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Lesson Overview1: This activity helps students 
learn how smoke from wildland fires can reduce 
visibility, degrade air quality, and threaten 
human health. They look for patterns in data on 
weather and air quality from a wildland fire that 
occurred in 2017. They explain patterns in the 
data by applying the concepts of inversions and 
stable vs. unstable air. Then they use their 
knowledge to develop an editorial for a 
newspaper or news blog that makes 
recommendations to specific groups (citizens, 
health experts, fire managers, etc.) about what to 
do regarding smoke from wildland fires. 

Lesson Goal: Increase students’ understanding of the nature of smoke from wildland fires, how 
it disperses - and doesn’t, how it affects human health, how it might be minimized, and how 
people might be better able to live with it. 

Objectives:  
• Students understand the composition and health impacts of smoke from wildland fires. 
• Students understand how temperature inversions affect smoke dispersal. 
• Students can use weather data to predict air quality. 
• Students can identify actions that might reduce smoke from wildland fires or help 

reduce the adverse health impacts of smoke. 
 

                                                           
1 Thanks to the following experts who provided data, photos, and suggestions for this lesson: Sarah Coefield (Air 
Quality Division, City-County Health Department, Missoula, MT) and Faith Ann Heinsch and LaWen Hollingsworth 
(USDA Forest Service, Missoula Fire Sciences Lab, Missoula, MT). Thanks to the Helen Riaboff Whiteley Center at 
the University of Washington’s Friday Harbor Laboratories for hosting part of this work. 

11. Smoke from Wildland Fires 

Subjects: Science, Mathematics, 
Reading, Writing, Speaking and 
Listening, Social Studies, Health 
Enhancement  
Duration: 2-3 class periods 
Group size: Many options, from 
individual to whole class  
Setting: Classroom 
Vocabulary: inversion, particulate 
matter, PM2.5, stable/unstable air, 
thermal belt, turbulence 
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Standards:   9th 10th 11th 12th 
Common 

  
Reading Informational Text  2, 4, 10 2, 4, 10 

  Writing Standards 2, 4, 8, 10 2, 4, 8, 10 
  Speaking and Listening Standards 1, 2, 4, 6 1, 2, 4, 6 

  

Language 1, 2, 3 1, 2, 3 
Reading Science/Technical Subjects 1, 2, 4, 9, 10  1, 2, 4, 9, 10 
Writing Science/Technical Subjects 2, 4, 9, 10 2, 4, 9, 10 

NGSS Earth’s Systems ESS2.D  
Earth and Human Activity  ETS1.B, ESS2.D, ESS3.B 

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

 

Teacher background: There's no wildland fire without smoke, but the amount of smoke 
produced and the way in which it disperses differ from one fire to another and from one time 
to another on a single fire. If the smoke disperses upward rapidly, high-altitude winds will 
scatter it downwind, and the only result we notice may be the beautiful, orange-tinged sunrise 
and sunset colors produced by particles in the air. Smoke produces some benefits to 
ecosystems (for example, by stimulating seeds of some species to germinate2). When people 
are exposed to dense smoke, however, it becomes hard to breathe and can cause long-term 
damage to the lungs. Dense smoke is especially dangerous for babies, older adults, and anyone 
with respiratory illnesses (such as asthma) or heart disease.  

For technical information on smoke from wildland fires and smoke dispersion, go through the 
presentation and notes in the PowerPoint presentation (H11_SmokeRiceRidge.pptx) shown 
below. Also view the YouTube video demonstration linked from Slide 21 
(https://www.youtube.com/watch?v=LPvn9qhVFbM).  

This activity uses a lot of data. Students are asked to interpret 24-hour data on temperatures, 
wind speeds, and particulate matter for 57 days in the summer of 2017. This constitutes nearly 
14,000 data points! Note that the time of day is expressed on a 24-hour clock, rather than the 
a.m./p.m. clock that students may be used to. That is explained in Slide 4, where it first occurs. 
The presentation below provides a systematic way for the class to analyze and interpret the 
data, but an alternative method would be to examine the data in the spreadsheet itself 
(H11_SmokeRiceRidge.xlsm) – either together as a class, or as a challenge for students to do on 
their own. No matter which approach you use, we suggest supplementing the data-heavy 
material with at least one experimental demonstration (two are suggested in Slide 21 of the 
presentation) and using occasional kinesthetic (“acting-out”) demonstrations as well.  

                                                           
2 See this short article from Chemical and Engineering News: https://cen.acs.org/articles/82/i28/SMOKE-
SIGNALS.html. 

https://www.youtube.com/watch?v=LPvn9qhVFbM
https://cen.acs.org/articles/82/i28/SMOKE-SIGNALS.html
https://cen.acs.org/articles/82/i28/SMOKE-SIGNALS.html
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Color clues: We used a consistent color scheme on graphs in both the data file and the 
PowerPoint file to help distinguish different kinds of data: 

a. Air quality graphs are in multiple colors to follow the color scheme used by the Montana 
Department of Environmental Quality in their recommendations for outdoor activities 
based on air quality (http://deq.mt.gov/Air/SF/breakpointsrevised). 

b. Temperature graphs go from gray tones (representing cold to cool temperatures) to red 
tones (representing warm to hot temperatures). 

c. Wind speed graphs go from gray tones (representing low wind speeds) to lavender to 
purple to dark blue (representing very high wind speeds). 

d. In 2-dimensional graphs, data from the Seeley Lake Airport are shown with solid black 
lines and square symbols; data from Point 6 are shown with dashed black lines and 
triangular symbols. 

e. Where the PowerPoint demonstrations use data from RiceRidgeData.xlsm, the 
PowerPoint notes show the Excel worksheet where the data are located [boldface 
purple font in square brackets]. 

Looking for a less data-heavy alternative to this lesson? Use Activity M09. Smoke from 
Wildland Fire: Just Hanging Around?  

