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Vertical Exaggeration
Annotated Teacher Edition

http://serc.carleton.edu/geomapapp
Purpose   The Himalayan mountains can be easily seen from space. They are the tallest mountains on Earth and extend across a very large area. Mt. Everest has a summit height of 8,848m. The Marianas Trench is much narrower than the Himalayas but is deeper than the mountains are tall. Challenger Deep – the deepest part of the Marianas Trench – is  about 10,950m deep. If we generate elevation profiles across these impressive features, we see the large changes in elevation. But, if we could shrink Earth to the size of an NBA basketball (radius about 12 cm), the Himalayas and Marianas Trench would form features that are about only one fifth of one millimeter high (Himalayas) and deep (trench). That is so TINY! The reason that elevation profiles across these features look so dramatic is usually because of vertical exaggeration. 
Taking Earth’s average radius to be 6371 km, the height of Everest to be around 9 km, and the depth of the trench to be around 11 km, we can calculate the proportion (that is, the fraction) of the feature size relative to Earth’s radius. Once we have that proportion, we can find their sizes relative to any object we choose. So, for the Himalayas, the fractional height of the mountains relative to the planet’s radius, using rounded values, is 9/6371 = 0.00141. And, for the trench is 11/6371 = 0.00173. Then, if we want to compare their sizes relative to a basketball with a diameter of about 24 cm, we first switch the diameter to a radius (12 cm) and then calculate the size of a feature on the basketball surface that would give us the same fractions that we just found for Earth. For the Himalayas, their size on a basketball surface would be 0.00141 x 12 = 0.017 cm = 0.17 mm. For the trench, its size would be 0.00173 x 12 = 0.021 cm = 0.21 mm. Tiny indeed! And probably much smaller than any scratches on the surface of the ball! Overall, features that look huge to us are, in reality, tiny when compared to the impressive size of our planet.
Vertical exaggeration is commonly used to make topographic features stand out, particularly when making topography cross-sections or when viewing topographic relief in 3-D. In this activity, we investigate vertical exaggeration by looking at profiles of the Grand Canyon using GeoMapApp’s profiling tool.
Vertical exaggeration (VE) can be confusing for students and teachers alike. When no vertical scaling is used, elevation data sets can look featureless and boring because the horizontal extent is often much greater than the vertical relief. VE provides a method to make features stand out by stretching the vertical scale so that they look more dramatic. But, that creates a distorted view of the world which can lead to disappointment when students see a feature with their own eyes. In this hands-on activity, the concept of VE is investigated with profiles across the Grand Canyon. 

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 and interpret elevation data.

· Understand and explain what is vertical exaggeration and why it is used.

· Quantify vertical exaggeration.

· Sketch a given topographic profile at different vertical exaggerations.

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.

Equipment required: Ruler, calculator.
Part I  The effect of Vertical Exaggeration in an area with large topographic relief
1. ( The image below (on the next page) shows a topographic profile (cross-section) across the Grand Canyon, from the North Rim to the South Rim. In the next few questions we’ll explore aspects of the profile. All parts of question (1) are related to this profile. 
Students do not need to open GeoMapApp in order to answer any part of question (1). They should simply use the profile given below. For your own interest, the profile was generated between a start position of (-112.21 degrees longitude, 36.275 degrees latitude) and an end point at (-112.35 degrees longitude, 36.069 degrees latitude). These start/end values are listed in the start/end boxes above the graph in the profile window.
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1a. ((On your answer sheet, give the units of the X axis and the Y axis. 
km and m, respectively.
1b. ((On the X axis, what is the difference in distance between each labelled (major) grid line?  
4 km
1c. ((On the Y axis, what is the difference in elevation between each labelled (major) grid line? 
1000 m
(  Notice that the Y axis does not start at zero meters. It starts at about 630m.

1d. ((Estimate the average elevation of the Grand Canyon’s South Rim displayed on the profile.
~1900 m
1e. ((Estimate the average elevation of the Grand Canyon’s North Rim displayed on the profile.
~2350 m
1f. ((Calculate the difference in average height between the North and South Rim. 
~450 m
1g. (((On your answer sheet, circle the most appropriate underlined word from the following sentence.) Based upon the profile across this part of the canyon, the trend in the elevation of the plateau is an increase / decrease towards the south.
Decrease
1h. ((Use your answer to (1f) to suggest why, in wintertime, the North Rim is closed due to snow whereas the South Rim remains open to visitors even though the South Rim also has snow.
 Even though both rims receive snow, the North Rim is more than a thousand feet higher than the South Rim. Although the North Rim is tilted southwards and so receives more intense solar radiation than if it was flat-lying, the increased elevation and colder temperatures means that snow does not melt so quickly.
1i. ((Along this profile, what is the horizontal width of the canyon from rim edge to rim edge? Widest part is between about 7.8 km and 21.8 km so maximum width is about 14 km.
[image: image12.png]B GeoMapApp 3.1.6
le Basemaps Portals Datasets FocusSites Overlays Bookmarks Education Windows Help

e
,?};%h

TITWis  IZTW40 _ T1ZW3s  1ZW3D  1ZW25  1ZW20  1ZWIE  NZWID _ 1ZWs

Eiovaton et sources @)




