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**Note: This lesson has goals and objectives similar to those of Activity 8A, The 
Matchstick Forest Model** 

 
Lesson Overview: Students design a model 
landscape to investigate how fuels, 
topography, and weather affect fire 
behavior.  
 
Lesson Goal: Increase students’ 
understanding of how fuels, weather, and 
topography affect fire behavior in 
wildlands. 
 
Objectives:  
• Students can design a model of a 

landscape to investigate the relationships among fuels, topography, weather, and fire 
spread. 

• Students can write a newspaper article describing how the components of the Fire 
Environment Triangle influenced fire spread.  

 
Standards:   9th 10th 11th 12th 
CCSS Writing  2,3,4,10 2,3,4,10 
  Speaking and Listening  1,4,6 1,4,6 
  Language 1,2,4,6 1,2,4,6 
  Writing: Science and Technical Subjects 2,4,9,10 2,4,9,10 
NGSS History of Earth ESS2.B 
  Earth's Systems ESS2.A, ESS2.D, ESS2.E, 
  Weather and Climate ESS2.D 
  Human Sustainability ESS3.B, ESS3.C, ETS1.B 
EEEGL Strand 1 A,B,C,D,E,F,G 

 
Teacher Background: This lesson has similar goals and objectives as the previous lesson, H08A, 
Fire Environment Triangle and Fire Spread: The Matchstick Forest Model. However, this lesson 
takes a less structured approach. Instead of developing a controlled experiment using a small 
board with uniform distribution of fuels, students use clay to create models of diverse 
landscapes that they populate with matchsticks and other fuels. Then they observe fire spread, 

8B. Fire Environment Triangle and Fire Spread:  
The Landscape Matchstick Model (Option B) 

 

Subjects: Science, Mathematics, Health 
and Safety, Writing, Speaking and 
Listening 
Duration: 90 minutes 
Group size: Pairs 
Setting: Indoor laboratory or outdoors 
New FireWorks vocabulary: density/stand 
density, Fire Environment Triangle, slope, 
stand/forest stand/standing fuels, 
topography, wildland-urban interface 
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record their observations, and use them to create (a) a timeline for the fire and (b) a newspaper 
article about the fire. 
 
This activity includes 3-4 steps: 
1. Students complete an optional preliminary activity (Procedure step 3, which uses Handout 

H08B-1) to get students thinking about fire spread in wildlands. While this is good 
preparation, it is not essential to the rest of the activity. 

2. Student groups design a model landscape that demonstrates various aspects of the Fire 
Environment Triangle. Then they burn it, recording the fire with photos and video. 

3. Students create a timeline of their fire. 
4. Students create a case study of the fire that incorporates their timeline and explains how 

various aspects of the Fire Environment Triangle influenced fire spread. 
 
Because the students need to create a timeline of their fire, it is essential that they video it. A 
smartphone video is adequate. Make sure they have access to the necessary equipment. 
 
Materials and preparation: 
Do this activity in a ventilated lab or outdoors, 
but be aware of air currents created by the 
ventilation system or wind. These will affect 
fire behavior.  
 
• The day before the activity, remind 

students to follow safety guidelines about 
clothing and hair when they get ready for 
school tomorrow. 

• Display these posters: FireWorks Safety, 
Fire Triangle, and Fire Environment 
Triangle 

• Set up the work space with this equipment: 
o Fire extinguisher, fully charged 
o Empty metal trash can without a plastic liner  
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• Set up a lab bench or other safe space for each student team1, using the following 
equipment: 
o Materials provided in trunk: 

o 1 metal tray (i.e., cookie sheet)  
o 1 ashtray  
o 1 ruler  
o 1 spray bottle filled with water 

o Materials not provided in trunk: 
o 1 box of matches (not provided in trunk) 
o Clay (recipe below) 
o Cardboard squares or metal tray 
o Timing device 
o Toothpicks 
o Dixie cups or something similar (to create “hills” under the clay) 
o Aluminum foil 
o Camera/smart phones for taking both photos and video  

• Have these materials available for teams to select from: 
o Small fan with at least two speeds 
o Other materials needed to model surface fuels, ladder fuels, houses, etc. 