 
Preparation and materials:  
1. Download H11_SmokeRiceRidge.pptx. If you plan to teach directly from the presentation, 

go through it a couple of times so you know how to pace the slides – especially those that 
contain animation.  
 

2. If you plan to teach directly from the spreadsheet, download it (RiceRidgeData.xlsm). When 
you open the file, you may get 1-2 warnings – click “enable” for both. This will allow the 
macros and programs embedded in the file to operate. Then edit the PowerPoint 
presentation (H11_SmokeRiceRidge.pptx) to just a few slides so you can provide students 
with background information. To navigate the many worksheets in the Excel file, use 
references provided in the PowerPoint. (As mentioned above, each slide taken from the 
Excel file contains a reference to the worksheet where the data are located [denoted in 
boldface purple font within square brackets]. If you plan to have students explore the 
spreadsheet data on their own, you can select some questions from the PowerPoint 
presentation to guide their work. 

 
3. Decide how to demonstrate an atmospheric inversion in your class. See Slide 21 in the 

PowerPoint presentation. You can either: 
• Watch a 2:49-minute video about inversions by clicking on the link in the upper-left 

photo (https://www.youtube.com/watch?v=LPvn9qhVFbM). The video is about winter 
air quality in Denver, but the principles apply perfectly to smoke dispersion from 
wildland fires.  
--OR-- 

http://deq.mt.gov/Air/SF/breakpointsrevised
https://www.youtube.com/watch?v=LPvn9qhVFbM


October 2, 2019 H11  

• Create a demonstration using the instructions described in 
H11_InversionDemonstration_Boiling-vs-Ice.pdf (illustrated in the lower-right photo on 
the slide). This demonstration illustrates an inversion in the classroom using 
temperature measurements and observations of air stability/turbulence above 
containers of near-freezing water and near-boiling water. You can use the thermocouple 
thermometer in the FireWorks trunk. Make sure it has a working battery. 
 

4. Download the Smoke Information Packet (SmokeInformationPacket.zip) and decide how 
to make it available to students for the Assessment. 
 

5. Print 1 copy of H11_TargetAudiences.pdf to use in the Assessment. 
 
6. Decide if you want to use kinesthetic activities to help students better understand patterns 

of temperature, air quality data, and inversions. We highly recommend doing so! Here’s one 
way to do it:  

 
Print signs for the 24-hour clock (24hourClock.pdf). Post them across the front of 
classroom so midnight (0:00) is at the far left and at the far right, noon (12:00) is in the 
middle, and the other hours are posted between. Whenever you are examining a 2-
dimensional graph in the presentation (for example, Slides 4, 9, and 15), ask a student 
to move from left to right across the front of the room, showing the height of the data 
on the graph at each point in time. This could get more complex – or more ridiculous – 
as you proceed through the presentation. For example, when temperature inversions 
are first shown (Slide 17), one student might hold a square symbol and another student 
hold a triangle to show the relationship between temperatures at different elevations. 
When wind and particulate data are shown along with temperature data (Slides 24 and 
29), another student might be included to show the interrelationships of the variables. 

 
7. After you have read through the PowerPoint presentation, decide if you want to use the 

SUPPLEMENT: EXPLORE MORE DATA, BECAUSE IT’S MORE COMPLICATED at the end of this 
lesson, either with the whole class or as a challenge to individual students. The 
SUPPLEMENT describes the difference between inversion patterns at Seeley Lake Airport 
and Seeley Lake Ranger Station, which is about 260 feet lower in elevation than the airport 
and located on the shore of the lake (rather than inland about 2 miles, where the airport is 
located). It is not a full lesson plan, but you can use graphics in H11_Supplement.pptx, 
and/or work directly with the data in RiceRidgeData.xlsm. Objectives, standards, and 
assessment are not provided for this supplement3. 

 

                                                           
3 In addition to the data used in this lesson, RiceRidgeData.xlsm contains data on temperatures at the Seeley Lake 
Ranger Station; average wind speeds at the Seeley Lake Airport and Point 6; temperature and PM2.5 data from the 
same time period in Missoula, MT; and calculated inversion data for Missoula (Point 6 minus Missoula airport). If 
you have a couple of data geeks in your class, the file provides many opportunities to explore. 



October 2, 2019 H11  

Procedures: Go through H11_SmokeRiceRidge.pptx. Black text shows content or questions for 
the teacher to present. Red text shows content that (we hope) will emerge from students’ 
answers and discussion. [Purple text and square brackets show information for the teacher. 
This information includes – for slides that contain graphs – a reference to the worksheet in 
RiceRidgeData.xlsm where the data can be found.]  
 
 

Slide 
1 

Explain: Look at these headlines. All of them 
are related to the 2017 “fire season” in western 
Montana, when dozens of large fires were 
burning and pumping smoke into the mountain 
valleys.  
 
Smoke from wildland fires can be a 

tremendous problem for western communities. Let’s learn how something this serious 
can occur, and then we’ll think about what can be done about it. 
  

Slide 
2 

We’ll study the weather and smoke from the 
fire that triggered those particular headlines – 
the Rice Ridge Fire. The fire was started by 
lightning on July 24, 2017, just a few miles from 
the little town of Seeley Lake, Montana 
(population 1,659). Seeley Lake is in a very 
appealing location: It is in a deep mountain 
valley alongside a beautiful, clear lake. The 

downtown has a charming rural feel. The area has plenty of wildlife, hunting 
opportunities, and snow sports. It also has a thriving, progressive lumber mill. The 
photo on the right shows Seeley Lake’s main street on an ordinary day in late winter.  
  

Slide 
3 

Here’s the same street during the fire, which 
eventually burned about 160,000 acres (240 sq 
mi, 630 sq km). Can you picture how big an area 
that is? (Use the scale of miles in the lower right 
corner.) Calculate: If the fire burned in a perfect 
square, how big would it be on each side? It 
would be about 15 miles along each side.  
 

The Rice Ridge Fire was only one of dozens of large fires that burned in the northern 
Rocky Mountains during the summer of 2017 and contributed smoke to the Seeley 
Lake area. 
 
