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Lesson Overview: Students study the scars 
left by low-severity fires on tree trunks – 
how these scars form, how many have 
marked a tree, and how many years went 
by between fires. With this information, 
they can describe the history of low-
severity fire for that tree. With data from 
the whole class, they can describe the 
history of low-severity fire for a whole 
stand or forest.  
 
This activity has 3 parts: 

I. Introduction to fire history 
research, in which you examine a 
real specimen of a fire-scarred tree 
cross section (“tree cookie”) as a 
class. 

II. Living Model of Fire Scar Formation, in which students learn how fire scars form by 
building a living model that shows a tree’s response to surface fire. This is followed by 
the first part of the assessment, completion of Handout M17-1. A Tree’s Story. 

III. Telling the Story of a Whole Forest, in which students pool their fire history data on 17 
individual trees and analyze the resulting diagram to better understand the history of 
low-severity fire in Sierra Nevada montane forests.   

 
Lesson Goals: Students understand that some trees can survive frequent low-severity fire. They 
can describe the history of low-severity fire for a specific tree, and they can describe the history 
of low-severity fires for a stand or forest. 
 
Objectives:   
• Students can identify tree growth rings and fire scars. 
• Students can describe the history of low-severity fire for the tree. 
• Students can use their data to make inferences about the history of low-severity fire in a 

forest.  
 

17. Fire History 1: 
Long Stories Told By Old Trees 

 

Subjects: Reading, Writing, Speaking and 
Listening, Math, Science  
Duration: Two or three 30-minute sessions 
Group size: Whole class, working singly or in 
teams 
Setting: Classroom 
New FireWorks vocabulary: dendrochronology/ 
dendrochronologist, fire scar, fire interval, 
growth ring, low-severity fire, stand-replacing 
fire, stand history diagram 
 
*This lesson can be done without a trunk if you print 
the photo posters and skip looking at a real fire-
scarred tree cookie 
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Standards:   6th 7th 8th 
CCSS Speaking and Listening  1,2,4,6 1,2,4,6 1,2,4,6 
  Writing 1,4,10 1,4,10 1,4,10 
  Writing: Science and Technology 3,4,7,9,10 

NGSS 
Structure, Function, and Information 
Processing LS1.A 

  
Natural Selection and Adaptation LS4.C 
History of Earth ESS2.C 

EEEGL Strand 1 A,B,C,E,F,G 
  Strand 2.2 A 

 
Teacher Background: Fire has been a part of the history of most forests in North America for 
thousands of years. Tree growth rings and fire scars tell about a forest’s fire history. The kind of 
fire that scars trees is called low-severity fire. Many surface fires have low severity, but not all 
of them. Some surface fires and all crown fires produce so much heat that they kill the crown, 
cambium, and/or roots of most of the trees. These are called stand-replacing fires because a 
whole new generation of trees must develop to replace the ones killed by fire. You can learn 
more about stand-replacing fires in Activity M18: Fire History 2: History of Stand Replacing 
Fire. 
 
This activity begins with the whole class studying a real fire-scarred tree cookie collected from 
the Plumas National Forest and describing its fire history. (Each FireWorks trunk has its own 
unique cookie, collected by Tadashi J. Moody and others (2006) for a paper published in the 
journal Fire Ecology1. This paper is included in your curriculum materials - 
MoodyEtAl2006_FireHistPlumas.pdf.) Then the class creates a model to learn more about how 
a fire can scar a tree without killing it and how to identify fire scars. Then they do the first part 
of the assessment: working individually or in teams to describe the fire history of a single tree 
cookie collected from the eastern slope of the Sierra Nevada by Nicole Vaillant and Scott 
Stephens (2009)2. (They use photos of the tree cookie – called “photo posters,” not the real 
wood.) Finally, they pool their results and examine the history of low-severity fires across the 
forest area sampled for the study.  
 
Other information on fire scars and wood:  
• After a tree has one fire scar, it is more vulnerable to further scarring because that region of 

the trunk has no insulating bark and it may contain a lot of pitch, which can be ignited 
easily.  

