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Contours: Choosing the Best Contours
Annotated Teacher Edition

http://serc.carleton.edu/geomapapp
Purpose   Contours are isolines – lines of equal value – that are used on 2-D maps to represent the values of a real-world 3-D data set. Some examples of contours are: on topographic maps to show areas of equal height; on weather maps to show areas of equal air pressure; on maps of the seafloor to show areas of equal depth; on maps of earthquake hazard to show areas of equal risk; and so on. Carefully choosing the interval between contour lines is important – if we draw too many or too few contours we will have difficulty interpreting the data. In this activity, we experiment using contours in different landscape regions to find contour characteristics that better help us visualize the shape of the land.
Contouring is a very common method used to display 3-D data on a 2-D map, and students must understand concepts that allow us to represent 3-D geospatial data on maps. In this activity, students find the optimal contour interval to usefully display land elevation data in a manner that allows the data to be readily interpreted. Profiles are used to check student understanding.
Red text provides pointers for the teacher. Each GeoMapApp learning activity is designed with flexibility for curriculum differentiation in mind. Teachers are invited to edit the text as needed, to suit the needs of their particular class.

At the end of this lesson, you should be able to:

· Analyze contour maps and interpret the contour data.

· Choose a contour interval that aids an understanding of the data.

· Create topographic profiles as a means to confirm an understanding of the contour maps.

· Recognize the surface expression of land features.
As you work through GeoMapApp Learning Activities you’ll notice a check box, (, and a diamond symbol ( at the start of many paragraphs and sentences:

· Check off the box once you’ve read and understood the content that follows it.  

(   Indicates that you must record an answer on your answer sheet.

1. ( U.S. Federal and state agencies have spent many decades accurately measuring land elevations of the continental United States. A direct result of those surveys is the USGS quadrangle topographic maps that we use in classrooms. On topographic maps, land elevations are usually represented by contour lines. Every position along a given contour line has the same elevation value. For example, a 100 m contour line joins all localities which are 100 m above sea-level; a 300 m contour joins all points which are 300 m above sea-level; and so on.
(  The image on the next page shows a portion of a USGS topo map near the New York-Pennsylvania border. The labelled contours – called index contours – are drawn with a thicker line and are at intervals of 100 feet. (USGS topo maps still give elevations in feet instead of meters.) On a printed map, the index contours provide essential information that helps us correctly interpret the map.
1a. (( Between the index contours, the unlabelled contours are drawn at intervals of how many feet?
20 feet
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1b. (( What is a possible elevation of the mountain peak, labelled P in the map? 
More than 2320 feet, but less than 2340 feet
1c. (( What is a possible elevation of the locality labelled Q?
More than 2120 feet, but less than 2140 feet
1d. (( What is a possible elevation of the locality labelled R? 
Only the upper bound of 2000 feet is labelled so students must work backwards to calculate the elevation: somewhere between 1960 feet and 1980 feet. But, for that, we have assumed that locality R is lower down the hill than the 2000 index contour. However, since we cannot see any other labelled contours in the SW corner of the map there is the possibility that the SW corner could, in fact, represent a rise in the land. In that case, the elevation of R would be bracketed between 2020 and 2040 feet. Only by checking a larger portion of the map – larger than that shown in the image – can we learn that R lies between 1960 feet and 1980 feet.
2. ( In GeoMapApp, under the [image: image2.png]Bookmarks



 menu, click [image: image3.png]Zoom to a Specific Region.



 and enter the following geographic bounding values: North 39.8, South 39.0, East -73.8, West -75.5. Then, click the [image: image4.png]Zoom




 button. Those steps will automatically zoom to coastal New Jersey and your map will look like the one below. Green areas represent land. Grey areas represent sea.
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3a. (( Name the water body on the right edge of the map. 
Atlantic Ocean
4. ( In order to draw contours, click on the [image: image6.bmp] button in the tool bar and wait a few seconds for the Global Grid window to open.

