4, NE 1/4, Sec 5, T5NR3W). 

Township & Range – _____________________

K. What is the elevation of St. Michael school? 

Elevation – ____________________

L. Measure the distance as the crow flies (straight line) to Lighthouse Point from St. Michael school. 

Distance - miles ____________________ 
kilometers ____________________

M. Determine the average gradient (slope) of your route to Lighthouse Point. Gradient is usually calculated by dividing the vertical change (feet or meters) by the horizontal distance (miles or km). 

Gradient - ____________________ (ft/mile) 

N. If you had wanted to visit your friends at Whitman school, how far would you have to go? (what is the distance closest to Whitman school)

Distance - ____________________ (miles/km)

O. Locate any of the following features and give the township and range description.            (estimate to the nearest 1/4 of a 1/4 - i.e. NWI/4, NE 1/4, Sec 5, T5NR3W). 

Swamp or marsh – ____________________ 

Sugarloaf Mountain – ____________________

Gravel pit – ____________________

Explain

TOPOGRAPHIC MAPS

Topographic maps have a variety of uses.  To understand how to use topographic maps you must understand map symbols, how to measure distances, how to describe locations of features, and how to read contour lines.  Topographic Maps are introduced in four sections.

1. Map symbols

2. Map Scales - Measuring Map Distances

3. Locating Features on Maps

4. Relief - Reading elevations on Maps and Intrepreting Relief

PART I - MAP SYMBOLS

There are standard map symbols used by the U.S. Geological Survey, a reference sheet for these symbols will be provided.  Colors also are used to symbolize certain items, these are usually quite simple.  Blue represents bodies of water, black is used for manmade objects (roads, buildings, etc.), brown for contour lines, and green is vegetation.  Purple items on newer maps represent new items added to maps based upon aerial photos.  For these revised maps the original published date is listed on the bottom of the map near the name of the map, the date of the photo revisions is also listed in purple on the map.

PART II - MAP SCALE - Measuring Distance

To determine distances on a map it is necessary to know the scale of the map.  The scale of a map is a comparison between a distance on the map and what the map distance represents in real life.  There are three common types of map scales

1. R.F. or fractional scale

2. Verbal scale

3. Graphic scale

Fractional Scale - R.F. (representative fraction)

The R.F. or fractional scale is a ratio of map distance to real life distance.  For example a R.F. scale of 1:63,360 means that two items that are an inch apart on the map are in real life 63,360 inches apart.  One important characteristic of the R.F. scale is that it is independent of units.  To determine distances, simply measure the distance on the map and multiply by the ratio.  Example - two items are 2 centimeters apart on the map would be 2 cm. x 63,360 = 126,720 centimeters apart.  One obvious problem with the R.F. scale is that you end up with large quantities of small units that may make comprehending distances difficult without making some conversions - i.e.  63,360 inches doesn't mean much to most people.  For this reason verbal scales are often used.

Verbal Scale

The fractional scale can be used with any units, 1:63,360 means that 1 inch will equal 63,360 inches or 1 centimeter : 63,360 centimeters.  To avoid having to deal with the large quanities of units, the fractional scale may be converted into units that are larger and easier to deal with.  To determine the verbal scale decide what units you would like to use and then convert the ratio into those units.  For example if the scale is 1:250,00 and you would like to use miles instead of 100,000's of inches you need to convert 250,000 inches into the approximate number of miles.

Example 1: If the R.F. is 1:250,000,  then what is the verbal scale 1 inch = 

 miles?

To convert to a verbal scale where 1 inch = __?__ miles, you must convert 250,000 inches into miles.  First we can convert inches into feet, by dividing by the number of inches in a foot.

NOTE - When you are doing unit conversions, the units you want to convert to goes on top, and 

              the units you want to convert from goes on the bottom.  (1 ft = 12 inches)

250,000 inches    x  1 foot

=     20,833 feet




        12 inches

Next we can convert the feet into miles by dividing by the number of feet in a mile

 (1 mile = 5,280 feet).