• Trees do not “heal” in the same way animals do: The dead cambium does NOT recover to 
become functioning tissue again, as our skin and bones can do after an injury. However, the 

                                                           
1 Moody, Tadashi J.; Fites-Kaufman, JoAnn; Stephens, Scott L. 2006. Fire history and climate influences from 
forests in the northern Sierra Nevada, USA. Fire Ecology. 2(1): 115-141. 
2 Vaillant, Nicole M.; Stephens, Scott L. 2009. Fire history of a lower elevation Jeffrey pine-mixed conifer forest in 
the eastern Sierra Nevada, California, USA. Fire Ecology. 5(3): 4-19. 
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dead wood may gradually be covered by new cambium and new bark that grows in from the 
sides. “Trees do not heal, they conceal.” 

• Fire scars form most often on the uphill side of tree trunks. Why? A hot vortex of flame 
forms on the forward side of any obstacle in the fire’s path. Since fires often spread uphill, 
the uphill side of the tree trunk tends to get more of this vortex heat than the other sides. 
Also, there is usually more debris on the uphill side since branches, cones, litter, and duff 
accumulate there instead of rolling downhill.  

• Why is some of the wood in a tree cookie dark while other areas are very light? The outer 
wood (xylem or sapwood) is often lighter than the inner wood (heartwood) because it is 
filled with water and minerals. The dark wood is usually in the center and in damaged areas 
of the tree trunk. It is dark because it is filled with pitch rather than sap. Pitch helps a tree 
survive injury because it can keep fungi from spreading throughout the wood. The pitch-
filled heartwood cells are not alive, but they provide structural support for the tree.  

• Other unusual marks in wood include patches of rot, holes made by wood-boring beetles, 
checks (radial cracks where the wood has dried and split), and branch scars (where a branch 
originated or a broken branch stub was covered by later growth). 

 
Materials and preparation: 

1. Make 1 copy/student or team of Handout M17-1. A Tree’s Story.  

2. Find a piece of black plastic or cloth about 25 cm inches wide and about 1.0 m long. 

3. Download HowGrowthRingsForm.pptx 

4. Download FireScars.pptx  

5. Download MoodyEtAl2006_FireHistPlumas.pdf. 

6. Download VaillantStephens_2009.pdf. 

7. Find in the trunk or produce your own: 
• small whisk broom (or make a fan out of orange construction paper) 
• 1-2 Hand lenses 
• Real fire-scarred tree cookie with the key that shows its unique fire history. (Each trunk 

has its own real fire-scarred cookie and key.) 
• Tree cookie photo posters (a set of 17, or download online and print) 
• The FireWorks Cookie Book – Low-severity Fire on the Sagehen Experimental Forest (in 

the trunk and also here). This document contains solutions to Handout H17-1: A Tree’s 
Story for ALL OF THE PHOTO POSTERS IN YOUR TRUNK. 

 
Provide one cookie photo poster for every 1-2 students. Students will use the photo posters to 
describe the fire history of individual trees. Then they will pool their data to describe the history 
of low-severity fire throughout the area of the study. Each photo poster is labeled with the 
tree’s species and an identifying number and contains a table showing the dates of the earliest 
and most recent growth rings plus the dates of all fire scars on that tree cookie. The Cookie 

https://www.frames.gov/documents/fireworks/curriculum/SierraNevada/FireHistoryMaterials/CookieBook.pdf
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Book contains answers to Handout 17-1: A Tree’s Story for all of the photo posters in your 
trunk. 

 
Procedure, Part I: Introduction to Fire History Research 
1. Display HowGrowthRingsForm.pptx. Review these concepts (which they are probably 

familiar with already):  

• Trees generally produce 1 growth ring per year, so you can estimate a tree’s age by 
counting its rings.  

• A ring consists of a wide row of large, thin-walled, light-colored cells plus a narrow row 
of tiny, dark-colored cells.  
 

