Kelp forest ecology
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	Contour What?
Using Topographic Maps in Google Earth


Overview
In this module, students perform a computer lab activity to learn how to read topographic maps, measure geographical features, and use geographic information systems (GIS). This project is an opportunity for students to: 
· Understand how to read topographic maps
· Use computers and GIS to visualize topographic information 
· Learn how to draw on a computer
· Learn how to measure geographical distance on a computer
	Concepts
Geography, Maps, Topography, Contour Lines, Topographic Maps, Geographic Information System (GIS) 
Skills
Read Topographic Maps (shape of land and water flow); Draw Multi-Segmented Lines on a Computer (in Google Earth); Measure Distance on a Computer Map


	
	Module Type: Lecture and computer lab activity
Duration: 2 hrs

Key Materials 

· PowerPoint presentation
· Projector

· Computers with Google Earth (free)
· Internet access
· KML file with contour data (from web)


Authors 

Timothy Norris, PhD. Candidate, Environmental Studies, UC Santa Cruz

Will Federman, Science Teacher, Watsonville High School

Science Education Standards
National: Science and Technology; Science in Personal and Social Perspectives; Science As Inquiry; History and Nature of Science
California: Investigation and Experimentation 1.a. and 1.h.
Field tested 
Grade 9, Integrated Science, Watsonville High School, Watsonville, CA (Fall 2012)

Background for Teachers

Most students have used some kind of map (for example Google maps), yet may not know what a contour is or how contours on a topographic map represent the three-dimensional shape of the landscape on a flat piece of paper or computer screen. Understanding how to read a topographic map is an essential skill for earth and marine sciences as well as for a diversity of life experiences and careers (like outdoor recreation, surveying, construction, and agriculture). This also helps students develop skills with a compass rose (north arrow), understand legends and scales on maps, as well as learn about GIS (geographic information systems) as a tool for inquiry. This module is designed as an introduction to the SCWIBLES “My Digital Watershed” module, in which measuring area and basic satellite image interpretation are introduced.
Science Education Standards Addressed: 
This module focuses on reading topographic maps and using computer geographic information systems to answer simple geographic questions. The module addresses the following NSES and SCSCPS standards 
National Science and Engineering Standards (NSES):

A. Science as Inquiry; E. Science and Technology; Science in Personal and Social Perspectives; History and Nature of Science
Science Content Standards for California Public Schools (SCSCPS):

Investigation and Experimentation 1. Scientific progress is made by asking meaningful questions and conducting careful investigations. As a basis for understanding this concept in the other four strands, students should develop their own questions and perform investigations. Students will:

1.a. Select and use appropriate tools and technology (such as computer-linked probes, spreadsheets, and graphing calculators) to perform tests, collect data, analyze relationships, and display data.
1.h. Read and interpret topographic and geological maps
NSES (http://www.nap.edu/catalog/4962.html) 

SCSCPS (http://www.cde.ca.gov/be/st/ss/documents/sciencestnd.pdf)
Reading Topographic Maps and Geographic Information Systems (GIS): 
The word topography has Greek roots that mean to write (graphy) about place (topo), but the modern definition of the word is “the shape of the landscape.” A topographic map uses many contour lines to show how elevation changes across a landscape (see the examples in the “Contour What” power point). Government maps that show hiking trails, property boundaries, project proposals, and other planning information use contours to show topography. 

