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Lab 6: Terrain Representation

OBJECTIVES

Representing the earth’s relief on a two-dimensional sheet of paper can be challenging, although several 
techniques have been developed to solve this problem.  In this exercise, we will examine some ways that 
terrain can be represented on a map and in digital form.  You will learn how to read contour lines, plot a cross-
section, compute slope, and understand vertical exaggeration using Google Earth.  

MATERIALS

USGS Quadrangle map, Ruler, Pencil, Calculator, Google Earth (4.0 or later), Firefox internet browser (2.0 or 
later)

BACKGROUND

Key Terms

Contour line Line joining points on a surface with equal elevations.
Contour interval Vertical spacing between successive contour lines on a contour map.
DEM Digital elevation model; a raster format gridded array of elevations. 
Elevation Vertical height above a reference datum in units such as meters or feet.
Interpolation A method of constructing new data values at user specified postings within the range 

of a discrete set of known data points.
Profile A vertical 3D cross section of a sample of topography, often to show surface form.
Relief Highest minus the lowest elevation on a section of terrain.
Slope Rate of increase of elevation along a surface
Terrain exaggeration Scaling of the vertical or z dimension with respect to x and y used in a terrain 

representation.
Terrain skeleton Surface network that includes terrain features such as discontinuities, drainage lines 

and ridgelines.
TIN A vector topological data structure designed to store the attributes of volumes, usually geographic 

surfaces.
Topography Study or mapping of Earth's surface shape and features and their description.

EXERCISE

Part 1. Contour Lines

There are a suite of methods for depicting and rendering the form of the surface on a map. One of the oldest 
ways of representing terrain is to use contours, which are lines joining points with equal elevation. The 
impression of contours depends on the contour interval (vertical distance between successive contours) and 
the datum which are listed in the legend on a topographic map.  Contours are drawn according to “rules” that 
aid in interpretation. A contour line will either wind across the surface until it exits at the map edge, or it will 
loop back upon itself to form a closed loop. Contour lines do not cross, nor do they suddenly end. 

There are also symbolic modifications to the lines to assist in interpretation. Thicker contour lines, called index 
contours, have elevation measurements printed on them periodically over their length. Between each index 
contour are four intermediate contours that are thinner lines than the index contours.  By counting the number 
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of contours from an index line, and multiplying by the contour interval, you can calculate the elevation of any 
contour line. For example, if the contour interval listed in the map legend is forty feet, each intermediate 
contour represents forty feet and the elevation change between index contours is 200 feet.  For points located 
between contour lines, elevation can be estimated by examining the distance to the two closest contours. 
Additionally, hachure marks are used to show enclosed depressions, and dashed lines as supplemental 
contours in areas of low relief.

(a) Index – darkened to show relief when slopes are steep and contours close together (thick solid)
(b) Supplementary – additional contours used in areas of flat terrain (dotted or dashed)
(c) Intermediate – regular contours in between index contours (thin solid)
(d) Depression – marked with ticks at right angles to show sunken areas of land

a. In the image below, the contour interval is 20 meters.  Interpolate the values of the contours 
and fill in the blanks. 

_240_meters <  A  < ______meters
_____meters <  B  < ______meters
_____meters <  C  < ______meters

b. Match the contour map to the silhouete profle. 

Part 2. Terrain Profling
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A terrain profile is a cross sectional view along a line drawn through a landform, showing how slope changes 
over distance.  Often vertical scale does not match horizontal scale, resulting in vertical exaggeration.  In this 
part of the lab, you will make a profile at a vertical exaggeration of your choosing.   

This image shows how to create vertical profile between points A and B. 