2. Ask: Do you think every tree has a perfect, undamaged cross section like those shown here? 
Of course not! Lots of things, including fire, can damage the tree’s protective bark, kill the 
cambium, and even destroy part of its wood. These events may not kill the tree, but they do 
create scars in the wood.  
 

3. Explain: In this activity, we’ll learn about the history of low-severity fires in the Sierra 
Nevada. Fires are low-severity if they kill very few of the mature trees in a forest. They are 
stand-replacing if they kill most of the mature trees (and make room for the forest to 
replace itself with young, new trees). Many surface fires are low-severity fires, but some 
produce so much heat that they kill most of the trees, so they are stand-replacing.  
 

4. Show students the real fire-scarred tree cross section from your trunk. Explain: It is 
sometimes called a “tree cookie.” It was collected in a study of the fire history of montane 
ecosystems in the Plumas National Forest. The scientists used dendrochronology (the study 
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of tree growth rings) and fire scars to figure out how often low-severity fires have occurred 
in this forest over the past 400 years. 
 

5. Show the class (project) the first page of MoodyEtAl2006_FireHistPlumas.pdf, then pages 4 
(map of the study location) and 7 (photo of one of the tree cookies used in the study). 
Explain: We’re going to use the same techniques as theirs to figure out the history of low-
severity fire in a similar kind of forest further south, the Tahoe National Forest. We’re going 
to analyze fire scars on photos of tree cookies. We’ll use them to figure out the time 
between fires. The number of years between 2 surface fires is called the fire interval. 
 

6. Display Slide 1 from FireScars.pptx. (All slides are shown below.) Ask: How can you tell if 
damage on a tree trunk was caused by a fire? Using Slide 1 and the fire-scarred tree cookie 
from your trunk, discuss the identifying characteristics of fire scars: 
• Fire scars originate from the ground. They don’t start part-way up the tree trunk. 
• Viewed from the front of the tree, fire scars are roughly triangular in shape, wider at the 

base and narrower at the top. 
• If many fires have scarred a tree, the scars look like a series of vertical folds on the 

blackened wood. (OPTIONAL: You could add that a tree’s first fire does not char the 
wood, but later ones do. See the Teacher Background above.) 

• Viewed from the top of a tree cookie, a fire scar looks like an indentation from the 
outside edge of the wood. The scar follows along a growth ring part-way into the wood. 
(OPTIONAL: Integrate some geometry: If you think of a growth ring as the circumference 
of a circle, then you know that a fire scar cannot be on a radius coming out from the 
center. Any radial marks are from other sources, such as branch scars or “checks” 
(crack) in the dried wood.)  

• If you have a whole (roundish) tree cookie, you can see that fire scars are somewhat 
symmetrical – that is, new wood curls over the damaged wood from both sides of the 
damaged area. If you don’t watch out for this, you may count each fire twice! 

 
7. Explain: If you’re looking at a whole tree cookie – that is, a nearly round one – it was 

probably taken from a stump or from a dead, fallen tree. If you’re looking at a narrow or 
wedge-shaped cookie, it was probably taken from a standing tree, living or dead. Scientists 
do not cut trees down to study their fire scars.  
 

8. Show the rest of the FireScars.pptx to see how fire scars are sampled 
 

 Slides from FireScars.pptx 
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 Slide 1 

 
 Slide 2 

 
 Slide 3 
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 Slide 4 

 
 Side 5 

 
 Slide 6 

 
 
Procedure, Part II: Living Model of Fire Scar Formation 
 
9. Explain: The class will construct a living model to show how fire scars are formed. Follow 

these directions or see a demonstration online at: 
www.youtube.com/watch?v=MyFBYQh_S_M 
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a) One student holds his/her arms out in a circle, forming a ring that represents the tree’s 
cambium – that is, the sheath of living cells right under the bark that form xylem and 
phloem – and are essential for continued growth.  

