
How one student’s experience was shared by others too.



During a lesson on climate, it was the first time a more quiet, reserved student had something to say. She went on to 
describe how she and her family had recently moved from California, away from constant threat from wildfires. Soon, 
there were others sharing their experience too. 

Captivated peers inched their chairs closer to hear every word. “Others need to hear this!” one of them said. “Their 
stories should be told” said another. “We can help them!” “Let’s make a movie about it!” and their teacher agreed as it 
became quite the project! Later we would learn that in our grade level alone, there are four students who have 
relocated from California to our state. All of them impacted by the wildfires. 

Our class research connects geography and environmental science to the emotional impacts of those who plan 
or have already relocated to Arizona as a result of the California wildfires. 

As students were reading about the California wildfires, students noticed in one of the photographs, that some of 
the homes at the base of hills were spared. They wondered if it had something to do with how fires burn. In 
addition to survey data from a social media group, "California to Arizona" we conducted two controlled 
experiments testing the height of a flame's plume for varying slope degrees and the effect of vegetative density 
per slope degree.   

Students hope to tell the complete story behind this project and are in the midst of completing a documentary. 
Our goal is to share the resilient journey of those impacted by a changing climate and to do so, through science.



Human Environmental Interaction
In connection to 6th grade science, our goal is to share the stories 
of three and more recently, FOUR students impacted by the 
changing climate. We believe knowledge empowers. 

Controlled Experiment
 ~Investigate slope, height of flame plume, vegetation density, and fire 
spread behavior.
 ~Conduct each experiment at least 5 or more times, average data,  
summarize results, & draw conclusions.

Research
How a changing climate intensifies natural disasters including wildfires.
Effects of prolonged drought.
How land topography complicates fire behavior.

Community Involvement
-Student & city planner engineer interviews.
-We created and surveyed volunteers who have moved or are 
planning to relocate to Arizona from California. 

Purpose



Question

Does the angle of slope affect how a wildfire spreads?
Experiment Goals
1. Understand chemical reaction in the combustion process & wildfire behavior
2. Conduct multiple tests to determine if mountain slope angles affect the spread of 

wildfires from both the bottom and top of varying slope degrees. 
3. Do mountain slope angles affect the height of the flames?
4. Does the angle of slope affect the height of a flame’s plume? And if so, does the size 

of the fame’s plume increases the likelihood for wildfire spread? 
5. Research variables contributing to spread, reasons fire season is longer, and why 

they have increased in size and intensity particularly in the Western United States. 



Hypothesis

Based on our current hypothesis studies…the angle does affect the rate of wildfire spread. 

Teacher: Slope does or does not affect the spread of wildfire. Do fires started at the bottom of a slope or on top of a slope 
impact wildfire spread? Explain your thinking:

Sampling of Student Predictions Before Experiment
-Slope of a mountain or hill does matter. If a wildfire begins either at top or the bottom of a slope, the fire will spread more than it would if 
the land wasn’t sloped. 
-I’ve noticed that there is a lot of wind on slopes. I know wind can spread wildfires really fast so I think slope does affect fire spread.  

-Wildfires are not affected by slope and whether its started on the bottom or the top doesn’t make a difference. Fires spread more on flat 
land than on sides of slopes. 
-I’m pretty sure slope affects wildfire spreading because when I saw pictures of the fire in California, it looked like the flames were 
burning up more on mountain sides.
-I escaped the fires and I don’t think slope makes a difference because from what I remember, fire was pretty much everywhere so no. 
-I think slope does matter. I noticed that most on the fires that we are reading and researching are on mountains or angles which 
probably means that slopes spread wildfires both up and down slope. 
-Slope does affect the spread of the wildfire because the flames are closer to the fuel so fire burns equally whether the fire begins at the 
bottom or top of the slope. 
-I think if the slope is steep the wildfire will spread faster because a tree that is on fire might tilt easier then get another tree on fire.
-When the fire has an angle like a slope the fire moves faster because trees are like candles and they can catch easier on fire if their 
heights are all different like on a slope they would be different. Fire burns faster downhill than up because everything is faster down hill.



Hypothesis cont.



