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Lesson Overview: Students discuss the 
current prevalence of wildfires in their 
region and ways to find out if those fires are 
typical for the 3 forest types they have been 
studying – forests historically dominated by 
ponderosa, lodgepole, and whitebark pine. 
Then they either view a presentation or 
complete an electronic tutorial covering 10 
terms that are important for understanding 
fire history.  

Lesson Goal: Ensure that students have a 
working understanding of dendrochronology and fire history methods so they can interpret the 
fire history of individual trees and forests in subsequent activities. 

Objectives: Students understand all of the new FireWorks vocabulary (see list above and in Step 
3 of Materials and preparation) well enough to use them in a paragraph about how to use 
trees’ annual growth rings to learn about fire history.  

Middle School 
Standards:   6th 7th 8th 
CCSS  Reading Informational Text 4, 7, 10 4, 7, 10 4, 7, 10 

Writing 1,4,10 1,4,10 1,4,10 
Speaking/Listening  1,2,4,6 1,2,4,6 1,2,4,6 
Language  1, 2, 4, 6 1, 2, 4, 6 1, 2, 4, 6 
Reading Standards Science/Tech 1, 3, 4, 7, 10 
Writing Standards Science/Tech 3, 4, 7, 9, 10 

NGSS  Structure and Function LS1.A 
Interdependent Relationships in 
Ecosystems LS2.A 
Ecosystem Dynamics, Functioning, and 
Resilience LS2.C 
Natural Selection  LS4.B 
Adaptation LS4.C 
Weather and Climate ESS2.D 
Natural Hazards ESS3.B 

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

M17 & H16.  Dating Fires Using Dendrochronology 

Subjects: Science, Technical reading, Technical 
writing 
Duration: One 30-40-minute session 
Group size: Entire class  
Setting: Classroom or computer lab 
Vocabulary: annual ring, catface, cohort, 
dendrochronology, fire scar, increment core, 
low-severity fire, pith, stand-replacing fire, tree 
cookie 
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High School 
Standards: 

  9th 10th 11th 12th 

Common Core 
ELA  

Reading Informational Text 4, 10 4, 10 
Writing 2, 4, 7, 10 2, 4, 7, 10 
Speaking/Listening 1, 2, 4, 5, 6 1, 2, 4, 5, 6 
Language 1, 2, 4, 6 1, 2, 4, 6 
Reading Science/Technical Subjects 3,5,7,10 3,5,7,10 
Writing Science/Technical Subjects 7,10 7,10 

NGSS 
  

Structure and Function LS1.A 
Interdependent Relationships in 
Ecosystems 

LS2.A 

Ecosystem Dynamics, Functioning, and 
Resilience 

LS2.C 

Social Interactions and Group Behavior LS2.D 
Adaptation LS4.C 
Weather and Climate ESS2.D 
Natural Hazards ESS3.B 

EEEGL Strand 1 C,E,F,G 
 

Teacher Background: Fire has been a part of the history of most forests in North America for 
thousands of years. A forest’s fire history is evident in its tree-ring record. The study of trees’ 
annual growth rings is called dendrochronology. For more information on that field of science, 
use the presentation/tutorial M17andH16_UsingDendroForFireHistory.pdf. The slides from 
that tutorial are reproduced in Step 6 below. 

Fire ecologists classify the severity of fires on standing forests into 3 categories: 

• Stand-replacing fires kill most of the trees on a site, creating conditions that favor the 
establishment of a new forest where most of the trees are about the same age – a new 
cohort.  

• Low-severity fires kill some trees (especially young ones and older ones of species with thin 
bark) and burn around others. They often leave scars on some of the surviving trees. Low-
severity fire is not exactly the same as surface fire: Many surface fires are of low severity, 
but some are severe enough to kill most of the trees in a stand and are thus stand-
replacing. 

• Mixed-severity fires cause some stand replacement and some low-severity within a single 
burn or alternate between low-severity and stand-replacing fires over time. 