A contour line drawn on a map is a “line of constant elevation.” In this context, elevation is understood as “height above sea level”. If you were to walk along a contour line you would not go up or down, but would walk around a hill or mountain instead of over it. Topographic maps have index contours as well as intermediate contours. Index contours are darker and are labeled with their elevation while intermediate contours are lighter and are not labeled. The contour interval is the elevation change between each intermediate contour.
Not only can you use topographic maps to find the elevation at one location, but you can also determine relative steepness of an incline or slope of a hill or mountain.  It is useful to think about contours as steps (like a staircase) that go up or down along a certain direction across the landscape. The closer the contour lines are together, the steeper the ‘steps’ and the steeper the slope being represented. If the contour lines are shown farther apart from each other, then the incline or slope is less steep. If contour lines merge together to form one line, this represents a cliff. The tops of mountains or hills are represented by a circular contour.
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Topographic maps can also be used to determine the direction of water flow for rivers, creeks and streams. Water always flows downhill perpendicular (at a right angle) to contour lines. By looking at rivers and contours (hills and mountains) on a map, we can determine which way the water will flow. Rivers always flow downhill through the concave curve of the contour line; the river “spills out of the cup.” See the “Contour What?” PowerPoint lecture on these concepts.
A Geographic Information System (GIS) is a way of organizing and displaying geographic information - information that includes place or location of things we observe on Earth’s surface (anything we might see on a map). Generally, we use computers to construct, store and display geographic information systems. Layers of geographic information are stored and displayed together in various combinations as map overlays. For example layers/overlays may contain geographic information for: roads, towns, hospitals, schools, forests, rivers, lakes, mountains, and so on. We can also use paper maps and transparencies to construct and visualize a GIS. See the “GIS Lab” Power point for a lecture on these concepts.

See the Glossary for definitions of highlighted terms.

Possible pitfalls:  
· Using the computer lab is exciting, but students get distracted very easily by the ‘coolness’ of what is happening on their screens. When you want to speak, have them turn their screens off so they can focus on instructions or lecture.
· Once they open Google Earth, many students start looking for their house and surrounding area right away instead of doing the assigned task. If you have a group of students who have not used Google Earth before, you may want to add 5-7 minutes for students to find their own house and look around their street (after you initially explain the basics of how to navigate and zoom in and out on the map). 

· Computers perform the directions we give them, they do not do the thinking for us. Students often miss a small detail in the instructions and the expected result does not appear. Make sure students understand that all computer commands have to be exactly the same as they appear in the instructions. This is particularly important when adding the custom layers of water and topographic data. 
· Google Earth will go to “street view” (or “ground view”) if you double click too many times. This can be helpful (it is a more intuitive way to ‘see’ the landscape) or not (students end up spending too much time on the street/ground view). When in street/ground view there is a button at the top right that says “exit street view.” It is useful to show students this when they are exploring.

· There is usually confusion on which direction water is flowing in a river or stream. On the teacher’s projected screen it is hard to see, but make extra time for questions 7, 8 and 9 on the lab activity worksheet and try to visit with every student (you can have three student pairs looking at one computer while you explain direction of water flow, one river into the lake, one river out of the lake, etc.). Leave about 20 minutes for visiting all the students (3 minutes per groups of 4-5 students).

Additional Information: This module is much more effective if there has been some introduction on “Map Basics.” This can be an extension of basic graphing. A graph has a title, a scale, and a legend or key. A map also has a title, a scale and a legend or key, but maps also have direction (either a north arrow or a compass rose). Additional background information on the uses of maps, the history of mapping, and the different kinds of maps can provide a foundation upon which to build and can get students excited about the lab (see references for some ideas).
Project Description 
This module includes a lecture and a computer lab activity in which students develop and use skills to answer simple geographic questions about places near their homes. The order of activities is: 
1) Lecture 1 on topographic maps: “Contour What?” (45 minutes in the classroom). Students learn about contours and contour maps, how to read them, and how to interpret the direction of water flow from contour lines. This consists of a PowerPoint lecture and a note taking guide that is completed in lecture.
2) Lab Activity 1 on contour lines and measuring distance in Google Earth (1 hour in the computer lab). Students learn the basics of Google Earth: how Google Earth has layers of geographic information and is a GIS (including adding a custom topography layer), how to navigate in Google Earth (using both search and other methods), and how to measure distance in Google Earth.
Materials:
1) Lecture 1: 

a.  The “Contour What?” lecture – PowerPoint presentation
b.  The “Contour What? – Note Taking Guide” handout (find at the end of this document – one copy for each student)
2) Lab Activity 1: 