Spray bottle with water
Containers with water
Wood matches
Tiles for burned matches
Fire extinguisher 
Ruler & Protractor
2 Cookie Trays
Safety goggles
Protective glove or oven mitt
Graph paper (centimeters)

Clay
Digital wind speed gauge
Digital thermometer
Stopwatch/Timer
Camera
Student journals
20 degree cubes to prop 
trays
Science textbooks are 20 
degrees & more sturdy than 
foam cubes

Materials



Procedure
1. Location find a fire safe place to conduct testing. The original plan was an outdoor cemented kiva, away from vegetation but it was 

a complete fail as wind sabotaged our efforts. We conducted the experiment safely inside our classroom by increasing ventilation. We 
did not set off the fire alarm- success! 

2. Monitor & measure wind speed which can interfere with result.
3. Distribute protractors to measure various items around the classroom that could use to prop up the trays for each slope test. 

Foam cubes and 6th grade science books were a perfect 20° angle! So we stacked blocks & books (steeper slopes) for each test. 
4. Review fire safety protocol: Teacher supervision & admin permission, hair back, no loose clothes, protective eyewear, 

minimize sudden movement to prevent wind.
5. Review ignition plan: organized, prepared and ready for observations.
6. Position each match tree in clay base. Clay is a fireproof base to hold tree in place as slope increases. Trees tilt with the slope
7. Practice Test: Ignite one match tree for each of the two trays to eliminate variables we hadn’t thought of prior. The number of 

matchtrees increased as students became more confident in controlling the experiment. Having two trays helps us determine flame 
patterns (time of burn, height of plume, behavior etc.)

8. Students practice ignition procedure and are asked to use the water containers immediately after match tree is lit. Students 
took turns ignited the matchtrees at the same time.

9. Experiment: Ignite the match tree, observe & measure plume height in centimeters. Does it change? Record observations & 
result. 

10. Repeat step 11 for all slope degrees: 0°, 20°, 40°, 60°, 90°, 100°, 120°, & 140°
11. Experiment further by adding match trees to vary tree distance; 3cm, 4cm, does vegetation density affect spread for each angle? 
12. Analyze & average all data to conclude results. 



Variables
~ Height of match tree flame plume for each slope angle
~ Position of match ignition (top vs bottom)
~ Density of matchtrees for each slope angle

Variables measured: matches burned, burning time, flame height, 
intensity of heat.

Controlled Variables
Plume Size per Slope Angle 0°, 20°, 40°, 60°, 90°, 100°, 120°, & 140°
Experiment 1 
Test: 1 match tree per slope degrees: 
Test 2: 2-4 match trees for the same angled slope degrees
Test 3: 4-8 matchtrees for the same angled slope degrees
Test 4: 8-16 match trees for the same angled slope degrees

Tree Density per Slope Angle 0°, 20°, 40°, 60°, 90°, 100°, 120°, & 140°
Experiment 2 
Treatment 1 (least dense): 1 match tree
Treatment 2 (low density): 2-4 match trees
Treatment 3 (medium density): 4-8 match trees
Treatment 4 (high density): 8-16 match trees

Control
~Method for measuring slope angles
~Two trays to test the same experiment 
procedure at the same time
~ Repeated each test at least five times to 
increase accuracy of results
~ Size and type of match trees
~Ignition point, slope, moisture, matchstick height



Students created a survey and shared 
it with volunteer members from a social 
media platform called, “Moving from 
California to Arizona”. Those who 
were surveyed either have or are 
planning to relocate to Arizona. We 
assumed majority of those surveyed 
were relocating as a result of wildfires 
but there are more reasons we didn’t 
expect. In the comments section of the 
survey, nearly all of the comments 
mentioned homelessness and crime 
being another reason for relocation.

Survey Data



Experiment



Explanation of Results

Slope We learned that fire definitely spreads upslope. When we ignited matches at the bottom of each slope for tree density 
experiment, the more trees, more rapid and intense the size of the plume and rate of spread. The conductive heat from the 
vegetation at the bottom of the slope dries the vegetation above it causing it to become additional fuel as heat rises and spreads 
up. Upslope burn ignited more rapidly than downslope. When matchtrees were lit at the top of a slope, vegetative fuel below was 
not affected until the slope degree increased. The steeper the slope the more match tree debris fell downward which in actual 
wildfires could spread the fire even more below. 

