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The Impact of Melting Glaciers on Sea Level.

The hulking southern glaciers of Greenland are melting rapidly -- at a rate quicker than previously thought.

In only five years, the amount of freshwater the melting glaciers have dumped into the Atlantic has nearly doubled, which has caused many scientists to conclude that current projections of how fast sea levels will rise have been too low. 
The melting glaciers, moving quickly across the ocean, may account for about 17 percent of the estimated one-10th of an inch annual rise in sea levels, according to a study released today by Eric Rignot, of NASA's Jet Propulsion Laboratory in Pasadena, Calif., and his co-author, Pannir Kanagaratnam, of the University of Kansas. 

"The behavior of the glaciers that dump ice into the sea is the most important aspect of understanding how an ice sheet will evolve in a changing climate," Rignot told The Associated Press. "It takes a long time to build and melt an ice sheet, but glaciers can react quickly to temperature changes."
Please read the two summaries on Glaciers and Water before doing this exercise, then answer the below questions.

1. Glaciers occupy what percent of land area?
2. Where are most glaciers located?

3. How are glaciers formed?

4. What continent has no glaciers?

5. How do glaciers benefit humans?

6. How do glaciers affect climate?

7. Where is most of the world’s fresh water found?

The Affect of Glaciers on Sea Level.

Objectives:

In this exercise you will determine the following:
1. Estimate the amount of ice in the Greenland Ice Sheet and calculate how much sea level would rise if it were to melt completely.

2. Estimate the time it would take for the Greenland Ice Sheet to melt completely.

2. Determine if the sea level change would affect your community.

Materials:

Calculator

Brain

Computer with Google Earth

Assume the following for your calculations

1 Km3 = 2.54µ (microns) of Sea Level Rise (SLR)

100 Km3 = .254 mm of SLR

10,000 Km3 = 2.54 cm = 1 in. of SLR

Average thickness of the Greenland Glacier is 3 Km
Area of oceans is 361,000,000 Km2
The Greenland Ice Sheet's annual loss has risen from 90 Km3 in 1996 to 150 Km3 in 2005
Procedures:

1. Open Google Earth and center Greenland in the view.

2. Using the Ruler in the Tools menu estimate the area of the Greenland Glacier in Km2.

3. Calculate the volume of the Greenland Glacier.

4. Calculate the estimated annual SLR from the melting of the Greenland Ice Sheet using the data above.
5. Using the 1996 data calculate the SLR if the Greenland Ice Sheet melted completely.

6. How long would it take for the Greenland Ice Sheet to melt completely using this calculation?
7. Using the 2005 data calculate the SLR if the Greenland Ice Sheet melted completely.

8. How long would it take for the Greenland Ice Sheet to melt completely using this calculation?
9. EXTRA CREDIT – Assuming the annual ice sheet loss is increasing (use above data), calculate how long it would take for the Greenland Ice Sheet to melt completely?
10. Would this increase affect your community? Explain.

11. The ice in glaciers is made of fresh water, so why does sea level drop when the climate gets colder and the world's glaciers grow?

12. When ice (density 0.92) melts, its volume decreases. How will this factor affect the rise in sea level?

13. Would the melting of ice floating in the oceans have any effect on sea level? Why or why not?

Additional Concepts

Modeling a Glacier's Behavior on Paper

When doing your calculations, remember to keep all measurements in the same units.
Let's assume the following things about a hypothetical glacier:

1. It is 200 Km long, 5 Km wide, and 100 m deep.

2. It flows at a rate of 200 m per year. Note: this does not mean that the glacier gets longer by 200 m per year, but rather that any one point in the glacier moves forward 200 m per year.

3. It is stable. That is, it is receiving just enough snow to balance what it loses through melting. In other words, the glacier's length and thickness remain about the same.

Procedures:
1. How long would it take a rock that falls into the ice at the head of the glacier to reach the foot?