a. The “GIS” lecture – PowerPoint presentation
b. The “Contour What – Computer Lab Activity ” handout (find at the end of this document – one copy for each student)
c. The “Watsonville.kml” file with the water and contour data for Watsonville (find at http://scwibles.ucsc.edu/SCWIBLESModules/Norris_ContourWhat.html)   – the custom layers to be loaded into Google Earth
d. One computer with Google Earth installed for each pair of students
Preparation: 
Teachers should cover map basics prior to using this module. It is also useful to have some computer lab time before using this module (during which students learn about logging in to their computer, finding basic programs on the desktop, computer lab rules, etc.). Teachers need to have Google Earth installed on all of the lab computers AND their own personal computer. Google Earth is a free program and can be downloaded from http://www.google.com/earth/index.html. Teachers should also download and open the file Watsonville.KML (find at http://scwibles.ucsc.edu/SCWIBLESModules/Norris_ContourWhat.html) on their own computer before going into the lab and become familiar with the controls in Google Earth. NOTE: the instruction sheet titled “Contour What? GIS Lab Teacher Help Sheet” has instructions for all of the drawing and measuring activities used in the lab. We have also included a short instructional video to help teachers learn these activities before entering the teaching lab. The total preparation time for the teacher is approximately 60 minutes. This includes the install of Google Earth on the teacher’s computer, opening the Watsonville.kml file, and time exploring with the “Contour What?” GIS lab Teacher Help Sheet.
Starting Point for Inquiry:  
This module is designed to understand how maps can be used to answer basic geographic questions about elevation and distance.
Timeline:
1. Lecture 1 – 50 minutes

a. Basic Maps review – 5 minutes
b. “Contour What?” lecture – 30 minutes
c. Contour interval exercise – 5 minutes
d. Contour matching exercise – 5 minutes
e. Direction of river flow exercise – 5 minutes
2. Lab Activity 1: - 1 hour
a. Screens on – Explore (navigate, search) – 10 minutes 

b. Screens off – GIS intro lecture – 15 minutes

c. Screens on – Explore (layers, places, etc) – 10 minutes

d. Screens off – Measuring demonstration – 10 minutes

e. Screens on – Measure distances (worksheet) – 15 minutes

Procedure: 
1. Lecture 1: – 50 minutes

Please see the supplemental ContourWhat_Lecture.pptx, and the Contour What? Note Taking Guide (at the end of this document).

a. Basic Maps review – 5 minutes
Be sure to review similarities and differences between a graph and a map (they share titles, scales and legends or keys and only maps have direction indicator with a north arrow or compass rose). Mention that most maps and graphs also show their data source. This theme will be repeated in the lab.
b. “Contour What?” lecture – 30 minutes
Introduce the word contour as “shape” and then contour maps or topographic maps as drawings that represent the shape of the earth (landscape, hills, mountains, valleys, etc.). Make sure students understand that contour lines are lines of constant elevation (height above sea level). It is useful to draw a model hill profile on the whiteboard (blackboard) and then draw contour ‘steps’ into the hill so that the students can see a stair and contour line metaphor. Next to your hill draw the contours that represent each step; make sure that students understand that the contour for the top of the hill will look like a circle (or a closed line). Introduce the idea of the contour interval as the distance between two contour lines. This can be compared to the height of one step on the staircase within the hill profile. Be sure to review units (are we using meters, feet, etc.) and where we would find that on the map (legend). Make sure that students note the difference between index contours and contours in general; this is important as index contours are labeled while others are not. Finally, introduce the idea that close contours represent a steep slope and contours that are far apart represent a gentle slope. At the end of the lecture there are several exercises that correspond to worksheet questions on the “Note Taking Guide” for the “Contour What?” Lecture.
c. Contour interval exercise – 5 minutes
d. Contour matching exercise – 5 minutes
e. Direction of river flow exercise – 5 minutes
2. Lab Activity 1: - 1 hour
Please see the supplemental “GIS Lab” lecture (ContourWhat_GISLab.pptx). Also see the “Contour What? Note Taking Guide”, and the “Contour What? Computer Lab GIS Activity” (both at the end of this document).

a. Screens on – Explore (layers, places, etc) – 10 minutes

After opening Google Earth students should search for several features that they will recognize on the earth’s surface (volcanoes, towns, islands, lakes) using the search function. Also have the students explore the different ways to move and rotate the map with the use of the arrow keys or the mouse while holding down <shift> and <ctrl>. Have the students use the mouse wheel.

