Christina Longo
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Grade Level: 9th/10th Earth Science/Geography

Standards: 


PA Geography Standards-

·  7.1.9 A:  Develop and use geographic tools with access to computer-based geographic data
· 7.4.9 A: Explain the impacts of physical systems on people

PA Science and Technology Standards-

· 3.5.10 A: Relate earth features and processes that change the earth

· 3.7.10 D: Utilize computer software to solve specific problems

PA Mathematics Standards-
· 2.3.8 F: Use scale measurements to interpret maps or drawings
Goals: To develop an understanding of how changes in the volume of the cryosphere and sea level rises can impact coastal and low-lying communities.

Objectives:  The student will be able to:


· Comprehend how land becomes inundated as sea level rises

· Analyze areas that will be affected by various degrees of sea level rise

· Apply previous knowledge of Google Earth to measure the extent of inundation relative to specific locations 
· Compare images of glaciers at different points in time to conclude if advancing or retreating has occurred

· Evaluate the retreat of the Larsen B Ice Shelf

· Evaluate observed changes in sea ice extent in the Arctic Ocean
Prerequisite Skills:  The student should know how to:

· Measure distances in Google Earth

· Use the navigation tools to change the view

· Turn layers on and off

· Zoom in and out, and achieve a desired eye altitude (“eye alt”)

Materials: 

· One computer per student with Google Earth

· If there are not enough computers with Google Earth for each student the teacher may assign groups of 2-3

· Rising Sea Level Animation content

· NSIDC Information content

· One worksheet per student provided
· Kmz file titled Google Earth Activity Points 

· This file should be emailed to each student or saved on the computers’ used for this activity in a file accessible to the students

Motivation:

This lesson plan is designed for students who have been learning about global climate patterns and climate changes.  This lesson focuses specifically on sea level rise and glacial retreat. A tutorial on using the basic tools of Google Earth should precede this lesson. The students may be prompted with a statement such as:

 “As we have been learning over the past several days/weeks/months, our planet is ever changing.  What we are going to do today is use Google Earth to look at what would happen in two different cities, New York and San Francisco, with various sea level rises. Then we will look at two different regions where glaciers have retreated in recent years, and sea ice extent in the Arctic Ocean will be examined. Since we have been learning how to use the tools of Google Earth this will be an exciting opportunity to exercise the skills you have acquired.”

Procedure:

· The teacher should assign each student or group to a computer 

· A review lesson on the tools of Google Earth may precede the lesson. At this time the teacher should ask the students to recall how to use the following tools:

· Measuring tool

· Zoom in/out

· Turning layers on/off

· Navigation tools

· A timeline tool will be used in this lesson which the students may not have used before. The timeline can be played, stopped, moved forward one frame at a time, or moved back one frame at a time. The timeline will be located in the top right portion of the window once the content used in this lesson is uploaded 

· The teacher will then pass out the worksheets

·  Students should be instructed to read all directions and work through the questions

· The teacher should remain available to answer any questions the students may have

Assessment: 

At the end of the class period students will hand in their worksheets. The teacher will grade them based on correct answers and ability to follow the instructions. A passing grade is 15 correct answers, though it should be expected and encouraged that students achieve higher scores. 
Worksheet
Name: ___________________________________


Date: _______________

Instructions and Background Information:

Open Google Earth.  Select Add Content, next to Places.  Scroll through the various content options until you find Rising Sea Level Animation.  Select ‘Open in Google Earth’.  Select Add Content again.  Scroll through the various content options until you find NSICD Information.  Select ‘Open in Google Earth’.  Turn the Rising Sea Level Animation layer on, and keep the NSICD Information layer off for now. From the appropriate computer file, open the kmz file titled Google Earth Activity Points.
The Rising Sea Level Animation content allows you to visualize how coastal and low lying areas would be affected by a change in sea level.  You will be able to manually raise the sea level from 0-99 meters using the timeline tool in the upper right portion of the window. The boundaries in this content may appear somewhat unnatural which is due to the fact that the surface terrain yields a higher resolution then the modeled sea level data. 

The NSICD Information content compares images of glaciers over the past 100 years.  You must analyze pairs of pictures taken at different points in time and determine how these glaciers has changed during a given time period.  Next you will view satellite imagery that shows a portion of an Antarctic ice sheet breaking apart and describe some of the effects of the breakup.  Finally sea ice is examined where you must summarize the behavior and characteristics of Arctic sea ice extent. 
1) Fly to New York, NY. Zoom in/out until eye alt is between 75-80 miles. If the animation is playing, press stop. Using the mouse, drag the timeline marker slowly from right to left until New York City is under water.  What is the minimum sea level rise that would cause New York City to become inundated?