2. How much ice melts each year from this glacier? (If no ice melted, the glacier would be 100 meters longer after one year, because it flows 100 m per year. So if the glacier is stable, the volume melted equals flow per year x depth x width.)

3. To be stable, the glacier must add as much ice each year as it loses by melting. A lot of snow that falls on a glacier simply melts and runs off without contributing anything to the glacier, especially in the warmer areas near the foot of the glacier. Assume that new ice is added only in the upper half of the glacier. What thickness of ice has to be added each year to balance the melting?

4.  As a rule, one meter of snow packs down into 10 cm of ice. How much snow would have to fall on the glacier each year to create the amount of ice that you calculated above? Look up snowfall statistics for selected mountain regions (refer to sources like the World Almanac or large atlases). Is your figure realistic?

5. Imagine that for 100 years, winter snowfall doubles, but the flow rate and melting remain the same. What is going to happen to the foot of the glacier? How much will its position shift by the end of 100 years?

6.  Imagine that winter snowfall and flow rate remain the same, but that for 100 years melting is reduced by half. How much will the position of the foot of the glacier change at the end of 100 years?

7.  Suppose the Earth enters a warming period and melting doubles until the glacier melts completely. Draw a series of profiles of the glacier at 100-year intervals.

California State Standards

Investigation & Experimentation

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

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. . 

b. Formulate explanations by using logic and evidence. 

c. Solve scientific problems by using quadratic equations and simple trigonometric, exponential, and logarithmic functions. . 

d. Analyze situations and solve problems that require combining and applying concepts from more than one area of science. 

e. Investigate a science-based societal issue by researching the literature, analyzing data, and communicating the findings.

Energy in the Earth System

4. Energy enters the Earth system primarily as solar radiation and eventually escapes as heat. As a basis for understanding this concept: 

a. Students know the different atmospheric gases that absorb the Earth's thermal radiation and the mechanism and significance of the greenhouse effect. 

5. Heating of Earth's surface and atmosphere by the sun drives convection within the atmosphere and oceans, producing winds and ocean currents. As a basis for understanding this concept: 

a. Students know how differential heating of Earth results in circulation patterns in the atmosphere and oceans that globally distribute the heat. 

6. Climate is the long-term average of a region's weather and depends on many factors. As a basis for understanding this concept: 

a. Students know weather (in the short run) and climate (in the long run) involve the transfer of energy into and out of the atmosphere. 

b. Students know the effects on climate of latitude, elevation, topography, and proximity to large bodies of water and cold or warm ocean currents. 

c. * Students know how computer models are used to predict the effects of the increase in greenhouse gases on climate for the planet as a whole and for specific regions.

Biogeochemical Cycles

7. Each element on Earth moves among reservoirs, which exist in the solid earth, in oceans, in the atmosphere, and within and among organisms as part of biogeochemical cycles. As a basis for understanding this concept 

a. Students know the movement of matter among reservoirs is driven by Earth's internal and external sources of energy.

Science skills (using the Essential Science Skills grid on the EARTH Web site:

      Essential Science Skills

      Asks questions

      Makes predictions

      Uses estimations and measurement

      Makes sketches or diagrams to explain ideas

      Makes inferences

      Uses evidence to construct explanations

      Classifies events

      Organizes data into tables and charts

      Uses charts and tables to interpret or formulate simple hypotheses

      Controls a limited number of variables

      Designs a simple experiment

      Analyses data

      Operationally defines

      Formulates models

      Draws conclusions

      Utilizes terms and processes in scientific research

      Identifies variables

      Produces written reports of lab or field activities

      Uses the Internet to find information

      Uses technology to solve problems
Additional Resources
http://www.cde.ca.gov/be/st/ss/scmain.asp
http://www.msnbc.msn.com/id/11385475/
http://www.nasa.gov/vision/earth/lookingatearth/grace-20051220.html
http://www.realclimate.org/index.php?p=129
http://www.worldviewofglobalwarming.org/pages/glaciers.html