b. Screens off – GIS intro lecture – 15 minutes

Introduce the term Geographic Information System as two terms joined together: Geographic Information and System. Geographic Information is information including place or location. This can be anything we might see on a map or want to draw on a map (roads, rivers, towns, parks, schools, etc.). Have students brainstorm about what they have seen on maps or what they might want to see on maps. The System can be thought of as a way of organizing layers of geographic information that are called map overlays. A system of map overlays, or a geographic information system can be physical (with paper maps and transparencies) or computer based (a program like Google Earth that helps us organize, visualize and analyze layers of geographic information).
c. Screens on – Explore (layers, places, etc) – 10 minutes

The students explore the layers available in Google earth (streets, places, borders and labels, etc.). Have them look at the different layers at different scales (zoom in and zoom out).
d. Screens off – Measuring demonstration – 10 minutes

Review elements of a map: 1) title-Google earth, 2) legend-layers, 3) scale-go to the menu “view->scale legend” and it appears at the lower left, 4) north arrow-the compass rose to the top right, and 5) the data source at the bottom center. When you demonstrate the measuring tool, make sure everyone is looking at your screen (projected). Once selected the measurement tool will provide two options; “line” and “path”. Show students how to find the tool from the toolbar menu and demonstrate the difference between ‘line’ option (that only measures the distance between two data points) and ‘path’ option (that shows the distance for multiple points). Choose one sample distance to show that the line option is best for measuring distance between two data points “as the crow flies.” This could be the length of a sports field, a straight road or distance across a lake. The path option can be demonstrated to students by selecting a distance that is not straight, for example the distance of a small section of a creek or stream. Show students how to delete points, and move points so they are prepared to measure multiple distances. Make sure the students see the units on the measuring window and advise them to select units based on the size of the distance they are measuring. Show them how to measure the ‘path’ from Santa Cruz to Watsonville.

NOTE: the instruction sheet titled “Contour What? GIS Lab Teacher Help Sheet has instructions for all of the drawing and measuring activities. We have also included a short instructional video to help teachers learn these activities before entering the teaching lab (total prep time one hour).

e. Screens on – Measure distances (worksheet) – 15 minutes

Have the students measure the distance from their house to the school (be sure they are aware of units). Have them measure the football field at the high school. Make sure that each student tries the technique (paths with multiple points, add points, delete points, and modify a point). Give them time to answer the distance questions on the “Contour What? Computer Lab Activity” worksheet 
Assessment Methods:  
The worksheets used during both the lecture and the lab will be collected at the end of each day. The answers given on the worksheets can be used to assess the students understanding of the material presented. 
Appendices 
Glossary
topography: the three dimensional form of the landscape
contour: shape of a curved line or outline
contour map/topographic map: a map that shows the three dimensional form of the landscape using curved lines of constant elevation
contour lines: lines of constant elevation on a map

elevation: height above sea level 
index contours: main contours that appear darker and are labeled with elevation
intermediate contours: will appear lighter and will not be labeled
contour interval: the elevation change between each intermediate contour

slope: an inclined surface or a stretch of rising or falling ground. It is defined mathematically as [change in elevation]/[distance] or [rise]/[run] - see incline

incline: a slope, not horizontal or perpendicular
perpendicular: lines that cross or come together at right angles

concave: the inside of a curve (like the inside of a circle)
Geographic Information System (GIS): a tool for visualizing, analyzing and displaying geographic information

geographic information: information that includes place or location of things we observe on the surface of the earth (anything we might see on a map)
map overlays: layers of geographic information
Lectures
Lecture 1: Contour What? (ContourWhat_Lecture.pptx)

Lab Activity 1: GIS Lab (ContourWhat_GISLab.pptx)
Instruction Sheet *

Contour What? GIS lab Teacher Help Sheet

Worksheet *

Contour What? Note Taking Guide

Lab Activity *

Contour What? Computer Lab GIS Activity

* These three sheets can be found at the end of this document 

Graphics
All of the images in ContourWhat_Lecture.ppt are sourced as follows:
Slide 1: created by Timothy Norris