As the photo shows, smoke from the fires reduced visibility. At times when the smoke 
layer was really deep, it probably looked from above like the photo in the lower left 
(which shows smoke from wildfires in California during 2018). If the smoke was stuck 
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mainly in the valleys, it would have looked like a gray stream flowing down the 
drainages – like the photo in the lower right (which shows the Bitterroot Valley in 
western Montana in September 2012). Either way, the air in the valleys was full of 
smoke. Just how bad was the air quality in Seeley Lake? 
 
  

Slide 
4 

This graph shows the air quality on one of the 
worst days during the fire. What is on each axis? 
The horizontal axis shows time: It uses a 24-
hour clock, so it goes from 0:00 (midnight) on 
the left through 12:00 (noon) in the middle, to 
23:00 (11:00 pm) on the right. The vertical axis 
is color-coded to show categories of air quality. 
These are based on the effects of pollution on 
people’s health: The scale goes from “good” 

(green) at the bottom to terrible - “hazardous” – (brown) at the top.  
 
Why does the graph level off at the top? That’s because the amount of smoke in the air 
was greater than what the recording instruments could measure. (Note that the 
measurements are shown on a logarithmic scale, so we can see very small values and 
very large ones on a single graph.) [Tab 1. Interactive plot 1 or Tab 8. SeeleyPM2.5 in 
RiceRidgeData.xlsm.] 
 

Slide 
5 

What exactly is PM2.5? It is the weight of very 
tiny particles in 1 cubic meter of air. How tiny? 
PM2.5 particles are smaller than 1/20th the 
width of a human hair!  
 
 

Slide 
6 

In Seeley Lake, “hazardous” levels of PM2.5 
occurred during 39 days out of 44 between 
August 1 and September 13, 2017. During that 
month and a half, there were only 5 days (44 
minus 39) without any hours of hazardous air 
quality!  
 
What are some of the consequences of “bad 

air” for human health? How would Seeley Lake’s smoke affect people’s lives? In 
particular, how would it affect students’ lives? Use the chart to consider effects on 
students, infants, sick people, elderly people, outdoor laborers, firefighters, and any 
other categories you can think of. 
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Slide 
7 

Here are some ways the smoke affected school 
kids.  
 
To understand how smoke can get to be such a 
problem, we have to look at weather patterns. 
We’ll study weather records from the Seeley 
Lake area from July 19, 2017 (a few days before 
the Rice Ridge fire started) through September 

14 (after which fires throughout the area did not spread much). Then we’ll connect 
patterns in weather data to patterns in smoke data. Finally, we’ll read the articles 
behind the headlines that we read in the 1st slide and develop some recommendations 
on what to do about smoke from wildland fires in the future. [The full articles are 
available in the folder ArticlesOnSchoolsAndSports.]  
 

Slide 
8 

Let’s start with what we know about daily 
temperatures. What do you expect the 
temperature pattern to be every day in the 
middle of summer – let’s say, from midnight to 
midnight? The graph shows cold temperatures 
in gray tones and warm-to-hot temperatures in 
red tones.  
 
The vertical axis – Temperature – isn’t labeled. 

What should the range of temperatures be along that axis? (20 to 100 oF is a good 
range for summer.) Get students to describe the temperature pattern to expect in a 
typical 24-hour cycle. Have them sketch the pattern they expect. Make sure they label 
the axes. We expect temperature to generally be cool at night, warm up through most 
of the day, and cool down at night.  
 

Slide 
9 

Let’s see if the data actually support our 
predictions. Here’s a 3-day sample of 
temperatures measured near the local Seeley 
Lake airport. The Rice Ridge Fire started on 
Monday, July 24. These graphs show the 
temperature each Monday during the first 
three weeks of the fire. Do you see the daily 

pattern that you expect? Yes, it was cool at night and warm in the daytime. But we’re 
only looking at 3 days. Do you think that pattern was consistent throughout the 
summer? [Tab 1. Interactive plot 1 in RiceRidgeData.xlsm] 
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Slide 
10 

We can use this 3-dimensional graph to answer 
that question. What are the axes? Read the 
dates from the front corner (7/19) to the back 
left corner (9/14). Read the hour of the day 
from the front corner (midnight) to the back 
right corner (23:00).  
 
The vertical axis – that is, the height of the 

surface – shows the temperature at a particular date and time. The colors on this 3-
dimensional “surface” help us read the vertical axis. They use the same general colors 
that were used in the last slide: gray tones for cool, red tones for warm to hot. Can you 
find an especially cold time? Sometime around August 20, there’s a dark gray patch in 
the early morning; that must have been below 40. What time of day is usually hottest? 
Around 16:00, give or take a couple of hours. [Tab 3. SeeleyAirptTemp in 
RiceRidgeData.xlsm] 
 

Slide 
11 

Let’s rotate the graph so we can look at it from 
above. Then we can pinpoint the cold periods 
more easily. We can read it like a topographic 
map, where dark gray shows the coldest 
temperatures and bright red shows the hottest. 
Identify the cold periods. There are several cold 
(dark gray) patches in the early mornings 
between August 14 and September 14.  
 

Can you find a couple of days when the temperature never reached 80 oF? August 5, 
August 13-14, and the last two days recorded, September 13-14. The color for these 
days is pink but there’s no red. [Tab 3. SeeleyAirptTemp in RiceRidgeData.xlsm] 
 

Slide 
12 

Can you see how the temperature graphs that 
we looked at earlier – the ones that show 
temperature patterns on 3 Mondays - are just 
1-day “slices” from this whole surface? [Tab 3. 
SeeleyAirptTemp in RiceRidgeData.xlsm] 
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Slide 
13 

Why is the heating-cooling pattern so strong? 
Use what you know from our study of heat 
transfer (Activity H04) to explain. The pattern is 
caused by convection. Radiation from the sun 
warms the earth during the day, and the warm 
earth transfers energy to the air lying on top of 
it. As the surface air is heated, it expands, 
becoming less dense, and therefore it rises until 

it reaches an elevation where its density (temperature) is the same as that of the 
surrounding air. If the air is dry, the temperature falls about 1°C for every 100-meter 
rise in altitude.  