A portion of a USGS quadrangle is provided below for this exercise, or you can create a cross-section using 
your local topographic map.  (If you choose to use your own map, select two points and draw to connect them. 
Then, using a sheet of grid paper, follow the above instructions to plot a cross section.)
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Making a Profile
1. Connect points with a straight 
Line
2. Determine extremes of 
elevations
3. Draw horizontal lines and 
number each one
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5. Draw profile 

1 2

3

4

5

2



Maps and Mapping            

In the map below, the distance between benchmark 181 and benchmark 147 is 4120 feet. 
Contour spacing is 20 feet, and the thicker lines represent 100 foot contours.  

a. First, determine the horizontal scale. (Remember RF = Map Distance / Ground Distance)

b. What is the ground distance per grid box? _________________________________________
c. What is the highest elevation? __________________________________________________
d. What is the lowest elevation? ___________________________________________________
e. What is the relief? ____________________________________________________
f. Now follow the instructions diagrammed above to construct a profile along this transect.  Be 
sure to include scales and units on the vertical and horizontal axis. When drawing perpendiculars, 
you don’t have to drop a line at every contour line, just enough to generalize the elevation. (Print 
this page and draw the contour line. You DO NOT need to submit this electronically, but you will 
need it for future questions.)
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Actual vs. Straight-line Distance

Due to surface topography and the earth’s curvature, a straight line map distance likely does not equal the 
actual distance one would have to travel if going from one place to another. 

g. Measure the length of the line that makes up your topographic profile and compute the surface 
distance that would be travelled if this terrain were traversed (Hint: Use the paper edge 
technique).  What is the difference between the straight-line distance and the surface distance in 
feet? 

Digital Path Profler

Compare your hand drawn profile with a digital profile from Path Profiler, an application that runs in Google 
Maps. 

 Open a Firefox web browser and navigate to http://www.heywhatsthat.com/profiler.html.  (If you 
plotted a transect on your own map, zoom to its location and click on the two points that form your 
line.  Then click “Draw Profile” to create a cross section.)

 For those who used the map provided in this lab, you can create a digital profile by typing this 
coordinate for BM 181 (34.46069N, 119.86056W) in the “Find” box and hitting enter.  

 Next, type the coordinate for BM 147 (34.45845N, 119.84718W) and hit enter.  

 The application will automatically generate a profile along this path. 
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h. Right click on the profile graph to copy the image and paste it into a document for printing. 
Attach this profile to your assignment. 

i. How does your hand drawn profile compare to the digital version? Did you detect the same 
number of peaks and valleys in your transect?  Discuss the effects that insufficient sampling may 
have on terrain profiling. 
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

j. Why are cross-sections important? Can you think of a way they might be used?
_____________________________________________________________________________________
_____________________________________________________________________________________
 
Part 3.  Slope 

Slope is used to describe the steepness, gradient, or grade of a line.  We can express it as a ratio, fraction, 
degree, or percent slope.  

 
   ∆ Vertcal = Rise (Elevaton)
   ∆ Horizontal = Run (Distance)

   Slope Rato (rise:run) 3:30
   Slope Fracton (rise/run) 1/10
   Degree Slope 

Tan θ = rise/run = 3/30
Θ  = arctangent (3/30) (Be sure your calculator is set to degrees instead of radians)

             Θ  = 5.71 degrees
   Percent Slope

(Rise/run) * 100
3/30 * 100 = 10% 

                                                                        

a. Which is steeper, a 40 percent slope or a 40 degree slope?
_____________________________________________________________________________________

b. For the following two pairs of points, measure ∆Vertical (∆V), ∆Horizontal (∆H), and slope.

1. BM 181 and BM 147

What is the elevation at BM 181 in feet? ___________

What is the elevation at BM 147 in feet? _________

What is ∆V in feet? ___________

Recall the distance between these two points (∆H): _____________

What is the percent slope (to the nearest tenth percent)? (Show work)

Page 6 of 9

θ



Maps and Mapping            

2. Points          and           in the map above.

What is the elevation at X in feet? ___________

What is the elevation at Y in feet? ___________

What is ∆V in feet? ___________

Distance between these two points (∆H). (Hint: Use the RF you computed above to determine ground 
distance): ________________________

What is the degree slope (to the nearest hundredth)? (Show work)