Fuel density & Contagion A fire burning in dense forest, can spread from treetop to treetop. This is called a crown fire. We 
thought it was very obvious to assume if vegetation is less dense and more open, crown fires are less likely. However, we learned 
while experimenting that where the match tree is lit makes a HUGE difference in how it burns and spreads! When we lit match 
trees from the bottom, we noticed the fires spread more rapidly because the heat moves up. If lit from the top, unless the slope is 
steep, the heat doesn’t have as much fuel to burn, spread or ignite. 

Wind one of the most annoying variables both in actual wildfires and inside our classroom. In order to prevent signaling the smoke 
detector and to increased overall ventilation (not a bad thing considering covid), we kept the doors to the classroom open. Just 
when we thought we had managed airflow to prevent experiment disruption, wriggling students also caused wind- indicated by the 
digital wind gauge. We were surprised to learn, the closer we had the match trees, their density seemed to block the wind. When 
the match trees were further apart, we noticed an increase in updraft wind especially the steeper the slope. The effect of wind on 
fire spread is parallel to that of the slope. Wind bends the flames and the heat plume so they are no longer vertical but instead lean 
downwind toward the fuel, heating them more rapidly which increases the rate of fire spread.



4 6 8 16# of Match trees by color



We learned that the angle of the slope does matter for the height of 
the plume/fire.



Conclusion

Slope angle affects the spread of wildfires.
The steeper the slope, the more likely the wildfire spread IF:
~The fire began at the bottom of the slope because fire burns up
~The vegetation is densely packed (close together)
~Wind which supplies oxygen which the fire needs to burn and embers to spread

Fire burns up slopes more quickly than it burns down slopes because as the plume of the fire burns upward, it 
dries out the vegetation above it making it more combustible and easier to ignite. The pull of gravity draws 
colder denser air down to the base of the flame displacing hot rising air. The process of convection feeds 
fresh oxygen which causes a vacuum cycle to occur. Without gravity, hot air expands but doesn’t move 
upward. 

Hypothesis & What’s Next Most of the class did not understand how fire spreads and behaves until after 
our experiment and further research. This is reflected in the hypothesis section. Our class project is just the 
start of our actual plan. We will continue to create and complete a documentary about impacts of a changing 
climate as we share the stories of those impacted directly. We hope to share our documentary with our 
school, families, friends and volunteers who helped us with our surveys.



Before relocating to Tucson, my family and I resided in Chico, 
California. Chico is near the city of Paradise. From my perspective, 
the Paradise fire began over a silly disagreement. From what I 
understand, a resident would not permit access to PG&E’s power 
lines on their property to properly maintain trees around it. The 
area’s vegetation became overgrown and became fuel for 
California’s deadliest fires. I was in 3rd grade at the time. I was 
outside and noticed a more colorful than usual, sunrise. My parents 
noticed too. The fear in their eyes told me something was very 
wrong. My baby sister stay home from daycare that day but I still 
went to school which was located in Paradise. While I was at school 
many students were called out of class because their parents were 
worried about the fires. The other parents were updated by email 
every two hours in case the school had to close. By 1pm the fires 
had spread. Frantic teachers began stuffing kids from my school into 
their own cars! Just as we were about to leave, my mom came. 
Later that night I was awakened. My mom told me that we had to 
evacuate our house. Suitcases were packed with special 
belongings. We drove out of the city and stayed at a hotel. The next 
morning we were told we could return to Chico. I prayed the entire 
drive, that our house would still be there. Our house was spared! I 
felt overjoyed, exhilarated and relieved but the impact the wildfires 
had on our community was so incredibly devastating. 