You’ll notice that these categories are based on tree mortality rather than changes in the soil, 
which were studied in Activity M10 or H12. 
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This activity begins with a question – “Are our forests OK, or are today’s wildfires destroying 
them?” This question leads to brainstorming for ways to learn about past patterns of fire – the 
fire history in which native species have managed to survive and even thrive for thousands of 
years. After brainstorming, students work through a presentation/electronic tutorial on ways to 
learn about fire history. (If you use this as a tutorial, you can download the pdf file to individual 
computers and provide students with an Internet connection.)  

If students would like to learn more about how trees respond to injuries on a metabolic and 
cellular level, encourage them to look at the following article, available at: 
https://www.fs.usda.gov/nrs/pubs/jrnl/2016/nrs_2016_smith-k_002.pdf. The article includes 
beautiful photos that show changes in tree cells and how they grow after a tree has been 
injured by fire.  

Smith, Kevin T.; Arbellay, Estelle; Falk, Donald A.; Sutherland, Elaine Kennedy. 2016. 
Macroanatomy and compartmentalization of recent fire scars in three North American 
conifers. Canadian journal of forest research. 46: 535-542. 

If students would like to learn more about the potential for fire-scar sampling to injure or kill trees, 
encourage them to read the following (at https://firelab.org/project/condition-live-fire-scarred-
ponderosa-pine-twenty-one-years-after-removing-partial-cross): 

Heyerdahl, Emily K.; McKay, Steven J. 2017. Research report: Condition of live fire-scarred 
ponderosa pine twenty-one years after removing partial cross-sections. Tree-ring research. 
73(2): 149-153. 

 

Materials and Preparation: 

1. Download M17andH16_UsingDendroForFireHistory.pdf to EITHER present in class OR have 
the class use it as a tutorial to be accessed digitally.  

2. If you choose to use the matching exercise for assessment, make 1 copy/student of 
Handout M17 & H16-1. Vocabulary for Fire Historians. 

3. Write this list of terms on the board: 
Annual ring 
Cambium 
Catface 
Cohort 
Dendrochronology 
Fire scar 
Increment core 
Low-severity fire 
Pith 
Stand-replacing fire 
Tree cookie 

https://www.fs.usda.gov/nrs/pubs/jrnl/2016/nrs_2016_smith-k_002.pdf
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4. Find in the trunk: Actual fire-scarred tree cookies (not essential for this lesson, but very 
helpful in making the photos of fire-scarred cookies seem more real) 

 

Procedures: 

1. Hook: Explain: We’ve been studying how fires behave and how plants and animals deal with 
fires. Now we want to ask “Are our forests OK, or are today’s wildfires destroying them?” 
Other ways to put it: Are today’s wildfires too big or too small? Are they too severe? Are the 
forests we’ve been studying (ponderosa pine, lodgepole pine, and whitebark pine) 
threatened because of fire or lack of fire? Just as important is this question: How could we 
answer these questions? 

2. Provide some information on the extent of recent wildfires in your area and have students 
discuss them in relation to the questions above. There are many ways to provide such 
information. A few are listed here. Students are most likely to identify with information 
from their local area. 

a. Go to the Incident Information System website (https://inciweb.nwcg.gov/) and obtain 
recent data on wildland fires in your area. You can do this ahead of time or with the 
students. If students all have computers, they can do this themselves. 

b. Go to the National Interagency Fire Center’s homepage 
(https://www.nifc.gov/fireInfo/fireInfo_statistics.html) - or have students do so - and 
obtain information on historical fire statistics.  

c. Go to the “Historically Significant Wildfires” page 
(https://www.nifc.gov/fireInfo/fireInfo_stats_histSigFires.html) and examine 
information on a few of the wildfires that have caused deaths or destroyed homes from 
1804 to recent years. 

