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Wildfire Behavior and Healthy Forests
Lesson Details

Grade level: 3™

Teaching environment: Outdoors

Total time needed: 1 hour and 5 minutes
Approximate number of students: 40

Essential Questions

1. How do natural hazards affect individuals and societies?

2. What kinds of natural hazards can directly affect your area?

3. Humans cannot eliminate natural hazards, but how can they take steps to reduce their impacts?

Schedule
Activity Time
Introduction 5 minutes
Station 1 25 minutes
Station 2 25 minutes
Station 3 25 minutes
Station 4 25 minutes

Materials

All visuals are printed materials included in Appendix A.

Station 1 Station 2 Station 3 Station 4

e Pinecones e Pin flags OR rope e Pin flags OR rope e Paperand
(lodgepole and for tag boundary for tag boundary clipboards OR
ponderosa) e Red cloth e Whiteboard and notebooks

e Visuals: Tree e Visuals: Surface markers e Crayons or colored
Adaptations, Fires Vs. Crown e Visuals: Drinking pencils
Historical Density Fires Water Impacts,

Forest Conditions
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Vocabulary
Adaptation - A mutation or change that helps a plant or animal survive in its environment

Secondary succession - Type of ecological succession in which plants and animals recolonize
a habitat after a major disturbance—such as a devastating flood, wildfire, or human activity—
significantly alters an area but has not left it completely lifeless

Crown fire - A fast moving fire that burns the forest canopy including branches and leaves, high above
the surface of the ground

Surface fire - A wildfire that burns loose needles, plants, shrubs, small trees, and other fuels that are at
or near the surface of the ground but does not move into the crowns of trees

Restoration - The process of repairing sites in nature whose ecosystems have been degraded or
destroyed

Erosion - Act in which earth is worn away, often by water, wind, or ice

Algal blooms - The rapid increase of algae in an aquatic environment

Lesson Alignment: Colorado Academic Standards
Life Science

e Sometimes differences in characteristics between individuals of the same species provide
advantages in survival and reproduction.

Earth and Space Science

e Climate describes patterns of typical weather conditions over different scales and variations;
historical weather patterns can be analyzed.

e Avariety of weather hazards result from natural process; humans cannot eliminate weather-
related hazards but can reduce their impacts.


https://www.cde.state.co.us/apps/standards/7,5,0
https://www.cde.state.co.us/apps/standards/7,5,0
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Lesson Outline

Station 1: Forests and Fire

15 min - Our forests are adapted to fire

When you hear “wildfire,” what do you imagine? (Have students provide answers.)
News and social media can show us scary pictures of wildfires threatening homes and communities.

Did you know? Fire can be a good thing when at low-medium levels. It provides us with forest health
benefits and can actually reduce the potential for high-severity megafires.

Talk about lodgepole pinecones. Pass them around — what do you notice when you’re touching the
cone?

Show Tree Adaptation visuals to illustrate interior of cone and different stages of lodgepole cones (open
and unopened).

Discuss student observations. If you were a seed inside that cone it looks pretty tough to get out (resin-
packed). Fire helps the seeds come out. Why would seeds evolve to be released just after a fire? After a
fire is there more or less open sky above you? How does more open sky help plants grow? The seeds
that come out after a fire have more sunlight and are able to grow. These plants are adapted to fire.
That means that they have traits that help them to survive and grow after fire. Sometimes they even
need that fire in order to make new seedlings!

15 min - Forest density and current conditions

Show Historical Density visuals and discuss the difference in tree cover between the photos from this
and last century. How did we get here? What factors have allowed tree cover to increase in this way?

Introduce the concept of fire suppression policies and ask students what the pros and cons of this type
of practice might be. Remind students that Colorado is a fire-adapted state where forests benefit from
and even require fire to remain healthy (as we learned about when looking at pinecones!).

How do we allow fire to exist while protecting people and communities? Have students brainstorm
some ideas or share what they’ve learned at other stations to this effect. Possible answers include
reduce the number of trees in forests, make our homes more resistant to fire, etc.
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Station 2: Wildfire tag

15 min — Wildfire tag and debrief

Explain that different forest types interact with fire in different ways, but that Ponderosa pine trees,
which dominate lower-elevation forests in Colorado, do best with more space around each tree and
more openings in the forest.

Tell students that now we’re going to play a game to see what that looks like!

Tag Instructions
ROUND 1: DENSE FOREST SCENARIO

1. Choose one student to become the wildfire that burns the trees. He or she holds a red fabric strip.
This student is limited to 5 large steps before the fire runs out of fuel and burns out.

2. Choose students to be trees in the forest. They scatter to different parts of the area and stand still.
Because they are simulating a dense forest, trees are packed tightly together with little room between.