1j. ((The part of the Grand Canyon known as the Inner Gorge is shown in the picture to the right. The Colorado River lies at the base of the Inner Gorge. On the topographic profile presented at the start of this question, the Inner Gorge is visible at a distance of about 16 km from the start (leftmost end) of the profile. By carefully looking at the profile, what is the elevation of the deepest part of the Inner Gorge along the profile?
~730 m 
1k. (( What is the width of the Inner Gorge along the profile? And, taking this number and the width from (1i), calculate how many times wider is the main canyon compared to the Inner Gorge. About 650m, certainly less than 1km. The second part is calculated from width of main canyon divided by width of Inner Gorge = 14,000 / 650. So, about twenty-two times wider!

1L. (( What is the highest elevation along this profile?
~2480 m
1m. ((What is the difference in elevation between the highest elevation of the and the deepest part of the canyon? That value is the range of elevation captured by the profile.
2480 – 730 = 1750 m
1n. ((Looking carefully at the profile for reference, describe differences in the character (such as shape, size, depth) of the Inner Gorge compared to the overall shape of the whole canyon.

The Inner Gorge is a pronounced, deep V-shape incision centred 16 km along the profile whereas the overall shape of the canyon is much wider and more rounded, between distances 8-22 km. The Inner Gorge is roughly 300m deep whereas the main canyon is around 1000m or more deep.
1o. (( On the profile on your answer sheet, draw a line across the canyon that connects the edges of the rims. And, in the space on your answer sheet, suggest what has happened to all of the rock that used to lie beneath that line.
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In this image, the dashed line connects the edges of the canyon. The rock was eroded (by the Colorado River) to form the Grand Canyon. The volume of rock eroded is tremendous.
1p. ((From field work, geologists have found that rocks in the Inner Gorge are mainly schists and granites that are overlain by sedimentary rocks that form the upper, wider parts of the Grand Canyon. With your measurements of the size of the Inner Gorge and the main canyon and with this knowledge of rock types, suggest an explanation – in terms of hardness of rock – for your observations in question (1n):
Schists and granites of the Inner Gorge are much harder for the river and precipitation to erode than are the overlying sedimentary sequences. In fact, the Vishnu Schist in the bottom of the canyon is a very hard rock formed more than 1.5 billion years ago and is overlain by sedimentary sequences laid down beginning in the Cambrian, around 550 million years ago. The Great Uncomformity – a gap in age between the two groups – spans, astonishingly, a period of about one billion years. Amazing!
1q. ( Using a ruler on the profile above, we measure that one horizontal centimeter on the profile corresponds to an X-axis distance of 1.8 km. Confirm that this is true.
1r. ( Using a ruler on the profile above, we measure that one vertical centimeter on the profile corresponds to a Y-axis distance of 410 m. Confirm that this is true.
1s. ( The ratio between the horizontal and vertical scales is given by:

One centimeter on the X axis     =   1.8 km    =   1800 m    ≈ 4.3
One centimeter on the Y axis          410 m          410 m
Notice that we converted to meters so that all of the units were the same.

We could equally have converted the values to kilometers – it doesn’t matter. As long as the units are the same, the ratio will be correct. Converting to meters as we have done might keep things simpler for students to grasp.
1t. ( With respect to the horizontal scale, we say that the vertical scale has been stretched by a factor of 4.3 times more than the horizontal axis. We say that it has been “exaggerated”  4.3 times. That stretching factor is called the Vertical Exaggeration, often written simply as VE. 
The value of VE is actually displayed above the slider bar in the top left part of the profile window. We see from looking at the image that it is listed as VE = 4.643. So, the actual value used for the profile display is very slightly different from the value we have calculated here. The difference is due to limitations in our measuring capabilities.
2. ( Now it’s your turn to experiment with different values of vertical exaggeration!
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3. ( 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 36.325, East -111.95, South 36.125, West -112.75. Then, click the [image: image4.png]Zoom




