
 
 

 

Program Purpose: 

Students will be introduced to the concept of renewable 

fuel sources from biomass. They will learn about where 

woody biomass originates and how it is used in jet 

planes. They will compare the amount of fuel that can be 

harvested from biomass to the amount of carbon that a 

tree has sequestered. Students will then debate the merits 

of harvesting the tree for timber and fuel versus leaving 

it standing to sequester carbon and provide habitat.    

 

Program Length: 2-3 hours 

 

Ages: Grades 5th - 12th  

 

Maximum Number of Participants: 35 

 

Objectives: 

After completion of this activity students should be able 

to: 

• Understand the renewable resource that is 

woody biomass 

• Understand the carbon cycle and the major 

processes within it (photosynthesis, 

combustion) 

• Understand the effects that carbon has within 

our atmosphere  

• Use tools and basic math to determine the size 

and potential of a tree  

• Debate the best usage of a tree  

• Achieve several of the Department of Energy’s 

Energy Literacy Principles (for complete list see 

Resources) 

 

Preparation: 

Before the class arrives: 

• Ensure the appropriate equipment is prepared, chairs 

set up, and the ppt and TV projector set up. 

 

Basic Outline: 

I. Introduction to VOAT project (5 min) 

II. Concept Map in Pairs (10 min) 

III. Concept Map Share Out (10 min) 

IV. How do plants make food? (5 min) 

V. Origin of Fossil Fuels (5 min) 

VI. Carbon Cycle Activity (15 min?) 

VII. Greenhouse Gas Effect (10 min) 

VIII. What is biomass? (5 min) 

IX. What is a biofuel? (10 min) 

X. Evaluating a tree (30 min) 

XI. Discussion of best usage of a tree (10 min) 

 

Materials: 

Class Worksheets 

Reference Charts 

Clipboards 

Pencils/Pens 

PowerPoint with infographics 

Prefabricated Clinometers 

DBH Tape 

Yard Tape 100’ 

Materials for The Carbon Cycle Game by Jennifer Ceven 

 Print outs (7 station signs, 7 mov’t directions) 

 7 dice 

 Recorder sheets for each student 

 

Introduction: 

• Introduce the VOAT Project 

Introduce yourselves. Tell the students that we will be 

completing this lesson as part of a Wisconsin 

Environmental Education Board 2016 forestry grant. We 

will be making concept maps, exploring the carbon 

cycle, using forestry tools to measure trees, and 

calculating the available biomass in a few of our trees at 

Upham! Thank them for participating in the online 

assessments – this will help us understand how to teach 

these important concepts better.  

 

• Determining Value – Concept Maps in pairs. Lead 

discussion and concept map making outside. Being 

outside will allow students to be visually stimulated 

by tree’s along with some products of trees. 

Ask students to create a concept map of the value of a 

tree. It may be necessary to frontload the idea of a 

‘concept map’ by first explaining a simplified one. Using 

something like ‘dog’ will likely turn into students just 

characterizing trees and not diving into the values trees 

provide, which is the goal of this introduction. Try using 

something like ‘your sibling’ or ‘your teddy bear’ as the 

example so you can flesh out ideas like ‘what does your 

bear provide you?’ i.e. comfort, warmth. Not just things 

like furry, brown, and small. Give the students 10 

minutes to complete this activity with the person they are 

sitting next to. Monitor and engage students during this 

process. 

 

Allow up to 10 minutes for a group share out and to go 

over briefly the words on the instructor’s concept map. 

Introduce the terms on this concept map and tell the 

students that they will learn more about all these things 

during this lesson. 

 

Curriculum developed with support from Agriculture and Food Research Initiative Competitive Grant no. 2011-

68005-30416 from the USDA National Institute of Food and Agriculture 
Value of a Tree           April 2016                                                









Upham Woods 4-H Outdoor Learning Center 

 

References: 

 

Curriculum developed with support from Agriculture and 

Food Research Initiative Competitive Grant no. 2011-

68005-30416 from the USDA National Institute of Food 

and Agriculture 

 

Northwest Advanced Renewables Alliance (NARA), 

http://www.nararenewables.org/ 

Department of Energy’s Energy Literacy Principles, 

http://energy.gov/eere/education/downloads/7-energy-

literacy-principles 

 

Department of Energy’s Energy Literacy Principles 

Bolded are strongest alignments 

1.1 Energy is a physical quantity that follows precise 

natural laws. 

1.4 Energy available to do useful work decreases as it is 

transferred from system to system. 

1.5 Energy comes in different forms and can be 

divided into categories. 

2.3 Earth’s weather and climate are mostly driven by 

energy from the Sun. 

2.6 Greenhouse gases affect energy flow through the 

Earth system. 