20,833 feet   x      1 mile

= 
* 4 miles  (3.95)


  5,280 feet

     *NOTE: Verbal scales are usually rounded off, therefore
1 inch = 4 miles

Example 2:  
1:63,360
1 inch = ? miles


1 inch : 63,360 inches


1 inch :
63,360 inches x       1 ft       x      1 mile          =    1 mile

                      


   12 inches         5,280 feet


1 inch : 1 mile

Example 3: 
1:250,000

convert to 1 cm = ? kilometers


1 centimeter : 250,000 centimeters


1 centimeter :250,000 centimeters x    1 meter
  x   1 kilometer    = 2.5 km







   100 centimeters     1,000 meters


1 centimeter : 2.5 kilometers

GRAPHIC SCALE

The simplest scale to use is the graphic scale.  Real life distances are represented by some sort of bar graph that allows for a direct comparision of map distance vs. real life distance.  Often the bar graph is divided on one side of zero into smaller units to estimate tenths of units.
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PART III - LOCATING FEATURES ON TOPOGRAPHIC MAPS

There are various systems for locating features on maps.  The use of latitude and longitude is well known to most students.  Lines of longitude run from pole to pole and are used to describe locations east or west of the Prime Meridian.  The Prime Meridian is 0 degrees longitude, and runs through Greenwich, England.  Lines of latitude circle the globe and are used for describing locations as a certain number of degrees north or south of the Equator (0 degrees latitude).  Lines of longitude vary from 0 to 180 degrees (from the Prime Meridian to the International dateline).  Lines of latitude range from 0 degrees at the equator to 90 degrees at the poles.  

Standard topographic maps of the U.S. Geological Survey use latitude and longitude for the maps boundaries.  The latitude and longitude are printed along the margins of the map in degrees, minutes, and seconds (1 degree = 60 minutes, 1 minute = 60 seconds).  Two standard size maps are the 7.5 minute quadrangle and the 15 minute quadrangle.  Latitude and longitude work well when using maps of a large scale or when using a globe, however they are difficult to use on a local scale for a variety of reasons.  For locating local fetaures on these maps often a different system is used, the Public Land Survey System.

TOWNSHIP AND RANGE - PUBLIC LAND SURVEY SYSTEM

     The Township and Range or Public Land Survey System was first established in the United States during the late 1700's at the time when the country was first expanding.  The purpose of this system was to provide a more accurate system for land surveying than the descriptive system used for the original 13 colonies.  The new system was also used to divide the land into parcels for sale as the country expanded westward.  The township and range system divides the land into smaller and smaller areas.  First areas were divided into equal size squares called townships.  Each township was then subdivided into sections, and the sections further subdivided into smaller land parcels.  This system not only influenced how the land was surveyed, but also has influenced the placement of political boundaries, roads, and impacted on other cultural systems. 

Townships

As new territories were being surveyed the first step was two establish two reference lines, the principal meridian and the base line.   A north-south line (a line of longitude) was designated as the "principal meridian" and an east-west surveyed line was designated as the "base line".  Starting from these two reference lines the land was then divided into a grid system of equal size squares, called townships.  Each township was the same size, 6 miles by 6 miles (36 sq. miles in area).  The townships were numbered according to their relative positions to the principal meridian and the base line.  The first part of the township description is the number of townships north or south of the baseline.  The second part of the township description, called the range, gives the number of townships east or west of the principal meridian.  For example the township description T. 3 N. R. 2 W. represents the township that is 3 townships north of the base line and 2 townships west of the principal meridian.  Note: the township is always given first, and then the range.  See the example in Figure 1.

Sections

Townships are then furthered subdivided into smaller areas called sections.  Each section is the same size 1 mile by 1 mile (1 square mile in area).  There are 36 sections in each township, and they are numbered using the same pattern for all townships.  The pattern begins with section #1 in the northeast corner of the township and sections are numbered in rows across and back until reaching section #36 in the southeast corner of the township (Figure 2).  

Subdividing Sections

There are 640 acres in each square mile, so each section must be further subdivided.  The method for describing portions of a section involves using directions and fractions.  Sections can be divided into quarters which can be designated by directions - NE1/4, NW 1/4, SE 1/4 and the SW 1/4.  These quarters can also subdivided by describing portions of the quarters by referring to portions and directions (see example below).  When trying to find a described portion of land on a map, you will want to work from right to left in the description.  For example if you are asked to find a feature located in the S 1/2, NE 1/4, section 14, T 3 N, R 2 W.  The first step is to find the township located at 3 north and range 2 west.  Then find section 14 of this township.  Then divide the section into quarters, and find the SE 1/4 (lower right).  Next divide that quarter into halves and identify north half (Figure 3).