2018 Camp Fire
Student 

Experience



Student 2 Experience

2018 Carr Fire Early that day, my mom and I noticed a 
wildfire but being so far away, we thought nothing of it. Hours 
later the fire had spread and was within a few miles from our 
house. Luckily we had enough time to pack up before 
evacuating. I remember police officers going door to door in 
our neighborhood. We were told to leave. We were almost 
the last in our neighborhood to leave. I was really scared I 
was going to lose the home I grew up in. Before we left my 
neighborhood we checked in with our one of our neighbors. 
It was pretty hard to see them so sad. We helped them move 
a few things and then we left.While on the road, we noticed 
everything was a deep shade of vibrant red as the flames 
spread across the mountains. We stayed with my grandma 
and when it was safe, then returned to our home. Most of the 
houses were gone. The firefighters were able to save our 
home using a fire line along with water from our own hoses. 
All five acres were burned along with the rims of our house. 
A lake we once walked to, Whiskeytown is gone. I felt 
extremely sad. I had spent so many happy summers there. 
The Carr fire burned 42,000 acres in total. Since these fires, 
everything has changed.



Student 3 Experience

Thomas Fire, 2017 My family and I were asked to 
evacuate our home because a wildfire. As we drove 
away, we saw the red and orange flames that had 
completely transformed what once were the 
beautiful green mountains of Santa Barbara, to 
black and brown. The fires created problems bigger 
than the voracious flames themselves. Loss of 
lives, pets, wildlife and homes. Not long after the 
fire had ended, extreme rains transformed the burnt 
remnants into large piles of dangerous, moving 
mud. The mudslides destroyed even more homes 
than the fire. My experience was really scary but 
unlike some, my family and I made it. Even though 
so much has changed, I am thankful my home at 
the time was not lost but very sorry for so many 
who lost theirs. 



November, 2018 Camp Fire started in Northern California’s Butte County, ideal weather conditions for a wildfire- 
Diablo winds, high heat and low humidity on a day vegetation already dry from record days of drought and high 
temperature heat, sparks from electrical transmission lines fueled embers into raging flames. Named after its 
origionalong Camp fire road, it burned more than 150,000 acres and more than 18,000 buildings; schools, 
hospital, businesses and homes. The Camp Fire was the deadliest (86 deaths), most destructive and expensive in 
terms of insured loss wildfire in California’s history.

December, 2017 Thomas Fire Ignited when high winds caused electrical lines to collide causing what’s known as 
an electrical arc or “line snap” which deposits burning hot material below it igniting already dry, parched vegetation 
around it as it burned 281, 893 acres, destroyed over 1,000 structures, caused two deaths including a firefighter. 

July, 2021 Dixie Fire the second largest fire in California’s history burned almost a million acres, 1,300 homes 
named after the creek where a tree fell on electrical distribution lines causing the start of its destructive spread. 

July, 2018 Carr Fire named after a car’s flat tire ignited sparks on asphalt. The sparks ignited 200,000 acres of 
land and displaced many people. It burned for almost six months! Over 1.5 billion dollars later, The Carr fire was 
the 7th worst fire in California.



Impact of Wildfires Schools & Student Learning

❏ There was either no electricity or off/on black outs during school so we learned in the dark
❏ Unorganized chaos
❏ There was no work sent home for two whole months during school, so we’re all behind on learning. I 

still have trouble with math because I don’t remember learning anything in third grade during all of the 
wildfires

❏ Our class began with a small class of 20 but after the fire there were 32 because some of the teachers 
were gone. 

❏ Teachers were stressed too because like us, they went through a lot too and it was hard for them to 
teach and pretend like everything was normal.

❏ Schools were not prepared to handle the effects of even one fire not to mention 3 fires in one school 
year. 

❏ Teachers needed more help to handle so many kids.
❏ Everyone was struggling to maintain normal but that was impossible considering we were all 

impacted by the trauma



Impact on Pets & Wildlife
Wildfires impact people, but they also have an impact on 
animals. Animals first instinct when they see fire, is to 
escape or move to a different habitat. Smaller animals 
take cover in logs, under rocks, or bury themselves in the 
dirt. 

The recent wildfires in California spread so quickly many 
animals including pets were unable to escape in time. 
During the Camp Fire, it is estimated that between 6,000 
and 12,000 pets died. The reason it is not an exact 
number is because some of the animals escaped and 
could have been placed in shelters still out there today.