• Make 1-2 batches of salt-based clay or other clay substitute per student team: 
o Ingredients for Salt-based Clay: 1 cup salt (280 grams), 1 cup flour (140 grams), ½ 

cup warm water (112.50 milliliters)  
o Combine the dry ingredients in a large mixing bowl.  
o Add the water, mixed with food coloring if you wish.  
o Mix, then knead until the mixture has a smooth, dough-like texture. Add water if the 

dough is too dry. Add flour if it is too sticky. 
o Store in a plastic bag until lab time. 

• Print one handout for each student:  
o Handout H08B-1: Fire Behavior in Wildland Fuels – only if you choose to do optional 

Step 3 below 
o Handout H08B-2: Landscape Matchstick Model 
o Handout H08B-3: Fire Behavior Case Study 

 
Procedures:  

1. Do a safety checkup with students using the FireWorks Safety poster.  

2. Refer to the posters for the Fire Triangle and the Fire Environment Triangle - or draw or 
project them. Explain: We’ve been studying the chemistry of combustion. We used the 
model of the Fire Triangle, which can be applied to any fire – from a campfire to the fire in 
an internal combustion engine. Now we’ll narrow our focus to combustion in wildlands, and 
we’ll use a different model, the Fire Environment Triangle (AKA Fire Behavior Triangle). This 

                                                           
1 The trunk is supplied with 4 sets of equipment. 
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model reminds fire managers and firefighters of the three things that control how wildland 
fires behave: fuel, weather, and topography.  

3. [OPTIONAL] Distribute Handout H08B-1: Fire Behavior In Wildland Fuels. This handout gets 
students thinking about the factors that influence fire behavior and lets you gauge their 
prior knowledge. To complete the handout, you could take students to an outdoor setting, 
find a window with a view of a wild landscape, or project an image of a wild landscape. 

4. Refer again to the Fire Environment Triangle. Explain: the Fire Environment Triangle is an 
extension of the Fire Triangle, but it is very practical: It reminds fire managers and 
firefighters of the three things in the wildland fire environment that affect how wildland 
fires behave: fuel, weather, and topography.  

5. Ask students to name some specific aspects of the Fire Environment Triangle that affect fire 
behavior. Examples:  

• Topography: slope steepness, aspect, direction of fire spread (fire spreading from top of 
slope vs. bottom of slope), number and location of ignition points  

• Fuels: arrangement (both vertical and horizontal), moisture, amount and height 
• Weather: wind direction and strength, relative humidity, temperature, precipitation 

amount and duration 
 

6. Explain: Given a variety of materials, you will design a model landscape to observe and test 
how various aspects of the Fire Environment Triangle affect fire spread.  

7. Distribute Handout H08B-2: Landscape Matchstick Model and instruct students to follow 
steps 1-4. Remind them that they need to have you check the model when it is completed 
and you will tell them when to ignite it. 

8. When models are complete, gather students around each model. Have the student group 
describe their design, the components of the Fire Environment Triangle they are testing, 
and how they expect the fire to spread (e.g., rates of spread, flame lengths, burn 
uniformity).  

9. Make sure the team is ready to take notes and to record their fire with photos and video. 
Then have them ignite—one model at a time.  

10. Note: If fires fail to spread, students can modify variables such as ignition points or fuel 
arrangement and ignite their model again. All ignitions and associated fire spread should be 
described in their timeline and case study. 

11. After each model is burned, have students compare predictions to what actually occurred. 

Assessment:  
Give each student or lab group Handout H08B-3. Fire Behavior Case Study. Have them use 
their notes, photos, and videos to write a timeline and then a 1-paragraph (or longer) case 
study. They should use the components of the Fire Environment Triangle to describe how the 
fire spread (or didn’t spread) across their model.  
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Optional reading assignment: After the activity is complete, provide and discuss sections of: 
Fites, Jo Ann; Ewell, Carol; Bauer, Ryan. 2012. The 2012 Chips Fire, California: a case study of 
fire behavior. Unpublished report. Available:  
https://www.fs.fed.us/adaptivemanagement/reports/ChipsFireBehavior_Fullreport_16Jan13FI
NAL.pdf  
   
Evaluation: 

 Excellent/Credit Good/No Credit Fair Poor 
Image: Student 

included images 
Student did not 
include images. 