b) Ask the students to imagine that the “tree” is facing uphill and a low-severity surface fire 
is coming up from behind it, running uphill. Select a student to represent the surface 
fire, using the whisk broom to burn from the “downhill” side of the tree around it to the 
other side, then continuing “uphill” and away from the tree.  

c) Interview the “tree.” Ask how the fire felt. Point out that the tree is still alive, since it is 
talking, so this must have been a low-severity surface fire!  

d) Tell the students that the fire was hot enough to kill a portion of the cambium – right 
where the student’s hands are. Drape your piece of black cloth or plastic over the 
“killed” section to remind the class that these cells are dead and cannot produce a new 
growth ring next year.  

e) Ask: Why is there more damage on the uphill side than the downhill side? Fires form a 
hot vortex of flame as they go around an obstacle and the flames come together from 
the two sides. Also, there is often more debris on the uphill side, since branches, cones, 
and litter accumulate there instead of rolling downhill. The duff is generally deeper on 
the uphill side as well. 

f) Get two more students to help, one standing on each side of the model tree. They are 
the next year’s growth ring. Each places a hand against the arm of the “tree,” right at 
the edge of the area “killed” by fire (which is now covered in black). New cells can’t 
grow out of the black area because it has no living cambium.  

g) Get two more students to represent the 
tree’s growth in the second postfire year. 
They place their hands on top of those of 
the last two students. Their hands can 
overlap the black cloth a little, curling 
around the fingertips that represent last 
year’s growth. This shows that the cells at 
the edges of the scar are dividing both 
outwardly and laterally, so they are 
beginning to grow over the scar. This is 
how the “bubble” of growth forms at each 
edge of a fire scar.  

h) Use more pairs of students to represent 
more years of growth after fire so they can 
see how the new wood curls over the old 
scar.  

i) Explain: Sometimes the growing wood from the two sides of the fire scar comes 
together and bark forms over the scar, hiding it from everyone who doesn’t know about 

Figure M17-01. Students build a living model of tree 
cambium and fire scar with their hands. 
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fire scars. To those “in the know,” like this class, that caved-in look on the uphill side of 
the tree suggests a history of low-severity fires.  

10. Pass out copies of Handout M17-1. A Tree’s Story. Explain: You will use the handout to 
figure out the fire history of a specific tree. You won’t work with the actual sample, but 
instead you’ll have high-resolution photos of tree cookies – along with the results recorded 
by the scientists when they examined the wood under a microscope. After we have the data 
on individual trees, the class will pool data to figure out what the pattern of low-severity 
fire was throughout the forest.  

11. OPTIONAL: To show the students how to proceed when they get their individual photo 
posters, project the handout. Go through it together using your real fire-scarred tree 
cookie. Refer to the key with answers for the real cookie provided in your trunk.  

 
Assessment, Parts I and II: Telling a Tree’s Story 
• Explain: Each student or team will examine a poster that shows a fire-scarred tree cookie 

and lists the dates of earliest and most recent wood and all fire scars. These specimens are 
taken from a study of fire scars on Jeffrey pines that was conducted on the east slope of the 
Sierra Nevada and published in a journal (Vaillant and Stephens, 2009).  

• Explain: Follow the directions on Handout M17-1: Sketch the cookie, mark the location of 
each fire scar, calculate the intervals between fires, and complete the rest of the handout.  

• Give a photo poster to each student or pair of students. Have them complete the handout. 
Circulate around the room to help.  

• After all have finished the handout, ask students to report briefly, such as by asking for the 
shortest and longest fire intervals, the least and greatest numbers of fire scars. Discuss 
Questions 6-9. 

 
Procedure, Part III: Telling the Story of a Whole Forest 
 
12. Pooling data: Draw a timeline on the bottom of the board that goes from 1550 (at left) to 

2010 (at right), with 5-year increments. 