 button. Those steps will automatically zoom to the Grand Canyon region. Your map should look like the one below.
Figure: Topographic relief map of the Grand Canyon in the state of Arizona. This world-famous geological feature is visited each year by over four million people. Since the park opened in 1919, more than 179 million visitors have taken in the stunning views across the canyon. The Colorado River runs westwards, from the lower right corner, up towards the centre of the map, then off to the left edge. The river is seen as the thin wiggly ribbon at the bottom of the canyon. The Grand Canyon Village, on the South Rim, is indicated by the red dot that has been drawn on this picture in the lower right corner.
4. ( Activate the GeoMapApp profiling tool by clicking the [image: image5.bmp] button in the tool bar. Wait a few seconds for the Global Grid window to open and for the Processing window to disappear. Then, move the Layer Manager window and the Global Grid window off to the side so that they do not cover the map. The profile button will have changed to a dark blue color: [image: image6.bmp]
5. ( Now it’s your turn to generate a profile line of your choice. Draw a profile from the North Rim to the South Rim by clicking and dragging the cursor across the map. The profile should cross the canyon. A profile window will pop up, like the profile window used in the earlier part of this activity.

6. ( Draw a few other profile lines across different parts of the canyon and see how the cross-sectional shape of the canyon changes. Pick a profile that you particularly like. We will use it in the next question to calculate the vertical exaggeration using the steps below. 
7a. (( Hold your ruler against the profile on the computer screen and measure one horizontal centimeter. One horizontal centimeter on your profile corresponds to what distance on the X-axis? Remember to include units. 

Answers will vary depending upon where the profile was drawn, and its length.
7b. (( Now measure one vertical centimeter. One vertical centimeter measured on your profile corresponds to what distance on the Y-axis?
Answers will vary depending upon where the profile was drawn, and its length.
7c. (( In the work space provided on your answer sheet, calculate the ratio between the horizontal and vertical scales. Remember to convert units to meters.
7d. (( With respect to the horizontal scale, the vertical scale has been exaggerated (expanded, stretched) by what factor? And, so, what is the vertical exaggeration? 
Same value as 7c.
7e. (( In the space on your worksheet, sketch what you think the profile would look like if the vertical exaggeration was about half of the value you calculated in (7c) and wrote down in (7d).

The profile looks to be somewhat squashed in the vertical dimension, like this:
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7f. (( In the space on your worksheet, now sketch what you think the profile would look like if there is no vertical distortion (that is, if the X and Y axes were scaled by exactly the same amount). That corresponds to a vertical exaggeration of exactly 1 and is when the profile is an equally-scaled representation of a real-life cross-section. 
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With no VE (i.e. VE = 1), the profile looks very squashed in the vertical dimension, like the image below. This is the key to understanding how much we use VE to exaggerate the topography. 
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8. (  In the profile window, find the part of the window that looks like this:

(  The value in the text box has been calculated by GeoMapApp to best display the profile within the profile window. It is computed by automatically scaling the axes on the profile graph.
9a. (( In the text box, change the number to “10” and hit the enter key on the keyboard. That will change the vertical exaggeration to a value of 10. On your answer sheet, describe briefly how the appearance of features in your profile changed when the exaggeration value increased.
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The profile gets increasingly stretched in the vertical direction and the scroll bar must be used to see the lower parts of the profile. Features look steep and dramatic. Here’s an example of what the students may see for their chosen profile.
[image: image19.png]fertical Exaggeration




9b. (( In the text box, now change the number to “1” and again hit the enter key. Describe how the appearance of your profile changed when the exaggeration value decreased.
The profile is squashed in the vertical direction, the features look much flatter. The canyon that once looked so impressive now doesn’t look like much at all.
9c. (( With the VE set at 1, hold your ruler against the profile on the computer screen and measure one horizontal centimeter. One horizontal centimeter on your profile corresponds to what distance on the X-axis? And, what are the units?​​​
Answers will vary. km
9d. (( We know it’s a bit harder, but now do your best to measure one vertical centimeter. One vertical centimeter measured on your profile corresponds to what distance on the Y-axis? And, what are the units?​​​
Answers will vary. m
9e. (( The amount of vertical exaggeration is calculated using the formula:

Horizontal scale     =      One centimeter on the X axis
Vertical scale                 One centimeter on the Y axis
In the space on your worksheet, and remembering to convert to meters, calculate the vertical exaggeration.

This value should equal 1 because we have forced the axes scales to be identical. There is no vertical exaggeration!
10a. (( For this profile that crosses the canyon, the range of elevation is quite large. On your answer sheet, write a statement that describes the relationship between vertical exaggeration and the appearance of topographic relief on the profile. 

Vertical exaggeration stretches the vertical scale which has the effect of making slopes look steeper. VE can make topography look dramatic.