3. The game starts when the teacher/presenter yells “Fire!” Then, the wildfire student tags the trees
within the designated 5-step-area.

4. When a tree has been tagged, he/she holds onto the red fabric strip and becomes part of the wildfire,
and the two of them tag another tree. (Again, limited to 5 large steps.) Thus, the fire builds and spreads
with more and more “trees” holding onto the fabric.

ROUND 2: FOREST AFTER TREATMENT SCENARIO

1. Choose one student to become the wildfire that burns the trees. He or she holds a red fabric strip.
This student is limited to 5 large steps before the fire runs out of fuel and burns out.

2. Choose students to be trees in the forest. They scatter to different parts of the area and stand still.
Because students are demonstrating an area post-treatment, some trees are removed and become
observers. Trees are dispersed widely across the designated area.

3. The game starts when the teacher/presenter yells “Fire!” Then, the wildfire student tags the trees
within the designated 5-step-area.

4. When a tree has been tagged, he/she holds onto the red fabric strip and becomes part of the wildfire,
and the two of them tag another tree. (Again, limited to 5 large steps.) Thus, the fire builds and spreads
with more and more “trees” holding onto the fabric.

Ideas for additional rounds if needed/if time:
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e Introduce a firefighter role — Firefighter students can take a total of three steps before stopping.
If they touch the fire, the fire loses one student.

e Introduce a wind role — Wind students can take a total of five steps before stopping. If they
touch the fire, the fire students can now take six total steps before stopping instead of five.

Tag debrief: How did fire behavior change from dense conditions to treated conditions? How do dense
forest conditions across a large landscape create the opportunity for megafires? If additional roles were
introduced, how did their presence affect fire behavior?

10 min — Group discussion of surface fire versus crown fire

Show Surface Fires Vs. Crown Fires visuals to teach the difference between a surface fire and a crown
fire. Remind students that different forest types interact with fire in different ways, but that Ponderosa
pine forests do best with frequent surface fire.

Surface fires:

e Stay on the ground
e Clear out shrubs, grasses, and smaller trees

Crown fires:

e Climb up into the tops of trees
e Burn the crowns of trees (where all the leaves are!)
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Station 3: Illustrate the connections between fire, water, and restoration

5 min - Intro

Downstream water can be at risk from erosion and debris. Plant roots hold soil in place, and when those
aren’t present, soil can wash down into our rivers and streams. Sometimes, this can cause algal blooms
that can pollute our drinking water and do harm to fish and aquatic species. Show Drinking Water
Impacts visuals to illustrate the impacts to water that high-severity fires can have.

10 min - Sharks and minnows game adaptation

Let’s look at the steep slope across the way. What would happen to the soil on that hill right now if we
had a heavy rainfall? The tree roots and smaller plants would help to hold it in place! What would
happen if a severe fire came through and the trees mostly died? What would then happen to all the soil
after a heavy rainfall? What happens to the river and the fish after all that soil moves?

Show Forest Conditions visuals and point out the After a High-Severity Fire scenario to illustrate what
this might look like.

Round 1:

T: A big fire has just come through and the trees were overly dense so more of them died. Some of you
are soil and some of you are the few remaining trees that survived that big fire.

Teacher shows students boundaries of game. Students stand in a line on one end of a field and are
designated as “sediment”. In the middle of the field, there are 3 “trees” that must stay rooted and try to
tag “sediment” students with a two-finger tag below the shoulders. Sediment students run from one
end of the game boundary to the other. On the whiteboard, have students count how many trees there
were and how many sediment students made it to the other side without getting tagged by a tree.

Round 2:

T: A surface fire has come through which was made possible because we restored the forest to have
more openings and fewer trees. Some of you are soil, and because the fire was less severe, we have
more trees that survived the fire than we did in the last round.

Students stand in a line on one end of a field and are designated as “sediment”. In the middle of the
field, there are 7 “trees” that must stay rooted and try to tag “sediment” students with a two-finger tag
below the shoulders. Sediment students run from one end of the game boundary to the other. On the
whiteboard, have students count how many trees there were and how many sediment students made it
to the other side without getting tagged by a tree.

15 min - Tag debrief and discussion
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Point out differences in tallies from the two rounds. Where did all that soil go? Imagine there’s a river
running through the forest. How did all that soil in the water affect fish and our water quality? What will
the water that goes to our treatment plants be like? Do you think making the water clean for us to drink
after the first round or second round would be easier?