[image: image20.png]Global Grids
| [6tonai mutt.Resolution Topography (GMRT) ~| [|Retoadclose. @20 O30

b @it ve ] panes o

Sun lumination

@on Ooff

10818
222
03




 In the Global Grid window, click the contour function button, [image: image7.bmp]. 
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5. ( The Modify Contours window (shown to the right) that pops up allows us to specify the parameters used for drawing contours. The values in the text boxes are in meters and defined as: 

(  Interval: the difference in elevation between successive contours. 
(  Minimum: Lowest contour that will be drawn on the map.

(  Maximum: Highest contour that will be drawn on the map.
6. ( Now it’s your turn to experiment with contour intervals! We’ll look at how best to use contours to represent a coastal region of New Jersey. 

7. ( In the Modify Contours window set the minimum contour elevation to be 0 and the maximum contour to be 200. No contours outside that range will be drawn. Remember that the units are in meters. Then, set the contour interval to be 100 and hit the OK button. Look at the map to see what happened. 
(  The contour function is re-set by clicking twice slowly on the [image: image8.bmp] button.

8. (( The table on your worksheet lists five contour intervals, from 100 m down to 5 m. In the table on your worksheet, describe in the spaces provided your observations of the appearance of the map for each of the five contour intervals. After each step, remember to re-set the contour function.
	Contour 
Interval (m)
	Observations about the nature of the contoured map

	100
	(8a) ( Shows only sea-level and an area over in the west.

	  50
	(8b) ( Outlines an area with height between 50m and 100m, in the western plain.

	  20
	(8c) ( Looks fairly good. Shows an elongate dome area running NE-SW.

	  10
	(8d) (Looking cluttered.

	    5
	(8e) (Very cluttered.
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The 100 m contour interval highlights only sea-level and one area over in the west. It shows no details in the main part of the map. At a 50 m interval, we start to see a high region in the middle of the coastal plain. A 20 m interval (map shown to the right) offers perhaps the best compromise, allowing the elongated dome shape of the plain to be clearly seen, without too much clutter. In the coastal plain, the 20 m contours show a steeper scarp to the NW and a gentle slope down towards the sea. The 10 m and 5 m contour intervals make the map too busy to be of much use. As an aside, the map is illuminated with an artificial sun from the NW but the topography in this area is relatively featureless so the shading does not pick out features.
9a. (( Which contour interval (or intervals) made the busiest-looking map?
5 m, 10 m
9b. (( Which contour interval (or intervals) made the barest-looking map? 
100 m
9c. (( Which contour interval (or intervals) provided enough information to allow the overall shape of the land to be satisfactorily interpreted from the map? 
20 m
10a. (( Based upon your observations in (8), circle on your worksheet all of the words from the following list that could be used to describe the majority of this part of coastal New Jersey: 

Generally, it is gently sloping, elongated dome that is fairly smooth, nearly featureless.

11. ( In (9c) you listed a contour interval that provided a good compromise. Re-set the contour function and draw once again the contours at that compromise interval.
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(  Notice that GeoMapApp does not label any of the contours. Instead, the elevation at the location of the tip of the cursor can be read off from the display in the top bar. In the image at right, the elevation value at the tip of the cursor is highlighted in the red circle (40m). So, to find the elevation of a particular contour line, move the tip of the cursor to the contour and read the elevation value displayed at the top. GeoMapApp also provides capability to find the elevation at any location between contour lines anywhere on the map – just move the tip of the cursor to the desired location and read off the elevation value at the top.
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12. ( The white line in the map to the right is drawn across the coastal area. Compare the location of the white line to the contours shown on your contour map. 

13a. (( Think about what an elevation profile along the white line would look like. In the space provided on your worksheet, sketch the appearance of the profile. 