Slide 
14 

Would you expect the same temperature 
pattern on a mountaintop?  The pattern of cool 
nights and warm days should be similar. 
However, because air cools as it rises, mountain 
tops tend to be cooler than valleys on hot 
summer days.  Sketch it on a graph.  
 
Let’s see what the data show from a weather 

station at a higher elevation. We’re going to look at daily temperatures measured at a 
mountaintop about 25 miles from Seeley Lake. It is called Point 6. The elevation at 
Seeley Lake Airport is 4256 ft; the elevation at Point 6 is 7920 ft.  
 
[Note: This presentation often refers to data from Seeley Lake Airport as just “Seeley 
Lake data”, even though there are data on file from a second weather station in the 
area, the Seeley Lake Ranger Station. See the SUPPLEMENT: EXPLORE MORE DATA, 
BECAUSE IT’S MORE COMPLICATED at the end of this lesson.] 
 

Slide 
15 

Here are the temperature patterns from Point 6 
for the same 3 Mondays we looked at earlier. 
Ask: Do the data support your predictions? 
Explain why or why not. Yes, they probably do… 
Do you think the pattern was consistent 
throughout the “fire season” – when the Rice 
Ridge Fire and many others were burning in the 
region? Let’s see. [Tab 1. Interactive plot 1 in 

RiceRidgeData.xlsx] 
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Slide 
16 

Here are the temperature data from the 
mountain top – Point 6 - throughout the fire 
season. Is this what you expected? Do you see 
any surprises? The cooler-nights, warmer-days 
pattern is as expected. The fact that the 
mountain top doesn’t get as hot as the valley 
bottom in the afternoons is as expected. It may 
be surprising – or not noticed - that the daily 

range of temperatures on the mountain top is less than in the valley bottom. [It’s ok if 
it’s not noticed, since it will come up soon. Data are in Tab 4. Point6Temp in 
RiceRidgeData.xlsm] 
 

Slide 
17 

How are the temperature patterns at the 
mountain top (Point 6) and in the valley 
(Seeley Lake) related? These graphs show 
temperatures at the low-elevation Seeley Lake 
Airport (solid black line with squares) and the 
high-elevation Point 6 (dashed black line with 
triangles) for the same 3 Mondays we’ve been 

looking at.  
 
What do you notice about these data? Hint (if needed): Look at the morning hours. For 
a fairly long time almost every night through morning, Point 6 is actually warmer than 
the Airport – even though it is more than 3600 feet higher in elevation. This event – 
when high elevations are warmer than low ones – is called an “inversion.” How 
consistent do you think this inversion pattern is throughout the season? [Tab 1. 
Interactive plot 1 in RiceRidgeData.xlsx] 
 

Slide 
18 

Here are the temperature data for the whole 
season from both elevations. The legend at the 
bottom refers to both graphs. (Review: Gray 
tones show cooler temperatures, and reddish 
tones show warmer temperatures.) Is the 
inversion pattern consistent? Yes. The lowest 
temperatures occurred in the valley (Seeley 

Lake) during the night and early morning. The dark gray patches show that the valley 
was often colder than the mountain top at night. The opposite was true in the 
afternoons and evenings: The highest temperatures (lots of bright red) occurred in the 
valley, while the the mountain top temperatures were cooler (pinkish but very little 
red). [Top: Tab 4. Point6Temp in RiceRidgeData.xlsm. Bottom: Tab 3. 
SeeleyAirptTemp.] 
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Slide 
19 

We can do the same comparison 
mathematically by subtracting every data point 
on the Seeley Lake graph from every data point 
on the Point 6 graph. 

Slide 
20 

Here’s the result – a new graph that shows the 
subtraction “answers”. Study the legend – what 
do the colors mean? Orangeish colors show 
positive differences, when Point 6 (the 
mountain top) was warmer than Seeley Lake 
(the valley), and thus orangeish colors mean 
there was an inversion. Blue colors show 
negative differences, when Point 6 was cooler 

than Seeley Lake. Thus blue means there was no inversion.  
 
Describe the pattern in the data: Inversions (when Point 6 was warmer – orangeish 
colors) occurred consistently between approximately midnight and 08:00. Non-
inversions (when Seeley Lake was warmer – bluish colors) occurred consistently from 
late morning until about 22:00. Is the pattern of nighttime inversions and daytime non-
inversions (also called “mixing” or “ventilation”) consistent throughout the fire season? 
Yes! [Top: Tab 4. Point6Temp in RiceRidgeData.xlsm. Bottom: Tab 3. 
SeeleyAirptTemp. Right: Tab5. Point6-SeeleyAirport.] 
 
 

Slide 
21 

Inversions have some interesting effects. Let’s 
look at a demonstration of actual inversions on 
a miniature scale.  
 
Either 
• Click on the link (upper-left photo) for a 
2:49-minute YouTube video 

(https://www.youtube.com/watch?v=LPvn9qhVFbM) about inversions from “Steve 
Spangler Science” in Denver, CO. The video is about winter air quality in Denver, 
but the principles apply perfectly to smoke dispersion from wildland fires. … OR … 

• Create a demonstration yourself. Use the instructions described in 
H11_InversionDemonstration_Boiling-vs-Ice.pdf, which uses temperature 
measurements and observations of air stability/turbulence above containers of 
near-freezing water and near-boiling water to illustrate inversions. 