Wildlife Impacts: 
https://www.weforum.org/agenda/2020/10/california-united-states-usa-us
-animals-wildlife-bears-mountain-lions/ 

https://www.weforum.org/agenda/2020/10/california-united-states-usa-us-animals-wildlife-bears-mountain-lions/
https://www.weforum.org/agenda/2020/10/california-united-states-usa-us-animals-wildlife-bears-mountain-lions/




The steeper the slope, the more rapidly the fire will burn up-slope (and more intensely). Steep slopes have 
greater radiant heat and convective heat. A fire spreads uphill because of the preheating of the fuel and the up-slope 
draft unless the general wind is strong enough to overcome these two forces. The flames are closer to the fuel on the 
uphill side and they receive more radiant heat from the sun. This causes preheating of upper vegetation which ignites 
fuel above it faster.  Heated air rises along the slope which increases the draft and increases the rate of the spread. 
Winds blowing up-slope cause more convective heat to reach the vegetation fuel above as it preheats it more quickly. 
The exception to this though is night. When the slope becomes shaded, the surface loses heat and becomes cooler in 
temperature. 

Measure and compare wind difference in down-slope compared to up-slope
Down-slope winds usually are no stronger than 2 to 3 mph, whereas upslope winds can be as high as 5 to 10 mph. The 
steeper the slope and the longer it is, the stronger the wind. The change of air from upslope to downslope is 
usually gradual so the air may become calm for an hour or more during the change.  Downslope winds begin as soon 
as slopes go into shadow. 

Slopes Increase Radiant Heat Transfer and Updrafts

Aspect is the direction a slope faces. The direction a slope faces determines how much radiated heat it receives from 
the sun. Slopes facing south to southwest will receive the most solar radiation. As a result, this slope is warmer than 
slopes facing a northerly direction. The warmer slope results in lower relative humidity, higher temperatures and rapid 
loss of moisture. The vegetation fuel is drier which is ready to ignite and burn. As a result, ridges of slopes are good 
places for firefighters to add control burn lines. 



El Niño weather patterns more affect the southern states of the US. It brings rain and wind to these 
states while the northern states get warmer and have less rain and weather. While the US is in an El 
Niño year, the southern states are less likely to catch fire. The precipitation also helps with the drought 
some southern states are experiencing. Due to this, the 2018 California fires occurred during a La Niña 
year.

La Niña weather patterns typically have a more negative impact on the southern United States. The La 
Niña weather patterns cause states like Arizona and California to get very little precipitation. Because of 
the small amount of precipitation, the southern states can go into drought which then promotes 
wildfires. La Niña weather patterns also dries out flora in places like California, making wildfires more 
common to commence.

Global Climate Patterns 



Climate change has intensified the drying of soil, 
causing a string of issues. The dry soil sucks up more 
water, causing a drought over time. If the trees die to 
lack of water, it becomes more fuel for flames.

Drought affects the amount of wildfires globally. While 
in a drought, California plants dry out more and 
become more flammable. Drought can also increase 
the probability of ignition and the rate at which fire 
spreads. 



Climate Change & Drought

Changes including fuel types, a rise in average temperature, and ignition patterns affect wildfire behavior. 
Climate change can cause these changes to become worse. 

A rise in average climate temperatures has lengthened seasons of drought frequency and severity. As a 
result, wildfire season has also lengthened. 

Drought causes vegetation or plant life to become stressed. Plant stress leads to higher probability for 
wildfires. 

Even if  Arizona and California receive a good amount of rain, it’s not enough to recover from prior years 
of drought. One good season of rain like Arizona had summer of 2021, does not erase the effects that 
years of severe drought. It takes YEARS for plants/vegetation to recover from moisture stress. As a 
result, the risk wildfires will continue persist.  



Drought’s Influence on Wildfires

Drought combined with heated temperatures can result in decrease of snowfall and streamflow 
which makes dry soils, and large-scale tree deaths, which results in an increased chance for 
wildfires.

California and much of the western United States are near a years-long drought. With limited 
moisture, plants dry out and turn into the perfect kindling for wildfires. The California drought 
made it so California is dryer than ever before. It causes the fires to spread all throughout 
California. Since fire spreads quickly and will catch on anything that is dry and flammable, it 
makes the wildfires much worse.