Slide 2: scanned historical USGS quadrangle

Slide 3: created by Timothy Norris

Slides 4 & 5: http://static.ddmcdn.com/gif/how-to-read-topographic-map-2.jpg *
Slides 6-9: created by Timothy Norris

Slide 10: http://upload.wikimedia.org/wikipedia/commons/d/d1/Courbe_niveau.svg
Slide 12 & 15: http://www.cibolasar.org/minilessons/nav_lesson/USMC_mapfigs.jpg **
Slides 13: http://www.cibolasar.org/minilessons/nav_lesson/contour_match.jpg **
Slide 14: created by Timothy Norris

Slide 15: created by Timothy Norris (left image) see above (right image)
All of the images in ContourWhat_GISLab.ppt are sourced as follows:
Slide 1: created by Timothy Norris

Slide 2: created by Timothy Norris (ruler and layers) http://upload.wikimedia.org/wikipedia/en/4/4a/Earth_Viewed_From_Space.jpg (earth)
Slide 5: created by Timothy Norris

Slide 6: created by Timothy Norris

Slide 7: screen shots from Google Earth

Slide 9: created by Timothy Norris (left image) http://www.cibolasar.org/minilessons/nav_lesson/USMC_mapfigs.jpg (right side image) (right image) **

Slide 10: screen shots from Google Earth
All of the images in the instruction sheet Contour What? GIS lab Teacher Help Sheet are sourced as follows: Screen shots from Google Earth

The Images in the Contour What? Notes Taking Guide are sourced as follows:

Page 2: created by Timothy Norris (left image) http://www.cibolasar.org/minilessons/nav_lesson/USMC_mapfigs.jpg (right image) (right image) **
* “You have permission to use the image in the in-school presentation. However, for business reasons, I cannot give permission for you to reproduce it online in a freely available module.” – Email received by Timothy Norris (tbnorris@ucsc.edu) from Tracy Wilson (Tracey_Wilson@discovery.com) on January 16th 2013.

** “Articles made available at this website may be reproduced, with attribution given to Cibola SAR and the author, by any member of the Search and Rescue community for use in other team's publications.” – http://www.cibolasar.org/  - accessed 1/23/2013.
Reference List

http://www.google.com/earth/index.html - the Google Earth web site

web sites with great maps!

http://geographer-at-large.blogspot.com/
http://www.bigmapblog.com/
http://bigthink.com/blogs/strange-maps
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1) Getting around Google Earth 
· With the ‘hand’

· Left click and drag to move the earth

· [image: image3.png]/NTBES/



Left double click to zoom in

· Right double click to zoom out

· Find your town, your school, and your house
· Rotating and Tilting the view

· Hold “Shift” or “Ctrl;” and press the arrow keys 

· Hold “Shift” or “Ctrl” and use the mouse 

2) Using the search function (Search on the left)

· Try “Mt Shasta,” “Mt. St. Helens,” experiment!

3) Looking at Layers 

       On the left there should be Search, Places, and Layers
· Click “layers” to expand (click again to contract)
· Turn “roads” on and off (click the check box)
· Explore other layers  (“places”, etc)

4) Adding Layers 

· Go to http://scwibles.ucsc.edu/SCWIBLESModules/Norris_ContourWhat.html
· Download (right click) watsonville.kmz and choose “save link as” from the menu, navigate to the desktop and click ‘OK’

From the file menu in Google earth open “Watsonville.kmz” from the Desktop
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It will appear in the “Temporary Places” on the left
5) Using Custom Layers 

· Notice the folder structure:

· Click the checkmark next to the contours layer

· Repeat for the water layer 
6) 3D visualization of contours/topography 

· Navigate/Zoom to Watsonville

· Turn the contours layer back on (notes guide question 4)
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Tilt the map (hold SHIFT and the down arrow)

· You should see lots of contours “on the horizon” 
· With the hand “pull the map down” until you see lots of contours 
7) Finding the Pinto Lake watershed 

· Double click the Watsonville folder on the left 

· Find Pinto Lake and zoom in (double click on or near Pinto Lake)

          OR

Click the “+” or “-” icons on the slider next to the compass rose 
until you see the lake and all the creeks that flow into it
8) Measure distance in Google Earth
· Click the “ruler tool” and click “Path” on the window
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Move the cursor to the end of the river

· Click to add points, note the length is being measured
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9) Drawing the Pinto watershed 

· Click the add polygon tool
· Type “Pinto” as a name in the new window
· DO NOT click OK and instead move the new window of to the side of the screen
· Move the cursor to the bottom of Pinto Lake – note the cursor is now a “sight”

· Use your knowledge of contours and watersheds to draw the watershed

10) How big is the watershed?