 

https://www.youtube.com/watch?v=LPvn9qhVFbM
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Slide 
22 

Why do inversions occur? Use what you know 
about the earth, the sun, and gravity to explain. 
As we saw in an earlier slide, air in the valley 
bottom rises due to convection. It stops rising 
when it reaches the same temperature 
(density) as the air around it. But cool air is 
denser than warm air, and denser (heavier) 
stuff tends to flow downhill due to gravity. So 

while convection is lifting air upward during the day, cooler air from above is flowing 
into the valley to replace it. During the daytime, that cool air is in turn heated and 
rises. Meteorologists say a lot of “mixing” or “ventilation” occurs during the day, and 
the rising air can be quite turbulent.  
 
Ask: How would you expect that turbulence to affect fire behavior and the use of 
aircraft to manage fires? Expect more rapid fire spread, possibly in any direction. 
Expect increased danger for aircraft or conditions that are too turbulent for flying. 
 

Slide 
23 

At night, convection slows down and may even 
stop. The wind might be strong and gusty in the 
evening, but it usually slows down right at 
sunset. The cool (dense) air from above does 
not stop moving though. It continues to sink 
into the valley. Without the sun’s warmth, 
mountaintop air cools quickly and increases the 
downhill flow. Throughout the night, this cool 

air pools in the valley bottom, causing an inversion. The layer of cool air gradually 
displaces the warm air. It lifts the warm air just as you lift your blankets when you 
crawl into bed. The layer of warm air above the valley bottom is called the “thermal 
belt”. Mixing and turbulence continue in the thermal belt, but – because of the 
inversion - the air at the valley bottom accumulates and stays put until it can be heated 
up in the morning. Meteorologists say the valley-bottom air is “stable”.  
 
We might say that mountain valleys “breathe” once a day: They inhale slowly during 
the night and then make a giant, powerful exhale during the day. Let’s see if we can 
find that pattern in the wind data from the summer of 2017. 
 

Slide 
24 

The first graph shows the strongest wind gust 
(gust: “a sudden brief rush of wind”) recorded 
every hour on July 24 at the Seeley Lake 
Airport. Next… here’s the temperature/ 
inversion pattern for that day. Is the wind 
pattern consistent with how inversions work? 
Yes: At the airport, we should see stable air in 
the nights and mornings – that is, we should 
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see light breezes but no strong wind gusts. Why? Because the mountain top is warmer 
than the valley bottom, so an inversion is occurring.  
 
In the afternoons and evenings, we should see turbulence – gusty winds - at the 
airport. Why? Because Seeley Lake is warmer than the Point 6 mountaintop at that 
time of day, so no inversion is occurring.  
 
Next look at data for 2 more Mondays. What do you see? Is the pattern consistent? 
Yes. Now… what pattern in wind gusts do you expect in the Point 6 data? Inversions 
and nighttime cooling should have less influence; we should see turbulence both day 
and night. [Tab 2. Interactive plot 2 in RiceRidgeData.xlsm.] 
 

Slide 
25 

Compare the wind gusts in the valley – at 
Seeley Lake Airport (left, with data shown by 
solid lines and black squares) with wind gusts 
on the mountain top - Point 6 (right, with 
data shown by dashed lines and black 
triangles). What pattern do you see? We see 
much stronger wind gusts on the mountain 
top. Why? The air on the mountain top is 

mixing with air from adjacent valleys, and it is also mixing with air high above the 
surface that’s being pushed around by regional weather and air masses at high 
altitudes, so it can be pretty chaotic up there. The pattern of stable nights/mornings 
and turbulent afternoons/evenings is clear in the valley data. No such pattern occurs at 
Point 6. [Tab 2. Interactive plot 2 in RiceRidgeData.xlsm.] 
 

Slide 
26 

How consistent were these wind patterns 
throughout the fire season? You can assess it in 
these 3-dimensional graphs, where white and 
gray show very low (or no) wind, shades of 
lavender show light to moderate wind, purple 
shows strong wind (a steady 20-mph wind has 
large branches in continuous motion*), and 
dark blue shows very strong wind (whole trees 

in motion – or breakage occurring*). The nighttime stable/daytime turbulent pattern is 
pretty consistent at Seeley Lake (the valley) and pretty weak at Point 6 (the 
mountaintop). The only noticeable pattern at Point 6 is that the strongest wind gusts – 
shown in dark blue – occurred in the late afternoons and early evenings. 
 
[*The verbal categories are based on information from 
https://www.weather.gov/pqr/wind. Note that, while we used wind gusts in the 
graphics here, average wind speeds for this time period follow the same pattern – it’s 
just less dramatic.] [Top: Tab 11. SeeleyAirptGust in RiceRidgeData.xlsm. Bottom: Tab 
13. Pt6Gust.] 

https://www.weather.gov/pqr/wind
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Slide 
27 

We’ve spent a lot of time learning about 
weather, but we started out trying to learn 
about smoke. Not only was the Rice Ridge Fire 
burning right next to Seeley Lake in the 
summer of 2017, but there were large fires in 
all of the northwestern states, as you can see in 
this satellite photo taken on September 4, 

2017. Smoke was pouring into the Seeley Lake area from fires to the west. At this 
point, hundreds of square miles were burning in Montana, Washington,  Idaho, and 
Oregon. Now let’s look at air quality data. 
 

Slide 
28 

Remember this graph? It shows the air quality in 
Seeley Lake on September 7, one of the worst days 
during the summer of 2017. Now we have the 
knowledge to connect air quality data with weather 
patterns. What do you expect to the temperature 
pattern to be on this day, based on your knowledge 
of daily air flow patterns? When there are high 
levels of particulates (night and early morning), 
there are temperature inversions in the valley. 
When the particulates decline in the afternoon, the 
valley is warmer than the mountaintop, the air is 

unstable, and no inversion is occurring. [Tab 8. SeeleyPM2.5 in RiceRidgeData.xlsm.] 
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Here’s the air quality data we just looked at, along 
with the temperature pattern for the same day. Is 
this what you expected? Probably yes… It looks like 
bad air quality is connected to inversions, as 
predicted. Do you think the pattern was consistent 
throughout the fire season? [Tab 1. Interactive 
plot 1 in RiceRidgeData.xlsm] 
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Here are graphs of the inversion pattern and air 
quality for the entire season. The graph in the 
upper left is the one we looked at earlier. 
Review: How did we get that graph? It was 
created by subtracting the Seeley Lake 
temperatures from Point 6 temperatures. What 
do the colors mean? Shades of yellow-to-
orange show inversions (mountaintop warmer 
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than valley, valley air stable) and shades of blue show good mixing (valley warmer than 
mountain top – no inversion – valley air turbulent).  
 
