
Subjects: Science, Writing, 
Speaking and Listening, Math 
 

Duration: Two or three 30 – 
45-minute sessions, or one 
block of 75 minutes or more 

Setting: Laboratory or 
outdoors 

 

Vocabulary 

• fire triangle 

• fire behavior triangle 

• hypothesis 

• slope 

• stand density 

• standing fuels 

• crown fires 

• controlled experiment 

• variable 

• fuel continuity 

5. Using Matchstick Models to Explore Wildland Fires 
 

 
Overview In this lesson, students use matchstick models to 

investigate two of the variables that affect the spread 
of wildland fire: 

• slope (a feature of topography) and 

• density of trees, shrubs or other standing fuels. 

While this activity is especially well-suited to studying 
tree density, the principles apply equally well to any 
vertical fuel arrangement, including the tall shrubs and 
other native plants found in the sagebrush ecosystem. 

Lesson Goals  

• Increase students’ understanding of the relationship between 
slope and stand density on fire spread 

• Develop student skills in using models, experimentation, and 
written/oral communication 

Objectives 

• Students will create models of tree stands / shrubland to test 
the effect of slope and stand density on fire spread. 

• Students will explain how slope and fuel density affect fire spread verbally and in writing. 

 
 

Standards Middle School (Grades 6-8) 

NGSS 

 

Crosscutting Concepts 
• Stability and Change 

• Systems and System Models 

Science & Engineering Practices 

• Developing and Using Models 

• Constructing Explanations and Designing Solutions 

• Obtaining, Evaluating, and Communicating Information 

Disciplinary Core Ideas 
ETS1.B, ETS1.C: Chemical Reactions 
EST1.A, ETS1.B, ETS1.C: Engineering Design 

Common Core 
ELA 

Writing 4, 7, 8, 10 

Language Standards 1, 2, 6 

Reading Standards 
 Science & Technical Subjects 

3, 9 

Writing Standards 
Science & Technical Subjects 4, 10 

EEEGL Strand 1 B, C, E, F, G 

__________________________________________________________________________________________________ 
FireWorks Curriculum Featuring the Sagebrush Ecosystem                 www.frames.gov/partner-sites/fireworks/curriculum 16



Teacher Background 

After students understand the basic principles of combustion as described by 
the Fire Triangle (see units 2 – 4 in the original FireWorks and/or the lesson 
“Fire! Impacts on the Sagebrush Ecosystem and Human Communities” in the 
sagebrush ecosystem curriculum from the U.S. Fish and Wildlife Service: 
www.fws.gov/greatersagegrouse/education.php), they can apply that 
understanding specifically to how fires behave in the wildland environment. 
Fire professionals use a second triangle model, the “fire behavior triangle” 
shown to the right, to describe the complexities of wildland fire behavior. 

In this lesson, trees and/or shrubs and other standing fuels are represented by individual matches. 
Controlled experiments are used to test hypotheses, meaning only one variable is changed at a time. 
In Experiment 1, for example, the slope (the degree of incline) is changed, but the stand density is 
not. Separate experiments would be needed to investigate other variables. 

In general, the steeper the slope, the more quickly the fire will burn uphill. If a fire is burning on a 
hillside, the fuels above it tend to be dried and warmed by its convective heat, and the flames are 
quite close to the fuels above, while the fuels below are affected very little—unless burning materials 
roll downhill and ignite new fires. Thus, fires tend to spread upslope, and a fire that starts at the 
bottom of a hill is likely to spread faster than one that starts on a hilltop. Downhill burns are less 
intense, so even ground fuels are often not fully consumed. Regrowth tends to occur very quickly in 
these areas. 

If a fire is burning in dense forest, it may spread from treetop to treetop (a crown fire). Crown fires 
may not fully consume all fuels if the fire just burns through the crowns, leaving a lot of understory. 
The fire might also follow topographical features or be wind-driven, leaving adjacent trees or shrubs 
virtually untouched. In more open forests, crown fires are less likely.  