Revisit the Forest Conditions visuals. Have students make observations about the three images. Explain
that currently, our forests tend to look like the first image (Current scenario), which often leads to
forests experiencing high-severity fire and resulting in the second image. What can students observe in
the final image (Desired Future) that prevent high-severity fires from occurring? How would this affect
water quality?
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Station 4: Healthy forest anatomy

5 min - Healthy forest visions

Draw your vision of a healthy forest! Use your science notebook or a piece of paper to draw what you
think a healthy forest looks like. Give students the opportunity to share with the group if time.

10 min — Group discussion
Discuss fire-adapted forests using notes below:

e In Colorado, fire is a part of every forest. This has been the case for thousands of years! That
means that Colorado forests have evolved with fire and even depend on fire to help keep forests
healthy.

e |n a little bit, we're going do some more forests drawings — but this time we will include fire in
our images. Keep in mind that the way your forest looks will decide how fire moves in it. Will all
the trees in your forest catch on fire, or just a few? Will it burn just the bottoms of the trees,
leaving the tree singed but alive, or will the flames travel up into the tops of the trees and burn
all the leaves, killing the tree? How many trees will survive?

e Inthe forests near our homes, which are largely Ponderosa pine forests, forest fires would occur
pretty frequently in an ideal world (at least once every 30 years). These frequent fires would
stay on the ground, clearing away shrubs, grasses, and some small trees, while most larger trees
would survive the fire (even if their trunks burn a bit). Forest fires where most trees survive are
labeled low-severity.

e Some other forest types have evolved to experience fire less frequently — but the fires that do
happen tend to kill most or all the trees in the forest at once. In this forest type, all the trees
grow up together and then are burned at the same time in a large fire. Forest fires where most
trees die are labeled high-severity.

e How would you design a forest to produce a low-severity fire (one where most trees survive)?

¢ How would you design a forest to produce a high-severity fire (one where most trees die)?

Have students brainstorm as a group some ideas for each of these scenarios. If not suggested, make
sure to mention meadows/openings and fewer overall trees as design elements students could
consider for the low-severity scenario.

5 min — High- and low-severity fire scenarios

Now you will draw another forest, but this time we will purposely design it to experience a certain type
of fire. You will choose whether to draw a forest prone to either low-severity or high-severity fire. Do
not tell anyone which type of forest you will draw. You will have 2-5 minutes to draw, and when our
drawing time is up, you will each have a chance to share your forest with the group. The rest of us will
then guess whether you designed for low- or high-severity fire.

Give students time to draw, then have them individually and briefly share what they drew. Teacher and
other students guess which fire scenario they chose to design for (low- or high-severity fire).
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Appendix A: Lesson Visuals



Michael Kuo

Tree Adaptations -
Ponderosa Pines

Ponderosa pines have many fire-resistant
adaptations that can help protect them from
surface fires. They have a thick outer layer of bark,
which protects the inner, living material of the tree
from flames. They are also self-pruning, which
means they will often lose their lower branches
over time. This reduces the likelihood that flames
will spread into the crown of the tree.




7))
()
c
o
o
Q
Im
o
)
/2]
o
|
Q
©
c
o
o
1
2]
c
o
Iu
©
)
Q
©
©
<
Q
o
=




Tree Adaptations - Lodgepole Pinecones

Green cone showing resin-encased seeds (photo credit: University of Idaho)

Lodgepole pinecone opened by the heat of a
fire (photo credits: Jim Peaco, US Park




Historical Density

The two photos to the left were taken
from the same location about 100
years apart. Images show the
Chautauqua Auditorium in Boulder,
co.

Take a close look at the amount of
tree cover visible in each photo. What
differences do you notice between the
two images? Is there more tree cover
in Boulder now than there was in
1900, or less? Why do you think that
might be?
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Surface Fires Vs. Crown Fires

Surface fires happen frequently in ponderosa pine forests.
They burn fuels along the surface and cause little damage to the
taller trees.

i R 5S¢ IR e After a surface fire in this type of forest, much of the
' 8 T understory is gone. The bottoms of the trees are burnt, but
ponderosa pine trees have many layers of flakey bark. This
protects them from fire because surfaces fires will only burn the
: _ 3 outer layer, which will then flake off. This allows the majority of
0 %o : k2. N .. . W . S . trees to survive.
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After a crown fire

Surface Fires Vs. Crown Fires

Crown fires occur naturally every few hundred years in a
lodgepole pine forest. They are very hot and intense and kill
the majority of the trees in the forest.

Lodgepole pines use fire to reproduce! Many lodgepole pines
produce serotinous cones which open in response to extreme
heat and release seeds. Since crown fires burn the tree canopy,
these events also result in large amounts of sunlight reaching
the forest floor, which helps lodgepole grow. Crown fires in
lodgepole stands often promote quick regrowth due to these

conditions.



Drinking Water Impacts
from high-severity wildfire




Forest Conditions - Current
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Forest Conditions - After a High-Severity Fire
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