← Mt. Lemon in Tucson, AZ 
near Ski Valley looks dry too



Drought 

Drought was also an important factor.  The city of Paradise typically receives five inches of 

autumn rain by November 12 but it had only received one-seventh of an inch by that date in 

2018. Drought combined with increased temperatures can result in decrease of precipitation. 

This causes drier soils, which results in an increased chance for wildfires. California and 

much of the Western United States are currently experiencing a year-long drought. With 

limited moisture, plants dry out and turn into the perfect kindling for wildfires. The California 

drought made the landscape dryer than ever before. It causes the fires to spread all 

throughout the area. Since fire spreads quickly and will catch on anything that is dry and 

flammable, it makes the wildfires more severe.



Variables beyond human control are reasons why it can be so challenging to prevent and control wildfires.

❏ Fuel 
❏ Weather humidity, precipitation, 

season, temperature, wind
❏ Position of the sun
❏ Shade/no shade
❏ Time of Day
❏ Location
❏ Vegetation
❏ Fire Intensity



Fire Ecology

Decades of management actions, including controlled burns or wildland fire suppression, more 
people moving into native woodlands, effects of climate change, create an imbalance between the 
natural process of wildfires and their ecosystem interactions. 

More frequent drought due to climate change, have caused many areas to become more 
vulnerable to pests (bark beetles), disease, and fire. 

The removal of natural fire from an ecosystem can lead to excess fuel buildup (too many plants) 
and changes in vegetation composition (soil quality), which can increase the risk of 
uncharacteristically large high-severity fires. Are we interfering with a natural process? 



Heat Fuel & Air (oxygen) Fire Triangle
For ignition and combustion of fire to occur, combination of heat, oxygen and fuel are required. Fire 
requires fuel, oxygen and will continue to burn (and spread) as long as there is heat, fuel and oxygen to 
keep it going. 

As the flame heats up it releases gases. On our planet Earth, gravity determines how the flame will burn. 
All the hot gases in the plume are much hotter than the air surrounding it, so the gases move up toward 
lower pressure. This is why fire spreads upward and not downward. That's also why the fire plums are 
always pointy at the top.

Topography
How does topography impact wildfires? Upslope winds cause wildfires to burn up-slope. The 
steeper the slope, the more rapid and intense the fire will burn up-slope. The reason is because of 
both greater radiant heat and greater convective heat.



Economic Impact 

The Campfire cost $16.65 billion dollars
The Carr Fire cost $1.659 billion 
The Thomas fire cost >$2.2 billion 

This money could have been spent on 
things like schools, roads, hospitals, art, 
and many other subjects. Instead, due to 
climate change and chemicals the 
humans are putting into the air, we 
spend more than one billion dollars a 
year on wildfire that humans created.   



Impact of Climate Change 
Exceptional drought combined with increased days of record breaking heat, health effects including heat stress, poor air quality 
overcrowding and disease. A reliance on even more energy due to extreme weather conditions and the need to cool or heat our 
homes.  Ongoing conflicts over water, food, and space. Environmental devastation, destruction of homes, displacement of 
people, mass migration.. The list goes on. 

Since 2015, the most devastating wildfires were linked to an energy company yet, powerline equipment still extends over 25, 
000 miles in fire threat areas. The reality is, we are ALL reliant on energy. What do we do? “Turn the the power off” suggested 
one student, “that would cause problems too!” said another. Imagine no air conditioning or refrigeration during extreme days of 
record breaking heat.There has to be a more innovative solution to solving problems like these. 

Students enjoy debating solutions to problems like these. They are very curious and have a lot of ideas with regard to possible 
solutions. This class continues to learn more about problems our state may face after learning so much about our nextdoor 
neighbor, California. Arizona is experiencing drought, record breaking days of scorching heat and wildfires like the 2017 Big 
Horn fires.  Many students evacuated their homes but unlike the unfortunate events in CA, no one lost their homes, businesses 
or lives. There is a lot to learn and do as we prepare the future generation of voters as they continue to mitigate impact of our 
changing climate. 

Dear Arizona,
It’s time to increase attention to the impact of climate change on states like our neighbor, California. We too are 
experiencing drought, days of record breaking heat, demands for resources including land in fire prone areas. 
With regards,
US Census Data 
2021-2022 

P.S. Arizona ranks #4 in population increase
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