d. Display the table below, which contains data from a single 365-day period in the area 
from the northern Rocky Mountains to the North Cascades. Or just quote a few 
numbers from the table, such as the number and area of wildfires just in your state over 
this 365-day period.  

https://inciweb.nwcg.gov/
https://www.nifc.gov/fireInfo/fireInfo_statistics.html
https://www.nifc.gov/fireInfo/fireInfo_stats_histSigFires.html
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Major wildfires during 365 days, 18 July 2016 to 17 July 2017 

Data from the United States Incident Information System: 

https://inciweb.nwcg.gov/ 

     
State Number 

of fires 
Area 

(acres) 
Area (square 

miles) 
Area (square 
kilometers) 

Idaho 18 276,224 432 1,118 

Montana 23 92,881 145 376 

Oregon 13 114,319 179 463 

Washington 20 321,306 502 1,300 

Wyoming 24 200,538 313 812 
          

Total: 98 1,005,268 1,571 4,068 

 

3. Explain: One way to answer the question “Are our forests OK?” is to compare current 
patterns of wildland fire with the historical patterns, since native plants and animals are 
adapted to historical patterns. How many fires? How big? How severe? We need to become 
FIRE HISTORIANS. 

4. Ask: How can we get information about the history of fire in a forest? Open discussion. Here 
are some methods used by scientists: Analyze annual rings in trees (increment cores and 
cross sections); analyze charcoal in peat cores from bogs, lakes, etc.; refer to Native 
American traditions; refer to journals, letters, maps, and other records from historical 
explorations; refer to records of the trees that marked section corners in early surveys. 

5. Explain: We’ll become fire historians by studying data from trees’ annual rings. Before we 
can do this, we need to understand some basic information about tree growth, fire effects, 
and sampling methods. That’s what we’ll do with the presentation/tutorial in this activity. 
By the end of the activity, you need to understand the terms listed on the board and know 
how to use the science of dendrochronology to learn about fire history. 

6. We suggest 3 different ways to use M17andH16_UsingDendroForFireHistory.pdf. 

a) Have students go through the slides on their own, treating it as a scavenger hunt to find 
the terms listed on the board and figure out what they mean.  

b) Have students go through the slides as a tutorial (in class or as homework). 

c) Go through the slides as a presentation/discussion with the class. 

https://inciweb.nwcg.gov/
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The blue information boxes in the slides and the notes in the PowerPoint version contain 
information that supplements the slides and answers questions sometimes asked by students, 
but this information is not essential for completing the activity.  

Slide 
1 

 

Slide 
2 

 

Slide 
3 

The height of the sample matters 
because of the way trees grow. 
They get wider and taller by 
producing brand-new wood every 
year, not by making the existing 
wood longer or wider. What might 
cause a missing or extra ring? 
Severe stress – perhaps a late, dry 
spring or damage from leaf-eating 
insects – could keep a tree from 
producing a ring. A summer with a 
deep cold spell or a spring with 
early drying followed by soaking 

rains could cause a tree to produce an extra, or “false,” ring. 
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Slide 
4 

 

Slide 
5 

 

Slide 
6 

Does coring injure trees? Coring does 
injure the sampled tree, but the injury 
is usually minor. Most trees have ways 
to protect themselves from the fungi 
and insects that could invade through 
the hole left by an increment borer. 
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Slide 
7 

 

Slide 
8 

 

Slide 
9 

Not every scar or catface on a tree 
is caused by low-severity fire. Scars 
can be caused by many things, 
including lightning, frost, insects and 
diseases, and mechanical injuries. 
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Slide 
10 

 

Slide 
11 

The origin of the term catface comes 
from the turpentine industry of 
southeastern United States. It refers to 
the scars left behind by the extraction 
of resin from pine trees. Pine resin was 
at one time in high demand because it 
could be used for waterproofing ships 
and making turpentine, and was once a 
major part of the southern economy. 
Turpentiners wounded trees in V-
shaped streaks down the length of tree 
trunks to channel resin into cups, where 
it was collected and processed into the 

spirits of turpentine.  The V-shaped streaks were called “catfaces” for their 
resemblance to a cat’s whiskers. 
 