Wind also affects fire spread by bending the flames and the heat plume to lean toward the 
downwind fuels, helping the fire to spread faster. Surface fires may spread more rapidly in open 
stands than dense ones, however, because the wind speed is usually greater in openings. The effects 
of wind can be investigated according to a mathematical model as explained in unit 8 of the original 
FireWorks program. 

Table 2 (below Materials section) describes the experiments included in this activity. Use Experiment 
1 to help students investigate the effect of slope on fire spread. Then use Experiment 2 to learn about 
the effect of stand density (how close together the trees or shrubs are) and fuel continuity (how 
close together all the available fuel is). 

These experiments apply to all kinds of plant communities subject to fire (and all kinds of forests, 
woodlands, shrublands, and grasslands around the world). The optional Experiment 3 uses more 
involved models for students to explore the effects of stand density and fuel continuity on the 
sagebrush ecosystem. 

Additional information which you may want to share with students at the end of the lesson: 
Fires that burn with varying intensity and for variable durations will leave a mosaic pattern across the 
landscape. This is desirable for habitat, as well as rejuvenation. It leaves open areas where grasses 
and forbs will return quickly; it also leaves more dense stands that animals can use for shade, shelter, 
and protection. Variations in the weather, available fuels, and landscape can lead to mosaics, 
including topographical features and the amount of moisture in different areas. If a fire burns hot 
enough and long enough through an area, it will consume all available fuels and the area will likely 
take longer to recover. 
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Materials + Preparation 

• Four boxes of wooden kitchen matches (not provided in the FireWorks trunk) 

• Prepare to show the Fire Behavior Triangle diagram to students. Use the poster from the 
FireWorks trunk (Box B) or draw one on the board. You can also project one from online, such as: 
learn.weatherstem.com/modules/learn/lessons/121/12.html. 

• Set up the teacher’s area with this equipment: 

• Fire extinguisher, fully charged (Box B) 

• Two spray bottles filled with water (Hardware Box in Box A) 

• Set up a lab bench or other safe space for each student team, using the equipment below (4 sets 
are provided in the trunk): 

• 1 metal tray (i.e., cookie sheet) (Box A) 

• 1 ashtray (Hardware Box in Box A) 

• 1 box of matches 

• 1 matchstick board (Hardware Box in Box A) 

• 1 ruler (Hardware Box in Box A) 

• A short and long bolt and 1 nut from the matchstick forest kit (Hardware Box in Box A). 
These are attached to the boards to adjust the slope. 

• 1 pair safety goggles (Hardware Box in Box A; the trunk is supplied with 4 pairs of safety 
goggles – for each person who lights matches. In many laboratories, however, every 
student must wear goggles to conduct experiments. Thus, you may need to supply more.) 

• 1 copy of the “Matchstick Models” handout for each student (found at the end of the lesson) 

• Have a metal trash can without a plastic liner available. 

• The day before doing this activity, remind students to follow safety guidelines about 
clothing and hair when they get ready for school tomorrow. Flames in the experiments 
can reach up to a foot high, so please plan accordingly. 

• Package of hair bands to give out as needed (not provided in trunk) 

• Choose your location for the experiments carefully. Can you do it safely in your 
laboratory/classroom without setting off a smoke alarm? Can you take your students 
somewhere it will be safer? The activity should be done in an area with good ventilation 
and a hood or high ceiling. If your laboratory hood is not adequate, consider igniting the 
matchstick models outdoors—but not on a windy day. Use a large area far from dry 
grass, bark chips, and other fuels. Have a bucket of water and a hose available, with the 
water on.  

• If you burn outdoors, be prepared for variable results, since even very subtle breezes will change 
the fire spread pattern and may overwhelm the effects of slope and matchstick (stand) density. 

• Have students work in teams to setup the matchstick models for this activity, then ignite 
them one at a time so all students can observe all fires. You could also have student 
volunteers setup the matchstick forests ahead of the experiments. 

 

2 “tinker saplings” 
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Table 2 
Experiments for investigating the effect of slope and density of standing fuels on fire spread: 
 

Experimental Question Potential Hypothesis & Explanation Experimental Setup 

 
Experiment 1 
How will slope affect  
fire spread? 

