
Estimating Mass of Ice Lost from Greenland between 2003 and 2008

In this activity, the student interprets contour maps in order to estimate the amount of ice lost from Greenland. 
The student needs to approximate the volume of irregular based prisms, and, from that, to calculate mass from 
density and volume.

Background: Tiny changes in gravity can be important clues to understanding fluctuations in the amount of 
water stored above and below ground. In the Arctic, where the above-ground water is frozen, GRACE has 
found that the ice sheet that covers most of Greenland is shrinking. Measurements of decreasing gravity 
over the ice sheet indicate a decrease in the ice sheet’s mass. The melting Greenland ice sheet contributes 
about 0.3 millimeters per year to a rising global sea level. GRACE continues its measurements to understand 
whether this rate of sea level rise is increasing or decreasing.

Teacher: Discuss what happens to the sea level when a floating iceberg melts, what happens when a land-
based glacier melts, and which has an effect on the sea level. Let the students examine the Greenland contour 
maps on the back. Ask them to explain in their own words what the contour map tells us. (Note, all the changes 
are calculated from the 2003 state of the ice sheet. Not all the changes are negative; some locations gained 
mass, thus accumulated more ice. The students need to consider this for the total change.)

Ask students:
How can we estimate the amount of mass change between the years 2003 and 2008 if we know how much 1. 
the height of the ice sheet (more precisely, the height of the equivalent amount of water) changed? 
Answer: We need to find the total volume change, then use the density of water to calculate the mass.

How can we find the volume of an irregular shape? 2. 
Answer: Imagine replacing the original shape with many small, 
square-based rectangular prisms packed next to each other. Add up 
the volume of the individual prisms to get the total. Counting will be 
simpler if the different intervals are colored with contrasting colors 
before laying the grid over.

Between two contour lines, the heights of the prisms should all be the 3. 
same. Which number represents the height: the value of the smaller, 
the larger contour height, or their average?
Answer: Using the lower value underestimates the volume, the larger 
overestimates it, the average is likely to be closest to the real value.

What do you do about squares that are divided by a contour line?4. 
A reasonable solution: count the ones which are colored halfway or 
more with the color you are counting, ignore the rest. Can you think 
of other counting strategies?

How does the size of the grid affect the results? 5. 
Answer: The grid with smaller squares will approximate the area
better. However, it increases the chance of miscounting the squares.
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Example of colored contour map 
with a 250 km grid overlay

All Greenland images are courtesy of D. Chambers, College of Marine Science, University of South Florida 
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After the students counted the squares for all the different ice loss intervals, they need to figure out the area 
covered by those squares. It is simply the number of squares times the area of one square. 

The volume of a rectangular prism:  Volume = Area x Height, 
the shape of the area does not matter as long as the cross section is the same all the way.

The mass of the prism of ice can be calculated by: Mass = Volume x Density
Since the amount of ice lost is given as the equivalent amount of water, the student can use 1g/cm3 to calculate 
the mass. (Note the length units are not consistent, the grid units are in km, the ice height is in cm, so make 
sure you convert both to meters, to work with SI units.)

Ask students to calculate the mass change from 2003 to 2008. What does a negative change mean? (Mass 
loss)

Answer: (using the average value between contours)

Mass difference (2008-2003) = - 7.43*10+14 kg = - 743,000,000,000 ton

This number is only one possible estimate, calculated with a particular choice of grid. However, for all reasonable 
grid sizes, the order of magnitude should be the same.

The answers between students, or students groups will differ depending on the grid placement, how they 
counted the partially filled squares, or simple arithmetic errors. Ask the students to compare their results, and 
if it is possible to determine a single correct result or is there some range to the possible results.

Suggestions for the teacher:
Before calculating the mass ask students to add up the number of all color squares. Should that number • 
differ for the different years? 
Answer: No, it always should add up to about the same, the area of Greenland. (The number of squares 
depends on the grid size they choose.) 

If more than two answers have the same order of magnitude, they probably got it right; it is unlikely the • 
different groups made the same mistake. If we exclude the obviously different ones, how can we improve 
the estimates? (The average of the results for a year is likely to be closer to the real value, than the 
individual numbers).

If the results are wildly different, it is best to repeat the exercise using larger copies or a different grid.• 

Additional contour maps can be downloaded from
http://www.csr.utexas.edu/grace/GRACE_Edu_Poster/

All Greenland images are courtesy of D. Chambers, College of Marine Science, University of South Florida 



All Greenland images are courtesy of  D. Chambers, Center for Space Research, The University of Texas at Austin