Describe the relationship between inversions and smoke throughout the fire season: 
Valley “breathing” occurred throughout the season, and nighttime inversions were 
common even before fires began to produce large amounts of smoke (around the end 
of July). Then the air quality got worse nearly every day until early September. On most 
days, there was some relief from the smoke as the inversion “broke” in the late 
morning, the valley bottom became warmer than the mountaintop, and the valley 
winds increased. For a few days in early September – when inversions lasted until late 
morning or even noon – air quality stayed unhealthy or worse throughout the day.  
 
Could smoke itself influence an inversion? Could smoke make an inversion worse? Yes, 
because the smoke can become so thick that it is hard for the sun's rays to reach the 
ground and heat it up. Thus smoke can increase the intensity and length of an 
inversion. 
 
Why do you think the inversions (and bad air quality) lasted longer into the day as the 
season progressed? The nights got longer and colder as summer turned to early fall. 
Thus time of year influences how long inversions stick around each day. [Top: Tab 5. 
Point6-SeeleyAirport in RiceRidgeData.xlsm. Bottom: Tab 8. SeeleyPM2.5.] 
 

Slide 
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So while the lightning-caused Rice Ridge Fire 
grew from a tiny spot to nearly 160,000 acres 
(240 sq mi, 630 sq km)… and dozens of fires 
poured smoke into the Seeley Lake valley… 
 

Slide 
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… the people in the valley, including 
firefighters, were enduring air that looked like 
this. 
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And while the air might have been better for 
firefighters in the thermal belt on higher slopes 
and ridges, they didn’t get much of a break 
from dangerous, gusty winds - even at night.  
 

Slide 
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Can you think of some ways in which inversions 
might influence firefighting efforts? Stable air 
at night (in valley bottoms) gives firefighters a 
chance to work close to the fire and make 
substantial progress in containing the fire, even 
though nighttime firefighting increases risks 
because of poor visibility, exhaustion, and lack 
of support from aircraft.  
 
Unstable, turbulent air in the thermal belt 
means that gusty winds may continue through 
the night. These conditions can be very 
hazardous for firefighters: The fire may spread 

rapidly, and it could spot - igniting new fires (which will be harder to detect due to low 
visibility and lack of air patrol). Intense burning in the thermal belt could also cause 
debris to roll downhill into the quieter valleys, endangering firefighters below and 
possibly starting more spot fires, which could then spread uphill and entrap firefighters 
above. 
 

Slide 
35 

With all of our knowledge about weather, 
smoke, and firefighting, we now return to the 
disturbing headlines that we saw at the start of 
this activity. What can be done about the 
smoke from wildland fires? We’ll read the 5 
articles connected to these headlines, and we’ll 
also get some information from records made 

by Incident Commanders on the Rice Ridge Fire and another 2017 fire nearby, the Lolo 
Peak Fire. Then we’ll come up with recommendations for how to handle smoke when 
it occurs and how we might be able to prevent smoke from getting this bad, even if our 
fire seasons get longer and more areas are burned. 

 

Assessment: This assessment can be done individually or in teams. We describe it here as a 
team effort.  
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1. Form 6 student teams. Give each team a copy of (or 
electronic access to) the 7 articles in the Smoke 
Information Packet (SmokeInformationPacket.zip). 
Assign a “Target Audience” to each team (see list at right), 
and give them the row from your printout of 
H11_TargetAudiences.pdf that lists their audience.  

2. Explain: We’re going to write an editorial for a newspaper 
or blog. It will contain our recommendations on what to 
do about smoke from wildland fires. A good editorial is 
based on facts and ideas from experts, and we’re going to 
get that information from what you already know and 
from the articles in your Smoke Information Packet. Each 
team will make recommendations to a specific Target 
Audience. Your team’s audience is listed on the printout I gave you. 

3. Explain: We will develop the heart of the editorial – the main content – first. Each team will 
write one paragraph addressing their target audience. When we’ve completed these “main-
content paragraphs” we’ll put them all together and then develop an introduction section 
and a closing section. To develop the main-content paragraph for your target audience, 
follow these steps: 

a) Discuss and think about your assigned target audience. Brainstorm about how smoke 
affects them and what they might be able to do about smoke.  

b) Read the 7 articles. (Not every student in the team has to read all 7, but make sure 
every article gets read by a couple of students.) While you’re reading, keep your target 
audience in mind and make notes on anything that those people already do – or could 
do – or maybe could try – about smoke and long periods of inversions. NOTE TO 
TEACHER: If you intend to read students’ notes as part of the Evaluation, tell them that 
now. 

c) Get together as a team and list all of your ideas. You are not limited to what’s in the 
articles. You can be creative – health experts and managers need new ideas! From your 
list, write a paragraph to your Target Audience that starts with “We call on you to…” or 
“We challenge you to…” or “We ask you to…” or something like that. Your main-content 
paragraph must list at least 3 actions that could help reduce smoke, keep people safe 
during smoke periods and inversions, reduce smoke in the future, or improve people’s 
ability to deal with smoke from wildland fires.  

4. When the teams have finished, have someone from each team read their paragraph to the 
class. Ask the class for suggestions on improving or adding to the paragraph. 

5. Explain: A guest editorial is usually no more than 1000 words long. Have each team revise 
their paragraph, cut it down to 100-150 words, and hand it in. Then… 

General public. This includes people in 
“vulnerable groups” (infants, the elderly, 

and anyone who has asthma or other 
respiratory problems) and the people 

who care for them. 