 
Fires on steeper slopes will spread 
faster. 
 
Explanation: Fires moving uphill 
tend to spread faster and burn 
more completely than fires moving 
downhill, because fuels above it 
tend to be dried and warmed by its 
convective heat, and the flames 
are closer to the fuels above than 
those on level ground. 

 
Arrange 3 boards at different slopes 
with 49 matches/board (one in each 
hole): 
1. Lay 1 board flat to model a fire on 

flat ground. 

2. Use a short bolt to model a forest or 
shrubland on a moderate slope. 

3. Use a long bolt to model a forest on 
a steep slope. 

Ignite an entire row of matches along 
the same edge of each board. The 
sloped boards should be lit along the 
bottom edge. 

 
Experiment 2 
How does stand density 
affect fire spread? 

 
Fires will spread faster and 
combustion will be more complete 
in models with denser standing 
fuels. Thus, crown fires will be 
more likely in dense than sparse 
arrangements. Clumping of fuels 
will also increase the potential for 
crown fires. 
 
Explanation: In a dense stand, heat 
and flames are more likely to reach 
nearby fuels. 

 
Use long bolts for 4 models to create a 
uniform steep slope for each. Use the 
following matchstick densities for each 
of 4 boards (see image below): 

1. 49 matches (one in each hole) 
2. 25 matches, distributed evenly 

(about 50% of holes filled) 
3. 12 matches, distributed evenly 

(about 25% of holes) 
4. 12 matches in clusters 

Ignite all boards from the bottom row. 

 

 
Setup of matches for Experiment 2 

(all on boards with steep slopes) 
 

 

   Setup 1: 49 matches           2: 25 matches                    3: 12 matches      4: 12 matches in clusters 
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Optional: Experiment 3 
How does stand density 
in specific kinds of fuels 
affect fire spread? 

 
Fires will spread faster and 
combustion will be more complete 
when stand density is higher. Thus, 
crown fires will be more likely in 
dense than sparse arrangements. 
Clustering of fuels will also increase 
the potential for crown fires, but 
may not ignite nearby clusters. 
 
Explanation: When fuels are close 
together, as in a dense forest or 
clump of shrubs where fuel density 
is high, heat and flames are more 
likely to reach the fuels nearby. 
Shrubs and trees growing at 
different heights carry fire from the 
lowest grasses to the tree crowns. 

 
Use long bolts for all models. Use the 
following matchstick densities for each 
board (see image below): 

1. 10 full matches, placed in clumps 
of 2 – 3 and 10 matches broken 
in half and spaced throughout 
the board, representative of a 
healthy mix of vegetation on the 
sagebrush-steppe. 

2. 18 matches in clumps of 3 to 
represent brush or trees with no 
understory, such as grasses or 
forbs, indicative of a healthy 
community. 

3. 49 matches, half full-size and half 
broken in half to represent dense 
overgrowth 

4. 43 half matches (to represent 
invasive cheatgrass), with 6 full 
matches scattered throughout 
(to represent sagebrush) 

 

 
Setup of matches for optional Experiment 3 

 
 
 

 

 

Setup 1: 10 full and 
10 half-size matches 

 
 

Setup 2: 18 matches 
in clumps of 3 

 
 

Setup 3: 49 matches, 
half full-size, half half-size 

 
 

Setup 4: 43 half-size & 
6 full-size matches 
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Procedure 

1. Optional: Ask for one or more 
volunteers to draw the “fire 
triangle” (oxygen, heat, and fuel) 
on the board and explain it as a 
review/warm-up. 

2. Show students the “fire behavior 
triangle” and explain that it is an 
aid to remind fire managers in 
wildlands of three things that 
control how fires behave: fuel, weather, and topography. 

3. Optional: Ask students to turn to a neighbor and discuss their ideas for how weather, topography of 
the land (how flat or hilly it is), and the amount, arrangement, and moisture of fuel can affect 
wildland fires. 