13. Explain: We’ll pool our data to make a stand history diagram.  

14. Have the students come up to the board with their handouts and sketches, one team at a 
time, starting with the oldest tree and progressing to the youngest.  
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15. Start at the bottom of the chart. For each tree cookie photo poster, have the team draw a 
line that starts with the earliest date and ends with the most recent date. Have them draw a 
short vertical bar across the line for each year when fire scarred the cookie. The class’s chart 
should look sort of like this:  

 
 
TAKE A PHOTO OF THE CLASS’S STAND HISTORY DIAGRAM TO USE IN THE NEXT ACTIVITY! 
 

16. OPTIONAL: Display p. 9 from VaillantStephens_2009.pdf (the study that provided the photo 
posters and data). The class data are a subset of what is shown in the paper’s stand history 
diagram, although the authors split out their data to show the 5 different forest stands that 
were sampled. 
 

17. Summarize the information from the photo posters as a class.  
a) How many years were “fire years” – that is, years when low-severity fire scarred at least 

1 tree? (94).  
b) How many fire intervals is that? (94-1=93) 
c) How many years elapsed between the earliest and final fire scars? Add 1 to get the full 

number of years in the period when low-severity fires occurred (from 1605 to 1990, 
inclusive: 386 years). 

d) What is the average number of years between low-severity fires? (386/93=4.2 years) 
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Assessment, Part III: Telling the Story of a Whole Forest 
 
• Have students pair up and take 2 minutes to discuss: If you were living in montane forests of 

the Sierra Nevada 300 years ago, how many low-severity fires would have probably burned 
through your neighborhood in your lifetime? How would they have affected you? 
 

• Come together as a class to discuss the answers and what they have learned about low-
severity fire in the Sierra Nevada. Try to draw out the following: 
a) Trees can survive low-severity fires.  
b) Low-severity fires in this forest happened pretty often. A 16-year-old had probably seen 

3-4 of them, though not always in the same place. 
c) Not every low-severity fire scars every tree in a forest. Perhaps fire spread is patchy 

rather than uniform. Perhaps some trees are more susceptible to scarring than others at 
any given time. 

d) The history of low-severity fire goes back hundreds of years. 
e) This forest has not seen many low-severity fires in the past century.  

 
Evaluation: 

Parts I-II, A 
Tree’s Story 

Complete Incomplete 

Handout 
Questions 1-5 

All questions answered consistent with the 
Cookie Book. 

Not all answered. 

Handout 
Question #6 

Answer is consistent with photo poster. Answer is not consistent 
with photo poster. 

Handout 
Question #7 

Poor growth is likely to occur after fire if the fire 
killed many of the tree's needles or much of the 
cambium. Rapid growth after fire may be 
caused by decreased competition from other 
vegetation for moisture and nutrients or by an 
increase in nutrients from burned vegetation. 

Did not indicate a 
relationship between 
fire and the availability 
of water and/or 
nutrients.  

Handout 
Question #8 

Decreases in fire activity can be caused by moist 
time periods and increases by dry time periods. 
Not many trees in the Sierra Nevada have fire 
scars dating after 1900 because successful 
programs excluding fire from forests and 
grasslands began in those years and also 
because livestock grazing reduced fine 
vegetation (fuels) such as grass and shrubs. 

Did not provide 
rationale or relevant 
examples. 
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Handout 
Question #9 

Answers to this question vary from place to 
place and from one plant community type to 
another. When low-severity fire is excluded 
from a forest for a long time, dense 
undergrowth and deep duff may develop. These 
conditions make fires very hazardous and likely 
to kill even large, old trees. A dense understory 
can also weaken large, old trees by competing 
for moisture and nutrients. Lack of fire may also 
reduce diversity in patches of different 
vegetation and ages across the landscape, 
increasing the potential for fires to spread 
across large areas when burning conditions are 
right.  

Student did not use 
evidence from photo 
poster to support 
answer.   

Handout 
graphic 

Consistent with Cookie Book photo. Not provided or not 
consistent with Cookie 
Book photo. 

Part III, the 
Story of a 
Whole Forest 

-Transferred results accurately from handout to 
stand history diagram on board. 
-Participated in discussion with imagination and 
valid points. 

