Objective
Students will be able to measure tree density with a handmade tool
and be able to describe why tree density matters.

Background
Foresters use various
measures of tree density to
assess forest health. Basal
area is a measure of tree
density with units of square
feet per acre. Basal area
measures how much of an
acre is made up of tree
trunks (Figure 1).
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Figure 1. Basal area is the area (ft ) of
tree trunks per acre of land

Materials (per student)
• Penny
•

30” String

•

Tape

•

Measuring tape or ruler

•

Pencil

Materials (per team)
• Too Tight Trees
datasheet
•
Reprinted with permission from The Trees of Algonquin Park

Pencil

Duration
• 20-minute tool building
activity

When tree density is high, trees are in tight competition for available
resources such as light, water, and nutrients. As a result, trees in an
• 30-minute field activity
overly dense forest are generally in poor condition and are very slowgrowing. A healthy level of tree density or basal area depends on the
type of forest. In some cases, endangered or threated species that
inhabit the forest may prefer certain tree density or pattern. Many projects are designed to reduce
the risk of uncharacteristic wildfire while balancing other ecological objectives. In the Southwest,
basal area targets for restoration projects are often in the range of 60-90 ft2/acre (Figure 2). By
reducing the basal area, fuel reduction treatments reduce the amount of fuel available to burn and
the reduced density means that fire is less likely to travel across the tree canopy as a crown fire. In
many parts of the U.S. foresters reduce the density of the tree canopy to provide more sunlight to
young trees. In the water-limited ecosystems of the Southwest, however, fewer trees means less
shade and less shade means more evaporation.

Figure 2. Basal area on this site was reduced from 150 ft2/acre to 70 ft2/acre

Photos by Krista Bonfantine

One method for measuring basal area is using an angle gauge. The device relies on geometry to
provide a rapid estimate of basal area. Students will construct a simple angle gauge using a penny
and string (Figure 3). The string sets a distance from the eye to the penny which creates a fixed
angle so that two people standing at the same spot will evaluate the same trees the same way. As
they stretch out the string and look at the penny, they will close one eye. Standing in place, they will
turn in a circle looking over the top of the penny at each tree trunk about 4.5 feet above the ground.
Trees that appear wider than the penny get counted but trees that are narrower than thumb width
are ignored (Figure 4).
Figure 3. Tree on left is counted while tree on right is ignored
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Trees that are large enough and close enough are counted while
those that are too small or too far away are ignored. In Figure 4,
the green trees are the same size but the green tree on the left
is too far away to be counted. When closer, the same tree is
counted. Also in the example, the brown tree is too small,
regardless of position and the red tree is so large that it is
counted even though it is far away.

Figure 4. Tree position and size effects

To make the math easy, the angle gauge in this activity is
designed so that the count of trees that are wider than the
penny can be multiplied by 10 to get an estimate of basal area in
ft2/acre. The formula for the device is:
Distance from eye (inches)= Width of penny (inches) x 33
The width of a penny is 6/8 or 0.8 inches so the distance from the eye should be 26.4 inches.
Students that are comfortable multiplying decimals can calculate the distance from the eye rather
than having it provided.

Location
This activity can be done anywhere where trees are present.

Making the Angle Gauge

Figure 5. Penny angle gauge

Each student gets a penny, tape, and a 30-inch-long piece of string.
1.
2.
3.
4.
5.
6.

Tape one end of the string to the penny
Use a ruler or measuring tape to measure 26.4 inches from the penny
Mark the position with a pencil or marker
Tie a knot in the string at the marked location
Tie a couple more knots
The angle gauge is complete!

In the Woods
Once in the forest, have students stand as a group. Begin by asking if everyone feel like they have
enough space right now? Have them take a few steps closer and ask again. Repeat until the students ’
shoulders are touching. Ask how they feel and if they think that trees experience crowding. Have
students sit down.
Ask how crowding can be measured? What is the definition of density? Density is the amount of
something within something else. Materials that are dense have many molecules packed into a
given space. In the previous exercise, the number of individuals within a unit of space kept
increasing. This is a measure of population density. What is an example of a place with low human
population density? How about high population density? Why would it be important to measure
tree density? Discuss the environmental factors that would be influenced by tree density such as the
availability of water, light, and nutrients.
Explain that students will be using the angle gauges they constructed to measure tree density. Have
each student hold the knot of their angle gauge against their chin while extending their other arm to
make the string tight. Demonstrate standing in one place and turning in a circl e while looking at
each tree over the top of the penny. It is important to note the tree where they are starting to avoid
counting a tree more than once. The students will aim their pennies about 4.5 feet up the trunk of
the tree. Place a yardstick against a few trees and point out the position of 4.5 feet up the trunk
from the ground surface. This position on the tree is referred to a “breast height.” If the activity is
taking place in a woodland, students should instead aim their penny at the root collar, where the
tree meets the soil. When looking at the tree’s trunk over the top of their pennies, a tree will be
counted if the tree is wider than the penny. If the penny is wider than the tree, the tree is not
counted.
Once the group seems comfortable, break into teams, and give each team a datasheet. Team
members can spread out and measure basal area in slightly different locations. Each student will
count the number of trees that are wider than the penny and record the value on the datasheet.
Multiplying the count by 10 provides an estimate of basal area ft2/acre. The activity can end here
and the final calculations can be performed back in the classroom. If time permits, the teams can
calculate the average basal area during the field trip.
1. Add the estimates together.
2. Divide the total by the number of team members to estimate average basal area for the site.
3. Gather the group and ask each team to report their basal area measurements. If trees are present, the
estimates should be at least 10 because each count gets multiplied by 10. Ask students to point out their
measurement locations and discuss why certain estimates were higher or lower.
4. Discuss what the numbers might mean for the trees. If you were a tree, which site would you prefer?

Too Tight Trees Datasheet
TEAM MEMBERS:

NUMBER OF TEAM MEMBERS:
Student Name

TOTAL (sum of all BA measurements)
Total divided by the number of team
members = average BA for site

Tree count

Basal Area (BA)
(Count x 10)