Part 4.  Digital Elevaton Data

Vertcal Exaggeraton

Ever heard the phrase, “The earth is smoother than a billiard ball”? The Earth is more than 12,000 km in 
diameter. The highest mountain peak, Mount Everest, is 10 km high, and the most profound ocean depths are 
around 11 km.  These variations in the earth’s surface amount to roughly one part in a thousand.  An 
equivalent bump on 2 1/4 inch billiard ball would be two-thousandths of an inch, so if the Earth were shrunk 
down to the size of a billiard ball, it would actually be smoother than one. Depending upon the local relief, 
most terrain representations introduce some vertical exaggeration to effectively discern subtle variations. 
Vertical exaggeration means that the vertical scale is larger than the horizontal scale. To determine the amount 
of vertical exaggeration used to construct a profile, the horizontal measurements are divided by vertical 
measurements in the same units. If the vertical scale is one 1"=1000’ and the horizontal scale is 1"=2000’, the 
vertical exaggeration is 2x (2000’/1000’). Another reason terrain is exaggerated is to portray slope according to 
our perceptions.  Studies have shown that people tend to overestimate the inclination of hills, judging slopes to 
be greater than their true geographical slant (see related links). 

Digital Elevaton Model (DEM)

In this portion of the lab, you will explore digital elevation data in Google Earth.  The underlying terrain data in 
Google Earth is from Digital Elevation Model (DEM) data collected by NASA’s Shuttle Radar Topography Mission 
(SRTM). A DEM is a raster, a regular grid of cells, each containing an elevation value with respect to a 
reference datum, such as NGVD29 or NAVD88. DEMs have two resolutions, the ground spacing of the cell (e.g. 
10 by 10 meters on the ground), and a vertical resolution (e.g. 1 meter in elevation). Since DEMs can cover 
projected map space, these resolutions can be constant (e.g. 1km) or vary (e.g. 3-arcseconds). 

DEM with elevaton values stored in grid cells
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Terrain in Google Earth

Google Earth embeds satellite and aerial imagery at various resolutions. Image resolution refers to the amount 
of detail in each pixel of an image.  For most areas, the resolution of Google Earth data is about 15m. In cities, 
resolution can be much higher allowing users to explore neighborhoods at the street level at incredibly high 
detail.  

 Open up Google Earth. (If it is not installed on your machine, you can download and install it from 
earth.google.com). When you start the program, the Earth will appear in the main window, called the 
3D viewer.  

 Find the “Fly to” box in the top left panel.  
 Type your local address ( Ex: “6510 El Colegio Rd, Santa Barbara, CA”)
 The 3D display should zoom into the area. You can use your mouse scroll to zoom in and out, or use 

the navigation controls on the right side of the 3D window.  
 Examine the detail of Google Earth data.

a. What is the smallest feature that can be identified from the image? (Houses? Cars? Animals?)
__________________________________________________________________________________________
__________________________________________________________________________________________

 Now, you will examine the surface of the Earth at the Grand Canyon.  Check the box next to Terrain in 
the Layers menu in the bottom right window to enable its display. 

 Fly to Grand Canyon . The 3D display should zoom into the area.
 Zoom in as far as possible.  
 You will now tilt the view.  In the navigation controls, find the Look joystick, which is at the top of the 

controls. 
 Press and hold down on up in this joystick to look up.  You should start to see the sides of the Grand 

Canyon Walls as if you are standing on the ground. 
 Now, adjust the appearance of the terrain to make elevation more pronounced. To do this, go to 

Tools Options 3D View Tab Terrain Quality Modify Vertical Exaggeration value.  Set the value 
to 3x, 2x, the 1.5x and compare their differences.  

b. Which setting lends the most natural elevation appearance? Why? 
_____________________________________________________________________________
_____________________________________________________________________________
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_____________________________________________________________________________

 Return to the Terrain Quality setting window.  You can adjust the quality setting to determine how 
coarse or fine the Earth’s terrain appears in Google Earth.  

 Under Terrain Quality, use the slider to choose the appropriate level of detail. Set the quality to the 
lowest detail then compare with the highest detail setting. 

c. Using a lower setting improves performance of Google Earth, but terrain appears less detailed. 
Using a higher setting improves the depiction of terrain, but at the cost of performance. Explain 
why this is so. 
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________

RELATED LINKS

Proffitt, D.R., Bhalla, M., Gossweiler, R., & Midgett, J. (1995) Perceiving geographical slant. 
Psychonomic Bulletin & review, 2(4), 409-428. 

REVIEW

1. What is vertical scale?
2. Why are vertical scales often exaggerated?
3. What are supplementary contours and how are they used?

This lab was developed by Susan Tran | UCSB Geography | September 2009
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