2) Move the timeline marker to 30 meters. To how many miles due north of New York City is the land covered with water?

3) To how many miles due east?

4) How many meters must the sea level rise in order for the entire ground surface of Long Island to be completely submerged?

5) Why does it take higher sea level rises to submerge the interior part of the island then the coast?

6) Turn on the 3D Buildings layer. Double click on the Empire State Building placemark. If one quarter of Earth’s current cryosphere (the portion of Earth’s water that is frozen in glaciers, ice sheets, and permafrost) melted, the sea level would rise approximately 16 meters. Drag the timeline marker to 16 meters. How much of the Empire State Building would be submerged?

a. The whole building

b. About half of the building

c. About ⅕ of the building 

d. Only the bottom few floors
7) Without our cryosphere, sea level would be approximately 65 meters higher than it is today. Move the timeline marker to 65 meters. How much of the empire state building is submerged now?

a. The whole building

b. About half of the building

c. About ⅕ of the building 

d. Only the bottom few floors

8) Now fly to San Francisco.  Zoom in/out until eye alt is set to 70-75 meters. How many meters would the sea level need to rise for the city of San Francisco to become inundated with water?

9) Move the timeline marker to the 30 meter rise mark. Which of the following cities are inundated? (Select all that apply)  

a. Richmond

b. Oakland

c. Daly City

d. Berkeley                

10) Double click on the Golden Gate Bridge placemark. How many meters of sea level rise would it take for the whole road surface of the bridge to become submerged?

11) Do you think the sea level could rise that high? Why or why not?

12) Use the navigation tools to position your view so that you are looking at the NW end of the bridge. How many meters of sea level rise would it take for just the far end of the bridge to become submerged? 

13) Now fly to your house and zoom to about 6000 feet.  How many meters of sea level rise would it take for you home to become submerged, if at all?

In the Places box on the left turn off the Rising Sea Level Animation, and turn on the NSISC Information layer.  Now that we have seen how rises in sea level can affect costal and low-lying areas, we will look at one of the processes that can cause sea level to rise.  Glaciers, ice caps and ice sheets hold about 24 million cubic kilometers of Earths water! Let’s take a look at some of the areas where the volume of glaciers has decreased in recent years.  

14) Fly to Alaska and set your eye alt to approximately 1700 meters.  Position your view so that you can see the entire state of Alaska and westernmost Canada.  Look at the different pairs of pictures of glaciers over time by clicking on the various links (blue snowflakes).  Have these glaciers retreated or advanced in the last century?

15) How can you tell?

16) In the Places box, turn off the Glacial Pairs layer and turn on the Larsen B Ice Sheet layer.  Double click the Larsen B placemark. Play the timeline and watch what happened to the ice sheet in early 2002.  For a better look press stop and move the timeline marker to January 1st, then February 1st, and finally March 1st. What do you see happening to this ice sheet?

17) Click on the Larsen B Breakup Link (Blue Snowflake) and read the article.  What happened to several melt ponds located well away from the ice front?

18) What do the brownish streaks in the floating chunks of ice represent?

19) The last phases of the retreat totaled _______________ km2 
Turn off the Larsen B Ice Shelf layer and turn on the Sea Ice Index layer. Zoom to the Arctic Ocean and set the eye alt to 3900-4000 miles.
20) What does the pink line represent?

21) Play the timeline. Is sea ice extent variable from year to year, or does it stay relatively constant?

22) Select the September Sea Ice Extent Link (Blue Snowflake) and read the article. When is the summer melt season?

23) Of the past seven years, which three years have seen record minimums in sea ice extent?

Answer Sheet

1) About 12  meters

2) About 10-15 miles

3) About 10.5 miles 

4) About 50 meters

5) Because the interior portions of the island have higher elevations

6) D

7) C

8) About 4-5 meters

9) A and C

10)  83 meters

11)  No, it has already been stated that is all of the cryosphere melted, sea levels would rise approximately 65 meters, so a sea level rise of 83 meters would not result solely from the loss of our cryosphere

12)  36 meters

13)  Answers will vary for each student, but the teacher should be able to reason if answers are logical based on location

14)  Retreated

15)  The retreat of glaciers is seen in the comparative images. The glacier terminus has retreated in every example.

16)  A large portion of the Larsen B Ice Sheet has broken off into the ocean, depositing thousands of chunks of floating ice into the sea

17) The melt ponds drained through newly formed cracks within the shelf

18)  Areas where rocks and morainial debris are exposed from the former underside and interior of the shelf

19)  2600 km2

20)  Monthly mean sea ice extent from 1979-2000

21)  Variable

22)  March-September

23)  2002, 2005, and 2007