The teacher can walk around and visually inspect students’ work to ensure that the hand-drawn profile looks reasonable.
14a. (( Check our understanding: In the Global Grid window, click the profiling tool button [image: image9.bmp]. Use the cursor to generate a profile along a similar line as to that shown in (12), starting in the NW and ending in the SE. Compare the computer-generated profile with the profile that you drew in question (13a). On your worksheet, circle the phrase that best describes how closely your hand-drawn profile captures the overall character of the computer-generated profile. (Choose from Close match. Some similarity. Way off.)
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The profile shows a cross-section through the elongated dome, with a steeper scarp in the NW and the gentler sloping terrain towards the SE. The SE tip of the profile crosses the coastline beyond which elevations become negative (below sea-level).
15. ( In the Global Grid window, in the upper right corner, click the [image: image10.png]Close



 button. That gets rid of the underlying digital elevation model that was used for generating the profile.
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16. ( In GeoMapApp, under the [image: image11.png]Bookmarks



 menu, click [image: image12.png]Zoom to a Specific Region.



 and enter the following geographic bounding values: North 40.9, South 40.7, East -77.2, West -77.5. Then, click the [image: image13.png]Zoom




 button. Those steps will automatically zoom to central Pennsylvania and your map will look like the one shown here on the left. 
Part of the Appalachians, this area is a mix of exposed folds forming ridges and valleys. The vertical size of the topography is not that big but it contains more variety of features than the coastal NJ example used above.

17. ( The base map image was created with artificial illumination from the NW. We use artificial illumination to create highlights and shadows that help to train our eyes to recognise features shown in the map. In this GeoMapApp image, the base map is illuminated from the NW, as if the sun were shining from that direction. 

18a. (( List the key features in the map
Long, linear zig-zag ridges and valleys trending in a NE-SW orientation.
18b. (( What is the general orientation direction of the main features shown on the map?
NE-SW
18c. (( On your answer sheet, fill in the blanks with the most appropriate compass directions (e.g. “NE”). 

Features that face towards the NW are bathed in light. Those that face towards the SE are in shadow. 
19. ( Click on the [image: image14.bmp] button in the tool bar. The Global Grid window will open.
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 In the Global Grid window, click the contour function button, [image: image15.bmp] The Modify Contours window pops up.

20. (( In a procedure similar to that used for studying New Jersey earlier in this activity, set the Minimum contour to be 100 and the Maximum contour to be 800.Remember that the units are in meters. In the table on your worksheet, write down in the spaces provided your observations of the key features of the map for each of the five contour intervals. After each step, remember to re-set the contour function by clicking twice slowly on the [image: image16.bmp] button, and typing in Minimum 100, Maximum 800.
	Contour 
Interval (m)
	Observations about the nature of the contoured map

	100
	(20a) ( A number of contours delineate the ridges and valleys.

	  50
	(20b) ( Features very obvious. Density of contours is useful.

	  20
	(20c) ( Too many contours! Too hard to sea features.

	  10
	(20d) (Map is a mess.

	    5
	(20e) (Apart from a ribbon of river valley, the map has become useless.
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The 100 m and 50 m contour intervals are both useful. The 50 m contours are shown at right. Contours and artificial illumination are very useful techniques for helping earth scientists pick out features and trends in the map. Both techniques are widely used by map-making software and by cartographers in drawing map charts.
21. (( Which contour interval (or intervals) provided enough information to allow the overall shape of the land to be satisfactorily interpreted from the map? 
100 m and 50 m
22. (( Based upon your observations, circle on your worksheet all of the words that could be used to describe the majority of this part of central Pennsylvania: 

Mountainous. Hilly. Flat-lying. Featureless. Undulating. Steep. Steeply sloping. Gently sloping. Smooth. Rough. Dome. Elongated dome.

Amazing sequence of ridges and valleys. Generally, hilly and undulating with some steep slopes and rough texture.
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23. ( Compare the location of the white line in the map shown here with the contours shown on your contour map. 
24. (( Using the white line in the map as your guide, sketch on your worksheet an elevation profile along the white line. 

The teacher can walk around and visually inspect students’ work to ensure that the hand-drawn profile looks reasonable.
25. (( Check our understanding: In the Global Grid window, click the profiling tool button [image: image17.bmp] and use the cursor to create a profile along a similar line, starting in the NW and ending in the SE. Compare the detailed computer-generated profile with the profile that you drew in (24). On your worksheet, circle the phrase that best describes how closely your hand-drawn profile captures the overall character of the computer-generated profile. 
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The profile shows a sequence of valleys and eroded ridges.