2.7 The effects of changes in Earth’s energy system 

are often not immediately apparent. 

3.1 The Sun is the major source of energy for 

organisms and the ecosystems of which they are a 

part. 

3.4 Energy flows through food webs in one direction, 

from producers to consumers and decomposers. 

3.5 Ecosystems are affected by changes in the 

availability of energy and matter. 

3.6 Humans are part of Earth’s ecosystems and 

influence energy flow through these systems. 

4.1 Humans transfer and transform energy from the 

environment into forms useful for human endeavors. 

4.2 Human use of energy is subject to limits and 

constraints. 

4.3 Fossil and biofuels are organic matter that contain 

energy captured from sunlight. 

4.4 Humans transport energy from place to place. 

4.5 Humans generate electricity in multiple ways. 

4.6 Humans intentionally store energy for later use in a 

number of different ways. 

4.7 Different sources of energy and the different ways 

energy can be transformed, transported, and stored each 

have different benefits and drawbacks. 

5.1 Decisions concerning the use of energy resources 

are made at many levels. 

5.2 Energy infrastructure has inertia. 

5.3 Energy decisions can be made using a systems-

based approach. 

5.4 Energy decisions are influenced by economic factors. 

5.5 Energy decisions are influenced by political factors. 

5.6 Energy decisions are influenced by environmental 

factors. 

5.7 Energy decisions are influenced by social factors. 

6.3 Human demand for energy is increasing. 

6.4 Earth has limited energy resources. 

6.5 Social and technological innovations affects the 

amount of energy used by human society. 

6.6 Behavior and design affect the amount of energy 

used by human society. 

6.7 Products and services carry with them embedded 

energy. 

6.8 Amount of energy used can be calculated and 

monitored. 

7.1 Economic security is impacted by energy choices. 

7.2 National security is impacted by energy choices. 

7.3 Environmental quality is impacted by energy choices. 

7.4 Increasing demand for and limited supplies of 

fossil fuels affects quality of life. 

7.5 Access to energy resources affects quality of life. 

7.6 Some populations are more vulnerable to impacts of 

energy choices than others. 
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Appendix A 
Value of a Tree class Worksheet 

Print out enough for the class beforehand 

What is the Value of this Tree? 
1. Determine the height of your tree. 

 
Find a place to stand where you can see the top of 

your tree. Measure the distance from the base of the 

tree to where you stand with the meter tape.  

(b): _________________ m  

Find the angle on clinometer from your eye to the top 

of your tree  

(A):__________ degrees 

Measure the distance from ground to observer’s eyes  

(z):_________ m 

Height of tree = H = (tan(A))*b + z 

H = ________________m 

2. Measure the circumference of the tree at chest 

height. 

Circumference of tree: _____________m  

(1 inch = 0.0254m) 

3. Determine the amount of Carbon in the tree (C) 

Use the “How Much Carbon Is in a Tree” chart 

with the height and circumference of your tree. 

Total carbon in your tree (C) :_________ kg  

 

 

 

 

 

 

 

 

 

 

 

 

 

Value of a Tree Worksheet 

(Back) 

 

 

4. Determine the amount of Carbon Dioxide 

Sequestered by your tree 

Using “total C in your tree” from question 3 and 

knowing that: 

500 kg of C is equal to 1,833 kg of sequestered 

CO2, then 

(C*1833)/500 =  _______ kg of Sequestered CO2 

in your tree 

5. Only 23% of the top of the tree will be used for 

biofuel 

Using “total C in your tree” from question 3 

C*.23 = _______ kg of potential biofuel 

6. Determine the amount of jet fuel (in miles 

travelled) (M) based on the tree 

Using kg of potential biofuel from question 5 

And knowing that 500 kg of C can fuel a jet to fly 

11 miles, then   

(C*11)/500 = (M) __________ miles your tree 

can fuel 

7. How many identical trees are needed for the 175 

mile flight between Lambeau Field and Soldier Field? 

175/M (from question 6) = _________ trees  

 

  

Image from maps.google.com 

 

Lambeau Field 

to Soldier Field 

=175 miles 
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Appendix B  
Value of a Tree class student reference sheet 

Print out enough for the class beforehand 

 

Front 

 

 
 

 

 

 

 

 

 

 

 

 

 

Back 
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Making a Simple Clinometer 

1.  
 

2.  
 

3.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Fold a piece of paper into a triangle. Fold 

the bottom right corner over to touch the left 

side of the paper, lining up the sides exactly to 

form a triangle. If you are using an ordinary 

rectangular sheet of paper, there will probably 

be an unfolded "extra" section above this 

triangle. Cut or tear this section off. What you 

are left with is an equilateral right triangle, 

with one 90º angle and two 45º angles. 