  

Topography Student 
describes all 
features of their 
landscape in 
detail and how 
those features 
impacted/didn’t 
impact fire 
spread. 

Student 
describes most 
features in 
landscape and 
how those 
features 
impacted/didn’t 
impact fire 
spread. 

Student 
described some 
features in 
landscape and 
how those 
features 
impacted/didn’t 
impact fire 
spread. 

Student failed to 
describe any 
features in 
landscape 
and/or did not 
explain how the 
features 
impacted/didn’t 
impact fire 
spread. 

Weather Student 
describes in 
detail how 
weather 
impacted fire 
spread. 

Student 
provides basic 
explanation for 
how weather 
impacted/didn’t 
impact fire 
spread. 

Student’s 
description of 
how weather 
impacted/didn’t 
impact fire 
spread was 
partially 
inaccurate or 
incomplete.  

Student’s 
description of 
how weather 
impacted/didn’t 
impact fire 
spread was 
incorrect or not 
present.  

Fuel Student 
describes the 
fuels in detail 
and how they 
impacted/didn’t 
impact fire 
spread. 

Student basic 
description of 
fuels and how 
they 
impacted/didn’t 
impact fire 
spread. 

Student’s 
description of 
fuels was 
partially 
inaccurate or 
incomplete.  

Student’s 
description of 
fuels was 
incorrect or not 
present.  

 

  

https://www.fs.fed.us/adaptivemanagement/reports/ChipsFireBehavior_Fullreport_16Jan13FINAL.pdf
https://www.fs.fed.us/adaptivemanagement/reports/ChipsFireBehavior_Fullreport_16Jan13FINAL.pdf
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Handout H08B-1: Fire Behavior In Wildland Fuels   
Name: _________________________________ 

1. Write a list of factors that influence how fires burn in wildlands.  

 

2. Sketch Landscape A in the red box below, either from a location outdoors or from a photo 
provided by the teacher.  Include details that would probably influence fire spread.  Then write 
a few sentences in the empty space that describes how a fire would spread on this landscape if 
the lower left corner of the landscape was ignited.    

Landscape A: 

 

3. Sketch landscape B in the red box below, either from the landscape that surrounds your 
home or from a photo provided by the teacher. Include details that would probably influence 
fire spread. Then write a few sentences describing how you think a fire would spread on this 
landscape if the lower left corner of the landscape was ignited.    

Landscape B:   
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Handout H08B-2: Landscape Matchstick Model  
Name: ________________________________  
You will design a model landscape to investigate how fuels, 
topography, and weather affect fire behavior. Be sure to 
record your fire with photos and video, because you will need 
these records afterwards.  
 
1. Select variables from the Weather, Topography, and Fuel 

columns below (components of the Fire Environment 
Triangle) to include in your model. Select additional 
variables (if desired) from the other columns. 

Weather Topography Fuel Concerns for fire managers –
where are they relative to 
topography, fuels, and 
transportation network? 

Fire protection 
techniques:  

• Wind speed 
• Precipitation 
• Humidity 
 

• Hilly vs flat 
• Gullies 
• Canyons 
• Slope 

steepness  
• Aspect 
• Water & 

waterways 

• Forest (various 
tree densities) 

• Surface fuels 
(various 
amounts, depths, 
fluffiness, 
continuity) 

• Fuel moisture 

• Homes 
• Other structures 
• Power lines 
• Cell towers 
• Roads 

• Fuel break 
• Foil-wrap 

buildings  
• Spray or 

foam 
• Sprinkler 

system 

 

2. Sketch your landscape to show how your selected variables will be incorporated. On your 
sketch, label and explain how each variable will be changed during the burn so you can see 
its effect on fire behavior.   

3. Make a list of materials you need to create your landscape, such as: clay, tinfoil, cups, rocks, 
toothpicks, pine needles, matches etc. Obtain the materials from your teacher, around the 
school, or from outdoors.   

4. Use your sketch to create your landscape. Be creative! Make up names for the fire, town, 
communities, streets, valleys, ridges, mountains, etc. 

5. When you are satisfied with your model landscape, STOP! You need to show it to the 
teacher and your class before igniting it.  