· When you finish drawing click “OK” in the new window

· Notice the new polygon in “Temporary Places” on the left

· Right Click your new “Pinto” polygon in the list of places

· Choose “Save Place as” from the menu

· Choose Desktop as the place

· Choose Kml (*.kml) from the “Save as Type” menu

· Leave the name as “Pinto.kml”

· Click “OK”

· Open a web browser (chrome, firefox, internet explorer)

· Go to: http://extension.unh.edu/kmlTools

HYPERLINK "http://extension.unh.edu/kmlTools/"/ 

· Click the “Choose File” button and choose your “Pinto.kml” file

· Type “Pinto” in the Description box

· Click the “Submit” button

· When the new page loads click the “Area” button
11) The College Lake Watershed 

· Draw and measure the College Lake Watershed

12) Flight Simulator (learn how to fly!)
· Turn of “Temporary Places” (click the checkbox)
	· Go to “Tools” menu and choose “Enter Flight Simulator”

· Click “SR22” (much easier to learn)

· Click “Current View”

· Click Start Flight (Good Luck!!!) 
· The secret is to move slowly . . .


1) A topographical maps shows__________________________________________________________.
2) Define the following words:

a) Topography=_________________________________________________________________
b) Elevation=____________________________________________________________________
3) ________________________________________________________________ are used on a topographic map to show equal points of elevation.

4) A contour interval is__________________________________________________________________
___________________________________________________________________________________________
5) What is the contour interval for each of the four maps?

A_______
B_______
C_______
D_______

6) How are contour lines spaced on a map in order to show a steep area of a hill?
7) How are contour lines spaced to show a flatter or gentler slope of a hill?
8) Identifying slope steepness: ACTIVITY
Draw the side view of the mountain represented by the contour map

9) Contour This !   Match each contour map with the correct landscape profile.
1)_____
  
2)_____ 
 3)______ 
 4)______ 
 5)______  
6)______

10) Draw an arrow 
to indicate 

the direction of 
the river flow. 
1) What does GIS stand for? ________________________________________________________
2) Define the following words:

a. Geographic Information: ____________________________________________________
___________________________________________________________________________________
b. Map Overlay:___________________________________________________________________
3) List five kinds of geographic information or map overlays:

4) What are two types of GIS?_________________________ and ______________________________.
5) What are five elements found on a map?          1.______________________
2.____________________   3.____________________    4.____________________    5.____________________
6) Why there are very few contour lines in the city of Watsonville?
7) Find the hills upstream from Pinto Lake. What is their elevation? ________________
8) What is the difference in elevation between the hills in question 7 and Pinto Lake? __________________________________
9) How many rivers/creeks flow into Pinto Lake? ______________
10) How long is the longest creek flowing into Pinto Lake? _______________
11) Find three other bodies of water (lakes or sloughs) in or near Watsonville and determine how many rivers flow into them. Measure the length of the longest creek flowing into them (don’t forget units).

	Name of body of water
	# of creeks flowing into it
	Length of longest creek

	
	
	

	
	
	

	
	
	


12) How far you live from Watsonville High School?___________________

13) Choose one final distance that you want to measure (don’t forget units).
Distance from______________________ to  ______________________ is ___________________________.
If a balloon pops up, just close the balloon and try clicking again near the lake





The ruler tool





The polygon tool











Right click the name “Pinto”





Airplane Controls 


Arrows (airelons and rudder)


Mouse click (airelons and rudder)


Page up – Page Down (throttle)


“F” – SHIFT “F” (flaps)


“,” (left brake) “.” (right brake)
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