Construction paper will make a more durable 

clinometer, but you can use any sheet of 

paper. You may want to tape or glue the 

triangle together to make it sturdier. 

 

2. Tape a straight drinking straw to the 

triangle's longest side. Position a drinking 

straw along the longest edge of the triangle, or 

hypotenuse, so that one end extends slightly 

out from the paper. Make sure the straw isn't 

bent or crushed, and runs straight along the 

hypotenuse. Use tape or glue to secure it to 

the paper. You will be looking through this 

straw when using the clinometer. 

 

 

 

3. Punch a small hole next to the end of the 

straw. Choose the end of the straw that is 

level with the corner, not the one where the 

straw extends beyond the paper. Use a hole 

punch or a sharp pen to make a hole in the 

triangle near this corner. 
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4.  

5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Attach a string through the hole. Push a string 

through the hole, then tie a knot or tape it to keep it 

from slipping back out. Use enough string that you 

have at least a few inches (several centimeters) 

dangling at the bottom of the clinometer. 

 

 

 

 

 

 

 

5. Tie a small weight to the bottom end of the string. 

Use a metal washer, a paper clip, or another small 

object. The weight should dangle 2 inches (5 cm) or 

more below the corner of the clinometer so that the 

string will swing freely. 
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Using a Simple Clinometer 

1.  

 

2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Sight the top of a tall object through the 

straw. Hold the longer end of the straw next to 

your eye and point it at the top of a tall object 

you want to measure, such as a tree. Most 

likely, you'll have to tilt the triangle in order to 

see the top of the object you're aiming for. 

 

 

2. Move forward or backward until the string 

lines up with the triangle. In order to measure 

the tree, you need to find a spot to stand where 

you can hold the triangle completely flat and 

still see the top of the object through the straw. 

You can tell when the triangle is flat, because 

the weight will pull the string down exactly in 

line with one of the triangle's short sides. 

 

•When this happens, it means the angle of 

elevation between your eye and the top of the 

object is 45 degrees. 

 

•If you crouch or stand on an object to find a 

better position, you'll need to measure your 

height at eye level while in that position, 

instead of when standing normally as described 

in a later step. 
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3.  

4.  

Making a Protractor Clinometer 

1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Use a tape measure to find the distance between 

this position and the base of the tall object. Just like 

the triangle you're holding, the giant triangle formed 

by you, the base of the tall object, and the top of the 

object has two 45º angles and one 90º angle. The two 

shorter sides of a 45-45-90 triangle are always the 

same length. Measure the distance between the 

position you were standing in at the end of the last 

step, and the base of the tall object you are 

measuring. The result is almost the height of the tall 

object, but there's one more step to get your final 

answer. 

 

 

4. Add your height at eye level to get the final 

answer. Because you held the clinometer at eye 

level, you actually measured the height of the object 

starting at your eye's height above the ground.[1] 

Use a tape measure to find out how tall you are from 

the ground to your eye level, add the result to the 

number you measured in the last step. Now you 

know the full height of the object! 

1. Find a 180º protractor. This type of protractor is 

shaped like half a circle, with angles marked all around 

the rim. You can buy them anywhere that sells school 

supplies. Ideally, choose a protractor with a small hole 

near the center of the protractor, along its straight base. 

•If you don't want to buy one, you can search online for a 

printable protractor. Print it out, cut it very carefully 

along its outline, and glue the paper protractor to 

something a little sturdier, such as construction paper or 

an index card. 
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2.  

3.  

4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Tape a straw along the straight edge. Tape a straight, 

plastic drinking straw on or near the straight edge of the 

protractor. Make sure the straw passes through the two 

0º or zero marks on opposite ends of the straight edge. 

•If you don't have a straw, roll a piece of paper into a 

tight cylinder and use that instead. 

 

3 Tie a string through the small hole on the straight 

edge. Many protractors come with a small hole directly 

between the 0º marks on the protractor, across from the 

90º mark on the curved edge of the protractor. If your 

protractor does not have a small hole here, or if the hole 

is not situated correctly, tape or glue the string to the 

protractor where the hole should be. Make sure the 

string dangles a few inches (several centimeters) below 

the protractor. 

•If you are using a paper protractor, you can punch the 

hole yourself with a sharp pen or hole punch. Do not try 

to punch a hole in a plastic protractor, as it is probably 

made from weak plastic and could shatter. 

 

4. Attach a small weight to the dangling end of the 

string. Tie a paper clip, metal washer, or other small 

weight to the end of the string. When you hold the 

clinometer so the string falls past the circular rim of the 

protractor, the weight will pull the string straight down 

past an angle mark on the protractor, such as 60º. This 

tells you what angle the clinometer is being held at, 

which can be used to find the heights of distant objects 

as described in the section below. 
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Using a Protractor Clinometer 

1.  