School administrators, teachers, and 
coaches 

Fire managers, fire suppression staff, 
firefighters, and managers of wildlands 

Health boards,  

air quality specialists 

Doctors, counselors, other health-care 
providers, and managers of health-care 

facilities 

Scientists 
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6. Explain: The readings in your Smoke Information Packet contained two guest editorials – 
one by professional counselor Nancy Seldin and one by scientist Doug Coffin. Look again at 
those articles. What are some important things that we should include in our introductory 
and closing paragraphs4? A good way to begin is to identify yourself (“We are a group of 
high school students…”), explain why you are writing (“We are worried about…”), and 
explain your credentials (“We have studied…”). A good conclusion should re-state the 
urgency of the problem and urge the audience(s) to take action. 

7. Draft the introductory and closing paragraphs on the board with the class. Have a couple of 
student volunteers pull all of the paragraphs together and revise them to make a good, 
coherent essay, and submit it to a local newspaper or publish it on a website or blog. If you 
do not live in an area that experiences smoke from wildland fires, consider submitting your 
editorial to a newspaper in an area that does. 

  

                                                           
4 In April 2018, the Missoulian published guidelines for guest editorials and letters-to-the-editor in regard to 
political campaigns (see GuestEditorials.pdf); these guidelines can also be applied to the class’s writing project. 
The Missoulian is published in Missoula, MT, in the same county where the Rice Ridge Fire occurred, and is the 
source of many of the articles in the Smoke Information Packet. 
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Evaluation:  

 Excellent Good Poor 
Content – see 
Teacher’s Key 
to information 
from articles 
below. 

Team used relevant 
information from 
article(s) or provided 
relevant suggestions 
based on other sound 
information 

Team used 
information from 
article(s) or provided 
suggestions based on 
other sound 
information  

Team did not use 
information from 
article(s) and/or 
provided suggestions 
that were irrelevant 
or without sound 
basis 

Reading (if you 
are collecting 
and evaluating 
students’ 
notes) 

Student read and took 
notes on more than 
required number of 
articles 

Student read and took 
notes on required 
number of articles 

Student read and took 
notes on fewer than 
required number of 
articles 

Notes were appropriate 
for target audience 

Notes were somewhat 
appropriate for target 
audience 

Notes did not fit 
target audience 

Team 
discussion and 
writing 

Participated fully. 
Showed leadership 
without dominating 
project. 

Participated. Did not participate. 

Presentations  Listened respectfully. 
Contributed to 
discussion of at least 1 
student presentation. 
Contribution showed 
careful listening. 

Listened respectfully. 
Contributed to 
discussion of at least 1 
student presentation.  

Did not listen 
respectfully OR did 
not contribute to 
discussion OR 
contribution was not 
relevant to discussion. 

Follow up 
writing 

Helped revise team’s 
paragraph and finalize 
introduction or 
conclusion. 

Helped revise team’s 
paragraph OR finalize 
introduction or 
conclusion. 

Did not help with any 
of these efforts. 
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Teacher’s Key to information from articles  
Audience Potential ways to address problems with smoke and inversions5 
General 
public, 
including 
people in 
“vulnerable 
groups”:  

Prepare by having air filters in homes, schools, etc; by installing air filters in buildings’ 
heating/cooling systems (Coefield2).  
Know how to find out about air quality (Coefield2). Pay attention to air quality alerts 
and follow guidelines (Briggeman, Coefield1, Coffin, Seldin).  
Guidelines may include: Stay indoors (Briggeman, Coffin, Seldin).  
     Stay in environments with clean air (Coefield1).  
     Limit aerobic activity (Briggeman, Coffin, Seldin).  
     Address climate change (Coffin, Seldin). 
Other ideas – not in articles: Support ecologically appropriate fuels management and 
use of prescribed fire. For vulnerable groups, before start of fire season, ensure 
medications are up-to-date.  

Schools 
administra-
tors, 
teachers, 
coaches: 

Know how to find out about air quality (Coefield2). Pay attention to air quality alerts, 
follow guidelines (Briggeman, Coefield1, Coffin, Seldin).  
Find alternate locations for practice, games (Coefield1).  
Obtain HEPA filters (Coefield1). Install filtering systems in heating/cooling systems 
(Coefield2). 
Other ideas – not in articles: Plan alternatives to outdoor activities. If indoor air is 
smoky, cancel or postpone activities. 

Fire 
managers, 
wildland 
managers: 

Be alert for intense, dangerous fire behavior overnight in thermal belt (Inciweb).   
Plan to do without use of aircraft when smoke limits visibility (Inciweb).  
Take advantage of times when inversion reduces fire intensity in valley bottoms to use 
aggressive fire suppression techniques (Inciweb, Briggeman). 
Be alert for active fire spread under the thermal belt when inversion breaks up 
(Inciweb). 
Use ecologically appropriate “ecosystem management” (Coffin). 
Use prescribed fire to reduce fuels; these fires will produce much less smoke 
(Chaney). 
Other ideas - not in articles: Plan to do without use of aircraft when smoke limits 
visibility. Be alert for active fire spread under the thermal belt when inversion breaks 
up. Reduce fuels without using prescribed fire. 

Health 
Boards, Air 
quality 
specialists: 

Keep everyone informed. Send out info 1-2 times/day, if needed (Coefield1, 
Briggeman). 
Educate people about fire and smoke (Coefield1,2).  
Advise people and institutions to have filters and replacement parts on hand 
(Coefield1,2).  
Provide air filters for loan to vulnerable groups (Coefield1).  
Encourage installation of air filtering in heating/cooling systems as buildings are 
designed (Coefield2). 