26. (( Based upon your experiments with topographic contours, circle on your answer sheet the most appropriate word (Small or Big) that completes the list of statements about topography.
Areas of low relief are generally better represented with a Small / Big contour interval.
Areas of high relief are generally better represented with a Small / Big contour interval.
Low-lying coastal regions probably require a Small / Big contour interval.
Regions in the Great Plains probably require a Small / Big contour interval.
The Catskill and Adirondack mountains probably require a Small / Big contour interval.
Islands that are coral atolls probably require a Small / Big contour interval.
Glacial valleys in the Alps probably require a Small / Big contour interval.
Ski areas in the Colorado Rockies probably require a Small / Big contour interval.
Areas of the Mississippi delta probably require a Small / Big contour interval.
27. ( The map on the next page shows part of the famous Death Valley, in California. Maybe you have been lucky enough to visit that amazing geological region. 

(  The grey area labelled C marks the main floor of Death Valley. Its lowest point, at Badwater, lies 86m (282 feet) below sea-level! It is the lowest elevation on land in the entire western hemisphere! The mountain ranges to the west of Death Valley are some of the tallest in the nation, and include Mount Whitney which, at 4421m (14,505 feet), is the highest mountain in the lower 48 states! This remarkable area, termed the Basin-and-Range province, is the result of barely-comprehensible tectonic forces. The area labelled C is colored grey on the map only because it lies below sea-level – it represents a deep valley. 
(  Beneath the map is a topographic profile along the line X-Y, with X on the left and Y on the right.
28a. (( On your worksheet, write on the profile the letters A, B and C and the words “Valley” and “Mountain” to label the main valleys and the main mountain ridges shown in the profile. 
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28b. (( On your worksheet, circle the type of feature labelled B.
Mountain ridge
28c. (( Explain why the features labelled A are more similar to the feature labelled C than to the feature labelled B: 


A and C are valleys. Feature C – the floor of Death Valley – is so deep that it drops beneath sea-level. Feature A – another valley – is not as deep.
28d. (( Would the same contour interval be useful for drawing meaningful contours in areas labelled A, B and C? (Answer Yes or No on your worksheet.) 
No. The vastly different character of the topography – steep mountains and wide valleys – means that one contour interval cannot be used to meaningfully depict the region’s topography.
28e. (( Based upon what you see in the map and in the topographic cross-section, explain your answer to (28d).
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A and C are valleys. We see that they have fairly flat or very flat floors so we would need to use a small contour interval to delineate features. In contrast, the narrow mountain ridge B rises roughly 3,000m (10,000 feet) above the valley floors. Using the same small contour interval would swamp the map and obliterate any detail. For area B, we would be forced to use a much bigger contour interval. The map at left shows 100m contours. The valleys labelled A are represented reasonably well, but Death Valley, labelled C, is almost flat and poorly represented. An interval of 50m is found to be better for the valleys. (For flatter-bottomed Death Valley and even smaller contour interval of, say, 20m, is meaningful.) Even when contouring at 100m, as shown in the map, the mountains, labelled B, have far too many contours and we are unable to pick out much sensible information – an interval of around 200m is better there. So, within one relatively small area, contours that work fairly well in one locality may not work sensibly in another part. Contouring is certainly a bit of an art form!
OPTIONAL WORK:

Have students zoom in GeoMapApp to their home town and find the most suitable contour interval. Notice that computer-generated contours can be quite messy which explains why many researchers prefer to use the underlying gridded elevation data set rather than a contoured version of it.

Required prior knowledge: Basics of contours.

Short Summary of concepts and content: Elevation maps and data sets. Contours. Representation of topography using contours.
Description of data sets: Land elevation data compiled by the US Geological Survey. In most parts of the US, the USGS National Elevation Data set has a remarkably-detailed 10m horizontal resolution, meaning that there is an elevation value every 10m of longitude and latitude.





