6. When your teacher indicates, describe your model to the class. Tell them where you will 
ignite your model and predict how the fire will spread.  

7. When your teacher indicates, ignite your model. Video, photograph, and take notes while 
your model burns.  

8. Discuss the accuracy of your predictions. 
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Handout H08B-3: Fire Behavior Case Study 
 
Name: ________________________________ 

 
Overview: Using your notes, photographs, and videos… 

1. Write a timeline to describe your fire. Include at least 5 entries (points in time). Give 
specific details about the development of your fire from ignition until it went out. 
For an example of an actual fire timeline and the important details that are included, 
read the “The 2012 Chips Fire, California: A Case Study of Fire Behavior” (below). 

2. Write a 1-paragraph (or longer) Case Study of your fire to accompany the timeline. 
This is a description of your fire and its behavior. Use all three components of the 
Fire Environment Triangle to describe how the fire spread (or didn’t spread) across 
your model landscape. Include photos of your model before and after it burned, as 
well as other photos that illustrate the fire behavior and how it is related to the Fire 
Environment Triangle. 

 
 
Getting Started--Brainstorming Space:  
 
• Name of fire: 
• Starting location description (include fuel type, weather, topography): 

 
 

• At each point in time, where did it spread and what influenced it (fuel type, weather, 
topography)? 

 
 
 
 
 
 
 
• Ending location? (fuel type, weather, topography): 
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The 2012 Chips Fire, California:  
A Case Study of Fire Behavior 
 

 
Observations of fire spread and behavior during the initial stages 
of the Chips Fire (modified from Fites and others, 2012*). 

Time Observations 
1 (Jul 29) Fire started on the lower, mid-slope in the Chips creek drainage. 
2 (Jul 30) 

 
Slow progression in the “footprints” (area previously burned) of 2000 Storrie and 
2008 Belden fires. Extremely steep (>55% and >70%) slopes in Feather River 
canyon. 

3 (Jul 31) 
 

Fire spread further, moving up the Indian Creek drainage with the wind. 
Numerous hand crews (including six hotshot crews) built line around the flanks of 
the fire and worked direct attack to suppress the fire in very steep terrain that was 
difficult to access terrain. They experienced high “resistance to control” in the 
dense cover of big snags and logs. Firefighters were holding the fire along the 
ridge. Some retardant was used on the ridge in hopes that it would slow the fire 
when it reached there. 

4 (Aug 1) 
 

Fire spread rapidly up slope in the Indian Creek drainage to the top of Indian 
Springs Ridge and spotted more than a mile away on the ridge between Yellow 
Creek and the Caribou/North Fork Feather River drainage. Fire developed with an 
impressive vertical column. Post-fire observations show very high fuel 
consumption and other evidence of very high intensity. 

5 (Aug 2)  
 

Fire grew significantly (>2000 acres) to the northeast and east, exceeding the 
ability of crews to attack it directly. Fire rolled over Indian Springs ridge and 
ignited material that rolled downhill and ignited new spot fires at the bottom of 
the slope in Squirrel and Cub Creeks. These spot fires then burned rapidly, with 
very high intensity, up the slope. Similar behavior was experienced on the spot fire 
in the Caribou drainage. 

6 (Aug 4) 
 

Limited fire information was obtained this day due to poor visibility, which limited 
aerial observation, and due to inability of ground crews to safely access the fire. 

7 (Aug 8) 
 

Fire moved out of the Storrie fire footprint. It spread into Mosquito Creek and 
burned slowly for two days. Future large growth in the fire is expected. 

8 (Aug 9) 
 

Little fire growth occurred in Mosquito Creek, but great spread occurred to the 
east and northeast………. 

 
*For the full report, see Fites, Jo Ann; Ewell, Carol; Bauer, Ryan. 2012. The 2012 Chips Fire, 
California: a case study of fire behavior. Unpublished report. Available:  
https://www.fs.fed.us/adaptivemanagement/reports/ChipsFireBehavior_Fullreport_16Jan13FINAL.pdf. For the 
full timeline, see p. 7. 

Chips Fire, Aug.2, 2012. 
Forest Service photo. 

https://www.fs.fed.us/adaptivemanagement/reports/ChipsFireBehavior_Fullreport_16Jan13FINAL.pdf