Township and range, and section lines are shown on standard U.S. topographic maps using thin red lines.  The township and range lines are often labeled on the map or along the margins of the map.  Section numbers are printed in red in the center of the section.
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Figure 2 – Sections of a Township
Figure 3 – Subdividing Sections

PART IV - TOPOGRAPHY AND RELIEF - Using Contour Lines

Topographic maps have the added benefit of showing relief.  Relief refers to changes in elevations, highs verse lows  (hills verse valleys).  Maximum relief refers to the difference between the highest point on a map and the lowest point.  Changes in elevations are shown using contour lines.  A contour line is an imaginary line that connects points of equal elevation.  The key to using contour lines to show relief is the contour interval.  The contour interval refers to the change in elevation between any two adjacent contour lines.  For example if the contour interval for a map is 10 feet, than as you go from one contour line to an adjacent line you will change in elevation 10 feet (either up or down), and each contour line you cross represents a change of 10 feet (Figure 4).  
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Figure 4 – Contour Lines and the Contour Interval.

Determining Elevations - the "Ups and Downs" of Contour Maps

To read contour maps requires the ability to distinguish between uphill verses downhill directions.  One of the simplest methods for determining up vs. down is to look for labeled elevations either surveyed points or labeled lines.  On standard U.S. topographic maps every fifth line is printed bolder and many of these bold printed lines are labeled.  In the absence of labeled elevations the most common technique for identifying uphill vs. down is using the "rule of the V's".  The rule of the "V's" is that when a contour line crosses a stream the contour line will form a "V" shape.  The stream will pass through the apex point of the V, and the shape of the V will point in the uphill direction (think of the V as an arrow head with the point of the V indicating the uphill direction).

Interpreting Relief - Reading Contour Lines

After learning a few basic rules of contour lines you should be able to successfully look at a contour map and make interpretations regarding changes in topography.

RULES OF CONTOUR LINES
1. Contour lines will form a "V-shape" when crossing a stream, the "V" will point uphill.

2. Contour lines never spilt or intersect.  They either start at one edge and go off at another edge or they join back up with themselves forming circles or ellipses.  Contour lines which form circles or ellipses are referred to as closed contour lines and represent hills or peaks.

3. The closer the spacing between lines the steeper the slope.

4. Closed contour lines with hachures (short lines pointed inward from the contour lines) represent depressions.  For these contour lines the contour interval is subtracted rather than added.  The outermost hachured contour line is the same elevation as the lower adjacent  regular contour line. 

Apply

1. The Shape of the Land near Your School
Use the map provided to explore the landscape and features near your school and community.

Name: 

A. What is the name of the quadrangle that contains your hometown? 

B. What year was the map published – 

C. What is the R.F. of this map? 

D. What is the verbal scale of the map? 1 inch = 

E. What is the contour interval of the map? 

F. What is the latitude of the northern boundary of the map? 

G. What is the longitude of the western boundary of the map? 

H. What is the approximate total relief of this map area? (the total relief is the difference in elevation between the highest and lowest point on the map - hint: the highest point is usually associated with areas of steeper contours - for the lowest point think about what tends to be found in low areas) 

Total relief – 

I. What is the name of the quadrangle directly east of your map quadrangle? note: names (and sometimes scales) of adjacent quadrangles are listed in “( )” along the boundaries

J. Locate your home and give the township and range description for the property. 

(estimate to the nearest 1/4 of a 1/4 - i.e. NWI/4, NE 1/4, Sec 5, T5NR3W). 

Township & Range – 

K. What is the elevation of your home? 

Elevation – 

L. Locate your elementary school, give the township and range description. (estimate to the nearest 1/4 of a 1/4). 

Township & Range -  

M. What is the elevation of your school?

Elevation – 

N. Measure the distance you walked (or rode) to school (along the route you usually took). 

Distance -      miles 

kilometers 

Multiply this distance by 300 to get the approximate distance traveled in one year. 

Annual distance 

O. Determine the average gradient (slope) of your route to school. Gradient is usually calculated by dividing the vertical change (feet or meters) by the horizontal distance (miles or km). 

Gradient - 
(ft/mile) 

P. If you had wanted to run away from home, how far would you have to go to hop a train? (what is the distance to the closest railroad?) 

Distance -

Q. Locate any of the following features and give the township and range description. 

Swamp or marsh – 

Orchard – 

Oil Well - 

Inquire Further

1. Constructing three-dimensional models of your area can help with visualizing the topography of the area.  


Directions on a simple and cheap way to build these models are available on the VolcanoWorld webpage at http://volcano.und.edu/vwdocs/volc_models/three_d.html

Additional Information

1. To find a seller of topographic maps near you visit http://ask.usgs.gov/maps.html.