                                                           
5 Names in parentheses refer to the author or source of the article in the Smoke Information Packet. 
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Doctors, 
counselors, 
other 
health-care 
providers: 

Advise patients to pay attention to understand visibility index and air quality alerts 
and to follow guidelines (Briggeman, Coefield1 and 2, Seldin).  
Watch for depression and help patients find ways to cope with it (Seldin).  
Equip clinics, hospitals, and nursing homes with HEPA filters (Coefield1). Install air 
filtering in heating/cooling systems (Coefield2). 
Other ideas – not in articles: Contact vulnerable patients at start of fire season to 
help them prepare. Seek financial help for medications for vulnerable patients. 

Scientists: Find out what information on smoke and dispersal is needed to protect health 
(Coefield1).  
Investigate what firefighters need to know to stay safe in thermal belts and when 
inversions break up (Chaney, Coefield1). 
Investigate long-term health impacts of prolonged exposure to smoke (Chaney, 
Coefield1). 
Other ideas – not in articles: Investigate what information fire managers need to take 
advantage of inversions for fire suppression. Investigate best practices for ecologically 
appropriate forest and fuel management. 
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SUPPLEMENT: EXPLORE MORE DATA, BECAUSE IT’S MORE COMPLICATED  
One aspect of Seeley Lake meteorology not covered in the lesson above probably complicated the smoke situation in the valley and 
could have made it worse: The very lowest layer of air in the valley, the 260 or so feet between the level of the airport (4256 ft) and 
the level of the lake (3993 ft elevation) had an inversion pattern that was opposite the pattern at the airport.  
 
You can use the presentation below (H11_Supplement.pptx) to help students see the two inversion patterns, that is, the two 
simultaneous daily “breathing” patterns in the Seeley Lake valley during the summer of 2017. It is possible that the midday inversion 
at the very bottom of the valley reduced the possibility that daytime convection could clear smoke out of the valley in the 
afternoons. Did the warm nights and cool days along the lake exacerbate the already dismal air quality in Seeley Lake that year? The 
final slide in the presentation points out that particulate data from higher elevation(s) would be needed to figure that out. 
 
You can explore the data further in RiceRidgeData.xlsm, which contains a lot of other data too: average wind speeds at the Seeley 
Lake Airport and Point 6; temperature and PM2.5 data from the same fire season in Missoula MT; and additional inversion 
calculations. NOTE: When you first open the data file, you may get 1-2 warnings – click “enable” for both so the embedded macros 
and programs will work.  
 

Slide 
1 

Here’s a graph that we looked at in the main part of the lesson (Slide 20 from 
H11_SmokeRiceRidge.pptx). It shows the pattern of daily inversions in the Seeley 
Lake area during the Rice Ridge Fire. Review: What do the colors mean? 
Orangeish colors show positive differences, when Point 6 (the mountain top) was 
warmer than Seeley Lake (the valley bottom); thus orangeish colors indicate 
inversion conditions, when the air was stable, trapping any pollutants. Blue colors 
show negative differences, when Point 6 was cooler than Seeley Lake; thus blue 
means there was no inversion during those hours and the air was unstable, 
“mixing” well, enabling the valley to “breathe.” 

  
Review the pattern in the data: Inversions (when Point 6 was warmer – orangeish) occurred consistently between 
approximately midnight and 08:00. Non-inversions (when Point 6 was cooler – bluish) occurred consistently from late 
morning until about 22:00. Is the pattern of nighttime inversions and daytime non-inversions (also called “mixing” or 
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“ventilation”) consistent throughout the summer, even before the Rice Ridge fire got big? Yes! [Tab 5. Point6-
SeeleyAirport in RiceRidgeData.xlsm] 
 

Slide 
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Here you can see the range of elevations where those inversions occurred 
each night. Point 6 is more than 3600 feet higher in elevation than the 
Seeley Lake Airport. (It is also about 25 miles away “as the crow flies.” 
That is the nearest dataset from a high elevation site that was available 
for this activity.) 
 

Slide 
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Let’s consider some additional data. The lower graph shows the daily 
temperature pattern in the layer of air that lies between the Seeley Lake 
Airport and the Seeley Lake Ranger Station, which is about 260 feet lower 
and right on the edge of the lake (while the Airport is about 2 miles inland) 
[Tab 7. SeeleyAirport-SeeleyRS in RiceRidgeData.xlsm]. 
 
What’s the inversion pattern in this bottom layer of air? Temperature 
changes were less dramatic in this layer of air than in the layer above, and 
inversions occurred during the day, not at night. The inversion pattern is 

opposite that in the air above the airport. These two inversion patterns occurred simultaneously each day of the summer, 
before and during the Rice Ridge fire.  
 
The bottom graph shows a pattern that is called “lake effect.” It is common in locations with large bodies of water, because 
water absorbs heat and releases it much more slowly than air does. On lake shores, nights are usually a little warmer than 
inland because they cool off more slowly, and days are a little cooler than inland. This mild weather is one reason why 
people love to own property along lake shores!  
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Could daytime inversions at the lake level affect smoke concentrations in 
the valley? Here’s another graph we’ve seen before (Slide 30 from 
H11_SmokeRiceRidge.pptx). It shows air quality (based on particulate 
concentrations) during the Rice Ridge Fire. [Tab 8. SeeleyPM2.5 in 
RiceRidgeData.xlsm.] 
 

Slide 
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The air quality data were measured in the town of Seeley Lake, next to the 
Elementary school, at an elevation of 4065 feet. This elevation is near the 
lake level, so the data provide a good description of the air quality in that 
bottom layer of air.  
 

Slide 
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Could daytime inversions at the lake level affect smoke concentrations in 
the valley? That’s a good question! Discuss possibilities (hypotheses) and 
how they could be tested. 
 
Here’s one hypothesis that could come up: The layer of air on the lake 
surface could have kept particulates trapped in the valley during the 
daytime, even while the upper air in the valley was able to “breathe” and 
disperse some smoke. Thus the bottom layer of air would never completely 
clear out. This seems like a reasonable explanation – a good hypothesis. Can 

we test it with the data we have? No, we would need air quality data from at least one place at a higher elevation to test it. 
If this hypothesis is true, what are some implications for safety and health of firefighters and residents? Discussion. 

 