Part II   The effects of Vertical Exaggeration in a relatively flat area
11. ( Now let’s look at the effect of vertical exaggeration on a profile that is taken on the plateau. Look at the screen shot below (on the next page). Notice the white line up on the plateau. It indicates the location of the profile that is shown below the map. By default, GeoMapApp uses automatic scaling along the X and Y axes to draw the profile so that the profile fills the window. That auto-scaled profile is shown beneath the map.
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12a. (( Inspect the profile and report the maximum elevation, minimum elevation, and the range of elevation. 
Max = about 1905m. Min = about 1860m. Elevation range = difference = 85 m.
12b. (( Inspect the graph and record on your answer sheet the length of the profile. Give units.

About 26.5 km
12c. (( With your ruler, measure one horizontal centimeter on the profile. One horizontal cm on the profile corresponds to what distance on the X-axis? Remember to give the units.

About 2 km 

12d. (( With your ruler, measure one vertical centimeter on the profile. One vertical cm on the profile corresponds to what distance on the Y-axis?
About 20 m 

12e. (( In the work space on your answer sheet, calculate the vertical exaggeration.
VE = horizontal scale / vertical scale = 2000 / 20 = 100. The vertical exaggeration for the profile on the plateau is 100. So, it is much, much greater than for the profile that crosses the canyon!

12f. (( The value displayed in the vertical exaggeration text box is about 97. That is the value of vertical exaggeration calculated automatically by GeoMapApp to best display the profile within the profile window. Is the value you calculated within a few percent of the automatically-calculated value or is it quite different?

Very close!

12g. (( In the vertical exaggeration text box, change the number to “50” and hit the enter key. Then change the value to “10” and, finally, set the value to be “1”. Describe how the appearance of your profile changed when the exaggeration value decreased.

The topography became very squashed when the VE value was drastically decreased. At VE = 10, the profile looks fairly flat. At VE = 1 it looks like a horizontal line. The three images below show the profile for VE = 50 (left), VE = 10(middle), VE = 1 (right).
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13a. (( On your answer sheet, complete the statements by filling in the blanks that best describe the relationship between topographic profiles and vertical exaggeration.
Where the range of elevation is small we tend to draw topographic profiles that display a large
vertical exaggeration.

- For any given profile, increasing the vertical exaggeration increases the vertical distortion of the profile.

- For any given profile, increasing the vertical exaggeration makes slopes look more dramatic.

14a. (( Explain in your own words how and why scientists use vertical exaggeration to deliberately distort topographic profiles.
In a nutshell, VE is used to stretch the vertical axis of a profile so that topographic features can be more easily seen. That can be useful in order to highlight features in the topographic relief, but means that we must be aware that the profile is giving a distorted view of the world. Vertical exaggeration distorts the true scale of the landscape: features appear more dramatic than they are in real life. For a given length of profile, when the range of topographic relief is large, such as in a mountainous region or across the Grand Canyon, the vertical exaggeration tends to be small. When the range of topographic relief is small, such as in a relatively flat area on a plateau or plain, the vertical exaggeration tends to be large. 
The profiles in questions (1) and (12) were deliberately chosen to be about the same length (about 26 km) so that the X-axis scale was about the same (about 1.8 - 2 km/cm). By keeping the horizontal distance scale about the same, the vertical exaggeration is then governed by the range of vertical relief. The profile across the canyon has a lot of topographic relief – the range of topography is large – so the vertical stretching (= vertical exaggeration) tends to be relatively small (in our example it was about 4.3). In strong contrast, the profile taken up on the South Rim plateau is fairly featureless. In fact, the range of topographic relief is less than 100m and the profile is spread out over a horizontal distance of about 26 km. In order to reveal the subtle topographic relief along that profile, we have to stretch it vertically by a very large factor, in this case a huge factor of about 100. So, the plateau profile is very distorted compared to what we would see in real life.
15. (  In the introduction to this activity, we considered the size of the Himalayan mountains and the Marianas Trench. Even though we think of these features as being big, Earth is really big. So much so, that Earth is considered a relatively smooth planet. Elevation profiles across these features look dramatic because they are deliberately distorted to make the features stand out.

OPTIONAL WORK:

Have students open three separate GeoMapApp windows and generate profiles across the Himalayas, the Marianas Trench and the relatively flat north American Great Plains. Find vertical exaggeration values that produce useful profiles.
Have students perform the back-of-the-envelope calculation to quantify the size of the Himalayas and Marianas Trench if Earth could be shrunk to the size of a ping-pong ball, and the size of a sphere that could just fit inside the classroom.

Required prior knowledge: Ability to read graphs.
Short Summary of concepts and content: Topographic relief and elevation profiles. Vertical exaggeration.

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.





