-Did not transfer results 
or transferred results 
inaccurately. 
-Did not participate in 
discussion relevant to 
the question. 
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Handout M17-1. A Tree’s Story  Name: ___________________ 
 
Species: ______________________  Cookie Number ________________   
 
1. How many years of history does your tree cookie cover?  _____________ years  

2. On a separate page: 

• Sketch the outline of your tree cookie.  

• Label the sketch with the dates of the earliest and most recent growth rings. 

• Draw an arrow to each fire scar and label it with the date of the fire.  

• Calculate the number of years between each pair of fire scars. Write it in the space 

between each pair of arrows. 

3. How many low-severity fires scarred your tree? ______________   

4. How many fire intervals are recorded on your tree? ________ 

5. What is the average interval between fires? _________ years (If you only have 1 scar, go to 

the next step.) 

6. Wide growth rings show years of fast tree growth, when moisture, sunlight, and nutrients 

were plentiful. Narrow rings show years of slow growth caused by drought, disease, injury, 

shading, or crowding by other trees. In what years did your cookie show fast growth? _____ 

In what years did it grow very slowly? ________ 

7. Were the years right after fire usually good or poor for growth?  _____________________  

What might be some reasons?  

 

 

8. Did your tree record fewer fires after 1900 than before? _____ If so, what might be some 

reasons? (If your tree died before 1900, go to the next question.) 

 

 

9. Could a tree be damaged by lack of low-severity fire? Explain why or why not.  
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Teacher’s Key to Handout M17-1. A Tree’s Story. 
This is an example for Tree 59. For answers specific to all of the photo posters in your trunk, see 
the FireWorks Cookie Book – Low-severity Fire on the Sagehen Experimental Forest (in the 
trunk and also here). 
 
Species: Jeffrey pine  Cookie Number 59 
 
1. How many years of history does your tree cookie cover?  1967-1742= 225 years +1 to 

account for both earliest & most recent rings = 226 years (also written on poster) 
2. On a separate page: 

• Sketch the outline of your tree cookie. 
• Label the sketch with the dates of the earliest and most recent growth rings. 
• Draw an arrow to each fire scar and label it with the date of the fire.  
• Calculate the number of years between each pair of fire scars. Write it in the space 

between each pair of arrows. 
3. How many low-severity fires scarred your tree? 7 
4. How many fire intervals are recorded on your tree? 6 
5. What is the average interval between fires? 24.3 years (If you only have 1 scar, go to the 

next step.) 
6. Wide growth rings show years of fast tree growth, when moisture, sunlight, and nutrients 

were plentiful. Narrow rings show years of slow growth caused by drought, disease, injury, 
shading, or crowding by other trees. In what years approximately did your cookie show fast 
growth? Around 1942 to 1957 (the earliest 15 years that we can see) 
In what years did it grow very slowly? After the first fire, around 1796 

7. Were the years right after fire usually good or poor for growth?  Poor, this tree had very 
slow growth for most of its life 
What might be some reasons? This answer is in general, not specific to this tree. More or 
less competition, damage from loss of cambium and introduction of pathogens, short-term 
increases in nutrient availability 

8. Did your tree record fewer fires after 1900 than before? Yes, 5 fires occurred before the 
1900s and 2 fires occurred after.  However, the tree’s record is also longer before 1900 
(1900-1796=104) than after (1942-1900=42). Fire was slightly more frequent (mean fire 
interval=20 years) before 1900 than after (mean fire interval=33 years). If so, what might be 
some reasons? (If your tree died before 1900, go to the next question.) Some trees in this 
poster collection show far fewer fires after 1900. This may be due to fire suppression, less 
American Indian burning, a wetter climate, or a combination of these factors. 

9. Could a tree be damaged by lack of low-severity fire? Explain why or why not. Yes. 
Competition from other trees may increase, reducing sunlight, water, and nutrients 
available to the tree. Ladder fuels may increase likelihood of lethal fire.  

https://www.frames.gov/documents/fireworks/curriculum/SierraNevada/FireHistoryMaterials/CookieBook.pdf
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