Slide 
12 

These features can help you identify 
fire scars when you’re out in the 
woods: 
• Catfaces caused by fire start at the 
ground. They hardly ever start part-
way up the tree trunk. 
• Catfaces caused by fire are sort of 
triangle-shaped. They are wider at 
the base and narrower at the top. 
• If a lot of fires have scarred a tree, 
the scars look like a series of vertical 
creases or folds of wood on the 
catface. A tree’s first fire does not 

blacken the wood. (The fire is hot enough to kill the bark and the cambium 
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under it, but the fire is not hot enough to burn the bark away.) Later fires 
blacken the wood if the fire-killed bark has fallen off and exposed the wound 
to heat and flames. 

• When you look at a cross-section from a fire-scarred tree (a tree cookie), you 
see that each scar is curved, following the annual ring that formed the year of 
the fire. If a scar is not parallel to the annual rings, it was not formed by fire.  

• Fire scars are kind of symmetrical – that is, new wood tends to curl over the 
injured wood from both sides of the injured area. If you don’t watch out for 
this, you could count each fire twice! However, a fire might scar only one side 
of a big catface, so  you might “miss” a fire if you sample only one side. 

 
Slide 
13 

Does it injure the tree to cut a partial 
section? One scientist has checked up on 
trees that she sampled 20 years ago. She 
found that they were no more likely to die 
than similar trees that she hadn’t 
sampled.  
 

Slide 
14 
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Slide 
15 

 

Slide 
16 

 

Slide 
17 
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Assessment: Use one of these 2 assessments:  

OPTION 1: Matching (Handout M17 & H16-1) 

OPTION 2: Writing assignment. Refer to the list of terms on the board: 
Annual ring 
Cambium 
Catface 
Cohort 
Dendrochronology 
Fire scar 
Increment core 
Low-severity fire 
Pith 
Stand-replacing fire 
Tree cookie 

Have students write a paragraph that explains to a classmate how he/she could use 
trees’ annual rings to learn about fire history. In the paragraph, they should use at least 
8 of the terms listed. 
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Evaluation:  
 

 Excellent Acceptable Poor 
OPTION 1: Matching 
(Handout M17 & H16-1) 

10-11 answers 
correct 

7-9 answers correct Fewer than 7 
answers correct 

OPTION 2: Writing 
assignment 

Paragraph uses 8-
11 terms correctly. 

Paragraph uses 6-7 
terms correctly. 

Paragraph uses fewer 
than 6 terms 
correctly. 

Paragraph 
accurately 
describes use of 
dendrochronology 
to study fire 
history. 

Paragraph 
describes use of 
dendrochronology 
to study fire history 
with moderate 
accuracy. 

Paragraph contains 
numerous 
inaccuracies or omits 
important concepts. 

Paragraph contains 
an appropriate 
topic sentence. 

Paragraph contains 
an appropriate 
topic sentence. 

Paragraph does not 
contain an 
appropriate topic 
sentence. 

Paragraph uses 
complete 
sentences. 

Paragraph uses 
complete 
sentences. 

Paragraph does not 
use complete 
sentences. 

Paragraph is clear 
and coherent. 

Paragraph is clear. Paragraph is not 
clear. 
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Handout M17 & H16-1. Vocabulary for Fire Historians 
 
Name: ______________________________ 
 
Next to each term, write the letter of the correct definition. 
 

A. 
 
B. 
 
C. 
 
D. 
 
E. 
 
F. 
 
G. 
 
H. 
 
I. 
 
J. 
 
K. 

