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Vertical Exaggeration
Student Handout
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. 
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.
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 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. 
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1a. ((On your answer sheet, give the units of the X axis and the Y axis.
1b. ((On the X axis, what is the difference in distance between each labelled (major) grid line? 
1c. ((On the Y axis, what is the difference in elevation between each labelled (major) grid line?
  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. 
1e. ((Estimate the average elevation of the Grand Canyon’s North Rim displayed on the profile. 

1f. ((Calculate the difference in average height between the North and South Rim.
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.

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.
1i. ((Along this profile, what is the horizontal width of the canyon from rim edge to rim edge? 
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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?
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. 
1L. (( What is the highest elevation along this profile?
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.
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.

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.
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):
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.

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. 
2. ( Now it’s your turn to experiment with different values of vertical exaggeration!

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. [image: image11.png]


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. 

7b. (( Now measure one vertical centimeter. One vertical centimeter measured on your profile corresponds to what distance on the Y-axis?
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?
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).

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. 

8. (  In the profile window, find the part of the window that looks like this:
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(  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.
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.
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?​​​
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?​​​
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.

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. 

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 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. 
12b. (( Inspect the graph and record on your answer sheet the length of the profile. Give units.

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.

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?
12e. (( In the work space on your answer sheet, calculate the vertical exaggeration.
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?

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.

13a. (( On your answer sheet, complete the statements by filling in the blanks that best describe the relationship between topographic profiles and vertical exaggeration.
14a. (( Explain in your own words how and why scientists use vertical exaggeration to deliberately distort topographic profiles.
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.






