2. 

 
3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Sight the top of a tall object through the straw. Hold the 

clinometer so the curved rim of the protractor is facing 

downward. Tilt the clinometer until you can look through 

the straw or paper tube and see the top of a tall object you 

want to measure, such as a building. You can use this 

method to measure the angle between you and the top of 

that object, or the object's height. 

 

2. Measure the angle using the protractor. Keep the 

clinometer steady in that position, until the dangling string 

becomes still. Calculate the angle between the midpoint of 

the protractor (90º), and the point where the string crosses 

the rim by subtracting one from the other. For example, if 

the string crosses the rim at 60º, the angle of elevation 

between you and the top of the object is 90–60=30º. If the 

string crosses the rim at 150º, the angle of elevation is 150-

90=60º. 

 

•The angle of elevation will always be less than 90º, since 

90º is straight up in the sky. 

 

•The answer will always be positive (greater than 0º). If 

you subtract the larger number from the smaller and get a 

negative number, just cross out the minus sign to get the 

right answer. For example, if you calculate that 60-90=-

30º, the actual angle of elevation is +30º. 

 

3. Calculate the tangent of this angle. The tangent of an 

angle is defined as the side of a right triangle opposite the 

angle, divided by the side adjacent to the angle. In this 

case, the triangle is formed by three points: you, the base 

of the object, and the top of the object. The "opposite" side 

from this angle is the height of the object, and the adjacent 

side is the distance between you and the object's base. 

•You can use a scientific or graphing calculator, an online 

tangent calculator, or a chart listing tangents for various 

angles. 

•To calculate the tangent on a calculator, press TAN and 

enter the angle you found. If the answer is below 0 or 

above 1, set your calculator to degrees instead of radians 

and try again. 
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4.  

 

5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Measure your distance from the object. If you want 

to find out how tall the object is, you'll need to know 

how far away you are from its base. Measure using a 

tape measure. If you don't have one, count the number 

of ordinary steps it takes to get to the object, then 

measure the length of one step once you find a ruler. 

The total distance is the length of one step multiplied 

by the number of steps you took. 

•Some protractors have rulers marked along the 

straight edge. 

 

 

 

5. Use your measurements to calculate the height of 

the object. Remember, the tangent of your angle is 

(object's height) / (distance between you and the 

object). Multiply the tangent by the distance you 

measured, and you'll be left with just the object's 

height! 

•For example, if the angle of elevation was 35º, and 

your distance from the object was 45 units, the object's 

height equals 45 x tangent (35º), or 31.5 units. 

•Add your own height at eye level to your answer, 

since that's how far your clinometer was above the 

ground. 
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Appendix D 
Standards Alignment   

 

Next Generation Science Standards 

CC – Curriculum Connections 

MS-PS Matter and its Interactions – CC 

MS-PS1-3 

MS-LS From Molecules to Organisms: Structures and 

Processes – CC 

MS-LS1-6 

Ecosystems: Interactions, Energy, and Dynamics - CC 

MS-LS2-3 

MS-ESS Earth and Human Activity – CC 

MS-ESS3-3 

MS-ESS3-4 

MS-ESS3-5 

 

HS-LS From Molecules to Organisms: Structures and 

Processes – CC 

HS-LS1-5 

HS-LS1-6 

HS-LS1-7 

Ecosystems: Interactions, Energy, and Dynamics - CC 

HS-LS2-3 

HS-LS2-4 

HS-LS2-5 

HS-ESS Earth and Human Activity – CC 

HS-ESS3-2 

HS-ESS3-3 

HS-ESS3-6 

 

Common Core State Standards 

RST.6-8.1 

RST.6-8.2 

RST.11-12.1 

6.EE.B.6 

6.EE.C.9 

MP.4 

HSN.Q.A.1 

SL.8.5 

SL.11-12.5 

 

Wisconsin’s Model Academic Standards: 

Agriculture, Food and Natural Resources 

ESS4.a.4.m: Identify alternative energy sources 

ESS4.a.5.h: Compare and contrast the use and 

environmental impact of the burning of fossil fuels 

(conventional energy sources). 

ESS4.a.6.h: Compare and contrast the use and 

environmental impact of alternative energy sources. 

ESS4.b.3.m: Explain the importance of surveying and 

mapping for environmental service systems.  

ESS4.b.4.m: Demonstrate proper use and maintenance of 

hand tools. 

ESS4.b.5.h: Explain and demonstrate surveying 

principles with identification of forestry equipment. 

NR1.a.3.m: Differentiate between renewable and 

nonrenewable natural resources. 

NR1.b.6.m: Describe morphological characteristics 
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