Annual ring 
 
Catface 
 
Cohort 
 
Dendrochronology 
 
Fire scar 
 
Increment core 
 
Low-severity fire 
 
Pith 
 
Stand-replacing fire 
 
Tree cookie 
 
Cambium 
 

____ A fire that has does not change the soil very much and kills 
very few of the mature trees.  
 
____ The science of learning about the past by dating annual rings 
in living and dead trees. 
 
____ A large wound on a tree trunk or branch, where living wood 
is gradually growing from the edges over the dead wood in the 
injured area.  
 
____ A layer of wood produced during 1 year of tree growth. This 
layer encircles all of the wood that the tree produced in previous 
years. 
 
____ A fire that kills all or most of the mature trees and provides 
good conditions for growing a new generation of trees. 
 
____ A thin cylinder of wood that is removed from a tree so the 
tree’s annual rings can be studied. 
 
____ A cross section or narrow sample of wood taken from a tree 
trunk so the tree’s annual rings can be studied. 
 
____ A mark on a tree trunk where a fire killed the tree’s cambium 
part-way around. When you look at one of these marks on the 
outside of a tree, it looks like a vertical crease or fold in the wood. 
 
____ A group of living things that are similar in age.  
 
____ A strand of spongy tissue that runs through the center of a 
tree trunk or branch.  
 
____ The layer of living cells under a tree's bark that produces the 
annual rings 
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Teachers’ Key to Matching, Handout M17 & H16-1:  
 

G, D, B, A, I, F, J, E, C, H, K 
 

Teachers’ Glossary for Evaluation of Writing assignment:  
 
This is a list of definitions of the terms that students should use in the assigned paragraph. All of 
the terms are defined, illustrated, and used in the presentation/tutorial 
M17andH16_UsingDendroForFireHistory.pdf. The definitions are adapted from the Merriam-
Webster Dictionary (https://www.merriam-webster.com/), the “FireWords” Glossary of Fire 
Science Terminology (http://www.firewords.net/), and/or the FireWorks program 
(https://www.firelab.org/project/fireworks-educational-program).  
 
1. Annual ring: A ring of wood produced during 1 year of a tree’s growth. Annual rings are 

nearly circular in shape (unless the tree has a catface). Each annual ring surrounds all of the 
wood that the tree produced in previous years. 

2. Cambium: the layer of living cells under a tree's bark that produces the annual rings. If the 
entire cambium is killed, the tree will die. If only a portion of the cambium is killed, it can 
still produce new cells including annual rings. 

3. Catface: A large wound on a tree trunk or branch, where living wood is gradually growing 
from the edges over the dead wood in the injured area. 

4. Cohort: A group of living things that are similar in age. A group of students who are all in a 
particular grade-level in school is a cohort. A group of trees that all began growing after a 
severe fire is a cohort. 

5. Dendrochronology: The science of learning about the past by dating annual rings in living 
and dead trees. 

6. Fire scar: A mark on a tree trunk where a fire killed the tree’s cambium part-way around. 
When you look at a fire scar from the outside, it looks like a vertical crease or fold in the 
wood.  

7. Increment core: A thin cylinder of wood that is removed from a tree so the tree’s annual 
rings can be studied. 

8. Low-severity fire: A fire that has does not change the soil very much and kills few of the 
mature trees. Low-severity fires often leave fire scars on the trunks of mature trees. 

9. Pith: A strand of spongy tissue that runs through the center of a tree trunk or branch. In an 
increment core or tree cookie, the pith shows the earliest year of growth. 

10. Stand-replacing fire: A fire that kills all or most of the mature trees and provides good 
conditions for growing a new generation of trees. The young trees then “replace” the trees 
killed by fire. 

11. Tree cookie: A sample of wood taken from a tree trunk so the tree’s annual rings can be 
studied. The sample may be a full cross section – that is, a piece cut all the way across the 
tree trunk, so it looks a little like a cookie; or it may be a partial cross section – that is, a 
narrow piece cut from the side of a catface.  

https://www.merriam-webster.com/
http://www.firewords.net/
https://www.firelab.org/project/fireworks-educational-program