4. Explain that today the students will get to investigate the effect of some of these factors on fire 
spread by creating fire models with matchsticks. Before beginning the experiments, discuss 
experimental design with the class, including the nature of a controlled experiment, in which only 
one variable at a time is changed. Explain that a variable is whatever effect is being investigated—in 
this case, slope, or how much the land or model is on an incline (Experiment 1) or stand density—
how close together trees or shrubs (or matches) are (Experiment 2). 

4.   Ask a student volunteer to help pass out the “Matchstick Models” handout and project it or write 
Questions 1 – 8 on the board. We suggest doing Experiment 1 as a class and recording 
observations on the board or projected handout. You can also do Experiment 2 as a class, with 
students recording observations on the handout. Or students can do Experiment 2 in teams. 

5.   Show students the matchstick forest/shrubland model (masonite board, nuts and bolts) and 
discuss some variables that can be investigated with it. Explain that the model is most often used 
to investigate crown fires—fires that burn through the tops of trees or shrubs—as opposed to fires 
that burn on the forest floor or in the organic material of the soil. Explain that grass fires are not 
thought of as crown fires, but the matchstick model results can be applied to these standing fuels, 
too. 

6.   Explain that the class will first investigate the effect of slope on fire spread. This is the answer 
to Question 1 on the board. Ask students to develop a hypothesis for Experiment 1—a 
prediction of what might happen, or more than one—and write it on the board (Question 2). 

7. Discuss with students what observations would be helpful to test the hypothesis. 
Observations should include the following, which should be listed on the board (Question 3): 

• Time of ignition and time when fire goes out (used to calculate fire duration) or fire 
duration measured by stopwatch 

• Number of match tips burned 

• Approximate maximum flame length (estimated at a safe distance from flames)  

8. Group students into teams and assign each group to create an “experimental setup” from 
Experiment 1. (These are listed in the right-hand column of Table 2). Instruct students to wait until 
everyone is ready to ignite their setup. The matchstick models will be ignited one at a time, so the 
whole class can observe and record data. 

9. Do a safety checkup with students using the FireWorks Safety poster. Remind students to dispose 
of burned matches in the ashtray or on the metal tray. 
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10. Have each team assign roles: 

• Igniter (unless you want to do this yourself) 
• Timer 
• Flame measurer 
• Data recorder 

11. When all teams are ready, have each team, one at a time: 

• Describe their setup and write it on the board 
(Questions 4a, 5a, 6a, and 7a). 

• Ignite the boards and make observations one board at 
a time, recording their answers on their handouts. 

12. After all four boards have been burned, direct students to 
complete any calculations (such as duration of burning if a 
stopwatch was not used), and discuss questions 9 and 10. 
Then discuss: “Using your understanding of the heat plume 
and the fire triangle, explain how slope affects fire spread.” 
(This is like question 10 on the handout, except it refers to 
slope rather than stand density.) 

13. Ask students to discuss the shortcomings of the models in their teams: 

• How is a matchstick model different from a real forest or area of sagebrush ecosystem? 
Explanations can include . . .  

o the lack of weather—especially the absence wind, unless you perform the 
experiments outside. Even if you do the experiments indoors, it is important to stress 
the role of natural elements such as wind, precipitation, and moisture content of 
fuels on fire behavior.  For these reasons, conducting one or more of the 
experiments outside can help students understand that reality. For example, even on 
the steepest slope, fires might not burn “up the hill” if the wind is blowing crosswise 
to either a natural or model forest or shrubland. 

o the absence of surface fuels in the models.  

o extremely ignitable “crowns” (match tips) in the models. 

o uniform “tree” or “shrub” distribution in the models. 

• How is a board different from a real patch of land? Explanations can include how the terrain is 
uniform and trees tilt with the slope, unlike in nature, where trees grow straight up. 

14. Clean up: Remind students to make sure all burned materials and matches are completely out before 
disposing of them; there should be no smoke and no heat being released. Remind them to use the 
metal trash can. If in doubt, students can first dump them in a bucket of water. 

 

Assessment 

1. Students should each complete the Matchstick Models handout on their own or in teams for 
Experiment 2 investigating the effect of stand density on fire spread.  

2. Repeat steps 11 – 12 above, one team at a time. This way, EVERY student gets to observe EVERY fire 
and must answer the “a” part of Questions 4-7 before each ignition and the “b” part after the burn. 
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Evaluation 

Questions 8-10 on Matchstick Models handout (credit/no credit): 

Question 8 Question 9 Question 10 
 

Student clearly explained 

why they either accepted 
or rejected the hypothesis 

and included examples 

from their observations to 

justify their decision. 

 
Fires spread faster and burn 
more completely in dense 
standing fuels because heat 
and flames are more likely 
to reach nearby fuels. 

 

The denser a stand of fuels, the 

easier it is for fire to spread 
because heat and flames can 

reach nearby fuels. In denser 

forests, more fuel is available and 

fuel continuity is more complete. 

 
 

Adaptations / Extensions 

1. Have some or all students do the optional Experiment 3 listed in the table. If desired, another 
Matchstick Models handout could be completed for the experiment. 
 

2. Have some or all students develop and test their own hypotheses using the models. Here are some 
questions that they could explore using these materials: 

•  What is the best placement and 
size for a fireline (where a swath 
of fuels is removed) in a forest or 
shrub land with various slopes 
and stand densities? 

•  How does ignition pattern affect 
fire spread? (Compare ignition 
from a single point, a whole row 
of matches (from top, bottom, 
and sides), and all matches 
around the edge of the board.) 

•  How useful is it to remove 
selected fuels for the sake of reducing the potential for crown fires on sites with different slopes 
and prevailing wind directions?  

•  If you were planning to build a home in a sloped plot of land, what would be the best location? 
Would you make any changes to the tree / shrub density around the home? 
 

3. Discuss the concept of the fire mosaic with your students (explained at the end of the Teacher 
Background section). Students could illustrate the concept or create 3-D models of it and how fire 
mosaics can benefit wildlife habitat and rejuvenation of ecosystems.  
 

4. Have students illustrate or create a 3-D model of a hilly area of sagebrush ecosystem and/or forest. 
Provide one or more images to help them, or, even better, visit a suitable natural area. Then have 
them show how a wildland fire might move through the area. Arrows and captions could be added to 
show the possible movement of fire, and which areas might burn less intensely or not at all, forming 
a mosaic. 
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Name: ______________________________      Period: ____     Date: ______________________ 
 

 

Matchstick Models 

1. Experimental question: 

What is the effect of _______________________ (slope, stand density, etc.) on fire spread?   

2. Hypothesis:  
 

___________________________________________________________________________________ 
 

___________________________________________________________________________________ 

3. Measurements needed: _________________________      _________________________ 
 

_________________________      _________________________   

Calculations needed (if any): _________________________________________________ 

4. Setup 1: 

a.   What is the condition of the experimental variable? (For example, in Experiment 1, is the slope flat,  
medium, or steep?): _______________________________________________________________ 

b.    Observations: ____________________________________________________________________ 

        ________________________________________________________________________________ 

Calculations, if any: ___________________________________________________________________ 

5.   Setup 2: 

a.    How is the experimental variable different? ____________________________________________ 

b.    Observations: ____________________________________________________________________ 
 

________________________________________________________________________________ 

Calculations, if any: ___________________________________________________________________ 

6.   Setup 3: 

a.    How is the experimental variable different? ____________________________________________ 

b.    Observations: ____________________________________________________________________ 

___________________________________________________________________________________ 
 

Calculations, if any: ___________________________________________________________________ 

7.   Setup 4: 

a.    How is the experimental variable different? ____________________________________________ 

b.    Observations: ____________________________________________________________________ 

___________________________________________________________________________________ 

Calculations, if any: ___________________________________________________________________ 

8.   Based on your observations, do you accept or reject the hypothesis? __________________________ 

Discuss the following questions and write your answers on the back in complete sentences:  

9.   What is your answer to the experimental question (question 1)?  

10. Explain the effect of stand density on fire spread using your understanding of the Fire Triangle, etc.  __________________________________________________________________________________________________ 
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